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FOREWORD

To the Tst Edition

It is with the preatest enthusiasm that | introduce Pocket Medicine. In an era of
information glut, it will logically be asked,"Why another manual for medical house
officers?” Yet, despite enormous information readily available in any number of
textbooks, or at the push of a key on a computer, it is often that the harried house
officer is less helped by the description of differential diagnosis and therapies than
one would wish,

Pocket Medicine is the joint venture between house staff and faculty expert in
a number of medical specialties. This collaboration is designed to provide a rapid
but thoughtful initial approach to medical problems seen by house officers with
great frequency. Questions that frequently come from faculty to the house staff on
rounds, many hours after the initial interaction between patient and doctor, have
been anticipated and important pathways for arriving at diagnoses and initiating
therapies are presented. This approach will facilitate the evidence-based medicine
discussion that will follow the workup of the patient. This well-conceived hand-
book should enhance the ability of every medical house officer to properly evalu-
ate a patient in a timely fashion and to be stimulated to think of the evidence
supporting the diagnosis and the likely outcome of therapeutic intervention. Pocket
Medicine will prove to be a worthy addition to medical education and to the care
of pur patients.

Denras A AusielLo, MD
Physician-in-Chief, Massachusetts General Hospital
Jackson Professor of Clinical Medicine, Harvard Medical School



To my parents, Matthew and Lee Sabatine, to their namesake
grandchildren Matteo and Natalie, and to my wife Jennifer

Written by residents, fellows, and attendings, the mandate for Pocket Medicine was
to provide, in a concise a manner as possible, the key information a clinician needs
for the initial approach to and management of the most cormmon inpatient medical
problems.

The wremendous response to the previous editons suggests we were able to
help fill an important need for dlinicians. With this sixth edition come several major
improvements. Ve have updated every topic thoroughly. In particular, we have
included the latest pharmacotherapy for acute coronary syndromes, heart failure,
pulmonary hypertension, hepatitis C, HIV, and diabetes, as well as the latest device-
based treatments for valvular heart disease, atrial fibrillation, and stroke. Recent
paradigm shifts in the guidelines for hypertension and cholesterol have been distilled
and incorporated. We have expanded coverage of the molecular classification of
malignancies and the corresponding biologic therapies.We have added new sections
on machanical circulatory support, angioedema, non-invasive ventilation, toxicology,
lung wransplantation, Gl metility disorders, and the cardiorenal syndrome, just to
name a few. We have also updated the section on Consults in which non-internal
medicine specialists provide expert guidance in terms of establishing a differential
diagnosis for commen presenting symptoms and initiating an evaluation in anticipa-
tion of calling a consult. As always, we have incorporated key references to the most
recent high-tier reviews and important studies published right up to the time Pocket
Medicine went to press, Ve welcome any suggestions for further improvement.

Of course medicine is far too vast a field to ever summarize in a textbook of
any size. Long monographs have been devoted o many of the topics discussed
herain. Pocket Medicine is meant only as a starting point to guide cne during the
initial phases of diagnosis and management until one has time to consult more
definitive resources. Although the recommendations herein are as evidence-based
as possible, medicine is both a science and an art. As always, sound clinical
judgement must be applied to every scenario.

| am grateful for the support of the house officers, fellows, and attendings at
the Massachusetts General Hospital. It is a privilege to work with such a knowl-
edgeable, dedicated, and compassionate group of physicians. | always look back on
my time there as Chief Resident as one of the best experiences | have ever had.
| am grateful to several outstanding clinical mentors, including Hasan Bazari, Larry
Friedman, Mesli Basgoz, Eric Isselbacher, Bill Dec, Mike Fifer, and Roman DeSanctis,
as well as the late Charlie McCabe, Mort Swartz, and Peter Yurchak.

This edition would not have been possible without the help of Melinda
Cuerda, my academic coordinator. She shepherded every aspect of the project
from start to finish, with an incredible eye to detail to ensure that each page of this
book was the very best it could be.

Lastly, special thanks to my parents for their perpetual encouragement and
love and, of course, to my wife, Jennifer Tseng, who, despite being a surgeon, is my
closest advisor, my best friend, and the love of my life.

| hope that you find Pocket Medicine useful throughout the arduous but
incredibly rewarding journey of practicing medicine.

Maac S Sapatire, MD, MPH



ELECTROCARDIOGRAPHY A

Approach (a systemartic approach is vital)

» Rate (! tachy or brady) and rhythm (! P waves, regularity, P & QRS relationship)
* Intervals (PR, QRS, QT) and axis {? LAD or RAD)

* Chamber abnormality (7 LAA and/or RAA, ! LVH and/or RvH)

* QRST changes (? Q waves, poor R-wave progression ¥i—Vs, 5T T/L or T-wave As)

Figure 1-1 QRS axis Left axis deviation (LAD)

+ Definition: axis beyond —307 (S = R in lead Il

+ Etiologies: LVH, LBBB, inferiar MI, WPW

*+ Left anterior fascicular block (LAFB): LAD
(—45 to =907} and gR in aVL and QRS <120 msec
and no other cause of LAD (eg, IMI)

Right axis deviation (RAD)

+ Definition: axis beyond +90° {S = Rin lead I)

+ Etiologies: RVH, PE, COPD (usually not > +1107),
septal defects, lateral MI, WPV

+ Left posterior fasceular block (LPFB): RAD (50~
180°) and rS in | & aVL and gR in Il & 2VF and
QRS < 120 msec ond no other cause of RAD

Bundle Branch Blocks (Crc 2009:11%c235)
Wy " h Initial depol. left-to-right across sepwsm (r inVq & g inVg; nb,
Mormal ‘\r“- absent in LBBE) followed by LY & RV free wall, with LV
dominating (nb, RY depol. later and visible in RBBB).
1. QRS 2120 msec (110-119 = VCD or “incamplete”)
2. rSR" in R precordial leads (V1,Ya)
Rbes ﬂA\f W . Wide 5 wave in | and Vi
+5TL or TWlin R precordial leads

QRS 2120 msee (110-119 = INCD or “incomplete”)
Broad, slurred, manaphasic R in 1,aV¥L,Ys=Vs (£ RS in

LBBB .\/\ f\\/ Vi=Vs if cardiomegaly)

R Ny

tas

. Absence of Qin |,Vs and Vg (may have narrow q in aVL) |
| 4. Displacement of 5T & Tw opposite major QRS deflection
| . + PRWP, LAD, Qw's in infericr leads

Bifascicular block: RBBE + LAFBILPFB.“Trifascicular block”: bifascieular block + 1° AVB.

v

Prn!ungvd QT interval (NEjm 2008358165
* QT measured from beginning of QRS ccrnp!ex tD er!d of T wave (measure longest QT)
+ OT varies wi HR — corrected wi Bazert formula: QTe = QT}JI_?.R (RR in sec), overcorrects
at high HR, undercorrects at low HR (nl QTc <440 msec &, <480 msec 7)
« Fridericia’s formula preferred at very high or low HR: QTc = QTARR
+ QT prolongation afw 1 risk TdP (espec =500 msec); establish baseline QT and monitor i
using QT prolonging meds, no estab guidelines for stopping Rx if QT prolengs
+ Etiologies:
Antiarrhythmics: class la (procainamide, disopyramide), class lll (amio, sotalel, dofet)
Psych drugs: antipsychotics (phenothiazines, haloperidal, atypicals), Li,? 5SRI, TCA
Antimicrobials: macrolides, quinolones, azoles, pentamidine, atovaquone, atazanavir
Other: antiemetics (droperidol, 5-HT; antagonists), alfuzosin, methadone, ranclazine
Electrolyte disturbances: hypoCa (nb, hyperCa alw | QT), + hypok, ! hypoMg
Autonomic dysfxn: ICH (deep TWI). Takotsubo, stroke, CEA, neck dissection
Congenital (long QT syndrome); K, Ma, & Ca channelopathies (G 2013,127.12¢)
Misc: CAD, CMP, bradycardia, high-grade AVE, hypomfmldlsm hypeothermia, BEB
Left Atrial Abnormality (I.AA] Right Atrial Abmrmal!ty [RAA)
ECG =120 ms =40 ms T
P-wave

Critaria 1 _/'7\ or 'u"_,\'_/'_ [ - n f\:a'im';r V‘j\,- I>15m J

Left ventricular hypertrophy (LVH) ¢ 15
* Ediologies: HTMN,AS/Al, HCM, coarcation 1 of aorm
* Criteria (all w/ Se <50%, Sp >85%; accuracy affected by age, sex. race, BMI)
Romhilt-Estes point-score system (4 points = probable; 5 points = diagnostic
T wolt:limb lead R or § 220 mm or S inV or V1 =30 mm or R n Vs or Vi 230 mm (3 pes)




ST displacement oppasite to QRS deflection: wio dig (3 ps); w/ dig (1 pt)

LAA (3 pts); LAD (2 pts) QRS duration 290 msec (1 pt)

Intrinsicoid deflection (QRS onset to peak of R) in'¥s or Vg 250 msec (1 pr)
Sokolow-Lyon: S inV; + R inVs or Vg 235 mm or R in aVl 211 mm (4 Se wi' T BMI)
Cornell: R in aVL + 5 inV1 >28 mm in men ar >20 mm in women
HLAFB present: S in lll + max (R+5) in any lead =30 mm in men or =28 mm in women

Right ventricular hypertrophy (RVH) (circ 2009119 f 14638672

* Etiologies: cor pulmonale, congenital (tetralogy, TGA PS .ASD VSD} Ms, TR

« Criteria [all insensitive, but specific (except in COPDY); all w/ poor PPY in general population]
R=SinVi.RinV, 26 mm,5inVs 210 mm. S in Vs =3 mm, R in 2VR 24 mm
RAD =110 (LVH + RAD or prominent § in Vs or Vs - consider hiventricular hypertraphy)

Ddx of dominant R wave in¥y or V3
= Ventricular enlargement; RVH (RAD, RAA, deep S waves in |V, Ve HCM
* Myacardial injury: posterior Ml (anterior R wave = posterior Q) wave; often with IMI)
+ Abnormal depolarization: RBBB (QRS >120 msec, rSR'WPW (1 PR, & wave, T QRS)
= Other: dextroversion; countertlockwise rottion; Duchenne’s; lead misplacement; nl variant
Poor R wave progression (PRWP) (an 1
= Definition: loss of anterior forces wio ‘rank Q waves {\"|— )i R wave inV <3 mm
= Possible etiologies (nonspecific):
old antercseptal M| (usually w/ R waveV; <1.5 mm, + persistent 5T T or TWIV, &V5)
LVH (delayed RYWP w/ T left precordial voltage), RVH, COPD (may also have RAA,
RAD. limb lead QRS amplitude <5, 555, w/ R/S ratio <1 in those leads)
LBBB;WPW: clockwise rotation of the heart: lead misplacement; CMP; PTX

Pathologic Q waves
» Definition: 230 msec (220 msec Vo=Vs) or >25% height of R wave in that QRS complex
» Small {septal) g waves in |, aVL.Vs &V are nl, as can be isolated Qw in Il aVR.V,
= “Pseudoinfarct” pattern may be seen in LEBB, infiltrative dis., HCM, COPD, PTX WPW
ST elevation (STE) (M 20 152241
Acute MI: upward convexity STE (le,a I‘rmm"} +TWI (or prior Ml w/ persistent STE)
Coronary spasm: Prinzmetal’s angina; transient STE in a eoronary distribution
Pericarditis: diffuse, upward concavity STE (ie, a “smile™); alw PR L;Tw usually upright
HCM, Takotsubo CMP, ventricular aneurysm, cardiac contusion
Pulmonary embolism: occ. STEV -5, classically afw TWI V-V, RAD, REBB, 5,037
Repolarization abnormalities:
LBBR (T QRS duration, STE discordant from QRS complex; see “ACS” for dx Ml in LBBB)
LVH (T QRS amplitude): Brugada syndrome (rSR’. downsloping STEV,—Va2): pacing
Hyperkalemia (T QRS duration, tall Ts, na Ps)
a¥R: STE >1 mm alw T morality in STEML; STE aVR =V, alw left main disease
Early repolarization: most often seen inVy=Vs in young adults (acc 2015:66:470)
1-4 mm elev of peak of notch or start of slurred downstroke of R wave (ie, ) paint); + up
concavity of ST & large Tw (. ratio of STET wave <25%; may disappear w/ exercise)
? early repol in inf leads may be afw T risk of VF (NEJM 2009:361:2529: Grc 2011:124:2208)

ST depression (5TD)

» Myocardial ischemia (t Tw abnl)

+ Acute true posterior MI: posterior STE appearing as anterior STD (£ T R wave) inVi=Vs
o posterior ECG leads; manage as a STEMI with rapid reperfusion (see “ACS”)

+ Digitalis effect (downsloping ST 4 Tw abnl, does not correlate w/ dig levels)

Hypokalemia (£ U wave)

Repolarization abnl af'w LBBE or LYH (usually in leads Vs,Vs, I,aVL)

T wave inversion ( TWI; generalfy = 1 mm; deep if 25 mm) 0% 1 1%e24
Ischemia or infarce, Wellens' sign (deep, symm precordial TWI) — critical prox LAD lesion
Myopericarditis; CMP {Takotsubo, ARVC, apical HCM); MYP; PE (espec if TWVI Vi-Vs)
Repolarizaticn abnl in afw LVH/RVH (“strain patcern”), BBB

Posttachycardia or postpacing ("memary” T waves)

Elecerolyte, digoxin, PaOy, PaCOa. pH or core temperature disturbances

Intracranial bleed {“cerebral T waves,” usually wi T QT)

Normal variant in children (Vi—V.) and leads in which QRS complex predominantdy ©

P

Low voltage
= QRS amplitude (R + 5} <5 mm in all limb leads & <10 mm in all precordial leads
* Eviol: COPD, pericard./pleural effusion, myxedema, T BMI, amyloid, difiuse CAD

Electrolyte abnormalities
< T K: tented Tw, L QT, T PR, AVB, wide QRS,STE; 4 K: flartenad Tw, U waves, T QT
+ T Ca: L QT, flattened Tw & Pw, | point elevation; L Ca: T QT Tw As



CHEST PAIN

Disorder

ACS
(15-25% of
chest pain in
ED)

Pericarditis
&
pericarditis
Aortic
dissection

Pneumonia
Pleuritis
PTX

PE

Pulm HTN

| Esophageal
reflux

Esoph spasm
Mallory-Weiss
| Boerhaave
| PUD
Biliary dis.
Pancreatitis

Costochond
Zoster

_Anxiety

Typical Characteristics & Diagnostic Studies |
Cardiac Causes
Substernal “pressure” (T LR 1.3) — neck, jaw,arm (® LR 1.3-2.6)
Sharp, pleurlﬂc,pqsi(jenal, or reprod. wi palp all w/ & LR =035
Diaphoresis (© LR 1.4), dyspnea (% LR 1.2), alw exertion (F LR 1.5-18)
=prior MI(® LR 2.2); 1 w/ NTGirest (but not reliable; Al M 2005:45:581)
+ ECG A:STE, STD.TWI. Qw. + T Troponin.
Sharp pain — trapezius, T w/ respiration, | w/ sitting forward. £ Pericardial
friction rub. ECG 4s (diffuse STE & PR 1, opposite in aVR) + pericardial
effusion. If myocarditis, same as above + T Tn and + s/s HF and | EF.
Sudden severe tearing pain (absence © LR 0.3). + Asymm (>20 mmHg)
BP or pulse (= LR 5.7), focal neurs deficic (# LR =6), Al widened mediase.
on CXR (absence © LR 0.3); false lumen on imaging. (M4 20022672262
Pulmonary Causes

Pleuritic; dyspnea, fever, cough, sputumn. T RR, crackies. CXR infiltrace.
Sharp, pleuritic pain. + Pleuritic friction rub.
Sudden oriset, sharp pleuritic pain. Hyperresonance, | BS. PTX on CXR.
Sudden onset pleuritic pain. T RR & HR, | 5,04, ECG As (sinus tach,
RAD, RBEB, SQu T, TWIV V4, oce STE V) —VY3), & CTA or VIQ, = TTn
Exertional pressure, DOE. | 5,04, loud Py, R heave, right 5; and/or 5.

Gl Couses |
Substernal burning, acid taste in mouth, water brash. T by meals,
recumbency; | by antacids. EGD, manometry, pH monitoring.
Intense substernal pain. T by swallowing, | by NTG/CCE. Manometry.
Esoph tear precipitated by vomitng. £ Hematemesis. Dx w/ EGD.
Escph rupture. Severe pain, T w/ swallow. Mediastinal air palpable & on CT. |
Epigastric pain, relieved by antacids. + GIB. EGD, + H. pylori test. |

|

"
=
]
=
b
=
=

€1

RUQ pain, NIV, T by fatty foods. RUQ UIS; T LFTs,
Epigastric/back discomfort. T amylase & lipase; abd CT.
Musculoskeletal and Miscell Causes
Localized sharp pain, T w/ movement. Reproduced by palpation.
Ingense unilateral pain. Pain may precede dermatomal rash.
“Tightness,” dyspnea, palpitations, other somatic symproms |

(Bravmwald’s Heart Disease, 10 ad, 2014; JAMA 2015:314:1955)

Initial approach

+ Focused history: quality. severity, location, radiation: provoking/palliating factors: intensity
at onset; duration, freq & pattern; setting: assac sx: cardiac hx & risk factors
+ Targeted exam:V5 (incl. BP in both arms); gallops, murmurs, rubs; signs of vascular dis.
(carotidifemoral bruits, L pulses) or CHF; lung & abd. exam; chest wall for reproducibilicy
* 12-lead ECG: obtain wiin 10 min; c/w priors & obmin serial ECGs; consider posterior leads
{V1-Va) to v for posterior STEMI if hx ciw ACS but stnd ECG unrevealing or ST LVr=V;
{ant ischemia vs. post STEMI) and angina that is hard to relieve or RIS >1in Vi-Va
+ CXR; other imaging (echo, PE CTA, etc.) as indicated based on H&P and initial testing
+ Troponin: / at baseline & 36 h afver sx onset; repeat b h later if clinical or ECG As;
level =9%th %ile w/ rise & fall in appropriate setting is dx of MI;>95% Se, 90% Sp
detectable 1-6 h after injury, peaks 24 h, may be elevated for 7-14 d in STEMI
high-sens. assays (not yet available in U.S.) offer NPY >99% at 1 h {Loocer 2015385:2481)
Causes for TTn other than plque rupture (="type 1 MI"): (1) Supply-demand mismatch
nat due to A in CAD (="rype 2 MI" &g, 11 HR, shodk, HTM crisis, spasm, severe AS),
(2) non-ischemic njury (myocarditis/toxic CMP cardiae contusion) or (3) multfactarial
(PE, sepsis, severe HF, renal failure, Takotsubo, infile dis)) (G 2012:126:2020)
* CK-ME: less Se & Sp than Tn (other sources: skel. muscle, intestine, etc); CK-MB/CK
ratio >1.5 — cardiac source. Useful for dx of post-PCVCABG Ml or (refMl if Tn

already high.

Early noninvasive imaging

* If low prob of ACS (eg, = ECG &Tn) & stable - outPt or inPt noninvasive fxnal or imaging
test (qv). CCTA wi high NPV but low PPV, L LOS cfw final testing (NEM 20123661393).

+ “Triple rla" CT angiogram sometimes performed to rlo CAD, PE,AcD if dx unclear



" | NONINVASIVE EVA ION OF CA

< Stress testing | 200711 5: 1464 JAC ;60 1818)

1 - Indications: dx CAD, evaluate A in clinical status in Pt w/ known CAD, risk stratify after
ACS, evaluate exercise tolerance, localize ischemia (imaging required)

* Contraindications {Circ 2002:106:1883; & 2012:126.2465)
Absolute: AMI wiin 48 h. high-risk UA, acute PE, severe sx AS, uncontrolled HF

uncontrolled arrhythmias, myopericarditis, acute acrtic dissection
Relative (discuss with stress lab): left main CAD, mod valvular stenosis, severe HTN,
HCMF, high-degree AVE, severe electrolyte abnl

Exercise tolerance test (w/ ECG alone)

. Generall;.r preferred if Pe can meaningfully exercise; ECG As wi Se -65%, Sp -80%

* Typically via treadmill wi' Bruce protocol (modified Bruce or submax if decond. or recent M)

* Hold anu-isch. meds (eg, nitrates, BB} if dx'ing CAD but give to assess adequacy of meds

Pharmacologic stress test (nh, requires imaging a3 ECG not Intarpretsble)

« Use if unable to exercise, low exercise tolerance, or recent ML, Se & Sp = exarcise.

= Preferred if LBBB or V-paced, as higher prob of false © imaging with exercise

= Coronary vasodilator: diffuse vasodilation — relative “coronary steal” from vessels wi fixed
epicardial disease. Reveals CAD, but not if Pt ischemic wi exercise. Regadenoson,
dipyridamole, adenosine. Side effects: flushing, | HR & AVE, dyspnea & bronchospasm,

* Chronotropes/inotropes (dobuta): more physiologic, but longer test may precip arrhythmia

Imaging for stress test

* Use if uninterprewble ECG (V-paced, LBBB, resting ST | =1 mm, digoxin, LYH, WFPYV),
after indeterminate ECG test, or if pharmacologic test

* Use when need to localize ischemia (often used if prior coronary revasc)

* Radionuclide myocardial perfusion Imaglng wi images obtained at rest & wi stress
SPECT (eg, """ Tc-sestamibi): Se -85%, Sp -80%
PET (rubidium-B2): Se —90%, Sp —85%; requires pharmacologic stress not exercise
ECG-gated imaging allows assessment of regional LV fxn (sign of ischemialinfarction)

* Echo (exercise or dobuta): Se ~85%, Sp ~85%; no radiation; operator-dependent

* Cardiac MRI (w/ pharmacologic stress) another option with excellent Se & Sp

Test results

= HR (must achieve =85% of max pred HR [220-age] for exer. test to be dx), BP response,
peak double product (HR x BP; nl >20k), HR recovery (HRpek — HR1 min e 1l 312)

* Max exercise capacity achieved (METS or min); occurrence of symptoms

* ECG As: downsloping or horizontal ST L (=7 mm) 6080 ms after QRS predictive of CAD
(but does not localize ischemic territory); however, STE highly predictive & localizes

= Duke treadmill score = exercise min ~ (5 » max ST dev) — (4 x angina index) [0 none, 1
nonlimiting, 2 limiting]; score 25 - <1% Ty mort;—10 o + 4 - 2-3%; =11 - 5%

* Imaging: radionuclide defects or echocardiographic regional wall motion abnormalities
reversible defect = ischemia; fixed defect = infarct; transient isch dilation — ? severe 3VD
false ©: breast — ant defect: diaphragm -+ inf defect. False = balanced [3\1"0) ischemia_

Strees Tesr

High-risk test results (PPY —50%

* ECG:ST 4 22 mm or 21 mm in slage Torin J Ieaiﬁ orJ min in reccverrST TVT
* Physiologic: | or fail to T BF, <4 METS, angina during exercise, Duke score <-11; | EF
* PRadionudide: =1 Ig or 2 mod. reversible defects, transient LV cavity dilation, T lung uptake
Myocardial viability (G 2008117103 Lur Heor 371,31:2984 & 101
* Goal: identify hlbernatlng myacardium T.hal: could regain fxn a&er revasculanzanon
* Options: MRI (Se ~85%, Sp ~75%), PET (Se —90%, Sp -65%), dobutamine stress
echo (Se -80%, Sp -80%); SPECT/rest-redistribution (Se ~85%, Sp ~60%)
In Prs wif LV dysfen, viabil. doesn't predtct T CABG benefit vs. med R (NEM 20113641677
Coronary CT/MR angio (NEM 20083592 e 2010:12 112319453
* |n Ps w/ CF, CCTA 100% Se, 54% Sp for.ﬂ\CS NP\I’ 100'?&. PP\" 1?% (JACC 2009:53:
1642). | LOS, but T cath/PC, radiation vs. fxnal s:udy (NEJM 2012:367:299; JACC 2013:67:880).
= In sx outPr, CCTA vs. fxnal testing — T radiation, cath/PC|, = outcomes (Ve 2015,372:1291)
* Unlike CCTA, MR does nat require iadinated contrast, HR control or radiation. Can assess
LV fxn, enhancement (eary = microvasc obs; late = MI), Grossly = Se!Sp o CCTA
Coronary artery calcium score (CACS; NEIM 2011384254 [AMA 2012-30) )
* Quantifies extent of calcium; thus aumcmzs plague burden (but not ot % cororlar)-I stenosis)
+ CAC sensitive {91%) but not specific (49%) for presence of CAD; high NPY to rfo CAD
= May provide incremental value to clinical scores for risk stratification (ama 2004291210,
ACCIAHA guidelines note CAC assessment is reasonable in asx Prs w/ intermed risk
(10-20% 10-y Framingham rick; ? value if 6=10% 10y risk) (Circ 2010:122:0584).




CORONARY ANGIOGRAPHY AND REVASCULARIZATI .

Indications for corenary angiography in stable CAD or asx Pts

* CCS class llIHY angina despite med Rx, angina + systolic dysfxn, or unexplained low EF
* High-risk stress test findings (qv) or uncertain dx after noninv testing (& info will A mgmt)
* Occupational need for definitive dx (eg. pilot) or inability to undergo noninvasive testing
* Survivor of SCD, polymorphic VT, sustained monomorphic VT

* Suspected spasm or nanatherosclerotic cause of ischemia (eg, anomalous coranary)

Precath checklist & periprocedural pharmacotherapy

* Document peripheral arterial exam (radial, femoral, DR, PT pulses; bruits). For radial
access, / palmar arch intact (eg, w/ pulse oximetry & plethysmography). Ensure can lie
flat for several hrs. NPO =6 h. Ensure blood bank sample.

* « CBC, PT, & Cr; IVF (? NaHCO), £ acetylcysteine (see "CIAKI"), hold ACEFARB

* ASA 325 mg = 1.Timing of P2Y1; inhib debated ASAP for STEMI.? preRx NSTEACS if
clopi (AMA 2012:308:2507) or ticag (PLATO).not prasugrel. Cangrelor (IV P2Y 1, inkib) | peti-
PCl events vs. clopi wio preload (NEM 2012:3681303). ! statin preRx (Cire 2091:923:1633).

CUIOI’TJI)’ revascularization in stable CAD (G 20111 74 i
* Optimal med Rx (OMT) should be initial focus if stable, w.fo crmml anammy & wfo 1 EF

* PCl: | angina more quickly ciw OMT: does nat L D/MI (NEM 1007:356:1503 & 2015373 130433
if 21 stenosis wi FFR (qv) <0.8, | urg revasc & 2 D/MI clw OMT (NEWM 2014371:1208);
! noninf to CABG in unprot LM dz. (NEM 2011:3641718)

* CABG (NgM 20163741954): in older studies, | mort. ehw OMT if 3VD, LM, 2VD wi crit. prox
LAD, esp. if | EF; recently confirmed if multivessel dis, & EF <35% (NEWM 2016:374:1511);
in diabetics w/ z2VD, | D/MI, but T stroke ciw PCI (MEW 2012:367:2375)

* If revasc deemed necessary, PC/ if limited # of discrece lesions, nl EF, no DM, poor
operative candidate; CABG if extensive or diffuse disease, | EF. DM or valvular disease:
if IVD/LM: CABG | D/MI & revasc but trend toward T stroke chw PCH (Lanest 2013381629
SYNTAX score Il helps identify Pes who benefit most from CABG (Lancer 2013381835

PCl and peri-PCl interventions
* Access: radial vs femoral, w/ former — | bleeding and MACE (ACC e 2016:9-1419)
* Fractional flow reserve (FFR): ratio of max flow (induced by IV or IC adenosine)
distal vs. prox to stenosis; help |D lesions that are truly hemodyn. significant
* Balloon angioplasty by itself rare bic elastic recoil reserved for lesions too narrow to stent
* Bare metal stents (BMS): . restenosis & repeat revasc oiw angioplasty alone
* Drug-eluting stents (DES): | necintimal hyperplasia — ~75% | restenosis, ~50% . repeat
revasc (<5% by 1y),? T late stent thrombosis, no A DIMI ciw BMS (NgM 2013:368254);
latest gen. DES wi very low rates of restenosis, repeat revasc & stent thrombosis
+ Bioresorbable stent: rescrbs over yrs, but | T MACE & stent thromb. (MM 2015:373:1908)
* Duration of DAPT:ASA (81 mg) lifelong. If SIHD, P2Y13 inhib = 4 wk (BMS) or =6 mo
(DES). IfACS, P2Y1; >12 mo — ~20% L MACE, T bleeding and ~15% | CV death (vem
2143712155 & 2015,372:1791). If need oral anticoag, consider clopi + NOAC + ASA.
Post-PCl complications
* Postprocedure + vascular access site, distal pulses, ECG, CBC, Cr
* Bleeding
h lavert bleeding; manual compression, reverse/stop anticoag
retroperitoneal bleed: may p/w | Het + back pain; T HR & L BP late; Dx w/ abd/pelvic CT
(I"): R reverse/stop anticoag (diw interventionalist), (WF/FRBC/plts as required
if bleeding uncontrolled, consult perfarming interventionalist or surgery
* Vascular damage (-1% of dx angio, ~5% of transfemaral PCl; circ 20071 15:2666)
pseudoaneurysm: triad of pain, expansile mass, systolic bruit; Dix: UJS; Rx (if pain or =2
em): manual or Uf5-directed compression, thrombin injection or surgical repair
AV fistula: continuous bruit; Dx: UI'S; Rux: surgical repair if large or sx
LE ischemia (emboli, dissection, clot): cool, mottled extremity, . distal pulses; Dx: pulse
volume recording (PVR). angio; Rx: percutaneous or surgical repair
* Peri-PCI Mi: >5x ULN of Tn/CK-MB + either sx or ECGlangio As; Qw Ml in <1%
* Contrast-induced acute kidney injury: manifests wiin 48 h, peaks 3-5 d (see “CIAKI")
* Chol | embaoli synd (typically in middle-aged & elderly and wi Ao atheroma)
renal failure (late and progressive, £ eos in urine); mesenteric ischemia (abd pain, LGIB,
pancreatitis); intact distal pulses but livedo pattern and toe necrosis
* Stent thrombosis: mins to yrs after PCI, typically p/w AMI. Due to mech prob, {stent
fon or unrecognized disection, typieally presents earty) or dic of antiplt Rx
(espec if dic both ASA & P2Y; inhib; jama 2005:293-212¢).
* In-stent restenosis: mos after PCI, typically plw gradual T angina (10% plw ACS).
Due to combination of efastic recoil and neointimal hyperplasia; L wi DES vs. BMS,




| ACUTE CORONARY SYNDROMES

Spectrum of Acute Cnmm.r]r Syndmmes
Dx ua NSTEMI STEMI
Coronary thrombosis Subtotal ccclusion Total occlusion
History angina that is new-onset, crescendo anging at rest
or at rest; usually <30 min
ECG + 5T depression andfor TVVI 5T elevations
| Troponin/CK-MB 4 @

Ddx (causas of m is aF: \Iw tha r..‘h rosclerot

. Nmathemsclemtlf_ comnary artery disease
Spasm: Prinzmetal’s variane, cocaine-induced (6% of chest pain + cocaine use r/i for MI)
Dissection: spontaneous (vasculitis, CTD, pregnancy), aortic dissection with retrograde

extension (usually involving RCA — IMI) or mechanical (PCI, surgery, trauma)

Embolizm (G 20151322411:AF. thrombus/myxoma, endocard,, prosth valve thrombeosis
Vasculitis: Kawasaki syndrome, Takayasu arteritis, PAN, Churg-Strauss, SLE, RA
Caongenital anomalous origin from aorea or PA myocardial bridge (intramural segment)

+ lschemia wio plaque rupture ("type 2" MI}: T demand (eg, T HR), L supply {eg. HoTN)

+ Direct myocardial m]urr myowdms:Taknuubu'mss CMP; toxic CMP; cardiac contusion

Clinical manifestations (AMa 2015314:1955)

. Ty'plcaj angina: ret.rosternal pr\essurefpaln!tlghmess radiation to neck, jaw, arms;
precip. by exertion, relieved by rest! NTG. In ACS: new-onset, crescendo or at rest,

+ Associated symptoms: dyspnea, diaphoresis, N/V, palpitations or light-headedness

= Many Mis (-20% in older series) are initially unrecognized bic silent or atypical sx

» Arypical sxs (ind N/V & epig pain) ! more common in ¢, elderly, diabetes, inferior schemia

Physical exam

* Signs of ischemia; 54, new MR murmur 2° pap. muscle dysfxn, paradoxical 5y, diaphoresis

= Signs of heart failure: T JVF crackles in lung fields, = 53, HoTMN, cool extremities

* Signs of other vascular disease: asymmetric BF, carotid or femoral bruits, | distal pulses

Diagnostic studies

« ECG: 5T 111, TWI, new LBEE, hyperacute Tw; Crnw/PRWP may suggest prior M| & . CAD
v ECG wiin 10 min of presentation, with any A in sx & at 6-12 h; compare w! baseline
STEMI dx if old LBBB: =1 mm STE concordant w/ QRS (Se 73%, Sp 92%),5TD =1 mm

W13 (Se 25%, Sp 96%), STE 25 mm discordant w/ QRS (Se 3%, 5p 92?6)

' Localization of M e

Anatomic area ECG leads w/ STE Coronary artery
Septal Vi-V: £ aVR Prosimal LAD
Anterior Vi-Y4 LAD
Apical VoY Distal LAD, LCx, or RCA
Lateral I,aVL LCx
Inferior i, 1l aVF RCA (-85%), LCx {~15%)
RY Vi-Vy &ViR (most Se) Proximal RCA
Pesterior ST depression Vy-V3 (= STEV,-Vs RCA or LCx

| |_posterior leads, « if clinical suspicion)
If ECG nan-dx & suspicion high, o keads Vo-Vs to assess distal LOWRCA territory. o R-sided precordal leads in

M to help detect BY involvernent (STE in VaR miost Se). STE i Il = STE in I and hek of STE i | ar aWl
suggest RCA rather than LCx culprit in IMI.STE n aVR supgeses LM or prox LAD occlusion or diffuse schemia.

* Cardiac biomarkers: « Tn (preferred over CK-MB) at presentation & 3-6 h after sx anset;
repeat 6 h later if dinical or ECG As;rise to >99th Sile in appropriate chinical setting dx of
MI (see “Chest Pain"); rise in Tn in CKD still portends poor prognosis (NEM 2002:346:1047)

* I low prob, stress test, CT angio to rio CAD: new wall motion abnl on TTE suggests ACS

» Coronary angio gold standard for CAD

Prinzmetal’s (variant) angina

» Coronary spasm — transient STE usually wio M| (but MI AVBNT can occur)

* Prs usually young, smokers, + other vasospastic disorders (eg, migraines, Raynaud's)

* Anglography: nonobstructive CAD (spasm can be provoked during cath but rarefy done)

+ Treatment high-dose CCB & standing nitrates (+5L prn), ! o-blockersistatins; d/c smolding:
avoid high-dose ASA (can inhibit prostacyclin and worsen spasm), nonselect 1B, triptans

+ Cocaine-induced vasospasm: CCB, nitrates, ASA; ? avoid BB, but labetalol appears safe




Likelihood of ACS (Circ 20071 16:2148)
Feature High (any of below)  Intermediate (no high Low (no highfinter
features, any of below)  features, may have below)

History Chestor Larm pain ~ Chest or arm pain, Arypical sx (eg, pleuritic,
like: prior angina, age >70 y, male, sharp or positional pain)
hio CAD (incl M) diabetes

Exam HoTM, disphoresis, HE, - PAD or cerebrovas Pain reproduced on palp.
transient MR cular disease

ECG New STD (21 mm)  Old Qw, 5TD (.5-0.9  TWFTWI (<1 mm) in
TWIin mult leads mmp, TWI (=1 mm) leads wi dominant R wave |

Biomarkers @ Tnor CK-MB MNormal Mormal

Approach to triage

* Ifhx and initial ECG & Tn non-dx, repeat ECG q15-30min » 1 h &Tn 3-6 h after sx onset

= If remain nl and low likelihood of ACS, search for alternative causes of chest pain

= If remain nl, have ruled out M1, but if suspicion for ACS based an hx, then still need to rle
LA wi stress test to assess for inducible ischemia (or CTA to rfo CAD);
if low risk (eg, age <70; @ prior CAD, CVD, PAD; & rest angina) can do before dlc

fram ED or as outPt wiin 72 h (0% mortality, <0.5% MU, Ann Emerg Med 200647:427)

if not low risk, admit and initiate Rx for possible ACS and consider stress test or cath

Acute Anti-lschemic and Analgesic Treatment

Nitrates (SL or V) Use for relief of s, R for HTN or HE Mo clear L in mortality.
0.3-0.4 mg SL q5min x 3, Caution if preload-sensitive (eg, HoTN, AS, sx RY infaret);
then consider IV i stll sx contraindicated if recent PDES inhibitor use.
f-blockers 4 ischemia & progression of UA to M (av4 1988:260:1259)

eg, metop 25-50 mg PO g6h  STEMI: L arrhythmic death & reM|, but 7 cardiogenic shock
titrate slowly to HR 50-60 early (espec if signs of HF) (Lonce 20053661622, IV B
IV only f HTN and no HF priar to 1% PCl | infarce size and T EF (i 2013;128:1435).
Contraindic. PR >0.24 sec, HR <40, 2°/3° AVE, severe bron-
chospasm, s's HF or low output, risk factors for shock
(eg, >70 y, HR =110, SBP <120, lave presentation STEMI)
CCB (nondihydropyridines)  If cannot tolerate BB bic bronchospasm

Morphine Refieves painfanxiety; venodilation | preload. Do not mask
refractory sx. May delay antiplt effects of P2Yy; inhib.
1
Oxygen Use prn for resp distress or to keep 5.0; >90% [

! T infarct size in STEMI wio hypoxia (Cic 2015:131:2143)

Other early adjunctive therapy

= High-intensity statin therapy (eg atorva 80 mg qd; PROVEST TIMI 22 NEJM 2004,350:1455)
Lischemic events wi benefit emerging wiin whs (AMA 20012851711 & JACC 2005461405
4 peri-PCl MI gacc 2010:56:1099); | contrast-induced nephropathy (Jacc 20146371)

= ACEI/ARB: sart once hemodynamics and renal function stable
Strong indication for ACE! if heart failure, EF <40%, HTN, DM, CKD; ~10% | mortality,

greatest benefit in ant. STEMI or prior M| (Lancet 1994:243:1115 & 1995:345:669)

ARB appear = ACEI (NEj#M 2003:349:20); give if contraindic to ACEI

+ Ezetimibe, aldosterane blackade, and ranclazine discussed later (long-term Rax)

« IABP: can be used for refractory angina when PCI not available

NSTE-ACS 1074, 1 10344}
Key issues are antithrombotic regimen and invasive vs. conservative strategy
Antiplatelet Therapy
Aspirin 50-70% | DIMI (vEM 15883131105
162-325 mg « 1, then 81 mg qd Low dose (-81 mg} pref long term (NEM 2010:363:520)
{non-enteric-coated, chewable) I allergy, use clopi andfor desensitize 1 ASA

P2Y1; (ADP receptor) inhibitor (choose one of the following in addition 1o ASA),
Timing remains controversial. European guidelines recommend P2Yy; inhibitor as soon as
possible (except prasugrel; £4) 2011:3229%9). See below for spedfic recommendations.
* Ticagrelor (preferred over clopl)  More rapid and potent plt inhib o'w clopi

180 mgx 1 - 90 mg bid 16% | CYDIMI/stroke & 21% & CV death ciw clopi;

Reversible, but wait 3-5 d pricr T non-CABG bleeding (Mg 200936 1:1045)

o surg Given upstream or at time of PCI

Use anly with ASA =100 mg od Dyspnea (but 5,0; & PFTs nl) & ventricular pauses




+ Prasugrel (preferred over clopi)
60 mg x 1 at PCH -+ 10 mg qd

(consider 5 mgfd if <60 kg)
Wait 7 d prior to surgery

Clopidogrel*

300600 mg x 1 — 75 mg qd
Requires -6 h to steady state
Cangrelor

Only IV P2Yy; inhibitor

Rapid onset/offser; t'a 3-5 min

GP lib/llla inhibitors (GPI)
abriximab; eprifibaride; trofiban
Infusions given <24 h peri & post

PCI; shorter (~1 h) as effective
LWl L bleeding yicc 200953437

More rapid and potent plt inhib ciw clopi

19% 1 CVDIMI/stroke in ACS wi planned PCI vs. clopi,
but T bleeding (NEW 20073552001), incl fatal bleeds

Mot sup to clopi f med mgmt wio PCI New 20123571297

In NSTE-ACS, should be given at time of PCl and not
upstream due to T bleeding (vEM 2013359999

Contraindic. if hio TIAMCVA; ! avoid i =75 y

ASA+clopi — 20% | CVDIMUstroke vs. ASA alone

T benefit if given hrs prior to PCH jama 2012:308:2507),
but if require CABG, need to wait 5 d after dic clopi

22% 1 CV events (mostly peri-PCl M| and stent
thrembosis) vs. clopi 300 mg at time of PCI ne
significant T bleeding (NE/M 2013368:1303)

Unclear benefit if upstream clopi administered (M
200%:341:2118) and no data vs. prasugrel or ticagrelor

Mo clear benefit for routinely starting prior to PCI
and T bleeding (NEM 200%:360:1176)

Consider if refractory ischemia despite optimal Rx while
awaiting angio or in high-risk Pts {eg, large dot burden) at
time of PCl, espec if using clopi and no preRx.

“~30% pop has | b CYPZCTY — T CV events if PC1 on clopl (NEIM 2009360:354)

Antic

| or unil end of PCI

Enoxaparin (low-molec-wt heparin)
1 mglkg SC bid (+ 30 mg IVB) (qd if CrCl

<3(0) » 2-8 d or until PCI

Bivalirudin (direct thrombin inhibitor)
0.75 mgikg IVB at PCI — 1.75 mg/kg/h

Fondaparinux (Xa inhibitor)
25mg SCqdx2-84d

ag|
UFH: 60 Ulkg VB (max 4000 U) then
12 Ulkegh (max 1000 U/h initially) x 48 b

Therapy (choose one) i
24% L DIMI gama 199678811
Titrate to aPTT 1.5-2% control (~50-70 sec)
Hold until INR <2 if already on warfarin |
—-10% 4 DIMI vs. UFH (jama 2004:292:45.8%). Can
perform PCl on enco (Cire 2001:103:658), but T
bleeding if switch biw enox and UFH.
L bleeding (espec vs. UFH + GPI), £ T early M
{Lascer 2014384599, Use instead of UFH if HIT,
Chw enox, 17% | death & 38% | bleeding
(MEfM 2006354 1454). However, T risk of catheter

_ thrombosis; . must supplement w/ UFH if PCI. |

Coronary angiography

* Immediate/urgent coronary anglngraphy {wiin 2 h) if refractory/recurrent angina or
hemodynamic or electrical instabilicy
* Invasive (INY) strategy = routine angiography wiin 72 h

Early {wiin 24 h) if: ©Tn, 5T A, GRACE risk score (www.outcomes-
umassmed.org/grace) =140 (NEM 2009:360:2163)

Delayed fie, wiin 72 h) acceptable if wio above features but wi: diabetes, FF <40%, GFR <60,
post-M| angina, TRS =3, GRACE score 109-140, PCl wiin 6 mo, prior CABG

32% | rehosp for ACS, nonsignif 16% L M, no A in mortality c/w cons. (JAMA 2008:300:7 1)

1 peri-PCl MI counterbalanced by 14 in spont. M|

mortality benefit seen in some studies, likely only if cons, strategy wi low rate of angio

+ Conservative (CONS) strategy = selective angio. Med Rx w/ pre-dic stress test;angio
only if recurrent ischemia or strangly © ETT. Indicated for: low TIMI Risk Score, Pr or
physician pref in absence of high-risk features, or low-risk women (JAMA 2008300.71).

" TIMI Risk Score (TRS) for UAINSTEMI (ja4 1000284815
Calculation of Risk Score Application of Risk Score

Characteristic Point Score D/MI/UR by 14 d
Historical 0-1 5% |
Age =65 y 1 2 8%
=3 Risk factors for CAD 1 k] 13%
Known CAD (stenasis z50%) 1 4 20%
ASA useinpast 7 d 1 5 26%
Presentation &7 41%
Severe angina (=2 episodes wiin 24 h) 1 Higher risk Pts (TRS =3) derive
ST deviadon 305 mm 1 7 benefit from LMWH, GP lib/lila
= cardiac marker {tl’OpOI:Iin. CK-MB) 1 i"hthor;;r;d};j: ;::s%iography
. RISK SCORE = Total points (0-T)




Figure 1-2 Approach to UAMSTEMI

LOW RISK HIGH RISK
ASA ASA
P22 Inhib: clopi or ficag P2Y 2 bnhib: ticaq {or clopi}
Anticoag: ENOX, fonda, or UFH  Anticoag: UIFH, ENOX, o bivall depending on cam kb pal)
+ GPI {unless bival)
Cons srreny
== recurrent
s z win =72 R
l ischemia s IG?’F la_sm-w
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ance stbilized and before dic Angiography
LN +
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trmarkmil scove < =11 \DSiEE, ticsg or
i partnlon Aol {dapec. Bl ar clap); :GPwnhssbtv\iH
muttiphs perfusion defacts
Mied Rx Mad Ax —# Long-4erm medical Rx 4— CAEG
STEMI

Requisite STE (at | point)

* =2 contiguous leads w/ =1 mm (except for Vz-V3 22 mm in & and 21.5 mm in ¥}, or

* Mew or presumed new LBEB w/ compelling H&F, or

* True posterior MI: 5T depression ¥1—Vs + tall Rw w/ STE on posterior leads (Vr—Vs)

Reperfusion ("tme s muscle”)

* Immediate reperfusion (ie, opening occluded culprit coronary artery) Is critical

* In PCl-capable hospital, goal should be primary PCI wiin %0 min of 1" medical contact

* In non-PCl-capable hospital, consider transfer to PCl-capable hospital (see below), ofw
fibrinolytic therapy wiin 30 min of hospital presentation

* Do not let decision regardlng method of mpar‘ﬁ.lsnon dehy time to reperfusion

Primary PCI 47, JACC 2013 i
Definition: immediate PCI upon arrl\fat to hosplui or l:ranstr for immediate PCI
Indic: STE + sx onset w/in <12 h; ongoing ischemia 12-24 h after sx onset; shock
Superior to lysis: 27% | death, 65% L reMl, 54% | stroke, 95% 1 ICH (Lancet 2003:361:13)
Transfer to center for 1° PCl superior to lysis (NEM 2003349:733), see below
Routine thrombus aspiration: no benefit, T stroke (Loncet 2015;387:127: 2015;372:1389)
Complete revasc: | MACE vs. culprit artery alone (NEWM 2013;36%1115: JACC 2015:5:963);
alternatively. assess ischemia due to residual lesions w/ imaging stress (Grc 2011:124:574)

Fibrinolysis vs. Hospital Transfer for Primary PCI: Assess Time and Risk

1. Time required for transport to skilled PCI lab: door-to-balleon <120 min & [door-to-
balloon]-{door-to-needle] <1 h favors transfer for PC)
2. Risk from STEMI: high-risk Pts (eg, shock) fare better with mechanicl reperfusion
3. Time to presentation: efficacy of lytics L wi T time from sx onset, espec >3 h
| 4. Risk of fibrinolysis: if high risk of ICH or bleedinglgg safer option
Adapted from ACCIAHA 2013 STEMI Guidelines (Cre 2013;127:529)

Fibrinolysis

* Indic STE/LBBE + sx <12 h (& =120 min before PCI can be done); benefit if sx =12 h less
clear; reasonable if persist sx & 5TE or hemodynamic instability or large territory at risk

* Mortality | ~20% in anterior Ml or LBEB and ~10% in IM| ciw & reperfusion Rx

* Prehospital lysis (ie, ambulance): further 17% | in mortality jama 2000283.2686)

» —1% risk of ICH; high risk incl elderly (-2% if =75 y). 9, low wt. . PCl more attractive

Contraindications to Fibrinolysis

Absolute contraindications Relative contraindications
« Any prior ICH * Hio severe HTN, SBP =180 or DBP =110
* Ineracranial neaplasm, aneurysm AWM on presentation (7 absolute if low-risk MI)

Ischemic stroke or closed head trauma
| wiin 3 mo; head/spinal surg. wiin 2 mo CPR =10 min; trauma/major surg. wiin 3 wk
Active internal bleeding or knewn Internal bleed wiin 2-4 wk; active PUD

* lIschemic stroke =3 mo prior
bleeding diathesis * Noncompressible vascular punctures

.

Suspected aortic dissection Pregnancy
+ Severe uncontrollable HTN Current use of anticoagulants
For SK, SK Rx wiin 6 mo For S¥, prior SK exposure



Monprimary PCI
* Rescue PCI if shock, unstable, failed reperfusion or persistent sx (NE 2005353:2758
* Routine angio & PCl wiin 24 h of successful lysis: | DfMlirevasc (Lonce 2004,364:1045) and
wiin & h & reMl, recurrent ischemia, & HF compared to wiin 2 wk (NEM 2009,360:2705);
2 if lysed at non-PCl-capable hosp., consider transfer to PClcapable hosp. ASAP espec
if hi-risk (eg, ant. MI M wi L EF or RV infarct, extensive STELBBB, HE | BP or T HR)
* late PCI (madian day 8) of occluded infarct-related artery: no benefit (Mg 2006,355:2395)

Antiplatelet Therapy

Aspirin 162-325 mg = 1 23% L in death (Lacet 19885349)

(crushedichewed) then 81 mg qd Should not be stopped if CABG required

P2Y+; inhibitor Lysis: elopidegral 41% T in patency, 7% | mort, no

Give ASAP (do not wait for angio) bic A major bleed or ICH (Mg 20053521179, Lascet
onset inhib delayed in STEM| pts 2005;366:1607), o data for pras or ticag wi lytic

Ticagrelor or prasugrel (if PCI) as PCI; prasugrel and ticagrelar 4 CY events clw clopi
detailed above (Loneet 2009373713 & G 1010:122:3137)

Clopidogrel: 600 mg pre-PCL. 300 mz if  Prehospital ticagrelor may be safe & 7 | rate of
lysis {ne LD if =75 v} — 75 mg qd stent thrombosis (NgM 2014371:1016)

GP lib/Illa inhibitors Lysts: e inclication (Lancet 2001;357:1905)

abeiximab, eptifiatide, drofiban Peri-PCI: 60% 1 DIMITUR, (MEM 2007;344:1895)

Adapted from ACC.IAHA 2013 STEMI Guidelines Update (Circ 2013:127:529); Loncet 2013;282:633

hﬂtlcoagulantTherapy (dmose one)

UFH Mo demonstrated mortality benefit
60 Ufkg IVB (max 4000 U} T patency with fibrin-specific lytics
12 Wiegh (max 1000 Uk inicially]  Titrate to aPTT 1.5-2x control (-50-70 sec)
Enoxaparin Lysis: 17% L DVMIw! ENOX = 7 d vs. UFH = 2 d
Lysis: 30 mg IVB — 1 mg/kg 5C bid [IMEJM Z008;354,1477)
(adjust for age =735 & CrCl) PCT: 4 DiMirevasc and = bleeding vs. UFH (Lascet
| PCI:05 mglleg IVB 1011378693)
Bivalirudin Pl | blaeding (=spec ve. UFH + GP lib/llla inhik),

0.75 mglkg IVB — 1.75 mgllgihe IV £ 7 M1, T stent thromb, ? L mortality (Lancee 10143843599
JAMA 20153131336 MEJM 2015,373:997)

Fondaparinux can be used (f Crll =30 mbimia} in sexting of lysis, where ssperior to UFH wi loss blesding (AMA
2006;395:1519). Adapted from ACCIAHA 2013 STEMI Guidelines (Circ 2013127:52% Loncet 2013:392:633)

Intraaortic Balloon Pump (IABP) Counterpulsation

+ Routine use in high-risk STEMI — T stroke/bleads wio A in survival (Am4 2011:3061329)

* In eardingenic shock, no survival bemefit wi IABP if early revasc (NEM 20712:367-1287);
18% L death in Prs w/ cardiogenic shock treated with hytic (EH) 2009300455

LV failure (—-25%)
+ Diurese to acl“eve PCWP -14 = | pulmonary edema, ! myocardial O; demand
+ | Afterload — 1 stroke volume & CO, | myocardial O, demand
can use IY NTG or nitroprusside (risk of coronary steal) — short-acting ACEI
* Inotropes if HF despite diuresis & | afterload; use dopamine, dobutaming, or milrinone
* Cardiogenic shock (~7%) = MAP <60 mmHg, C| <2 Limin/m*, PCWP >18 mmHg;
inotropes, mech circulatory support to keep Cl »2; pressors to keep MAP =60;
if not done already, coronary revase (NEIM 1999:341:635)

IMI complications (Crc 1990,81:40 1 MEM T994330: 1271 1: JACC 200341
* Heart block: =10%, occurs in part because RCA typicaliy suppiles AV node
40% on present,, 20% wiin 24 h, rest by 72 h; high-grade AVE can develop abruptly
R atrepine, epi, aminophylline (100 mglmin % 2.5 min), temp pacing wire
» RV infarct (proximal RCA occlusion — compromised flow to RV marginal branch)
Angiographically present in 30-50%, but only Y of these clinically signif.
HoTN; T JWR & Kussmaul’s; =21 mm 5TE inVeR; RAPOWP =0.8; RV dysfxn on TTE
R optimize preload (RA goal 10-14; B4y 1950:63:98); T contractility (dobutamine);
maintain AV synchrony (pacing as necessary); reperfusion (MEM 1998:138:933);
mechanical support (|ABF or RVADY): pulmonary vasodilators (eg, inhaled NO)
Mechanical complications (incid. <1% for each; typically occur a few days post-Mi)
* Free wall rupture: T risk w/ lysis, large MI, T age, ¥, HTN; p/w PEA or hypoTN,
pericardial sx, amponade; Rx: volume resusc.,! pericardiocentesis, inotropes, surgery
+ VSD: large Miin elderly, AMI — apical VSD, IMI — basal septurn; 90% w! harsh murmur £
chrill (NEJM 200%:347-1424); Ry diuretics, vasodil., inotropes, IABP, surgery, perc. closure
+ Papillary muscle rupture: mere commen after IM| (PM pap m. supplied by FDA a lone)
than AMI {AL supplied by OMs & diags); 50% wi new murmur; T v wave in PCWP tracing:



asymmetric puimonary edema on CXR. Rx: diuretics, vasodilators, IABF, surgery.

Arrhythmias post-Ml | all per ACLS pre le or sympromaric)

« AF (10-18% |nc|dcnce} (B or amia, £ dlgoxm (paru:ularly if HF), heparin

* VWTIVF: lido or amio = 6-24 h, then reassess; T GB as tol. replete K & Mg, rio ischemia;
monomorphic VT <48 h post-M| does not worsen prognosis; >48 h, consider ICD

(2 wearable; see below)

+ Accelerated idioventricular rhythm (AIVR): slow VT (<100 bpm), often seen after
successful reperfusion; typically asx, self-terminates, and does net require treatment

* May consider backup transcutaneous pacing (TF) if 2° AVE type |, BBB

+ Backup TP or initiate transvenous pacing if: 2° AVE type |I; BEB + AVE

« Transvenous pacing (TV) if: 3° AVE; new BBB + 2° AVE type |l alternating LEBB/
REEB (can bridge wi' TP until TV, which is best accomplished with flucroscopic guidance)

' Other Post-MI Compllﬂnons

: Complication Clinical features Treatment

| LV thrombus 308 incid. (espee |g antera-apieal MI)  Anticoagulate x 36 mo

| Yentricular Meoncentractile outpouching of LY; Surgery or perc repair if HF,

| aneurysm 8-15% incid. {espec ant); persist STE  thromboembali, arrhythmia
Ventricular Rupture (narrow neck) — sealed by Urgent surgery (or

| pseudoaneurysm  thrombus and pericardium {esp in inf). percutanesus repair)

| Pericarditis 10-20% incid; 1-4 d post-M| & High-dose ASA, colchicine,

| pericardial rub; ECG As rare narcotics, minimize anticoag
Dressler's =A% incid; 2-10 wk post-Ml fever, High-dose aspirin, NSAIDs

| syndrome pericarditis, pleuritis

Prognosis

* In registries, in-hospital mortality is 6% w/ reperfusion Rx {lytic or PCI) and -20% wio

= TIMI Risk Score for STEMI (includes age, time to Rx, anterior Ml or LBBB, Kiflip class,
tachycardia, HoTN) defines 30-d mortality after STEMI (lams 2001,286:1356)

Checklist and Long-Term Post-ACS Management
Risk stratification
* Stress test if anatomy undefined; consider stress if signif residual CAD post-PCl of culpric
+ Assess LVEF prior to die; EF T —6% in STEMI ever & mo (jacc 2007:50:14%)

Medications (barring c 3

+ Aspirin: 81 mg dalty (no clear eneﬂt to higher doses)

« P2Y.: inhib (ticagrelar or prasugrel preferred over clopi): treat for at least 12 mo
Prolonged B =12 mo — L MACE & CV death, T in bleeding, but no T 1CH, Beyand 1% 12

mo, ticag 60 bid preferred to 90,as better tolerability (NgiM 2015372 1797 1 201637.390),
PPls 1 Gl complic; some PPls | antiple effect, bur no clear Tin CV risk (ngm 20na363190%)

p-blocker: 23% | mortality after MI

Statin: high-intensity lipid-lowering (eg, atorva 80 mg, PROVE-T TIMI 22, NEIM 2004:350;1495)

Ezetimibe: | CV events when added to statin (IMPROVE-IT, NEJM 20753721500}

ACEI: lifelong if HE, L EE HTN, DM; 4-6 wk or at least until hosp. dfc in all STEMI
? long-term benefit in CAD wio HF NEM 2000:342:145 & 2004:351:3058: Lancer 2003:362.762)

Aldosterone antag: 15% | mort. if EF <40% & either s/s of HF or DM (g 20033487309

Mitrates: standing if sympromatic; SL NTG prn for all

Ranclazine: | recurrent ischemia, no impact on CVD/MI (ama 2007:297:1775)

Oral anticoag; if needed (eg, AF or LV thrombus), warfarin w/ target INR 2-2.5 or NOAC,
Clopi (not ticag or pras) and ! stop ASA if at high bleeding risk (Lancer 2013:381:1107).
Mot FDA approved: low-dose rivaroxaban (2.5 mg bid) in addition to ASA & clopi in
patients without an indication for anticoag - 16% L D/MUstroke and 32% | all-cause
death, but T major bleeding and ICH (NEJM 1012:3665).

1CD | 2008;359:2 e 2074.130:54)

. If sust. VTNF -2 d post-NI not due to reversible ischemia; consider wearable defib

* Indicated in 1° prevention of SCD if post-Ml wi EF =30-40% (NYHA -} or <30-35%
(NYHA [j; need to wait =40 d after M| (NEJM 10041512481 & 2009:361:1427)

Risk factors and lifestyle modifications (Crc 20 5

* Low chol. (<200 mg/d) & fat (<7% saturated) dlet. ’ n 3 FA

* Traditional LDL-C goal <70 mg/dL; current recs wio target; given IMPROVE-IT, ! mid 50s

= BP <140/90 & 7 120-130/80 mmHg (HTV 1015:65:1372 NEJM 105:3732103); quit smoking

« If diabetic, tilor HbAle goal based on Pt (avoid TZDs if HF);in Pes wi CAD, empagiflozin
(NEM 2015, 373:2117) and liraglutide (NEM 20163753171) | cardiovascular events

+ Exercise (3060 min 5-7x/wk); cardiac rehab; BMI goal 18.5-24.9 kg,l'

» Influenza & 5. preumo vaccines (Grc 20061141549 JAMA 2013310017115« for depression

CRC




| PA CATHETER AND TAILORED THERAPY

Rationale

= Cardiac output (CO) = 5V = HR; optimize 5V (and thereby CO) by manipulating preload/
LVEDY (wi IVF, diuretics), contractility (w/ inotropes), & afterload (w/ vasodilators)

* Balloon at catheter tip inflated — floats into “wedge" position. Column of blood extends from
tip of catheter, through pulm vencus circulation to a point just prox to LA. Under
conditions of no flow, PCWP = LA pressure = LVEDP, which is proportional to LVEDV,

+ Sinations in which these basic assumptions fail:

(1) Catheter tip not in West lung zone 3 (and .. PCWP = alveclar pressure » LA
pressure}; clues include lack of o & v waves and if PA diastolic pressure < PCWP

(2) PCWF = LA pressure (eg, mediastinal fibrosis, pulmonary VOD, PY stenosis)

(3) Mean LA pressure > LYEDP (eg, MR, M5)

(4) ALVEDP-LVEDV relationship (ie, abnl cumplranc&: . "nl" LVEDP may not be optimal)

Indications (Crc 2009:11923%1
» Diagnosis and evllmtmn
Ddx of shock (cardiogenic vs. distributive; espec if trial of IVF failed or is high risk) and of
pulmonary edema (cardiogenic vs. not espec if trial of diuretic failed or is high risk)
Evaluation of CO, intracardiac shunt, pulm HTMN, MR, tamponade, cardiorenal syndrome
Evaluation of unexphined dyspnea (PAC during provocation wi exercise, vasodilator)
» Therapeutics (Crc 2006;1131020)
Tailored therapy to optimize PCWF, SV, S5ivOy, RAF, PYR. in heart failure or shock
Guide to vasodilator therapy (eg, inhaled NO, nifedipine) in PHT, RV infarction
Guide periop mgmt in some high-risk Pts, candidacy for meach circ support & transplant
* Contraindications
Absolute: right-sided endocarditis, thrombus/mass or mechanical valve; proximal PE
Relative: coagulopathy (reverse), recent PPM or ICD (plce under fluoroscopy), LBBB
(-5% risk of RBBE — CHE, place under ﬁuum). bioprosthetic R-sided valve

Efficacy concerns (NEIM 2006354,2113; JAM/
* No benefit to routine PAC use in h:gh rlsk surge.ry. sepsis, ARDS
* Mo benefit in decompensated HF jjav4 2005294 1625); untested in cardiogenic shock
* But 2 of chinical CO & PCYWP estimates incorrect; CYP & PCYVP not well correl; . use
PAC to {a) answer hermnodynamic ! and then remove, or (b) manage cardiogenic shock
Placement (Ngh 2013369035
* Insertion site: R Inrernal jugular or L subclavian veins for “anatomic” flotation into PA
« Inflate balloon (max 1.5 mL) when ad ing and to PCWP
» Use resistance to inflation and pressure tracing to avoid overinflation & risk of PA rupture
» Deflate the balloon when withdrawing and at all other times
* CXR should be obtained after placement to assess for catheter position and PTX
* I catherer cannot be floated (ie., severe TR, RY dilatation ), consider fluoroscopic guidance

Complications

*» Central venous access: pneumo/hemothorax (~1%), arterial puncture (if inadvertent
cannulation w/ dilation —» surgicallendovasc eval), air embolism, thoracic duct injury

= Advancement: atrial or ventricular arrhythmias (3% VT, 20% MNSVT and =50% PVC),
REEB (5%), catheter knotting, cardiac perforationamponade, PA rupture

* Maintenance: infection (espec if catheter >3 d old), thrombus, pulm infarction (£1%),
valve/chordae damage, PA rupture/pseudoaneurysm (espec wi PHT), balloon rupture

Intracardiac pressures

* Transmural pressure (= preload) = measured intracardiac pressure — inrathoracic pressure

* Intrathoracic pressure (usually slightly =) is transmitted to vessels and heart

* Abways measure intracardiac pressure at end-expiration, when inorathoracic pressura
dosest to 0 (“high point” in spont. breathing Prs;"low point” in Pts on & pressure vent.)

+ If Tintrathoracic pressure {eg, PEEP), measured PCWP stimates true tra
pressures. Can approx by subtracting —V2 PEEP (x % to convert em HiO to mmHg).

* PCWP: LV preload best estimated at o wave; risk of pulmonary edema from avg PCWP

Cardiac output
+ Thermodilution: saline injected in RA or prox thermal filament. A in temp over time
measured at thermistor (in PA) used to calc CO.Inaccurate if | CO, sev TR, or shunt
* Fick method: O; consumption (\-’O;}(Un'ln} CO [Uimin) = & arteriovenous Oz content
. €O = VO, | C(a-v)O:
VO; ideally measured (esp. if T metab demands), but freq estimated {125 mL/min/m?)
Claf0:=[10 136 mL Osfg of Hb x Hb g/dL x (5,03 — SO, SwvO; & key variable that As.
If Spn0z »B0%, consider if the PAL is “wedged” (ie, pulm vein sat), LR shunt,
impaired O, utilization (severe sepsis, cyanide, carbon monoxide), 1T FiQy,



PA Catheter Waveforms

| Location RA RV PA PCWP
Distance -20 cm ~30 cm ~40 em ~50 cm
| Mormal mean <6 syst 15-30 syse 15-30 mean <12
Pressure diast 1-8 mean 9-18
(mmHg) diast 612
r— ﬂ ﬁ ﬂ h
ECG
» ] |
kS
Waves =
r.:;. &
0
5
o
o =arral tontraction, occes | RVEDP occurs Waefiorm should Samilar 1o RA except |
in PR interval right before contin rowh (closure  dompensd and
¢ = buking of TV back intw upstroke and af pulmanic valve). defayed. o wave after
RA ax seart of spstole = mean RA Peak during T wave. QRS t disunce ¢
« = atrial relaxation and pressure unless P systalic = Y wave, v wave ofter T
Comment duscees of base of heart | there is TS or TR systolic unless therets  (helps distinguish
v = blood emering A&, 3 pradient [eg, PS). POWP wi farga v
oceurs mid T wave PA diasiolic = PCWP  waves 2° MR from
= blood exiting R after TV unbess T eanspuim P,
opens at start of diastale gradient (eg, T PVR),
PCWP waveform abnormalities: large a wave — ! mitral stenosis; large v wave — ! mitral regurgication;

blunted y descent — ! mmponade; steep x & y descents — ! constriction.

Hemaodynamic Profiles of Various Forms of Shocle (Ne 2013345 1724)

Type of shock RA PCWP co SYR |
Hypovelemic + 4 L T
Cardiogenic nlor T i L T
RV infarct/massive PE T nlor | L T
Tamponade T 1 4 T
Distributive _ variable variabla usually T {can be 1 in sepsis) L

Surrogates: RA = [VF (1 mmHg = 1.36 em H:O): pulmonary edema on CXR implies T PCWP; UOP = CO
{barring AKI); delayed eapillary refill {ie, »2-3 see) implies T SVR

Tallored therapy in cardiogenic shock 9439
+ Goals: optimize both MAP and €O while | rusk of puimonsry edema
MAP = CO x SR, CO = HR SV (which depends on preload, afterioad and contractility)
pulmonary ederna when PCYWP >20-25 (7 levels may be tolerated in chronic HF)
hepatic and renal congestion when CVP/RAP 15 mmHg
* Optimize preload = IVEDV = [VEDP = LAP = PCWP (NEM 1973.289-1263)
goal PCWP ~14-18 in acute MI, <14 in acute decompensated HF
optimize in individual Pt by measuring SV w/ different PCWP to create Starling curve
T by giving NS (albumin wio clinical benefit over NS; PRBC if significant anemia)
| by diuresis (qv), ultrafiltration or dialysis if refractory to diuretics
* Optimize afterload = wall stress during LV ejection = [(-SBP = radius) / (2 » wall thick.)]
and . = MAP and = SVR = (MAP — CVP | CO}; goals: MAP »60, SVR 800-1200
MAP =60 & SVR 1: vasodilators (eg nitroprusside, NTG,ACEL hydral) or wean pressors
MAP <60 & SVR T (& .. CO 1) temporize w/ pressors until can T CO (see below)
MAP <60 & SWR low/nl (& .. inappropriate vasoplegia): vasopressors (eg, norepineph-
rine [it, §], dopamine [D, ix, [3], phenylephrine [o] or vasopressin [V1] if refractory);
better outcomes wi norepi than dopa even in cardiogenic shock (NEW 2010:362-779)
+ Optimize contractility - CO for given preload & afterload; goal Cl = (CO | BSA) >2.2
if too low despite optimal preload & vasodilators (as MAP permits):
@ inotropes: eg, dobutamine (mod inatrope & mild vasodilator) or milrinone (strong
inotrope & vasodilator, incl pulm), both proarrhythmic, or epi (strong inotrope & pressor’)
mech circulatory support (Limin): IABP {0.5), Impelta (2-5), TandemMHeart (5),VAD
(L-sided. R-sided or both: temp or perm: 10) ar ECMO (£) UAcC 2015857 & 2542




| HEART FAILURE

Definitions (Buumsalds Heort Biseose, Vit od 2014

= Failure of hﬁrtw pump bbod forward at rate sufficient to meet metabolic demands of
peripheral tissues, or ability to do so only at abnormally high cardiac filling pressures

* Low output (L cardiac output) vs. high output (T stroke volume + T cardiac outpur)

* Left-sided (pulmonary edema) vs. right-sided (T JVF, hepatomegaly, peripheral edema)

* Bacleward (T filling pressures, congestion) vs. forward (impaired systemic perfusion)

= Systolic (inability to expel sufficient blood) vs. diastolic (failure to relax and fill normally)

* Reduced {HFrEF, EF <40%), mid-range (HFmrEF, EF 40-45%), & preserved (HFpEF, EF
=50%); combination of systolic and diastolic dysfin may occur regardiess of EF

Figura 1-3 Approzch m lefe-sided heart falure

Left-sided Heart Fajlure
rio mitral valve disesse
conzider pulm vedn slenogis (eq, ater PVI),
myxoma, pulmonary VOD
T WEDP
t Lvsw"/ i normal LVEDY
T Esv T sv
¥ N
Systolic High SV Diastalic Pericardial
Dysfunction Failure Drysfunction Disease
| Contractiity T Afterioad  High Cuiput WH {usuially
IschiermiaM A5, HCMP AV fistula 17 HCMP right-sided
DCMP HTN erisis Faget's 2710 HTN, AS failura)
Chrenic AUMR  Coarctation Sepsis o Tamponada
Beriberi ’ Constriction
Anemia Ischamia
Thyrolodcosis or
or ACME
4 Forwand Flow Mycossdal
MH, Al VSD, POA Endomyocardial

History

« Low output: fatigue, weakness, exercise intolerance, A MS, anorexia

» Congestive: left-sided — dysy arthapnea, paroxysmal nocturnal dyspnea
right-sided — peripheral edema, RUQ discomfort, bloating, satiety

Functional classification (MNew York Heart Association class)
+ Class I: no sx wi ordinary activity; class |l: s w/ erdinary activity;
class lll: s w/ minimal activity; class IV: sx at rest

Physical exam ("1-minue” hemodynamic profile; 2T A 2005367 528)
» Congestion (“dry" vs. “wet"): T JVP [-80% of the time jVP >IU - FCWP >21)
@ hepatojugular reflux: 24 cm T in |VP for 215 sec w/ abdominal pressure
Se/Sp 73/87% for RA =8 and Se/Sp 55/83% for PCWP =15 (4jc 1990:46:1002)
Abnl Valealva response: square wave (T SBP wi strain), no overshoot (no T BP aftar strain)
53 (in Pts wi/ HF — ~40% 1 risk of HF hosp. or pump failure death; NEM 2001;345:574)
rales, dullness at base 2° pleural effus. (often absent in chronic HF due to lymphatic
compensation) 1 hepatomegaly, ascites and jaundice, peripheral edema
* Perfusion (“warm" vs. “cold™)
narrow pulse pressure (<25% of SBP) — Cl <2.2 (91% Se, 83% Sp:jami 1989:261:884);
soft S (1 dP/dt), pulsus alternans, cool & pale extremities, | UOP, muscle atrophy
« + Other: Cheyne-Stokes resp., abnl PMI (diffuse, susmined or lifting depending on cause of
HF), S (diast. dysfen), murmur (vabvalar dis., T MY annulus, displaced pagpillary muscles)
Evaluation for the presence of heart fallure
» CXR (see Radiclogy insert): pulm edema, pleural effusions + cardiomegaly, cephalization,
Kerley B-lines; lung L/S better than CXR (PPY & NPV 92% vs. 77%; Chent 2015,148:202)
* BNP/NT-proBNP can help exclude HF; levels T wi/ age, renal dysfan, AF; | w/ obesity
Se =95%, Sp: ~50%, FPY ~65%, NPV = 94% for HF in Prs piw SOB (M 2015350:h910)
+ Evidence of | organ perfusion: T Cr, L Ma, abnl LFTs
+ Echo (see inserts): L EF & 7 chamber size — systolic dysfxn: hypertrophy. abnl MV inflow,
abnl tissue Doppler — ? diastolic dyshxn; abnl valves or pericardium; T estimated RVSP
+ PA catheterization: T PCWP. L CO,and T SWR (in low-output failure)




Evaluation for the potential causes of heart failure

+ ECG: evidence for CAD, LVH, LAE, heart blodk or low voltage (2 infiltrative CMP/DCMP)
« TTE: LV & RV size & fxn, valve abnl (cause or consequence?), infiltrative or pericardial dis.
+ Cardiac MRI: distinguiches ischemic vs. nonischemic and can help determine etiol. of ater
+ Coranary angio (or noninvasive imaging. eg, CT angia): if no CAD, wiu for NICM
Precipitants of acute heart failure

+ Dietary indiscretion or medical nonadherence {-40% of cases)

* Myocardial ischemia or infarction (-10-15% of cases); myocardius

+ Renal failure (acute, progression of CKD, or insufficient dialysis) — 7 preload

« Hypertensive erisis (incl. from RAS), worsening AS - 1 left-sided afterload

« Drugs (B, CCB, NSAIDs TZDs), chemo (anthracyclines, trastuzumab), or toxing (ExOH)
+ Arrhythmias; acute valvular dysfxn (gg, endocarditis), espec mitral or aoruc regu jor
+ COPDJIPE — T right-sided afterload; extreme stress, anemia, systemic infxn, thyroid dis.

Treatment of acute decompensated heart failure Congestion?
+ Assess degree of congestion & adequacy of perfusion Mo Yes
+ For congestion; *“LMNOP"' = o Warm & Dry  Warm & Wet
Lasix IV; total daily dose 2.5x usual daily 8% CulPtAx Diuresis
PO dose — T UOP but transient T in Cr 2 Cold & Dry ~ Cold & Wet
we. 13 usual dose; & clear diff berween ‘g w  notropes Diuresis,
contin. gtt vs. q12h (MEM 2011364757 = (oW inotropes
Morphi ! z andvor vasodi
orphine (1 sx, venodilator, | afcerload) 5

Nitrates (venodilator) ! et
Oxygen + noninvasive vent (4 sx, T P,0y; no A mortality; see “Mechanical Ventilation”)
Position (sitting up & legs dangling aver side of bed — | preload)

* For low perfusion, see below

+ Adjustment of oral meds
ACENARE: hold if Ho TN, consider A to hydralazine & nitrates if renal decompensation
[iB: reduce dose by art least ¥ if mod HF, d/c if severe HF andior need inotropes

Treatment of acute advanced heart fallure (Ce 2009113391
+ Consider PAC if not resp to Ry, unsure re: vel status, HoTN Cr, need inotropes
- Tailored R wi PAC (qv); goals of MAP =60, Cl =2.2 (MVO; =60%), SVR =B00, PCWWP <18
+ IV vasodilators: NTG, nitroprusside (risk of coronary steal if CAD; prolonged use —
cyanidefthiocyanate toxicity); nesiritide (FBMNF) not rec for routine use (NEM 2011,365:32)
* Inotropes (properties in addition to T inotropy listed below)
dobutamine: vasodilation at doses =5 pglkg/min; mild | PVR; desensitization over time
dopamine: splanchnic vasodil. -+ T GFR. & natriuresis; vasoconstrictor at =5 jiglkg/min
milrincne: prominent systemic & pulmanary vasodilation; | dase by 50% in renal failure
+ Ultrafiltration: similar wt loss 1o aggressive diuresis, but T renal failure (vEM 2012:367.2296)
* Mechanical circulatory support (also see "Tailored Therapy,” JACC 20156527 & 1542)
Temporary: bridge to recovery, rransplant, or durable MCS; periprocedural support
Intra-aortic balloon pump (LABF): inflates in dastole & defates in systole to | impedance
to IV ejection, | myacardial 02 demand & 1 coronary perfusion. +0L5 Limin CO
Axial flow pumps (eg, Impelta): Archimedes screw principle in LV; +2.5-5 Limin
Extracorporeal centrifugal pumps: TandemHeart (+5 L/min, percutanuous} A
CentriMag (10 Limin, surgical).
Extracorporeal membrane oxygenation (ECMO) 6 Limin (Cre 2015:131:676)
Durable: surgically placed LVAD + RVAD as bridge to recovery (NEM 2006,1551873) or
transplant (HeartMate Il or HeartWare LIVAD or Total Artificial Heart if BiV failure), or as
destination R (>50% L 1-y mort vs. med RocNEM 10013451435 & 20093617341),
+ Cardiac transplantation: ~2500/r in US. 10% mort. in 1% y, median survival —10 ¥

Recommended Chronicﬂaerapy hy HE Stage gcwmw nhs-n]

| Stage (not NYHA Class) Therapy

At risk for HF {eg HTN, Rk HTN, lipids, DM,
A FHx CMP); but asx & Stop smoking, EtOH. T exercise.

wio struct. heart dis. ACEUARB f HTN/DM/CAD/PAD

g 7 Struct heart dis. As per stage A + ACEVARB & [iB if MI/CAD or | EF.
(eg CMPLVH), butasx  11CD.

c @ Struct heart dis. As per stage A + diuretics, L Na. If L ER:ACEI, ARB or
@ Any hio Sx of HF ARNI; [4B; aldo antag; |CD; ! CRT; nitrate/hydral; dig.

Refractory HF requiring  All measures for stages A-C. Consider [V inotropes,
specialized interventions  VAD, rransplant. end-of-life care (4-y mortality »50%)




» Utility of BNP-guided Rx remains debated (Eur Heart | 201435:18)
» Implantable PA pressure sensor in NYHA Il — ~33% | risk of hosp (Lancet 2076: :mqs:}

Treatment of Chronic Heart Failure with Reduced Ejection Fraction

Diet, exercise Ma <2 gid, fluid restriction, exercise training in ambulatory Prs
ACEI | mortality: 40% in NYHA IV 16% in N'YHA I/1Il, 20-30% in asx but
L EF (NEIM 1992:127:685 & Loncet 2000:355:1575)

High-dose more effic. than low.Watch for T Cr, T K (ameliorate by
low-K diet, diuretics, K. binders), cough, angioedema.
ATl receptor Consider as alternative if connot tolerate ACE] (eg, bic cough)
blockers (ARBs)  Moninferior to ACE (Lancet 20003551587 & 2003,362772)
As with ACE, higher doses more efficacious (Lancer 2009:374:1840)
Adding to ACEl — Trisk of T K and T Cr (am 2013:3464360)
ARNi (ARB + Alternative to ACEIJARB, espec if sx despite ACEHARB. Neutral
neprilysin inhib) endopeptidase (NEF aka neprilysin) degrades natriuretic peptides,
(do not use wi ACEI,  bradykinin & angiotensins. Valsartan + sacubieril (NEPi) | CV mort &
allow 36-h washout]  HIF hosp e/w ACEi: T HoTNLAKI ? angioedema (NEJW 2014:371993).

Hydralazine + Consider if cannot tolerate ACENARB or in blacks wi class NIV

nitrates 25% | mort. (NEM 15963141547, infer, to ACEN (e 1991325303
| 40% | mort. in blacks on standard R (A-HEFT,NEIM 2004:351:2049}
i fi-blocker EF will transiently 1, then T. Contraindic. in decompensated HE

| (data for carvedilel, 35% | more. & 40% | rehosp. in NYHA IHIV (ama 2002:267:883)
| metoprolol, bisoprolol)  Carvedilol superior to low-dose metop in 1 trial {Lancet 20033627, but
| meta-analysis suggests no diff berween (B (B 2013346155).

| Aldosterone Consider if adeq. renal fam and wio hyperkalemia; watch for T K
| antagonists 25-30% J mort. in NYHA 111 & EF <355 (NEIM 2011.364:11) |
| 15% | mort.in HF post=MI, EF <40% (EPHESUIS, NEJM 2003:348:1309)
Cardiac Consider if EF <35%, LBBB {QRS )30 ms) and symptomatic HF
resynch therapy  36% | more & T EF in MNYHA NlI-IV (CARE-HF NEM 10053521539}
(CRT, qv) 41% | more. if EF <30%, LBBB and NYHA, Il (NEWM 2014:370:1694) |
ICD {see "Cardiac  For 1° prevention if EF <£30-35% or 2° prevention; not if NYHA IV
Rhythm Mgmt L mort.in ischemic & non-isch CMP, no A mort early post-MI (NEM |
Devicas") I004:351:2487 & 2009361:1427), .. wait 240 d
Diuretics Loop + thiazides diuretics {sx relief, no mortality benefit)
Digoxin 23% L HF hosp., no & mort (NEW 1997.336525); 7 T more wi T levels
(MEIM 2002:347:1403); optimial 0.5-0.8 ng/mL (aMA 2003:289:871)
Ivabradine (| Consider if EF <35%, NYHA Il or lll, HR 270, NSR on max fB.
blocker wio © ino)  18% L CV mort or HF hosp (tancet 2010:376:875)
Iren 7 If NYHA I/l EF <40%, Fe-defic (ferritin <100 or ferritin 100-200 &
| supplementation TSAT <20%). L Sx, T 6MWD, independent of Het (NEM 2009:361:2436).
Anticoagulation IFAEVTE, LV thrombus, + if forge akinatic LV segments
Ir SR wif EF <35%, | isch stroke, but T bleed (MM 10123661859
Heart rhythm Catheter ablation of AF — T in ER | sx (NEM 20043512373}

Mo moreality benefit to AF rhychm vs. rate ontl (NEWM 2008:3568:2667) |

| Pulm vein isolation | sx cfw AYN ablation & CRT (NEM 2008,15%.1778)

! Meds to avoid INSA|Ds, nondihydropyridine CCB,TZDs

| Experimental Serelaxin £ | dyspnea & ! L mortality {Loneet 2013:381:29) |

Empaglifiozin (SGLTll] 1 death/HF hosp in DM (NEw 20153732117} ‘
Interatrfal shunting | PCYWP & 5 (Lancet 1016:387:1250)

(Oc 1013:128:2240 & 2076 ACCIAHAIHFSA Update; EH] 2016:37: ?12‘]]

Heart failure with preserved EF {HFF:[F “Diastolic HF™") (Gre 20111242340

*+ Epidemiology: - -¥ of Prs w/ HF have normal or only min, impaired systohc fun (EF =40%);
risk factors for HFpEF incl T age, ¢, DM, AF. Mortality = to those wi systolic dysfn.

* Etiologies (impaired relaxation and/or T passive stiffness): ischemia, prior MI, LVH,
HCMP infiltrative CMP, RCMF aging, hypothyroidism

* Precipitants of pulmonary edema: volume overload (poor compliance of LV — sensitive
to even modest T in wolume); ischemia (1 relaxation); tachycardia (L filling time in
diastole), AF (loss of atrial boost to LV filling); HTN (T afterload — | stroke volume)

= Dx wi dinical s/s of HF w/ preserved systolic Bo. D supported by evidence of diast dysfxn:
(1) echo: abnl MV inflow (E/A reversal and As in E wave deceleration time) &

1 myocardial refax. (1 isovol refax. time & | early diastole tissue Doppler vel)

(2) exercise-induced T PCWF (+ | response chronotropic & vasodilator reserve)

= Treatment: diuresis for vol overload, BP control, prevention of tachycardia and ischemia;
no benefit to: ACEIVARE (nEjs 2008359:245¢) or PDES inhib (14Ma 2013:309:1268)
spironolactone 7 | CV death & HF hosp (at least in Americas) (NEWM 2014370:1383)
ARNi (Loncer 2012;360:1387) and serelaxin (Loacer 2013:361:29) under study




CARDIOMYOPATHIES L

Dviseases with mechanical andior electrical dysfunction of the myocardium

DiLarven CarpiomyoraTHy (DCM)

Definition and epidemiology (Circ 201131282240 JAC

* Ventricular dilatation and | ccrntrzu:nqu-r + .l wall dm:kness in l:he absence of myocardial
disease caused by ischemialinfarct, vahular disease or hybertension

. Incidence:S—B."'IDD,UW)'; prevalence: 1/2500. Most commen reason for heart transplanc

Etiologies |» 711641, Cir 201211113
Familial (-35%): F‘t &2 tluﬁefy related famllj members wl otherwise unexphined DCM;
-30 genes identified to date, encoding structural & nuclear proteins
d Idiopathil: (=20%); 2 undiagnosed infectious, alcohalic or genetic cause
Infectious myocarditis (10-15%; Lancet 2012379738, JACC 20155%:779)
Viruses (parvoB19 & HHY6 > Coxsackie, adeno, echo, CMY, HCV): from subacute
(dilated V. mild-maod dysfxn) to fulminant (nondil, thick, edematous LV, sev dysfxn)
Bacterial, fungal, rickettsial TB, Lyme (mild myocarditis, often with AVE)
HIV: -8% of asx HIV &; due to HIV, other virus or antiretrovirals; alse premature CAD
Chagas: apical aneurysm + thrombus, REBB, megaesophagusicolon (WEWM 2015,373:458)
Toxic: alcohol (-20%) typ. 7-8 drlnks.fd % »5 y, but variable; cocaine; XRT (usu RCMP);
anthracyclines (risk T 550 mg/m®, may manifest late), cyclophosphamide, trastuzumab
Infiltrative (5%): often mix of DCMP + RCMP (qv) with thickened wall
arnyloidosis, sarcoidasis, hemochromatosis, tumar
+ Autoimmune: collagen vasc. dis, (3%): PM, 5LE, scleroderma, PAN, RA, Wegener's;
peripartum (last month — 5 mo postpartumy; EH) 2015:35:1090); - 1:3000 preg, T risk w/
multiparicy, T age,Afr Am; stnd HF Rux (if preg, no ACE or spiranolact.),? bromocriptine
to | prolactin; 723 normalize EF (ucr 2015669051, -30% recur wi next preg
Idiopathic giant eell myocarditis (GCM): avg age 42, fulminant, AVBIVT (girc HF 20136:15)
Eosinophilic {variable peripheral eos): hypersensitivicy (mild HF but at risk for SCD) or
acute necrotizing eosinophilic myocarditis (ANEM; STE, effusion, severe HF)
Stress-induced (Takorsubo = apical hcallc:oning]:T)rplc_all;\-I postmencpausal . mimics Ml
(chest pain, + 5TE & 1 Tn;deep TVWI & T QT midfapex dyskinesis; ? Foc wi 3B, ACE usu.
improves over whs (as 2011:306:277). In-hosp morbmort similar to ACS (NEM 2005:373:929).
+ Arrhythmogenic right ventricular cardiormyopathy (ACMARVC): fibrofatty replacement
of BY — dilation (dx w' MRI); ECG: £ RBBE, TWIV-V5, & waves riskWT (Lamcee 2009:373:1289)
Tachycardia: likelihood « rate/duration; often resolves wi rate cntl (e 2005,192:1092)
LV noncompaction (acc 2015:56:576); prominent trabeculae, arrhythmias, cardioemboli
Metablother: hypothyroid, acromegaly, pheo, OSA, ¥it By, selenium or carnitine defic.
Clinical manifestations
* Heart failure: both congestive & poar forward flow sx; signs of L- & R-sided HF
diffuse, laterally displaced PMI, $3, + MR or TR (annular dilst., displaced pap. musdle)
+ Embalic events (~10%). supraventriculariventricular arrhythmias, & palpitations
* Chest pain can be seen w/ some etiologies {eg, myocarditis)

Diagnostic studies and workup (JACC 2016:6729%

CXR: moderate to marked czrdlomegaly. + pu{monar'r edema & pleural effusions

ECG: may see PRWE O waves or BBB; low-veltage; AF (20%): may be normal

Echacardiogram: LV dilatation, | EF, regional or global LV HK + RV HK, + mural thrombi

Cardiac MRI: up to 76% Se, 96% Sp for myocarditis or infilerative dis. )4¢C knagmg

2014,7254); exctent of midwall fibrosks correlated wi morlity in NICMP jams 2013309896

Labs: TFTs, Fe panel, HIY, SPEF, AMNA; viral sero not recommended; others per suspicion

Family hx (20-35% w/ familial dis.), genetic counseling + genetic tasting (AMA 1009,102:1471)

Stress test: useful to rlo ischemia (low false © rate), high false © rate, sven wi imaging

Coronary angiography to rfo CAD if risk factars, hio angina, Qw Ml on ECG, equivocal

ETT; consider CT angiography (J4cc 2007492044}

* ! Endomyocardial biopsy (JACC 2007,50:1914); yield 10%; of these, 75% myocarditis {for
which no proven Rx) & 15% systemic disease; 40% false = rate (parchy dis) & false ©
(necrosis — inflammation); ... biopsy if:acute & hemodyn compromise (rfo GCM.ANEM):
arrhythmia or RCMP features (rfo infiltrative); or suspect toxic, allergic, tumer

Treatment (see “Heart Failure™ for sandard HF Rx)

* Paossibility of reversibility of CMP may temper implantation of devices

* Immunosuppression: for giant cell myocarditis (prednisone + AZA), collagen vascular
disease, peripartum (! IVlg). & easinophilic; na proven benefit for viral myscarditis

* Prognosis differs by etiology (e 2000.242:1077): postpartum (best), ischemic/GCM (worst)




HyrerTrOPHIC CarDiOMYOPATHY (HCM)

Definition and epidemiology

* LV {usually =15 mm) and/or RV hypertrophy disproportionate to hemodynamic lcad

= Prevalence: 1/500; 50% sporadic, 50% familial, most asymptomatic

* Ddx:LVH 2° to HTN,AS, elite athletes {wall usually <13 mm & symmetric and nl'T rates of
tissue Doppler diastolic relaxation; cr 201 1:1232723), Fabry dis, (T Cr; skin findings)

Pathology

» Aurcsomal dominant mutations in cardiac sarcomere genes (eg, f-myosin heavy chain)
* Myocardal fiber disarray with hypertrophy, which creates arrhythmogenic substrate
+ Morphologic hypertrophy variants: asymmetric septal; concentric; midcavity; apical

Pathophysiclogy

+ Subaortic outflow obstruction: narrowed tract 1° hypertrophied septum + systolic
anterior motion (SAM) of ant. MV leaflet (may be fixad, variable or nonexistent) and
papillary muscle displicernent. Gradient (V) worse wi T contractility (digoxin, [
agonists, exercise, PYCs), L preload (eg,Valsalva maneuver) or | afterioad.

+ Mitral regurgitation: due to SAM (mid-to-late, post.-directed regurg, |et) and/or abnl
mitral leaffets and papillary muscles {pansystolic, ant-directed regurg. jet)

+ Diastolic dysfunction: T chamber stiffness + impaired relaxation

* lschemia: small vessel dis., parforating artery compression (bridging), L coranary perfusion

= Syncope: As in load-dependent CO, arrhythmias

Clinical manifestations (70% are ssymptormatic at dx)

- Dyspnea (90%): due to T LVEDP, MR, and diastolic dysfunction

= Angina (25%) even wio epicardial CAD; microvasc, dysfxn (NEM 2003:349:1027)

« Arrhythmias (AF in 20-25%VT/VF): palpitations, syncope, sudden cardiac death

Physical exam

* Sustained PMI, S; paradoxically split if severe outflow obstruction, © 54 (occ. palpable)
+ Systolic murmur: crescendo-decrescendo; LLSB: T wi Valsalva & standing (| preload)
* + mid-to-late or holosystolic murmur of MR at apex

« Bifid caretid pulse (brisk rise, decline, then 2™ rise); [VP wi prominent a wave

+ Contrast to AS, which has murmur that | wiYalsalva and | carotid pulses

Diagnostic studies (g0

* CXR: cardiomegaly (LV and LA)

* ECG: LVH, anterolateral TWI and inferior pseudo-Qw, + apical giant TWVI (apical wariant)

+ Echo: any LV wall segment =15 mm (or ! even 213 if © HFx), often but not necessarily
inwalving septum; ether findings include dyrarmic outflow obstruetion, SAM, MR

+ MRI: hypertrophy + patchy delayed enhancement (useful for dx & prog) (cic 2015:132:292)

+ Cardiac cath: subaortic pressure V; Brockenbrough sign = | pu!s& pressure posl.—PVC (In
contrast to AS, in which pulse pressure T post-PVC)

= ! Geneotyping for family screening, but pathogenic mutation ID'd in <% (g 201 1124:2761)

Treatment (Circ 2011:124:6783 & 2012125 1432, Lances 20133
= Heare failure

= inotropes/chronotropes: B-blockers, CCB (verapamil), disopyramide

Careful use of diuretics, as may further | preload Vasodilators only if systolic dysfon.

Avoid digoxin.

If sx refractory to drug Rx + obstructive physiology (V >50 mmHg):

(a) Surgical myectomy: long-term L symptoms in 0% (Cre 2014,130:1617)

(b) Aleohol septal ablation (JcHF 20153496 gradient | by —BO%, only 5-20% remain wi

MYHA Y s 14% require repeat ablation or myectormy. Good aleernative for older
Pis, multiple comarbidities. Complic: ransient (& occ. delayed) 37 AVB wi' 10-20% req.
PPMVT due to scar formation.

Mo clear benefit of dual-chamber pacing (AcC 1997:29:435; Girc 1999,99:2927)

If refractory to drug therapy and there is nonobstructive pathophysiology: transplant
= Acute HF: can be precip. by dehydration or tachycardia; Rx wi fluids, §B, phenylephrine
+ AF:rate control wi BB, mainzain SR w/ disopyramide or amio; low thresheld to anticoag
+ SCD: ICD jjacc 2003.42:1687). Risk factors: hio VT/VE @ FHx 5CD, unexplained syncope,

MNSVT, L SBP or rel HoTM (T 5BP <20 mmHg) w/ exercise, LY wall 230 mm, ! extensive

MR delayed enhancement. EPS not useful. Risle 4%y if high-risk (4m4 2007,298:405).

* Counsel to avoid dehydration, extreme exertion
* Endocarditis prophylaxis not recommended (Cic 1007.15-1736)
* T-degree refatives: periodic screening wi echo, ECG (as timing of HCMP onset variable).

Genetic testing if known mutation,




RESTRICTIVE CARDIOMYOPATHY (RCM)

Definition (Circ 2006:113:1807)

Impaired ventricular filing with | complance in nonhypertrophied, nondilated ventricles;
normal or | diastolic volumes, normal or near-narmal EF; must rfo pericardial disease

Etiology (acc 2010:55:1769)

Myocardial processes
Autoimmune (scleroderma, polymyositis-dermatomyositis)
Infilrative diseases (see primary entries for extracardiac manifestations, Dx, Rx)
Amyloidosis (Cic 2011:124:1079): age at presentation 60 y; £:5 = 32

AL (eg. MM, etc.); familial (transthyretin, ATTR); AAlsenile (dep. of TTR, ANP)

ECG: | QRS amplitude (50%), pseudoinfarction pattern (Qw), AVE (10-20%),
hemiblock (20%), BEB (5-20%)

Echo: biventricular wall thickening (yet w/ low voftage on ECG), granular
sparkling texture (30%), biatrial enlargement (40%), thickened atrial septum, valve
thickening (65%), diastolic dyshm, small effusions

NI voleagelsepral thickness has NPV -50%

Labs: ' SPEF/UPEP, serum free light chain ratio (<0.25 or =1.65 x-to-i ratio)

MRI: distinct late gadolinium enhancement pattern (JACC 2008;51:1022)

Sarcoidosis (can also be DCM): presents at age ~-30 y: 'd in blacks, N. Europe, ¥

5% wi systernic sarcoid have overt cardiac involvement cardiac wlo systemic in 10%

ECG:AVE (75%), RBBB (20-60%).VT: PET: T FDG uptake in affected area

Echo: regional WMA (particularty basal septum) w/ thinning or mild hypertrophy

Gallium or FDG uptake at areas of inflam.; sestaMIBI wi non-cor. perfusion defects

Cardiac MRET2 early gad (edema); fibrosis/scar in basal sepwum; LGE prognostic

Cardiac bx low yield bic patchy

Hemochromatosis: in middle-aged men (espec N. European}; 15% piw cardiac sx
Diabetes; storage diseases: Gaucher’s, Fabry, Hurler's, glycogen storage diseases
Endomyocardial processes
Chronic eosinophilic: Loffler's endocardits (temperate climates: T eos; mural thrombi
that embolize); endomyocardial fibrosis (tropical dimates; var: eos; mural thrombi)
Toxins: radiation (also piw constrictive pericarditis, valvular dis, ostial CAD), anthracyclines
Serotonin: carcinoid, serotonin agonists, ergot alkaloids. Metastatic cancer.

Pathology & pathophysiology

Path.'normal or T wall thickness & infiltration or abnormal deposition
4 myocardial compliance — nl EDV but T EDP - T systemic & pulm. venous pressures
1 ventricular cavity size L V and | CO

Clinical manifestations (Crc 2000,101:24%

Right-sided > left-sided heart fa:lure with peripheral edema > pulmonary edema
Diuretic “refractoriness’; thromboembolic events
Poorly talerated tachyarrhychmias; VT — syncopelsudden cardiac death

Physical exam

T VP& Kussmaul's sign (JVP not | wi inspir., classically seen in constrict. pericarditis)

* Cardiac: + 5; and Se. + murmurs of MR and TR

Congestive hepatomegaly, + ascites and jaundice, peripheral edema

Diagnostic studies

Treatment (in

CXR: normal ventricular chamber size, enlarged atria, + pulmanary congestion
ECG: low voltage, pseudoinfarction pattern (Qw), + arrhythmias
Echo: & symmetric wall thickening, biatrial enlarge., & mural thrombi, 1 cavity oblit.
wi diast dysfxn: T early diast (E) and 4 late atrial (A) filling, T E/A ratio, | decel, time
Cardiac MRIPET: may reveal inflammation or evidence of infiltration (but nonspecific)
Cardiac catheterization
Atria: M’ or W' (prominent x and y descents)
Ventricles: dip & plateau (rapid | pressure at onset of diastole, rapid T to early plateau)
Concordance of LY & RV pressure peals during respiratory cycle (vs. discordance in
constrictive pericarditis; Cre 1995:93:2007)
Endomyocardial biopsy if suspect infiltrative process; fat pad bx for amyloid
Restrictive cardiomyopathy vs. constrictive pericarditis: see “Pericardial Disease™

ddition to Rxing underlying disease)

Gentle diuresis. May not tolerate CCB or other vasodilators.

Control HR (but can | CO): maintain SR (helps filling). Digoxin T arrhythmias in amyleid.
Anticoagulation (particularly with AF or low CO)

Transplantation for refractory cases




VAL

LAR HEART DISEASE

AcrTic STENOSIS (AS)

Etiology

» Calcific: predominant cause in Pts =70 y; risk factors include HTN, T cheol, ESRD

« Congenital (ie, bicuspid AoV wi premature calcification): cause in 50% of Prs <70 y
= Rheumatic heart disease (AS usually accompanied by AR and MV disease)

= AS mimickers: subwalvular (HCMP, subAo membrane) or supravalvular stenosis

Clinical manifestations (usunlly Indicates AVA <7 em* or concamitant CAD)

+ Angina: T O; demand (hypertrephy) + 1 O, supply (| cor perfusicn pressure) £ CAD

= Syncope (exertional): peripheral vasodil, w/ fixed CO — L MAP -, | cerebral perfusion

- Heart failure: outflow obstruct + dinstolic dysfn — pulm. edema, esp.if T HRIAF (1 LV fill)

* Acquired vWVF disease (~20% of sev.AS) destrucuon of vWWF, Gl angiodysplasia

« Matural hac usually slowly progressive (AVA L —0.1 cm’fy, but varies; Cir 1557:952262), until
sx develop; mean survival based on sxcangima = 5 y;syncope = 3 y CHF = 2 y

Physical exam g

= Midsystolic crescendo-decrescendo murmur at RUSB, .
harsh, high-pitched, radiates to carotids, apex (holosystolic = hi
Gallavardin effect), T w/ passive leg raise, L w/ standing & Frind "
Walsalva. Dynamic cutflow obseruction (HCM) is the reverse. E

= Ejection click after Sy sometimes heard with bicuspid AoV g

» Signs of severity: late-peaking murmur, paradoxically splic Sz or  F
inaudible Az, small and delayed carotid pulse (“pulsus parvus
et tardus™), LY heave, © S4 {occasionally palpable)

Diagnostic studies part |

* ECG: may see LVH, LAE, LBBB, AF (in late disease) it

» CXR: cardiomegaly, AoV calcification, poststenotic dilation of Pathaphys Moot Dy 67
ascending Ao, pulmonary congestion Ao W A

* Echo: valve morphology, jet velocity, estim pressure gradient (V) & calculate AVA, LYEF

= Cardiac cath: usually to rfo CAD (in "z of calcific AS); for hemodyn, if disparity berween
exam & echo: o pressure gradient (V) across AoV, calc AVA (underestim, if mod/sev AR)

* Dobutamine challenge (echo or cath):if low EF and mean ¥ <30, use to differentiate:
afterdoad mismatch: 20% T 5V & V. no A AVA (implies contractile reserve, T EF post-AVR)
pseudostenasis: 209 T SW.no A in V. T AVA (implies low AVA artifact of LV dysfen)
fimited contractile reserve: no A SV, W or AVA (implies EF prob, will not improve w/ AVR)

Classification of Aortic Stenosis (firc 20141 200511)
Max Jet Mean Grad AVA LVEF

oy MRS YRR ded
a o ]
A <1 <1o 34 nl
B 2-19 <20 >15 nl
e 3-39 2039 | 115wl
1 24 =40 =1.0 nl
N Very severe 25 260 <08 nl
c2 Severe + | EF =4 =40 b 1__ |
D1 Severe 24 240 <10 n |
D2 Y Severe + low flow/V + L EP <4 <40 <10 + |
D3 Severe + low flow/V +nl EFF <4 <40 <1.0 ol
'A\"A indexed to BSA <06 emilm’ also severe; "DSE — max et vel 24 & AVA <10;“small LY wi | stroke val.
Treatment (Crc 2074 a52 T MEIM 20 T4ET1 ;744 Loncer 20 16:387:13

* Based on sympwms ornce mer develop, AVR needed. If asx, HTN can be cautiously Rx'd,
* AVR: indicated in sx (stage D1); asx severe + EF <50% (stage C2); or asx severe (stage
C1) and undergoing other cardiac surgery
Reasonable if:
Asx severe (stage C1) but cither sx or L BP wi exercise (can carefully exercise asx
AS to uncover sx,do not exercise sx AS) or very severe.
Sx severe wi low flow/V wi low EF & response to dobura (stage D2) or normal EF but
AS felt to be @use of sx (stage D3)
Asx moderate AS (stage B) and undergoing cardiac surgery
» Transcatheter AoV replacement (TAVR., see below) indicated if surgical risk prohibitive or
as reasonable alternative to surgery if medium (STS predicted 30-d mortalicy ~4-8%) or
high {maortality 8-15%) operative risk




* Medical (if not AVR candidate or to temporize): careful diuresis prn, control HTMN, maincain
SR; digoin if L EF & HF or if AF; ovoid venodilators (nitrates) & < inotropes (BB/CCB) if
severe AS; aveid vigorous physical exertion once AS mod-severe;

! nitroprusside in HF w/ sev. AS, EF <35%, C| <22, & MAP =60 (NEWM 2003:348:1754) or if
low flow w! | EF and HTMN (giec 2013:128:1349)

= |ABP: stabilization, bridge to surgery

* Balloon AoV valvotomy (BAY): 50% 1 AVA & | peak V, but 50% restenosis by 6~12 mo &
T risk of peri-PAY stroke!AR (NEM 198831%.115), .. bridge to AVR or palliation

TAVR (transcacheter AoV replacement

+ Valves: balloon- expm'ldahle (Edweards SAﬁEN) or self-expanding (Medoronic CoreValve)

» Approaches: most commenly retrograde via perc, transfernoral access; also retrograde via
axillary art or ascend. Ao (via small sterotomy & aortotomy). Alternatively antegrade
transapical via small thoracotomy & LV puncture (if narrow iliofem art. or caleffied Ao).

» Peri- & postprocedural complic: low CCr annular rupture or coronary occlusion (both rare);
local vascular; paravabvular leaks; CHE,

= Lifelong ASA + ! clopidogrel (or OAC) = 6 ma; ! subdinical valve thrombus in —20%, | w/
anticoag (NEIM 2015373:2015)

* Outcomes wf TAVR. In nonoperative Pis (ie, ws. med Rx): 4% | mortality but stll -20%
annual mortality in TAVR group (NEIM 20123661656 JACC 2014:43:1972).

In high-risk Pts vs. surg AVR. (NEM 20123661686 & 2014370:1790): martality = (balloon-
expand) or 26% | (self-expand); T vasc complic; T early risk of stroke/TIA wi balloon-
expand, PPM required for CHB in -20% w/ seli-expand; paravabvular leals in ~7%.

In mediurmrisk Pts (MM 2016:374:1609); death/stroke = T vasc complic but | bleeding, AKI,
AF.If transfemoral 21%, | deathistroke, whereas tended to be 21% 7 if transapical.

AoRTIC REGURGITATION (_J’-\R)

Etlology (cre 1006114422

+ Valve di (43%):rh tic heart di {usualty mixed AS/AR + MY disease);
bicuspid Ao¥ {natural hx: "3+ normal, 'f; -+ AS, g — AR, 'fs — endocarditis — AR);
infective endocarditis; valvulitis (RA, 5LE, certain anorectics & serotonergics, XRT)

* Root disease (57%): HTN, aortic aneurysm/dissection, annuloaortic ectasia (ie, Marfan),
aortic inflammation (GCA, Takayasu's, ankylosing spond., reactive arthritis, syphilis)

Clinical manifestations

* Acute: sudden | forward SV and T LYEDF (noncompliant ventricle) — pulmonary edema
= hypotension and cardiogenic shock

+ Chronic elinically silent whila LV dilates (to T compliance to keep LVEDP low) more than it
hypertrophies — chronic volume overload — LV decompensation — CHF

+ Matural hx: variable progression {unlike AS, can be fast or slow); onee decompensation
begins, prognosis poor w/o AVR (mortalicy ~10%/y)

Physical exam [ |

+ Early diastolic decrescendo murmur at LUSB (RUSB if
dilaced Ao root); T wi sitting forward, expir, handgrip: e

severity of AR == duration of murmur (except in acute and ?v -
severe late); Austin Flint murmur: mid-to-late: diastolic =n g
rumble at apex (AR jet interfering wi/ mitral inflow) §a \/
* Wide pulse pressure due to T stroke volume, hyper- tw 1
dynamic pulse; pulse pressure narrows in late AR wet -
with L LV fxn; bisferiens (twice-beating) arterial pulse Tine
* PMI diffuse and lacerally displaced; soft $; {early closure of e/ [
MV): £ 53 (= | EF but rather just volume overlead in AR) & g
Classic Eponymous Signs in Chronic AR (Souh Med | 198174:459)
Sign Description
Corrigan’s pulse “warer hammer" pulse (ie, rapid riseifall or distention/collapse)
| Hill's sign (popliceal SBP — brachial 5BP) =60 mmHg [
Duroziez's sign to-and-fro murmur heard over femoral artery wi light compression
Pistol shot sounds  pistol shot sound heard over femoral artery
Traube's sound double sound heard over femoral artery when compressed diseally
| de Mussets sign head-bobbing with each heartbeat (low Se)
| Miiller’s sign systalic pulsations of the uvula
'lQuincke's pulses subungual capillary pulsations (low Sp)

Diagnostic studies

+ ECG:can see LVH, LAD, abnl repol; CXR: cardiomegaly £ ascendinng dilatation



* Echo: severity of AR (severe = regurg jet width 265% LVOT, regurg fraction =50%, regurg
orifice 20.3 em’, flow reversal in descend. Ao; moderate = jet width 25-64%, regurg
fraction 30-49%. regurg orifice 0.1-0.29 crnZ) LV size & fxn

Treatment (G 2014:12 et 2016:3687:131
* Acute deccrnpenszuon (consuder endocard1th as possible acute precipitant):
surgery usually urgently needed for acute severe AR, which is poorly tolerated by LV
IV afterload reduction {nitroprusside) and inotropic support (dobutamine)
+ chronotropic support (T HR -+ | diastole -+ 4 time for regurgitation)
pure vasoconstrictors and IABP contraindicated
* In chronic AR, management decisions based on LV size and fxn (and before sx occur)
* Surgery (AVR, replacement or repair if possible):
severe and sx (if equivocal, consider stress test)
asx and either EF <50% or LV dilation (LVESD =50 mm) or undergoing cardiac surg
* Transcatheter AoV replacement (TAVR) being explored (JCC 2013:61:1577 & 2015:64:163)
* Medical therapy. vasodilators (nifedipine, ACEI/ARB, hydralazine) if severs AR w/ sx or
LV dysfxn & not operative candidate or to improve hemodynamics before AVR; no
clear benefit in asx severe AR wi mild LV ditation & nl LV fin {NEM 2005,353:1342)

MiTraL REGURGITATION (MR)

Etiology (I 005 ITH VAL, NEJM 20136315
. Prlmarf (degeneratuon of valve apparar.us)
leaflet abnl: myxomatous (MVP), endocarditis, calcific RHD, valvulitis (collagen-vascular
disease), congenital, anorectic drugs (phen-fen), XRT
chordae tendinege rupture: my<omatous, endocarditis, spontaneous, trauma
papilary muscle dysfin ble of ischemia or rupture during Ml [usu. posteromedial papillary
m. (supplied predominantly by PDA) vs. anterolateral (suppl by diags & OMs)]
= Secondary (functional): inferoapical papilliry muscle displacement due to ischemic LY
remodeling or DCM, HCM (jacc 20155:1231)

Clinical manifestations

= Acute pulmonary edema, hypotension, cardiogenic shock (MEM 2004.351:1627)

= Chronic typically asx for yrs, then as LV fails — progressive DOE, fatigue, AF, PHT

* Prognaosis: 5-y survival w/ medical therapy is 80% if asx, but only 45% if sx

Physical exam

* High-pitched, blowing, holosystolic murmur at apex;
radiates to axilla; + chrill; T w! handgrip (Se 68%, Sp 92%),
L wi Valsalva (Se 93%) (MEIM 19BE318:1572)
ant. leaflet abnl — post. jet heard at spine
post. leaflet abnl — ant. jat heard at sternum

= + diastolic rumble ble T flow aeross valve

* Lat. displ. hyperdynamic PMI, obscured Sy, widely split Sz
(Az early bic L LY afterload, P; late if PHT), £ 55

* Carotid upstroke brisk (vs. diminished and delayed in AS)

Diagnostic studies (MM 2 .

» ECG: may see LAE, LVH :l: atrial ﬁanatlon &;m |" ;t

= CXR:dilated LA, dilated LV, + pulmonary congestion 5 %

= Echo: MV anatomy (ie, etiol); MR severity: jet area, jet width at origin (vena contracta) or
effective regurgitant orifice (ERO; predicts survival); LV fun (EF should be supranomnal if
compensated. ... EF <60% w/ sev. MR = LV dysfun)

= TEE or cardiac MR if TTE not sufficienty informative

] Ca.rdm: cath: prominent PCWP cv waves (not spec. for MR}, LVgram for MR s«cw:rr:y & EF

Classification of P Frimary Mitral Regurgitation

B

Fragsum (mmhg)

Tima

Severity Regurg. Jet area Jet width ERO Angio®
fraction (% of LA) {em) {em?)
Mild <30% <20 <03 <02 1+
Moderate 30-49% 20-40 0.3-0.69 0.2-0.3% 1+
| Severe! 250% >40 =0.70 2040 344

#14-= LA clearswi each beary 24 = LA does not clear faintly opse. after several beate 3+ =LA & LV apac. equal

"Far secondary MR, because ERO underestimated & likely progressive LY dysfin, ERD 20,20 is severe

Treatment (Cr 1014:12%0521: Lancet 2014:387:1

= Acute severe MR: consider |schemna & endoczrdqu as precipitants; [V afterload reduction
{niroprusside), relieve congestion (diuresis & NTG), + inotropes (dobuta), IABP, avoid
vasoconstrictors; surgery usually needed as prognosis poor wio (laMa 2013.510609)



.

Chronic severe primary MR: surgery (repair [preferred if feasible] vs. replacement)
indicated if sx & EF >30% or if asx & either EF 30-60% or LY sys.diam. 240 mm
MY repair reasonable if asx & either EF =60% + LVESD <40 mm or new AF or PHT
if AR, concomitant surgical ablation | AF recurrence, @ A stroke; consider for sx entl or if

planning no anticoag (NEM 20153721399

Severe secondary MR: consider surgery if NYHA Il-1V; replacement resules in more
durable correction & L HF & | CV admissions than repair (NEWM 2016:374.344)

In Pts undergoing CABG wi moderate fxnal MR, annuloplasty | MR but longer surgery,
1 neurologic events, & no impact on fxnal status or mortality (NEM 2016374:1931)

Percut. MV repair (Gre 2014130:771 2% edge-to-edge dip less effective than surgery but consider
for sev, sx nonoperative Pt (NEM 2011:364:1395); pert valve under study (Arc 1014641814

If sx & EF<60% but not operative candidate: HF Rx (3B, ACE, + aldo antag); | preload wi
diuretics, NTG {espec. if ischemic MR} for sx relief + | ERC; maintain SR

Asymptomatic: & praven benefit of medical therapy, BB T LY fxn (cC 2012:60:833).

MITRAL VALVE PROLAPSE (MVP)
Definition and Etiology
* Billowing of MV leaflet =2 mm above mitral annulus in parasternal long axis echo view
* Primary: sporadic or familial myxomatous proliferation of spongiosa of MV apparatus
* Secondary: trauma, endocarditis, congenital, CTD (eg. Marfan's, O, Ehlers-Danlos)
Clinical manifestations (usually asymptomatic)
* MR (MYP most common cause), endocarditis, embolic events, arrhythmias (rarely SCD)
* High-pitched, midsystolic click (sarlier wi | preload) + mid-to-late systolic murmur
* Me Rx per se [endacarditis Ppx no longer rec. (i 2007:115:1736)]; Rx MR as above

MiTRAL STENOSIS (MS)

Etiology ( 2379:853

* Rheumnatic heart disease (RHD): fision of commissures — “fish-mouth™ valve
from autoimmune rxn to [i strep infxm seen largely in developing waorld today

* Mitral annular calcification: encroachment upon leaflets — fxnal M5; espec in ESRD

* Congenial, infectious endocarditis w/ large lesion, myxoma near MY, thrombus

* Valvulitis (eg, SLE, amyloid, carcinoid) or infiltration (eg, mucopolysaccharidoses)

Clinical manifestations (Loacet 2004 7

+ Dyspnea and pulmunary edema {JF due ta RHD, sx usually begin in 30s)
precipitants: exercise, fever, anemia, volume overload (incl. pregnancy), tachycardia, AF

« Atrial fibrillation: onset often precipitates heart failure in Pts w/ M3

* Embolic events: commonly cerebral, espec in AF ar endocarditis

« Pulmonary: hemoptysis, frequent bronchitis (due to congestion), PHT, RY filure

* Ortner's syndrome: hoarseness from LA compression of recurrent laryngeal nerve

Physical exam

* Low-pitched mid-diastolic rumble at apex w/
presystolic accentuation (if not in AF); best
heard in L lat decubitus position during expi-
ration, T w/ exercise; severity proportional to
duration (not intensity) of murmur; loud §4

+ Opening snap (high-pitched early diastolic
sound at apex) from fused leaflet tips:
MVA proportional to 5:-O8 interval (tighter
valve — T LA pressure — shorter interval)

* Loud 57 (unless MY calcified and immabile)

Diagnostic studies

« ECG:LAE ("P mitrale”), = AF £ RVH

+ CXR:dilated LA (flat L heart border, R double density, displaced L mainstem bronchus)

* Echo: estimate pressure gradient (V), RYSF, valve area, valve echo score (0-16, based
on leaflet mobility & thick, subvabvular thick., Ca"™); exer. TTE {to assess A RVSP and V)
if 5% & severity of MS at rest discrepant: TEE to assess for LA thrombus before PMBC

» Cardiac cath: V, calculaved MVA; LA rall o wave & blunted Y descent; T PA pressure;

Classification of Mitral Stenosis

Stage Mean V (mmHg) Pressure % time  MVA (cm’)  PA sys (mmHg)
Normal 0 -6 <15
Mild-Mod <5 100-149 1.6-2 <30
Severe 59 150-219 1,115 30-50

=220 <1 =50

Very severe




Vaves 1-24

Treatment (Cic 201 8367
= Medical: Na restriction, cautious diuresis, BB AF control, sx-limited physical stress
Antbiotic F'px recommended if hio RHD wi valvular disease for 10 y or until age 40
Anticoag: AF; prior embolism; LA clot; ! LA =55 mm or Large LA w/ spont contrast
Mechanical intervention indicated if heart failure sx w/ MYA <1.5; reasonable if asx but
wvery severe (MVA £1) and morphology favorable for PMBC: may consider PMBC # MVA
=1.5 but hemodyn signif wi exercise, or # anc but MVA £1.5 and new-onset AF
-« Percutaneous mitral balloon commissurotomy (PMEC): preferred R if RHD; MWA
doubles, V L by 50%; = MVR if valve score <8, & f mod-severe MR or LA clot
Surgical (MV repair if possible, ofw replacement); consider In sx Pts w/ MVA 1.5
if PMBC unavailable/failed/contraindicated or valve morphalogy unsuitable
Pregnancy: if MYHA class /Y - PMBC, o/'w medical Rx w/ low-dose diuretic & B

.

Tricusrip REGURGITATION

17 etiol: rheumatic, CTD, XRT, |E, Ebstein’s, carcinoid, tumors, pacemaker leads

Fxnl etiol {most common): RV andfor PHT (may be 1 to L-sided dis.). RV dilation + MI

Holosystolic murmur, 34T ICS, Twl insp (Carvallo’s sign); S3; prominent ev wave in [VP

Consider repair, annuloplasty or replicement for sx and severe TR {eg, ERO =040 am')
transcatheter system (provides surface for coaptation) under study (JACC 201566:2475)

PROSTHETIC HEART VALVES
Mechanical (60%)
* Bileaflet (eg, 5t. Jude Medical); tlting disk; caged-ball
* Vary durable (20-30 y). but thrombogenic and .. require anticoagulation
consider if age <-60 y or if anticoagulation already indicated (A€ 2010:55:2413)
Bioprosthetic (40%)
* Bovine pericardial or porcing heterograft (eg, Carpentier-Edwards), homograft
* Less durable, but min. thrombogenic; consider if >-70 y, lifespan <20 y, or & anticoag
* 1f 50~69 ¥, 2x recp but ': bleeding or stroke vs. mech (AMA 2014312:1323 & 2015313:1435)
Physical exam
* Crisp sounds * soft murmur during forwaru flow (mrma! ta have small V)
Anticoagulation & antiplatelet therapy (Cic 201412951
+ High-risk features: prier thromboembaolism, AR, EF z30-—35% hyperceagulable
* Warfarin (@ NOACs): mech MVR or high-risk mech AVR: INR 2.5-3.5. Low-risk mech
AVR or high-risk bic MVR/AVR; INR 2-3. Consider in low-risk bio MYR/AVE. for 1" 3 mo.
* + ASA (=100 mg):all prosth, valves unless hio GIB, uncontrolled HTN, erratic INR,
or >80 y
* If thrombaosis, T intensity (eg, INR 2-3 — 2.5-3.5:2.5-3.5 — 3.5-4.5; add ASA if not on)

| Periprocedural “Bridging” of Anticoagulation in Pts with Mechanical Yalve(s)
| AVR wio risk factors  dfc warfarin 2—4 d before surg restart 12-24 h after surg

MVR or AVR w! risk  Preop: dic warfarin, start UFH (preferred to LMYVH) when INR <2
factars 46 h preop:dfc UF tUFH & warfarin ASAP |

Procedures mcmde nencardiac surgery, Invasive procedures, and major dental work

Correction of overanticoagulation |Cic 2014:12%:%

+ Risk from major bleeding must be weighed against nslr. of valve thrombasis

« Mot bleeding: if INR. 5-10, withhold warfarin; if INR =10 also give vit K 1-2.5 mg PO
= Bleeding: FFP or PCC % low-dose (1 mg) vit K IV

BTIC

Endocarditis prophylaxis: for all prost valves {sea “Endocarditis”)
Complications
* Soructural failure (rfo endocarditis); mechanical valves: rare except for Bjork-Shiley;
bioprosth: up to 30% rate wiin 10~15 y.mitral > aortic; consider TAVR, a4 2014;312:162)
* Paravalvular leak (rlo endocarditis): small central jet of regurg is normal in mech. valves
= Obstruction from thrombosis (AcC 1013:62:1731) ar pannus: / TTE, TEE, CTA, or fluora
significantly symptomatic pannus ingrowth: remove w/ surgery
thrombosis: surgery if L-sided valve & either severe sx or Ig (7 20.8 cm) thrombus;
lytic successful in ~70% of L-sided thrombaosis, but wi 14% risk of stroke;
consider UFH £ lytic (? low-dose tPA via slow infusion; JACC OV imaging 2013:6:206) if
mild sx & small clot burden or poor surg candidate; lytic reasonable for R-sided
+ Infective endocarditis + valvular abscess and conduction system dis. (see"Endocarditis”)
+ Embolization (rfo endocarditis); risk highest 1% 90 d, 1%y wi warfarin (vs. 2% w/ ASA, or
4% wio meds); mech MVR 2 risk of embolic events vs. mech AVR {dic 199485635
* Bleeding (from anticoag), hemolysis (espec w/ caged-ball valves or paravabvular leak)



PERICARDIAL DISEASE |

GENERAL PRINCIPLES

Anatomy

* Tissue sac surrounding heart & proximal great vessels; 2 layers (parietal & visceral)
Disease states

* Inflammation (w/ or wie fluid accumulation) — pericarditis

* Fluid accumulation — effusion + tamponade

» Decrease in compliance (sequela of inflammation) — constrictive pericarditis

+ Tamponade and canstriction characterized by increased ventricular interdependence

SI=| TYiouYEI4

PericARDITIS AND PERICARDIAL EFFUSION

Etiologies of Acute Pericarditis (i 20153141498
Idiopathic (=80%) Maost presurmed to be undiagnosed viral etiologies

Infectious Viral: Coxsackie, echo, adeno, EBV.VZV, HIV, influenza

(=5% can be Bacrerial (from endocarditis, preumonia or sip cardiac surgery):
confirmed 5. preumococeus, N. meningitidis, 5. aureus, Borrelia (Lyme); TB
Infectious) Fungal; Histo, Coceidio, Candida; Parasitic: Entamoeba, Echino
MNeoplastic Common: metastatic (lung, breast, lymphoma, leukemia, RCC)
{=10%) Rare: prinary cardiac & serosal tumors {mesothelioma)
Autoimmune Connective tissue diseases: SLE, RA, scleroderma, Sjggren's

Vasculitides: PAN, eosin GPA (Churg-Strauss), GPA (Wegener's)
Drug-induced: procainamide, hydralazine, INH, CsA
Uremia -5-13% of Ps prior to HD: ~20% occurrence in chronic HD Prs
Cardiovascular STEMI, late post-MI (Dressler’s syndrome); ascending AoD; chest
trauma; postpericardiotomy; pracedural complic, (ie, PCI, PPM)

Radiation >4 Gy to mediastinum; acite or delayed: may be transudative
Effusion wio CHF, cirrhosis, nephrotic syndrome, hypothyroidism, amyloidosis. |
| pericarditis Transudative,

Clinical manifestations (NEjM 20143
* Pericarditis: reosternal CF, pleuritic, posmona,l (often L by siting forward), — rapezius;
may be absent in TB, neoplastic, XRT, or uremic; * fever; + sis of systemic etiologles

« Effusion: present in ~2/3 of Pts w/ pericarditis; ranges from asx to tamponade

Physical exam

* Pericarditis: multiphasic friction rub best heard at LLSE w/ diaphragm of stethoscope.
Notoriously variable and evanescent leathery sound wi up to 3 components: atrial
contraction, ventricular contraction, ventricular relaxation (NEJM 2012,367:e20),

+ Effusion: distant heart sounds, dullness over left posterior lung field due to compressive
atelectasis from pericardial effusion waar:s sign)

Diagnostic studies (AMA 20153141498 EH] 2015:36:1921)

* Need =2 of the following: chest paln (as noted abave), friction rub, ECG findings, effusion

+ ECG: may show diffuse STE (concave up) & PR, depression (except in aVR; 5T L & PR 7),
TWVI; classically and in contrast to STEMLTYVI do not cccur wntil STs normalize
Stages: (I) STE & PR 4; (I} ST & PR normalize; (IIl) diffuse TWI; (IV) Tw normalize
ECG may show evidence of large effusion wi low voltage & electrical alternans

{beat-to-bear A in QRS amplitude and/or axis due to swinging heart)

+ CXR:if g effusion (=250 mL) — T cardiac silhouette w/ “water-bottle” heart & epicardial halo

- Echocardiogram: presence, size, & location of effusion; presence of tamponad
physiclogy; pericarditis itself wio spec.abnl (- echo can be nl), although can see
pericardial stranding (fibrin or tumor); can also detect LV/RY dysfxn (myocarditis?)

= CT: will reveal pericardial effusions, but they often appear larger by CT than by echo.

* MRI: may reveal pericardial thickeningfinflammation, as well as myocardial involvement

+ CK-MB or troponin (i in ~30%; Acc 2003:42:2144) if myopericarditis. Consider CRP/ESR.

Workup for effusion

* rfoinfxn: usually apparent from Hx & CXR; ! value of v acute and convalescent serologies

* rfo neninfectious etiologies: BUN, Cr. ANA, RF, HIV, relevant malignancy evaluation

+ Pericardiocentesis if suspect infkn or malignancy or large effusion (=2 cm]) or recurrent
 cell counts, TR LDH, gle. Gram stain & Cx, AFE, cytology
ADA, PCR for MTh, and specific tumor markers as indicated by clinical suspicion
“exudate”™ TP =3 g/dL, TP/ TP,ynmy 0.5, LDH/LDH.cnin >0.6 or gle <60 mgldL:

high Se (-90%) but very low Sp (-20%); everall low utility (ches 1997,119:1213)
* Pericardial bx if suspicion remains for malignancy or TB




1-26

Peric ARDIAL

Treatment of pericarditis (aM4 2015 EHJ 7015:36:29

+ High-dose NSAID (e, ibuprafen 600—9300@ tid) or ASA (eg, 550—!000«3 tid) > 7-14 d
then taper over whsASA preferred over NSAID in acute MI; consider PP to | risk of GIB

+ Add colchicine 0.5 mg bid (qd if <70 kg) = 3 mo; b risk of refractory or recurrent pericardicls
by S0% (NEM 20133691512

+ Avaid steroids except for systemic autoimmune disorder, uremic, preg, NSAIDs contra-
indicated, or refractory idiopathic dis. Appear to T rate of pericarditis recurrence (G
2008:118:667). If due to TE, steroids | risk of constriction (MEM 20143711721

» Mwoid anticoagulants (although no corwincing data that 1 risk of hermorrhage/tamponade)

* Infectious effusion — pericardial drainage (preferably surgically) + systemic antibiotics

+ Mcute idiopathic pericarditis self-limited in 70-90% of cases

« Recurrent pericarditis Circ 2007,115:2739)
riske factors: subacute, lg effusion/tamponade, T =38°C, lack of NSAID response after 7 d
treatment: colchicine 0.5 mg bid x & mo {Annals 2011:155:409 & Loncer 2014:383:3232)

* Recurrent effusions: consider pericardial window (percutaneous vs. surgical)

PERICARDIAL TAMPONADE
Eticlogy
* Mny cause of pericardits but espec, malignancy, infectious, uremia, ascending AcD,
myocardial rupture, periprocedural complication, trauma, post-cardiotonmy
+ Rapidly accumulating effusions most likely to cause tamponade as no time for pericardium
to stretch (eg, to T compliance) and accommodate T intrapericardial fiuid volume

Pathophysiology (NEM 1003347684

+ T intrapericardial pressure, compression of heart chambers, L venous return — | CO

+ Distolic pressures T & equalize in all cardiac chambers — minimal flow of blood from RA
to RV when TV opens — blunted y descent

« T ventricular interdependence — pulsus paradoxus {pathologic exaggeration of nl physio)
Inspiration — | intrapericardial & RA pressures — T venous return — T RV size — sepral
shift to left. Also, T pulmonary vascular compliance — | pulm venous return,
Result is | LV filling — | LV stroke volume & blood pressure & pulse pressure.

Clinical manifestations

*+ Cardiogenic shock (hypotension, fatigue) without pulmonary edema

« Dyspnea (seen in ~B5%) may be due to T respiratory drive to augmeant venous retrn

Physical exam (&
-+ Beck’s triad {pn:scm. in m:m:wn:;‘r of cases): di heart s, T WP, hypotension
* T VP (76%) w/ blunted y descent
* Reflex tachycardia (77%), hypotension (26%; occasionally hypertensive), caol extremities
* Pulsus paradoxus (Se 82%. Sp 70%) = | SBP =10 mmHg during inspiration

@ LR 3.3 (59 if pulsus »12), LR 0.03

Ddx = PE, hypc\'nlemua severe COPD, constriction ('), RV infarct

? absent if pre-existing T LYEDR irregular rhythm, severe Al ASD, regional amponade

+ Distant heart sounds (28%), + pericardial friction rub (30%)
* Tachypnea and orthepnea but clear lungs

Diagnostic studies

= ECG: 1 HR, | voltage (seen in 42%), electrical alternans (20%), £ signs of pericarditis

* CXR: T cardiac silhouere (89%)

*+ Echocardiogram:  effusion, IVC plethora, septal shift with Inspiration
diastolic collapse of RA (Se B5%, Sp 80%) andior RV (Se <BU%, Sp 90%)
respirophasic A's in transvalvular velocities (T across TV & | across MV w/ inspir.)
postsurgical tamponade may be localized and nor easily visible

» Cardiac cath (right heart and pericardial): elevation {15-30 mmHg) and equalization of
Intrapericardial and diastolic pressures (RA, RV, PCVWP), blunted y descent in RA
T in stroke volume postpericardiocentesis = ultimate proef of tamponade
if RA pressure remains elevated after drainage, may have effusive-constrictive disease

(constriction from visceral pericardium; NEM 2004:350:469) or myocardial dysfn (eg,
from concomitant myocarditis)

Treatment (EH 2014352179)

+ Volume (but be careful as overfilling can worsen tamponade) and & inotropes (avoid B)

+ Ayoid vasoconstrictors as will | stroke volume & potentially | HR

« Avoid positive pressure ventilation as it can further impair cardiac filling (Cire 2006 113:1812)

« Pericardiocentesis (except if due to aortic/myocardial rupture for which emerpent surgery
treatment of choice; if too unstable, consider small pericardiocentesis to prevent PEA)

* Surgical drainage considered if fluid rapidly reaccumulates, loculated, or hemorrhagic



COoNSTRICTIVE PERICARDITIS

Etiology (Ci: 2 ]

* Any cause cf perlcardltls (~1-2% incidence overall after acute pericarditis)

» Highest risk wi TB, bacterial, neoplastic, XRT, connective tissue, postcardiac surgery
= Viralfidiopathic, as most common cause of pericarditis,also account for signif proportion

Pathophysiology

= Adhesion of visceral and parietal pericardial layers — rigid pericardium that limits diastolic
filling of ventricles — T systemic venous pressures

* Wenous return is limited only after early rapid filling phase; . rapid 4 in RA pressure with
atrial relaxation and opening of tricuspid valve and prominent x and y descents

+ Kussmaud sign: [VP does not decrease with inspiration (T venous return with inspiration,
but negative intrathoracic pressure not transmittad to heart because of rigid pericardium)

Clinical manifestations (WM 2
+ Right-sided > left-sided heart failure (systemic congestion > pulmonary congestion)

07 1:364:13500

Physical exam

* TJYP with prominent y descent, = Kussmaul sign [Ddx: tricuspid stenosis, acute cor
pulmanale, RY dysfxn (CMP, RV MI), SWC syndrome]

* Hepatosplenomegaly. aseites, peripheral edema. Consider in Ddx of idiopathic cirrhosis.

+ PMI usually not palpable, pericardial knock, usually no pulsus paradoxus

Diagnostic studies

« ECG:nonspecific, AF common (up to 33%) in advanced cases

« CXPR: calcification (MTb most common), espec in lateral view (although not specific)

« Echocardiogram: + thickened pericardium,“septal bounce” = abrupt displacement of
seprum during rapid filling in early diastole

+ Cardiac catheterization: atria w/ Ms or WYWs (prominent x and y descents)

ventricles: dip-and-plateau or square-root sign (rapid | pressure at onset of diastole,

rapid T to early plateau)
discordance between LV & RV pressure peaks during respiratory cycle (Cic 1996:53:2007)
+ CT or MRE: thickened pericardium (=4 mm; Se —80%) w/ tethering (Cic 2011:123..418)
Treatment
= Diuresis if intravascular volume overload; surglcal pericardiectorny if infectious or advanced

Constrictive Pericarditis vs Restrictive Caﬂﬁnwnpaﬂvy

Evaluation Constrictive pericarditis Restrictive cardiomyopathy
# Kussmaul sign + Kussmaul sign
Physical exam Absent PMI Powerful PMI, + 5 and 5,
[ T Pericardial knock + Murmurs of MR, TR
EcG + Low voltage Low voltage f infiltrative myopathy

+ Conduction abnormalities
Respirophasic variation (25-40%)  <10% respirophasic variation

inspir, = T flow across TV and | Slower pgak ﬁl!lng rate
& E‘Irlw acrolss MV ——— Egn_g:raﬁme!m f?gk ;il;i‘ggsrale
: LIssUe valo) > 11 cmysec L (=8 emlsec) (de .
Fosirdiogrm i G5 1 ey 2073,187255) 4
Expir. hepatic vein flow reversal Inspir. hepatic vein flow reversal
Septal bounce in early diastole  Biatrial enlargement
MNormal wall thickness £ T wall thickness
CTIMRI Usually wi thickened pericardium  Normal pericardium
NT-proBNP Wariable Typically TITT (facc 2005451300
| Prominent x and y descents (more so in constriction)
Dip-and-plateau sign (more so in constriction)
LVEDP = RVEDP LYEDP > RYEDP (esp.w! vol.)
RVSP <55 mmHg (Se 90%, Sp 293%)  RVSP 55 mmHg
| Cardiac RVEDP >/; RVSP (Se 93%,5p 46%]  RVEDP <'/; RVSP
| catheterization  Discordance of LV & RV pressure  Concordance of LV & RV
peaks during respiratory cycle pressure peaks during

Systolic area index (ratio of RV to respiratory cycle
LV pressure-time area in inspir Systollc area index =11 yacc
vs expir) =1.7 (e 97%, 5p 100%) 200851:375)
Endomyocardial ~ Usually normal + Specific etiology of RCMP
i (fibrosis, infiltration, fypertrophy)

LT-1  WigeieEd



il HYPERTENSIOH

JNC 8 Classification | J\mhulatnryThmslmlds
Category Systolic  Diastoli | Setting Systolic  Diastolic |
Normal <120 <80 | | 24bravg 135 85
Pra-HTN 120-139  80-89 | Day (awake) 140 90

| Stage 1HTN 10159 9099 | Night (ssleep) 125 75
| Sage 2HTN 2160 2100 | (e 2005111:697)

BP in mmHg Average 22 measurements >1-1 min apart. Confirm stage 1 wiin 1-4 wh can Rx stage 2

immediately (f Cin HTN 20147614}

Epidemioclogy () ARG EFE S

+ Prevalence -»31]% in US. adults, >44% in Aﬁ—mn-Arnencans M=F

= Of those with HTMN. -3/4 were treated. 172 achieve target BR-1/6 were unaware of dx

Etiologies

» Essential (95%): onset 25-55 y; @ FHx. Unclear mechanism but ! additive microvasc
renal injury over time w/ contribution of hy’peract.ive sympathetics (NEM 2002346:313).
1Age — | art compliance — HTN. Genetics + environment involved (Nawre 2011:478:103).

. Secnndary Consider if Pt <30 y or if sudden onset, severe, refractory HTN

Se:ondary Causes of Hypertension
Diseases Suggestive findings Initial workup

Renal pmnnhymal hio DM, palycystic kidney CrCl, albuminuria |
- (2-3%) disease, glomerulonephritis  See “Renal Failure” |
; Renovascular (1-1%) ARF induced by ACEI/ARB  MRA {=90% Se & Sp, ‘
W Arhero (90%) Recurrent flash pulm edema  less for FMD), CTA
= FMD {10%, young women)  Renal bruit; hypolealemia duplex U/S, angio,

PAN, scleroderma (MEIM 2004:361:1972) plasma renin {low Sp}

Hyperaldo or Hypokalemia .
o Cushings (1-5%) Miboke abalosts vy ,
g Pheochromocytoma {<1%)  Paroxysmal HTN, H/A, palp.
W Myxedema (<1%) See "Thyroid Disorders” TFTs

Hypercalcemia (<1%) Polyuria, dehydration, a M5 iCa

Obstructive sleep apnea (qv); alcohol
Medications: OCF, steroids, licorice; MSAIDs (espac COX-1); Epo; cyclosporine
Aortic coarctation; + LE pulses, systolic murmur, radial-femoral delay; abnl TTE, CXR
Polycythemia vera: T Het
Standard workup
+ Goals: (1) identify CV risk factors; (2) seek 2° causes; (3) assess for target-organ damage
* History: CAD, HE TIAICVA, PAD, DM, renal insufficiency, sleep apnea, preeclampsia;
® FHx for HTN; diet, Na intake, smoking, alcohol, prescription and OTC meds, OCP
+ Physical exam:/ BP in both arms; funduscopic exam, BMI, cardiac (LVH, murmurs).
vascular (bruits, radial-femoral delay), abdominal (masses or bruits), neurn exam
« Testing: K, BUN, Cr, Ca, gle, Her, U/A, lipids, TSH, urinary albumin:creatinine (if 1 Cr, DM,
peripheral edema), ? renin, ECG (for LVH), CXR,TTE (eval for vatve abnl, LVH)
+ Ambulatory BP monitoring (ABPM): consider for episodic, resistant, or white coat HTN
Complications of HTN
Neurologic: TIAICYA, ruptured aneurysms, vascular dementia
Retinopathy: stage | = arteriolar narrowing; Il = copper-wiring, AV nicking;
Ill = hemorrhages and exudates; IV = papilledema
Cardiac: CAD, LYH, HF, AF
Vascular; aortic dissection, acrtic aneurysm (HTM = key risk factor for aneurysms)
Renal: prmeinuria renal failure
Treatment (JAMA 2014311507 ] Cin HTN 2014:16:14: HTN JACE 3015:45:1998)
+ Every 1 10 mmHg » 20% | MACE. 19% LHF, 13‘3& 1 MOrL. (Lancet 2016,387:957)
+ Traditional goal: <140/90; if prior Mlstroke: reasonable to consider <130/80
If high-risk {CV dis., 10-y risk of CV dis. 215%, CKD, or =75 y; non-DM and no hio stroke)
SBP -120 vs.-135 (via unattended automated cuff) — | MACE 25%, | death 27%,
L HF 38%, but T HoTMNLAKI, syncope, electrotyre abnl (New 2015:373:2103)
if DM: optimal goal disputed bit lack of clear benefit in one study (NEM 2010362 1575): may
consider <130/80 for renal protection if CKD & albuminuria (ASHNSH)
If intermed risk (RF for but wio CV dis.), benefit only if SBP =140 (NEM 2016:374:1009)
in elderk: ! more lenient targets, but benefit to Ra'ing stage 2 HTN in low-risk (vem 2008;
158:1837) and targeting SBP ~120 in high-risk (1 MACE & mortality; jama 2016315:2673)

OTHER



= Lifestyle modifications (each may | 5BP -5 mmHg)
weight loss; goal BMI 18.5-24.9, aerobic exercise: 230 min exercise/d, =5 dfwk
diet: rich in fruits & vegetables, low in saturated & total fat (DASH, NEJM 2001:344:3)
limit Ma:<2.4 gid (ideally <1.5 g/d}; maintain K intake (NEM 2007:356:1966 & 2010:3622102)
limit alcohol: £2 drinks/d in men; <1 drink/d in women & lighter-wt Prs: avoid NSAIDs
+ Pharmacologic options :
Pre-HTM: ARB prevents onset of HTMN, no | in clinical events jngm 20063541685
HTN: choice of therapy controversial, concornitont disease and stage may help guide Rx
uncomplicated: CCBARBIACE, or thiazide (chiorthalidone preferred) are 17 line (Mg
W009361:2153, BB not T line (Loncer 2005:366:1545), [
Faor non-black Prs <60 y: reasonable to start wi ARB or ACEL then add CCB or thiazide if
needed, and then add rermaining chss if still needed
For black, elderly, and ? shese Pts (all of whom more likely to be salt sersitive):
reascnable to start with CCB or thiazide, then add either the ather 1% choice class or
ARE or ACE! if needed, and then all 3 chsses if st needed
+CAD (circ 2015131:e435): ACEl or ARB (NEM 2008:3568:1547), ACEI+CCB superior to
ACEHthiazide (NEM 2008:359:2417) or PB+diuretic (lanee 2005:366895); may require iB
andlor nitrates for anginal relief;if hfo MI. BB + ACE/ARB + alde antag (see "ACS")
+HF: ACEIJARB/ARNI, BB, diuretics, aldosterone antagonist (see “Heart Failure”)
+2° stroke prevention: ACE| £ thiazide (tencer 20073581033}
+diabetes mellitus: consider ACE| or ARB; can also consider thiazide or CCB
+chronic kidney disease: ACEl or ARB (NEM 19933291456 & 1001,345851 & 841}
* Tailoring therapy: if stage 1, start w/ monoRox if stage 2, consider starting w/ combo (eg,
ACEL + CCEB: MM 2008:359:2417); start at 'z max dose: after 2-3 wh, uptitrate or add drug
* Pregnancy: methyldopa, labetalal, & nifed pref Hydral OK: avoid diuretics; & ACEIARB.
Targeting DBP 85 vs. 105 safe and | severe HTIM (Ne 2015:372:407).
Resistant HTN (BP > goal on 23 drugs Incl diureti 1221
* Exclude:2° causes (see table) and pseudaresuswnce mar.cl.n'are measure [chf size), diet
noncomp (T Ma), poor Rx campliance/dasing, white coat HTN (/ ABPM)
+ Ensure effective diuresis dosing (chlorthalidone > HCTZ loop = thiazide if eGFR <30)
* Can add aldosterone antagonist (Lancet 2015:386:2059), [I-blocker (particularly vasodilators like
labetalol, carvedilal, or nebivolol), a-blocker, or direct vasodilator

HYPERTENSIVE CRISES

* Hypertensive emergency: T BP — acute arget-organ ischemia and damage
neurclogic damage: encephalopathy, hemorrhagic or ischemic stroke, papilledema
cardiac damage: ACS, HF/pulmonary edema, aortic dissection
renal damage: proteinuria, hematuria, acure renal failure; scleroderma remal crisis
micreangiopathic hemalytic anemia; preeclampsia-eclaimpsia

* Hypertensive urgency: SEP =180 or DEP >120 (2110} w/ min.or 7 target-organ damage

Precipitants

= Progression of essential HTN + medical nencompliance (espec cloniding) or A in diet

* Progression of renavascular disease; acute glomerulenephritis; scleroderma; preaclampsia

* Endocrine: pheachromocytoma, Cushing’s

= Sympathomimetics: cocaine, amphetamines, MAQ inhibitors + foods rich in tyramine

Treatment (Ches 2007:T31:194%

+ Tailor goals to dinical context Treat Ao dissection aggressively. Do not treat HTN in acute
ischemic stroke unless lysis planned or extreme BP (=220/120).

+ Emergency: | MAP by —25% in mins to 2 b w/ IV agents (may need arterial line for
menitoring); goal DBP <110 wiin 2-6 h, as tolerated

* Urgency: | BP to <160/100 in hrs using PO agents; goal normal BF in ~1-2 d

+ Watch UOF, Cr, mental status: may indicate a lower BP is not tolerated

i Drugs for Hypertensive Crises

Nitroprusside® 0.25-10 pg/kgfmin Mitroglycerin 5-1000 ug'min
Laberalol 2080 mg IVE q10min or 0.5~ Esmolol 0.5 mg/kg load — 0.05-02
2 mg/min. Freferred in pregnancy. mg/kg/min
[ Fenoldapam 0.1-1.6 yghkgirin Hydralazine 10-20 mg q20-30min
Nicardipine 5-15 mgh Clevidipine 1-16 mgh
Phentolamine 5-15 mg bolus q5—15min  Enalaprilat 1.25 mg
Caprepril 12.5-100 mg q8h Laberalal 200-800 mg, repeat after -3 h

| Clonidine 0.2 mg load -+ 0,1 mg gh Hydralazine 10-75 mg qid

*Mecabalized to cyanide —4 M, lactic acidosis, death. Limic use: of very high doses (8-10 pgkgimin) o <10 min,
Monitor thiocy Tevels, Hydrc or sedium tiosulfate infusion for creatment of cyanide toxicity.




| AORTIC ANEURYSMS

Definitions

+ True aneurysm (250% dilation of all 3 layers of aora) vs. false (rupture within advenitia)

* Location: root (annulcaortic ectasia), thoracic aortic aneurysm (TAA), thoraccabdominal
aortc aneurysm (TAAA), abdominal aortc aneurysm (AAA)

* Type: fusiform (circumferential dilation) vs. saccular (localized dilation of aortic wall)

1-30

AorTa

Epidemiology (e 10101210266, 2011, 124:2020: Nat Kev Cardil 2011:8:97)
* TAA: &9 2:1,~60% root/ascending 40% desc.
* AAA: ~4-8% prev in those >60y; 5 more common in J; mostly infrarenal

Pathophysiology & risk factors (NEW 2009:361:1114; Not Med 200%.15:647)

* Medial degen and/or T wall stress; wall stress = [(AP x r) / (wall thickness)] (Laplace’s law)

* TAA: medial degeneration (muscle apoptosis, elastin fiber weakening): aiw CTD, aortitis

AAA: |ang-standing HTN + athero/inflammation — medial makening

Classic elinical risk factors: HTN, atherosclerosis, smoking, age, £

CTD (Marfan, Ehlers-Danlos type IV, Loeys-Diet); congenital (blcuspld AoV, Turner's)
aortitis (Takayasu's GCA, spondyloarthritis, |gG4, syphilis); trauma

SLI'EI.’IIIIIg (e 20701316166 & 20111242020, Annofs J014; 161281 _!L.‘yl-'\ 20153131158}
= TAA: if bicuspid AcY or 1° relative wit (a) TAA or bicuspid AoV, (b) CTD as above
» AAA: v for pulsatile abd mass; USS £ =60 y wi FHx of AAA & 7 65-T5 y w/ prior tobacco

Dldgluu:LlL studies (Circ 20 T4 & 2011;124:2020)
= Contrast CT: quick, noninvasive, high Se & 3p for all aortic aneurysms
* TTEMEE:TTE most useful for root and proximal Ao; TEE can visualize other sites of TAA
* MRI: favored over CT for AoRoot imaging; useful in AAA burt time-consuming; noncontrast
“black blood"” MR to assess aortic wall
« Abdominal U/S: screening/surveillance test of choice for infrarenal AAA

Treatment (S 2006:113-0463: 7008:117. 1883, 201012 1:e266; NEIM 2014371:2107)

+ Goal is to prevent rupture (50% mortality prior to hospital) by modifying risk factors

* Risk factor modification: smaoking cessation; LDL-C <70 mg/dL

= BP control: BB (! dPidt) L aneurysm growth (NEM 1954:330:1335); ACED alw | rupture risk
{Lancet 2006368657 ARB may | rate of aortic root growth in Marfan (e 20083582787}

= Mod CY exercise OK, no burst activity requiring Valsalva maneuvers (eg, heavy lifting}

= Indications for surgery (individualized based on FHx, body size, gender, anatomy)
TAA: sxs, ascending Ao =5.5 em (4-5 cm if Marfan, bi-AoV. L-D, vascular EDS); size may

not predict repair benefit; descending Ao =6 cm;=4.5 em and planned AoV surgery

ABAA; sx; infrarenal =5.5 cm; consider =5.0 cm in ;T =0.5 cmfy; inflam/infxn

Endovascular repair (EVAR) (WEM 2008:3584%4; Cire 2011,124:2000 & 2015:131.1291)
* Regquires favorable aortic anatomy
= TEVAR (thoracic EVAR) for descending TAA =5.5 om may | periop morbidity and possibly
mortality (Crc 2010;1212780: JACT 201055986 | Thoras CF Surg 20103401001 & 2012144604
* ARAA: guidelines support open repair or EVAR for infrarenal AAA in good surg candidates
Lshort-term mart, bleeding, LOS; but long-term graft complic. (3-4%/y; endoleak, need for
reintervention, rupture) necessitate periodic surveillince, with ne proven A in overall
mortality in trials, except 7 in those <70 y (MEM 2010362 1863, 1831 & 2012:367-1988)
In observ. data, EVAR afw T early survival but T long-term rupture (Mg 2015:373:328)
In Pts unfit for surgery or high periop risks: £ aneurysm-related mortality but no A in overall
mortality over med R (Ngw 1010:362:1872). EVAR noninferior (7 superior) to open repair in
ruptured AAA wi favorable anatomy (Ann Sug 2009:250:818).
Complications (Cic 20710,12 Tie2e6; Nar Rev Candal 2011392
* Pain: gnawing chest, back or abdominal pmn.new ur worse pain may signal rupture
* Rupture: risk T w/ diameter, 7, current smoking, HTN
TAA: -1.5%ly if <6 em vs. Ty if =6 cm
AAA: 1%y if <5 cm vs. 6,5%ly if 5-5.9 cm; -80% mortality ac 24 h
* Aortic insufficiency (TAA), CHF, acute aortic syndromes (qv)
* Thromboembolic ischemic events (eg, to CNS, viscera, extremities)
» Compression of adjacent structures (eg, 5¥C, trachea, esophagus, laryngeal nerve)

Follow-up {Gre 2010;121-268; ot ardi 20711852 [AMA 2013:309:808)
* Expansion rate 0.1 em/fy farTP.A -0.3-0.4 cmiy for HM
* AAA:<d cm g2-3 y: 4-5.4 cm g6-12 mos; more often if rate of expansion >0.5 cm in 6 mo
» TAA: & mo after dx to ensure stable, and if stable, then annually (G 2005:111816)
+ Screen for CAD, PAD and aneurpsms elsewhere, espec popliceal Aboue 25% of Prs wi TAA
will also have AdA, and 25% of AAA Pis will have a TAA: consider pan-Ae imaging.



ACUTE AORTIC SYNDROMES B

Definitions | [ 1326

+ Aortic dissection: intimal tear— extravasates into Ao media (creates false lumen)

+ Intramural hematoma (IMH): vasa vasorum rupture — medial hemorrhage that does not
commuricate with aortic lumen; 6% of aortic syndromes; dinically managed as AoD

+ Penetrating ulcer: atherosclerotic plaque penetrates elastic lamina — medial hemorrhage

Classification (proximal twice as common as distal)
+ Proximal: involves ascending Ao, regardless of origin (= Stanford A, DeBakey | & II)
+ Distal: involves destending.-‘\o only, distal to L subclavian art. (= Stanford B, DeBakey II1)

Risk factors (tancer 2015385:800)

+ Classic [|n U!der Pf.s} HTN (h/o HTN in >70% of dissections); age (605-70s), sex
(~65% &);smoking; 7 lipids. Acute T BP: cocaine, Valsalva (eg, weightlifting).

+ Genetic or acquired predisposition: CTD (Marfan, Loays-Dietz. Ehlers-Danlos type V)
cangenital anomaly (bicuspid AoV, coarct [eg Tuner's syncrome], PCKD);
aortitis (Takayasu's, GCA, Behget's, syphilis, TB); pregnancy (gypically 3" erimester)

* Trauma: blunt, decel, inj ury (eg, MVA); IABP, cardiac or aortic surgery: cardiac cath

ni6h; Er ¢

Clinical Manifestations and Physical Exam® (A 2000:283897)

Feature Proximal Distal
“Aortic” pain (abrupt, severe, tearing or ripping 94% 98%
quality, maximal ot onset [vs, crescendo for ACS]) (chest,back)  (back, chest, abd)
Syncope (often due to tamponade) 13% 4%

HF (usually due to acute Al) 9% kS

CVA 6% %

HTN 36% T0%
HoTN or shoek (tampanade, Al, M1, rupture) 15% 4%
Pulse deficit (if involves carotid, subclavian, fem) 19% 9%

Al murmur 44% 2%

*515 correlate wi affected branch vessals & distal organs; may A as dissection progresses

Initial evaluation & diagnostic studies (o 201612 Img 2074, 7-404)

* HA&P incl. bilat BP & radial pulses for symmetry; ECG w.f STE |f propugat.es to cor

+ CXR:abnl in 60-90% [T mediast. {absence = LR 0.3), L pl effusion] but cannat rlo AcD

CT: quick and available, Se 293%, Sp 98%, facilicates “riple rule-out™ ACS vs. PE vs.AoD

MRI: Se & Sp >98%, but time-consuming test & not readily available

TEE: Se >95% prox, B0% for distal; can assess cors/peric/Al; "bhnd spot” behind trachea

 Initial imaging but high elinical suspicion — further studies (/s wi AoD have 2 studies)

D-dimer: Se/NPV -97%, Sp ~47%; ¥ <500 ng/mL to rfo dissec {din 2009:1192702) but not in
Prs at high clinical risk (Anal E# mlh&&:!s&]'doﬁ not rfo IMH

Treatrnent (Circ 20107211544, JACC A0
+ L dPldt :argeung HR <6l] & centra] BP <‘I 2{) [or Iuwesr. rhat preserves perfusion; rio
pseudohypotension, eg, arm BP L due ta subclavian dissection; use highest BP reading)
+ First IV BB (ez, esmolol, labetalol) to blunt reflex T HR & inotropy in response to vaso-
dilavors, verap/dilt if BB contraindic; then | SBP w/ IV vasodilators (eg, nitroprusside)
+ If HoTM: urgent surgi:ca! consult, IVF to achieve euvolemia, pressors to keep (MAP
70 mmHg); rfo complication (eg, mmpanade, contained rupture, severe Al)
* Proximal: surgery considered in all acute and in chronic if ¢/b progression, Al or aneurysm
+ Distal: med Fx unless complication (see below), however pre-emptive endovascular
intervention may | late compllcatlons mort (I4CC 101%:61:1661: Gre Cardiovase dnr 2013:6:407)

Complications {occur in —20%; 11270 268; Lancet 21
Freq assess (sx, BE, UOP), plfhes la Cr b, lactic r:lcrdj magmg( -7 d or sooner if As)
Uncontrofled BP or persistent pain may indicate complication/extension
Progression: propagation of dissection, T aneurysm size, T false lumen size
Rupture: pericardial sac - tamponade (avoid pericardiocentesis urnless PEA); blood in
pleural space, mediast,, retroperitoneuny; T in hematoma on imaging portends rupture
Malperfusion (partial or complete obstruction of branch artery)
coranary — M1 {usually RCA — IMI, since dissection often along outer Ao curvature);
innominatefcarotid — CWA, Horner; intercostal{lumbar — spinal cord ischemia/paraplegia;
innominatelsubclavian — upper extremity ischemia; illac — lower extremity ischemia;
celiacfmesenteric — bowel ischemia; renal -5 AKI or gradually T Cr, refractory HTN
Al: due to annular dilatation or disruption or displacement of leaflet by false lumen
Mortality: historically —1%/h = 48 h for acute prox AcD w/ 10-35% ar 30 d
Long-term serial imaging (CT or MRI; latter may be preferred due to lower cumulative
radiation exposure) ac 1,3,and 6 mo,and then annually (18 mo, 30 mo, etc)




B ARRHYTHMIAS

Braovcarpias, AV BLock anp AV DissociaTion

Sinus bradycardia (SB) (WeM 1000:342:703)

+ Etiologies: meds (inc B, CCB, amio, Li, dlgj. T vagal tone (incl, athletes, sleep, IMI).
metabolic (hypoxia, sepsis, m;mederna hypothermia, L gle), OSA, T ICP

+ Treatment: if no sx, none; atropine, b1 agonists (short-term) or pacing if sympromatic

+ Most common cause of sinus pause is blocked premature beat

Sick sinus syndrome (555)

* Features may include: periods of unprovaked 5B, SA arrest, paroxysms of SB and atrial
tachyarrhythmias ("tachy-brady™ syndrome), chronotropic incompetance wi ETT

+ Treatment: meds alone usually fail (adeq. control tachy — unacceptable brady}; usually need
combination of meds (B, CCE, dig) for tachy & PPM for brady

ArrErTHMIAS. 132

AV Block |
Type Features
19 Pralonged PR (=200 ms), all atrial impulses conducted (1:1).
1% Mobitz 1 Progressive T PR until impulse not conducted (- "grouped beating”).

(Wenckebach) Due to AV node abnl: ischemia (IMI), inflammation (myocarditls,
endocardis, MY surgery), high vagal tone (athletes), drug induced,
Classically (-50%). absolute T in PR decreases aver time (- L RR
intervals, duration of pause <2x preceding RR interval); nl QRS.
AVE usually worsens wi carotid sinus massage, improves wi atropine.
Often paroxysmal/nocwrnaliasx, no Rx required.
1* Mobitz 1 Blocked impulses w/ consistent PR interval, often prolonged QRS
Due to His-Purkinje abnl ischemia (AMI), degeneration of conduction
syster, infiltrative disease, inflammation/AoV surgeryTAVR.
AVE may improve wi carotid sinus massage, may worsen w/ aropine.
May progress to 3° AVB. Pacing pads; transven. pacing often required.
3= (:ompleﬁe}_ _ No AV conduction. Escape, if present. narrow (jxnal) or wide (vent.)
b, IF2:1 block, cannot distinguish type | vs. 1 1 AVE (no chance to cbserve PR prolongation); usually categorize
based on other ECG & clinical data, High-grade AVB usually refers to block of 2T successive impulses.
AV dissociation
+ Defoult slowing of SA node allows subsidiary pacermnaker {eg, AV junction) to take over
*+ Usurpation: acceleration of subsidiary pacemaker (eg, AV juncticnal tach,¥T)
* 3% AV bock: atrial pacemaker unable to capture ventricles, subsidiary pacemaker emerges
distinguish from sorhytfumic disseciation (A =YV rate, some P waves nonconducting)
Temporary pacing wires
+ Consider w/ bradyeardia with hemodyn instability or unstable escape rhythm when perm
pacer not readily available. Risks: infin, RV perf VT, PTX, CHE if existing LEBB, etc.
« Consider instead of PPM for sx brady from reversible cause (BB/CCE O/D, Lyme, SBE,
myocarditis, s/p cardiac surgery/trauma TAVR), TdR acute Ml (sx brady/high-grade AVB)

SUPRAVENTNCULAH TacHrcarpias (SVTs)
Arise above the ventricles, . narrow QRS unless aberrant conduction or pre—emtanon

Commaon Etiolwgies of SYT (NEMM 2012;357: ma:

Type Features

Sinus tachycardia (5T) Caused by pain, fever, hypovolemia, hypoxia, PE,
anemia, anxlety, withdrawal, Fagonists, etc. |

Acrial tachycardia (AT) Originate at site in atria other than SA node. Seen

wi CAD,COFD, T catechols, EeOH, dig,

E Multifocal atrial tachycardia (MAT) T aucomaticity at multiple sites in the atria; seen
4 with underfying pulmonary disease
Atrial flutcer (AFL) Clockwise or counterclockwise macroreentry,
usually wiin right atrium
Acrial fibrillation (AF) Chaotic atrial activation with rapid, irregular AVN

bombardment; often from pulmonary veins
AY nodal reentrant tach (AVNRT} Reentrant circuit using dual pad'lways wiin AYN

= Atrioventricular reciprocating Reentry using AVIN & access. path. May show

Z,  wchycardia (AVRT) preexcmation (WPW) or not (concealed access.

é path.). Can be ortho or antidromic (sea halow).
Monparaxysmal junctional T jxnal auromaticity, May see retro, RAV dissoc.

tachycardia (NF|T) Alw myolendacarditis, cardiac surg, M1, dig.



Diagnosis of SVT Type (NiM 20123671438

| Onset Abrupt onfoff argues against sinus tachycardia
Rate Mot dx as most can range from 140-250 bpm, but: ST usually <150; AFL
often conducts 2:1 —» vent. rate 150; AVNRT & AVRT usually >150 |
Rhythm Irregular — ARAFL w/ variable block. or MAT |
P wave Before QRS — ST AT (P different from sinus), MAT (23 morphologies)
morphology  After QRS & inverted in inf.leads — retrogrode atrial activation via AVMN |
AVINRT: buried in or distort terminal portion of QRS (pseudo RSR” inVy) |
AVRT: slightly after QRS (RP interval =100 ms favors AVRT vs, AVNRT)
INPJT: gither no P wave or retrograde P wave similar to AYNRT
Fibrillation or no P waves — AF
| Saw-toothed “F" woves (best seen in inferior leads & Vi) — AFL
Response to  Slowing of HR often seen with ST AR AFL AT, whereas re-entrant
vagal stim.  rhythms (AVNRT AVRT) may abruptly terminate (classically wi P wave
or adenosine  after last QRS or no response. Qcc AT may terminate.

In AFL & AF. T AV blodk may unmask “F" waves or fibrillation

Figure 1-4 Appronch e SVT (adapted fram NEJM 2012:367:1438)
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Treatment of SYT (Circ 2016,733:506)

Rhythm  Acute treatment Long-term treatment
| Unstable  Cardioversion per ACLS nia
| 5T Treat underlying stressor(s) nfa
AT [iB, CCB or adenssine; radiofrequency ablation (RFA); B or
! amiodarone CCB, + class IC/I antarrhythmics
AVMNRT  Vagal maneuvers For AVNRT (see next section for AVRT):

or AYRT  Adenosine (caution in AVRT') RFA. CCRB, 3B, or dig (chronic or prn)
C€CB or B DCCV if other Rxfal + Class I/l antiarriythmics (i nl heart)

| NPT CCB, B, amiodarone Rx underlying dis. (eg, dig tox, ischemia)
AF B, CCB, digoxin, AAD See “Atrial Fibrillation™
AFL pB, CCB, digoxin, AAD RFA; B or CCB + class |l antiarrivych,

MAT CCB or B if wolerated Treat underlying disease. CCB or fiB.

AVN ablation + PPM f refractory to meds

“Aovoid adenosine & nodal agents if accessory pathway + pre-excited mchycardia, see below (IACC 2003,42:1493)

+ Catheter ablation: high everall success rate (AFL/AVNRT -95%, AVRT -90% AF -80%)
complications: stroke, M, bleeding, perforation, conduction block (jamMA 2007:290:2768)

ccESSORY PATHWAYS (WOLFF-PARIINSON-WHITE)

Definitions

* Accessory pathway (bypass tract) of conducting myocardium connect- & wa

ing atria & ventricles. allowing impulses to bypass normal AVN delay
* Preexcitation (WPW) pattern: | PR interval, T QRS width w/ § wave
{slurred onset, can be subtle). 5T & Tw abnl (can mimic old IMI).

only seen wi/ pathways that conduct antegrade (if pathway only conducts retrograde, then

ECG will be normal during 5R;"concealed” bypass tract)
PAC can exaggerate pre-excitation if AV node conduction slowed
* WPW syndrome: WPW accessory pathway + paroxysmal tachycardia
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Classic tachycardias of WPW accessory pathways
+ Orthodromic AVRT: vcomplex SVT (typically), conducting L AVM & T accessory
pathway; requires retrograde conduction and .. can occur wi concealed bypass tacts
+ Antidromic AVRT (rare): wide-complex SVT, conducnng 1 accessory pathway & T AVN;
requires antegrade conduction and .. should see pre-excitation pattern during SR
* AF wi rapid conduction down accessory pathway; . wide-complex irregular SVT: requires
antegrade conduction; ... should see pre-excitation in SR. Rarely can degenerate inta VE

Treatment (4 012.9 1004; Circ 2016;133:2506

.+ AVRT fclrﬂw&romc] vagal, 1B, CCE care w.’ adenosine (can precp AF): have defib ready

+ AFJAFL w/ conduction down accessory pathway: need to Rx arrhythmia and T pathway
refractoriness. Use procainamide, ibutilide, or DCCV; avoid CCB, BB, amio, dig, &
adenosine, as can L refractoriness of pathway — T vent rate — VF (Cic 2096,133:2508).

* Long term: RFA if 5x;if not candidate for RFA, then antiarrhythmics (1A, Ill) or CCBIHE.
consider RFA if asx but AVRT or AF inducible on EPS (NEj 2003:34%:1803) or if rapid
conduction possible (v w/ EPS if pre-excitation persists during exercise testing)

risk of SCD related to how short RR. interval is in AF {eg, <250ms) and if SVT inducible

WiDe-ComMpLEX TACHYCARDIAS (WCTs)

Etiologies [l 1013;3801520)

*+ Ventricular tachycardia (VT): accounts for 80% of WCT in unselected population

* SVYT conducted with aberrancy: either fixed BBB, rate-dependent BBB (usually
RBBB), conduction via an accessory pathway or atrially triggered ventricular pacing

Monomorphic ventricular tachycardia (MMVYT)

* All beats look similar; predominanty upward in'; = RBBB-type vs, downward = LBBB-type

* In structurally abnormal heart prior MI (scar); CMP; myocarditis; .
arrhythmogenic RY CMP (ARVC): incomplete RBBB, ¢ FEpsilon
£ wave (terminal potch in QRS) & TWI inVy—Vs on resting ECG, %
LBBB-type VT, dx w/ MR (Lanct 2009:373,1289)

* In struceurally normal heart (w! normal resting ECG):
RVOT VT: LBEB-type VT wi inferior axis; typically ablate
idiopathic LY VT: REBB-type VT wi superior axis; responds to verapamil

Polymorphic ventricular tachycardia (PMVT)
* QRS morphology changes from beat to beat
* Etiologies: ischemia; CMP; catecholaminergic;
torsades de pointes (TdP ="rwisting of the poines,” PMVT + T QT T QT acquired (meds,
Iytes, strole, see “BECG") wi risk T wi L HR, freq PNCs (pause dependent) or congenital
(K/Ma channelopathies) wi resting Ta abnl & TdP triggered by sympa-
thetic stimulation (g, exercise, emotion, sudden loud noises) {Lore 2008372750,
Brugada syndrome (Na channelopathy); ¢ > ©;pseudo-RBBB v,
wi STE in¥r—Vs (provoked wi class 18 ar IC) on resting ECG A.\,\N\/.
Diagnostic clues that faver VT (assume until proven ofw)
= Prior Ml, CHF or LY dysfunction best predictors that WCT ISVT (Am | Med 1998:84:53)
* Hemodynamics and rate do not reliably distnguish VT from SVT
« MMVT is regular, but initially it may be slightly irregular, mimicking AF w/ aberrancy;
grossly irregularly irregular rhythm suggests AF w/ aberrancy or pre-excitation
» ECG features chat favor VT (e 1991:83:1649)
AV dissociation {independent P waves, capture or fusion beats) proves VT
very wide QRS (>140 ms in RBBB-type or »160 in LBBE-type); extreme axis deviation
QRS morphology atypical for BBE
RBBB-type: absence of tall R’ (or presence of monophasic R) in Vs, /S ratio <1inV.
LBBB-type: onset to nadir =60-100 ms in'Vy, q wave inV,
concordance (QRS in all precordi‘;nl leads w/ same patl:ern.l'directjon}

Long-term management (ACC 2006:48: 1064 EH) 2 £3793: Cire 201

* Workup: echo to / LV fxn, cath or stress test to rlo ischemia, ’T"‘IRI znd;':w RV bx ta
look for infiltrative CMP or ARVC, ! EP study to assess inducibility

= ICDx: 2 prevention after documented VTVF arrest {unless due o reversible cause). 17 prev,
if high risk, eg, EF <30-35%, ARVC, Brugada, cerain LQTS, severe HCMP See “Cardiac
Riythm Mgmit Devices.” Wearable vest if reversible etiology or waiting for ICD?
Antitachycardia pacing (ATP = burst pacing faster than VT) can terminate VT wio shock

* Meds: B, verapamil if idiopathic LV VT, er AAD (eg. amia, mexiletine) to suppress VT

* f med ajw TdF — QT =500 +VPBs: dic med, replete K, give Mg, + pacing (#cc 2010:55:524)

= RFA if isolated VT focus or if recurrent VT triggering ICD firing (LT storm by 34%; new
216375111 ) ablation before ICD implantation | discharge rate by 40% (Lo 2016:375:31)
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Classification (Crc 20714:130=19%)

* Paroxysmal (self-terminating, usually <48 h, often triggered in pulm veins) vs. persistent
(=7 d) vs. long-standing persistent (=1 y) vs. permanent (no plan for 5R)

* Nonvalvular (AF absent rheumatic MS, pmsdtetic valve, or mitral valve repair) vs, valvular

Epidemiology and etiologies (G 201112411981

* 1-2% of pop. has AF (10% of those age >Bﬂ} n > F; lifedime risk ~25%

* Acute (up to 50% wio identifiable cause)
Cardiac: HF. new CMP, myo/pericarditis, ischemia/MI, HTN crisis. valve dis.. cardiac surg
Pulmonary: acute pulmonary disease or hypoxemia (eg, COPD flare, PNA), PE, OSA
Metabolic: high catecholamine states (stress, infection, pestop, pheo), thyrotoxicosis
Drugs: alcohol (“holiday heart”), cocaine, amphetamines, theophylline, caffeine, smoking
Neurogenic: subarachnoid hemarrhage, ischemic stroke

+ Chronie: T age, HTN, ischemia, valve dis. (MV.TV. AaV), CMP hyperthyroidism, obesity

Evaluation

* H&P ECG, CXR,TTE (LA size, thrombus, valves, LV fun, pericardium), K, Mg, Cr, FOBT
before anticoag, TFTs; rfo MI not necessary unless other ischemic sx

Figure 1.5 Approach to acute AF {Adapted from Cire 2014130199}
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Rate Control (if sx, goal HR <80; if asx & EF >40%, goal HR. <110; Laree 2016:388:818)

Agent Acute (IV) Maint. (PO) Comments
5-10 mg over 2 120-360 mg/d LBP (Rx w/ Ca gluc)
-~ Verapanil may repeat in 30° in divided doses  Can worsen HF
9 025mglkg over 2’ 120-360mg/d  Freferred if severe COFD
Diltiazem  may repeat after 15 | in divided doses  Can T dig levels
5-15 mgh infusion
| 2.5-5 mg over 2’ 25-100 mg bid or 4 BP (Rx wi glucagon)
2 Metoprolol may repeat ¢5'x 3 tid Preferred if CAD
Risks: HF & bronchospas.
| Digoxin® 0.25 mg q2h 0.125-0.375 mg  Consider in HF or low BP

(onset >30 min)  wp to 1.5 mg24 h qd (ad| for CrCl)  Poor exertional HR ctrl
Amiodarone 300 mg aver 1 h — then 10-50 mgfh = 24 h

Cre 2014:130:199. V' [iB, CCE & dig contraindicated if evidence of WPVY (ie, pre-excitation or WCT) since
may faciliate conduction down accessory pathway leading to VF, . use procainamide, ibutilide or amic.
*Many meds incl, amio, verapamil, quinidine, propafenone, macrolides & azole antifungals T digosin levels.

Cardioversion
+ Consider if; 1 AF, sx, tachycardia-mediated CMP, or difficult to rate control
if AF =48 h 2-5% risk stroke wi cardioversion (pharmacologic or electric)
... either TEE to rio thrombus or ensure therapeutic anticoagulation for =3 whk prior
if needs to cardiovert urgently, often anticeagulate acutely (eg, IV UFH)
* Likelihood of success = AF duration & atrial size; control precipitants (eg, vol status, thyroid)
= Before electrical cardiovert, consider pre-Rx wi AAD (eg ibutilide), esp. if 1" cardiovert failed

For pharmacologic cardioversion, class |l and IC drugs have best proven efficacy
If SR returns (spont. or w/ Rx), atria may be mech. stunned; also, high risk of recurrent AF
over next 3 mo, . Anticoag postcardioversion >4 wik (! unless AF <48 h and low risk).
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Rhythm control Leacr 1014388525
« No | mortality or stroke vs rate control (NEM 2002:347:1825; 2008,358:2647 & 2016:374:1911)
« Consider if sx wi rate control (eg, HF), difficult to control rate, or !achy\:ardla medla(ed CHMP

Antiarrhythmic Drugs (AAD) for AF (£ 2012:33:2715, Gre 2014:130: =199;

Agent Conversion Maintenance  Comments

Amiodarone  5-7 mglke [V 200-400 mg qd T QT.TdP rare. Often delay to |
over 30-60'— 1 (most effective  convert. Poss. pulm, liver,

mgfmin, 10-g load  AAD for 5R) thyroid tox. T INR wi warfarin.

Dronedarone  nia 400 mg bid + side effects & effic. vs. amio;
1 @ if perm AF or 1 EF; liver tox
lbutilide Tmg IV over 10°  nh Contraindic. if 1 K or T QT (3-
may repeat ¥ 1 8% risk of TdP): give wif IV Mg
Dofetilide 500 meg PO bid 500 micg bid I QT, 1 risk of TdP; renal adj
| Sotalol nia B0-160 mgbid  # for LHR, T QT renal adj
iC Flecainide 300 mg PO = 1 100-150 mg bid | PreRx wi AVN blocker. o iff
Propafencne 600 mg PO x 1 150300 mg tid structurallischemic heart dis. |
1A Procairamide  10-15 mgfkg IV nfa LBP:T QT
over Th + PreRoc wi AVN blocker

Underlying disease & maintenance AAD of choice:
None or minimal (incl HTN wifo LvH): class |C (“pill in pocket™), sotalol, dronedarone;
HTN wi L¥YH: amio; CAD: sotalol, dofetilide, amio, dronedarone; HF: amio, doietilide

Monpharmacologic therapy

* Ablation (pulm vein isalation; radiofreq or cryo): ~80% success; no need to interrupt
anticoag. If wio 7T LA or | EF, superior to AAD. (NEWM 2016:3742235 JAMA 2014:311:692)

+ Surgieal "maze’ procedure (70-95% success) if undergoing cardiac surgery

= AV node ablation + PPM if other Rx inadequate (NEM 2001:344:1043; 2002346:2063)

Oral anticoagulation (O 2014,130:0199;
* All valvular AF (je, rheum T“IS valve pms:hes.s ar repalr]- as sm:vke rlsk very ht-gh
= MNonvalvular AF (NVAF): stroke risk ~4.5%/y
* CHA;DS;-VASc to guide Roc CHF (1 paint); H'I'N (1): Age =75 y (2); DM (1), Suoke/TIA (2);
Vascular disease (eg, M1, PAD, Ao plaque) (1); Age 65-74 (1) ¢ Sex category (1)
annual risk of stroke (Lancet 2012:379:648); at bow end, ~1% per point: 0 - —0%, 1 — 1.3%,
2 22%,3 - 3.2%.4 — 4.0%;ac higher scores, risk 17 (5 — 6.7%, 26 — 270%)
score 21 - anticoagulate; score 1 - consider anticoag. or ASA (! latter reasonable if
risk factor 65-74 y,vasc dz or ¥') or no Rx; score 0 - reasonable to not Rx
* Rx options: MOAC (NVAF only) or warfarin (INR 2-3):if Pt refuses anticoag,
ASA + elopi or, even less effective, ASA alone (MEIM 2009,360:1068)
AF w! CAD/ PCl: can consider anticoag + clopi. omit ASA (Lancet 2013,381:1107)
* Periop rate of arterial embdlization in NVIAF <0.5%; no benefit to bridging anticoag w/ LMWH
& T bleeding c/w STopping ) warfarin 5 d Preop {NEM 2015:373523)
Non-vit K antag Oral Anticoag (NOACs) for NVAF {Lancer 2014,383.955)
Anticoag Daosing Efficacy & safety vs warfarin
Dabigatran 150 mg bid (110 not 150 mg: L ischemic strole & ICH, but T GIB
(Direct thromb | avail in U.S) (75 mg bid 110 mg = ischemic stroke & | major bleed/ICH
inhib) if CrCl 15-30) Risks: Gl side effects, T MI ciw warfarin
Rivaroxaban 10 mg qd (15 mg qd if = ischemic stroke & major bleeds, but L fatal
{FXa inhib) CrCl 15-50) w/ pm meal  bleed inct ICH
Apixaban 5 mg bid (2.5 mg bid if = ischemic stroke & | major bleed incl ICH,
(FXa inhib) =2 of: 280 y, =60 kg, Cr 11% | death. In Pus felt not cand for warfarin,

[ 215 mg/dL) apixa 33% | stroke wio T bleed vs ASA alone.
| Edoxaban 60 mgqd If CrCl 51-95 = ischemic stroke & | major bleed incl ICH,
(Fxa inhits) (30 mg if CrCl 15-50) 14% L CV death. T ischemic CVA if Cr =95

Na manitoring required. Onset wiin hrs; T missed dose may | provection. Specific reversal
| agents: idarudzumab fcr dabigatran; adnexanet for FXa (MEM 2015373511 & 373:2413),

Noup.mr macologic stroke prevent (jscc 201
» Perc left atrial appendage (LAA) occli.mnn (\Mm:hman} nomni 10 antcoag (JACC 2015:65:614)
* Epicardial snare to ligate LAA. High rate of initial tech success (ACC 2013:62:108).

» Surgical LAA resection reasonable if another indication for cardiac surgery

Atrial flutter

* Macroreentrant atrial loop (typical: counterclockwise wi flutter waves = in inf leads)

= Risk of stroke similar to that of AF .. anticoagulate same as would for AF

* Ablation of cavotricuspid isthmus has 95% success rawe for typical AFL
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Definition

+ Symptom of sudden transient loss of consciousness due to global cerebral hypoperfusion
« If CPR or cardioversion required, then SCD and not syncope (different prognosis)

= Presyncope = prodrurne of hght -headedness without LOC

Etiologies |
* MNeurocardiogenic (a. k.a vasovagal. ~25%; NE}.M 2005352 ‘mM] T sympathetic tone —
vigorous contraction of LY — mechanoreceptors in LV trigger T vagal tone
Bezold-Jarisch reflex) — + HR (cardioinhibitory) and/or ¢ BF (vasodepressor).
Cough, dagluﬁmn.defecanon,& micturition — T vagal tene and thus can be precipitants.
Carotid sinus hypersensitivity (exag vagal resp to carotid massage) is related disorder.
» Orthostatic hypotension (-10%)
hypovolemia/diuretics, deconditioning vasodilt. {esp. if combined w/ = chronetropes)
autonomic neuropathy [1° = Parkinson's, MSA/Shy-Drager, Lewy body dementia, POTS
(dysautonomia in the young); 2° = DM, EtOH, amyloidesis, CKD] (Nem 2008358.615)
* Cardiovascular (-20%, more likely in men than women)
Arrhythmia (15%): challenging to dx as often transient
Bradyarrhythmias: S55, high-grade AV black, = chronotropes, PPM malfunction
Tachyarrhythmias:VT, SVT (syncope rare unless structural heart disease or YWPWV)
Mechanical {5%)
Endocardial/Valvular: AS, M5, PS, prostheric valve thrombosis, myxoma
Myocardial: purnp dyshan from M or outflow obstruction fram HCMP (but usuallyVT)
Pericardial: tarmponade; Vascular: PE, PHT, AoD), ruptured AAA, subclavian steal
+ Meurologic (-10%): vertebrobasil insuff, cerebrovasc dissection, SAH, TIA/CVA, migraine
+ Misc, causes of LOC (but not syncope): seizure, | glc, hypoxia, narcolepsy, psychogenic

Workup (et C rmined In —40% of cases)
H&P incl. orthastatic VS hove highest yield and most cost effective (Archies 2009,1691299)
History (from Pr and witnesses if available)
activity and posture before the incident
precipitating factors: exertion (AS, HCMP, PHT), positional A (orthostatic hypotension),
stressors such as sight of blosd, pain, emotional distress, fatigue, prolonged standing,
waarm environment, NIV, cough/micuridon/defecation/swallowing (neurocardiogenic),
head turning or shaving {carotid sinus hypersens.);arm exercise (subclavian steal)
prodrome (eg, diapharesis, nausea, blurry wision): cardiac <~5 sec, vasovagal >-5 sec
assocated sx: chest pain, paip neurclogic, pcusu'ctzl, bowel or bladder incontinence
{comvulsive activity for <10 sec may oceur wi transient cerebral HoTN & mimic seizure)
PMH: prior syncope, previous cardiac or neurclogic dis;no CV disease at baseline — 5%
cardiac, 25% vasovagal, CV disease — 20% cardiac, 10% vasovagal (NEM 2002.347.876)
Medications that may act as precipitants
vasodilators: ce-blockers, nitrates, ACEWVARB, CCB, hydralazine, phenathiazines, antidep.
diuretics: = chronotropes (eg, B and CCB)
proarrhythmic or QT prolonging: class 1A, IC or Il antiarrhythmics (see “ECG")
psychoactive drugs: antipsychotics, TCA, barbiturates, benzediazepines, EtOH
Family history: CMP, SCD, syncope (vascvagal may have genetic component)
Physical exam
¥S including orthostatics (= if supine — standing results In >20 mmHg | SBR,
>10 mmHg | DBP, or >10-20 bpm T HR), BF in both arms
cardiac: HF (T VP displ. PMI, 53}, murmurs, LVH (Sq, LV heave), PHT (RV heave, T Pa)
vascular:  for asymmetric pulses, carotidivert/subclavian bruits; caratid sinus massage to
v for carotid hypersens (if no bruits): © if asystole >3 sec or | SBP =50 mmHg
neurologic exam: focal findings, evidence of tongue biting; FOBT
ECG (abnormal in —50%, but enly definitvely identifies cause of syncope in <10%)
Conduction: 5B, sinus pausesfsinus arrhythmia, AVE, BBB/IVCD
Arrhythmia: ectopy, T or | QT, preexcitation (VYPVY), Brugada, £ wave (ARVC), SVTIVT
Ischemic changes (new or old): atrial or ventricular hypertrophy
+ Lab: glc, Hb, preg test (child-bearing age %), ? o-dimer, ? troponin (low )rueld wio other s/s)

© 2006 ATATI; Eur Hoor | B00930:3611)
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Other diagnostic studies (consider & ssults of H&P and
+ Ambulatory ECG monitoring: if suspect arrhythmogemc syncope
Helter monitoring (continuous ECG 24-48 h): useful if frequent events
arrhythmia + sx (4%);asx but signif. archythmia (13%): sx but no arrhythmia (17%)
Event recorder (activated by Pt to record rhythm strip):limited role in syncope as anly useful
if established prodrome (because must be Pt activated)
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External loop recorders {continuously saves rhythm, - can be activated after an event):
useful for episodes (including wio prodrome) likely to occur wiin 1 mo;can be coupled w/’
mobile cardiac telemetry than ean be auto-triggered for specific rhythms

Impiartable loop recorders (inserted 5Ccan record >1 y): useful if episodes <1/ma; dx in
55% of cases (Cic 2001,104:46); recommended for recurrent syncope wio prodrome

* Echo: consider to rfo structural heart disease (eg, CMP [incl HCMP & ARVC], vahvular
disease [incl AS, M5, MVP], my=oma, amylaid, PHT, + anomalous coronaries)

= ETT/CCTA/Cath: esp. wi exertional syncope; rfo ischemia or catechel-induced arrhythmia

* Electrophysiologic studies (EPS): consider in high-risk Pts in whom tachy or brady eticlogy is
strongly suspected, but cannot be confirmed;

50% abnl (inducible VT, conduction abnormalities) if heart disease, but  significance

3-20% abnl if abnl ECG: <1% abnl if nermal heart and nermal ECG (Annak 1997:127:76)

* ?Tilt table testing: debated utility due o poor SelSpireproducbility, consider anly if vasovagal

dx suspected but cannot be confirmed by hx

= Cardiac MRE helpful vo dx ARVC if suggestive ECG, echo (RY dysfxn} or ® FHx of SCD
* Meurclogic studies (cerebrovascular studies, CT, MR, EEG): if H&P suggestive; low yield
Figure 1-6 Approach 1o gmcope
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(Adapted from JACC 2006:47:473)

High-risk features (usually admit w/ telemetry & testing: | Emery Med 2012:42:345)

* Age =60 y, hio CAD, HFICMP, valvular or congenital heart dis., arrhythmias, FHx SCD

* Syncope ciw cardiac cause (lack of prodrome, exertional, resultant trauma) or recurrent

* Complaint of chest pain or dyspnea; abnl WS, cardiac, pulm, or neuro exam

= ECG suggesting conduction abnormality, arrhythmia, or ischemia; Po wi PPMACD

Treatment

= Mrrhythmia, cardiac mechanical or neurclogic syncope: treat underlying disorder

= Wasovagal syncope: 7 benefit of fludrocortisone, midodrine or SSRI (int j Caretal 2013;167:190;
JACE 2016:68:1); no proven benefit for disopyramide or [iB (G 2006:113:1184)
¥ 16 oz of H:O before at-risk situations (Crc 20031082650
¥ benefit wi PPM if =3 episodes/2y & loop recorder wi asystole =3 sec (i 2012,1152564);

PPM likely ineffective if positive tlt-test and no arrhythmia (e 2014352217)

* If orthostatic: vol replete {eg, 500 mL PO q am.); if chronic - rise from supine to standing
slowdy, stockings, midedrine, ! atomexetine (HIN 2014641235 fudrocort, T Ma diet

Prognosis (dun Emerg Med 19972 J

= 22% overall recurrence rate if idiopathic, else 3% recurrence

* Cardiac syncope: 2-fold T in more, 20-40% 1-y 5CD rate, median survival -6 y

* Unexplained syncope wi 1.3-fold T in mort. but noncardiac or unexplained syncope wi nl
ECG. no hioVT, no HF age <45 — low recurrence rate and <5% 1-y SCD rate

+ Vasovagal syncope: Prs not at increased risk for death, MI, or stroke

* « state driving faws and MD reporting requirements. Consider appropriateness of Pt
involvernent in exercise/sport, operating machinery, high-risk cccupation (eg, pilot).

2000347




CARDIAC RHYTHM MANAGEMENT DEVICE .

Pacemaker Code |
A arrial:V, vent; Oy none; 1 letter 2" letter 3™ letter 4" |etter i
I, inhibition: D, dual; Chamber Chamber Response to Program | &3
R, rate-adaptive paced sensed sensed beat features | 2]
Common Pacing Modes -
vvi Ventricular pacing on demand wi single lead in RV, Sensed ventricular beat %
inhibits ¥ pacing. Used in chronic AF with symptomatic bradycardia,
DDD A &V sensing/pacing (RA & RY leads). Native A beat inhib A pacing & triggers
V pacing — tracking of intrinsic atrial activity. Maintains AV synchrony, L AR
Mode In atrial tachyarrhythmia (g, AF}, PPM As from DDD to nontracking mode (eg.
Switch WWI). Prevents PPM from pacing at max V' rate in response to rapid atrial rate,
Magnet PPM: fixed rate pacing (YOO/DOO). ICD: no shock, pacing preserved.

aover generator  Indic: o capture; surgery; inapprop PPM inhib/ICD shock, PM-mediated tachy
 Leadless intracardiac PPM with emerging indications (NEMM 20153731135 & Wieaasy)

Indications for Permanent Pacing (cr 2008117350 & 20121261764

AY block 3% or type Il 2° AVE alw sx or wi either HR <40 or asystole 23 sec (25 if

in AF) while awake: ! asx 3° or type |l 2° AVE; bifasc or alter. L & R BBB
Sinus node 5B, pauses (555), chronatrop incompet afw sx or ! if sx wlo clear assoc
Tachy- AF wi 555; 5% recurrent SVT term. by pacing after failing drugs/ablation;
arrhythmia  Sustained pause-dependent VT, ? high-risk congenital long QT
Syncope Carotid sinus hypersensitivity with asystole >3 sec

! Neurocardiogenic syncope wi prominent cardioinhib. response

! Syncope with bi- or trifascicular block and nor likely 7° to other causes |

| Pacemaker Complir.atinns

Issue Manifestation Description & etiologies
Perfomlon Effusion/tamp/pain  Typically acute, consider if HoTN
| Failure to pace Bradyeardia L Barrery, lead fx/dislodgment, T pacing threshold

due to tissue rxnlinjury; oversense - inapprop. inhib
Failure to sense  Inapprop. pacing  Lead dislodgment or sensing threshold oo high
| PM-mediated WOCT at device  Seen w/ DDD.V — A retrograde conduction;
tachycardia Upper rate sensed by A lead — triggersV pacing — etc.
| PM syndrome FriplcbIF ) Seen v VV1, dus taloss bl aw Synchrony
Cardiac resynch therapy (CRT)/Biventricular (BiV) pacing (AcC 1013:61:06)
* 3-lead pacemaker (RA, RV, coranary sinus to LV): R = 5 inV4 suggests approp LV capture
* Synchronize & enhance LV fxn (T CO, | adverse remodeling)
* Indications: LVEF <35% + MYHA IIHIV despite med Rx + SR + LBBB =150 (! =120) ms;
mort., benefit w/ CRT-D only if LBBB (& QRS =130ms) (NEW 2014370 1694)
? benefit in NYHA |-Il, EF <50% w/ PPM indication for AVB (NEM 2013:368:1585)
consider in AF:need rate control or AVM ablation; more pacing — greater CRT effect
* Benefits: | HF sx, L HF hasp.. T survival (NEIM 20053531539 & 2010:363:2385)
Implantable cardiac defibrillator (ICD) Cire 20°15;1321813
* RV lead: defib & pacing (1 antitachycardia pacing [ATF] = bursr. pacing =VT raua o stopVT);
+ RA lead for dual chamber PPM. Wearable defib & subcut-ICD, but & pace/ATR.
* Pt selection (NEM 2004350:2151 & 351:2481: 2005;352:225; 2009:3671:1427; Ciec 2012;126:1784)
2 preventicn: survivars of VF arrest, unstable VT wio reversible cause;
structural heart disease & spontanecus sustained VT (even if asxk)
1% prevention: LVEF <30% & post-Ml or IVEF <35% & NYHA, Il {waic: 240 d if poscML,
290 d for NICMP) or LVEF <40% & inducible VT/VF, fife expectancy must be > Ty,
consider if unexplined syncope + DCM, or if HCM,ARVC, Brugada, sarcoid, LQTS,
Chagas or congenital heart disease if at risk for SCD; ? wearable vest as bridge to ICD
+ Riskes: inapprop shack in —15-20% at 3 y (commonly dit misclassified SYT): infxn: lead fx
+ ICD discharge: o device to see if approp; rfo ischemia; 6-mo driving ban |/ state law):
if recurrent VT, 2 drug Rx (eg, amio + BB: pavia 2006295:165) or VT ablation (Ngm
007:357:2657); ablation at time of ICD | risk of WT b;r 40% :meu 2010:375:37)
Device infection (Cw 2010
+ Presents as bocket infection twam'ld'l er}fthema. tenderness] andl'or sepsis wi bacteremia
* Incidence ~1% over 5 y; if §. aureus bacteremia, infin in 35%
+ TTE/TEE used to help visualize complic. (eg, vegetation), but even = TEE does not rio
* Racabx; system removal if pocket infxn or GPC bacteremia; & routine abx prior to inv. proc.




' CARDIAC RISK ASSESSMENT FOR NONCARDIAC SURGERY

= Goal characterize risk of Pt & procedure — appropriate testing (ie, results will A
3 management) and interventions (ie, reasonable probability of 4 risk of MACE}
) Preoperative evaluation [VE\M 2095373:3158)
"4l Figure 1-7 Approsch to preop CV eval for non-CV surgery (madified from Gire 20141 30e278)
E | Peri-op survesiance;
Step 1: Emery non-cardiac surgery? l—m—b postop risk strat
a T & rink Facbor gl b
iy
Step 2: Active cardiac conditions? Furthar auel
+ MI weiin 30 d or current sewvere angina [~ ys ] priof o OF; =~
+ Dacompenaatad HF Rix a5 indicated \l
+ Signil arhythmia (eg, VT, hgh-grade AVB) 1
+ Seware AS or sk MS \
| |
oy 1)
* I
|
Step 3: Low-risk surgery? It [
(eg, endoscople, breast, ophiho, suparfical) [~ ¥ ]
1
I |
no [}
¥ [ 2
Step 4: Azsess tnal capacity <]
24 METs. (ag, chmb fight of eairs) wioax? | 757 4

VD O LN

Step 5: Assess clinical risk faclors o

+ 1o GAD
* v CHF 2
= hio stroia or TIA

+ Diabates on insulin

+ Renal insutfic, (Cr = 2 maidl )

e

= Major sung (thoracie. abd. supraing. vasch Pragm sifess tast [ Guidaling-
MACE! <1 RF - <1% ~ 27 —#| roasonable i = abal =y driven
2RF5— 66% results will A mgmt TEVESE

3 RFs—+ 1%
Or use: hifp-w ishoakadator facs.ong

Noninvasive Testing Result

High risk Intermediate risk Low risk |
lschemia at <4 METs manifested by 27 of  lschemia ot 4-6 METs  No ischemia or
+ Horiz/down ST L =7 mm or STE manifested by =1 of at =7 METs w/
« 25 abnl leads or ischemic ECG As lasting  + Horizfdown ST 421 mm  + ST 421 mmor
=3 min after exertion + 34 abnl leads * 1-2 abnl leads
+ SBP L 10 mmHg or typical angina * 1-3 min after exertion
Additional preoperative testing (T 2014,130.:278)

* ECG if known cardiac disease and po.ESIny reasonable in all, except if low-risk surgery

¢ TTE if any of following & prior TTE =12 mo ago or prior to A in S dyspnea of unknown origing
he af HF wil T dyspries: suspeet (eg, murmur) er knewn 2 moderate vahalar dis.

Coronary artery disease

* If possible, wait ~60 d after Ml in the absence of revascularization before elective surgery

+ Coromary revasc guided by standard indications. Has not been shown to A risk of death or
postop Ml when done prior to elective vasc. surgery (NEJM 2004,3512795).
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Heart failure (jacc 20744
« Decompensated HF should be optimally Rx¢d prior to elective surgery
= 30-d CV event rate: symptomatic HF = asx HFrEF = asx HFpEF = no HF

Valvular heart disease

« If meet criteria for valve intervention, do so before elective surgery (postpone if necessary)

I severe valve disease and surgery urgent, intra- & postoperative hemodynamic monitoring
reasonable {espec for AS, since at T risk even if sx not severe; be careful to maintain
preload, avoid hypotension, and watch for atrial fibrilkation)



» If severe symptomatic AS and surg AVR. not an option, balloon aortic valuloplasty (BAV) or
transcatheter aortic valve replacement (TAVR) can be considered (WcC 2014:64277)

Cardiac implantable electronic devices

» Discuss wi surgical team need for device (eg, complete heart block) & consequences if
interference wi fxn, and likelihood of electromagnetic interference

» Consider reprogramming, magnet use, etc, as needed

Pre- & perioperative pharmacologic management
* ASA: continue in Pts wi existing indication. Initiation prier to surgery does not | 30-d
ischemic events and T bleeding (NEIM 2094370:14%4), but Pts w/ recent stents excluded,
* Dual antiplatelet therapy: delay elective surg 14 d after balloon angioplasty, 30 d
after BMS and ideally & mos (min 3 mos) after DES implantation (2015 ACC/AHA Update)
unless risk of bleeding > risk of stent thrombaosis or ACS. If must discontinue
P2Yy; inhibitor, continue ASA and restart P2Y'; inhibitor ASAP
+ p-blockers (Cic 2009;1202123; JAMA 2010303:551; Am | Med 2012:125:953)
Contnue [ in Pis on them chronically. Do not stop BB abruptly postop (may cause
reflex sympathetic activation). Use IV if Pt unable to take PO,
In terms of inftiating, conflicting evidence; may depend on how done. Some studies show |
death/MI, another L M. but T death & stroke and T brady/HoTN (Lasce: 2008371:1839).
Reasonable to initiate if intermed- or high-risk @ stress test, or RCRI =3, espec if vasc
surgery. Initiate =1 wk prior to surgery (not day of), use low-dose, short-acting BB, and
derate to achieve HR and BP goal |7 HR ~55-65).Avoid bradycardia and HoTN,
Statins: | ischemia & CV events in Pts undergoing vascular surg (NEW 2009.351:980).
Consider if risk factors & non-low-risk surgery and in all Prs undergoing vascular surgery.
+ ACEUARB: may cause HoTN perioperatively. If held before surgery, restart ASAP
+ Amiodarone: | incidence of postop AF if started prior to surgery (NEM 1957,337:1735)

Postoperative monitoring
+ ECG if known CAD or high-risk surgery. Consider if =7 risk factor for CAD.
+ Routine troponin prognostic (JAMA 2012:307:2295) but o only if 5/ECG As suggestive of ACS

PERIPHERAL ARTERY DISEASE (PAD)

Clinical features (NgM 201637488

» Prev. T wl age:<1% if <40 y, ~15% if =270 y; risk factors incl. smoking, DM, HTN, chal

* Claudication (dull ache, often in calves) precip by walking and relieved by stopping (vs.
spinal stenosis, qv); Leriche synd = clhudication, | or @ femoral pulses, & erectile dysfun

+ Critical limb ischemia (CLI): rest pain (T w/ elevation b/t | perfusion), ulcer
(typically at pressure foci, often dry; in contrast, vanous uleers are more often at
medial malleolus, wet, and with hemosiderin deposition) or gangrene, due to
PAD, and >2-wk duration (implies chronicity vs. acute limb ischemia; see below)

Diagnosis

* | peripheral pulses; other signs of chronic PAD: hair loss, skin atrophy, nail hypertrophy

* Anklebrachial index (ABI): nl 1-1.4; borderfine 0.91-0.9%;abnl| <0.90; if >1.4, non-dx possibly
due to calcified noncompressible vessel —  PYR.IFABI abnl — segmental ABI w/ PVR to
localize disease. If & sx but nl ABL  for | lower extrem BP after exercise.

+ Duplex arterial LIS; CTA w/ distal run-off, MRA or angio if dx in ? or possible intervention

Treatment (ACC 2013611555 JAMA 2013;309453 & 2015:374.1%38)

+ Risk factor modrl‘bcatlon Smaen for CAD. Structured exercise program (JAMA 2013:310:57).

« I s, ASA or clopi to | D/MVstroke. More intensive Rx (g, adding ticagrelor or vorapaxar)
4 both MACE and limb ischemic events (G 2013112679 & JACC 20165672719).

+ Cilostazol (if no HF) & ! ACEl & statins to | sx (Grc 2003:108:1481)

+ Endovascular (angioplasty vs. stent) or surgical revasc if limiting/refractory sx or CLI

Acute limb ischemia (ALl)

* Sudden decrement in limb perfusion that threatens viability;
vigble (no immed threat of tissue loss): audible art. Doppler signals, sensory, & mator OK
threatened (sahvage requires prompt Rx): loss of arterial Doppler signal, sensory, or motor

+ Etiologies: embolism > acute thrombuosis (eg, athero, APS. HITT). trauma to artery

+ Clinical manifestations (6 Ps): pain (distal to proximal, T in severity), poikilothermia,
pallor, pulselessness, paresthesias, paralysis

+ Testing: thorough pulse & neuro exam; arterial Doppler; angiography, either CT w/
bilateral run-off through feet or arteriography

+ Urgent consultation w/ vascular medicine and/or vascular surgery

+ Treatment: immediate anticoagulation + intra-arterial lytic; angioplasty or surgery

Wi avd
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Pathophysiology Etiologies

Airway obstruction Asthma, COPD, bronchiectasis, cystic fibrosis, tumaor,

(T resistance to airflow) foreign body, anaphylaxis

Alveolar [ Parenchymal Pulmonary edema: cordiogenic or noncardingenic

disease ILD; pneumonia; atelectasis

Vascular Large vessel: PE, tmor emboli

(WIQ mismatch) Small vessel: PHT, vasculits, ILD, emphysema, PNA

Chest wall Pleural disease: large effusion, fibrosis; pneumothorax

(T resistance to expansion; Chest wallldiaphragm: kyphoscoliosis. T abd girth

weakness of respir. muscles) Neuromuscular disorders (ALS, GBS, MG)
Hyperinflation (COPD, asthma)

Stimulation of receptors Chemoreceptors: hypoxemia, metabolic acidosis

| Mechanoreceptors: ILD, pulmonary edema, PHT, PE
L O; carrying cap. (but nl P,Cy)  Anemia, methemoglobinemia, CO poisoning
Psychological Anxiety. panic attack, depression, somatization
Evaluation
* History: quality of sensation, tempo, positional dependence, exac./allev. factors, exertion
+ Cardiopulmonary exam, 5,04, CXR (see Appendix & Radiology inserts), ECG.ABG, U/S
predictors of CHF: hio CHF, PNID, §;, CXR wi venous congestion, AF [JAMA 2005294'1544)
dyspnea wf nl CXR -» CAD, asthma, PE, PHT, early ILD, anemia, acidosis, NM disease
* Based on results of initial evaluation: PFT, chest CT, TTE, cardiopulmonary testing
* BNP & NT-proBNP T in CHF (also T in ARRY strain from PE, COPD flare, PHT, ARDS)
BMNP <100 pgfmL to rlo CHF (90% 5e), >400 to rfi (NEM 2002:347:161)
NT-proBMNP <300 pgiml to rlo CHF (99% Se): age-related cut points to rfi:
=450 pg/ml (<50 y), =900 (5075 y), =1800 (=75 y) (£H 2006:27330)
in chronic heart failure, ». need to compare to known “dry BNP"

PULMONARY FUNCTION TESTS (PFTs)

+ Spirometry: evaluate for obstructive disease
Flow-volume loops: diagnose andlor localize obstruction
Bronchodilator: indicated if cbstruction at baseline or asthma clinically suspected
Methacholine challenge: helps dx asthma if spirometry nl,=20% | FEV; - asthma
* Lung volumes: evaluate for hyperinflation or restrictive disease including NM causes
* D COx evaluates functional surface area for gas exchange; helps differentiate causes of
obstructive and restrictive diseases and screens for vascular disease & early ILD

Figure 2-1 Approach w abrormal PFTY

Approach to abnormal PFTs
— S~
F%FI.’C <L 75 TLE <804 predicled
; Abni D,CO w/
FEV o4 L ) normal spirametry loco nl o.co”
N By,
e and  minimaf Loco Toeo b
+ ' . \
Asthma or COPD FE, PHT Asthma ILD Pleural L]
asthmatic ] Vascuditis. Hemorrhage CHF disease? disease
bronchitis 10,c0 Early ILD Palycythemia Chest wall
Anemia T Pulm blood val. disorders
{eq, obesity, mild
Chranic  Emphysema CHF, L—+R shunts)
bronchitis

*DCO can be diminished dise to secondary atelectasis
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Definition and epidemiclogy (lanet 1013:38
+ Chronic inflam, disorder w/l airway hyperresponsweness + variable airflow obstruction

+ Affects 5-10% population; ~85% of cases by age 40 y

Clinical manifestations (NEM 2013.359:549)

* Classic triad = wheezing, cough and dyspnea; others include chest tightness, sputun;

symptoms typically chronic with episodic exacerbation

* Precipitants (triggers)
respiratory irritants {smoke, perfume, etc.) & allergens (pets, dust mites, pollen, etc.)
infections (URL, bronchitis, sinusitis)
drugs (eg, ASA & NSAIDs via leukotrienes, BB via bronchospasm, MSO. via histamine)
emaotional stress, cold air, exercise (increase in ventilation dries out airways)

Astitan 2-2

Physical examination

* Wheezing and prolonged expiratory phase

+ Presence of rasal polyps, rhinitis, rash — allergic component

+ Exacerbation — T RR, T HR, accessory muscle use, diapheresis, pulsus paradoxus

Diagnostic studies

+ Peak exp flow (PEF): 260 Limin T after bronchodil or =20% diurnal variation c/w asthma.
<B0% parsonal best chw poor control, <S0% clw severe exacerbation,

+ Spirometry: L FEV;, | FEV,/FVC, caved flow-volume loop; lung volumes: + T RV & TLC
@ bronchodilator response (T FEV) 212% & =200 mL) strongly suggestive of asthma
methacholine challenge (L FEV+ 220%) if PFTs nk Se >90% (ARCCM 2000:1671:309)

* Allergy suspected — consider « serum IgE, eos, skin testing/RAST

Ddx (“all that wl sthrrma, . )

* Hyperventilation & panic attacks

* Upper airway obstruction or Inh foreign body; laryngealivocal cord dysfxn (eg,2° to GERD)

» CHF (“cardiac asthma"); COPD, bronchiectasis; ILD (including sarcoidosis); vasculitis: PE

“Asthma plus” syndromes |
* Atopy = asthma + allergic rhinitis + atopic dermatitis
« ASA-sensitive asthma (Samter's syndrome) = asthma + ASA, sensitivity + nasal polyps
+ ABPA = asthma -+ pulmonary infiltrates + allergic rxn to Aspergillus
Du: T IgE to Asperg. & total (=1000), T Asperg. 1gG levels. T eos, central bronchiect.
R steraids + itra-/voriconazole for refractory cases (NEM 2000;342:75¢)
. Churgstrauss = asthma + eosinophilia + granulomatous vasculitis

60:1313)

CHrONIC MANAGEMENT

"Reliever" medications (used prn to quickly relieve sx)
* Short-acting inh fr-agonists (SABA): albuterol Rx of choice
* Short-gcting inh anticholinergics (ipratropium) T ﬁ:-agonvst delwery + T bronchodilation

“Controller" meds (taken daily to keep control) (MEAM 20

= Inh corticosteroids (IC5): Rx of choice (jam4 2001:285; zsaJ] PO stzrmds may be needed
for severely uncontrolled asthma, but avoid if possible bic systemic side effects.

* Long-acting inh fr-agonists (LABA; eg, salmeterol): safe & | exacerbations when added
to ICS (NEMM 2016374:1822). Except for exercise-induced asthma, should not be used wio
ICS (may T mortality, esp. in African-Americans) {Chest 1006:12%:15; Aanals 2006,144:304).

« Long-acting inh antimuscarinics (LAMA; eg, tiotropium):add if sx despite ICS (super. to T
IC5, = to adding LABA; NEM 2010363:1715) or if sx despite ICS+LABA (NEIM 2012.367:1158)

* MNedocromillcromolyn: limited use in adults. Useful in young Prs, exercise-induced
bronchospasm; ineffective unless used before trigger or exercise exposure.

« Theophylline: useful if hard to control sx; PO convenient, but high side-effect profile

+ Leukotriene receptor antagonists (LTRA): some Pts very responsive, esp. ASA-sens
(AIRCCM 2002:165:9) and exercise-induced (ianak 2000:132:97). May be noninf to ICS initial
R and LABA add-on R (NE# 201 1:364;1695).

= Anti-IgE: for uncontrolled mod-to-severe allergic asthma (1 IgE) on ICS £ LABA (N
20063542685 danals 2011:154573); not cost-effective for most Prs (1A 2007,120:114¢)

Other (Lancet 2015 213
Behavior rnodlﬁcatlon l-danlafy and avoid triggers: PPl wio benefic (NEM 2009360 1487)
ImmunoRx may be useful if significant allergic component (JAMA 2016:315:1715)

TNF antagonists may be helpful in refractory asthma (NEM 2006:154:697)

Anti-IL5 (mepolizumab, reslizumab) | exac. in sev asthma (NEM 201437111189 & 1198}
Anti-IL13 (lebrikizumab) T FEV) (NEM 2011365 1088), not yet FDA approved

Anti-IL4 {dupilumab): L exac. in sev asthma (NEM 2013:368:2455; Loncet 2016388:31)




« Bronchial thermoplasty (exp'tal): radiofrequency destruction of airway smooth muscle no A
in FEV, but & in sx and # of exacerbations (NEM 2007.356:1327)

Principles of treatment

* Education and avoidance of environmental triggers (Lancet 2015;386:1075); yearly flu shot

= Use quick-relief rescue medication as needed for all Prs

« Goal to achieve complete control = daily sx <2/whk, @ nocturnal sx or limitation of
activity, reliever med =2fwk, nl PEF or FEVy; partly controlled = 1-2 of the above
present in a wi; uncontrolled = =3 of the above present in a wk

* Step up weatment as needed to gain control, step down as tolerated

« If PEF 1 15% » 2 d or | 30%, 4 ICS dose | need for PO steroids (4RCCM 100%:180: 593:

Asthma Sl:epwmeTherapy {Adapred from Global Iniciative for Asthrma [GINA] 2015 update)

Step 1 Step 2 Step 3 Step 4 Step 5
Rapid-acting iz-agonists prn |
Sefect one Select one Do one or more Add one ar both |
Low-dose ICS Low-dose ICS + 11CS dose Oral steraids
5., LABA (w/ LABA)  (lowest dose)
E2 LTRA Low-dose ICS+ LAMA  Add LAMA  AncilgE Rx
&% Med-dose 1CS Add LTRA

Low-dose 1C5 + LTRA Add Theo
Low-dose ICS + Theo

EXACERBATION
Evaluation
* History: baseline PEF, steroid requirement, ED visits, hospital admissions, prior intubation
Current exacerbation: duration, severity, potential precipitants, meds used
Risk factors for lfe-threctening: prior intubation, hio near-fatal asthma, ED visithosp for
asthma wiin 1y, currentfrecent PO steroids, not using ICS, overdependent an SABA,
¥, hio noncompliance
+ Physical exam:VS, pulm, accessory muscle use, pulsus paradoxus, abdominal paradox
Assess for barotrauma; asymmetric breath sounds, tracheal deviation, subcutaneous
air — pneumothorax, precordial (Hamman's) crunch — pneumemediastinum
» Diagnostic studies: PEF (used to follow clinical course); 5.02; CXR to r/o PNA or PTX
ABG if severe: low P.COz initially; nl or high P,CO: may signify tiring

[ Severity of Asthma Exacerbation
Feature Mild Moderate Severe
Breathless wi, .. Walking Talking At rest
Talking in ... Sentences Phrases Ywords
Mental status + Mgitated Agitated Agitated
RR l T =30
Accessory muscles @ ® ]
Wheeze Moderate, end-expir Loud Usually loud
HR. <100 100-120 =120
Fulsus paradoxus Normal {<10) 10-25 =25
| PEF =B0% 60-80% <60%
’ 5.0 S95% 91-95% <50%
POy MNormal =60 <b)
P.COy i = <45 | <45 =45

Resp arrest imminent: drowsy, abdominal paradox, wheezes inaudible (He © zir movement), bradycardia, boss
of abdominal paradox (respiratory muscle fatigue), Fresence of several parameters (not necessarily all) indicates
classification {adipted from Ches 20037 23.1018- GINA 2015 update).
Initial treatment | 0
. t?))q«genm:‘keepS(CJz"h
Inhaled SABA (eg, albuterol) by MDI (4-8 puffs) or nebulizer (2.5-5 mg) q20min
Corticosteroids: prednisone 0.5-1 mg/lkg PO; IV if impending resp arrest
Ipratropium MDI (4-6 puffs) or nebulizer (0.5 mg) q20min if severe (Che 2002:121:1977)
Epinephrine (0,3-0.5 mL SC of 1:1000 dilution) no advantage over inh SABA
Montelukast [V T FEV) but did not A rate of hosp () Mlgy Cin fmmuna! 2016,125:374)
Reassess after 60-90 min of Rx

Mild-mod exacerbation: cont SABA q1h

Severe exacerbation: SABA & ipratropium q1h or continuously; + Mg 2 g IV over 20 min

{Lancer 2003:36 12114y, + heliox (60-80%)

Decide disposition within 4 h of presentation and after 1-3 h of Rx




ANAPHYLAXIS  2-4

Figure 3-2 Dispositicn of patients after inial trestment of asthma exacerbation

Reassessmant afier 1-3 h of Ax
Good r S Poor response
PEF270%: 8,0, >80% PEF 40-69% PEF <40%
no disiress; normal exam mitdimod s/s PO, <80 or P00, 242
response suslained 6" after Rx I severe ax; AMS
l ‘Aﬁar near-fatal asthira l
Discharge home Noncampliant Admit 1o ICU
Inh SABA ¥ Inh SABA + antichal
Oral steroid taper Admit to hospital ward Sterolds IV
7 Stan ICS Inh SABA + antichol + Intubation
Close follow-up Steroids POV /'
R iodically at
mpfere arrars—rzh
OF OO ESPense

ICU-level care

* High-dose steroids: methylprednisolone 125 mg IV qéh (Archives 1963:143:1324)

* Invasive ventilation:
large ET tube, Py, <30 cm H3O (predicts barotrauma better than PIP), max exp time
PEEP individualized to Pt physiclogy
paralysis, inhalational anesthetics, brenchoalveclar lavage w/ mucelytic, heliox

(60-80% helium) and ECMO have been used with success
= MNPPY lilely improves obstruction (Chest 2003;,123:1018), but controversial and rarely used

ANAPHYLAXIS

Definition and pathophysiology (4m in 7
* Severe, rapid-onset {mins to hrs), potentially life- lhreaten ing systemic allergic response
* lIgE-mediated mast cell degranulation with release of histamine, tryptase and TNF
* Precipitates systemic reactions (bronchospasm, tissue swelling, fluid shifts, vasodilation)
+ Common triggers: penicilling, cephalosporins, shelifish, nuts, insect stings, IV contrast (not
truly an IgE-mediated mechanism, but clinically similar)
Diagnosis: any of the three following criterm
1) Acute iliness with skin + mucosal involvement (rash, flushing, hives), AND at least one of:
*+ Respiratory compromise (wheeze, stridor. dyspnea, hypoxemia)
* Hypotension or hypoperfusion (syncope, mcunt\nence)
2) Tweo or more of the following after exposure ta a likeely allergen: skinmucosal imvolvement,
respiratory compromise, L BP or hypoperfusion, Gl symptoms
3) Hypotension after exposure to known allergen for that Pt
Treatment
* Epi: IM/SC 0.3-0.5 mL of 1:1000 dilution q5~20min; if HoTM 1 mg IVB g5min £ get
* Airway: suppl O; + intubation or cricothyroidotomy (if laryngeal edema); [fragonists
* Fluid resusciation w/ g volume of crystalloid (may extravasate up to 35% of blood volume)
= Antihistamines relieve hives & itching, no effect on airway or hemodynamics
H1RA (diphenhydramine 50 mg IV/IM) + H2RA (eg, ranitidine 50 mg V)
* Corticosteroids have no immediate effact but may help prevent relapse:
methylprednisclone 125 mg IV géh if severe or prednisone 50 mg PO
*+ Avoid unopposed t-adrenergic vasopressors
Disposition
= Mild r=n limited to urticaria or mid bronchospasm can be chserved for 26 h;admitall others
* Warch for biphasic reaction; occurs in 23%, typically wiin 8-10 h butup to T2 h
* Artme of d'c: education re: allergen avoidance, instruction and Rx for EpiPen, allergist fiu

Angloedema (Ann Allergy Asitmo Imrmane 31:1491)

* Localized sweillng of skln!mumsa involves face, les tcngue uvula, laryrx, and bowels

« Etiologies: mast cell-mediated (eg, NSAIDs); bradykinin-mediated (eg ACEi, ARN;,
hereditary angioedema, acquired C1 inhibitor deficiency): idiopathic

+ Diagnosis: C4 and C1 inhibitor level, tryptase (if suspect anaphylaxis)

* Rocintubation if risk of airway compromise; allergic angioedema: H1/H2 antihist, steroids
if 2* ACEi: dic ACEi, antihist., icatibant (bradykinin-receptor antag: NEM 2015:372:418)
Hereditary angioedema: synthetic C1 inhibitor cinryze (WEM 2010:363:513)
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CHRONIC OBSTRUCTIVE PULMONARY DISEASE .

Definition and epidemiology (Lencer 2074:385:1778)
* Progressive airflow limitation caused by airway and parenchymal inflammation

Emphysema vs. Chronic Bronchitis

Emphysema Chronic Bronchitis
Definition Dilation/destruction of Productive cough =3 moly

parenchyma (path definition) « 22 y (clinical definition)
Pathophysiology Tissue destruction Small airways affected

WIQ: T dead space fraction — WIQ: T shunt fracdon —

hypercarbia, but only mild severe hypoxemia, hypercapnia

| hypoxemia PHT, cor pulmonale

Clinical Severe, constant dyspnea Intermittent dyspnea
manifestations Mild cough Copious sputum production
Physical exam “Pink puffer” "Blue bloater”

Tachypneic, noncyanctic. thin Cyanatic, obese, edematous

Diminished breath sounds Rhonchi & wheezes

Pathogenesis {Larees 2003362 1053

» Cigarette smoke (centrilobular emphysema, affects 15-20% of smokers)

= Recurrent airway infections

* (y-antitrypsin defic.: early-onset paracinar emphysema, 1-3% of COPD cases. Suspect
if age <45, lower lungs affected, extrathoracic manifestations (liver disease [not if
MZ subtype], FMD, pancreatitis), « serum AAT level (nb, acute phase reactant).

+ Law FEV; in early adulthaod impartant in genesis of COPD (NEIM 2015:373:111)

* Misc: biomass (eg, cooking fuels in enclosed space), chronic asthma (Lancee 2009:374:733)

Clinical manifestations
+ Chronic cough. sputum production. dysprea; later stages — freq exac. a.m. HA, wt loss
+ Exacerbation triggers: infxn, other cardiopulmonary disease, incl. PE (Aanat: 2006:144.390)
Infxn: overt trachecbronchitis/pneumonia from viruses, 5. pneumoniae, H. influenzoe,
M. catarrhalis or triggered by changes in strain of colonizers. (WEM 2008359:2355)
* Physical exam: | AP diameter of chest (“barrel-chest”), hyperresonance, | diaphragmatic
excursion, L breath sounds, I expiratory phase, rhonchi, wheezes
during exacerbation: tachypnea, accessory muscle use, pulsus paradoxus, cyanosis
» Asthma-LOPD overlap syndrome (ACOS; NEM 2015:3731241): features of both present.
For example: reversibilicy of airway obstruction w/ bronchedilator in COPD; neutrophilic
inflammation in asthma (more classic in COPD); eos in COPD.
Diagnostic studies
* CXR (see Radiolegy inserts): hyperinflation, flat diaphragms, + interstitial markings & bullae
« PFTs:ebstruetion: |l FEV,, | FVC, FEVHW/FVC <0.7 (no sig A post bronchodilator),
expiratory scooping of flow-volume loop; hyperinflation: 77 RV TTLC, T RVITLC
abnormal gas exchange: . DyCO (in emphysema)
* ABG: L P;0y £ T P;CO; (in chronic bronchitis, usually only if FEVy <1.5 Ljand L pH
« ECG: PRWE 515253, R-sided strain, RVH, T P waves in lead Il ("P pulmonale™)
Chronic treatment (Loricet 20153851789
* Bronchodilators (firstline therapy): anticholinergics, fi-agonists (BA), theophylline
Long-acting (LA) antimuscarinic (LAMA; eg, tiotropium): L exac,, | admit, £ resp failure
(ME}# 2008:359:1543), better than ipratropium or LABA as mono Rx (NEM 2011:364:1093)
LABA: ~11% | in exacerbations, no T in CV events (Locer 2015387:1817)
LABA + inh steroid: ! 1 mort. vs. either alone (NEM 2007:356:775)
LAMA + LABA: T FEV), | sx vs. either alone (Chest 2014:145:991) and superior to LABA +
inh steroid (NEM 2006;374:2222)
+ Corticosteroids (inhaled, ICS):-11% 1 in exacerb & slow | FEVy:no A in risk of PNA or
in mortality (lance 20163871817
Roflumilast (PDE-4 inhibitor): T FEV, & | exacerbations when added to bronchadilator
(Lancat 2009:374:685, 695 & 2015:385:857)
Antibiotics: daily azithro | exacerb, but not yet routine (JAmMa 2014.311:2225)
Mucolytics: no A FEVy, but ? | exacerbation rate (Loncet 2008371:2013)
Oxygen: if P03 <55 mmMg or 5:0: <B9% (during rest, exercise, or sleep) to prevent cor
pulmonale; only Rx proven to L mortality (Annok 1980:53:391; Lancet 19811681}
Prevention: FluPreumovax; smaking cessation (eg, varenicline, bupropion) - 50% L
in lung function decline (WRCccM 2002166475 and | long-term mortality (lanck 1005:142:223)
Rehabilitation: L dyspnea and fatigue, 7 exercise tolerance, & Qoll (NEM 2009,360.131%)
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* Experimental

Lung volume reduction surgery: T exer. capacity, | mort. if FEV >20%, upper-lobe, low
EXEL, CAPACITY (MEM 2003;348:2057)
Bronchoscopic lung reduction wi endobronchial valves or coils: T lung fxn but significant
complications (FTX, PNA) (NEM 2015:373:2325; Lancet 2015:386:1066; JAMA 2016:315:175)
Nocturnal BiPAP: may improve survival, ! decrease Qo {Thosax 300%:64-551)
= Lung transplant: T Qoland | s (Lancer 1998:351:24), 7 survival benefit (Am [ Tranapion 2009:2,1640)
Staging and prognosis
* (COPD assessment test (CAT): 8 question tool assessing cough, sputum, exercise capacity
& energy, with score ranging 0-40 (http:/fwww.catestonline.org)
* mMRC score =2 defined as walking slowly ble breathlessness or having to stop to catch

breath walking

level

= Ratio of diam PAJaorta =1 associated with ~3x T risk of exacerbations (NEjM 2012367513}

; COPDSlngmg and Ii.econvmnded'l'herapies by GOLD Criteria

Stage FEV, 3y Exac.in  CAT <10 or CAT 210 or
maort  past yr mMRC 0-1 mMRC =21
I: Mild 280% ! <1{and 0 AShort-actng B Standing inh dilacor
I:Mod  50-B0% -11%  hosp) inh distor pm  (LAMA > LABA)
IIl:Severe  30-50% -15% =zlor21 C[ICS+ LABA] D ICS+ [LAMA andfor
X hosp or LAMA LABA] + Experimental as |
Is:.,\:—g <30% -243% indiited

Consider adding PDE-4 inhib to brenchodilator

Smeking cessation & vaccinations in all. Pulm rehad in groups B-D. Cansider theophylline as alternative. Oy
as Indicated per 5,00, (Adapted from Global Initiative for Chronic Obstructive Pulmonary Dsease, 201€)

Agent
Ipratropium

| Albutercl

| Carticosteroids

Antibiotics

| Oxygenation

| MNoninvasive
positive-
pressure
ventilation

Endotracheal
intubation
Other measures

| I

EXACERBATION

COPD Exacerbation Treatment (Ve 1002,346568) |

Dose

MDI 48 pufis q1=2h or

MNebulizer 0.5 mg q1-2h

MDI 4-8 puffs q1-2h or

MNebulizer 2.5-5 mg q1-2h

Na consensus for optimal dose &
duration (Cochrane 2009-CD001288|

Consider:

Prednisclone 3040 mg/d < 10-14 d

or even 5 d (JAMA 2013092213}
Methylprednisolane 125 mg IV

q6h x 72 h for more severe

exacerbations
Amao, TMP-SMX, doxy, clarithro,
antipneumococcal FQ, etc., all
reasonable (no single abx proven
superior). Consider local flora and
avoid repeat courses of same abx.

=5d course |ikely enough for mild-med

exacerbation (jAMA 2010:302:2035).
1 FO: to achieve PO, =55-60
or 5,0, 30-93%

Comments
First-line therapy (MEW 2011 |
364:1093)

Benefit if component of |

reversible bronchoconstriction

4 rrearment fallure, L hospital stay,

1 FEV, but no mortality benefit,

T complications {Cochrame |

A00F:C00 288)

OutPt Rx after ED viskt | |
relapse (MEIM 2003:3482618)

! use periph eos >2% to trigger
use {ARCCM 2012:186:48) |

H. flu, M. catarrhals, S, preumo |
freq. precipitants.

T PEF. L Rx failure,? | short-
term maort, L subseq exacerh |
(Chese 2008, 133:756 & 2013;143:82)

Caonsider if T sputurn purulence |
or CRP =40 (Chex 2013144:1577

Wiatch for CO; retention

(due to TWQ mismatch, loss of

hypoxemic resp drive,

Haldane effect)

but st maintain orygendation!

Initiate early if mod/severe dyspnea, L pH / T P,CO;, RR =25

Results in 58% L intubation, L LOS by

32 d,59% | mortality

Contraindications: A M3, inability to cooperate or clear secretions,

hemodynamic instabilicy, UGIB

(MEIM 199533387 Annals 2003:138:867; Cochne 2004:.COD0T04; ER] 200525 348)
Caonsider if P03 <55-60, T'ing P,COy, Ling pH. T RR, respiratory
fatigue, & MS or hemodynamic instabilicy

Mucalytics overall not supported by data (Chese 2001;119:1190)

Maniter for cardiac arrhythmias



HEMOPTYSIS B

Definition and pathophysiology

» Expectoration of blood or blood-sureaked sputum

* Massive hemoptysis: 600 mL/24-48 h; gas exchange more important than blood loss
= Massive hermoptysis usually from tortuous or invaded bronchial arteries

Etiologies (Crt Care Med 2000:28:1642) =
Infection/ Bronchitis (most common cause of trivial hemoptysis) E
Inflammation Bronchiectasis incl. CF (common cause of massive hemoptysis) =
TB or aspergilloma {can be massive); pneumonia or lung abscess | 2
Neoplasm Usually primary lung cancer, sometimes metastasis (can be massive) | ;
Cardiovasc.  PE (can be massive), pulmorary artery rupture (2° to instrumentation), |
CHF, mitral stenosis, eraumalforeign body, bronchovascutar fistula | z
Other Vasc (GPA, Goodpasture's, Behget's; can be massive), AVM, anticoag ‘
{wi underfying lung dis), coagulopathy. cocaine, pulm hemosiderosis

Diagnnstiz workup
Lo-ullm bleeding site {r/o GI or ENT source by H&P + enda); determine whether unilateral
teral, localized or diffuse, parenchymal or airway by CXR/ chest CT + bronch

« F'E PTT, CBC to rule cut coagulopathy

* Sputum culwre/stain for bacteria, fungi and AFB; cytology te rle malignancy

* ANCA, anti-GBM, urinalysis to « for vasculitis or pulmonary-renal syndrome

Treatment

* Maechanism of death is asphyxiatien not ination; maintain gas exchange, reverse
coagulation and treat underlrlrg condition; coug;h supp. may T risk of asphyxiation

* Massive hemoptysis: put bleeding side dependent; selectively intubate nl lung if needed
Angiograpty: Dx & Rx (vascular occlusion balloons or selective embol of bronchial art)
Rigid bronch: allows more options (electrocautery, laser) than flex. Surgical resection.

BRONCHIECTASIS

Definition and epidemiclogy

* Obstructive airways disease of brunchl and bn:nchiules chronic transmural inflamm w/
airway dilatation and thickening, collapsibility, mucus plugging w/ impaired clearance

Initial worlap

* H&P: cough, dyspnea, copious sputum production, + hemoptysis, inspiratory “squeaks™

= CXR:scattered or focalrings of bronchial cuffing;“tram track” of dilated, thick airways

* FFTs:obstructive;chest CT. alrway dilation & thickening + cystic As, infiltrates, adenopathy

Etiology Other Features Diagnostic Testing ‘
Chronic infxns Chronic cough, freg/persist Sputum ex (inel myobact, fungal),
(eg, MTh, ABPA) infilerate, refrace asthma (ABPA) + broneh/BAL, IgE & eos (ABPA)
1° ciliary dyskin Sinusitis, inferulity, otitis Dynein mutations
Immunodefic, Recurrent infuns often as child Igh. IgG, 1gM, lgG subclasses
RA,SLE Resp sx may precede joint sx REANA
IBD Not relieved by bowel resection  Colonoscopy, biopsy |
w1-AT deficiency  Lower lobe emphysema 1-AT level |
Anatomic R middle lobe synd. from sharp Branchoscopy

hetine 5 pitcfforghbodygspr. | -

Treatment

* Treat underlying condition; mucolytics & bronchodilators

* Prophylactic azithro shown to | exacerb. in non-CF bronehiectasis (JAMA 20131251}

+ Antibiotice: at time of acute exaczrbatian directed against suspected or prior pathogens

Cystic fibrosis (ng

* Autosomal rer.essive gene': dzsorder due to mutations in chloride channel (CFTR gene)

= T mucus thickness, ! mucociliary clearance, T infections — bronchiectasis

* Clinical recurrent PNA, weight loss, sinus infins, infertility, panereatic insuffic (fatry stools)

* R airway clearance (chest PT, inh hypertonic saline. DNAse), abx for exacerb. for drug-
resistant org. (eg, Pseudomonas, Burkhalderia), gene targeted with CFTR potentiator
(ivakaftor) & corrector (lumakaftor) (NEw 2011:365:1663 & 2015373:220), lung transplant

Non-tuberculous mycobacterium (NTM; ubiquitous hydrophilic bacterta)

*+ Chronic cough, | wt; Lady Windermere synd.: R middle lobe bronchiectasis in elderly ?
wheo suppress expectoration; in HIV @ disseminated disease (see HIVIAIDS)

* Dse CT scan (tree-in-bud, nodules, cavities, bronchiect.), sputum x3 or BAL. AFB stain + ox

* Treatment [clarithro or azithro] + rifamycin & ethambutol for 212 mo (Chest 2004:126:546)




] SOLITARY PULMONARY NODULE

Principles
+ Definition: single, <3 em, surrounded by nermal lung, no LAN er pleural effusion
« Often “incidentalormas” esp with T CT use, but may still be early, curable malignancy

| Etiologies
| | Benign (70%) Malignant (30%)
" | Granuloma (80%).TB, histe, coccidio Bronchogenic carcinoma (75%): |
1  Hamartoma (10%) adeno & large cell {peripheral)
=4 | Bronchogenic cyst, AVM, pulm infarce squamous & small cell (central)
z Echinococcosis, ascariasis, aspergilloma Metastatic (20%): breast, head & neck, colan,
A
v

VWegener's, rheumatoid nodule testicular, renal, sarcoma, melinoma |
| Lipoma, fibroma, amylaidoma, pneumenitis | Cardnoid, primary sarcoma |

Initial evaluation

» History: hlo cancer, smoking, age (<30 y = 2% malignant, +15% each decade >30)

* CT: sizefshape, Ca®", LAN, effusions, bony destruction, comipare wi old studies
@ Ca — T likelihood malignant; laminated — granuloma;"popcorn” — hamartoma

= High-risk features for malig: size (eg, 22.3 cm diameter), spiculated, upper lobe, 7, >60 yo,
=1 ppd current smoker, no prior smoking cessation (NEM 20033481535 & 2013365910}

Diagnostic studies

* PET: detects metab, activity of tumars, 97% Se & 78% Sp far malig. (esp. if =8 mm)
also useful for surgical staging ble may detect unsuspected mets (JAMA 2001:285:5 14)
useful in deciding which lesians to bx vs. follow wi serial CT () Thor Oneol 2006:1:71)

+ Transthoracic needle biopsy (TTMB): if tech. feasible, 97% will obtain definitive tissue dw
(4R 2005, 185:12%4); if noninformative or malignant — resect

* ¥ideo-assisted thoracoscopic surgery (VATS): for percutaneously inaccessible lesions;
highly sensitive and allows resection; has replaced thoracotomy

* Transbronchial bx (TBB): most lesions too small to reliably sample wie endabrenchial
U/S (chost 2003:123:604); bronch wi brushings low-yield unless invading bronchus;
navigational bronchoscopy wi 70% yield. T sens wi larger nodules (ches 2012142385

* PPD, fungal serologies, ANCA

Management (for sclid 5PN >8 mmyif <8 mm, serial CT) (Cex 2013:143:840)

= Low risk (<5%, see ref): serial CT (freq depending on risk): shared decision w/ Pt re: bx

* Intermediate riske (5-60%) PET if = — follow low-risk pratacal,if & — high-risk protocol

= High risk (and surgical candidate): TEB, TTNB, or VATS — lobectomy if malignant

* Ground-glass nodules: longer fiu bic if malignant can be slow-growing & PET ©

SLEEP APNEA

Definition and pathophysiology

= Obstructive: pharyngeal collapse — apnea (=10 s) or hypopnea {1 airflow) + desaturation;
risk factors: obesity (present in 70%), large: neck, male sex, | muscle tone, T age, alcchol

= Central: | neurologic feedback wi oscillating drive. Apneas wi'o resp effort + subsequent
T resp rate. Associated with CHF & atrial fibrillation; worsened by sedatives,

= Complex: obstructive + central (nb, untreated obstructive — complex)

* Propased mech: Apneafarousals — sympathetic nervous system activation, negative
intrathoracic pressure — T preload, T afterload. Consequently — HTN, pulm HTN.

Clinical manifestations (Loncet 2002 g
= Snering, withessed apneas/gasping, d'aytrme sleepmess
= Cardiovascular: HTN (fams 2012307-218%: alw T risk of stroke and death (NEjM
2005:353:2034) & possibly CAD & endothelial dysfxn (AlRCCM 2007;163:19: Cire 20081 17:2270)
* MNeurocognitive: | cogpitive performance, L Qol., T motor vehicle and work accidents
(NEIM Tmmsq?-mccmml-mﬂum
Diagnosis and treatment (| 13 20
* Polysomnography (sleep s:u&y} can da hnme—nestrng
+ Obstructive: CPAP L1 apneatypopnea, | BP (jAnh 20133102407 & NEM 2014370:2276),
| sleepiness, T performance (AfRcc 2012186677), T EF in Prs with CHF (NEwi 2003:348: 1233),
4 metab syndrome (NEM 2011:3652277), L mortalicy after stroke [ARCOM 2009,160.36)
Oral app!lanoes if refusing CPAP; upper-airway stimulator under study (NEM 2014;370:139)
Central: servoventilation (ASV) i wile CHF (nb, T mortaliy if CHE NEIM 2015373:1095)
Avoid aleohol and sedatives
Surgery (eg, uvulopalatopharyngoplasty, UPPP) of limited banefic (chest 1957:111:265)

83:738)




INTERSTITIAL LUNG DISEASE | °

WoRrKur oF ILD (1

Broad categories
* Sarcoid; exposure-related (eg, drugs, toxins, hypersens. pneurmonitis, pneumaoconiosis);
collagen vasc. dis. (eg, scleraderma, GPA); idiopathic PMAs (eg, IPE COF): misc.
Rule out mimickers of ILD
» Congestive heart failure (v BNF trial of diuresis)
= Infection: viral, atypical bacterial. fungal, mycobacterial. parasitic
= Malignancy: lymphangitic carcinomatesis, bronchoalveolar, leukemia, ymphoma
Histary and physical exam
* Occupational, travel, exposure (including tobacco), meds, FHx, precipitating event
» Tempo {acute — infxn, CHF, hypersens pneumonitis, eos PNA, AIF, COP, drug-induced)
+ Extrapulmonary signs/sx (skin As, arthra Igiasfarthritis clubbing, neuropathies, etc.)
Diagnostic studies Appendix B Radi
* CXR and high-resolution chest CT: renr;ular nDduIar or ground-glass pattern
Upper lobe-predominant — coal, silica, hypersens, sarcoid, TB, RA
Lower lobe-predominant — IPF, ashestos, scleroderma
Adenopathy - sarcoidosis, berylliosis. silicosis, malignancy, fungal infections
Pleural disease — collagen-vascular diseases, asbestosis, infections, XRT
* PFTs: L DLCO (eady sign), restrictive pattern (1 volumes), L PyOz (esp. wi exercise); if also
obstructive, consider sarcoid, LAM, silicosis
* Serologies: o ACEAMA, REANCA, anti-GBM, HIV, + myositis panel & other serologies
+ Bronchoalveolar lavage: dx infin, hemorrhage, eosinophilic syndromes, PAP
* Biopsy (transbronch, CT-guided, VATS, open) if no clear precipitant and wiu unrevealing

SpEcIFic ETIOLOGIES OF ILD
Sarcoidosis (Loncer 207143831 155)
+ Prevalence: African-Americans, narthern Europeans, and females; onset in 34" decade
+ Pathophysiology: depression of cellular immune system peripherally, activation centrally

Clinical Manifestations of Sarcoidosis

Organ system Manifestations

Pulmonary Hilar LAN; fibrosis; pulm hypertension. Stages: | = bilat hilar
LANG Il = LAM + ILD; Il = ILD only; IV = diffuse fibrosis,

Cutaneaus (-15%) Wany skin plagues; lupus pernio (violiceous facial lesions)

Erythema nodosum (red tender nodules due to panniculitis,
typically on shins). Ddx: idiopathic (34%), infxn (33%,
strep, TB), sarcoid (22%), drugs (OCF, PCNs), vasculitis
(Behger's), IBD, lymphoma.
Ocular (10-30%) Anterior > posterior uveitis; T lacrimal gland
Endo & renal (10%) Mephrolithiasis, hypercalcemia (10%), hypercalciuria (40%)
Due to vitamin D hydroxylation by macrophages
Neuro (10% clin, 25% path)  CN VIl palsy, periph neuropathies, CNS lesions, seizures
| Cardiac (5% clin, 25% path) = Conduction block, VT, CMP

Liver, splesn, BM Granulomatous hepatitis (25%), splenic & BM gran. {50%)
| Constitutianal Fever, night sweats, anorexia & wt loss (a'w hepatic path)
| Musculoskeletal Arthralgias, periarticubar g bone eysts

v Lifgren’s syndrome: erythema nodosum + hilar adenopathy + arthritis (good prOgﬂOSIS}

* Diagnostic studies: LN bx — noncaseating granulomas + multinucleated giant cells
endobronchial ultrasonography superior to canventional broneh (JAMA 20133093457
BEDG PET can be used to identify extent and potentially targets for di bx

1 ACE (Se 60%, 90% w/ active dis., 5p BO%, false @ in granulomatous diseases)

* To assess extent: CXR, PFTs, full ophtho exam, ECG, CBC (lymphopenia, T eas), Ca,
24-h urine for Ca, LFTs; + Holter, echo, cardiac MRI, brain MRI, etc,, based on sfs

* PRoc steroids if sx or extrathoracic organ dysfen (eg. prednisone 2040 mg/d). mproves sx,
but doesn't A leng-term course; hydroxychloroquine for extensive skin disease; anti-TNF,
MTX,AZA, mycophenolate or cydophosphamide for chronicirefractory disease

* Prognosis: %/ spontaneously remic wiin 10 y (60-80% of stage I, 50-60% stage II,
30% stage |Il), w/ relapses uncammon; ~'f3 have progressive disease

Exposure

+ Drugsilatrogenic



Amio (dose & duration depend.): chronic interstitial PRA, < ARDS; Roc dic amio; steroids
Other drugs: nitrofurantain, sulfonamides, thiazides, INH, hydralazine, gold
Chemo: bleomycin (triggered by hyperaxia), busulfan, cyclophosphamide, MTX, etc,
XRT: COP/BOOP wi sharply linear, nonanatomic boundaries; DAH
* Pneumoconioses (inorganic dusts) (NEIM 2000:342:406; Clin Chest Mad 2004:467)
Coal worker's: upper lobe coal macules; may progress to massive fibrosis
Silicosis: upper lobe opacities + eggshell calcification of lymph nodes; T risk of TB
Asbestosis: lower lobe fibrosis, calcified pleural plaques, DOE, dry cough, rales on
exam. Asbestos exposure also — pleural plagues, benign pleural effusion, diffuse
pleural thickening, rounded atelectasis, mesothelioma, lung Ca (esp. in smokers).
Beryllinsis: multisystemic granulomatous disease that mimics sarcoidosis
+ Hypersensitivity pneumonitides (organic dusts): loose, noncaseating granilomas
Antigens: farmer's lung (spores of thermophilic actinomyces); pigeon fancier's lung
(proteins from feathers and excreta of birds); humidifier lung (thermophilic baceeria)

a14

Collagen vascular diseases [Cheu 2
+ Rheumatologic disease
Scleroderma: fibrosis in —67%; PHT seen in ~10% of CREST Pts
PM-DM: ILD & weakness of respiratory muscles; MCTD: PHT & fibrosis
SLE & RA; pleurits and pleural effusions more often than ILD; 5LE can cause DAH
* Yasculitis (can p/w DAH)
GPA (Wegener's granulomatosis) {# c-ANCA) wi necrotizing granulomas
EGPA (Churg-Strauss) (% c- or p-ANCA) w/ eosinophilia & necratizing granulomas
Microscopic polyangiitis (% p-ANCA) wio granulomas
+ Goodpasture’s syndrome = DAH + RPGM; typir,ally in smokers; © anti-GBM in 90%
* Lymphangioleiomyomatosis (LAM): crstu:, in %, Rx wi sirolimus (NEjM 2011,364:1595)

Idinpathic interstitial pneumonias (HP's) iAmcom 1013:186:73
+ Definition: ILD of unknown cause; dx by r.adﬂogrzphlc hlsl:nlaglc and clinical Feam;
e SEEERI
| Type Imaging/Histology Clinical
UIPIPF Reticular opacities, honeycombing, traction Sx =12 mo
bronchieccasis: periph, subpl., & basal 5-y more. -B0%
NSIP Homogenous ground-glass opacities or conselid.,  5x mos-y

reticular irreg lines; symmetric, periph, basal, subpl.  5-y more. 10%
Mimics CTD LD Cellular and fibrotic subtypes, (fibrotic = UIF)
latter similar to UIP but homogenous.

| COP/IBOOP  Patehy bilat consolid., nodules; subpl. & Can be pest-infxn, ‘

peribronchial, Prolif of granulation tissue in small HSCT, XRBT, rxn to
branchioles & inflam of surrounding alveoli. drugs. 5y mort <5%.

AP Diffuse ground-glass opacities, consolid. wi lobular  Sx <3 wh ‘
sparing. Path similar to DAD. &-ma mort. 60%

DIF Diffuse ground-glass opacities, reticular lines; lower  30-50 yo smokers |
zones, periph. Mo in alveali, S whs-mas

RB-ILD Bronchial thickening, centrilobular nodules, Death rare

patchy ground-ghss opacities. Mé in alveoli.

UIR usteal interstitial PNA (IP); IPF, idiopathic pulm fibrosis (Lancer 2011;378:1949); NSIR nonspeclﬂc IF;COR,
cryptogenic organizing PNA; BOOP beonchiolitis obfiterans wi' organizing PNA; AIP acute [P (Hamman-Rich
syndrome); DI desquamative 1P RB-ILD. resp broachiclitis-assoc LD

+ Rx for LIP/IPF: suppl Ch, pulm rehab, Rx for GERD, lung transplant referral

Pirfenidone (antifibrotic) or nintedanib (tyrosine kin. inhib mediating fibrogenic growth
factors) L rate of FVC decline (NEM 20143702071 & 2083 ARCCAM 2015:1523)

High-dose steroids may be used for acute exacerbations

+ Steroids for other 1Ps: MSIP (esp. cellular type) and COP arcom 20001625713,
benefit for AIP and DIF/RE-ILD (for which Pts should stop smoking)

Pulmonary infiltrates w/ eosinophilia (PIE) = eos on BAL + periph. blood

+ Allergic bronchopulmonary aspergillosis (ABPA)

+ Loffler's syndrome: parasites/drugs — transient pulm infilt + cough, fever, dyspnea, eos

* Acute eosinophilic PNA (AEP): acute hypox febrile illness; Rox steroids, tobacco cessation

» Chronic eosinophilic pneurnonia (CEP):"photonegative” of CHF, typically in women

Miscellaneous

+ Pulm alveclar proteinosis (PAP): accum of surfactant-like phesphelipids; & smolers; white
& gumimy sputum; BAL milky fluid (nepm 20033452527 R wi lung lavage & GMCSF

+ Langerhans cell granulomatosis (LCG): young & smokers; apical cysts; PTX (25%)

*+ Lymphocytic interstitial PNA: polyclonal B-cell infiloration (7 lymphomal; Rx: steroids



PLEURAL EFFUSION B

Pathophysiology
» Systemic factors (eg, T PCWP | oncotic pressure) — transudative effusion
* Local factors (ie, A pleural surface permeability) — exudative effusion

Transudates

» Congestive heart failure (40%): 80% bilateral, + cardiomegaly on CXR
occasionally exudative (esp. after aggressive diuresis or if chronic), but ~75% of
exudative effusions in CHF Pts found to have non-CHF cause (Chest 2002,122:1518)

* Constrictive pericarditis (knock on exam, calcification or thickening on imaging)

* Cirrhosis (“hepatic hydrothorax”): diaphragmatic pores allow passage of ascitic fluid
often right-sided (2/)) & massive (even w/o marked ascites)

* Mephrotie syndrome: usually small, bilateral, asymptomatic {rlo PE bic hypercoag)

* Other: PE (usually exudate}, malignancy (lymphatic obstruction), myxedema, CAFD

Exudates
* Lung parenchymal infection (25%)
bacterial (pal‘-!pneurnunic): can evolve along spectrum of exudative (but sterile) —
fibropurulent (infected fluid) — orgonzation (fibrosis & formation of rigid pleural peel).
Common causes; Strep pneumo, Staph gureus, Strep miller, Klebsieil, Pseudomonas,
Haemophilus, Bacteroides, Peptostreptococcus, mixed flora in aspiration pneurnonia.
mycobacterial: >50% lymphs 80% of the tme, ADA =40, pleural bx -70% Se
fungal, viral (usually small), parasitic {eg amebiasis, echinococcosis. paragenimiasis)
* Malignancy (15%): primary lung cancer most commaon, metastases (esp. breast,
lymphoma, etc.), mesothelioma (¢ serum osteopontin levels; NEW 2005:353:15)
* Pulmonary embolism (10%): effusions in ~40% of PEs; exudate (?5%) > gransudate
(25%); hemorrhagic—must have high suspicion bfc presentation highly variable
* Collagen vascular disease: RA (large), SLE (small), Wegener's, Churg-Strauss
* Gastrointestinal diseases: pancreatitis, esophageal rupture, abdominal abscess
* Hemothorax (HetslHety,.q >50%): trauma, PE, malignancy, coagulopathy. leaking aortic
aneurysm, aortic dissection, pulmenary vascular malformation
* Chylothorax (triglycerides =110): thoracic duct damage due to trauma, malignancy, LAM
= Other:
post-CABG: left-sided; initially bloody, clears after several wks
Dressler’s syndrome (pericarditis & pleuritis post-MI), uremia, postradiation therapy
Ashestas exposure: kenign; & eosinaphils
Drug-induced (eg, nitrofurantoin, methysergide, bromocriptine, amiodarone): & eos
Uremia; post-XRT; sarcoidosis
Meigs' syndrome = benign ovarian tumor — ascites & pleural effusion
Yellow-nail syndrome: yellow nails, lymphedema, pleural effusion, bronchiectasis

LI"T 443 wnag

Diagnostic studies
* Thoracentesis (NEM 2006:355e18)
Indications: all effusions >1 cm in decubitus view
if suspect due to CHF. can diurese and see if effusions resalve (75% do so in 48 h)
asymmetry, fever, chest pain or faitire to resolve — thoracentesis
parapneumonics should be tapped ASAP (cannot exclude infxn clinically)
Diagriostic studies:  total protein, LDH, glucose, cell count wi differential, Gram stain
& culture, pH; remaining fluid for additional studies as dictated by clinical scenario
Compiications: PTX (5-10%), hemothorax (~1%), re-expansion pulm edema (if =1.5 L
removed), spleen/liver lac; post-tap CXR. not routinely needed (Amak 1996124816
L PTXC i/ USS and experienced supervisor; even with INR. 1.9, risk of bleed low w/ U/S
& experienced operator (Chest 200%135:1315 & 2013; 144456 Archives 2010:170:332)
» Transudate vs. exudate ([ar4 2014311:2422)
Light's criteria: exudate = TPyl TP 0.5 or LDHaALDHzmum 0.6 or LDH
1 ULN of LDHyerm; 97% Se, B5% Spi best Se of all methods; however, will
misidentify 25% of transudates as exudates; .. if clinically suspect transudate but
meets criterion for exudate, confirm w/ test wi higher Sp
exudative criteria wi better Sp: cholss =55 mgldL (95-99% Sp): chol.y =45 mg/dL and
LDH.e =200 (98% Sp); choles/cholerm 0.3 (94% Sp); serum-effusion alb gradient <1.2
(92% Sp}; serum-effusion TP gradient =3.1 (91% 5p)
CHF effusions: TP rmay T with diuresis or chronicity — *'pseudoexudate”; alb gradient 1.2,
choles »60 mgfdL (Se 54%, Sp 92%) or clin judgment to distinguish (Ches 1002:123:1524)
* Complicated vs. uncomplicated parapneumonic {Ches: 1395,108:299)
complicated = # Gram stain or culture or pH <7.2 or glucose <60
complicated parapneumonic effusions usually require drainage to achieve resclution
empyema = frank pus, also needs drainage to achieve resolution



* Additional pleural fluid studies (NEM 2002:346:1571)
NT-proBNP =1500 pg/mL has 91% Se & 93% Sp for CHF jam | Med 2004,116:417)
WEBC & diff: exudates tend to have TWBC vs. transudates but nonspecific
neutrophils — parapneunonic, PE, pancreatitis
lymphocytes (=50%) - cancer, TB, rheumatologic
eos (>10%) — blood, air, drug rxn, asbestos, paragonimiasis, Churg-Strauss, PE
RBC: Het.s 1-20% — cancer, PE. trauma; HetaHetioos =50% — hemothorax
AFB: yield in TB 0-10% wi stain, 11-50% w/ culture, ~70% w/ pleural bx
adenosine deaminase (ADA): seen wi granulomas, =70 suggests TB, <40 excludes TB
cytolagy: ideally =150 mL and at least 60 mL should be obtained {Chest 2010:137:68)
glucose: <60 mg/dL — malignancy, infection, RA
amylase: seen in pancreatic disease and esophageal rupture (salivary amylase)
rheurnatoid factor, Cu50, ANA: fimited utility in dx collagen vascular disease
triglyeerides: =110 - ehylothorax, 50-110 - o lipoprotein analysis for chylomicrons
cholesteral: =60; seen in chranic effusions (eg, CHF, RA, old TB)
creatinine: effusion/serum ratio =1 — urinothorax
fibulin-3: T plasma andior effusion levels — mesothelioma (VEM 2012:367:1417)
+ Chest CT; pleural biopsy; VATS
* Undiagnosed persistant pleural effusions (Chin Chest Med 2006:27-309)
Transudative: most commaonly CHF ar hepatic hydrothorax, o sls CHF or cirrhosis,
NT-proBNPus consider intraperitaneal injection of technetium-99m sulffur colloid
Exudative (ensure using Sp test listed above): most commenly malig, empyema, TB,
PE. « sis malig, chest CT (I}, ADA or IFN-y release assay; consider thoracoscopy.

Characteristics of Pleural Fluid (not diagnostic criteria)

Etiology Appear WWBC diff RBC pH Glc  Comments
CHF clear, straw <1000 <5000  nermal = serum  bilateral,
fymiphs cardiomegaly
| Cirrhosis clear, straw <1000 <3000 normal = serum  right-sided
Uncomplicated  turbid 5-40,000 <5000 nommal =serum
| parapneumonic Dolys tol  (>40)

| Complicated wrbid 0 5-40,000 <5000 W Ll (<40} need drainage
| parapneumonic  purulent polys

i Empyema purulent  25-100000 <5000 bl W need drainage
: polys
Tuberculosis serosang.  5-10,000  <10,000
hmphs
Malignancy turbid o 1-100,000 <100,000 normal normal & cytology
bloody ymphs twol tod
Pulmonary sometimes  1=50,000  <100,000 normal = serum no infarct —
embolism bloody Dolys transudate
Rheumnatoid turbid 1-20,000 <1000 b RA LIl TRELC,50
arthritis/SLE variable SLEnl T imm.complex |
Pancreatitis serosang.  1-50000  <10000 normal = serum |eft-sided,
to turbid Drolys T amylase
Esophageal twrbid to <5000  <10000 M Ho lefe-sided,
| rupture purulent 50000 T amylase

Treatment

* Symptomatic effusion: therapeutic thoracentesis, treat underlying disease process

= Parapneumonic effusion (Chest 1000:118:1158)
uncomplicated —+ antibiotics for pneumonia
=2 hemithorax or complicated or empyema — tube thoracostomy

(otherwise risk of organization and subsequent need for surgical decortication)
locutated-» tbe thoracostomy or VATS; intrapleural +-PA + DNase | need for surgical
referral (NEIM 2011;365:518)
* Malignant effusion: serial thoracenteses vs. tube thoracostomy + pleurodesis {success rate
—B0-90%) vs. indwelling pleural catheter (jaas 2012307:2383); systemic steroids & pH <7.2
alw T pleurodesis failure rate
= TB effusions: effusion will often resolve spontaneously; however, weat Pt for active TB
* Hepatic hydrotharax
Rx: A pressure gradient {ie, | ascitic fluid volume, NIPPV)
avoid chest tubes: prn thoracenteses, pleuradesis, TIPS or VATS dasure of diaphragmatic
defects if medical Rx fails; NIPPV for acute short-term management

spontanecus bacterial empyema (SBEM) can occur (even wic SBP being present), ..
thoracentesis if suspect infection

transplant is definitive treatment and workup should begin immediately



VENOUS THROMBOEMBOLISM (VTE) |

Definitions

* Superficial thrombephlebitis: pain, tenderness, erythema along superficial vein

+ Deep vencus thrombosis (CVT): Proximal = thrombesis of iliac. fernoral, or popliteal veins
(nb,"superficial” femoral vein part of deep venaus system). Distal = calf veins below
knee; lower risk of PE/death than proximal (Thromb Heem 2009:102:493).

+ Pulmonary embalism {PE): thrombosis originating in venous system and embolizing to
pulmenary arterial circulation; 1 case/1000 person y; 250,000y (Archins 200316317117

Risk factors

* Virchow's triad for thrombogenesis
stasis: bed rest, inactivity, CHF, CVA wiin 3 mo, 2ir travel =6 h (NEIM 2001:779)
injury to endothelium: trauma, surgery, prior DVT, inflamm., central catheter
thrombophilia: genetic disorders (qv), HIT, OCP, HRT, tamoxdifen, raloxifene

* Malignancy (12% of “idiopathic” DVT/PE; i 2013,128:2¢14)

* History of thrembosis (greater risk of recurrentVTE than genetic thrombophilia)

*+ Obesity, smoking, acute infection, postpartum ([AMA 1997277642 Crc 20121252092

Thromboprophylaxis (hes: 2012141:1955, 2275, 1785)

Patient & situation Prophylaxis
Low-risk med; same-day surg & <40 y Earty, aggressive ambulation
Minar surgery in mobile Pt Mechanical Ppx

High-rigk med (immohbile, hio VTE, throm-  UFH 5000 U SC bid or tid, or LMYWH, or fonda (f
bophilia or cancer) & most surgery Prs  HIT @), er mech Ppx (sp. if high bleed risk};
! exended P wi NOAC (e 1016375534
High-risk surg {trauma, stroke, spinal [LMWWH or UFH SC] + mech Ppx
cord injury, hio VTE/thrombophilia)
Orthopedic surgery LMWH [or fonda, direct oral anticoag (qv) or
warfarin {INR 2-3)] + mech Ppx
NOACs overall appear favorable vs LMWH
Fovr enaxaparin, 30 mg bid for highest risk or 40 mg qd for moderate risk or spinalfepidural anesth, Dose adjst
qd in CrCl <30 mUimin, T 30% if BMI >40 (Ann Phanmecather 200%.43:1064).

Clinical manifestations—DVYT

+ Calf pain, swelling (>3 cm c/w unaffected side), venous distention, erythema, warmth,
tenderness, palpable cord, & Homan's sign (calf pain on dorsiflexion, seen in <5%)

+ Phlegmasia cerulea dolens: massive prox DVT wi edema, cyonesis, pain, compart. synd.

+ 50% of Ps with sx DVT have asx PE

+ Popliteal (Baker's) cyst: may lead to DVT due to compression of popliteal vein

“Simplified Wells” Pretest Pr_oi:abllity Seoring of DVT (JuMs 20063255:199)

+1 point each for: acove cancer (Rx engeing or wiin & mo or palliative);
paralysis, paresis, or recent immobilization of lower extremities;
recently bedridden for 23 d or major surgery wiin 12 wi;
localized tenderness along distribution of deep venous system;
entire leg swelling calf 23 em lurger than asx calf {at 10 cm below tibial wberosiey);
pitting edema confined to sx leg: collateral superficial veins (nonvaricase); previous DVT
| =1 points if alternative dx at least as likely as DVT

Pretest Probability Assessment (useful if outPr, less so if inPt jw w 2015175:1112)
Score <0 Score 1 or 2 Score 23
Low probability (5%) Moderate probability (17%)  High probability (53%)

+ For UE DVT,+1 point each for venous cath, local pain, & unilateral edema, =1 f alcernative
de =1 = unlilely; 22 = likely, /S if likely or if unlikely but abnl D-dimer (Aot 2014160:457)

Diagnostic studies—DVT

« D-dimer: <500 helps rfo; ! use 1000 as threshold if low risk jtana 2013:15893)

+ Compression U/S >95% Se & Sp for sx DVT (lower if asx); survey whole leg if 2mod prob

Flgure 2-3 Approzch to suspectad DVT (Chest 2012:141:23515)
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Clinieal manifestations—PE
* Dyspnea (-50%), pleuritic chest pain (—40%), cough (-23%), hemoprysis {-8%)
+ T RR (~70%), crackles (51%), T HR (30%], fever, cyanosis, pleural friction rub, loud Py
* Massive: syncope, Ho TN, PEA; T VP, R-sided S3, Graham Steell (PR) murmur

Simplified Wells Pretest Pmbabﬂiq-r Scoring for PE (tanals 2017154709
Prior PE or DVT + Clinical signs of DNT
Active cancer « HR =100 bpm
Immeobilization (bed rest =3 d) or surgery wiin 4 wk  + Hemoptysis
Alrernative dx less likely than PE

Dichotomized Wells Probability Assessment

| 1 Variable ="Unlikely” (13% probability) 22 Variables ="Likely” (39% probabilicy)

Diagnaostic studies—PE (EH} 1014:35:303

+ CXR (limited Se & Sp): 12% nl, a:elecusts effusion, T hemidiaphragm, Hampton hump
(wedge-shaped density abutting pleura); Westermark sign (avascularity distal to PE)

+ ECG (limited Se & 5p): sinus tachycardia AF; signs of RV strain — RAD, P pulmonale,
RBBB, 5:QuTu & TWVIV1=Vy (McGinn-White patcern; Chest 1997,111:537)

* ABG: hypoxemia, hypocapnia, respiratory alkalosis, T A-a gradient (Chest 1996;10%:78)
18% wi/ room air P,Oh 85-105 mmHg, 6% wi nl A-a gradient (Chest 1991:100:598)

+ D-dimer (a4 201531316581 high Se, poor Sp (~25%) = ELISA has »99% NPV
. use to rio PE if “unlikely” protest prob. (jama 2006295:172)
consider age-specific cut point: 500 if <50 y, 10x age if =50 y (pama 2014311:1117)

» Echocardiography: useful for risk stratification (RY dysfxn), but not dx (Se <50%)

= WIQ scan: high Se (~98%), low Sp (~10%). Sp improves to 97% for high prob VQ.
Use if pretest prob of PE high and CT not available or contraindicated. Can also
exclude PE if low pretest prob, low prob VO, but 4% false = (JAm# 1990:263:2753).

« CT angiography (CTA;see Radiclogy inserts; jama 2015;31474); Se —90% & Sp -95%;
PPV & MNPV >95% if imaging concordant wi clinical suspicion, 80% f discordant (.. need
to corsider both); - 1/4 of single & subseg may be false @ CT may also provide other dx

« Lower extremity compression U/S shows DVT in —9%, sparing CTA, but when added
to CTA, does not A outcomes (Lance: 2008:371:1343)

Figure 1-4 Approach to suspected PE (Aanofs 2015163701}
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[ Heely ! dinical PE prababilty I Ll
[ DDimer ] 2500
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Weorkup for idiopathic VTE (hgj# 2015.373:657)

* Thrombophilia workup: v if & FH, may be helpful but consider timing as thrombus,
heparin and warfarin A results. Not helpful for Pt if will not A management (eg, plan for
long-term anticoagultion regardless), although could be of use to relatives.

« Malignancy workup: 12% Prs w/ “idiopathic” DVT/PE will have malignancy; age-
appropriate screening adequate; avoid extensive wiu

Rislk stratification for Pts with PE

= Clinical: hypotension and/or tachycardia (—30% mortality}, hypoxemia

* CTA: RVILY dimension ratio 0.9 (Circ 2004110:3276)

+ Biomarkers: T oroponin & T BNP a'w T mortalicy, w' © Tn,decomp extremely unlikely (o
2002 106:1263 & H003;107:1576; Chest 1015 147685)

* Echocardiogram: RV dysfxn (even if normal troponin) (Chest 2013;144:1539)

Whom to treat (Lencer 2012:379:1835; Chest 147:e47195

» Superficial venous thrombosis: eleme extrmlrr WAl CoMpresses, compression
stockings, NSAIDs far s Anticoag if high risk for DVT (eg, 25 em, proximity to deep vein
<5 o, other risk factors) for 4 wih as —10% have VTE wiin 3 mo {4k 2010152218}

= LE DVT: proximal —» anticoag, If distal: anticoag if severe s, ofw consider serfal imaging
over 2 whk and anticoag if extends (although if bleeding risk low, mary would anticoag).



+ UE DVT: anticoagulate (same guidelines as LE wim 2011364:861). If catheterassociated,
need not remove if catheter functional and ongoing need for catheter.
* PE: anticoagulate
Anticoagulation options (fhei 2017:14 104195 & 2016 WA 20143117717
* Initiate parenteral Rx immediately if high or inwrmod' suspnwn the dx [esr.mg underway
+ Non-vitamin KK antag oral ﬂl‘l‘tlmﬂg (MEM 20710:363:249%, 207123661287, 201 3369.799 & 1406)
Preferred bic as good/better than warfarin in preventing recurrentVTE wi less bleeding
Can give as sole anticoag wi initial loading dose (riva or apixa) or initiate after 25 d
of parenteral anticoog {edox or dabi; 1" dose when dic IV UFH or wiin 2 h before when
next LMYWH dose would have been due)
* LMWH (eg enoxaparin 1 mg/kg SC bid or dalteparin 200 IUikg SC qd)
Preferred over UFH (espec in cancer) except renal failure (CrCl <25), extreme obesity,
hemodynamic instability or bleed risk. (Cochmne 200400001100}
Can use as outpatient bridge to long-term oral anticoagulation
« I cancer, LMWH | recurrence and mortality efw UFH & warfarin (NEIM 2003:349:146 Lancot
el 20085:577); v head CT for brain mets if melanoma, renal cell, thyroid, choricCA
* Fondaparinux: 5-10 mg 5C qd (NEM 2003:349:1695); use If HIT & avoid if renal failure
« IV UFH: B0 U/kg bolus — 18 Ufkgih - titrate w PTT 1.5-2.3 x cntl (eg, 60-85 sec);
preferred option when contemplating thrombolysis or catheter-based Rx (qv)
+ IV Direct thrombin inhibitors (eg, argatroban, lepirudin} used in HIT @& Pes
+ Warfarin (goal INR 2-3): start same day as parenteral anticoag unless instability and
! need for lytic, catheter-based Rx or surgery; overlap =5 d w/ parenteral anticoag
& until INR 22 % 224 h

Systemic thrombolysis (Ches 201

+ Typically TPA 100 mg over 2 h or wr-adjusted TNK bolus; risk of ICH ~1.5%, 7 w/ age

+ Massive PE (hemodynamic compromise): | death and recurrent PE each by ~50%
(AMA 2074:371:2414: EHJ 2015:36:605) & lower PVR long term (JACC 1990:15:45)

+ Submassive PE (hemodyn. stable but RV dysfxn on echo or enlargement on CTA. or !
marked dyspnea or severe hypexemia): L hermadyn, decompensation, T ICH, L mortality;
consider if <75 y andior low bleed rislc (NEM 2014;370:1402: jimA 20143 11:2474), Some
centers prefer catheter-directed therapy.

+ Moderate PE wi large clot burden (22 lobar arteries or main artery on CT or high-prob
VO wi 22 lobes wi mismatch): lwedase tic (50 mg if 250 kg or 05 mglkg if <50 kg for
both 10-mg bolus — remainder over 2 h) | pulm HTM wi = bleeding vs. heparin alane

+ DVT: consider if (2) acute (<14 d) & extensive (eg, iliofemoral), (b) severe sx swelling
or ischermia, (¢) catheter-directed Rx not available, and (d) low bleed risk

2 141e41%5 & 2076: 147315

Mechanical intervention

+ Catheter-directed (fibrinolytic & thrombus fragmentation/aspiration; Cic 2012:126:1917)
Consider if extensive DVT (see above) and w | postthrombotic synd (Lancer 1012379:31)
Consider if PE wi hemodyn. compromise or high risk & not candidate for systemic lysis or

surgical thrambectomy (Cr 20111242139, Preferred to systemic lytic by some centers.

1J/S-assisted improves hemodynamics & RV fxn vs. anticoag alone (EH) 201536597)

+ Thrombectomy: if large, proximal PE + hemodynamic compromise + contra. to lysis;
consider in experienced cir if large prox. PE + RV dysfxn () Therac €V Sug 2005;129:1018)

* IVC filter: use instead of anticoagulation if latter contraindicated
No benefit to adding to anticoag (including in submassive) (jaMA 2015:3131627)
Consider removable filter for temporary indications
Complications: migration,acute DVT, T risk of recurrent DVT & IVC obstruction (5—18%)

Duration of full-intensity anticoagulation

+ Superficial venous thrombosis: 4 whk

« 1% prox DVT or PE 2° reversible/time-limited risk factor or distal DVT: 3-6 mo

* 1% unprovoked prox DVT/PE: =3 mo, then reassess; benefit to prolonged Rx
Consider clot, bleed risk, Pt preference, and intensity of Rx when crafting strategy:
full-dose NOAC: B0-90% | recurrentVTE, 2-5x bleeding, but no signif excess in major

bleeding (NEM 3010:363:2499, 1013.368:699 & T09)

'z dose apixa (2.5 mg bid): B0% | recur.VTE, wio signif T bleeding (NEIM 2013:368:699)
warfarin, either regular (jAMA 2015314:31) or low-intensity (NEM 2003:348:1425)
aspirin: 31% | recurrent VTE (NEM 2012:366:1959 & 367:1979)

» 2"WTE event or cancer: indefinite (or until cancer cured) (NEW 20033481 425)

Complications & prognosis

* Postthrombotic syndrome (23-60%): pain, edema, venous ulcers

* RecurrentVTE: 1%y (after 1°VTE) to 5%y (after recurrent VTE)

« Chronic thromboembalic PHT after acute PE -3 8%, consider thromboendarteractomy
* Morality: ~10% for DVT and ~10-15% for PE at 36 mo (G 2O08A1TATIY



| PULMONARY HYPERTENSION (PHT

PHT defined as PA mean pressure 225 mmHg at rest
PA mean = CO » PYR + PA wedge pressure. Trans pulm grodient = PA mean — PA wedge.

Etiologies (Revised WHO Guﬁﬁ:aﬁnn) (Gire 2009,119:2250)

Primary Pulmonary - Idiopathic {IPAH): year‘ly incidence 1-2 per million; mean age of
E arterial HTN (PAH) onset 36 y (< older than %) &:% = ~Z 1, usually mild T in FAP

{group 1) Familial (FPAH)

Precapillary PHT Associated conditions (APAH)

PCWP 18 mmHg Cenneetive tissue dis.: CREST, SLE, MCTD, RA, PM, Sjagren

T transpulm grad Congenital L-R shunts: ASD, V5D, PDA

TPYR Porcopulmonary HTN (! 2° vasoactive substances not filtered in
ESLD; # hepatopulmonary syndrome)

HIV; drugs & toxins: anorexic agents, L-tryptophan

Pulmonary veno-ncclusive disease:! 2° chemo, BMT; orthopnea, pl
off, CHF, nl PCWP; art vasodil. worsen CHF jaRccv 2000,162:1964)

Pulmonary capillary hemangiomatosis

Left heart disease  + Left awrial or venwicular (diastolic or syswolic) dysfunction

(group 2). T PCWP Left-sided valvular heart disease (eg, MS/MR)

Lung diseases and/ - COPD * Alveolar hypoventilation (eg, NM disease)
or chronic L (] * Chronic hypoxemia (eg, high altitude)
hypoxemia (group 3)  + Sleep apnea + Developmental abnormalities

| Chronic thrombo- Prox or distal PEs; -z wio clinical ho PE (vEm 1011:358351)
embolic dis (group 4)  + Nonthrombetic emboli {tumor, foreign body, parasites)
Miscellaneous Sarcoidosis, histiocytosis X, LAM, schistosomiasis, ESRD
{group 5) Compression of pulm vessels (adenopathy, tumer. fibrosing

mediastinitis, histoplasmaosis, XRT)

Other: thyroid dis., glycogen storage dis., Gaucher dis., HHT,

sickle cell ete, chronic myeloprolif dio, splenectomy

Clinical manifestations
+ Dyspnea, exertional syncope (hypaxia, | CO), exertional chest pain (R ischemia)
» Symptoms of R-sided CHF (eg, peripheral edema, RUQ fullness, abdominal distention)
* WHO class:| = asx wi ordinary activity; ll=sx wi ord. activ; lIl = sx wi min activ; [V = sx at rest
Physical exam
* PHT: prominent P, R- sided 54, RV heave, PA tap & flow murmur, PR (Graham Steell), TR
= + RV failure: T VP hepatomegaly, perlphenl edema
Dnbn:nll: studies & workup () 2014, 130;182
= High-res chest CT:dil & pruning of pulm arteries, T RA & RY, rfn parenchymal lung dis.
» ECG: RAD,REBB, RAE ("P pulmonale™), RVH (Se 55%, Sp 70%)
« PFTs disproportionate | Dyco, mild restrictive pattern; ro obstructive & restrict. lung dis,
« ABG & polysomnography: | P.Oy and 5,0 (espec wf exertion), | P,CO:, T A-a gradient;
ria hypoventilation and OSA
* TTE T RYSP (but estimate over/under by =210 mmHg in /2 of PHT Pus; Chest 2011;13%.988)
T RA, RV, & PA; T pressure — interventricular septum systolic flactening (D" shape)
1 RY systolic fen (TAPSE <1.6 em); TR, PR:rfo LV dysfun, MV, AoV, congenital disease
» RHC: T RA, RV, & PA pressures; /' L-sided pressures and for shunt
if PAH: nl PCWE T transpulm gradient (mean PAP-PCWP =12-15), T PVR, £ 1 CO
if 2° to L-heart disease: POWP (or LYEDFP) =15 f PYR nl — “passive PHT"; PVR =240
mixed picture: if + PCWP — 1 PYR, then “reactive” PHT; if no A, then “fixed”
* CTA (largefmed vessel)V/Q scan (small vessel to rio CTEPH), + pulm angio if still concern
+ Vasculitis labs: ANA (—40% @ in PAH), RF, anti-5¢l-70, anticentromere, ESR

LFTs & HIV: rlo portopulmonary and HiV-associated PAH
&-min walk test ($MW'T) or cardlopulmonar}f exercise testing to establish fenl capacity
Treatment |(ACC 201
* Principles: 'I) prevem & reverse vasoactive substance imbalance and vascular remodeling
2 prevent RV failure: | wall stress (1 PVR,PAP.RY diam); ensure adeq. systemic DBP
* Supportive
Oxygen: maintain 5,04 =90-92% (reduces vasoconstriction)
Diuretics: | RV wall stress and relieve RHF sx; gentle bic RY is preload dependent
Digoxin: control AR, ! counteract neg. inotropic effects CCB
Dobutamine and inhaled NO or prostacyclin for decompensated PHT
Anticoag: not routinely used: L VTE risk of RHF, ? prevention of in situ microthrombi;
! mort. berefit even if in MSR, no RCTs (Cre 1984:70:580: Chest 2006:110:545)
Supervised exercise training; aggressive apneahypoventilatory Rx w/ CPAP/BIPAP

H| H0&3TET



* Vasodilators (ideally right heart catheterization prior te initiation; NeM 2004:351:1425)

acute vasereactivity test: use inh NO, adenosine or prostacychn to identify Pts Blely to

hiave long-term response to CCB (® response = | PAP 210 mmHg to <40 mmHg wi T

or stable CO) ~10% Pts acute responders; no response — snll candidate for other vamd-l.
| Vasoactive agel!ts Comments (data primarily in Group 1 Imie evidence in 27 PHT) |

I PDE-5 Inhibitor T oGMP — vasodilation, | smooth musele proliferation, | sx, T
Sildenafil, tadafafil, 6MWT, no data on clinical outcomes. Often first-line b/c minimal
| vardenafil side-effect profile: HA, vision A, sinus congestion (NgM 2009:361:1864).

| Endothelin receptor | Smooth muscle remodeling, vasadilation, | fibrosis, | s, T
antagonists (ERAs)  6MWT, | worsening PAH or need for prostanoids wi trend for
Bosentan, ambrisentan, L PAH mort. {w/ macitentan), Side effects: T LFTs. HA, anemia,

| macitentan edema, teratogen (NEIM 2002346:896; Cire 20081173010, NEM 2013.369.80).
| IV Prostacyclin Vasodilation, 4 pit agg, L smooth muscle proliferation; benefits T wi

Epoprostenc! (Flolan)  time (? vascular remadeling). T 6MWT, T QoL | mortality. Side
effacts: HA, flushing, jawfleg pain, abd cramps, nausea. diarrhea,
| catheter infxn (NEW 1993347396 & 1958:338273 Anafs 2000:132425).
Prostacyclin Same mechanism as prostacyclin [V but easier to take,
analogues [lloprost L side effects, and wi/o risk of catheter infxn, L sx, T 6MWT; |
| [inh} Treprostinil (IV,inh, trend to | clinical events w/ iloprost but not treprostinil.
SC)] & receptor Inhy R with improved VIQ matching, Selexipag | disease

agonist selexipag (PO} prog & hosp by ~40% (NEW 20153732822,

| Soluble guanylate MO-independent T cGMP — vasedilation, } smoath musde

cyclase (sGC) stim.  proliferation. L sx, T 6MWT in PAH; L s, L PYR, T 8MWT in CTEPH

| Riociguat {INELM 2013369319 & 330)

| oral cCB Consider if @ acute vasoreactive response; <% long-term responder

Nifedipine, diftiazemn (MNYHA I & rearnl hemodynamics) & have | mortality. Not 1 line

~ bit side effects: HoTN, lower limb edema (tirc 2005,111:3105).

= Upfront combination Rx (tadalafil + ambrisentan vs. monotherapy): L sx, | NT-BNP,

T 6MWT, | hospitalizations (NEM 2015373:634)

= Treat underlying causes of 2° PHT; can use vasodilators, although litde evidence

* CTEPH:Rx as 2bove, Pulm endarterectomy potentially curative (ARCCM 3011:183:1405),

* Refractory PHT:

balloen atrial septostomy: Rl shunt causes T CO, | 5,04, net T tissue Oy delivery
lung transplant (single or bilateral); heart-lung needed if Eisenmenger physiclogy

Figure 2-5 Trastmant of PAH (madified frem ACC 201362060 & EH) 20063767)
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Management of ICU patient

= Awaid tachyarrhythmias & overly aggressive volume resuscitation
*+ Cauton wi vasodilators if any L-sided dysfxn. Intubation can cause hemodynamic colfapse,

* May benefit from inotropes/chronotropes

* Consider fibrinolysis if acute, refractory decompensation (eg, TPA 100 mg over 2 h)

Prognosis

* Median survival after dx ~2.8 y; PAH (all etiologies): 2y 66%, 5-y 48% (Chest 2004;126:78.5)

* Poor prognostic factors: clinical evidence of RV failure, rapidly progressive sx. WHO
{modified NYHA) class IV, sMWT <300 m, peak VO: =10.4 mL/kg/min, T RA ar RV

or RV dysfen, RA =20 or Cl <2.0, T BNP jchest 2008;129:1313)

* Lung transplant: -y survival 66-T5%; 5-y survival 45-55% (chest 2004126:63-5)



B RESPIRATORY FAILURE

P.CO
R
* A-a gradient = PAO; - P20z normal (on room air) ="4 + age/4” or "2.5 + (0.2 x age)”
*+ Hypoxemia + nl A-a gradient: problem is L ROWFO; or T P.CO; (ie, hypoventilation)

Hypoxemia — P,0.=F O, x (760 —47)

| * Hypoxemia + T A-a gradient: problem is either
= R — L shunt, anatomic {congen. heart dis.) or severe pathophys. (alveoli filled wi fluid: eg,
PNA, pulm edema)); cannot avercome wi 100% O, blc of sigmoidal Hb-0; curve
"] WIQ mismatch where “shunt-like" areas (1 & nl Q) cause unoxygenated blood to mix
3 with oxygenated blood; can be overcome wi T O; delivery
- Diffusion limitation: generally seen with exercise/TCO
9| Figurn 2-6 Workup of acute hypoxemia
e
. e, e
‘ stdalion
fovmal A-a COFD, 0SA
. IBG_. gradient diaphragm or MM dis.
744 g ronarc
ntF,e0, amply 0, tank. tubing pb
high altitcia
. Ol with
hypasernia < 100% 0, S : " Fom
ey :"‘?D? * hypoxemia
ot AT Impaired diffusion
’ i S LD
Tous shun
ahveolar coapss (alectasis) siway {asihma, COPD)
alvactar filing (PNA, CHF) aveolar (PNA, CHF)
R — L cardiac shunt, pulm AVie vascular (PE)

+ Cyanosis: seen when =4 gldl of reduced Hb in blood vesseks of skin/mucous membranes
centrat L 5,0; (pulm disease, shunt); abnl Hb [metHb, sulfHb, COHb (not true cyanosis)]
peripherak: | blood flow — T Oy extraction (eg, ¢ CO. cold, arterial or venous cbstruction)

| Chemical Causes of Cellular Hypoxia

| Condition Causes Classic features  P,0; Pulse  CO-  Treatment
Oxsat Oxsat (+100% O;)
| Carbon Fires, portable Cherry-red skin =~ nl nl + Hyperbaric Oy

monoxide  heaters, awto exhaust  (COHb colar)
| Methemo-  Nitrates, sulfonamide, Chocolate brown  nl - mild | 4 Methylena

globinemia  benzocaine, dapsone blood blue
C}'zrlide Nitroprusside, fires,  Bitter almond nl nl nl Hydraxy-
industrial adar; pink skin (1501 cabalamin

CC‘ binds te Hb maere avidly than does O, Pulse oximeter (Ox) misreads COHb as HbO, - falsaly nl sat.
Oidizig drugs & Hb (ferrous) to MesHb ffervic) which canniot carry Oy, Pulze ax misreads MetHb 25 HbO3,
Cyanide imhibits mitochondrial @2 use —» cellular hyposxia but pink skin and T venous Oy sat.

Hypercapnia — P,GO, = K x —————

Etiologies of High T P.CO:
“Won't Breathe” “Can't Breathe"
L RR ¥ TV¥p andior L Vy
Respiratory Drive MM System CWI/Pleura  Lung/Airways
Voluntary hypervent. 4 Pl Abnl PEx Abnl PFTs
NI Plyy & A-a grad. 4 PErnax Abnl CT L End Tidal CO;
Metabolic alkalosis Neuropathies: cervical Chest wall: Lung parench.:
1° neurologic: brainstam spine, phrenic nerve, GBS,  abesity, emphysema,
stroke, wmer, 1° ALS, polie kyphaosis, ILD/fibrosis,
alveolar hypovent NMJ: MG, LE scoliosis CHF, PNA
2° neurologic: Myopathies: diaphragm Pleura; Airways: asthma,
sedatives, CNS infxn, PM/DM; L PO musc fibrosis COFD, O5A,
hypothyroidism dystrophies effusion bronchiect., CF

TVCO; rypically transient cause of T P,CO); Ddx: exercise. fever, hyperthyroidism, T work of breathing, T carbs.



MECHANICAL VENTILATION a

Indications

* Improve gas exchange: T exygenation, T alveclar vent and/or reverse acute resp. acidosis

* Relieve respiratory distress: | work of breathing (can account for up to 50% of total Oy
consumption), | respiratory muscle fatigue

* Apnea, airway protection, pulmonary toiler

SUPPORTIVE STRATEGIES PRIOR TO INTUB. OR AFTER EXTUE.

Oxygen Delh'er'_r 'S-yst.ems {Lancet 2016;387:1867)

. System or Device O; Flow®  FiO: range & Comments
| Low-flow nasal cannula =] 24-40%, 1L adds approx 3% RO,
| Standard face mask 5=10 35-50%, minirmum 3 Limin
Partial rebreather mask =10 40-70%
Monrebreather mask =10 G0-80% (ncl: 100% bJc air leaks)
Air-entrainment mask 10-15" 24=50%, F.O; stays constant
(Wertur ar Venti mask)
High-flow nasal ©; =40 21-100%. In nenhypercapnic acute hypoxemic
[NEJM 2015:372:2185 resp failure, + | intub. (espec if P04/ FOy
JAMA 20153132331 & =200) & | 90-d mort vs. stnd Oy or NFPY,
I Houde uae aftsr el L jesefo rAn6: |

*Limin. *Total airffow =60L/min. {Adapted from Marino B The iU Book, 4th ed, Philadelphia DWW, 21014:431)

Moninvasive Positive Pressure Ventilation (NPPV) (MM 201537230}
Indications Clincal; mod-severe dyspnea, RR >24-30, signs of T work of
Larcet 2009374250 breathing. accessory muscle use, abd paradox
Gas exchange: P,CO; >45 mmHg (& significantly worse than
baseling), hypexemia. P.Os/F0; <200
Contraindications  Chustrophebia, poer mask fit, AMS, vomiting cannot protect

£ Core Med 200735:2402 airway, extrapulm organ failure, HD instab, sev UGIB, T secretions
Continuous positive = PEEP. Pt breathes spont. at own rate while vent maintains
airway pressure constant positive airway pressure throughout respiratory cycle.
(CPAP) Ma limit on O, delivered (ie, can give hi-flow — FO; =1.0)
Used if primary problem hypaxemia (eg, CHF)

Bilevel positive =PSV + PEEP. Able to set both inspiratory (usually 8-10 cm H,O)
airway pressure and expiratory pressures (usually <5 cm HyO).
(BiPAP) Used if primary problem hyboventilotion; FO2 delivery limited
Mask ventilation Tigh-fieting mask connecting patient to a standard ventilator
¥ helmet bertar; [AMA Can receive PS -20-30 cm HyQ, PEEP 10 cm H;0, RO, -1.0
20161152415) Used for short-term support (<24 h} for a reversible process |
Conditions wl Cardiogenic pulmonary edema: may | intub, & mortality (ams
strong evidence 2005:2543 124 Loncet 2006;367:1155) although recent trial (wi high

crossover) did not show any mortality benefit (ME 2008;35%:142)
Lancet 2000:355:1931 COPD exac. w/ T P.CCx Lintub. & mart., but if pH <7.3 — intubate
ARCCI 2008:173:164 High-rick extub. (age 65, CHFEAPACHE Il =12): NPPY % 24 h

directly after extub. — | reintub. and, if P,CO;z =45 mmHg
during SBT, | mortality
JAMA 2016:315:1345 Hypoxemic resp failure afcer abdominal surgery: | reintubation
NEM 2001;344:481 Immunosupp. w! infiltrates: | complications & mertality

VENTILATOR MANAGEMENT

| ‘Ventilator Modes and Principles (NI 20013441986, CHEST 2015.148:340-355)

| Cont. mandatory  Vent delivers a minimum number of supported breaths
ventilation (CMY), Additional Pt-initiated breaths trigger fully assisted vent breaths
aka Assist control . Vent-triggered breaths identical to Pr-triggered breaths
(AC) Tachypnea — ! resp. alkalosis, breath-stacking, & auto-PEEP
May be pressure targeted or volume targeted (qv)
Pressure support  Support P-initiated breaths wi a set inspiratory pressure & PEEP
vent (PSY) A mode of partiol vent support because no set rate
Other Synch intermittent mand. vent: deliver min. # supported breaths;
Vr of additienal Pr-initiated breaths derermined by Pt’s effort
Proportional assist ventilation (PAV): delivers varishle pressure to
achieve rargeted % of work of breathing
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| Volume
| targeted

Pressure
targeted

| General
principles

FO;
W (tidal vol)
f (resp. rate)

Positive
end-
expiratory
pressure
(PEEP)

Inspiratory
time

Inspiratory
flow rates
Peak inspi-
ratory
pressure
{PIP)
Plateau
pressure

(Pyiac)

Yolume ;:*Fmsure Targeted

Vent delivers a setVr; pressures depend on airway resist, & lung/CW compl.
Benefit: T control over ventilation (ideal initial ventilator setting): benefit in
ALIYARDS; easy to measure mechanics (PIP, Py, airway resist, compl.)
Volume contral (VC) & vent delivers variable pressure (depending on real-
time lung compliance) to achieve setVr.

Vent delivers a fixed inspiratory pressure regardless of Vs

V7 depends on airway resistance and lungfchest wall compliance

Benefit: May T patient comfort (PSV) requiring less sedation

Institutional/practitioner preference and patient comfort usually dictate
ventilator strategy; mo strategy has proven superior

Alarms can be set for T volumes and T airway pressures in pressure-
mrgeted and volume-targeted strategies, respectively

Risks: volutrauma (je, overdistention. if set volume toa high; NEW
2013:365:2128), barotrauma [can happen wi relatively high set volumes
(espec if stiff lungs) or if pressure target set tao high: key is to monitor
transpuimonary pressure (difference between Py, and esophageal =
intrapleural), not just airway pressure]; can result in PTX,
preumomedastinum

_ Hypo-fhyperventilation: need to v minute vent & pHP,CO;

Variables on the Ventilator
Fraction of inspired air that is oxygen
Volume of breath delivered; Lung protective ventilation: goal <6 ec/kg IBW
Rate set by ventilator, f may be lower than RR if Pt triggering breaths,
Adijust to achieve desired P,COs.
Positive pressure applied during exhalation via resistor in exhalation port
Benefits: prevents alveolar collapse, & shurt, T 05 via alveolar recruitment
and improved compliance, allows severely obstructed Pr to initiate breath
Cardiac effects: | preload by T intrathoracic pressure — | Yenous recurn;
| afterload by | cardiac transmural pressure; may T or L CO and may
T or | oxygen delivery based on the above
Auto-PEEP or intrinsic PEEP: inadequate exhalation time — lungs unable
to completely empty before the next breath (i, “breath stacking”); if flow
at end-expiration, there must be pressure = auto-PEEPWill | preload
and may £ CO, espec if hypovolemic
Will T work of breathing 25 must be overcome by Pt to trigger breaths:
can prevent Pt from triggering ventiltor, extrinsic PEEP helps
Can be detected if end-expiratory flow # 0 before next breath
Can measure by occluding expiratory port of vent at end-expiration
Can | by: T exp time, J RR, J V5, Rx bronchospasm and secretions
Narmally LE ratio is -12; however, can alter | time {and consequently flaw
rate, see later); use in pressure-control mode
T flow rate — L | time — T E time — .. may improve ventilation in obstructve
disease, but may affect resp rate and bronchodilation/constriction
Dynamic measurement during inspiration; set in pressure-targeted mode
Determined by airway resistance and lung/chest wall compliance
T PIP wio T Py — T airway resist (eg, bronchospasm, plugging)
L PIP — | airway resistance or air leak in the system
Static measurement at the end of inspiration when there is no flow
Determined by resp system compliance (resist. not a factor since @ flow)
T Ppiae — 4 lung or chest wall compliance (eg, PTX, pulmenary edema,
pneumonia, atelectasis), T PEEP or auto-PEEP

Poi <30 cm HaO | barotrauma (1 Wy, L PEEP or T compl [eg, by diuresis])

Tailoring the ventilator settings
» To improve oxygenation; options include T FO;, T PEEP
5,0, BB-92% acceptable (ARCCM 1016;193:43)
First, T FOs. I =0.6 and oxygenation remains suboptimal, then try T PEEP:
If T PuO2/FO: and Pu stable, suggests recruitable lung (ie. atelectasis). Continue to
PEEP unil either can | FO; to <06 or Pu. 230 em H:O. If PEEP 20 & FiOz 1.0 and
oiygenation remains suboptimal, consider rescuelexpt strategies (see "ARDS").



If 7 PEEP yields no A or L P.OWRO; or T P,CO,. suggests additional lung not recruitable
and instead overdistending lung — T shunt & dead space; . | PEEP
*+ To improve ventiladon: TV} or inspiratory pressure, T RR (may need to 4 | time). Nb,
wolerate T P,COx (permissive hypercapnia) in ALIVARDS (qv) as long as pH >7.15.
Acute ventilatory deterioration (usually T PIF)

* Response to T PIP: disconnect Pt from vent,, bag, auscultate, suction, v CXR & ABG

Figure 2-T Approach o acute venolatory detsrioration

;—measaa— PIF — normat -;
v

. increased (eg, »40)
air leak * PE
A airway resistance extrathoracic process
P

normal Increased (eg, =30)

T airway resistance =PiP -7, In<10] L lung compliance - —— (v =60)

bronchospasm asynch broathing P PEER

socrations aule-PEEP

aspiration praumothorax, A-mainstem intub

{ventilator Wbing preblem) atelectasis, PNA, pulmonary edarma
FE

{Adzgted from Marina PL. The ICU Book, 3rd ed., Philadelphis: Lippincott Willams & Wilkins, 2007:467)

¥YWeaning from the ventilator (NEw 2012367:223): L 118

Perform daily assessment of readiness for sponraneous breathmg u-lal (SBT)

Clinieal sereening criteria:VS stable, minimal secretions, adequate cough, cause of
respiratory failure or previously failed SBT reversed

* Vent parameters: P,0n/FO; =200, PEEP <5, fiVy <105,Ve <12 Limin,VC =10 mLfkg; rapid
shallow breathing index (/) =105 predicts fallure, NPV 0.35 (NEm 1991;324:1445)

Daily awakening trial {d/c all sedation; Lancet 2008,371:126): Open eyes & w/o: agitation, RR
35, 5,03 <88%, resp distress or arrhythmias (if fail, restart sedation at ' prior dose).

SBT = CPAP or T piece » 30-120 min
failure if: deteriorating ABGs, T RR, T or | HR, T or | BR diaphoresis, anxiety

Tolerate SBT -+ extubation, Fail SBT — ! cause -+ work to correct —» retry SBT qd

! acetazolamide in Pts w/ COPD & metabolic alkalosis (jama 2016315:480)

Complications

* Onygen toxicity (theoretical); proportional to duration + degree of T oxygen (FO; =0.6)

* Ventilator-induced lung injury (see “ARDS")

* Ventilator-associated pneumenia (~1%/day, mortality race ~30%)
typical pathogens: MR5A, Pseudomonas, Acnetobocter and Enterobacter species
preventive strategies (ARCCM 2005:171:388): wash hands, HOB elevated, non-nasal intub.,

enteral nutrition rather than TPN, routine suction of subglottic secretions, avoid
unnecessary abx & transfusions, routine oral antiseptic, stress-ulcer prophylads wi
sucralfate (L VAR T GIB) vs. HzRAPPI, ! sitver-coated tubes (jasma 2008;300805)

* Laryngeal

edema: for Pts vent =36 h;? predicted by © cuff leak test. Methylprednisolone 20 mg IV
q4h starting 12 h pre-extub. -+ 1! edema and 50% . in reintubation (Laneet 20073691003}

ulceration: consider tracheostormy for patients in whom expect =14 d of mech vent — L
duration mech vent, L # |CU days (av) 2005:330:1243); no benefit to performing at -1 wi
vs, waiting until —2 wic (JAMA 2010:303.1483)
* Malnutrition (for all critically ill Prs): enteral nutrition initiated early is safe but not necessary
(JAMA 2012:307:795), but bolus may T risk of VAP & C diff (JFEN 2002:26:174); no clear
benefit to ving gastric residuals (JAMA 2013:305:249); permissive enteral underfeeding (-7
of calculated caloric req) & standard enteral feeding wi' similar outcomes INEM
1015:372:2398); parenteral nutrition should be delayed until after day B to L risk of
infections, cholestasis, RRT, ventilator days (Ngjw 2011:365-506)
+ Oversedatjon/delirium: BDZs and polypharmacy are risk factors
propofol: HoTN in ~25%; propofol infusion syndrome (PRIS) 7 espec wi high (=5 mglkgh)
& prolonged (>48 h) infusions & concom vasopressors - T AG, cardiac
rhabdomyolysis, T triglycerides, & reral failure (Crit Cor 2009:13R169)

dexmedetomidine: T vent-free days, but brady & HoTN c/w BDZ (jama 2012:307:1151
& 2016:315:1460)



‘ ACUTE RESPIRATORY DISTRESS SYNDROME

Berlin definition (Javs 2012
= Acute onset within 1 wk of cl:nn:al insult or wersening respiratory status
+ Bilateral infiltrates without alternative explanation (eg, effusion, atelectasis, nodules]
+ Edema not fully explained by fluid overload or congestive heart failure
+ Hypoxemia: P,Ou/FO; determined with 5 cm HyO of PEEP

P.OLIFO; 200-300 = mild ARDS (may be on NPPY), 100-200 = mod, <100 = severe
+ Chest CT: heterogeneous lung with densities greater in dependent areas
+ Lung bx: diffuse alveolar damage (DAD): @ req. may give useful dx info (Chest 2004125:197)
Pathophysiology
* T intrapulmonary shunt — hypoxemia (.. Rx wi/ PEEP to prevent derecruitment)
+ T increased dead space fraction (see Appendix), predicts T mort, (NEfW 1002:346:1281)
-l cumphance Vl{Pyu — PEEP) <50 mllem H.O

Ehologles
Direct injury Indirect injury
+ Preumonia (-40%) + Inhalation injury * Sepsis ( -25%) * Pancreatitis
+ Aspiration (~15%) * Lung contusion * Shock + Trauma/multiple fra:tures
| + Near drowning : + DIC + Transfusion (TRALI)
Treatment (prunarlly suppnruvp] (L 73S
« Goal is to maintain gas exchange. sustaln life, & avon:l vennlatorﬂnduged Iung injury (WILI)

[ Meai Mechanisms of VILI Ventllahm' Strategies (se:ARDsngt.urg}

Barotraumal/volutrauma: V1 <6 mL/kg, Py <30 em H10, tolerate TP,COy
alveolar dist - mech damage  (but keep pH >7.15), | mortality (MM 2000:342:1301)

| Biotrauma - 5IRS Low V1, open lung strategy w/ high PEEP

| Atelectrauma: repetitive Titrate PEEP to prevent tidal alveolar collapse
alveal recruit & decruit Sea below for options
Hyperoxia: ! injury; worsened T PEEP rather than FiO; (keep <0.60)
VIQ marching Orinduced injury only theoredical in humans

PEEP titration methods (best r 3d unclear)

* Mo benefit at given V1 if titrated to P,O; alone (NEM 2004:351:327; JAMA 2008.299.637)

* Best PEEP trial: incremental PEEP titration using compliance, Oy, hemeodynamics
If able to T PEEP wic T Py suggests “recruitabilicy”
- TPEEPif - T 5,0; (target =88-90%) & P, <30 cm HyO — | time on vent, bet-

ter lung mechanics (JAMa 2008:299:648), ! | morrality (jama 2010:103:845)

= ARDSnet “high” PEEP table for optimal FiOW/PEEP combo for goal 5,0; (ARDSnetorg)

» Esophageal balloon: used to determine true transpulmornary pressure, adjust PEEP
according to esoph pressure (=pleural pressure) t mainmin positive transpuln pressure
and optimal PEEP; improves cxygenation and lung compliance but no effect on martality
(NEM 2008353.2055); helpful in obese Pts or wi T abdominal pressure

Qther treatment considerations
* Fluid balance: target CVP 4-6 cm HzO (if nonaliguric & normatensive) — T vent|CU-free
days, but no A mortality (VEM 2006:3542564); PA catheter unproven (NEM 2006:3542213);
considar using BWP 200 to trigger diuresis (UOP goal 4.5-9 mUkg/h x 3
« Steroids: debate continues, Adverse effects include neuromuscular weakness, poor gl
control, ! infection. Benefit may vary by time since ARDS onset:
<72 h: older stdies wio benefit (vem 1987.317:1565); ! | mortality, T ventICU-free days in
more recent, controversial study (Chet 2007,131:954)
7-13 d:! benefit — T vent/ICU-free days, no mortality difference (MEM 2006354:1571)
=14 o: T mortality (NEIM 2006;354:1671)
« Paralysis: if P,O2/F.O <150, cisatracurium x 48 h | mortality by 32% (NEIM 2010:363:1107)
« Proning: if P.O»FO; <150, prane-positioning =16 h | mort. by -50% (NEM 2013:368:2159)
+ Experimental {j1mA 2010,304:2521)
Inhaled NO or prostacydlins: T PyO2/FO3,no | mort. or vent-free days (v 2007334779
Lunyg recruitment: apply CPAP 40-45 cm HyO » 2 min to recruit lung and then T PEEP @
maintain; sicker Pts had T recruitable lung (NEM 2006;354:1775 & 1639)
Driving pressire (AP = Poucea—PEEP): L AP alw 1 survival; target <15 (NEW 2015372747}
VW ECMO: may be useful in refractary ARDS, but no good trial data (MEJM 2011365:1905)

Prognosis | amt 107631578

« Moruality ~40% overall in cllnicalmals 9-15% resp. causes, 85-91% extrapulm (MODS)

« Survivors: PFTs —narmal, 1| DUCO, muscle wasting, wealkness persists (NEM 2003:348:683),
1 exercise tolerance, | Qol, T psych morbidity (NEM 20113641293}




SEPSIS AND SHOCK L

Definitions ([AM4 2016315:801)
Systemic inflammatory =2 of the following: (1) Temp =38 or <36°C; (2) HR =90, (3)
response synd. (SIRS)  RR 20 or P,CO; <32; {4) WBC >12k or <4k or >10% bands |

Sepsis Life-threatening organ dysfxn (SOFA A =2) due to infn
qSOFA =2 useful in triage of potentially septic pts
Septic shock Sepsis-induced circulatory abnl: pressor required for MAP

265 and lactate >2 despite adequate fluid resuscitation

Sequential [Sepsis-Related] Orga.n Failure Assessment (SOFA, 0-24 points)

Points o 1 2 3 4
Resp: P,04F0y =400 <400 <300 <2007 <100 |
Coag: plt (107ul) 2150 <150 <100 <50 <20
Liver: bili (mg/dL) <12 12-19 2053 6.0-11.9 212
CV: MAP! =70 <M dopa<Sor | dopa5.1-150r  dopa>15or
any DBA  norepilepi 0.1  norepilepi =0.1
Meuro: GCG 15 13-14 10-12 69 <b
Renal: Cr or <11 1219 20-34 3.5-4.9 =500 =5
uor =200

| Quick SOFA (qSOFA): =2 of following RR =22, AMS, SBP <110 mmHg

“wi respiratory support; “catehcols {in pglkg/min) for 214 Umn 1016315761775 & B01)

Shock (see “PA Catheter & Tallored Ther for subry,

+ Tissue hypoxia due to | tissue perfussun and hence l. tissue O delivery andlor
T O: consumption or inadequate O, utilization

* Typical signs include HoTN (SBP <90 mmHg or drep in SBP ~40 mmHg), tachycardia,
aliguria (UOP <05 cclkgh), A mentation, metabolic acidosis + T lactate

* Hard to dx as T SVR can maintain SBP. but tissue perfusion poor; shock index (HR/SBP)
20.9 and pulse pressure [(SBP — DBP)/SBP] <25% dues to mgnrﬁant shock

Fluids & Early Goal-Directed Therapy in Septic Shock (J4ma 2015:314708)

* EGDT uses IVF & pressors to target MAP 265 mmHg, CVP 8-12 mmHg and UOP 05
mlikg/h, and inotropes & PRBCs to achieve S,0; =70% in first & h (nEjm 2001;245:1268)

+ Did not | mortality c/w usual care in recent trials (NS 2014371:1496, 2014370: 1680 &
2015:372:1301); however Pts had already rovd =2 L fluid & abx, underscoring importance of
these interventions (see below), and avg 5,0, was >70%, .. no need for inotropes

* lactate clearance (220%/2 h) as effective as 5.0 to guide resusc. (JAMA 2010,303.73%)

* Crystalloid as good as colloid for resuscitation (jAMA 2013:310:180% NEM 2014370:1413)

+ Predictors of fluid responsiveness: pulse pressure variation =13% wi respiration (Cies
2008:133:253); resp. vartation in IWC diam, & passive leg raise. Static CVP poor surrogate.

* Hb goal =7 g/dL as good as %, except perhaps if coronary insuffic. (e 2014:371:1387)

* After early resuscitation, if ALWARDS, target CVP 4-6 mmHg as additional fluids may be
harmful — T ventilator/ICU days (NEfM 2006354:2564; Ches 2008;133:152)

Pressors (also see "ICU Medications”)

* MAP targer 65-70 mmHg as good as 80-85 and | AF (NEM 2014:370:1583)

* MNorepinephrine: | arrhythmia & mortality c/w dopamine (NEM 2010:362779: Crit Core Med
1012:48:725) and - is pressor of choice in septic shack

* Vasopressin: added to low-dose norepi not superior to high-dose norepi but ! benefit in
less severe shack (norepi 5-14) (Mg 2008358877 consider if HOTN catechel refractory

Antibiotics

* Start empiric [V abx w/in 1 h of recognition of severe sepsis or septic shodk; every hour
delay in abx admin alw 8% T in mortality (G Cars Med 2006:34.1589)

* If possible, obtain 2 sets of BCx before urgently starting abx (but do not delay abx)

« Bread gram-positive ['nr_l MRSA) & gram-neg (ind highly resistant) cr.werag\e + anaerobes

Su_rorda [INEjY 8717 & T008:3587 11; JAMA 10002831038 & 2009.301:23

* Cortisol secretion helps predict mcrnilt;. but treatment of adrenal |r151.rﬂinenc'_r is unproven
* Fossible mortality benefit w/in 8 h of severe septic shock (SEP <90 for =1 h despite fluids &

pressors) if post ACTH stim cortisol A <9 pgdL (ma 2002288862

* Mo martality benefit to early (<72 h) empirie corticosteroids in all Pts wi septic shock,
regardiess of ACTH stim; faster resolution of shock, more superinfxn (MEWM 2008:358:117)

* Hydrocortisone 50-100 q6-8h + fludrocortisone 50 g daily in septic shock refractory to
fluids & pressors, regardless of ACTH stim (i Care Med 2006:36:296)

Intensive glycemic control (NEM 2010:363:2540)

* No clear benefit; reasonable to keep glc <150 mg/dL using validated protocol

- NEIM 3163 1726)




| TOXICOLOGY
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Tox & Trans

. Drugftoxin

. Acetaminophen
|

I

salicylates

|
Opioids
Benzodiazepines

Calcium channel
blockers

Beta-blockers

Digoxin

Tricyclic antide-
pressants
Lithium
Ethylene glycol
Methanol

| Isopropanol
Carbon monoxide

Organophosphate

| Cyanide

{Chest 2011,140:1077)

Signs/Sx and Diagnostics
Vomiting, T AG & nl OG
metabolic acidosis, hepatitis &
hepatic failure, renal failure
Tinnitus, hyperventilation, abd,
pain, vomiting, AMS,

mixed TAG & nl OG metabolic
acidosis + respiratory alkalosis
L mentation, L RR, miosis

L mentation, ataxia, | RR

Bradycardia, AV block,
hypotension, HF,
hyperglycemia
Bradycardia, AV block,
hypotension, HF. hypoghrcemia
NIV, bradycardia, AV block,
delirium, xanthopsia.

 serum dig level (but may be
inaceurate if <6 b since last
dose), renal function
Hypotensian, seizures,
arrhythmia, 7 QRS, T QT
NMVID, tremor, hyperreflexia,
clonus, drowsiness, seizure, T
QT, AV block, bradycardia
CNS depression, T AG & OG
metabolie acidosic

CNS depression, blindness
TAG & OG mer acidosis
CNS depression, gastritis

HA, dizziness, nausea, AMS
carboxyHb level, CO-oximetry
(pulse ox. invalid)

Salivation, lacrimation,
diaphoresis, minsis, emesis,
bronchospasm, AMS

Coma, seizure, metabolic

acidosis, hypatension

Management options
N-acetylcysteine (NAC) infusion
Hemadialysis if massive O/D
See “Acute liver failure”

IVF resuscitation

Alkalinization wi NaHCO;
Maintain respiratory alkalemia
Consider hemadialysis

IV naloxone

Flumazenil not rec (can
precipitate withdrawal/seizures)
IVF, vasopressars, Ca infusion,
hyperinsulinemic euglycemia,
!intralipid emulsion, pacing
Glucagon, vasopressors, pacing

Correct hypokalemia
Digibind if hyperkalemia, life-
threatening dysrhythmia
Consider hemadialysis
Lidocaine for arrhythmias
IVF resuscitation, IV sodium
bicarbonate, vasopressors
IVF (NS}, maintain UOP
Consider hemodialysis

Ethanol or fomepizole, NaHC O3
Consider hemadialysis

Ethanol or fomepizole, MaHC Oy
Consider hemodialysis
Supportive care

100% normobaric oxygen,
hyperbaric O; in severe cases

Endotracheal intubation for
respiratory failure, atropine,
pralidexime, benzediazepines

IV Na nitrice and Na thiosulfate
IV hydroxocobalamin

LUNG TRANSPLANT

Overview
= Indications: end s

tage, progressive decline despite max medical Rx, <2-y life expectancy;

COPD, ILD (IPF), pulmenary HTM, cystic fibrosis, alpha 1-antitrypsin
= Contraindic age =65 (relative), uncontrolied/unRacd infxn, malig in prior 2 y, severe non-pulm
dis., BMI =35, active smoking. drug dependence, med noncompliance, psychosocial

Posttransplant care

* Immunosuppression: center dependent: no single best regimen. Tacro > cyclosporine (4
acute rejection) + steroids + MMFlazathioprine
= Serial PFTs, chest X-ray, clinic visits, bronchoscopy wi transbronchial biopsy

Complications

* Anastomatic: vascular (stenosis, thrombaosis) and airway (infection, necrosis, dehiscence,
granulation tissue, trachecbronchomalacia, stenosis, fistula)

= Acute rejection: | lung fxn, cough, SOB, fever. Dx wi trans-bronch bx, Rx immunosupp.

+ Chronic rejection: bronchiolitis obliterans w/ obstruction, Dx wi PFTs, trans-bronch ba, R
limited {azithromycin, montehubkast, A immunosuppressives).

* Infection: T bacterial, fungal, viral pneumaonia, systemic infections, CMV. Ol

» Malignancy: 2x 7 risk overall. 5.5« T risk lung cancer. PTLD (assoc w/ EBV) common.

* Misc: GVHD, CKDD, DM, CAD, CHF, stroke, encephalopathy, drug toxicity




ESOPHAGEAL AND GASTRIC DISORDERS .

DysPHAGIA

Definitions
* Oropharyngeal: inability to propel food fram mouth through UES into esophagus
* Esophageal: difficulty swallowing & passing food from esophagus into stomach

Figure 3-1 Etologies of and approach 1o dysphagia (NCP Gastrahep 2008:5:393; Mewrogostro 201124:57)

——— Dy=phagia
it inntigting swaliow;, drooiing, zensation of food
dysartina, cough, nasal iegurg g siuck

Structural Neuromuse

Zenkers. mallg, GHS |eg, stoke), inftam -
wdan, goiter,  ALS, myopathiss Z bl
pron sfrict pd

Struciural Meursmuscular
Hifculty we' solos oy ifficenlly w' sabds & dguids

intermitient  prog sz} intermilent s prog s prog sx/ GERD

prog
sx  chronic GERD sx + ches! pain
¥ A u K
Ring, Wity Peptic Esophagaal Spasm, Achalasia Esoph bypormatility,
Eos esophagitis  stricturs canger hyperconiraclile (DM, sclerederma,
esoph amyloicd, hypothyraid)

Structural dysphagia (JAMA 2015313 18; Gauro 20141471238
= Caused by inflammatory or malignant changes in oropharynx/esophagus; solids = fiquids
* Oropharyngeal
Zenker’s diverticulum (post pharyngeal pouch): in elderly, aiw aspiration, dx wi video
fluaresenpy, Rx wi endolsurg
alignancy, radiation injury, infection, goiter; osteophytes, proximal strictures/rings/webs
* Esophageal
rings (concentric cbstructing tissue, eg, Schatzki ring): near GE jxn, alw food impaction,
linked to GERD; Rx w/ PP, dilation
webs [nonconcentrick: usually prox, can be alw Fe defic. (Plummer-Vinson synd.)
peptic or XRT strictures, foreign body, tumor, vascular compression (dysphagia lusoria)
= Infxn esophagitis: odynophagia > dysphagia; often immunosupp wi Candida, HSY, CMV
* Pill esophagitis: odynophagia = dysphagia; NSAID, KCI, bisphosp., doxy & tetracycline
* Eosinaphilic esophagitis: predominantly young or middle-aged 4. Dx: > 15 eosfhpf on byx,
esoph dysfxn (ie, dysphagia, food impaction) & exclude GERD (empiric PP wial).
Rx: 3Ds: 1" modify Diet (@ milk, soy. eggs. wheat, nuts, fish): if na A, R wi Drugs
{swallow inh steroids); if ongeing sx & stricturing, Dilation.

Neuromuscular dysphagia
* Caused by aberrant motility or innervation of oropharynx/esophagus: sofids & liquids
* Oropharyngeal: consider CNS disorders (eg, stroke, ALS, myopathies, CNS tumors)
+ Esophageal: motility disorder afw dysphagia, CP. GERD; dx via manometry or high-res
esophageal pressure topugraphy. Entities include;
Distal spasm: uncoordinated peristaisis w/ simultaneous contractions
Hypercontractile: high amp contractions; Rx wiPP, nitrates/CCB/PDE, TCA/SSRI
Hypomatility: | amp of distal esaph centractions: seen in scleroderma, DM,
hypothyraidism; Rx wi PPl & R underlying disorder
Achalasia: simule. | amp contractions & L LES relaxation; barium swallow wi ditated
esophagus & distal “birds beak” narrowing; mostdy idiopathic, although can be afw
Chagas; Rx: pneumnatic dilation as effective as Heller myotomy (VM 20113641858 per
oral endoscopic myotomy; CCB/nicrates/PDEi; Botox inj if not candidate for surgery

GASTROESOPHAGEAL ReFLUX Disease (GERD)

Pathophysiclogy
* T acid exposure in esophagus, caused by T transient LES relaxations. Worsened by
T intraabd pressure (ag, abesity, pregnancy), | esophagegastric motility, hiatal hernia.
Rarely caused by T acid production except in T secretory states (eg, Zollinger-Fllison)
= Precipitants: supine position, fatty foods, caffeine, alcohol, cigarettes, CCB, pregnancy

L-£  IvIovHd0s3



Clinical manifestations
* Esophageal: heartburn, atypical chest pain, regurgitation, water brash, dysphagia
* Extraesophageal: cough, asthma (often poorly controlled), laryngitis, dental erosions
Diagnosis (b 2015.1634TC1
* Clinical dlagnosas based on sx and response to empiric trial of PPI (PPl test”)
* EGL:if (1) @ response to PPLor if (2) alarm features: dysphagia, vomiting, L wt, anemia
+ If dx uncertain & EGD nl -+ esoph manometry w/ 24-h esoph pH monitoring + impedance
Treatment (Lot 2013:3811933)
* Lifestyle: avoid precipitants, lose weight, aveid large & late meals, elevate head of bed
+ Medical: PPl achieve relief in B0-90% of Prs: H2 blockers for intermittent sx
+ Refractory: confirm w/ pH testing {on PPl to assess need for T Rx, or off PPl to verify dx).
If acidic or sx correlate w/ refliux episodes: surgical fundoplication (emerging Rx: LES
sphincrer augmentation w/ radiofrequency, implantable magnetic or electrical devices)
If nl pH or no sx correlation: Dx esoph hyp-ﬂ!e'rlsil.i\ritr. Rox wi TCA, SSRI or baclofen.
Cnrll'l'l{_ ations (MEJM 2014 1 L
* Reflux esophagitis (emslurls"ukers zbcm: GE pm} strictures (caused b*( chronic influmm)
* Barrect’s esophagus (BE; NEWM 2014:371:836): metaplastic columnar mucosa above GE jxn
replaces squam esoph epithelium (dx via EGD/bx)
Screen if GERD wi 21 risk factor for esophageal adena.: =50 y, &, white, hiatal hernia,
central adipesity, smoking. 0.1-0.3%/y risk of esoph adenocarcinoma, T if T dysplasia.
Management PPL.W/e dysphsia: surveillance EGD no seoner than g3-5y (limited data
on utlity of EGD screening in nondysplastic BE). Low-grade dysplasia: EGD q6-12mo;
potential benefic of endoscopic eradication, eg RFA (jaMa 2014311:1209),
High=grade dysplasia: endoscopic eradication (resection or ablation treatment).

PerTIC ULCER Disease (PUD)

Definition & etiologies (Lows: 2009.374:144%

* Uicers {break in mucosal lining =5 mrn} & erosions (<5 mm) in stomach and duodenum

* Principal risk factors: H. pylori infection > NSAID/ASA use

* H. pylori infection: causes —80% of duodenal ulcers (DU) & —60% of gastric ulcers (GU).
~50% of world colonized wi H pylor, but only 5-10% will develop PUD.

+ ASA & NSAIDs: damage to mucosa caused by | prostaglandin synthesis. Cause majority
of non-H, pylori-related DU & GU. Regular use afw 5-6x T odds of GIB,

* Other: smoking, stress, excessive EtOH, gastric cancer/lymphama, Crohn's, viral infxn (eg,
CMV/HSY in immunosupp), bisphosphonates, steroids (in combo w/ INSAIDS, but not risk
factor alone); rarely gastrinoma (Zollinger-Ellisen synd.), mastocytosis, idiopathic

+ Stress ulcer: sk factors = ICU & coagulopathic, mech vent, hlo GIB, steroid use: Rx wi PPl

Clinical manifestations

+ Epigastric abdominal pain: relieved with food (DU) or worsened by food (GU)

+ Complications: UGIB, perforation & penetration, gastric outlet obstruction

Diagnostic studies

+ Testing for H. pylori: stool antigen or EGD + rapid urease test. False © if on abx, bismuth,
PPl.so stop prior to testing if possible. Serclogy: | utility, useful only to exclude infection
in low prevalence areas {most of LLS.).

+ EGD (definitive dx): if fail empiric Rx or alarm features (see above); bx GU to rio malig & H.
pylori; relock in 6-12 wk if =2 cm, malig features, risk factors for gastric cancer (je, ® FHx,
HH. _nylan‘ a[mphic gastritis, dysplasia/ metapla;ia on bx, > 50 y.0.), or sx persist

Treatment ( A M0 3EL1557: Gur 201251848, & 3 4587,

* IfH. pﬂﬂr.i ea aradl(am( test and treat”) (Gose 2016.151_51]

Triple Ro: clarith + [amox, MNZ or levoflox] + PP1bid x 1014 d (if clarith resist rate <20%)
Quadruple R MNZ + TCN + bismuth + PP (if dlarith resist rate >15% or amox allergy)
erad vs. triple 93 vs. 70%, clarith sens 95 vs. 85%, resist 971 vs. B% (Loncer 1011:377:505)

Sequential Rx: PPl + amox = 7 d - PPl + clarith + MNZ x 7 d (Lancet 2013;381:205)
Besides PUD, test & Rx if: gastric MALT lymphoma, atrophic gastritis, FHx gastric ca

* If H. pylori = gastric acid suppression w/ PPl

+ Lifestyle changes: dic smoking and probably EtOH; diet does not seem to play a role

+ Surgery: if refractory to med Rx (1% r/o NSAID use) or for complicat’u:ns (see above)

Prophylaxis if ASA/NSAID required | 1hhT W A0Th:43:1263)

+ PPl if (a) hfo PUD/UGIB; (b) also on clopldogrel [although 7 L anuplt effect); (c] =1 of
the following: age =60, steroids or dyspepsia; prior to start test & Rx H. pylori

+ Caonsider misoprostol; consider H2ZRA if ASA monotherapy (Lawer 200%374:119)

+ Consider A to COX-2 inhibit (1 PUD & UGIB but T CV events) if low CV risk & not on ASA




GASTROINTESTINAL BLEEDING .

Definition

* Intraluminal blood loss anywhere from the oropharynx to the anus

* Classification; upper = above the ligament of Treitz; lower = below the ligament of Treitz

* “Severe” GIB: defined as having associated shock, orthostatic hypatension, L Het by 6% for
L Hb by 2 g/dL), er requiring transfusion =21 PRBCs. Requires hospitalization.

Clinical manifestations

* Hematemesis = blood in vomitus (UGIB)

* Coffee-ground emesis = blood exposed to gastric add (UGIB)

* Melena = black tarry stools from digested blood (usually UGIB, bue can be from R calon)

» Hematochezia = bloody or maroon-colored stools (LGIB or rapid UGIB)

Initial management

+ Assess severity: V5 including orthostatic As, [VP. Tachycardia (can be masked by [
use) suggests 10% volume loss, orthostatic hypotension 20% loss, shock =30% loss

= History: prior GIB, tempo of current bleed, specific bleeding manifestations (see above),
ather Gl sfs {eg,abd pain, A in bowel habits, weight loss, N/V), NSAID/ASA or EeOH use,
anticoagfantiplc drugs, hie or risk factors for drrhosis, radiation, prior Gl or aortic surgery,

* Physical exam: localizable abd tenderness, peritoneal signs, masses, LAN, prior surgery
signs of liver disease (hepatosplenomegaly, ascites, jaundice, telangiectasias)
rectal exam: masses, hemorrhoids. anal fissures, stool appearance, color, occult blood

» Resuscitation: placement of 2 large-bore {18-gauge or larger) intravenous lines
Volume replacement: NS or LR to achieve normal VS, UOP, & mental status

+ Lab studies: Het {may be normal in first 24 h of acute GIB before equilibration)
2-3% - 500 mL blood loss; low MCV — Fe deficient and chronic blood loss; pit, PT,
PTT; BUNICr (ratio =36 in UGIB bic Gl resorption of blood + prerenal azotemia); LFTs

+ Transfuse: B simple for type & cross; use O-neg if emerg for UGIB (esp. wi portal HTN)
transfuse wi more restrictive Hb goal (eg, 7 g/dl) or =8 g/dL if CAD (NM 2013:353:11)

* Reverse coagulopathy: FFP & vit K to normalize FT; plis to keep count =50,000

+ Triage: alert endoscopist. Consider 1CU if unstable VS or poor end organ perfusion.
Intubation for emergent EGD,if ongoing hematemesis, shock, poor resp status, A MS
? QutPe management if SBF 2110, HR <100, Hb 213 (4) or 212 (7). BUN <18,

@ melena, syncope, heart failure, liver disease (Loncer 2009;373:42)

Diagnostic studies

* Nasogastric tube can aid localization: fresh bbod or coffee grounds — active or recent
UGIB; nonbinody — does not exdude UGB (~15% missed). & oceult blood test no value,

+ UGIB: EGD wiin 24 h. If severe hleed, T Dix/Rx yield by gastric lavage and erythro 250 mg
1Y 30 min prior to endoscopy to clear stormach cantents fAn | Gasro 2006:101:1217).

* LGIE: colonoscopy (identifies cause in =70%), if severe, colo wiin 12 h — consider rapid
purge wi PEG solution (68 L over 4-6 h). If hematochezia a/w orthostasis, concern for
brisk UGIB — exclude UGIB wi EGD first. Push enteroscopy, anoscopy, capsule
endoscopy in combo wi urgent colo results in dy =95% of eases (01 Endo 2015:81:889).

+ Imaging: if too unstable for endo or recurrent bleeding, can then — IR procedure or surgery
tagged RBC scan: can identify general luminal location if bleeding rate 20.04 mLimin
arteriography: can loclize exact vessel if bleeding rates =0.5 mbL/min, aflows for IR Rx

* Emergen: explarawry laparotomy (ast resort) if no localization and life-threatening b1ee1:|

Euulug;r UGIB Comment & Treatment

PUD (20-67%) Treatment: PPI: 80 mg IV bolus + 8 mgh drip = 40 mg IV BID boluses
[MEIM 2016:3742367) Endoscopic therapy: epi inj + bipolar cautery or hemeclip.
See “PLID” Biopsies for  H. pylori and creac if &,
High-risk (for rebleeding) ulcer: arterial spurting. adherent clot, visible
vessel. Endo Rux, IV PPl % 72 h post EGD, then A to high-dose
aral PPl Arteriography wi embolization: surgery (last resort).
Intermediate-risk uleer: oozing, in ofw stable Pr. Endo Rx, can A to
oral PPl after EGD and observe 2448 h,
Low-risk ulcer: clean-based or flat. Oral PPl and 7 discharge.
Held anticcag & antiplatelet Rx until hemostasis; can resume after
hemostasis & PPl on board (B 2012:4423412).

Erosive Precipitants: MSAIDs, ASA, EtOH, cocaine, gut ischemia, XRT
gastropathy Stress-related mucosal injury in ICU P, Risk factors include severe
(4-31%) coagulopathy, mech vent =48 h, high dose glucacorticolds

Treatment: high-dose PP

Erosive esopha-  Risk factors: cirrhosis, anticoagulation, eritical illness, Rx effending
gitis (5-13%) cause + high dose PP repeat EGD later to rio underling Barretts.



GIB 34

Esophageal or  2° to portal HTN. if isolated gastric —» rfo splenic vein thromboasis.
gastric varices Pharmaocologic

(4-20%) Octreotide 50 g IV bolus — 50 pgh infusion (B4% success).
{Hep 200746922 Usually % 5 d, but most benefit wiin 24-48 h.

NEJM 2010:362:823) Abx: 20% cirrhotics piw GIB have infin, & -50% develop infxn
See “Cirrhosis™ during hospitalization; Ppx wi IV CTX, cipro, or leveflox x 7 d

Nonpharmacalegic
Endoscopic band ligation (>90% success) or sclerotherapy
Arteriography w coiling, or if available, endoscopic injection of
cyanoacrylate (glue) for gastric varices
Covered esophageal stent placement or balloon tamponade used
for bleeding refractory to ligation as bridge to TIPS (consider early
if persistent bleed on EGD or Child-Pugh C; N 2010:362:2370)
For persistent gastric variceal bleed: TIPS or balloon-retrograde
wansvenous obliveration
Portal HTN T pertal venous pressure — ectatic vessels, hyperemia in prox.
gastropathy gastric body. No endaescopic option; Rx portal HTN (octreotide), BB.
| Angicectasia  AWMs congenital Angioectasia (ectatic submucosal vessels) afw T
AVMs, HHT  age, CKD, cirrhosis, CTD, severe CV dis, Heyde syndrome: GIB dft
(see below)  angioectasias + aortic stenosis. Endo R

&=
T Dieulafoy's Large (1-3 mm) submucosal artery protruding through fundal
[ Lig ng
T lesion mucosa — sudden, massive UGIB, Difficult to identify. Endo Rax.
S Gastricantral “Watermelon stomach”; ectatic gastric vessels, often alw cirrhasis,
| E vasc_ectasia | CTD, typically older 7., Rx wi/ thermal hemostasis, repeat q4-Bwk to
> [(GAVE) eradicate lesions. TIPS does not imprave outcomes,
Aorroenteric  AAA or aortic graft erodes into 3" portion of duodenum.
fistula Piw “herald bleed", if suspected, diagnose by endoscopy or CT.

Malignancy {2-8%)  Endostopic hemostasis of mass temparizing mezsure till cancer Rx
Mallory-Weiss tear  GE jun lacerations due to vomiting — T intraabd pressure & shearing

(4-12%) effect. Can selff-resolve wio endo R, Rx w/ antiemerics, PPL
Cameron’s lesions  Linear erssions in hiatal hernia due to mech trauma of diaphragm
[ Post-sphincter- Oceurs in -2% of cases, T risk w/ more complicated procedure.

stomy beeding .| Blesding 1o ducdsum. R wi il fiemcsmst,
{61 Endase Chm W Am 2015:15:4715}

[ Etiology LGIB Comment & Treatment {un | Gosto 1015: 110:1265 & 2016:111:755)

Diverticular Pathophysiolagy: Intimal thickening and medial thinning of vasa
bleed (30%) recta as they course over dome of diverticulum — weakening of
vascular wall — arterial rupture. Diverticula more commaon in left
colon; but bleeding diverticulo more often in right colon,
Clinical: older, ASAINSAIDS, painless hematochesia, + abd eramping
Treatment: Usually stops spont. (~75%) but may mke hrs—days;
~20% recur, Can perform endo hemostasis wi epi injections +
electrocautery [NEIM 2000;34278), hemoclip, banding. Intra-arterial
vasopressin or embo, Surgery (partial colectomy) last resort.

| PalypTumor (20%)  Typically slow ooze, p/w fatigue, weight loss, iron deficiency anemia

Colitis (20%) Infectious (see "Acute Diarrhea"), IBD, ischemic colitis, XRT
Anorectal Internal, external hemorrhoids; anal fissures, rectal ulcers, rectal
disorders (20%) varices (Rx by | portal venous pressure in eirrhetics), XRT

Vascular (<10%) Angioectasia & AVMs (see above). Hereditary Hemorrhagic
Telungiectasia (Weber-Osler-Rendu): diffuse AYMs, telangiectasias
throughout Gl mucosa (also involve lips, oral mucosa, fingertips).

Meckel's Congenital blind intestinal pouch due to incomplete obliteration of

diverticulum vitelline duct. 2% of pop, w/in 2" of IC valve, 2" long, 7:9 2: 'l often
present age 1 (but can cause obscure GIB in adults). Dx w/ e
pertechnetate scintigraphy. Rx w/ angioembo, surgal resection.

Obscure GIB | 007; 1331694, GIE 2070.72:4
= Definition: contluued bleeding fmelen:l. I'lematod'iena) despite © EGD & colo; 5% of GIB
» Etiologies: Dieulafoy’s lesion, GAVE, small bowel angiodysplasia, ulcer or cancer, Crohn’s
disease, aortoenteric fistula, Meckel's diverticulum, hemaobilia
« Diagnosis: repeat EGD w/ push enteroscopy/colonoscopy when bleeding is active
If =, video capsule to evaluate small intestine (Gasto 2009;137:1197)
1f still 7, consider "™ Tc-pertachnetate scan ("Meckel’s scan™), enteroscopy (single-
balloon, double-balloon or spiral), tagged RBC scan and arteriography
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AcuTe DIARRHEA (<4 WEEKS' DURATION)

Acute Infectious Etiologies (WM 2014370:1532 JAMA 201531371}

Pathogen Epldemlology 8 Clinical Sx
Noninflammatory Predom. di small intestine absorp. & secretion.
Yoluminous ea, NIV. = fecal WBC & FOB.
Preformed toxin “Food poisoning” <24 h dur. 5. aureus (meats & dairy).
| B. cerews (fried rice), C. perfringens (rewarmed meats).
Yiral Rotavirus Outbreak person to person (PTP), {iarcare: flasts 48 d.
| Norovirus -50% of all diarrhea. Winter outbreaks; PTP & foodiwater;

| no immunity. Lasts 1-3 d. Vomiting prominent,
Bacterial E coli (voxigenic)  >50% of traveler's diarrhea; cholera-like toxin; <7 d.

| Vibrio cholerae Contam HyO, fish, shelifish; 30 casesly in U5, Gulf Coast.

| {Lancet 2012:379:2466)  Severe dehydration & electrolyte depletion,

| Parasitic  Giardio Streamsloutdoor sports, travel, cutbreaks. Bloating.

Acuee (profuse, watery) — chronic (greasy. malodoraous).
= malab | Cryptosperidia Wiater-borne outbreak: typically self-limited, can cause
| fnr mos (NEW 2005346:1723)  chronic infxn if immunosupp. Abd pain (80%), fever (40%). |
afier Rx) | Cychospora Contaminated produce
Inflammatory Predom. colonic invasion. Small vol diarrhea. LLQ
cramps, tenesmus, fever, typically © fecal WBC or FOB.
Bacterial = Campylobacter Undercooked poultry, unpasteurized milk, travel to Asia;

carried by puppies & kittens. Prodrome; abd pain —
“pseudoappendicitis”; o/b GBS, reactive arthritis, |

Salmonella Eggs, poultry, milk. Bacteremia in 5-10%. 10-33% of
(nontyphoidal) bacteremic Prs >50 y may develop aortitis, |
Shigefle Abrupt onset; gross blood & pus in stool; TT WBC,

| E coli (O157:H7  Undercooked beef, unpasteurized milk, raw produce; PTP |
& inv/hemorrhagic 0157 & non-O157 sp. (40%) produce Shiga toxin — HUS |
non-0157:H7) {typically in children). Gross blood in stool. |

| C. difficile See later |
Vibrio parahaem.  Undercocked seafood l

Salmonelia typhi Travel to Asia. Systemic toxicity, relative bradycardia, rose |

spot rash, ileus — pea-soup diarrhea, bacteremia, |

Other \"erswa undeﬂ:ooked pcrk ul!:pasteurr(ed rmlk abd pain
- “pseuc al |
Jleruﬂlunus. Ple.mmunns. Lu'term {meats & cheeses) !
Parasitic  E histofytico Contaminated foodfwater, travel (rare in U.S.); liver abscess
Yiral My Immunosuppressed; dx by shell vial cx of colon bx
Evaluation (WEM 2014.370:1532)

* History: stool rreq. bloody, abd pain, duration of sxs [~1 wih for viral & bacterial

(except C. diff), =1 wk for parasitic], travel, food, recent abx, immunocompromise

* PEx: vol depletion (VS, UOP axillae, skin turgor, MS), fever, abd tenderness, ileus, rash

+ Laboratory: v/ fecal WBC (high fake © & ©) or stool lactoferrin & calprotectin (PMN
products, SefSp >90%), stool cx, BCx, hytes, C off (if recent hospfabx), stool O&P (f =10 d,
travel o endemic area, exposure 1o unpurified HyO, community outbreak, daycare, HIV @
or MSM); + stool ELISAs (viruses, Crypto, Giardia), serologies (E histolytica)

+ Imaging/endoscopy warranted if wuming signs: fever, signific abd pain, blood or pus in
stools, =6 stools/d, severe dehydration, immunosupp, elderly, duration =7 d, hosp-
acquirad. CT/KUB if ! toxic maga:oion. siglcolo if immunosupp or ex ©

Treatment (Am | Gt

+ If none of the abnvs warnlng s:gns and Pt able to take POs — supportive Rx only:
oral hydration, loperamide, bismuth subsalicylate (avoid anticholinergics)

+ |f moderate dehydration: 50-200 mLlkg/d of oral solution ('/: tsp sale. 1 tsp baking soda.
8 tsp sugar, & 8 oz O diluted to 1 L w/ H;O) or Gatorade, etc. If severe: IV fluids.

* Fuoroguinolone or rifaximin if high suspicion for traveler's diarrhea

* If high suspicion for protozoal infection can consider metronidazole or nitazoxanide

* Empiric abx for non-hospital-acquired inflammatory diarrhea reasonable: FQ % 5-7 d
abx rec for Shigells, cholera, Giardia, amebiasis, Salmonella if Pr =50 y or immunesupp

or hospitalized, ! Campylobacter {if wiin 4 d of sx onset)

avoid abx if suspect £ coli O157:H7 as may T risk of HUS



DiARRHEA  3-6

CrosTripiuM DiericiLe-AssociaTep DiarrHea (CDAD)

Pathogenesis & epidemiology v

+ Ingestion of C. diff spores — colormuon  when mlonltﬂﬁrﬁ Ad by abx or chemo — release
of texin A/B — colonic mucosal necrosis & inflammation . pseudomembranes

= Most frequently reported nosocomial infxn; community-acquired infin may account for up
o 113 of new cases. Associated wi all abx (esp. fHactams, clinda, quinolones).

* Additional risk factors: elderly, nursing home residents, IBD, PPI (€D 2011531173)

Clinical manifestations (z spectrum o

+ Asx colonization: <3% healthy adults; n—?D% n hosplmllzed patients on antibiotics

+ Acute watery diarrhea (occ bloody) + mucus, often wi lower abd pain, fever, TTTWBC

* Pseudomembranous colitis: above sx + pseudomembranes + bowel wall thickening

+ Fulminant calitis (2-3%): toxic megacolon (colon dilatation 26 cm on KUB, colonic
atony, systemic toxicity) and/or bowel perforation

Diagnosis

* Only test if symptomeatic (diarrhea, s/s of colitis): test iquid stool {unless concern for ileus)

+ Stool ElA: detects toxin B andlor A {1=2% strains make A): fast (2—6 h); ' result highly Sp

+ Stool PCR: has T Se, but &1 i colonized in absence of active CDAD: should not necessarily
R if & PCR w/ © neg toxin assay (AMA M 20151751792

« Consider flex sig if dx uncertain and/or evidence of no improvement wi standard Rx

Treatment (NEM 2015 539: JAMA 2015;313:398
+ If possible dic abx ASAP s:op armmouft)' agents

+ Non-severe: vanco 125 mg PO g6h or MNZ 500 mg PO q8h » 10-14 d:equal cure
raves, but MNZ less well tolerated

» Severe (any of the following: =12 BM/d, Temp >103"FWEBC >15, HaTN, ICU care
required, ileus): vanco 125 mg PO qéh + MNZ 500 mg IV q8h

» [f worsening (ileus, T WEBC. T lactate, shodk, toxic megacolon, peritonitis): abd CT & urgent
surgical consult re: subrotal colectomy (? possible role for diverting loop ilesstormy or
colonic lavage); may alse consider vanco PR

= If Pt needs to continue on abx, continue C. diff. Rx for =7 d post-abx cessation

+ Stool carriage may persist 3—6 wle postcessation of sx & should not trigger further Rx
(retesting for C. diff of limited utlity during this time)

* Recurrent infection: 15-30% risk after dic of abx, most wfin 2 wh of stopping abx
Tt recurrence vanco 125 mg PO qbh x 10-14 d or fidaxernicin 200 mg PO bid « 10 d
Subsequent recurrences: vanco PO pulse — taper. Consule ID physician. Consider facal

microbial transplant (NEJM 2013,368:407 & JAMA 2016:315:142) or fidaxomicin (200 mg bid =
10 d). Pilot daza for oral admin of nontwsigenic C. diff strain spores (java 2015313:1719).
= Probiotics wio clear benefit (Loncet 2013;3821349)

CHrONIC DIARRHEA (=4 wht jama 2058:3152712)

General evaluation

= Clinically can be organized into watery, fatty, or inflammatory stools

+ Additional hs: timing (freq, relation to meals; nocturnal diarrhes alw organic eauses like IBD
rather than IBS),abd pain, wt loss, prior surg, chemo/XRT, diet (ind caffeine or poorly
absorbed carbs/sugars), infectious sxs, immunccompromise, travel, laxative use, etc.

* Hx offending meds: PP, colchicine, abx, HZRA, 55RIs, ARBs, NSAIDs, chemo, caffeine

* PEx: gen appearance (BMI), signs of systemic disease, surgical scars, rectal tone/DRE

* Lab testing: CBC, metabolic profile, alb, TSH, Fe studies, ESR; see under each category

* Imaginglendoscopy: colonoscopy for chronic diarrhea of unknown cause. Abd CT/MRI
usually warranted if systemic problem suspected.

Osmotic (watery; © fecal fat, T osmotic gap, | diarrhea with fasting)

* Caused by |ngemon of paorly absorbed cations/anions (Mg, sulfate, phos; found in
laxatives) or poorly absorbed sugars (eg. mannitel, sorbitol; found in chewing gum; or
lactose if lactose ntolerant). Diarrhea resolves wi cessation of offending substonece,

+ Dx: T stool osmotic gap (see Figure); stool pH <6 if unabsorbed carbohydrates

* Lactose intolerance (75% nomwhites & 25% whites lactase-deficient): can be acquired
after gastroenteritis, med iliness, Gl surg Clin: bloating, flatulence, discomfort, diarrhea.
Dx: H+ breath test ar emplnc lactose-free diet. Rx: lctose-free diet & lhctase tablets.

S._‘.H_L\_ryw avery; normal osmme rrhes w nal dinrrhiea))

* Caused by secretion ofanlons or K+ inta Iumm or inhiy mf rpuon — T HyO in stool,
Most commonly caused by bacterial toxins from infun (see above). Other causes:

* Endocrine: Addison’s,VIPoma, carcinoid, Zollinger-Ellison, mastocyrosis, hyperthyroid (T
maotility). o serum peptide levels (eg, gastrin, caleitonin VIP) & urinary histamine.

» Gl neoplasm: carcinoma, lymphoma, villous adenoma




* Microscopic colitis: common cause of chronic diarrhea wi obseure erigin. Often seen in
middle-aged women wi autoimmune disorders. NSAIDs, 55RIs, PPls notable triggers.
Graossly nl an colo but bic shows lymphacyuc & plasmacytic infileration of mucasa
thickened submucosal collagen. R antidarrheals, cholestyramine, bismuth, budesonide;
consider ant-TNFs if refractory.

+ Bile acid-induced diarrhea: ileal resection or disease (ag Crohn's), ete. - bile acids in
enlon — alectrolyte & HyO secretion, Rx wi empiric bile-acid binders (e, cholestyramine).

Fxnal/IBS (wat

rhes with f

Halausorpuen (farey z 5 AR | diarrhea w
* Defective mucosal ahsarpnon of nutrients bic As in:mucosal surhce [sm'gam] resection) or
gen. mucosal dis. (celiac, IBD). Bleating, foul-smelling, floating stocks (steatorrhea).
» Celiac disease (NEM 20123672419, Gostro 1015 148:1175)
Immune rxn in genetically predisposed Pts (- 1% pop) to gliadin, a compenent of
guten (wheat protein) — small bowel inflammatory infiltrate — impaired absorption
Other s/s: Feffolate defic anemia; osteoporosis; dermatitis herpetiformis; T AST/ALT
D 1gA anti-tissue transgluitaminase Ab (most Se), IgA anti-deaminated gliadin peptide
Ab; Igh -endomysial Ab. Duodenal by to confirm dx (blunted villi. crype hyperplasia,
inflamm infilerate) but may nat be necessary if seralogy @ and Pr sx. HLA-DOQQB
testing useful for high © predictive value if = serologies already on gluten-free dier
R gluten-free dier; 7-30% do not respond to diet — ! wrong dx or noncompliant
Complic—5% refractory sx, risk of T-cell lymphoma and small bowel adenocarcinoma
* Whipple's disease: infxn wi T whipplei (NEjw 2007 365:55)
Other sis: fever, LAN, edemna, arthritis, CNS As, gray-brown skin pigmentation, Al &
MS, oculomasticatory myorhythmia (eye oscillations + mastication muscle contract)
Rox: (PCN + streptomycin) or 3™-gen ceph x 10-14 d — Bacerim for 21y
= Small intestinal bacterial overgrowth (SIBO): colonic bacteria in 51 -+ steatorrhea,
B12/Fe defic, protein-losing enteropathy. Afw dysmotilicy (M neuropathy, scleroderma),
A'd anatormy (Crohn's, surgery, fistulze), immune deficiency, celiac, CF Dx wi! H' or "'C-
wylose breath testing or empiric abx. Roc wi 7-10 d abx (eg, rifaximin, MNZ, FQ).
» Other: slp short bowel resection (short bowel syndrome), chronic mesenteric ischernia,
eosinophilic gastroenterits, intestinal lymphoma, tropical sprue, Giardia infection

Maldigestion (farty; T fecal fat, T osmotic gap, | i ea wi fasting)

* Defective intraluminal hydrolysis of nutrients, typ. 212 pancreatic/hepatobiliary pathology

* Pancreatic insufficiency: most commonly from chronic pancreatitis or pancreatic cancer.
Test wi stool elastase, chymotrypsin levels, or empiric pancreatic enzyme replacement.

+ | bile acids due 1o | synthesis (cirrhosis), cholestasis (PBC), or sfp ileal resection, Test w/
empiric bile acid replacement therapy.

Inflammatory (¥ fecal WBC or lactoferrin or calpr ctin FOR, fever, abd pain)

= Infections: chronic C. diff, Entamoeba histolytica, Yersinia, CMY, TB especially in
immunocompromised hoses, CMY, C. dif notarious for causing exacerbations of IBD,

» Inflammatory bowel disease (Crohn's, UC)

* Radiation enteritis, ischemic colitis, neoplasia (colon caneer, lymphorma)

Figure 3-1 Workup of chronic darhe:

Chronic diarthea

@ facal faf - |Malabsorption or Maldigestion

& FOR & WBC

P : Based on hx: « fissoe
+— @ [actofe
® ;bzre?'r:r transgiut. Abs, stool elastase,
+ stod ex " "C-xylose & H* breath tests,
colonoscopy EGD wi bx, EUIS

stoot osmolic gap = Dsm,,, (usu 290) = [2 % (Na,, + K ..
rd b

<100 =100

Secretory or Functional I | Osmobc _I

¥ CT scan, colonoscopy ¥ H* breath lesl or amplric
hormana levels lactose-fron diel, laxative scraen

L-F vanwaig



|  DYSMOTILITY & NUTRITION

Functional Gl Disease
* Recurrent G sx caused by abnl gut-brain interactions rather than structural cause
= =20 types of FGIDs per Rome Il criteria; now Rome IV (Gosr 2016150:1257)
+ lrritable Bowel Syndrome (IBS) (jama 2015:113:949)
Abd discomfort alw =2 of following improve wi defecation, A stoal frequency, A stool form
IBS-C (constipation predominant) vs. IBS-D (diarrhea predominant) vs. IBS-M (mixed) vs.
1BS-U {undlassified). Sx may be related to stress, diet, lifestyle, possibly microbiome.
Treatment: exercise, cognitive behavioral Rx, & dier, probiotics, ! peppermint oil
|BS-C: laxatives (eg, lubiprostone, linaclotide, PEG), biofeedback
|BS-D: rifaxirnin or loperamide: eluxadeoline, p & x agonist. & antag (NEM 2016374242)
+ Cyclical Voriting Syndrome: stereotypic episodes of acute recurrent vomiting;
alw marijuana use, family hx of migraine
acute R antiemetics, IVF, sumatriptan, BZDs; pm'ention:TCMAEDS; avoid marijuana

Gastroparesis (Come Oinics of NA 2015541 Weeld | Gostrs 2015

» Delayed gastric Ernptylng wio obstruction, typically plw nausea [;90%} vomiting (=80%),
early satiety (60%), postprandial fullness/pain

+ Etiol: DM, post-surg, thyroid disease, critical illness, Parkinson's, opiates, CCB, anti-cholin

+ D gastric emptying scintigraphy

+ Treatment: prokinetic agents (metoclopramide or erythromycin), antiemetics for sx; feeding
tube if refractory; intrapyloric botox & gastric stimulator experimental

Dysmomiumy 3-8

Acute colonic pseudo-obstruction (O !
+ Definition: loss of intestinal peristalsis in absence ofmechamal ubstructlan
= Abd discomfore & distention, | / absent bowel sounds, = NIV, hiccups

* Typically in elderly, hospitalized, ill Pts, precipitated by: intra-abd process {surgery,
pancreatitis, peritonitis, intestinal ischemnia), severe medical illness (eg, sepsis), meds
(opiates, CCB. anticholinergics), metablendo abnl (thyroid, DM, kidney failure, liver
failure), spinal cord compression/trauna, neurologic dio (Parlanson's, Alzheimer’s, MS)

+ KUB or CT w/ colonic dilatation wio mech obstruction; cecal diam =14 cm alw high risk perf

+ Treatment: conservative measures (NPO, avoid offending meds) usually effective;
IV neostigmine (monitor for bradycardia), methylnaltrexone; bowel decompression w/
NGT, rectal tube, mlonoscop}". if refractory, colostomy or colectamy

Clrl’:\[]pdt ion (Amnais 2015 e

+ Defined as dissatisfaction w( defecation or (per Rome IIl); =2 of following during last 3 mo

#15% of the time: straining, lumpyfhard stools, incomplete evacuation, sensation of
anorectal obstruction, manual maneuvers to facilitate defecation, stool frequency <3lwk

» Secondary etiologies (4 M%)
Mech obstruction: malignancy. compression, rectocele, strictures
Meds: opioids, TCAs, anticholinergics, CCB, NSAIDs, diuretics, Ca™’, Fe
Memabolic/endo: DM, hypothyroid, uremia, preg, panhypopit, porphyria, T Ca, L K, 4 Mg
Myopathy/Neuro: Pariinson'’s, Hirschsprung's, amyloid, MS, spinal injury, dysautonomia

+ Dx: HEP wi DRE. Labs: consider CBC, alectralytes wi Ca, TSH. Colonoscopy if alarm sx.
Anorectal manometry/balloon expulsion test; colonic transit study; d

« Treatment: diet change wi T fluid intake, fiber supplementation
Bulk laxatives (psyllium, mechylcellulose, polycarbophil): T colonic residue, T peristalsis
Osmotic laxatives (Mg, sodium phosphate [avoid if CKD], lactulose): T water in colon
Stimulant laxatives (senna. castor oil, bisacodyl, docusate sodium): T motility & secretion
Enemalsuppository (phosphate, mineral oil, tap water, soapsuds, bisacodyl)
Lubiprostone (T secretion); methylnaltrexone and alvimopan for opicid-induced
Linaclotide T stool freq, L st.ralningmlcadng (NE;M 2011;365;6:527)

Mutrition in critical illness (seo "Mach Ventila weell) (NEfM 10143701717

« In theery, enteral superior to parenmrn! as maintains |!1t.egl'|t;-r and fum:non of Gl traet,
however, both routes with similar cutcomes (NEM 2014.3711673)

* Enteral (EN): start wiin 24-48 hr of ICU admission tends to L infxn & mort. Contraindic. if
obstruction, major GIE. Complications: ischemic bowel injury due to T demand for
splanchnic blood flow, esp. if hemadynamically unstable; aspiration PMA, (possibly | risk if
jejunal feeds but conflicting data), nasopharyngeal ulceration/bleeding/pain to due tube.

= Parenteral (PN): start after 7 d if unable to tolerate enteral feeds, or ? sooner (jans
1013309:2130); late (>day 8 of ICU stay) initiation of PN to supplement insufficient EN L
infin & time on vent (MEM 2011:385508). Contraindic: hyperosmolality, severe electrolyte
disturbances, severe hyperglycemia. sepsis is relatve contraindication. Cormplications:
hyperglycomia (due to d ), catheter sepsisithrombus, refeeding syndrome, LFT
abnl (steatosis, cholestasis, gallbladder sludge due to lack of enteric stimulation,




DISORDERS OF THE COLON |

DiverTICULOSIS

Definition & pathophysiology (o b 31
+ Acquired herniations of colonic mucosa & submucosa in areas where vasa recta penetrate
* Thought to accur in setting of abrormal motility and T intraluminal pressure

Epidemioclogy

~ Risk factors: | fiber, T red mear, obesity, smoking, physical inactivity, EtOH. NSAIDs

+ Prevalence higher w/ T age (10% if <40 y, 50-66% if =B y);"Westernized" societies

* Left side (90%, mostly sigmoid) = R side of colon (except in Asia where 75-85% R-sided)

Clinical manifestations
+ Usually asx, but 5-15% develop diverticular hemorrhage (see "GIB™) and <5% diverticulitis
+ Forasx diverticulosis, limited data far T fiber diet or avoiding nutsiseeds ([AMA 2008300:907)

DIVERTICULITIS

F'Mlluphysmlr;gf 2W007I5F 2057 Goeeroentarol 2075 147:1844)
= Retention of undlgested food and bacterla in diverticulum - fecalith formation —
obstruction — compromise of diverticulum’s bload supply, infection, perforation
* Uncomplicated: microperforation — localized infection
» Complicated {15%): macroperf -+ abscess, peritonitis, fistubs (65% w/ bladder), obstrxn

Clinical manifestations
* LLQ abdominal pain, fever, nausea, vomiting, constipation or diarrhea
* PEx ranges from LLQ tenderness £ palpable mass to peritoneal signs & septic shoclk
* Ddyx includes IBD, infectious colitis, PID, tubal pragnancy, cystitis, colorectal cancer
Diagnostic studies
* Plain abdominal radiographs to rfo free air, ileus or obstruction
= Abdominal CT (I'O'):>95% Se & Sp: assess complicated disease (abscess, fistula)
* Colonascapy contraindicated acutely T risk of perforation; do 6 wk after to rio neoplasm
Treatment |(jama 2 14311287, D ilen Recturn 2094:57-184)
* Mild: outPt Rx lndlcar.ed if ?t has few comorbldrtles and can tolerate POs
PO aby: (MMNZ + FQ) or amoxiclav for 7-10 d: liquid diet until clinical improvement
Possible that abx nat be needed for uncomplicated diverticulitis (Cochrane COO09052)
* Sewere: inPr R if cannot take POs, narcotics needed for pain, or complications
NPO, IVE NGT (if ileus)
IV abx (GNR & anaerobic coverage; eg, CTX/MNZ or pip-tazo)
* Abscesses >4 cm should be drained percutaneously or surgically
* Surgery: if progression despite med Rx. undrainable abscess, free perforation
Resection superior to laparoscopic lavage (jAMA 10153141364
After source control, 4 d abx may be sufficient (NEW 2015.372:1996)
Resection for recurrent bouts of diverticulitis on @ case by case basis
Consider lower threshold for urgent & elective surgery for immunocompromised Prs
Pravention
= Mesalamine = rifaximin may provide sx relief in chronic/recurrent dis. (Dig D S0 2007522934
* Risk of recurrence 10-30% wiin 10 y of 1 episade; more likely 2" episode complicated

PoLYPs & ADENOMAS

Pathophysiology & Epidemiology ivem 201

* Accurmnulation of mutations in colonic eplthe!lal' cell DNA affecting oncogenes & tumor
Suppressor genes — tumor initiotion (formation of adenoma; APC loss of fxn) — tumor
progression (adenoma — carcinoma; K-ras gain of fn, DCC, 53 loss of fn),

* Risk factors: T age. FHx {sporadic in 17 relatives, Lynch, FAP), IBD, T dietary far, central
adiposity, T EtOH, | fiber, T red meat, ? smoking, DM

= Protective factors: T physical activicy, ASAINSAIDs, Ca*" intake, HRT, L BMJ; possibly 1
fiber, vitamin D, fish oil, statins, selenium

* Neoplastic polyps: adenomas (tubular, villous, twbulovillous dysplasia), sessile serraved
adenomas/polyps (concern for interval CRC), carcinamas,

*+ Monneoplastic palyps: hyperplastic, juvenile, Peutz-jeghers, inflammatory

Detection

* Colonascopy is gold standard

* Recommended in all Pts starting at age 50 and then typically g 10y unless pathology found

= If & FHx stare age 40, or 10 y before age of dx in youngest family member, repeat 5y



"] INFLAMMATORY BOWEL DISEASE

Definition
+ Ulcerative colitis (UC): inflammation of the colonic mucosa; contiguows, starting at rectum
+ Crohn's disease (CD): transmural inflammation occurring anywhere in Gl tract, skip areas

Epidem & pathophys (nE Gantpn 201 1;140: 1785; Lancer 2 54)

+ 1.4 million people in US;prev 1: 1000 UC & 1:3000 CD; T incidence in Caucasians, Jews
« Mge of onset 15-30 y in UC and CD; CD is bimodal and has second peak at 50-70 y
* Smokers at T risk for €D, whereas nonsmokers & former smokers at T risk for UC

* Genetic predisposition + environmental risk factors — T cell dysregulation — inflammation

2100

ULCERATIVE COLITIS (NEM 20113651713, Lancer

Clinical manifestations

! + Grossly bloody diarrhea, lower abdominal cramps, urgency, tenesmus

"+ Extracolonic (>25%): erythema nodosum, pyoderma gangrenosum, aphthous ulcers,

a uveitis, episcleritis, thromboembalic events (esp. during a flare; Lancar 2010;375:657),
AIHA, seroneg arthritis, chronic hepatitis, cirrhosis, PSC (T risk cholangio CA, CRC)

Diagnasis

Colonoscopy: involves rectum (95%) & extends proximally and contiguously within colon
Classify by location: proctitis (25-55%), left-sided colitis (50-70%) and pancolitis (20%)
Appearance: granular, friable mucosa with diffuse ulceration; pseudopolyps

Histology: superficial chronic inflammation; crypt abscesses & architectural distortion
Barium enema with featureless and tubular appearance of colen (leadpipe appearance)
Flares: T ESR & CRP (not Se or Sp): @ fecal calprotectin (Se 77%.Sp 71%)

Complications

* Toxic megacolon (5%): colon dilatation {26 cm on KUB), colonic atony, systemic
toxicity, & T risk of perf. Rx wi IV steroids & broad-spectrum abx;: surgery if needed,

* Stricture (5%): eccurs in rectosigmoid after repeated episodes of inflammation

* CRC and dysplasia (see below)

+ For patients s/p surgery w/ ileal pouch, may develop pouchits (inflammation of lleal pouch,
up to Y of pts), Rx wi abx (MNZ, cipro), probiotics

Prognosis

*+ 50% of Pts in remission at any given tme; intermittent exacerbations in 90%; continual
active disease in ~18%. Rate of colectomy at 10 y is 24%.

+ Morality rate of severe UC flare is <2%, & overall life expectancy in UC = non-UC Pts

12:330:1806)

CROHN"S DISEASE (Lonce: 2012.380:1590

Clinical manifestations
+ Abdominal pain, loose/frequent stools (up to 50% © FOBT), fever, malaise, wt loss
+ Mucus-containing, nengrossly bloody diarrhea

= NIV, bloating, obstipation if presence of obstruction; extracolonic manifestations as in UC

Diagnosis

* lleocolonoscopy + bx is gold standard; small bowel imaging (eg MR-enterography —
91% accuracy in identifying Crohn's compared to endoscopy); apsule endoscopy

* Classify by location: small bowel (47%), ileocolenic (21%), colonic (28%); upper tract rare

* Montreal classification: age at dx, disease location & behavior (stricturing vs. nonstricturing,
penetrating vs. nonpenetrating), plus modifiers for upper tract & perianal disease

* Appearance: nonfriable mucosa, cobblestoning, aphthous ulcers, deep & long fissures

* Histology: transmural inflar ion with mor lear cell infilrate, noncaseating
granulomas (seen in <25% of mucosal biopsies), fibrosis, ulcers, fissures

+ Track disease severity w/ Crohn's Disease Activity Index (CDAl) questionnaire

Complications

* Perianal disease: fissures, fistulas, skin tags, perirectal abscesses (in 24% of Pes; perfanal
disease precedes intestinal symptomatology)

* Stricture: small bowel, postprandial abd pain; can lead to complete SBO & require surgery

* Fistulas: perianal, enteroenteric, rectovaginal, enterovesicular, enterocutaneous

» Abscess: fever, tender abd mass, TWBC: steroids mask sx, -. need high-level suspicion

* Malabsorption: ileal disease/resection: | bile acids abs — gallstones; L fatty acid abs
Ca oxalate kidney stones; L fat soluble vitamin abs — vit D deficiency — ostenpenia

Prognosis
* Variable at 1 y: -50% in remission, ~20% flare, ~20% low activity, —10% chronic active
= Ac 20 y, majority will have required some surgery; overall life expectancy is slightly



MAMAGEMENT (Gasto 2073745 1464)

Initial evaluation

+ H&P (V for intestinal & extraintestinal ifestations) and diag ie studies as above

* Lab: consider CBC/diff, LFTs, iron studies, B12, folate, vit D. Fecal calprotectin & lactoferrin
have higher Se & Sp than ESR & CRP

* Exclude other etiologies: infectious/ischemic colitls, intestinal lymphama/carcinoma,
CRC, IBS, vasculitis, Behger's, celiac disease, small imtestinal bacterial overgrowth

* Rule out infection (esp. CMV) before treating with immunosuppressants and biclogics

Goals of treatment

* Induce remission of acute flare — maintain remission; mucosal healing 1° goal

* Convention is step up Rx (least — most toxic). Early combined immunosuppression Rx not
yet widely adopted; consider if severe disease (Lancer 2015,3849815).

Medical Therapy for IBD (in stepwise sequence)
Ulcerative colitis
Mild 5-ASA: many formulations (sulfasalhzine, mesalamine, olsalazine,
balsalazide) depending on disease location. Used ta induce remission &
for maintenance. Complications: diarrhea, abd pain, pancreatitis.
Mild- MMX-budesonide: oral formulation of budesonide released throughout
Moderate  entire colon for flare. 1% pass metab | systemic adverse effects of steroid.
Moderate- PO prednisone: 40-40 mg w/ taper over several wks to induce remission
Severe AZA/E-MP: 0.5-1 mglkg and uptitrate over several wks for maintenance.
Complic: BM suppression, lymphoma, pancreatitis, hepatitis; » TPMT
levels prior to dosing to L risk of generation of toxic metabelites. In
selected cases can add allopurinol to boost activity in non-responders.
Severe or IV steroids: eg, 100 mg hydrocort gBh or 16-20 mg methylpred g8h to
refractory induce remission wi plan to taper & switch to non-steroid maintenance.
disease Cyclosporine: for severe flares refractory to steroids, 2-4 mglkg infusion
% 7 d wil goal to A to maintenance medication (eg, AZA/6-MP)
Anti-TNF (infliximab, adalimumab & golimumab): 15-20% remission rates
(oot 2012:141:257). For steroid-refractory flares or to maintain remission,
Complic: reactivation TB (# PPD prior to Rx); exclude viral hepatitis;
small T'd risk NHL; infusion & lupus-like rn, psariasis, MS, CHF.
Vedolizumab (see below)
Investigational: tofacitinib (janus kinase inhib; NEM 2012367:616), fecal
transplant (Gastm 2071514%:102)
Crohn’s disease

Mild 5-ASA: Sulfasalazine 4-6 g/d may be useful in inducing remission
Abx: FQIMNZ or amex/chy for pyogenic complic (fistulas, perineal dis)

Mild-mod  Budesonide: aral formulation able to reach fleum

| Mod PO predni: same as UC, for inducing remission, not maintenance
| severe AZAI6-MP: same as UC, for maintenance
I MTX: 15-25 mg IM/SC or PO qwk for maintenance; 1-2 mo to take effect
| Severe or  Anti-TMF: infliimab, adalimumab or certolizumab (pegylaced)
I refractory  If flare on infliximab, " trough & presence of ant-inflixi Ab, Low & = Ab —
| disease T doseffreq. If © Ab —+ A to other biokogic (Am | Gasire 2017;106:685),
Vedolizumab (anti-ce4[i7 integrin) and ustekinumab {anti-IL 12/23) if
refractory to anti-TNFs
SMAD?7 anti-sense oligonuclectide (NEM 2015:372:1104) under study

Surgery

* UC: colectomy if sx refractory to or intolerable side effects from meds, CRC, perforation,
toxic megacolon, uncontrolled hemorrhage. Often leal pouch-anal anastormass (IPAA).

* CD: resection if refractory disease; endescopic dilation or surgery for strictures; diverting
ileastomy for pcrlnea} disease

C Ancer scree IJIHH 5371441)

* Colon cancer: nsk in UC —2% at 10 y, -8% at 20 v, ~18% at 30 y. Similar for colonic
€D, plus risk of small bowel cancer as well. Dysplasia best marker for risk. Other
risk factors include: PSC, © FHx, greater extent of disease, stricture, & pseudopolyps.

* Surveillance: colonescopy wi random bx 8 y after dx to eval for dysplasia, g1-3y
thereafter based on risk factors, Chromoendoscopy using dye to stain high-risk lesions for
argeted biopsy is emerging technique. If high-grade dysplasia or dysplasia assoc,
lesion/mass — colectomy. Chemoprophylasis: 5-ASA & ursodeosxycholic acid (if PSC)

! beneficial (4G 1091:108:731; Akment Phomceal Thee 2013:35451).




J INTESTINAL ISCHEMIA

AcuTE MESENTERIC ISCHEMIA

Definition and Causes

* Reduced or absent blood flow to small intesting, typically caused by arterial (ie, SMA, or its
branches) occlusion or transient hypoperfusion or less often by venous occlusion

* SMA thrombaosis (-&60%): typically due to atherosderosis at origin of SMA; other risk
facrors incl. vascular injury from abd trauma, infkn, or mesenteric dissectionsfaneurysms

= SMA embolism (-30%): embolic ocdusion to SMA (has narmow take-off angle), often in
setting of AR valvular disease incl, endocarditis, atherosclerotic plaque in aorta

* Nonocclusive mesenteric ischernia (-10%): transient intestinal hypoperfusion due to |
CO,athero, sepsis, drugs that | gut perfusion (pressors, cocaine, amphetamines)

* Mesenteric venous thrombosis (MVT, -5%): a/w hypercoag. states, portal hypertension,
IBD, malignancy, inflammation (pancreatitis, paritonitis), pregnancy, trauma, surgery

* Focal segmental ischemia of the small bowel (<5%): vascular occlusion to small
segments of the small bowel (vasculitis, atheromatous emboli, strangulated hernias, XRT)

Clinical manifestations

= Total arterial or venous occlusion: sudden abd pain out of proportion to abdominal
tenderness on exam, progressing to frank infarction wi peritonzal signs if uncreated

* Monocclusive: abd distention & pain, NV, lower Gl bleeding due to mucosal sloughing;
often occurring after episade of hypoperfusion (e.g. cardiac event or shock)

InTesT IscwEm  3-12

Physical Exam
* From unremarleable +abd distention to peritaneal signs (bowel infarction); = FOBT ~75%

Diagnostic Studies

* Dx relies on high leve! of suspicion; rapid dx essential to avoid infarction {occurs wfin hrs)

* Mortality 20 to >70% if bowel infarcted: dx prior to infarction strongest pradictor of survival

« Laboratory: eften nl: -75% TWBC: T amylase, LDH, POy, D-dimer; -50% T lactate (late)

= KUB: nl early before infarce;"thumbprinting,” ileus, pneumatosis in later stages

* CT angiography (arterial phase): noninvasive test of choice; venous phase for dwx MVT

. Anglograph): gold standard; potentially therapeutic; indicated if vasc occlusion suspected

Treatment | |

= IWVENPO, optlrmz:e hemodyna:nics (minimize pressors), broad-spectrum abx, anti-
coagulation w/ heparin + tPA (for occlusive disease), IV papaverine (vasadilator; for all)

If evidence of peritonitis: to OR for surgical endovascular therapies & bowel resection

SMA thrombeosis: percutaneous (stenting) or surgical revascularization

SMA embolism: embolectomy (catheter-based aspiration ve. surgical)

MNonocclusive: correct underlying cause (esp. cardiac)

Mesenteric venous thrombosis: 36 mo. warfarin after initial heparinization, Fibrinolysis
or thrombectomy typically reserved for Pts w/ hemodynamic instability or refractory sx.

Focal segmental ischemia: typically surgical resection
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CHrRoNIC MESENTERIC ISCHEMIA

Definition and causes: | blood flow to gut typically because of mesenteric atherosclerosis

Sx: “intestinal angina™ = postprandial abd pain, early satiety, & | wt due to fear of eating.
If pain becomes constant — could represent acute thrombosis (see above).

D anglography (gold std) = gastric tonometry exercise testing + duplex U/S (if available)

Treatment: surgical revascularization (1% line); could also consider angioplasty + stenting

IscHemic CoLiTis

Definition & pathophysiology

= Nonocclusive disease 2° to As in systemic dirculation or anatomic/fenal As in local
mesenteric vasculature; often underlying etiology unknown, frequently seen in elderly

* “Watershed" areas (splenic flexure & rectosigmoid) most susceptible, 25% invalve R side

Clinical manifestations, diagnosis, & treatment

= Disease spectrum: reversible colopathy (35%), transient colits {15%), chronic ulcerating
colits (20%), resultng stricture (10%), gangrene (15%), fulminant colitis (<5%)

* Usually piw cramping LLQ pain w/ overtly bloody stool; fever and peritoneal signs
should raise clinical suspicion for infarction

+ D flex sigleolonoscopy or CT abdipelvis to make diagnosis; rfo IBD, infectious. colitis

+ Treaument: bowel rese, [V fluids, broad-spectrum abx, serial abd exams: surgery for
infarction, fulminant colitis, hemorrhage, failure of med Rx, recurrent sepsis, stricture

* Resolution wiin 48 h w/ conservative measures occurs in >50% of cases



PANCREATITIS A

ACUTE PANCREATITIS (AP)

Pathogenesis
* Pancreatic duct and acinar injury via direct or indirect toxicity - impaired secretion and
premature activation of digestive enzymes - autodigestion and acute inflammation
Etiologies (. 4
. Gallsbnnes ‘40%: > <, usually small stones (<5 mm) or microlithiasis/sludge
Alcohol (30%): & > ¥, 1" artack after ~10 y heavy use; usually chronic wi acure flares
Anatomic: divisum, annular pancreas, duodenal duplication cysts, Sphincter of Oddi dysfxn
Autoimmune; can pfw chronic disease, panc mass or panc duct strictures, T [gG4, 5 ANA
Drugs: 5-ASA, 6-MP/AZA ACEI, cytosine, didanosine, dapsone, estrogen, furosernide,
isoniazid, metronidazole, pentamidine, stating, sulfa, thiazides, tetracycline, valproate
Familial: a/w mutations in PRSS 1, CFTR, SPINK T, suspect if early onset (age <20 y)
Infections: ascariasis, clonorchiasis, coxsackie, CMV, HIV, mumps, mycoplasma, TB, toxo
Ischemia: vasculicis, cholesterol emboli, hypovolemic shack, cardiopulmenary bypass
Metabolic: hypertriglyceridemia (TG >1000; type | and V familial hyperlipemia), hyperCa
MNeoplastic; panc/fampullary wmors, mets (RCC most common, breast, lung, melanoma)
Post ERCP (5%): Ppx wi PR indomethacin (NEM 2012:366:1414), panc duct stent if high rigk
Post trauma: blunt abdominal trauma, pancreatic/biliary surgery
Toxins: organophosphates, scorpion toxin, methanol

R R

Clinical manifestations
+ Epigastric abdominal pain (90%), only 50% piw classic bandlike pain radiating to back
« 10% pain-free (due to analgesic/steraid use, immunosuppressed, AMS, ICU, post-op),
& o amylasellipase in Prs w/ unexplained shodk (4m ) Gasire 1991:86:322).
+ Nausea and vomiting (90%)
* Abdominal tenderness/guarding, } bowel sounds (ileus), jaundice if biliary obstruction
*+ Signs of retroperitoneal hemorrhage (Cullen’s = periumbilical; Grey Turner's = flank) rare
* Ddx: acute cholecystitis, perforated viscus, SBO, mesenteric ischemia, IMILAAA leak,
distal aortic dissection, ruptured ectepic pregrancy
Diagnostic studies
* Dx requires 2 of 3: characteristic abd pain; lipase or amylase =3x ULN; @ imaging
* Laboratory (4m | Gosuo 2013:108:1400)
levels of both amylase and lipase do not correlate wi severity of disease
T amylase: >3x ULN >90% sensitive, >70% specific for acute pancreatitis
false =: acute on chronic (eg, aleoholic); hypertrighyceridemia (£ amylase activity)
false = other abd or salivary gland process,acidemia, renal failure, macroamylasemia
T lipase: =3» ULN 99% sensitive, 99% specific for acute pancreatitis
false = renal failure, other abd process, diabetic ketoacidosis, HIY, macrolipasemia
longer half-life than amylase: useful in Pts wi' delayed presentation after onset of sx
lipase =10,000 has 80% PPV for biliary dx, 99% NPV for EtOH (i Ds Sa 2011:56: 3176)
ALT =3x ULN has 95% PPV for gallstone pancreatitis (Am | Gastro 1994:89-18€3)
+ Imaging studies (Am | Gastre 2013;108:1400)
Abd UIS: typically not useful to visualize pancreas (cbscured by bowel gas) but should be
ordered for ol pis with AP to rfo bilary etiology (ie, gallstones, BD dilatation)
Abd CT: not rec for initial eval unless dx unclear (local complic. not yet visible & concern
for AKI wi IV contrast). However, if persistent pain andlor dinical deterioration after 48—
72 h, CT(1") useful to rfo local complications (necrosis, fluid collections).
MRI/MRCP: Can detect necrosis; also used to assess for stones & ductal disruption
Endoscopic U/S (EUS}' limited role; useful for occult biliary disease (microlithiasis)
&u.verrty 1 | Gansp
* Severity defined br presence of argan fallure (AKI, resp failure, GIB, shock) & local or
systemic complic, (panc necrosis, fluid collections, gastric outlet cbstrxm, splenic & PVT).
Mild: 80% of cases. No organ failure or locallsystemic complications, low mortality.
Moderate: transient (<48 h) organ failure + locallsystemie complications, high marbidity
Severe: persistent (=48 h) organ failure, very high mortality
Prognosis
* Scoring systems (Gt Core Med 1999272372 Am | Gastrs 2009104966}
Ranson'sfAPACHE |I: earliest scoring systems predicting severity at 48 h using multiple
Phrsiqlugica] criteria; may have poor PPV for severe AP
BISAP: simple 5-point scoring system (BUM =15, impaired MS, SIRS, age =60, pleural
effusion) used wiin first 24 h; score 23 predicts T risk of organ failure, mortalicy
CTSk: uses CT findings at 48-72h (fluid collections, necrosis) to predict mortality
* Orher criteria: SIRS »48 h, rising BUN/Hct, obesity. comorbid disease predict I mortality

>
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Treatment ((in Gastr Hapoto 30713710 Am | Gt 10137 EjM 2014:370:150)

+ Fluid resuscitation: ea\ry aggressive IVF, titrate to UOP 205 rnLn"ng'h goal to L BUM &
Hct over first 12-24 h. LR may be superior to NS {1 SIRS, CRP at 24 h;avoid if T Ca)

* Mutrition (Cin Gastro Hepatal 2007;5:946; Intem Med 2011,51:513; Crit Core 2013:17:R118)

Early enteral feeding encouraged (maintains gut barrier, | bacterial translocation) though
new data suggest may not be superior to oral feeding at 72 h (NEM 2014:317-1983)

Mild: Start feeding once pain-free wio fleus. Low-fat low-residue diet as safe as liquid diet.

Severe: early {wiin 48-72 h) enteral nutrition indicated and preferred over TPM blc
L infectious complications, organ failure, surgical interventions, and mortality.

MNasogastric feeding shown to be non-inferior to nasojejunal feeding

* Analgesia: IV opioids (monitor respiratory status, adjust dosing if T renal impairment)

* Gallstone pancreatitis: urgent (wiin 24 h) ERCP wi sphincteratomy if cholangitis, sepsis,
or Thili =5, For mild disease, CCY during initial hosp to | risk of recurrence (lance
1015:386:126); defer surgery f necrotizing AP undl improvernent in inflam., fluid collections.

* Hypertriglyceridemia: insulin git (activates lipoprotein lipase), fibrates, + apheresis

* No role for ppx abx in absence of infectious complications (Wrd | Gastroenteral 201218:279|

Complications

* Systemic: ARDS, abdominal compartment syndrome, AKl, GIB (pseudoaneurysm), DIC

* Metabolic: hypocalcemia, hyperglycemia, hypertriglyceridemia

* Fluid collections:

Acute fluid collection: seen early, not encapsulated, most resolve wiin 1-2 wh wio Rx
Pseudoeyst: -4 wk after initial attack, encapsulated. No need for Rx if asx (regardless of
sizeflocation). If sx -+ endoscopic (Gawm 2013:145583) vs. perc/surg drainage.

* Pancreatic necrosis: Nonviable pancreatic tissue. CT-guided FNA if infection suspected
Sterile necrosis: if ask, can be managed expectantly, no role for ppx antibiotics
Infected necrosis (5% of all cases, 30% of severe): high mortalicy. Rx w/ carbapenem or

MDZ+FQ, “Step-up” R wi perc drainage and minimally invasive surg debridement ar

endoscopic necrosectomy superior to open NECrosectomy (NEW 20103521431
Pancreatic abscess: circumscribed collection of pus (usually wio pancreatic tissue),

usually seen 24 wi into course. Rx with abx + drainage (CT-guided if possible).

CHRONIC PANCREATITIS

Pathogenesis & Etiology

* Dften, but not always, recurrent acute attacks — inflammatory infiltrate - fibrosis -
pancreatic insufficiency (need to lose 90% of panc fxn to develop DM, fat/protein malabs.)

» Toxins (60-80% due to EtOH; smoking also important risk factor), idiopathic, generic,
autcimmune, relapsing AF, obstruction

Clinical manifestations

» Sus include epigastric pain, NIV over time will be painless and plw steatorrhea and wt loss

Diagnostic studies

* Labs;amylaseflipase T early, may be nl later. + fecal fat, | stool elastase & ATAT
v Alc, consider [gGA/ANA & genetic testing (CFTR, SPINK 1, PRSST) if young or & FHx.

+ Imaging: Ca'* on KUB/CT. ERCP!HRCF#EUS high Sens for dx: stricture, dilated ducts

Treatment (Loncet 20163

*+ Pancreatic enzyme repla.:emem: (may 4 pain by reducing CCK)

+ Pain control: smoking & EtOH cessation, analgesics, ESWWL for duct stones, celiac nerve
plexus block, thoracoscopic splanchnicectomy, resection.

Complications

* Pseudocysts, pseudoaneurysms, pancreatic ascites or pleural effusion, T risk of panc Ca

AUTOIMMUNE PANCREATITIS
Pathogenesis
» Lymphoplasmacytic sclerosing pancreatitis wi dense fibrosis and T 1gG4 (type 1), or
granuloeytic epithelial lesions with minimal IgG4 cells (type 2)
Clinical Manifestations
* Abdominal pain, can p/w obstructive jaundice and panc mass mimicking panc Ca.
» Extrapancreatic; Sjdgren’s, interstitial nephritis, autoimmune thyroiditis, UC/PSC, RA
Diagnosis
* Labs: cholestatic LFTs (T Ad > AST/ALT), T y-globulins and 1gG4, © ANA, RF
* HISORe criteria: Histology, Imaging (“sausage pancreas”, bile duct stricture], Serology,
other Organ involvement, Response to therapy
Treatment

* Corticosteroids T"-line, immunomodulators (AZA, MMF, cyclophosphamide) if relapse



ABNORMAL LIVER TEST A

Tests of hepatocellular injury or cholestasis
+ Aminotransferases (ASTALT ) intracellular enzymes released 2° necrosis/inflammation
ALT more specific for liver than is AST (heart, skeletal muscle, kidney, brain, RBC'WVWBC)
T levels seen wf most types of hepatocellular injury, skeletal musc. injury, MI (AST = ALT)
* Alkaline phosphatase (A¢): enzyme bound in hepatic canalicular membrane,
T levels seen wi biliary obstrxn or intrahepatic cholestasis
alse faund in bane. intestines, kidney, placenta; confirm from liver wit T GGT (or T 5'-NT).
* Bilirubin: product of heme metab (unconjugated, “indirect”) carried by alb to liver
where taken up for conjugation {“direct”) to make soluble, then excrated into bile.
T direct hyperbill seen with cholestasis, enzymatic disorders (eg, Dubin-johnson, Rotor's)

T indirect hyperbili seen with hemolysis, enzymatic disorders (eg, Crigler-Majjar, Gilberts) F2
jaundice seen when bili >2.5 mg/dL (esp. in sclera or under tongue); 3

if hyperbili conjugated then T urine bilirubin S

Tests of hepatic function z
w

* Albumin: marker for liver protein synthesis, 1 slowly in liver failure (ty, ~15-18 d}
* Prothrombin time (PT): depends on synthesis of coag factors by liver (except FVIII);
blc ty; of some factors (eg,VVIl) is shart, T PT can occur wiin hrs of liver dysfkn

Patterns of LFTs
Pattern ALT AST Adb Bilirubin
Hepatocellular 11 Lkl 17 +T (direct}
Wiral hepatitis, NASH Cfeen ALT = AST +1 +T (direct)
Alcohalic hepatitis ASTAALT 2 21 it +7 (direct}
lschemic injury T T T TT (direct)
Wilson's disease 1 T Ap:Thili < 4
Cholestatic i1 7 7 17 (direct)
Infiltrative near nl mear nl iy £
Nonhepatic
Skeletal muscle injury AST == ALT nl nl
Bone disease nl nl T {wi nl GGT) ol
Hemolysis nl nl nl T (indirect)

* R-value = ratio of ALT:Ad normalized to ULN for each = (ALT/ULN) + (A¢/ULN)
R =5 suggests hepatocellular injury, <2 suggests cholestatic injury, 2-5 suggests mixed

Figure 1.3 Approach to abnormal liver tests with hepatocellular pattern

Hepatocellular injury
(predom T AST & ALT + T bili and Ag)

| I ] T T 1
; obesity, DM hypotension systemic
viral markers  autodbs tox screen Iypertipidemia CHF ot
A
Viral Auto- Drogs & | [ NAFLD | [ Vascutar |  [Haraditary|
hepatitis immumne Toxlng
Ischamic hemochrom
HAV, HEV, HCW, alcohol congesfive  al-AT defic
HOV, HEW, CMV. acetaminaphen Budd-Chiari Wilson's
EBV, HSW, V2V meds, oxns 508 celiac disease

* Workup for acute enzyme elevation (often symptomatic)
Severe ALT & AST elevation (>1000);
toxing (usu, acetaminophen) — o tox screen, EtOH, acet. levels. Other toxins: INH,
disulfiram, pyrazinamide, OTC/herbal, fenofibrate, niacin, amiodarone, MDMA.
ischemia (eg, sepsis, hypotension, Budd Chiari) — + liver UIS w/ Doppler. Etiologies
usually lead to T LDH, .. usually ratio ALTLDH <1.5 (vs.>1.5 wi toxins, viruses),
viruses (Hep A-E; HSV, CMV,VZY) ~» v viral serclogies
other {AIH, acute Wilson Disease, acute biliary obstrxn) — see ALF & cirrhosis sections
Acute mild-moderate ALT &AST elevation: as above, think meds/toxins (see kist at end of
section), viruses, ischemia/vascular issues in hospitalized Pts, obstruction (if mixed
picture), systemic disease (see “Warkup for chronic enzyme elevation” below)
* Workup for chronic enzyme elevation (often asymptomatic)
Sereen for commen causes: hep serologies, EtOH, liver LIS (2 MAFLD, cirrhosis), meds



If suspect undertying systemic disease: iron studies (HFE) ANAASMA, Ig levels (AIH);
ceruloptasmin, urinary copper (Wilson); oi1-AT (can cause liver dis even wio lung
involvement); celiac screening (rare cause of liver dis); thyroid studies; see “Cirrhosis™

If = evaluation — lifestyle modification (wt loss, DM control) & repeat testing 3-6 mo

If evidence of chronic liver disease or persistent lab abnl, consider liver bx

Figure 3-4 Approsch to aboormal liver tests with cholestave pattarn

Cholestasis
{pradam T As and bili, + T AST & AIT)
@ ductal dilatation KBducI!af ditatation

A—’
Hepatocatular dysfunction
- .

+TAp TT Ag
& “h
Billary apithalial Intrahap Bi
damage cholastasis obstru

hapatitiz (T ALT) meds: (ag, sax harmanes, eryihm) choledocholithiasks
cirrhosis (T PT L ab) TPN chalangiocarcinama

sapsis, post-op pancreatic cancer
PBC sclerosing cholangitis

* Workup for cholestatic pattern: v/ RUQ UJS to assess for ductal dilatation.
If @ (exurahepatic obstruction) — Pt may need ERCP & imaging (MRCP, CT) for dx/Rx
If no dilaation on WIS — « AMA (for PBC), viral serologies (Hep A-E, EBV, CMV); if
work-up negative, consider MRCP and liver bx. See offending med list below.

Figure 3-5 Approach to abeormal lver tests with infilurative pattern

Infiltrative pattern
(pradom T Ag, near normal bili, AST & ALT)

Malignancy | ] Granulomas| l Abscass ] I Other

HCG T8 Amoebic Medications
Matastatic Sarcoidosis Bacierial Idiopathic
Lymphoma Histoplasmosis

* Workup for infiltrative pattern: v GGT level 1o ensure Gl source of A¢ elevation.
If @ (T GGT & T Ag) -+ often imaging first step (RUQ LIS or CT; consider MRCP if these
studies negative): o SPEP (for amyloid), often need liver bix for definitive diagnasis.

Cnrnrnon medications that cause abnormal liver tests (e

Hepatocellular Cholestatic Mixed
Acarbose Pradnisane ACE inhibitors 6-MP Amox-Clav
Acetaminophen Protease Anabolic ocr Azathioprine
Allopurinol Inhibitors Steroids Penicillins Carbamazepine
Amiodarone Fyrazinamide Azathioprine Protease Clindamycin
Azathioprine Risperidone  Chlorpromazine Inhibitors Mirtazapine
Clindamyein Seating Estrogens Sufonamides  Mitrofurantain
Fibrates Sulfenarmides Macralides Terbinafine Penicillins
Hydralazine Tamoxifen Methimazole Tricyclics Phenobarbital
lsontazid Tetracyclines Phenytoin
Ketoconazole TNF-alpha Protease
Methotrexate inhibitors Inhibitors
Mirtazapine Trazodone Sulfonamides
Mitrofurantoin Tricyclics Trazodone
(Some) NSAIDs  Valproic Acid Tricyclics
Phenytoin Walproic acid
Verapamil




HEPATITIS

Yiral

Hepatitis A (ssRNA; 3045 acute viral hepatius in LS.

Transmission; fecal-oral route; ccntamlnaned Food..water. shelifish; daycare center outbreaks
Incubation: 2—6 wh;: no chronic carrier state

S| appetite, mahise, fever, NV, RUQ pain, jaundice; rarely fulminant (T w/ chronic HCV)
Diagnosis: acute heparitis = @ IgM ant-HAV; past exposure = @ IgG anti-HAV (= 1gM)
Rx for acute HAV: supportive care; refer to liver peplnt center if fulminant heparitis
Postexposure ppx: age 140 y — vaccine; age <1 y or >40 y, immunosupp, liver dis. — Ig

Hepatitis B (dsDNA; -45% of acute viral hepatitis in LLS;; Lances 2014:3842053)

* Transmission: blood (IVDU, transfusion), sexual, perinatal

* Incubation: 6 wk—6 mo (mean 12-14 wk)

= Acute infxn: 70% subclinical, 30% jaundice, <1% fulminant hepatitis (up to 60% mortality)

Chronic infxn; HEsAg & >6 mo in <5% of adultacquired (T if immunosupp), >90% of
perinatal; -40% chronic HBV — cirrhosis (T risk wi HCV, HDV, or HIV coinfen, EtOH)
HCC: T risk if cirrhotic, ® FHx HCC, African »20 y old, Asian & =40 y old or ¢ =50 y old, or
=40 y old wf T ALT + HBV DMA, >2000. Screen wf AFP & UJS gbma.
Extrahepatic syndromes: PAN (<1%), membranous nephropathy, MPGN, arthritis
Serologic and virologic tests (see Annas 201416158 for screening guidelings)
HEBsAg: appears before sx; used to screen blood donors; persists >6 ma = chronic HEY
HBeAg: evidance of viral replication and T infectivity
1gM anti-HBc: 1% Ab to appear; indicates acute infection
window period = HBsAg becomes =, anti-HBs not yet @, anti-HBc only clue to infkn
IgG anti-HBc: indicates previous (HBsAg ©) or ongoing (HBsAg ©) HBY infection
anti-HBe: indicates waning viral replication, L infectivity
anti-HBs: indicates resolution of acute disease & immunity (sole marker after vaccination)
HBY DNA: presence in serum correlates w/ active viral replication in liver

Diagnosis HbsAg a.nu-HBs anti-HBc HBeAg anti-HBe HBY DNA
Acute hepatitis 3] 1M @ =) @
Window period (=] =] 1M + + @
Recovery 2 & 18G @ 4 =
Immunization = 3 = 2] 8 a
Chronic hﬁpitll‘j! @ =} 13G & =] @
Heedg @

Chronic hepatitis & =} %G 8 & ¥
Heedg =

*Precore mutant: HBeAg not made, but anti-HBe can develop due to x-reactivity wi HBeAg aiw T HBV DNA
* Rx for acute HBV: supportive; hospitalize for A MS or T INR (liver transplant center);
consider antiviral therapy if severe

Phases of Chronic HBY
Phase ALT HBYDNA HBeAg  Liver Histology Progression
(ULN%  (IUimL) (inflammation/fbrosis)  to eirchosis |
Immune-tolerant NI =10 @ Minimal <0.5%/y
Immune-active 22 =20k @ Moderate-to-severe 2-55%ly
HBehg &
Inactive NI =1k 5] Min necroinflam.; 0.06%y
variable fibrosis
Immune React- 2D 22k @ Moderate-to-severe 8-10%1y
ivation; HEeAg

'-'preCorE mutant
FALT ULN <30 UIL for &, <19 WL for ¥ _Adzpted in:\m Hwnnul‘agv 2016:63261,

+ Rx of chronic HBY: Rx in immune-active or immune reactivation phases or cirrhatics wi
elevated HBY DNA or decomp, Consider liver bix if ALT 1-2x ULN or in immune-
tolerant phase if age »40 y, Rx if mod-to-severe inflammation or fibresis on bx.

+ Entecavir or tenofovir: nucleo(s/t)ide analogs. well tolerated, low resistance;at 5 y,
HBeAg seroconversion is 30-40% & loss of HBsAg is 5-10% (Gosre 2012:142:1 360
Lancer 2013;381:463). Tenofovir preferred if h/e lamivudine resistance.

* PEG IFN-u2a: At 2 y, HBeAg sercconversion is 27%; contraindicated if autoimmune
disease, uncontrolled psych disorder, seizures, decompensated cirrhosis




HepariTs  3-18

* Rx duration: {1) HBeAg © immune-active wio cirrhosis: if seroconversion (HBeAg =, anti-
HBe =), can stop after 1y if ALT nl & HBY DMNA suppressed or until HBsAg clears;
(2) HBeAg = immune reactivation;: indefinite; (3) cirrhotic: indefinite

* If undergo liver transplant: HBIG -+ nucleo(s/t)ide analogue effective in preventing reinfection

v HIVIHBY coinfection: Rx wi' 2 drugs active against both HBY & HIV (NEj#M 2007;356:1445)

* Immunosuppression: prior to initating chemaRee, anti-TNE steroids (=20 mgld = 1 ma).
screen Prs for HBV; Rx if moderate to high risk of reactivation (Goser 2015148:215)

+ Postexposure (risk infxn —30%) ppx: HBIG — vaccine (if unvac or known nonnﬁponder}

Hepatitis C (ssRMNA; -10% ritds in .S Lanes 2
Transmission: blocd (IVDU transfusion rare cause) =sexual; '20—30% w.l'o de.-ar precipitant
Incubation: 1-5 meo; mean 6-7 wih
= Acute infun: B0% subdinical; 10-20% sx hepatitis w! jaundice; fulminant hepatitis rare; prob
of spont chearance afw L2868 & HLA class |l genotypes (tanols 2013;156235)
Chronic: up to 85% — chronic hepatitis, 20~30% of whom develop cirrhosis (after -20 y
T risk of cirrhosis in men, EcOH, HIV; HCC in 1-4% of cirrhotics/y
* Extrahepatic syndromes: mixed cryoglobulinemia, porphyria cutanea tarda, lichen planus,
leukoeytochstic vasculitis, thyroiditis, MPGN, IPF NHL and menoclonal gammopathies
Serologic, virologic, & genat{c tests
anti-HCY (ELISA} #in 6 wi, does not = recovery or immunicy; can be = after recovery
HCY RNA: @ wfin 2 wie, marker of active infection
HCY genotype (1-6):guides duration & predicts response to Rog geno. 3 aiw T riske HCC
D acute hepatitis = & HCY RNA, + ant-HCY; resolved = = HCY RNA, £ anti-HCV;
chronic = & HCV RNA, @ anti-HCY
Treatment indications (www: hevguidelines.org)
Acute:if no spont. clearance at 12-16 wh, can Rx w/ same regimens for chronic HCV
Chronic: Rx recommended for all except those with | life expectancy
Roc NS3/4A protease inhibitors (... previr”; PI), NSSa inhibitors (*...asvir™; INS5ai), RNA
polymerase inhibitors (.. .buyir”; RINAF), ritavirin (RBY), pegylated-inerferon (PEG-IFIN)

Approved HCY Regimens for Treatment-Naive Patients

Pl NS5ai RNAPI RBY PEG-IFN Genotypes
Daclatasvir Sofosbuvir + Ta,1b,2,3 |
Ledipasvir Sofosbuvir 12, 1b,4,5.6 |
Velpatasvir | Sofosbuvir 12,3456 |
Paritaprewir® Ombiltasvir Dasabuvir + 1a, 1k
Paritaprevie® Ombitasvir + 4
Simeprevir Sofesbuvir + 1a, 1b
Sofosbuvir & t 11,456 |
[ Grazoprevir Elbasvir + 1.4

*Boost with riconavir. www.hevguidelines.org,. NEIWM 2014;370:211, 120, 1483, 1574, 1879, 1869, 1973,

1983, 1993 & 20153732608 & 26718; Lancet 2014;384:1756.

Monitoring on Rx: CBC, INR, LFTs, GFR, HCY VL, and TSH (if IFM is used) prior to
starting R, Pls contraind. if decomp. liver dx (ascites, encephalopathy) or CTP score 7.
Dic Rx if jaundice, N/, wealkness, 10x T in ALT, or significant T in bili, Ap, INR after 4 wh

Goal is sustoined virologic response (SYR) = @ viremia 11 wk after completion of Rx.
Success depends on genotype but SVR rates »90% with current regimens

Special populations (HCWIHIV coinfection, decompensated cirrhasis, s/p liver transplant.
renal impairment): www.hcvguidelines.com for updated recs on mgmt

= Vaccinate all chronic HCV patients against HBY and HAY if not immune

= Postexposure (needlestick risk ~3%) ppx: none; if HCW RNA — @, consider Rx wiin 3 mo

Hepatitis D (RNA)

+ Transmmission: blood or sexual; endemic in Africa & E, Europe. Generally requires hast to
already have HBV infxn in order to cause co-infection or superinfection; in rare cases
(immunosupp sfp liver txplt) can replicate autonomously,

» Matural hx: acute HBV-HDY coinfection resolves in >80% of cases; however acute HDY
superinfection leads to chronic HEV-HDV in most cases (7 progression to crrhosis, HCC)

Hepatitis E (ssRN 1 y

+ Most common cause of acuts wr.ll hep:mtls in Endemlc areas

+ Transmission:fecal-oral; rravelers to central & SE Asia, Africa and Mexico, exp. to swine

* Matural hx:acute hepatitis wi' T mort, (10-20%) if pregnant; rare chronic in transplant Pes

+ Dz lgM anti-HEY (through CDC), HEY RMA
+ Extrahepatic sx: arthritis, pann:reauus anemia, neuro {GBS meningoencephalitis)

Other viruses (human |




AuTtoiMMUNE HErPaTITIS (AIH)

Classification (| Hip 1 T Hep 2010512193
+ Type 1:antismooth rnuscleAb {ASMA) AMA; antisoluble liver antigen (anti-SLA),
alw more severe disease and relapsing disease
+ Type 2:anti-liver/kidney microsome 1 {anti-LKM1); anti-liver eytasol type 1 (ALC-1);
+ Owertap syndrome: AIH + PBC {suspect if ® antmitochondrial Ab or @ histology —
“autcimmune cholangitis”) or PSC (suspect if T A4, IBD, pruritus, or ® radialogy/histology)
+ Drug-induced: minocycline, nitrofurantoin, infliximab, hydralazine, e-methyl DOPA, satins

Diagnosis and treatment (Lo 2013381

« 70% female; 40% present w.f szw;reAiH (3% Fu!mmanr.} wi ALT =10 x ULN; 34-45% asx

Extrahepatic syndromes: thyroiditis,arthritis, UC, 5j6gren’s, Coombs’ © hemolytic anemia

Du: scoring system combining serclogies, T 1gG, @ viral hepatitis, & liver bx (interface
hepatitis & lympheplasmacytic infiltrate) has high Sp & mod Se (Hep 200848189}

Roe (1) ALT 105 ULN: (2) ALT 5 ULN & IgG 2 ULN; o (3) bridging/multiacinar necrosis

Induction Rax: (1) prednisone monaRx; (2) prednisone + AZA, or (3} budesonide (if non-
cirrhotic) + AZA - 65-80% remission (asx, nl LFTs, bili, & 1gG, none to minimal interface
hepatitis); taper steroids as able; refapse rate of 50-80% () Hep 20715:62:5100)

MNonresponders or AZA intolerant: cyclosporine, tacrolimus, MMF, rituximab, infliximab

HCC sereening and liver transplane referral for ESLD

OTHER CAUsSES OF HERATITIS OR HERPATOTOXICITY

Alcoholic hepatitis (| Hep 201257395 Hep 2010:37:307)

* Sx progressive jaundice, tender hepatomegaly, fever, ascites, GIB, encephalopathy

* Labs: ALT usually <300-500 w! AST-ALT = 2:1, ) ple, T Thili & INR indicate severe hepatitis

* Prognosis: scoring systems include Maddrey’s discriminant fen (MDF), Lille model, MELD
MDOF (4.6 = [PT — control] +Th) 32 w/ 30-50% 1-mo mortality if un Rx'd (Gasws 19961 10:1847)
Lille model: predicts nonresponse to steroids after 1% week of Rx: score > 0.45 predicts

poor response to further steroid Rx and afw | in 6-mo survival (Hep 200745:1348)
Combination of Lille + MELD scores best predictor of mortality (Gaste 2015,149398)

* Rx: consider if MDF =32, MELD =18, or presence of encephalopathy

Steroids (eg, methylprednisolone 32 mg/d or prednisolone 40 mgfd x 4 wk - 4-6 wk
taper) | death but T rate of infections (NEM 1992,326:507 & 2015:372:1619)
Contraindications: active GIB, pancreatitis, untreated HBV, uncontrolled infections

Pentoxifylline of no benefit alone or when added to stercids (vEw 20153721619

Addition of NAC to steroids ! 1-mo but not 6-mo mortaluty (NEWM 201 1;365:1781)

Acetaminophen hepatotoxicity B, AM) 20113427218)

* Pathophysiclogy: >90% of acetami ,':“ ﬂN-a(..‘,. p-aminophenal APAP} metab into
nontoxic metab, but ~5% metab by CYP2ET into NAPQI, a hepatotoxic metab detoxified
by glutathione conjugation; APAP overdose (=10 g) depletes glutathione stores - injury

+ CYP2E1 induced by fasting, alcohaol, and certain anticonvulsants and anti-TB drugs,
resulting in a “therapeutic misadventure” with even low doses (16 g) of acetaminophen

» Liver dysfunction may not be apparent for 2—6 d

* R NG lavage, activated charcoal if wiin 4 h. Consider early transfer to transplant cor.
N-acetylcysteine: administer up to 72 h after ingestion, if time of ingestion unknown ar

chronic ingestion >4g/d; low threshold to start NAC w/ low or undetectable APAP levels

PO NAC (preferred): 140 mg/fkg loading dose -+ 70 mgfkg q4h = 17 additional doses

IV NAC: 150 mgfkg % 1 h — 50 mgfkg » 4 h - 100 mgfleg » 16 h; risk of anaphylaxis (L w/
12-h regimen; Lancer 1014:383:657); use if unable to tolerate POs, GIB, pregnancy. ALF

Ischemic hepatitis

» “Shock liver”™ wi AST & ALT =1000 + T7 LDH; defayed 17 Thili

» Seen in HoTN & CHF; often requires T venous + | portalfarterial pressure + hypoxia

MNonalcoholic fatty liver disease (Hep 2012,55:2005)

* Definition: fatty infiltration of liver and absence of EtOH or other cause of steatosis
MAFL = steatosis, @ inflam; NASH = steatosis + inflam £ fibrosis on bx

* MNAFLD: 10-30% of US. pop. & over 60% in T2DM & obesity

» MASH: 2-5% of NAFLD & risk of cirrhosis in NASH wi/ fibrosis on b is 30% at 10 y

* Clinical: 80% asx, T ALT = AST, but nl ALT/AST does not exclude poss. of NASH on bx

* Dx: liver bx remains gold standard. NAFLD fibrosis score = clinical variables to predict
MASH wi advanced fibrosis with PPY =80% (wwwnafdscore com).

* R wit loss (ideally 210%, Costo 2015:149:367), exercise, DM control (liraglutide, Lanest
W6I8767% or pioglitazone), stating (Loncet 2010:374:1916); vit E | steatosis but not fibrosis in
Pts wio DM (nepm 2010:362:1675). HCC Is a complication of NAFLD thae has progressed
ro NASH cirrhosis but can occur in absence of advanced liver disease.




"] ACUTE LIVER FAILURE (ALF

Definition

* Acute insult to liver + coagulopathy + encephalopathy; most wio knewn preexisting liver dis,
+ Fulminant if encephalopathy wiin B wk from jaundice onset; subfulminant if 8 wk to 6 mo
+ Acute on chronic lver failure: acute insult to liver in Pr wi underlying chronic liver disease

Etiology (
. Drugsitoxlns {nearly EEI% of cases in LLS.; Hepatology 2010:52:2065)

Drugs: acetaminophen {maost comman cause; >40% of all cases in LS. typically
unintentional overdose);anti-TB drugs (INH, rifampin, pyrazinamide}; AEDs (phenyroin,
valproate, carbamazepine); NSAIDs (idiosyncratic, not dose-related]; abx (eg,
fluorequinolenes, macrolides); MDMA (ecstasy)

Toxins: Amanita phalloides (mushroom sp. in Yest Coast), certain herbal preparations

« Wiral (12% of cases in the US): HAV, HBY, HCV (rare), HDV + HBY, HEV [esp. if
pregnant). In immunosupp: HSY (50% have skin lesions), EBVVZY, CMV, HHVE

= Wascular: Budd-Chiari, ischemic hepatitis, hepatic sinusoidal cbstructive syndrome

= Other:Wilson's disease, pregnancy-related ALF (acute facty liver, preeclampsia, HELLP),
initial presentation of autoimmune hepaitis; idiopathic
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Clinical manifestations
= Initial presentation usually nonspecific: niv, malaise; then jaundice & multiorgan failure
* MNeurologic: encephalopathy: grade 1 = awtn deficit, tremor; grade 2 = asterixis, lechargy,
confusion, ataxia; grade 3 = somnolence, rigidity, clonus, hyporeflexia; grade 4 = coma
cerebral edema: astrocyte swelling lilely related to T ammaonia levels
Cardiovaseular: hypotemuon w1d1 Iow SVR. shock
Pulmonary: respiratory alleal paired peripheral O; uptake, pulm edema, ARDS
Gl bleeding (due to bleeding d;athems} pancreatitis (! due to ischemia, drugs, infxn)
Renal: ATN, hepatorenal syndrome, hyponatremia, hypokalemia, hypophosphatemia
Hematology: thrombocytopenia, T PTIPTT, L fibrinogen, bleeding diathesis (1 synthesis
of coag factors balanced by | protein C/S: bleeding mostly due to low platelet count), DIC
Infection (—90% of Pts): esp. with Staph, Strep, GNRs and fungi (1 immune fxn, invasive
procedures); SBP in 32% of Pus; fever and 1 WEBC may be absent
Endocrine: hypoglycemia (1 glc synthesis), metabolic acidosis (T lactave), adrenal insuf,

Workup gy 2012559

- CBC, F‘T!PTI' LFFs. lytes, BUN!Cr', H. lactate, NH;, acetaminaphen level, viral serclogies
{qv} in all Pts, with additional Iabs as below if suspected

* Autoimmune hep serologies & IgG levels, ceruloplasmin & serum/urine copper, preg test

* Imaging studies (RUQ UIS or abd CT, Doppler studies of portal and hepatic veins)

« Liver biopsy if underlying eticlogy remains elusive after initial testing

Ni'lﬂ:!gﬁl'l'll‘ill NEIM 2013,36%:1515)

* ICU care at liver transplant center for hemodynamic & ventilaory support, CVYH for AK|

« Early listing for liver transplantation in selected Pts (see below)

« Cerebral edema; consider |CP menitoring if grade 3/4 enceph; if T 1CP — mannitol 05-1.0
mg/kg; if arterial NH; =150, grade 3/4 enceph, AKI or on vasopressars - prophylactir_ 3%
saline for goal Na 145-155 mEq/L; barbiturates & hypothermia if refractory T ICP

* Encephalopathy: intubate for grade 3 or 4 lactulose is of little benefit

» Coagulopathy: vit K. FFP/plesierye if active bleeding or before invasive procedure, PRI ppx

= Infection: low threshold for abx (bread spectrum, eg. vancomycin & 3"-gen ceph ) if
suspect infection; anti-fungal coverage in high-risk Prs. Daily blood cultures.

* Rx of specific causes: NAC if acetaminophen-related; antiviral {eg, entecavir) for HBV;
plasma exchange can be temporizing measure for Wilson's; IV acyclovir for HSV, PCN-G
for A phalloides; delivery of child for pregnancy-retated; TIFS, anticoag for Budd-Chiari.
Lack of data for use of steroids in auteimmune, but often given (Hepoalopy 2014:59:612),

» NAC may benefit pts w/ non-APAP ALF but data inconclusive (Gasim 2009:137:856)

= Liver transplantation if poor prognosis but could survive surgery

Prognosis

» MNon-acetaminophen ALF mortality ~80%, acetaminophen-induced ALF mortality -30%

» Predictors of poor outcome {King's Coellege Hospital, UK):
Acetaminophen-induced: pH <7.25.INR =6.5 or PT=100,Cr 3.4, or grade 3/4 enceph.
Non-acetamin-induced: INR >6.5 or PT=100; or 23 of the following: unfavorable etiology

(seronegative hepatitis or drug reaction);age <10 or >40 y; INR =35 or PT >50;
Thili =17.5; duration of jaundice =7 d prier to onset of encephalopathy

» ~25-30% of Pts undergo liver transplantation wi 5-y survival rate of 70%

= BMI =30, Cr =2, age =50 y, need for pressorsivent support alw poorer acute transplant
outcome



Definition (Hep 2011.54.1864 ! 51

+ Definition: fibrosis and regenerative nndules r'esul:mg from hepam:e“ular injury
+ Decompensated = jaundice, variceal bleed, encephalopathy, ascites; worse prognosis

Eticlogies

Alcohol (~60-70%) and other toxins (eg, arsenic)

Yiral hepatitis (—10%]: chronic HBV, HCV. HDV infection

Auteimmune hepatitis: 7,7 1gG, © ANA, antismooth musele Ab, anti-LKM- 1, ant-LC1

Metabolic diseases {-5%): hemochromatosis, Wilson's disease, o,-AT deficiency

Biliary tract diseases (~5%): primary biliary cholangitis, secondary biliary cirrhosis
{calculus, neoplasm, stricture, biliary atresia), primary sclerosing chalangitis

Vascular diseases: Budd-Chiari syndrome, R-sided CHF, conswrictive pericarditis, 505

Nonalcoholic fatty liver dis. (NAFLD, 10-15%) cause of most “cryptogenic cirrhosis™

Medications: amindarone, methotrexate, vitamin A, valproate acid

Clinical manifestations

* Nonspecific sx (anorexia, fatgue) or jaundice, encephalopathy, ascites, variceal bleeding

Physical exam

+ Liver: initially enlarged, palpable (L lobe predom), firm; eventually shrunken, nodular

= Signs of liver failure: jaundice (bili =2.5), spider angiomata & palmar erythema (7 estra-
dicl), Dupuytren’s contractures, white nail lines (Muehrcke’s lines) & proximal nail
beds (Terry’s nails), T parotid & lacrimal glands, gynecomastia, testicular atrophy,
asterixis, encephalopathy, fetor hepaticus, clubbing, hypertrophic ostecarthropathy

+ Signs of portal hypertension: splenomegaly, ascites, dilated superficial abdominal veins
(caput medusae), epigastric Cruveilhier-Baumgarten venous hum

Laboratory studies

* LFTs:T bili, T PT/INR (poor correlation wi bleeding factor VIll nl as not synthesized by
liver), | alb, + T aminotransferases (AST > ALT if late) and T A¢ (variable)

. Hen'lamlngic tests: anemia (marrow suppress., hypersplenism, Fe + folate defic.). neutro-
penia (hypersplenism), thrambocytapenia (hypersplenism, | Tpo production, EtOH tox)

+ Chem: | Ma (t ADH due to L EAV); T Fe/TIBC, T ferritin (released from hepatecytes)

= Lab indices predictive of cirrhosis:AST/plt =2; Lok index; Bonacini score (jAMA 2012:307:832)

Workup (Loncsr 2014:3831749)

+ Abd UIS wi Doppler: liver size & echotexture. rfo HCC, ascites, v patency of vasculature

+ Derermine etiology: hepatitis serologies (HBsAg, anti-HBs, anti-HCV), autoimmune
hepatitis studies (lgG, ANA, anti-smooth muscle Ab), Fe and Cu studies, oy -AT, AMA

+ Assess fibrosis: biomarkers {FibroSURE = panel of 5 markers validated in HCV, T score
predictive of fibrosis); elastography (LS or MR-based; measurement of liver stiffness)

+ Liver b (gold standard): percutaneous or transjugular (consider If ascites or coagulopathy),
used to confirm presence of cirrhosis and dx eticlogy.

Prognosis
Modified Child-Turcotte-Pugh (CPS) Scoring System
Paints scored
1 1 3
Ascites MNone Easily controlled Paorly controlled
| Encephalopathy MNone Grade 1or 2 Grade 3 or 4
Bilirubin (mg/dL) 2 2-3 =3
Albumin (g/dL) >3.5 18-35 <28
PT (sec > contrel) <4 46 =
or INR <17 18-23 #23
Classification
A B C
Total points 56 7-9 10-15
| 1-y survival 100% 80% 45%

+ MELD (Model for End-Stage Liver Disease): used to stratify Prs on fiver o list & to predict
3-mo survival in Prs wi cirrhosis and some acute forms of liver disease. Based on Cr,
INR, & total bili. Calculator: www.mayoclinic.org/meld/mayomodelt html (Goeo 2011,14:1952),
If MELD <21 additional predictors of mortality include Na <130 (NgM 2008;35%: 1018 Cin
Gastroenizro! Hepatdl 20097:123¢), refractory ascites, T HYPG and low QoL

Ascites (see "Ascites” for demils on dx evaluation; An | Gaitm 104

* Due to poral HTN {defined as hepatic venous prBsune gr'adlent [HVPG] =5 mmHg)

+ Develaps in 60% wiin 10 y; -50% martality ac 5 y




+ Treatment | Na intake (1-2 gid), restrice intake of free water if Na <125
Diuretics: goal diurese -1 Lid. Use spironolactone + furosemide in 5:2 ratio (eg, 100 &
40 mg daily); urine Ma/K >1 implies effective natriuresis if Pt compliant wi low-MNa diet
Avoid NSAIDs in cirrhotic Pts as interfere wi diuretic action and are nephrotoxic
* Refractory ascites: seen in 5-10% of Pes; 2.y survival 25%
Diuretic-resistant on 2 g Na diet, minimal weight loss on maximal diuretic doses, or
diuretic-induced complications (AKI, Na <125, T K, encephalopathy)
Med mgmt conflicting evid, for dic ing BB (Hep 2016:63:1968); if limited by HaTN, add midedrine
Large-volume paracenteses (LVP; 5 L fluid removal): give 6-8 g albumin per L fluid
removed (above 5 L) as colloid replacement afw | risk of post-para circulatory dysfon &
possibly | martality (Hep 2012:55:1172), Avoid LVP if SBP present as 7 risk of AKI.
Transjugular intrahepatic portosystemic shunt (TIPS) (chin Gas Hep 20119926
L ascites in 75%: T CrCl, T enceph, survival benefit over LYP remains controversial
Contraindic; grade |l enceph, CHF or pulm HTN, active infxn or biliary obstruction
Complications: bleeding, fistula; stent thrombosis (1-y patency wi coated stents —80%);
infen (“endotipsitis™); new or T enceph in 20-30%, hemolysis (Hep 2070:51:308)
Consider for liver transplant if above fail
* Hepatic hydrothorax: 2° diaphragmatic defect; often unilateral. R > L, 4 ascites
Treatment: avoid chest tube (T complications); Rx same as ascites (TIPS if refractory)
Spontaneous empyema can occur (even wio SBF) — dx thoracentesis; Rx abx

Cirntiosts  3-22

5|;nli|:'lln.=u\n bacterial pe ritonitis (SBP; “Ascites” for decails g
« Develops in ~20%; 20% mortality; risk Factors ascitic TP <1 gfdl.. hx of SBF‘ :urrent GFE
*+ Can piw encephalopathy, abd pain, fever, but often (25%) osx, perform paracentesis
in all hospitalized cirrhotics w/ ascites
* Micra: GMRs (E coli, Klebs) = GPCs (S. pneume, enterococeus) (see “Ascitas’)
« R 3.gen. ceph or amex/elav x 5 d. If uncomplicated (no encephalopathy or AKI) can use
FQ but avoid i already on for ppx or i in T FQ resistance area.
IV albumin 1.5 glkg at time of dx & 1 glkg on day 3 — T survival (NEIM 1999,341:403)
If net improving, repeat paracentesis at 48 h: expect 25% L in PMNs if Rx working
* Indefinite Ppx if (1) hio SBP or (2) ascitie TP <15 plus: Ma <130 or Cr 21.2 or BUN 225 or
[CPS 29 + Thili 23] fAm | Carm 30094993 — cipro 500 mg qd or Bactrim DS qd.
Short-term Ppc CTX 1 g IV 7 d if GIB; upmSQOmgPqux 1y if ascitic fluid TP <1.5

Gastroesophageal varices + UGIB { GIB™ 1 183:1749)
* Presence of varices correlates w/ sevemy of Irvm' dis (40% oFChIdA Pts — 85% Child C)
= T varix size, Child BIC, & red wale marks assec w/ T risk of bleeding
* UGIB 17 prevention: screen at ime of dx wi EGD; data best for Pis wf med-large varices
nonselective f-blodkers: ~50% | risk of bleeding & L mortality if med-large varices.
MNadolol or progranolol typically used, titrate to max tolerated dose; carvedilol can be
considered in nonrespondars or if systernic HTN (i1 blockade — L intrahepatic vase
resistance, G 2013:62:1634). EGD not req. to document improvement.
endoscopic variceal ligation (EVL): superior ta BB in | risk of 1% bleed but no diff in
mortality (4mn Hep 2012,11.363); risk of serious complications (esoph perf, uicers),
Repeat ql—-2wik until varices gone, wi flu EGD at 3 mo then g6—12mo
[3B vs. EVL: choice based on Pt/physician preference, iB often 1% (Heparal 2008:47:1764),;
using both BB and EVLL for primary prevention currently not recommended
= 2° prevention: for all Pes after 1% bleed, given -50% risk of rebleed & -30% morality
B + EVL = either alone jnnofs 2008:143:10%; TIPS if refractory, or consider in Child B or C
wiin 72 h of admission for esoph variceal bleed (T 1-y survival; Ngt 2010362:2370)

Portosystemic encephalopathy (PSE) (c Hep 2012.10:1208;

* Pathogenesis: failure of liver to detoxify NH; + m.her substances (eg, ADMA; | Hepaul
20135838 that cause cerebral edema, | Oy consumption, | ROS — brain dysfxn

* Precipitants: bleeding, infxn, med nonadherence, L K, | Na, dehydration, hypoxia,
portosystemic shunt (eg, TIPS), meds (eg. sedatives), acute insult to liver (eg PVT)

* Stages: see section in “Acute Liver Failure”

* Dx: NH; levels have poor Se for dx & monitering Rx; remains a clinical dx

+ R identify/correct precipitants; lactulose {acidification of colon: NH3 — NHy") wi goal 24
stools!d (PEG may be more effective; i M 2014,174:1727); aleernatively, rifaximin 550 mg
bid (L gut bacteria - { NH; prod; rifaximin + lactulose may be more effective than licwlose
alone; Am | Gostra 2013108 1458); acarbose & probiotics may benefit

+ 2° prevention; lactulose or rifaximin 550 bid (Gestro 2009.137:885; MEIM 2010:362:1071)

Hepatorenal syndrome (HRS) (VEM 2009:361:1279: Crit Care 2012 T6R2I(T))

+ Pathophys: splanchnic vasodilation and renal vasoconstriction wi L renal blood flow

« Criteria: (1) cirrhosis w ascites; (2) acute kidney injury (serum Cr T 20.3 mg/dL wiin 48 h
or 250% T in serum Cr from baseline; Gue 015:64531); (3) @ improvement in Cr after dfc




diuretic & volume expansion (1 glkg/d of albumin = 2 d); (4) @ shack (prerenal
azotemia/ATN); (5) © nephrotoxic meds; (6) @ intrinsic kidney disease
Type I: development in <2 wh: usually occurs in severe liver failure, often following
precipitating event (see later); median survival 2 wk
Type ll: more indolent course, median survival & mo; liver failure present < in type |
» Precipitants: GIB, overdiuresis, infection, serial LVP, drugs (aminoglycosides, NSAIDs)
= Ra:if eritically il — vasopressor (eg, norepinephrine or vasopressin} + alburnin (1 glkg,
max 100 g, bolus daily) to T MAP 10 mmHg. if not criticolly il - ocerectide (100-200 meg
SC tid) + midodrine (max 15 mg PO tid) + 1 glkg (max 100 g) albumin en day of
presentation followed by 2060 g albumin gd to T MAP (Hep 2010:57:57),
May need dialysis or TIPS as bridge to liver transplant.

Hepatocellular carcinoma (HCC) ¢ T1:5%:1020: 2012:375

+ Epi: worldwide, 6™ most prevalent cancer, 3’“ most frequent canr.er—related death, 80% of
cases due to HOV/HBY cirrhaosis, in which annual risk of HCC is ~3-8% (Getn
10121421264}, Td risk wi cirrhosis of any type but esp. wi viral, HFE, PBC.? o1-AT

* Clinical: asx vs. hepatic decompensation (eg, ascites, PSE), PYVT w/ tumor thrombus

« Dx screen crrhotics qémo wi UIS + AFP, though many centers choose dual phase
CT/MRI (if arterial enhancing & venous phase or deliyed washout, no bx req for dx)

+ R radicfrequency ablation (RFA) for HCCs <3 cm in size; consider resection if single
lesion =<2 em and Child-Pugh A wio portal HTN; transarterial chemoembolization (TACE)
preferred for large cancers (not curative) or if not amenable to RFA (near WCilung);
consider fiver transplont if up to 3 HCCs =3 cm er 1 HCC <5 cm (Milan criteria)

Other Complications
« Hepatopulmonary syndrome (HPS) (Dig Dis 5o 201 560:1914)
Abnl gas exchange (A-a gradient 215 or P03 <80) caused by intrapulmonary vascular
dilatations leading to intrapulmonary shunting
S/S: platypnea-orthodeoxia, clubbing, cyanosis
Dx wi contrast eche showing “ate™ A-W shunting (contrast in LA 3-6 cycles after RA)
Ry O potential embolization if large vessel on CT I TIPS, liver tx only definitive Rx
+ Portopulmonary hypertension (POPH) (Expert fiev Gostro Heporol 2015.983)
Pulm HTM in Pt w/ portal HTM wio other cause, ESLD— T endathelin— pulm vasoconst.
Rx wi same therapies as for idiopathic PAH, incl prostacyclin analogs, endothelin receptor
antaganists, sildenafil: liver transplart is often curative,
+ Cirrhotic cardiomyopathy: | inotropic & chronotropic response, 1 systolic and
diastolic fn, prolonged QT, hyperkinetic circulation; T croponin, BMP (jacc 201656539
+ Infxns;: unless already immune, vaccinate for HAV, HBY, PCY13 & PPSV23; flu yearly.
Cellulitis in ~20% of Pis hospitalized w/ cirrhosis, often in abd wall or LE alw skin edema.
+ Endocrine; diabetes (15-30%), T frequency of adrenal insufficiency (Hep #012;55:1282)
+ Coagulopathy: balanced defects wi L synth of eeag factors, hyperfibrinolysis, 4 plt
balanced by L synthesis anticoag factors (protein CIS), defic. of profibrinalytic factors, T
levels of WV No support for routine administration of FFR, plt, <ryo unless in DIC.
= Mutrition: monitor and supplement fat soluble vicamins, zinc
+ Meds: acetaminophen can be used up to 2 g/d; avoid ASA/NSAIDs; aminoglycosides
contraindicated; oral hypoglycemics if compensated but insulin if decompensated

Liver transplantation

+ Undertake evaluation when MELD =15. Exception points added if HCC as above

+ Indie: recurrentisevere enceph, refractory ascites, recurrent variceal bleeding, HRS, HPS,
PPH, HEC (if ne single lesion is >5 em ar <3 lesions with largest <3 em), acute liver failure

- Contraindic: inadequate social support, active substance abuse (EtOH wiin & mo), sepsis,
advanced cardiopulm dis., extrahepatic Ca, cholangio Ca, hemangiosarcoma, persistent
noncompliance, AIDS, fulminant LF wi sustained ICP =50 mmHg or CPF <40 mmHg

« Survival T-y up to 90%, 3-y up to BO%, though lower with HCV; autoimmune liver disease,
such as AIHIPBCIPSC may recur in 10-30% {or more) of allografts

OTHER ETIOLOGIES OF CIRRHOSIS

Hemaochromatosis & lron Overload Syndromes (Lance 201
- Recessive disorder of iron sensing or transport leading to szsue iron depog(tmn
+ HFE mutations (85% of cases): typically C282Y homozyg. {~0.5% of N. Europeans) rarely

C282YH63D compound heterozyg, C282Y homozygotes: 26% of 4 & 1% of ¢ develop
sx (delayed since menses | Fe load). C282Y/H63D: only 1.5% manifest dis.

+ Mon-HFE mutations: hemajuvelin, hepcidin, transferrin receptor 2, & ferroportn

+ 2% causes of iron overload: iron-loading anemias (eg, thalassemia major, sidercblastic
anenmia, aplastic anemia), parenteral iron-overioad (RBC transfusions, long-term HD),
chronic liver disease (due to ETOH, HBV, HCV, NASH, etc), dietary iron overload

EL-E  SisoHYY)



Cinrvosis  3-24

* Sx: fatigue & arthralgias, loss of libido in 4. In advanced disease (rare): bronze skin
(melanin + iron), hypogonadism (esp. in juvenile onset), DM, arthropathy (MCF), CHE,
infxns (1 risk Vibrio, Listeria, Yersinia), cirrhosls (1 risk if EtOH/fatty liver disease; 15% risk
of HCC). Disease alsa alw ALS (H63D homozygotes) & porphyria,

* Dxziron sat »45% (iron/TIBC x 100%); T ferritin (acute phase reactant, so poor Sp: aften nl
in young Pes). If 7 iron sat. -  HFE ta eonfirm dx, imaging by MRI (black liver).

IFHFE & & farritin =1000 nglmL or T LFTs s liver bx for quant Fe index & to stage fibrosis

* Treatment: phlebotomy (250 mL = 1 unit, ~250 mg of Fe) qwk until Fe sat <50% & ferritin
50-100 pg/L, then q3—4ma; PPl L intestinal Fe absorption & may L need for phlebotommy;
wvoid vit C & uncooked seafood; deferoxamine if phieb. contraindic.; genetic counseling

Wilson's disease (| Hep 2 71

* Recessive disorder of copper transport {mutation in ATP7B) — copper overload;
primarily affects liver, but also other tissues (brain, eye)

* Epidemiclagy: 1 in 30,000, majority present bit 5 & 35 ylo,enly 3% of Pts present =40 ylo

* Extrahepatic s/s:neuro y disease, parkinsonism & movement diserder (hepatolenticular
disease}, Kayser-Fleischer rings (% in 99% w/ neuro w but in <50% w/ hepatic disease),
Coombs = hemolytic anemia, renal disease

* D7 24-h wrine Cu, L serum ceruloplasmin {Se 90%), rarely penicillamine challenge w/ |
urine Cu excretion, liver bx wi hepatic Cu content. In acute fiver failure, Adbili <4 +
AST/ALT =22 better Se & Sp than urine Cu or ceruloplasmin (Hepatologs 2008:4:1167).

* Treatment: chelation w/ D-penicillamine (supplement B6 as d-pen inactivates): 2"-line
trientine (L toxicity wi = efficacy, bur $3). Zine: | intestinal Cu transport & can help delzy
disease; best used in conjunction wi chelation (must give 4-5 b apart from chefators),
Elim. Cu-rich foods. Transplant for fulminant LF or fer chronic dis. unresponsive to Rux.

t-antitrypsin deficiency (01-AT) () Hepotol 207685413

+ Abnl o-AT — polymerization in liver (cirrhosis) & uninhibited protease activity in lung
(emphysema). Affects 1/3000 of European ancestry, Varied presentations: neonatal
hepatitis; cholesatic Jaundice in children; T AST/ALT or cirrhosis in children/adults.

* Extrahepatic disease includes: emphysema, necrotizing panniculitis, AMCA vasculitis

* Dx:serum oq-AT level (acute phase reaceant), level <50% of nl typically diagnostic;
gold standard = phenotyping of protease inhibitor (Pi). Alleles most alw hepatic dis.: Z
(63% of ZZ adults found to have chronic liver dis) & M (malton) fm | Respir Crit Care fed
2013137502}, Liver bx shows characteristic PAS % cytoplasmic inclusion bodies,

+ Treatment: standard Rx for cirrhosis/chronic liver dis., including liver transplantation

Primary biliary cholangitis (PBC) (Loncer 20153861565

* Autcimmune destruction of intrahepatic bile ducts (previously “primary biliary cirrhosis™)

* Epl: 7 40-60 yloja/w Sjogrens, Raynauds, scleroderma, celiac & thyroid disease; may be
triggered by certain infkns or toxins; a'w X monosomy, variants in IL12 & IL12R genes

* Sx (late): fatiguefsleep disturbance, pruritus, steatorrhea, xanthelasma, jaundice, cirrhosis

* Ddw: PSC. A, hepatic sareoidosis, meds, idiopathic adult ductopenia, biliary stricture/Ca

+ Doc T A, T bili, T 1gM, T chol, ® antimitochondrial Ab {(AMA) in 95%. If © AMA, liver bx noc
needed due to high Se & 5p.0.5% gen pop © AMA & nl LFTs — 10% develop FBC at 6 y.
If AMA &, liver bix (Pes often © ANA, smooth muscle Ab; same prognasis as & AMA),

* Rx: ursodeoxycholic acid (13-15 mg/kg/d) regardless of stage
~25% complete response, | survival & | histologic change & complications (eg, varices)

(Gestrn 2005:128:267). Budesonide may benefit in short term.

Prurieus: chelestyramine (give 24 h after UDCA): if refractary sx:naltrexone, rifampin
Fat-saluble vitamins; screen/Rx osteoporosis (risk independent of vit D deficiency)
If ESLD: liver tx:~20% recur but ne impact an long-term survival

Primary sclerosing cholangitis (PSC) Loncet 2013.392-1567 Warld | Heparol 2016:8:265)

+ Diffuse infammation of intrahepatic and extrahepatic bile ducts leading to fibrosis &
suricruring of biliary system.Adw HLA-BB and -DR3 or -DR4, frequent © autcantibodies.

* Epiid > ¥ (20-30y) ~70% Pts wi PSC have IBD (usually UC); only 1-4% w/ UC have PSC,

+ Clinical. fatigue, pruritus, jaundice, fevers, RUQ pain, concomitant IBD, ESLD

+ Ddx: extrahepatic obstruction, PBC. may also have overlap wi AlH and similar presentation
1o |gG4 autcimmune cholangitis (steroid responsive) (Ga 2008,134706)

* Do MRCP + ERCP — multifocal beaded bile duct strictures, but rmay miss dx if confined ta
small incrahepatic ducts (~2% “small duct PSC™ better prognosis, ! different disease).
Liver bx may show “onion-skin” fibrosis around bile ducts but not necessary for dx,

* Treatment supportive care, fat-soluble vitamins; no meds have improved survival
Ursodeoxycholic acid may | eslen CA risk in Pts wi UC & improve LFTs in Pts wio UC
Dominant stricture: endoscopic dilation, short-term stenting or surgical resection
Cholangiocarcinoma (20%): ! biannual surveillance w/ MRCP/RUQ LIS and CAT9-9
Liver transplantaton: ~30% recurrence, though if UC, colectomy may L recurrence




HEPATIC VASCULAR DISEASE | °

Partal vein thrombosis (PVT) (Hepetohgy 100949:1719 & 2015
= Definition: thrombosis, constriction ar invasion of portal vein — portal HTN — varices.
Isolated splenic vein thrombosis (eg. 2° to pancreatitis) — isolated gastric varices.

» Ediologies: cirrhasis, neoplasm (pancreas, HCC), abdominal infxn, hypercoag states,
pancreatitis, collagen vascular diseases, Behcet's, IBD, surgery, trauma, OCPs, preg
* Clinical manifestations
acute: can p/w abd or lumbar pain; often asx w/ incidental finding on U/S or CT. i
mesenteric vein involved may piw intestinal infarct if fever consider pylephlabitis.
chronie: assiincidental finding; may pdw s/s of portal HTM — hematemesis 2° variceal
bleeding, splenomegaly, encephalopathy; ascites uncommon unless cirrhosis
* Diagnostic studies: LFTs usually normal; UfS w/ Doppler, MRA, CT (I}, angiography:
"portal cavernoma” network of hepatopetal collaterals in chronic P¥T—can rarely cause
biliary obstruction and cholestatic LFTs = poreal cholangiopathy (may require surgery)
+ Treatment:
Acute: If noncirrhotic, LMWH - warfarin x & mo, or indefinitely if irreversible cause.
If cirrhotic, preliminary studies support anticoag if no contraindications; should screen
for high-risk varices prior to initiation (Nt fey Gasoentenl Hepatol 2014:11:435).
Chronic: Anticoag if nencirrhotic or hypercoag state; screen for varices prior to anticoag.
Esophageal varices: 1° Ppx recommended; if bleed, endoscopic Rx and fiB. If
refractory bleed consider TIPS, shunt
Isolated gastric varices 2° splenic vein thrombosis: splenectomy is curative

ST

Budd-Chiari syndrome (Hepoology 1009:4%:172%)
* Ocelusion of hepatic vein(s) or IVC — sinusoidal congestion and portal HTN
+ Etiologies: -50% due to myeloproliferative dfo alw JAKZ mutations (esp. P vera), other
hypercoag state, cumor invasion (HCC, renal, adrenal), IVC webs, trauma, 25% idiopathic
* Symptoms: hepatomegaly, RUQ pain, ascites, dilated venous collaterals, acute liver failure
* Dx:+ T aminotransferases & A¢; Doppler LIS of hepatic veins (85% Se & Sp); CT (I')
or MRIMRY — vein occlusion or T caudate lobe (separate venous drainage); “spider-
web'" pattern on hepatic venography; liver bx showing congestion (rlo right-sided CHF)
* Treatment: Rx underlying condition, anticoag (LMVWH — warfarin); consider thrombolysis
acutely; if short stenasis, stent may be possible: consider TIPS (7 occlusion risk cfw side-
to-side portocaval shuntk; liver transplant if ALF or falled shunt ) Gosta Surg 2012:16:288)

Sinusoidal obstruction syndrome (SOS) (Hep ; HOFA91T

« Ocelusion of hepatic venules and sinusoids (formeriy veno-cu:ch.lsive disease)

« Edologies: HSCT, chemo (esp. cyclophosphamide), XRT, Jamaican bush tea

* Clinical manifestations: hepatomegaly, RUQ pain, ascites, weight gain, T bilirubin

* Dx; U5 wi reversal of portal flow, but often not helpful; dx made dinically (‘. bili, wt
gainfascites and RUQ pain) or, if necessary, by liver bx or HYPG (=10 mmHg)

« Treatment (20% mortality): supportive; ? defibrotide (adenosine agonist T TPA levels)

+ Ppoxc: defibratide: ursodeasxycholic acid for high-risk HSCT pop:? use of low-dose heparin

Figure 3-8 Hepatic vasculiture
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" | ASCITES

Pathophysiclogy

+ Portal hypertension — systemic vasodilatation (? due to release of NO) — | effective
arterial volume — renal Na retention — volume overload and ascites

= In malignant or inflammatory ascites, pathophysiclogy related to leaking of proteinacecus
material from tumor or from inflamed/infected/ruptured intraabdominal structures

———r 1

Etiologies
Portal HTN related (SAAG 21.1) Naon-portal HTN related (SAAG <1.1)
Presinuseidal obstruction Malig: peritoneal carcinomatosis; chylous
portal or splenic vein thrombosis, schisto- ascites from maligrant lymphoma;
somiasis, sarcoldosls Meigs’ syndrome {ovartan tumor)
| Sinusoidal obstruction: Infection: TB, chlamydia/gonorrhea (je,
| cirrhosis (B1%), including SBF acute Fitz-Hugh-Curtis syndrome)
hepatitis, malignancy (HCC or mets) Inflam: pancreatitis, ruptured pancreatic!
Postsinusoidal obstruction biliary/lymph duct; bowel obstrxn
right-sided CHF incl constriction & TR Hypoalbuminemic states: nephrotic
Budd-Chiari syndrome, 505 syndrome, protein-losing enteropathy

Symptoms
* T abd girth, wt gain, new abd hernia, abd pain, dyspnea, nausea, early satiecy

Evaluation (JAMA 2008,2%% 1166, Hepetology 200%.29:1087)

* Physical exam:flank dullness (NPY ~90%; >1500 mL needed), shifting dullness (Se ~83%)

*+ Radiologic: WIS detects >100 mL, MRI/CT {also help with Ddx)

« Paracentesis (Hsp 2013:57:1651); perform in all Prs wi new ascites, consider in all hosp.
cirrhotics w/ ascites. Low complic, rate (~1% hematoma formation). Prophylactic FFP or
plts does not | bleeding complic. Most useful rests: cell count. alb, toeal protein, culture.

* Serum-ascites albumin gradient (SAAG): serum alb (g/dL) - ascites alb (in gldL)
1f 21.1 g/dL — cause of ascites likely portal HTN (-95% accuracy; Aneas 1992:117:215)
If <1.7 gfdL — non—portal hypertension related
If portal HTN + another cause (seen in ~5% of cases) SAAG sill 21,1

+ Ascites fluid total protein (AFTP): useful when SAAG 1.1 to distinguish cirrhosis
(AFTP <2.5 g/dL) from cardiac ascites (AFTP 21.5 gidL). Low AFTP (<1 g/dL) assoc. w/ T
risk of SBP' {see “Cirrhosis” for guidelines on SBP Ppx based on AFTF).

+ Cell count: normal limit of PMNs in ascitic fluid up to 250 PMNs/imm’. Bloody tap (typically
from traumatic para) can skew cell count; subtract 1 PMM for every 250 RBCs to correct
PMN count. Ascitic PMMNs 2250 suggest infection (see below).

* Other tests: amylase (pancreatitis, gut perforation); bilirubin (test in dark brown fluid,
suggests bile leak or proximal intestinal perf); TG (chylous ascites); BMP (HF); cytology
(peritonesl carcinomatesis, ~95% Se wi 3 samples). SBP afw | gle & T LDH is fluid.

Treatment (see "Cirrhosis”™ for details)

* If 2° to portal HTN: | Na intake + diuretics; if refractory — LVP or TIP3

* If non-portal HTN related: depends on underlying cause (TB, malignancy, etc.)

Bacterial peritonitis (S 201261297

Type Ascites cell count/mm’ & ex :
Spontaneous bacterial peritonitis (SBP): 2250 polys; Cx @ (1 org)
spontanecus bacterial translocation from gut 1o ascitic  E. coli (37%), Klebs (17%),

fiusid. Ascitic fluid in cirrhosis has | opsoning (esp. if S. prewmo (12%), mise. GPC

lew AFTP), [eading te 7 risk of infkn. (14%), mise. GNR. {10%)

Culture-© neutrocytic ascites (CNNA): cell counts 2250 polys; Cx ©
suggest infxn but cx 5. Mo recent abx, wio other
explanation for counts. Rare when sens ox methods.

N trocytic b ites (NNBA): © cx wlo <250 polys; Cx @ (1 org)
TPMNs. Matural course may resolve wio tx or may Misc. GPC (30%), E cofi (27%),
progress to SBP. Klebs (11%), misc. GMNR (14%)

17 bacterial peritonitis: caused by intraabd abscess 2250 polys: Cx ¥ (polymicro}
or perf. AFTP =1 gldL. gle <50 mg/dL, LDH =225 U,

Rax 3"-gen ceph. + MNZ; urgent abd imaging + ex lap.

Peritoneal dialysis-associated: cloudy fluid, abd 2100, poly predom. Cx @ (typ. 1
pain, fever, nausea. Rx: vanc + gent {IV load, then org.), Misc. GPC (50%), misc.
administer in PD) GNR (15%).




BILIARY TRACT DISEASE L

CHOLELITHIASIS (GALLSTONES)

Epidemiology & pathogenesis || Hp 2008:48:5124)

+ >70% adults in the US, have gallstones; a'w T overall mortality (Gosao 2011;140.508)

* Bile = bile salts, phosphalipids, cholestercl; T cholesterol saturation in bile + accelerated
nucleation + gallbladder hypomotility — gallstones

+ Risk factors: ¥: South, Central, Native American; T age (>40 y). obesity, pregnancy. TPN,
rapid | wit; drugs (OCPs, estrogen, clofibrate, octrectide, ceftriaxene); ileal disease

+ ! statin use >1 y L risk of sx gallstones & cholecystectomy (jAMA 2009:3022001)

Types of gallstones
+ Cholesterol {90%): 2 subtypes
mixed: contain =50% chol ol; typically multiple stones
pure: 100% cholesterol; larger, yellow, white appearance
* Pigment (10%)
Black: unconjugated bili & calcium: seen wi chronic hemalysis, cirrhosis, CF, Gilbert synd
Brown: stasis & infection in bile ducts — bacteria deconjugate bilirubin — precipitates wf
calcium; seen wi dusdenal diverticula, biliary strictures, parasites

Clinical manifestations

« Asy in 80% of cases: biliary pain in ~2%ly; once s, rate of complications —2%/y

+ Biliary pain ("colic") = episodic RUQ or epigastric abd pain that begins abruptly.is
continuous, resolves slowly and ksts for 30 min=3 k; + radiation to scapuly; nausea

* May be precipitated by fatty foods

* Physical exam: afebrile, £ RUQ tenderness or epigastric pain

Diagnostic studies

« RUQ LIS:5e & Sp >95% for stones =5 mm; can show complications (cholecystitis);
should be performed only after fasting 28 h to ensure distended, bile-filled gallbladder

Treatment || Hepaol 2016:45:144

+ Cholecystectomy (CCY), usually laparoscopic, if symptomaric

* CCY inasx Prs wi: GB calcification (-7% risk of ca) (sugey 1001:129:69%), GB polyps >10
mm, Native American, stones >3 cm or barfatric surgery or cardiac transplant candidates

+ Ursodeoxychaolic acid (rare) for cholesterol stones wi uncomplicated biliary pain or if
poor surgical candidate; ako reduces risk of gallstone formation with rapid we loss

« Biliary pain: NSAIDs (eg, diclofenac 50 mg IM) drug of choice, efficacy = opiates & |
complications (Afment Phormacal Ther 2012,35:1370)

Complications

+ Cholecystitis: 20% of sx biliary pain - cholecystitis wiin 2 y

+ Choledocholithiasis - cholangitis or gallstone pancreatitis

* Mirizzi syndrome: common hepatic duct compression by cystic duct stone — jaundice,
biliary obstruction

+ Cholecystenteric fistula; stone erodes through gallbladder into bowel

+ Gallstone fleus: SBO (usually at term lleum) due to stone in intestine that passed thru fistula

+ Gallbladder carcinoma: —1% in

CHOLECYSTITIS (NgM

Pathoagenesis

+ Acuze chelecystitis: stone impaction in cystic duct - inflammation behind obstruetion -»
GE swelling + secondary infection (50%) of biliary fluid

* Acalculous cholecystitis: gallbladder stasis and ischernia — inflammatory response; occurs
mainly in critically ill, hosp. Pts (postop major surgery, TP, sepsis, traurma, burns,
opiates, immunosuppression, infkn [eg, CMY, Crypto, Compylobacter, typhoid fever])

Clinical manifestations

* History: RUQ/epigastric pain + radiation ta R shoulder/back, nausea, vomiting, fever

+ Physical exam: RUQ tenderness, Murphy's sign = T RUQ pain and inspiratory arrest with
deep breath during palpation of R subcostal region, + palpable zallbladder

* Laboratory evaluation: T WBC, + mild 1 bilirubin, Ag, ALT/AST and amylase;
AST/ALT =500 LWL, bili >4 mg/dL or amylase >1000 U/L — choledocholithiasis

Diagnostic studies
+ RUQ U/S: high Se & Sp for stones, but need specific signs of cholecystitis: GB wall
thickening >4 mm, pericholecystic fluid and a soncgraphic Murphy's sign

LT°E asving
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Bivany

* HIDA scan: most Se test (80-90%) for acute cholecystitis. IV inj of HIDA (selectively
secreted into biliary tree). In acute cholecystitis, HIDA enters BD but not GB. 10-20%
false & (oystic duct obstructed from chronic cholecystitis, lengthy fasting, liver disease).

Treatment

« NPO, IV fluids, nasogastric tube if intractable vomiting, analgesia

* Armbmtlcs’iE. cal, Klebsiello and Enterobacter sp. are usual pathogens)

([2"- or 3"-generation cephalosporin or FQ] + MNZ) or piperacillin-tazobactam

* CCY (typically hparuscopic] wiin 24 h L morbidity vs.waiting 745 d (A Surg 2013:258385)

* If unstable for surgery, EUS-guided transmural, ERCP-guided transcystic duct drainage, or
percutaneous cholecystotomy (if wio ascites or coagulopathy) are alternatives to CCY
(MNEIM 20715,373:357)

* Intracperative cholangiogram or ERCP to rfo choledocholithiasis in Pts w/ jaundice,
cholangitis or stone in BD on U/S

Complications

» Gangrenous cholecystitis: necrosis w/ risk of empyema and perforation

+ Emphysematous chaolecystitis: infection by gas-forming organisms (air in GB wall)

* Post CCY: bile duct leak, BD injury or retained stones, cystic duct remnant, sphincrer
of Oddi dysfxn

CHOLEDOCHOLITHIASIS

Definition
+ Gallstone lodged in common bile duct (CBD)
Epidemiology

= Qecurs in 15% of Prs w/ gallbladder stones: can form de nove in CBD

Clinical manifestations

* Asympromatic (507)

* RUQ/epigastric pain 2° obstrxn of bile fiow — T CBD pressure, jaundice, pruritus, nausea

Diagnostic studies

+ Labs; T bilirubin, Af; transient sp{loe in ALT or amylase suggests passage of stone

* RUQ LIfS: BD stones seen ~50% of cases; usually inferred from dilated CBD (=6 mm)

+ ERCP preferrad dx modality when likelihood high; cholangiogram (percutanecus,
operative) when ERCP v ilable or unsuccessful; EUSMRCP to exclude BD stones
when suspicion low

Treatment

» ERCP & papillotomy w/ stone extraction (% lithotripsy)

» CCY typically w/in 6 wh unless contraindication (>15% Pts will develop indication
for CCY if left unRx'd)

Complications

= Cholangitis, cholecystitis, pancreatitis, stricture

CHOLANGITIS

Definition & etiologies
» BD obstruction — infection proximal to the obstruction
= Eticlogies: BD stone (-85%)
Malignant (biliary, pancreatic) or benign stricture
Infection w/ fluke (Clonorchis sinensis, Qpistharchis viverrini)
Clinical manifestations
* Charcot’s triad: RUQ pain, jaundice, fever/chills; present in -70% of Pts
* Reynolds’ pentad: Charcots triad + shock and 4 MS5; present in —15% of Pts

Diagnostic studies

= RUQ S

+ Labs; TWBC, bilirubin, A, amylase; & BCx

* ERCP; percutaneous transhepatic cholangiogram if ERCF unsuccessful

Treatment

= Antibiotics (broad-spectrum) to cover common bile pathogens (see abave)
ampicillin + gentamicin (or levofloxacin) £ MNZ (if severe). carbapenems; pip/tazo

* -80% respond to conservative Rx and abx — biliary drainage on elective basis

» -20% require urgent biliary decompression via ERCP (papillatomy. stone extrac-
tion andlor stent insertion). If sphincterotomy cannot be performed (larger stones),
decompression by biliary stent or nasobiliary catheter can be done; otherwise,
percutanecus transhepatic biliary drainage or surgery.



ACID-BASE DISTURBANCES "

GENERAL

Definitions
Acidemia - pH <7.36, alkalemia — pH >7.44

» Acidosis . process that increases [H']; allkalosis — process that decreases [H']
» Primary disorders: metabelic acidosis or alkalosis, respiratery acidosis or alkalosis

Compensation

respiratory: hyper- or hypoventilation alters P,COy to counteract 1° metabolic process
renal: excretion/retention of H'/HCO,™ to counteract 1° respiratory process
respiratory compensation occurs in minutes; renal compensation takes hours to days
compensation usually never filly corrects pH; if pH normal, consider mixed disorder

éansequenm of Severe Acid-Base Disturbances (NE# 1958:33826 & 107)

| Organ system  Acidemia (pH <7.20)

Allalemnia (pH >7.60)

Artericlar vasocorstriction | _ﬁ'
L coronary blood flow | Z
T risk of arrhythmias | E
Hypovenilation

LK, ICa, Mg, POy t

A MS, seizures, tetany

Cardiovascular 1 contractiliy, arteriolar vasodilation
1 MAP & CO; | response to catecholamines
| T risk of arrhythmias
Respiratory Hyperventilation, | resp, muscle strength
Metabolic TK {resp. > metab.), insulin resistance
Neurologic A M3
Warkup (t l 1:1434)

- Tradltlonal or physiologic approach (Brensted-Lowry definition of acids & bases)

Determine

primary disorder: v pH, P,CO;, HCOy
Determine if degree of compensation is appropriate

Primary Disorders
Primary disorder Problem
Meeabalic acidosis gain of H' or loss of HCO,
Metabolic alkalosis gain of HCO; or loss of H
Respiratory acidosis hypoventilation
| Respiracary alkal hyperventilation

| Compensation for Acid/Base Disorders (AN 2010,21:920)

pH

1
1
1
T

HCO, P.CO:
U 1
] T
T T
4 4

Primary disorder
Metabolic acidosis

Metabolic alkalasis
| Acute respiratory acidosis
| Chronic respiratory acidosis

Acute respiratory alkalesis

Chronic respiratory alkalosis
* Alternative approaches

Expected compensation
LPCCh=11 x AHCO;

or PB.COx = (1.5 HCO:) + 8 £ 2 (Winters' formula)
{also, P.CO; = last 2 digits of pH)
1,004 =07 x AHCO;
THCO: =01 x AP,COp

(also. | pH = 0.008 x AP,CO,)
THCO; =035 x AR,COy

(also, & pH = 0.003 x AP,COy)
LHCO: =02 x AP.CO:

(also, T pH = 0.008 x AP.CO,)

L HCOy = 0.4 x 4P,CO2

Base excess/deficit (Curr Dgin Crit Care 1006;12:55%: Am | Emerg Med 2016;34:626)
Strong lon Difference or “Stewart Method” (NEJM 2014:371:1821)

Mixed disorders (more

disarder at the same

+ If compensation less or greater than predicted, may be 2 disorders:

P,CO; too low — concomitant 1° resp. alk,

P.CO: too high — concomitant 1% resp. acid,

HCO; too low - concomitant 17 met. acid.

HCO; oo high - concomitant 1° met alk,
* Normal pH, but ...

TRCO; + THCO: — resp. acid. + met. alk,

LPCOy + L HCOs — resp. alke + met, acid.

narmal P,CO: & HCO,, but T AG — AG met. acid. + met. alk.
normal P,CO, HCD;, & AG — no disturbance or non-AG met. acid. + met. all.
+ Cannot have resp, acid. (hypoventilation) and resp. alk. (hyperventilation) simultaneously



Acip-Base 4.2

Figure 41 Acid-base nomogram
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* ABG vs.VBG: concordant for pH (~0.04), HCO; (~2 mEq) but mot PCO; (~8£17 mmHg)
VBG can be used to screen for hypercarbia wi PCO; cutoff 245 mmbg (100% Se),
but may not accurately assess degree of hypercarbia (Am j Emerg Med 2012:30:696).

MeTasouic Aciposis

Initial workup (N 2
+ o anion gap (AG) = Na* — (CI” + HCOy™) = unmeasured anions — unmeasured cations
if T glc, use measured not corrected Na
expected AG is [albumin] = 2.5 (ie, 10 if alburmin is 4 gfdL, 7.5 if albumin is 3 g/dL)
TAG = T unmeasured anions such as organic acids, phosphates, sulfates
LAG - L alb or T unmeasured cations (Ca, Mg, K. Li, bromide, indide, immunoglobulin)
= IfTAG, / delta-delta (A = AAG/AHCO:) to assess if there is an additional metabolic
acid-base disturbance; AAG = (calculated AG — expected AG), AHCO: = (24 - HCO;)
AA = 1-2 — pure AG metabolic acidosis
AA = T — AG menbolic acidosis and simultaneous non-AG acidosis
Ad > 3 - AG metabolic acidosis and simultaneous metabolic alkalosis

HHIT11434)

[ Etiologies of AG Metabolic Acidosis
! Ketoacidosis Diabetes mellitus, alcoholism, starvation (NEIM 2014,372544)

| Type A: impairment in tissue axygenation eg, circulatory or respiratory
failure, sepsis, ischemic bowel, carbon monoxide, cyanide

::icdt:;is Type B: no impairment in tissue oxygenation, L clearance (eg, hepatic
(NEJM 2014; dysfxn) or T generation [eg, malig, EtOH, thiamine def,, meds (metformin,
Do o NRTIs, salicylates, propylene glycol, propofol, isoniazid, linezolid)]

p-lactic acidosis: short bowel syndrome — precip by gic ingest -+ metab by
eolonic bacteria to D-lactate; not detected by standard hetate assay
Renal failure  Accumulation of organic anions such as phosphates, sulfates, urate, etc. |
Methanol (windshield fluid, antifreeze, sclvents, fuel): metab to formic acid |
Ethylene glycol (antifreeze): metab to glycolic and oxalic acids
Propylene glycol (pharmaceutical solvent, eg, IV diazepam, lorazepam, |
Ingestions and phenobarbital; antifreeze): lactic acidosis
Salicylates: membolic acidosis (from lactate, ketones) + respiratory
alkalosis due to stimulation of CN5 respiratory center |
Glutathione depletion: acetaminophen — T endogenous organic acid 5-

axaproline in susceptible hogts_(rlvaln_wrid‘led. female, renal fallure)



Workup for AG metabolic acidosis
+  for ketonuria (dipstick acetoacetate) or plasma f-hydroxybutyrate (BOHB)
nb, urine acetcacetate often not present in early ketoacidosis due to shunting to
BHOHB; . acetoacetate may later turn & but does not signify worsening disease
* If = ketones, renal function, lactate, toxin screen, and osmolal gap
* Osmolal gap (OG) = measured osmoles - calculated osmoles
calculated osmoles = (2 « Na) + (glucose/18) + (BUIN/2.8)
(can + [EtOH/4.6] if have EtOH level and want to test if other ingestions)
OG =10 - suggests ingestion (see below) bur lacks specificity (can be elevared in lactic
acidosis, DKA. and alcoholic ketoacidosis)
for methanol/ethylene glycol:early on, OG precedes AG;later OG may be nl with & AG

Ingestions |
AG OG Ingestion Other manifestations
§ al Acetaminophen  Heparitis
Salicylates Fever, tachycardia, tinnitus; mat. acid. + resp. alkalosis |
Echanal Alcoholic fetor, AMS, hepatitis; keto + hcric acidosis |
+ met. alk. (vomiting) |
. . Methanol AMS, blurred wision, pupillary dilation, papillederma

Ethylene giycol AMS, cardiopulm. failure, hypoCa. Ca oxalate crystals — I
AKL Urine fluoresces under UV light

| Propylene glycal ~ AKI
| nlft 1 lsopropyl alcohol  AMS, fruity breath (acetone)

Etiologies of Non-AG Metabolic Acidosis
Gl losses of HCO;  Diarrhea, intestinal or pancreatic fistulas or drainage

| RTAs See section on renal twhular ecidoses below I
| Early mna! failure tmpaired generation of ammonia

| I ns lamide, sevel , cholestyramine, toluene

! Dilutlunal Due to rapid infusion of bicarbonate-free IV fluids

| Posthypocapnia Respiratory alkalosis - renal wasting of HCO3; rapid correction
of resp.alk, - transient acidosis until HCO; regenerated
| Ureteral diversion  Colonic CI‘rH_;:_Q_;_‘ exchange, ammanium reabsorption

Workup for non-AG metabolic acidosis (Qasy 2012
* Evaluate history for causes (see above)
* v urine anion gap (UAG) = (U, + Ug) -

UAG = unmeasured anions — unmeasured cations; as NH," is primary unmeasured
cation, UAG is indirect assay for renal H' excretion as NHs"™ (NEIM 1988;118:554)

* 2 UAG -+ T renal NH," excretion - appropriate renal response to acidemia

Ddx: Gl causes, proximal RTA, ingestions or dilutional

* © UAG - failure of kidneys to generate NHy"
Ddx: distal or hypoaldo RTA, early renal failure
nb, plasma K usually L in distal and T in hypoaldo RTA
* UAG evaluation assumes Pt volume replete (U, >25), U <6.5 & no AG met aridosis
(which causes @ UAG due to excretion of nrgaruc amons)
Renal tubular acidoses (RTAs) (jasv 2002132 ¢ | Cliy Pro
* Proximal (Type Il): | proximal reab.mrpuon of HCD;

1% {(Fanconi’s syndrome = | praximal reabsorption of HCO;, PO4, gle, aming
acids), paraprotein (multiple myeloma, amyloidosis), meds (acetazolamide, heavy
metals, ifosfamide), renal transplant, | Vie D, NRTIs

» Distal (Type |} defective distal H' secretion

1%, auteimmune (Sjégren's, RA), nephrocalcinosis, meds {ampho, Li, ifosfamide);

narmally afw L K; if with T K — sickie cell, obstruction, SLE, renal transplant
* Hypoaldo (Type [V): T K — | NH; synthesis/delivery — | urine acid carrying capacity
| renin: diabetic nephropathy, MNSAIDs, chronic interstitial nephritis, HIV

normal renin, | alde synthesis: 1% adrenal disorders, ACEL ARBs, heparin

| response to aldosterone

meds: K-sparing diuretics, TMP-5MX, pentamidine, calcineurin inhibitors
tubulointerstitial disease: sickle cell, SLE, amyloid, diabetes
* Combined {Type lll): rarely discussed or clinically relevant, also called juvenile RTA, has
distal & proximal features, can be due to carbonic anhydrase || deficiency

£ Fvg-ooy
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Renal Tubular Acidosis
Location Type Acidosis UAG UpH Feuco,”  Serum K

Proximal 1] Moderate + 5.3 >15% 1
Distal | Severe ] =53 3% i
Hypoaldo v Mild L2 <5.3 <3% | T !

*Urine pH will rise above 5.3 in the setting of HCO: load

*Fenco, should be checked after an HCO, laad

*Spe above For causes of distal RTA (Type [} associated with hyperkalemia
Figure 4-1 Approach 1o memabols acidosis

Metabolic Acidosis
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TaG normal AG
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¥ h
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¥ ] Fenco, <3% Forco, >15%
Ethanol Salicylates uring pH =53 urine pH var. Diarrhea
Methanal S-oxopralinuria ¥ * ‘ Fistulas
Ethylens ghyeal " Ingestions
Propylene glyeol bl Frl‘“ P"’:ma"rm Dilutional
S-eoprolinuria (ype 1) yeell pogthypocapnia

Treatment of severe metabolic acidoses (pH <7.2) (Mot Rev Nephnl 201

Dk Az insulin & IVF: AKA: dextrose, IVF, replete K, Mg, P04 as needed

Lactic acidosis: treat underlying condition, avoid vasoconstrictors, avoid “Type B” meds

Renal failure: hemodialysis

Methanol & echylene glycol: early fomepizale, vit. Bg (for ethylene glycol), folate
{for methanol), hemodialysis (esp. if late presentation) (NEJM 2009:360:2216)

Alkeali therapy: NaHCO3 (eg, three 50-mmol amps in 1 L DsW) to get serum HCO; =8
and pH >7.2 (estimate mmol of HCO: needed as 8 — [HCOu)uwun x wi x 0.5)
side effects: T volume, T Ma, | ICa, T P,CO; (& - intracellular acidesis), overshoot
No proven benefit in lactic acidosis or DKA (Ao 1986105836 & 1990:112:492)

THAM in Pes w! T P,CO; (proton acceptor that generates HCO;™ and consumes CO;)

MeTaBoLIC ALKALOSIS

Pathophysiology

Saline-respansive etiolagies require initiating event and maintenance phase
Initiating event: gain of HCO; or loss of acid
loss of H' from Gl tract or kld-r:e:,.rs
exogenous alkali: iatrogenic HCO3 administration, milk alkali syndrome
contraction allalosis: diuresis — excretion of HCOs-poor fluid — extracellular fiuid
“contracts” around fixed amount of HCOs — T HCOs concentration
posthypercapnia: respiratory acidosis — renal compensation with HCO; retention;
rapid correction of respiratory disorder {eg, with intubation) - transient excess HCO;
Maintenance phase
volume depletion — | proximal reabsorption of NaHCO; and T aldosterone (see next)
hyperaldosteronism (either 1° or 27) - distal Na reabsorption in exchange for K* and
H™ excretion (and consequent HCO: retention)
kalemia — transcellular K'/H' exchange; intracellular acidosis in renal proximal
tubular cells promotes bicarbornate reabsorption and ammoniagenesis




Etiologies of Metabolic Alkalosis

Saline-responsive Gl loss of H': vomiting, NGT drainage, villous adenoma
Diuretic use
Posthypercapnia, lxatives, cystic fibrosis
Saline-resistant Hypertensive (mineralocorticoid excess)
17 hyperaldostaronism (eg, Conn's)
2" hyperaldosteronism (eg, renovascular dis., renin-secreting tumor)
non-akde (Cushing's, Liddle’s, exogenous mineralocorticoids, licorice)
Mormotensive
severe hypokalemia; exogenous alkali load
Bartter's syndrome (loop-like); Gitelman's syndrome (thiazide-like)

Warkup
= Check volume status and Ug
Ui <20 mEg/L. — saline-responsive
Ue >20 mEg/L -+ saline-resistant (unless currently receiving diuretics)
(Up unreliable determinant of volume status as alkalemia — T HCOs excretion -
T Na excretion; negatively charged HCO: “drags” Na® along)
If g =20 and volume replete, / bload pressure

Figure 4-3 Approach 1o metabolic akabosis
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Treatment of severe metabolic alkalosis (pH >7.6)
* If volume depletion: d/c diuretics and correct volume deficic with isotonic saline
If cardiopulmonary disease precludes hydration, can use KCl, acetazolamide, HCI
* If NGT drainage that cannot be stopped: PPl
* Hyperaldosteronism: treat underlying condition

ResPIRATORY ACIDOSIS

Etiologies (also see “Hypercapala”)

* CNS depression: sedatives, CNS trauma, O, in chronic hypercapnia (1 hypoxemic drive]),

central sleep apnea

* N ular Jers: myasthenia gravis, Guillain-Barré, poliomyelitis, ALS,
muscular dystrophy, severe hypophosphatemia, high spinal cord injury, drugs (paralytics)

* Upper airway abnormalities: acute airway obstruction, laryngospasm, obstructive
sleep apnea, esophageal intubation

* Lower airway abnormalities: asthma, COPD

+ Lung parenchyma abnormalities (often cause hypoxia — T RR — resp. alle, but eventual
muscle fatigue — resp. acid.): pneumonia, pulmonary edema, restrictive lung disease

* Thoracic cage abnormalities: pneumothorax, flail chest, kyphoscoliosis

+ Post infusion of bicarbonate in acidemic Pt wi limited ability to T minute ventilation

RESPIRATORY ALKALOSIS

Etiologies (e
* Hypoxia — hyperventllnuon pneumaonia, pulm. edema, PE, restrictive lung disease
* Primary hyperventilation
TIN5 stimulation, pain, anxiety, fever, trauma, stroke, voluntary
drugs: salicylates, progesterone, methybeanthines, nicotine
pregnancy, sepsis, hepatic failure, fover
= Pseudorespiratory alkalosis: | perfusion w/ preserved ventilation (eg, CPR, severe
HoTN} — | delivery of CO; to lungs for excretion; low P,CO; but T tissue CO,

S F0vg-ony



| SODIUM AND WATER HOMEOSTASIS

OVERVIEW

General (NEM 201537255 & 373:1350)

+ Disorders of serum sodium are generally due to As in total body water, not sadium

* Hyper- or hypo-osmolality - rapid water shifts — As in brain cell volume — A M5, seizures

Key hormones

* Antidiuretic hormone (ADH): primary hormone that regulates sodium concentration
Stimuli for secretion: hyperosmolality, L1 effective arterial volume (EAY), angiotensin I
Action: insertion of aquaporin-1 channels in collecting ducts — passive water reabsorption
urine osmolality is an indirect functional assay of the ADH-renal axis
Uasrm range: 60 mOsm/L (no ADH) to 1200 mOsm/L (maximal ADH)

= Aldosterone: primary hormone that regulates total body sodium (and - volume)
Stimull for secretion: hypovolemia (via renin and angiotensin 1), hyperkalemia
Action: iso-osmotic reabsorption of sodium in exchange for potassium or H'

HyronaATREMIA

Pathophysiology i} 1345

= Excess of water mial:lve to sodium, almost always due o T ADH

* TADH may be appropriate (eg, hypovolemia or hypervolemia with | EAV)

* TADH may be inoppropriate (SIADH)

* Rarely, | ADH (appropriately suppressed), but kidneys unable to maintain nl [Naliwm

T H;0 intake ( 1° palydipsia): ingestion of massive quantities (usually =12 Lid) of free HO
overwhelms diluting ability of kidney (normal dietary solute lead ~750 mOsmid,
minimum Uy = 60 mOsm/L — excrete in ~12 L if H;O ingestion exceeds this amount
- H;O retention)

L solute intake (“tea & toast” & “beer potomania™); L. daily solute load — insufficient solute
to excrete H;O intake (eg, if only 250 mOsmid, minimum Us., = 60 mOsmil — excrete
in—4 Lif H:O Ingaﬂon exceeds this amount — H:O retention)

Workup (45N 201213 Care
+ History: (1) acute vs. chmn ;(2) sx se\rerltr {1) risk for neuro complications
(alcoholism, malnourished, cirrhosis, older females on thiazides, hypoxia, hypoK)

* Measure plasma osmolality

Hypotonic hyponatremia most common scenario; true excess of free HyO relative to Na

Isotonic hyponatremia: rare lab artfact from hyperlipidemia or hyperproteinemia

Hypertonic hyponatremia: excess of another effective osmole (eg, glucose, mannitol) that
draws HaO intravascularly; each 100 mg/dL T glc >100 mgidL — | [Ma] by 2.4 mEq/L

+ Far hypatonic hyponatremia, ' volume status (vital signs, orthostatics, [VP skin
turgsr, mucous membranes, peripheral edema, BUN, Cr, uric acid)

* Ugam diagnostically useful in limited circumstances, because almost abways =300
exceptions: Uy <100 in T HzO inmake or | solute intake

morecver, Usy =300 # SIADH; must determine if T ADH appropriate or inappropriate

however, U, important when deciding on treatment (see below)

+ If euvolemic and T U, evaluate for glucocorticoid insufficiency and hypothyroidism

SooiuM  4-6

Figure 4-4 Appreach to hyponstrerma
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Hypovolemic hypotonic hyponatremia (ie, .| total body Ma, | TEW)

* Renal losses (Un, >20 mEg/L, FE, >1%): diuretics (esp. thiazides, as loop diuretics
1 wonicicy of medullar}' interstitium and lmpair urine oom;en(rat}ng abilltr). salt-

wasting nephropathy, cerebral salt wasting, mineralocorticoid deficiency

+ Extrarenal losses (Un, <10 mEq/L, FEn, <1%): hemorrhage, Gl loss (diarrhea), third-
spacing (pancreatitis), | PO intake, insensible losses

Euvolemic hypotonic hyponatremia (ie, T TBW relative to towl body MNa)

* SIADH (euvolemia or mild hypervolemia, inapprop T Uosm, approp. Une, + BUN & UA)
malignancy: lung, brain, Gl, GU, lymphoma, leukemia, thymoma, mesothelioma
pulmonary: pneumonia, TB, aspergillosis, asthma, COPD, PTX, & pressure ventilation
intracranial: trauma, stroke, SAH, seizure, infxn, hydrocephalus, Guillain-Barré synd.
drugs. annpsychoncs. antidepress. {esp. S5Rk), chemotherapy, AVE MDMA, NSAIDs

pain, nausea, p perative state

* Endocrinopathies: 1 ADH activity seen in glucocorticoid deficency (co-secretion of ADH &
CRH) and severe hypothyroidism/myxedema coma (4 CO & | GFR)

+ Psychogenic polydipsia (U..., <100, | uric acid): usually requires intake >12 Lid

* Low solute (I Un. ! Us.) “tea & roast™, “beer patomania”

* Reser osmostat chronic malnutrition (1 intracellular osmeles) or pregnancy (hormaonal

effects) — ADH physiology reset to regulate a lower [MNaluum

Hypervolemic hypotonic hyponatremia (ie, 7 total body Ma TBW)
* | EAV — activation of RAAS — T aldosterone and 1T ADH
+ CHF (} CO & renal venous congestion — | EAV; Un, <10 mEg/L, FEw, <1%)
+ Cirrhosis (splanchnic arterial vasodilation + ascites — | EAV; Uy, <10 mEqg/L, FEr, <1%)
* MNephrotic syndrome (hypoalbuminemia — edema — L EAV; U, <70 mEq/L, FEry, <1%)
» Advanced renal failure (dlmmlshed ﬂblht}' to excrete free HyO; U, >20 mEgiL)
Treatment (L
+ Approach: deper!ds on mfume stcm.rs aru-'t)' of hypanatremia, and if symptomatic
Acute s initial rapid correction of [Naluerun (2 mEg/L/h for the firse 2-3 h) until sx resalve
Asx or chronic symptomatic: correct [Naleny at rate of 0.5 mEg/Lih
Rate of T Na should not exceed 6 (chronic) to 8 (acute) mEg/L/d to avoid central pantine
myelinolysisiosmotic demyelination syn. (CPM/ODS: paraplegia, dysarthria, dysphagia)
If severe (<120) or newro sx: consider 3% NaCl + dDAVP (to prevent rapid
overcorrection) in consultation w/ nephrology (AKD 2013,61:571)
+ Frequent lab draws and IVF rate adjustments are cornerstones of treatment
* Overly rapid correction: can lead to CPM/ODS. Should be emergently reversed w/
dDAVP & DsW; partial neurologic recovery possible (gasy 20143:129)
* Effect of 1Y fluids (hwpifwwemedcalc comisodiam heml)

S0 207

initial A[Na]wwm P

TEW + 1

If [Na]. = 110 mEg/L in 70 kg male: |
IVF type  [Nalcmwee T1LIVFT [Na]:  Rate to T [Na], by 0.5 mEg/Lih

5% MNaCl 856 mEqlL 17.3 mEg/L -25 mlh
BENCl 513 mEqll 9.4 mEglL ~50 mlh
0.9% NaCl 154 mEglL 1 mEqlL -500 mlih

LR 130 mEq/L 05 mEglL ~1000 mLih

hewever, above assumes entire infusate retained without any output uf Na or H;0
if Pt euvolemic, as in SIADH, infused Na will be excreted
eg, 1L N5 (154 mEq of Na or 30B mOsm of solute in 1 L free HyO) given to Pt with
SIADH with U, = 616 — 308 mOsm solute excreted in 0.5 L H:0 —
net gain 0.5 L HO - | [Nal.eue
.~ normal saline can worsen hyponatremia from SIADH if Uy, > infusate..,
* Hypovolemic hyponatremia: volume repletion with normal saline at a slow rate.
Cince volume replete — stimulus for ADH removed (w/ very short ADH 1y, ) — kidneys
excrete free HyO — serum Na will correct rapidly (DWW + ddAVP if overcomrection)
* SIADH (NEM 2007;356: 2064, AKD 2015654351 free water restrict = treat underlying cause
hypertonic saline (+ loop diuretic) if sx or Na fails to T w/ free H20 restriction
1 L hypertonic saline (3% Na(Cl) will raise [Nal,oum by ~10 mEq (see above)
~50 mUh will T [Na] by ~0.5 mEqfLih; 100-200 mL/h will T [Na] by -1-2 mEq/Lih
formula only provides estimate; . recheck serum Na frequently (at least q2h)
MaCl tabs: particularly if chronic and ne CHF
aquaresis; ! vaptans (vasopressin receptor antag) for refractory SIADH (NEM 2015:372:23)
demeclocycline: causes nephrogenic DI, L Uan (rarely used)
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+ Hypervolemic hyponatremia: free water restrict
mobilize excess Na & HzO (use loop diuretics: avoid thiazides) & T EAY (vasodilators to |
CO in CHF, colloid nfusion in cirrhosis)
aquaresis: vaptans sometimes used; however, no proven mortality benefit, hypoNa
recurs after stopping drug, risk of overcorrection, contraindicated in drrhosis, and
expensive (NEM 20153722207

HYPERNATREMIA
Pathophysiology (Cre Care 2013:17:206; NEM 7155
* Deficit of water relar.we to sodium; by dermuon all hypernatremic Pts are hypertonic
* Usually loss of hypotonic fluid (ie, “dehydration”); occasionally infusion of
hypertonic fluid
+ And impaired access to free water (eg, intubation, A MS, elderly): hypernatremia
is a powerful thirst stimulus, . usually only develops in Pes wio access to HaO
Workup
* o Ui, Ui, volume seatus (vital signs, orthestaties, [VP skin turgor, BUN, Cr)

Figure 4-5 Approach to hypernatrema

Hypematremia
- ~
U 700800 Uy 700600
N
Uy, <25 Uiy, =700 ﬂaﬂa:lt,?loss
/ \ U <500 U, S00-800
[ Extrarenal H.0 1oss | [ Ma Overload | ¥ "
Gl K0 loss. NaCINGHCO,WVF  Complete DI Partial DI
Insensible loss L Csmutic divresis
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Extrarenal HiQ loss (Usy, >700-800)
+ Gl H:0 loss: vomiting, NGT drainage, csmotic diarrhea, fistula
+ Insensible loss: fever, exercise, ventilation
Renal H;O loss (U, <700-800)
* Diuresis: osmotic (glucose, mannitol, urea), loop diuretics
+ Diabetes insipidus (] Ciin Endocriol Metab 2012:37:3426)
ADH deficiency (central) or resistance (nephrogenic)
Central: hypothalamic or posterior pituitary disease (congenital, traumalsurgery,
tumars, infiltrative/lgG4); also idiopathic, hypoxic encephalopathy, anorexia, EKOH
Nephrogenic {finnas 2006;144:186)
congenital (ADH receptor'V2 mutation, aquaporin-2 mutation; fed Nebwol 2012;17:2183)
drugs: lithium, amphotericin, demeclocycline, foscarnet, cidafovir
metabolic: hyperealeemia, severe hypokalemia, protein malnutrition, congenital
tubulointerstitial, postobstruction, recovery phase of ATN, PKD, sickle cell,
Sjiigren’s, amylaid, pregnancy (placental vasopressinase)
Dl usually presents as severe polyuria and mild hypernatremia
Other (U, =700-800)
+ Ma overload: hypertonic saline (eg, resuscitation w/ NaHCO;), mineralocorticoid excess
* Seizures, T exercise: T intracellular osmaoles — HyO shifts — transient T [Na]enm
Treatment
+ Restore access to H:O or supply daily requirement of H,O (=1 Uid)
* Replace free H;O deficit (also replace concurrent volume deficit if appropruar.e}

[Ma] 140 TBW = we b
Free H,O deficit (L) = x TBW - -
40 7 ke id) or 045
ricut: for typical 70-kg man, free HiO daficit (L) - ([Na].. 140)/3
3 : [NaJure = (N2}
A [Ma] e pe L infusate
[ha] ¥ TBW +1

eg 1 L DsW given to 70-kg man w/ [Na] = 160 mEq/L will | [Nal.cnm by 3.7 mEq

nb, do not forget to carrect Na if hyperglycemia also present



= Rate of | of Na should not exceed 0.5 mEq/L/h to avoid cerebral edema
shortcut: in 70-kg man, 125 mlLh of free H;O will | [Na] by —0.5 mEg/Lih

= Yy NS (77 mEgiL) or Y« NS (38 mEg/L) provides both volume & free H)O (500 or
750 mL of free H,O per L, respectively); can give free H:O via NGT/OGT

» Formulas provide anly estimates; - recheck serum Ma frequently

+ DI and osmotic diuresis: see “Polyuria” section below

* Na overload: D;W + diuretic

PovLyuria

Definition and pathophysiology
+ Polyuria defined as =3 L UOP per day

+ Due to an osmotic or a water diuresis; almost always due to osmatic diuresis in inpatients

Workup
+ Perform a timed urine collection {6 h sufficient) and measure Uer,
= 24-h osmole excretion rate = 24-h UOP (actual or estimate) x U
>1000 mOsmid — osmotic diuresis
<B00 mOsmid — water diuresis
Osmotic diuresis
* Eticlogies
Glucose (uncontrolled diabetes mellitus)
Mannitol
Urea: recovering AKL. T protein feeds, hypercatabolism (burns, steroids), Gl bleed
MNaCl administration
Fropylene glycol
Water diuresis
+ Eticlogies: diabetes insipidus (DI} (Nasre >143) or 1° polydipsia (Na,m <136)
see H)fpernai:rernla above for list of causes of central and nephraogenic DI
* Workup of DI: Uy, <300 {complete) or 300-600 (partial)
water deprivation test (start in a.m., ¢ Nawerm, Posm Uzsrm, UOP q1=2h)
Deprive until Py >295, then o U, If U, <300, then administer vasopressin (5 U 5C)
or dDAVP (10 pg intranasal), then check U, in 1-2 b
Uain T by >50% = central DI
Ugym unchanged = nephrogenic DI
¥ ADH level before and after water deprivation to evaluate proper response

Figure 4-8 Apprach m polyuria
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Treatment
* 1° polydipsia; wreat psychiatric iliness, check meds, restrict access wo free H;O
+ Osmotic diuresis: address underlying cause, replace free HyO deficit (see
"Hypernatremia” for formula to calculate) and ongoing losses
» DI:
central DI: desmopressin (dDAVP)
nephrogenic DI: treat underlying cause if possible; MNa restriction + thiazide (mild volume
depletion — | delivery of filtrate to dysfunctional diluting segment of kidney), consider
amiloride for lithium-induced DI (Kid int 2009.76:44)
pregnancy-induced DI: due to vasopressinase from placenta, ... Rx w/ dDAVP

6p WNios



| POTASSIUM HOMEOSTASIS

Overview (NEW 201537360)

* Renal:p jum excretion regulated at distal nephron (collecting tubule)
distal Na delivery & urine flow: MNa absorption  lumen electronegative — K secretion
metabolic alkalemia and aldosterone: increase Na absorption and K secretion
nb, diurnal urinary K excretion (day > night), .. 24-h sample preferred over spot

» Transcellular shifts: most commeon cause of acute A in serum K (?8% intracellular)
Acid-base disturbance: K'/H" exchange across cell membranes
Insulin — stimulates Na-K ATPase — hypokalemia (mitigates postprandial T K)
Catechalamines — stimulate Na-K ATPase - hypokalemia; reversed by p-blockers
Massive necrosis (eg, tumor lysis, rhabde, ischemic bowel) — release of intracellular K
HTPD' or querkalemic periodic pamlysks: rare disorders due to channal mutations

* Diet alone rarely causes T or | K (total body store ~3500 mEq, daily intake ~100 mEq)

HyroraLEMA

Transcellular shifts (Uyc <20 mEqglg)

+ Alkalemia, insulin, catecholamines, hypokalemic/thyrotoxic periodic paralysis, acute T in
hematopoiesis (megaloblastic anemia Rx wi By, AML erisis), hypothermia. chlaraquine,
barium/cesium intexication, antipsychotic everdose (risperidone, quetiapine)

Gl potassium losses (Ux <15 mEg/d, Uv.c. <20 mEg/e, TTKG <3)

+ Gl lesses plus metabolic acidesis: diarrhea, laxative abuse, villous adenoma

+ Vomiting & NGT drainage usually manifest as renal losses due 1o 2° hyperaldo & met. alk.

Renal potassium losses (Ue =30 mEg/d, ! Uee. =20 mEglp. TTKG =7)
* Hypotensive or normaotensive
acidosis: DKA, RTA [prosimal RTA {type Il) and some distal RTAs (type 1j]
alkalosis: diuretics, vomiting/NGT drainage (via 2° hyperaldosteronism)
Baruer’s syndrome (loop of Henle dysfn — furosemide-like effectvgm 19993401 177)
Gitelman's syndrome (distal convoluted tubule dysfxn — thiazide-like effect)
L Mg ! release Mg-mediated inhib. of ROMK channel .. T K secretion { JASN 2007,18:2649)
* Hypertensive: mineralocorticoid excess
1° hyperaldosteronism (eg, Conn’s syndrome, glucocorticoid-remediable aldesteronism)
2° hyperaldosteronism (eg, renovascular disease, renin-secreting tumor)
nenaldosterone mineralocorticoid (eg, Cushing's, Liddle's, exagenous mineralocort,
licorice, congenital adrenal hyperplasia)

Porassium  4-10

Clinical manifestations
» MNausea, vomiting, ileus, weakness, muscle cramps, rhabdomyolysis, polyuria
* ECG: can have no As, U waves, T QT interval, ventricular ectopy (PYCs VT.VF)
Woarkup (No 0
= Rule out transcellular shllcs
= v 24-h Uy and transtubular potassium gradient (TTKG) = (Uk/Pi)/ (s Posm)
Uk =30 mEg/d, ! Upcr >20 mEglg, or TTKG =7 - suggests renal loss
Uy <25 mEq/d, Uc, <20 mEqlg, or TTKG <3 - suggests extrarenal loss
» If renal losses, v BP, acid-base, Ug; (Uy, unreliable for volume status wi zlkalemia)

Figure 47 Appreach to Fynokalemia
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Treatment \
« Iftrue p fum deficit: potassium repletion (1 1 mEg/L = 200 mEq total body loss)

KCI 40 mEq PO g4-6h if nonurgent, KCI 10 mEg/h IV if urgent, recheck K freg
+ Beware of excessive potassium repletion if transcellular shift cause of hypokalemia
+ Treat underlying cause (if hydration needed, avoid dextrose-containing solutions as

dextrose — T insulin — intracellular potassium shifis)
* Replete low Mg: IV Mg-504 1-2 g q2h (oral Mg-oxide poorly tolerated blc diarrhea)

Causes of kow Mg: Gl loss (diarrhea, bypass, pancreatitis, malnutrition, PPI); renal loss

(diuretics, nephrotoxic drugs, EtOH, T Ca. 1° wasting syndromes, volume expansion)

HYPERKALEMIA

Transcellular shifts (nm 1%

* Acidemia, insulin defic. (DM}, B-blockers, dig intox. (blocks Na-K ATPase), massive cellular
release (rumor lysis, rhabdo, ischemic bowel, hemolysis, transfusions, resorbing
hematomas, hyperthermia, rewarming), hyperkalemic periadic paralysis, succinylcholine

Decreased GFR

* Any cause of oliguric or anuric AKl or any cause of end-stage renal disease

Normal GFR but with | renal K excretion

= Normal aldosterone function
L EAV (K excretion limited by L distal Na delivery & urine flow): CHF, cirrhasis
excessive K intake: in conjunction with impairment in K excretion or transcellular shift
ureterojejunostomy (absorption of urinary K in jejunum)

* Hypoaldosteronism: same as eticlogies of hypoalde RTA (type IV)

L renin; diabetic nephropathy, NSAIDs, chronic interstitial nephritis, HIV
normal renin, ! aldo synthesis: 1° adrenal disorders, ACEl, ARBs, heparin
L response to aldosterone
meds: K-sparing diuretics, TMP-SMX., pentamidine, calcineurin inhibitors
tubulointerstitial disease: sickle cell, SLE, amyloid, diabetes

Clinical manifestations

* Weakness, nausea, paresthesias, palpitations

* ECG:peaked T waves, T PR interval, T QRS width, loss of P wave, sine wave pattern,
PEANVF (ECG: low sensitivity, cardiac arrest can be first electrical manifestation!)

Workup (Ceit Care Med 2008:36:3248)

* Rule out pseudohyperkalemia (IVF with K, hemolysis during venipuncture, T pit or WBC)

* Rule out transeellular shife

* Assess GFR, if normal, then consider | distal Na delivery and urine flow. o transtubular K
gmiem (I'I'KG) {U.;JP..;}I(UWJ?W.} <6 ciw hypoaldo (JASN 2008:19:424).

Treatment of Hyperkalemia :
Intervention Dose Onset Comment |
Ca gluconate 1-2 amps IV <3 min | eransient effect (30-60 min) |
Ca chloride’ stabilizes cell membrane |
Insulin reg. insulin 10 U |V 15-30 | transient effect (3060 min)
+ 1-1 amps DWW min  drives K into cells
Bicarbonate 1-2 amps IV 15-30  wransient effect (60 min}
{esp. if acidemic) min | exchange K for H in cells
fi2 agonists albuterol 10-20 mg inh. 30-90  transient effect (-2 h)
or 0.5 mg IV min  drives K inte cells
K-binding Kayexalate" 30-$0g POIPR hrs  exchange K for cations in gut
resins ! Na zirconium 12510 gled PO hrs (MNa, Ca, H); L total body K.
Patiromer 8.4-25.2 gid PO hrs-d  (NEM 2015372211 & 123
Diuretics furosemide 240 mg IV 30 min | ol body K |
Hemodialysis ) = 4 toml body K |

*Calcium chlaride containg more calcium and is typically reserved for use in codes (T risk of tissue necrosis)
"1 rare alw intestinal necrosis esp. with postoperative fleus or obstructive bowel disease (AIKD 201250.40%)

* Rate of onset important to note when establishing a treatment plan
= Calcium helps preventitreat cardiac complications; . should be initial R, esp. if ECG 4s
= Insulin, bicarbonate (esp. if acidunir.), and 32 agonists should fallow to | plasma K
* Treatments that eliminate total body K essential, as other Rxs will wear off with tme;
Kayexalate or Na zirconium  diuretics may be effective in many cases, but emergent
hemodialysis should be cansidered in life-threatening situations
+ Patient information for diet education: hitp:/fwwwikidney.orglatoz/content/p ium.cfm /




B RENAL FAILURE

Acute KiDNEY INjury (AKI)
Definition (AN 10081844 K1 Suppl 10723:1%)
+ AKl:abrupt (<48 h) T Cr 21]3 mgidL, T Cr 250%, or UOP <0.5 mL/kg/h for 26 h
additional gradations based on further T Cr & | UOP but not used clinically
+ Cannot estimate GFR using Cr in sen.ing of AKl or Aling Cr (requires steady state)

Workup (NEM 2007357797
« HE&P: recent pnocedures & mads.l:hlf‘st:\f"i & vol status; s/s of obstruction, vasc ar
systemic dis.; ischemia (prerenal & ATN) accounts for =50% of in-hospital AKI
* Urine evaluation: output, urinalysis, sediment, electrolytes, and osmolality
* Fractional excretion of sodium (FEna) = (Ura/Pra)/(Uc/Pe)
<1% — prerenal, contrast, HRS or glomerulonephritis; >2% — ATN
In setting of diuretics, v FEun = (Uun/Pun)i{Ue/Pe.): <35% — prerenal
* Renal USS or CT:rlo obstruction & eval kidney size to estimate chronicity of kidney disease
+ Serologies (if indicated): see “"Glomerular Disease”
Renal biopsy (light microscopy, IF and EM): may be necessary if etiology remains unclear
(esp. if hematuria and/or proteinuria). Relative contraindications: 5BP>150, ASA/NSAID

4-12
.

g or anticcag use. Consider dDAVP (0.3 pg/kg 3060 min prior) for severe uremia.
Etiologies and Diagnosis of Acute Kidney Injury (Lo 2012380:756) |
Etiologies U/A, Sediment, Indices
| Effective arterial volume (NEW 2007:357:797) Bland
Hypovolemia, | cardiac contractility (eg, CHF),  Transparent hyaline casts
z systemic vasodilatation (eg. sepsis) FEw <1%
g Renal vasoconstriction: NSAIDs, ACEI/ARB, BUNICr >20
g contrast, <alcineurin inhib., HRS, hyperCa Upy, <20
a

Large vessel: RAS (bilateral + ACEI), vasculitis, Ui =500
dissection, abd compartment synd., renal
venous congestion,VTE

Acute tubular necrosis (ATN) Figmented granular muddy
Ischemic: progression of prerenal disease brown casts in ~75%
Toxins {+ in CIAKI)
Drugs: AG, amphotericin, cisplatin, HES (starch)  + RBCs & protein from tubular
Pigments: Hb, myoglobin (NEM 200936162 damage
Manoclonal: |g light chains (Blood 3010:1161397) FEps 2%, BUNICr <20, Uy,
Crystals: UA, ACY, MTX, indinavir, oral NaPQ, >20 (except pigment, CLAKI)
= Contrast-induced AKI (CIAK]): J RBF + toxin Usym <350
£ Acute interstitial nephritis (AIN) WBCs, WBC casts, £ RBCs
£ Mergic: p-lactams, sulfa drugs, NSAIDs, PPle wi neg UCx
Infection: prelonephricls, legionella, TB, leptospirosis @ urine sos in abx
Infiltrative: sarceid, lyraphoma, leukemia @ hyrnphs in NSAIDs

Autoimmune: Sjogren’s, TINU syndrome, [gG4, SLE
Small-med vessel: chol emboli, PAN, TMAs (TTE + RBECs
HUS, atypical HUS, DIC, preeclampsia, APS, @ yrine eos in chol emboli
malignant HTN, scleroderma renal crisis)
Glomerulonephritis (see "Glomerular Disease”)  Dysmorphic RBCs, REC casts
Bladder necle BPH, prostate cancer, neurogenic  Bland
& bladder, anticholinergic meds + nondysmorphic RBCs
€ Ureteral (bilatera! or uniateral in single kidney); FEn, variable
~ malig, LAN, mrnpmwneal fibrosis, nephrolithiasis 1
General treatment (¢ b
= Prerenal: isotonic IVF = alb |N.E,m 1004.35&21}. HES (starch) nephrotoxic (NEM 2012367:124)
* Avoid nephrotoxic insults; review dosing of renally cleared drugs
* Optimize hemodynamics (both MAP & CQO)
* No benefic to dopamine (Amnak 2005:142:510), diuretics (JAMA 2002:288:2547), or mannitol

Managing complications

* May take 1-3 wk to recover from ATN; anticipate volume overload, T K, T POy, acidosis

* Episodes of AKI T risk of CKD progression, even after recovery (NEM 1014;371.58)

= Indications for urgent dialysis (when condition refractory to conventional therapy)
Acid-base disturbance: refractory acidemia

Electrolyte disorder: generally hyper ia; occasionally hypercalcemia, tumar lysis




Intexications (http:/lwww.extrip-workgroup.orgl): contact Poison Control (1-800-222-1222)
Indicated for: methanal, ethylene glycol, metformin, Li, valproic acid, salicylates,
barbiturates, theophylline, thallium
Also consider for: carbamazepine, acetaminophen, dig {also give Digibind), dabigatran
{z2lso give idarucizumab)
Overload of valume (CHF)
Uremia: pericarditis, encephalopathy, bleeding
+ Data on benefit of early RRT remains mixed (NEM 2016375122 & JAMA 2016,315:2190)

Disense-SPECIFIC MANAGEMENT

Cardiorenal syndrome (CRS) (» Mook 20085641 & ASH 2013.8:1800
* Multifactorial pathophys including: ‘I} 4 CD 2) 1 rena] venous congestion, 3) T RAAS
+ Bidirectionality: acute CHF — AKI, and oliguric AKI can worsen CHF (facc 2008,52:1527)
* Treatment IV loop diuretics (bypass potential gut edema; see below for dosing); no diff.
beoween high ve. low dose and bolus vs. pre (MM 2011,364797). No clinical benefit with
vaptans (ADH receptor antag; JAMA 2007:257:121%), dopamine or nesiritide (NEM
201 1:365:32; JAMA 2013:310:2533), or ulerafiltration (NEM 2012:367:2296),
* Prognosis: 7% T mortality afw each 10 mU/min | eGFR in ADHF (jacc 2006471987)

Contrast-induced acute kidney injury (CIAK
= Risk factors: CKD, DM, CHF, age, hypmcnsmn,T contrast \nolume {JACC 2004441398
» Clinical: AKI wiin 48 h of contrast exposure, peaks in 3-5 d, resolves in 7-10 d (if does not
resolve, consider cholesterol emboli or other etiology)
* Prevention: consider when eGFR <60 or diabetes (Cjasw 2013:8:1618)
Isotonic IV fluids (unless contraindic. eg. CHF)
Qurpatients: 3 mLikgfh = 1 h before, 1-1.5 mLikg/h = & h after (jama 20042912328
Inpatients: 1 mLU/kg/h = 6-12 h before, during, and 6-12 h after;
if undergoing cardiac cath, consider rate of IVF based on LVEDP:
5.3, or 1.5 mUkgih if LYEDP <13, 1318, or =18 mmHg (Lancer 2014383:1814)
MaHCOs similar to MNaCl (CiasK 2015:10:1519).
Hold ACEIVARB (4kD 2012:60:575). NSAIDs, divretics. ! high-dose statin (Cre 2012:126:3008)
Minimize contrast volume and use iso-osmolar contrast (J4CC 2006:48:652)
MN-acetylcysteine 6001200 mg PO bid on day prior to & day of contrast; benefit in some
but not all studies (A 2016164406 as safe, reasonable to consider in high-risk Pts
Mo proven benefit to Ppx RRT in addition to above, may be harmful (Am [ Med 2012:12548)
« Gadolinium: can cause AKI in stage |V CKD (Neph Dial Troes 2005:21:657), no effective Ppc
Nephrogenic systemic fibrosis: fibrosks of skin, joints, eyes, and internal organs ~1—4 wie
post exposure in Pts wi mod-severe CKD (jacc 2009531621). Postgado HD encouraged
albeit no data. Physical therapy, Can be irreversible.

Hepatorenal syndrome (MRS see "Clrrhosis™ 4kDb 2013:42(8) 1198)
+ Albumin + either octreotide & midodrine or IV vasopressors

Rhabdormyolysis (NEM 200936

+ Multifactorial pathophys: myugbbm -induced oxidant injury, vasoconstriction, myoglobin
precipitation & pre-renal (extravasation). Can lead to L Ca, T K,and T PO,

* Diagnosis: UA & for heme but 0 RBCs (ie, myoglabinuria)

+ Generally low risk of AKI when CK <5000, but correlation imperfect, Rhabdo & risk of
AKl/death calculator: hitpd/iwwwbrighamandwomens.org/research/rhabdo/default aspx

+ Ageressive IVF resuscitation and augmenting UOP (tallor IVF to target UOP -3 mUkg and
ensure L CK), f urine pH <85, can consider NaHCO; solutions and watching pH.
¥ K & Ca frequently. Manitor for Dumpw'una'lt syndrome,

Acute interstitial nephritis (AIN: 1 200 8 W1077 9

» Commonly drug-induced: f-lactams, suil'a dmgx, MNSAIDs, PPIs

* If suspected, prompt removal of offending drug, consider early steroids wiin 7 d of dx

Thrombetic microangiopathies (TMAs): please see "Hematolog

Obstructive diseases

= Do imaging w/ renal /S if undifferentated or abd.l'pelvlr, CT (I") if suspect n.ephrnlil:hlasis

* Treatment Foley catheter vs. percutaneous nephrostomy for decompression

* Following decompression, at risk of.
Hypotonic diuresis (2° buildup of BUN, twhular damage); Rx wi IVF (eg, 12 NS)
Hemorrhagic cystitis (rapid A in size of bladder vessels); avoid by decompressing slowly

Curonic Kipney Disease (CKD)

Definition and eticlogies Lo
+ 23 mo of reduced GFR (<60) arrdfar kidney damage (pai:h markers, imaging)
* Prevalence 13% in US.

£y g



CKD 414

Complications & treatment (Anals 20091507

Cr poor estimare of GFR, use equation [www kidney.org/professionals K DOQghr_calculator.cfm)
CKD-EPI preferred over MDRD as less likely to underestimate at normal GFRs
cystatin-C—based formulae perform better than Cr-based {NEM 2012367.20)

Edologies: DM (45%), HTNIRAS (27%), glomerular (10%), interstitial (5%), PKD (23%)
(ME[M 2008:359:1477), congenital, drugs, myeloma, progression of AKI {java 2009302:1179)

Presence and degree of albuminuria a/w worse autcomes independent of GFR

Rates of all-cause mortality and CV events increase with each stage of CKD & albuminuria
and are greater than rate of P’FD:!’ESDUI‘I to ku:hl'le;-r failure (NEM 2004:351:1296)

Stages of CKD {m It 2013; s[s.wn]sp

GFR Stage GFR mLmin/1.73 m*
1(nl or T GFR} =90

2 {mild) 60-89

3a (mild-med) 45-59

3b (mod-zevers) 30-44

4 (severe) 15-29

5 {kidney failure) <15 or dialysis

Goals

DrelRx of underfying condition & comorbidities,
slow progression: cardievaseubar risk reduction

Estimate progression
Evaluate and treat complications
Evaluate and treat complications

Prepare for renal replacernent therapy (RRT)

Dialysis if uremic

Albuminuria stage based on albuminuria (mg/d) or spoc urine alb (ug) to Cr (mg) ratie: nl |
jcor mily T (30} oed Tor micmalouninuma {30293}y of sevornly'd o tiachialy edlo)

General Nausea, anorexia, malaise, fetor uremicus, metallic taste, suscepibility
to drug O/D, decreased tamperature
Skein Uremic frost {white crystals in & on skin), pruritus, calciphylaxis, NSF

Neurologic Encephalapathy (A MS, L memory & attention), seizures, neuropathy,
impaired sleep, restless leg syndrome

Cardiovascular  Pericarditis, aceelerated atherosclerosis, hypertension, hyperlipidemnia,
volume overload, CHF, cardiomyopathy (esp. LYH)

Hematologic  Anemia, bleeding (due to pltelet dysfuncrion and Epo deficiency)

Metabolic T K, T PO acidosis, L Ca, 2 hyperparathyroidism, osteadystrophy

_Sig_ns and Symptoms of Uremia (nem 2007.357:1315)

+ General: nephrology referral when GFR <3D and access plannlng {avoid subdlavian
lines; preserve an arm for access by avelding blood draws, BP measurements, [Vs);
Rx CV risk factors (eg, smoking, LDL-C; Loncet 2011:377:2181), vaccines (flu, FINA, HBV)

Dietary restrictions: Na (if HTN), K (if oliguric or hyperkalemic), POy, ? moderate
pratein restriction, strict gle control in DM, avoid herbal and unknewn OTCs

BP Control: goal <130/80,7 <120/80 if tolerated (Mep 20153732103 start wi ACEI (or
ARB), effective in DM & nondiabetic CKD (nEM 2004351:1952); no benefit of ACE! + ARB
combined and afw adverse outcomes (NEW 2013,367:1692), For outP, v Cr& K in 1-2
wh, dfc if Cr T 30% or K =54 (after dietary A & loop diuretic).

Metabolic acidosis: sodium bicarbonate or sodium citrate if low HCOs ( jasn 201526515)

* Calciphylaxis (calcific uremic arteriopathy):

Hyperkalemia (qv)

Anemia: goal Hb 10 gldL, worse outcomes if earger higher (Ne 2009:3612019)
epoetin (start 80-120 Wilg 5C, divided Ix/wk) or darbepoetin (0.45 pgikg q wh)
iron supplementation to keep transferrin sat >20% (often given [V in HD Pts)

Uremic bleeding: desmopressin (dDAYP) 0.3 pgfke IV or 3 pgfkg intranasally

2° HyperPTH: T POy, | Ca, | calcitriol, T FGF-23 - T PTH — renal osteodystrophy

CKD stage 3

4 3

Target PTH (pg/mL) 3570 70-110  150-300
phosphorus binders (take with meals!) (nEm 2010362:1312)

if T POy and | Ca — calcium acetate (Phach} or calcium carbonate

if refractory T POy or in secting of T Ca — sevelamer (Renagel), linthanum (Fosrenol)

non-Ca~based binders alw | mort. compared to Ca-based (Lanee 2013:382:12¢8)

if PTH above goal then start vit. D {if 25-(OH)D <30) before adding 1,25-(OH)D
analogue (pariealcital); stop i T Ca (ykn 1009:53:408)

cinacaleet (parathyroid caldum-sensing receptor agonist) if T FTH despite phosphorus
binders + vic, D analogue (gasv 1016;11:161); consider parathyroidectomy

Pathophys: calcification of media of small- to med-sized blood vessels of dermis &
SC fat — ischemia and skin necrosis wi painful lesions |NEM 2007,356:1049)

Risk Factors: uremia in ESRD (T PO, T Ca, T PTH), 7=4 DM, abesity, warfarin

Dhiagnosis: skin bx gold standard; bene scan used in support of dx



Treatment: multidisciplinary wound care, manage hyperPTH, avaid vic D & Ca suppl.,
IV & intralesional Na thiosulfate, cinacalcet; NOAC rather than warfarin
Prognosis: alw 80% 1-y mort. in ESRD Pts (AKD 2015:66{1):133)
» Transplant evaluation

DiuREsis
General considerations
* Increases Na excretion for treatment of HTM or edema in CHE, renal failure, and cirrhosis
+ Daily wt most effective method of documenting successful diuresis

Loop diuretics (MEM 1998:335:387

+ Drugs: furosemide (Lasix), torsemide, bumetanide (Bumex), ethacrynic acid

* Mech: inhib MNa-K-2C| transporter in thick ascending limb (ThAL): 20-25% Na reabsorp.
Transient,immediate venadilation may aid in pulmonary congestion (NEJM 1973;288:1087)
Response is fxn of amt of drug excreted; . T dose needed in renal insufficiency, CHF
Sigmoidal dose response curve; . T dose until induce diuresis, 7T dose beyond chat

point yields diminishing returns compared with T frequency of dosing

* Dosing: PO bioavailability of furosemide -50%, . IV dose -2x as potent as PO dose
torsemide & bumetanide ~90% bioavailability; use ethacrynic acid if sulfa allergy
40 mg furosemide PO = 20 mg furcsemide IV = 20 mg torsemide PO = 1 mg bumetanide
dose furosemide bid-gid; qd dosing can lead to initial diuresis — antinatriuresis
Continugus vs. bolus [V: similar results in acute CHF {(NEW 201 1;364:797)
1T diuresis wi co-administration of albumin if 1. serum albumin (Gt Core Med 2005;33:1681)

Thiazide diuretics (NEM 2009381:2153)

+ Drugs: hydrochlorothiazide (HCTZ), chlorothiazide (Diuril), metolazone (Zaroxelyn)

* Mech: inhib Na-Cl cotransporter in the distal convoluted tubule (DCT): 5% Na reabsorp.
synergistic with loop diuretic, esp. if chronic loop use
| effect when GFR <30, except metolazone which is still effective in renal insufficiency

+ Dosing: give prior to loop diuretic, typically —30 min before

K-sparing diuretics

+ Drugs: spironolictone (Aldactone), amiloride, triamterene, eplerenone

+ Mech: | Na reabsarption (-1%) in collecting duce (amiloride/triamterene inhibit principal
cell Na channel [ENaCl; spirenclactoneleplerencne inhibit mineralocorticoid receptor).
Relaﬂvely weak natriuretic activity, useful in combination with chiazide or in cirrhosis.

Approach to Diuresis (if inadequate diuresis, go to next step)
Action
Loop diuretic PO: // rasponse at 3 h, redose at 2« prior dose if neaded
Add thiazide diuretic PO (potentiates response to loop diuretic)
Loop diuretic IV: bolus bid-qid + thiazide (may start here if inPt)
1 dose needed wi T Cr;initial effective IV Lasix dose = 30 = Cr
(e, if Cr =4 — 120 mg IV lasix)
Loop diuretic infusion: bolus + continuous |V infusion + thiazide (PO or V)
5 RRT: consid:er ultrafiltration, CVVH, or HD
e e i e
+ Renal insufficiency: loop diuretic (T dose to achieve effective delivery to ThAL) + thiazide
+ CHF: loop diuretic (T frequency over T dose) + thiazide (watch K & Mg)
+ Nephrotic syndrome: urinary albumin binds secreted loop diuretic, use 2-3% normal dose
+ Cirrhosis: spironolactone (blocks 2° hyperaldosteronism) + Lasix in 2.5:1 ratio
+ Severe metabolic alkalosis: acetazolamide & treat underlying cause:

uu_lg

Adverse effects

+ Loopi2 T Ma, | K, | Mg, | Ca, hyperuricemia, ototexicity, hypersensitivity (sulfa)

+ Thiazide: | Na, 1 K, | Mg, T Ca, hyperlipidernia, pancreatitis, T glucose, hypersensitivity
* K-sparing T K (esp. w/ ACEI), metabolic acidosis, gynecomastia (spironolactone)

REMAL REPLACEMENT AND DIALYSIS
General
+ Substitutes for renal salute and fluid remaval
+ Acute indications: see “AKI"; choices CVVH v HD
* Chronic indications: time of RRT initiation should factor in Pt QoL uremic sx, risk of
development of urgentacute indications; choices PD vs. HD

Hemodialysis (HD) ivgm 20103631833
+ Physiology: blood flows along one side of semipermeable membrane, dialysate along other
Fluid removal (ie, Na + HyO) via transmembrane pressure (TMF} gradient

Sl sissEnig



Duivsis  4.16

Solute removal via transmembrane concentration gradient and inversely proportional
to size (o effective removal of K, urea, and Cr, but not POy)

* Typical orders: duration, volume rermoval goals, K and Ca in dialysate bath, anticoagulation

* G ws, Ixiwk improved HTN, LV mass, Qol, but T vasc Issues (NEM 2010:363:2267);
wi 3xiwk HD, T adverse outcomes after 2-d interval (WEM 2011:365:1099)

* Complications: Ho TN, arrhythrmia, access issues (clot, stencsis, infin, recirculation),
disequilbrium syndrome (sx of cerebral edema due to HyO shifes after rermoval of plasma
urea during dialysis, esp. in new HD Prs wi 17 BUN), high-output HF

* Fever wi catheter: empiric abx (vanc + GMNR coverage qHD). GPC > GNR = mixed/fungal,
Catheter removal, replacement, or “lock” abx, Consider metastatic Infxn wiu (Awo
00444779, JASM 201425:2927).

Yascular Access

Advantages Disadvantages
AV fistula Highest patency Long maturation time (2-6 mo)
Lowest risk of bacteremia Primary nonfunction (20%}
Lowest mortality {(ASN 2013;14:465
AV graft Easier to create than AVF Poor 1° patency, often requiring
Maturation time (2-3 wk) thrombectomy or angioplasty
Catheter Immediate use Highest risk of bacteremia
Use as bridzs to AVF/AVG L blood flow — L HD efficiency
Continuous veno-venous hemofiltration (CVVH) (KoM 201236726

* Physiology: hemofiitration rather than dialysis. Biood under pressure passes down one side
of highly permeable membrane allowing H:O and solutes to pass across membrane via
TMP gradient (convective clearance). Filtrate discarded, Replacement fluid infused
(solute concentrations similar to plasma, except no urea, Cr, POy). Auid balance precisely
controlled by adjusting filrate/replacement fluid.

* Mccess: double-lumen central venous catheter

* Typical orders: volume goals, replacement fluid buffer: HCO; (requires heparin
to prevent machine from clotting, although can be run heparin-free) vs. citrate
[hepatically metabolized (. cannot be given in cirrhosisiliver failure) to HCOy;
provides anticoagulation w{in machine via Ca chelation]

*+ Complications: hypotension, | POy, access complications; | ICa (citrate toxicity in Ps

with hepatic dysfunction — look for 1 1Ca but normalf T serum Ca and AG met acidosis)

* Potential advantages over HD: less hypotension, better volume control, removal of
inflammatery mediators; hawever, no survival advantage (Lancee 2006:368:379)

= Mo advantage for high-intensity CYVH over standard intensity (NEWM 2008355.7)

Peritoneal dialysis (PD) (fen fiaf ine 200121 et (il It I00% 39555
* Physiclogy: peritoneum acts as membrane. Fluud baiance controlled by choosing
dialysate [glucose] (higher concentrations pull more fluid into peritoneum); longer dwell
tmes pulls first more and then less fluid as gc equilibrates across peritoneum
= Access: permanent catheter inserced in OR
* Typical orders for CAPD (continuous ambulatory peritoneal dialysis):
PD fluid = dextrose (1.5%, 2.5%, or 425%), buffer (lactate), Na’, Ca™, Mg"*
infuse 10 min, dwell 30 min-5.5 h, drain 20 min
+ Can use overnight cycler device that infuses & drains more rapidly, with shorter dwells,
while Pt sleeps. Called automated or continuous cydling peritoneal dialysis (APD, CCPD).
+ Complications: hypoalbuminemia; right=sided pleural effusion
Peritonitis: abd pain, tenderness, cloudy drainage (WBC =100 and =50% PMNs)
spectrum: 60-70% GPC, 15-20% GNR, remainder no bacteria or fungal
R abx IV or in PD, catheter remaoval for certain pathogens (eg. yeast, Pseudomanas)
Hyperglycemia: exacerbated by inflammation, long dwell times, and higher [glucose]

Kidney transplantation (Med Cin 8 Am 2076:100:435)

* Rx of choice for ESRD; ccrltralnd:c active malig, infen, ischemia, noncompl, subst use

* Immunosupp.: calcineurin inhib (tacrolimus, CsA) or CTLA4 inhib (NEM 2016:374:333),
antimetabolite (AZA, MMF), prednisone, £ mTOR inhibitor (sirolimus) (Ve 2004351:2715)

* Late renal dysfxn: usual AK| causes + calcineurin tox, rejection (MEM 2010:363:1451), BK
virus, recurrence of 1° disease; usual wiu + immuncsupp levels, BK virus load, U5, then
b if no other cause (GASW 20083:556; CIATA 2011:6:1774)

« 1 risk of infxn (incl eppartunistic such CMY, JC, BK viruses; gasw 2012,7:2058) &
malignancy (incl PTLD)

* T CVD risk due to HTN (calcineurin inhib, RAS), DM & dyslipidemia (immunosupp meds)



GLOMERULAR DISEASE B

GLOMERULONEPHRITIS (GIN)

Definition (Lame: 2016387:2026)

* Pathalogically: intraglomerular inflammation (ranging from focal proliferative [<50% of
glomeruli] to diffuse proliferative to crescentic) (Lance: 2008:368:404)

* Clinicaily: hematuria wi dysmorphic RBCs or RBC casts, + subnephrotic proteinuria
often wi AKI, HTN, edema

* Progression: acute GN = days; rapidly progressive GN (RPGN) ~6 wks; chranie GN = mos;
can simply have asx hematuria

* Crescentic GN (pathologic description) = RPGN (clinical description)

ANCA & Vasculitis (pauci-immune, minimal staining) -40-45% of total |
Pathogen:! bacterial infxn, drugs (hydral, allopuringl, contam cocaing) (AN 1017:62759) |

Disease Gran Renal Pulm Asthma ANCAType' ANCA S |
Granulomatosis @ BO% 90% — anti-PR3 0% | *
with polyangiitis* [+ ENT) {c-ANCA) | Z
Microscopic — | 9o% | sox — anti-MPO 708 3
polyangiitis (p-AMNCA)

Eosinophilic gran @ 45% 0% il anti-MPO 50 t
with polyangiitis® (p-ANCA) =

*Predominant ANCA type; either p- or c-ANCA can be seen in all three diseases (NEM 2012367214}
“GPA is formmerly Wegeners granulomatosis and EGPA is formerly Churg-Strauss

Anti-GBM Disease (linear staining) <15% of total

Disease Glomerulonephritis ~ Pulm hemorrhage  Anti-GBM

Goodpasture’s <] @® @

Anti-GBM disease & — @

Immune Complex (IC) Disease (granular staining) ~40-45% of total

Renal-limited diseases Systemic diseases

Infection-related GN SLE

(Staph & Strep: | C3,+ ASLO) (@ ANA, @ anti-dsDMA, | C3, L C4)

Membranoproliferative GN (MPGN]  Cryoglobulinemia

(4L C3) (# cryocrit, @ RF, @ HCV, SPER, | C3, 1 C4)

Fibrillary and Immunotactoid GN  Endocarditis

{mormal C3) (fewer, © BCx, valvular disease, L C3)

IgA nephropathy Henoch-Schonlein purpura (lgA nephropathy

(normal C3) (NEIM 2013368:2402) + systemic vasculitis w/ IgA depos:ts nl C3)
Oncology-related glomerulopathy (Kd b 201 iz

* Associations between malig (solid tumors & heme} andior their Rx [HSCT & chemo-
therapeutics) and GN, nephrotic syndrome, and thrombotic microangiopathies (TMA)

* Most common associations: membranous (solid tumors, HSCT), MCD (Hodgkin's, solid
wmors), MPGN (CLL. MM, THMA (HSCTVEGR, anti-EGFR, CNIs, TKls, mTOR)

Worlwup jischi

1007:161.25; A
* Acute GNIRPGN + lung hemun'hage is an emergency — requires early Dix and Rx

= ¢ ANCA (Lancer 2006;368:404), anti-GBM, complement levels

= Depending on clinical hoc ANA, ASLO, BCx, cryocrit, hepatits serologies, skin bx

* Consider GMN mirmics: thrombotic microangiopathies (qv), myeloma, AlN, cholesterol emboli
* Renal biopsy with immunofluorescence (IF) + electren microscopy (EM)

Figure 4-8 Approach to glemerulonephrits based on immunoluocescences patteen
" mmwm =
TANCA @ entiGEW = | complement
L

ANCA & Vasoulits AntFGBM Dl sease Immune Complax Dissass
(parsimrenn) IllmarIF] {grarui IF)

cANCA  p-ANCA @ lung & dun elinical history
@ granufoms ne-mm\qge hmm‘mge o3 nicd

[ -
Granukmatass b Eﬂu‘.\:u‘m'ﬂ ANG-GEM  PSGM MPGN  IgAHER
wipohamiils gran ;““ ““ SLE, [E Fionliary &4

(Wargnir=) 7 u Gryoglebuinemia
Micraacaplc Polvangitis  Ens gran with polyangilts (Churg-Strauss)
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Treatment (i fo: Sup 3

* If acute GN/RPGN suspeu:ed gwe 500- TGOOmg methylpred. IV qd = 3d ASAP while
awaiting bx results, Consider plasmapheresis & further Rx based on undertying disease.

* SLE nephritis: induction wi steroids + cyclophosphamide (CYC) or MMF (SN 2010:21:2028)

* ANCA @ or anti-GBM: pulse steroids + CYC (or rituximab) + plasma exchange ( jAsn
2007:18:2180; NEIM 2010:363:221; AIKD 2011:57:566)

= See "Vasculitis” for further disease specific treatment details

AsyMPTOMATIC GLOMERULAR HEMATURIA

Definition and etiolog

. Hematum * protemurla of glomerular origin wio renal insufficiency or systemic
disease (nonglomerular hematuria more common; see “Hematuria™)

* Ddbx: any cause of GN (esp. lgh): also consider Alport’s (X-linked, deafness, renal failure),
thin basement membrane ﬂEP'IrOPad"” {autosomal dominant, benign; jAsN 2006,17:813)

|EAI'I“F?|!HI|J.‘I['|§' NEJM 203 143 CJASN 20145:61T)
* Most common cause chN d pred peak mcndence 20-30s; can also be peost-infectious
* Wide range of clinical presentations: asx hematuria (30-40%), gross hematuria -1-3 d
after URI (30—40%), chronic GN (10%), nephrotic syndrome (5%), RPGN (<5%)
* Though clinical presentation can be highly suggestive, definitive dx only wi bx
= Prognosis: 20-40% will reach ESRD wiin 20 y of presentation
* Roc ACEVARB {jash 199%10:1772); steroids if proteinuria ( JASN 2012:23:1108: NEM 2015,373:
1115;; + cytotaxic Rx for crescentic GN & nephrotic sx, consider for prog. chronic GN

NEPHROTIC SYNDROME

Definition (vem 1998338

* Pathologically: abnormal glomerular podocyte permeablhty o protein

+ Clinicafly: proteinuria >3.5 gfd, albumin <3.5 g/dL. edema, T cholesterol. hypertension

Primary glomerular diseases cuped t

* Focal segmental glomemlosciemsls {40‘?&. NUM 1011 soszml k b {? T soluble
urokinase receptor; Nat Med 2011:17352), HIV {collapsing variant), NSAIDs, lymphomas,
parmidronate, heroin, congenital, T fileration from prior nephron loss, abesity,
vesicoureteral reflux, anabolic steroids, Apol T mutation in AA [JASN 2015261443

* Membranous nephropathy (30%: SN 20145609 Lancer 2015:385:1983)- idiopathic (auto Ab to
phospholipase A; or thrambospondin; NEM 2009:361:11 8 2014/371:2277), infxn {esp. HBY,
also HCV, syphilis), autcimmune (eg, SLE), carcinomas, drugs (NSAIDs, penicillamine)

* Minimal change disease (20%, more common in children; NDT 2003, 18i52)
idiopathic, NSAIDs, Hodgkin's disease, & other lymphoproliferative disorders

* Membranoproliferative GN (5%, mixed nephrotic/nephritic features: CiAsN 20143:600)
Immune complex-mediated: infection {esp. HCV + eryos, IE.HBV "shunt™ nephritis, other

chronic infxns), SLE, cryos, Sjogren’s, lymphomas, dysprur,a'nemia, il:il:vpad‘lic

Complement-med (rare); abnl C3 convertase activity, dense deposit dis, CIGN

* Fibrillary-immunotactoid glomerulopathy (1%; tid int 2003:63:1450)

* Mesangial proliferative GN (! atypical forms of MCDVFSGS, 5%) 1gM, Clq nephropathy

Systemic diseases with secondary glomerular involvement

* Diabetes mellitus: nodular glomerulosclerosis {Kimmelsdel-\"\ﬁlson lesion); large kidneys
hyperfiltration -+ microalbuminuria — dipstick & — nephrotic range (10-15y)
concomitant proliferative retinopathy seen in 90% of type 1 and 60% of type 2

* Amyloidosis: AL or light chain amyloid or AA amyloid secondary to inflammation

* SLE: rypically with membranous nephropathy (WHO class V)

= Cryoglobullneml& typically with membranopraliferative GN

Waorkup " 6125 BM) 2008 1185

+ Urine sediment usmlly benign; + ava! far. bodies (“Maltese crosses™; MEIM 2007:357:806)

* Measure proteinuria: 24-h urine collection or spot urine prot/Cr ratio (not accurate in AKI)

= rlo 2° causes: T Hbaic + retinop. — presumpt. dx of diab. nephrop.; v ANA anti-dsDNA,

£3/C4, SPEP/light chains, fac pad bu, cryocric, HBV/HCY, HIV, RPR,APLA; recepr Ab

Renal biopsy

reatment (K i

General: protein suppl dlureucs for edernu.r.rear. hyperlipidemnia, Na restriction (<2 g/d)

ACEI or ARB: decrease proteinuria —» slow nonimmunologic progression of remal disease

1° glomerular dis: steroids + cytotoxic therapy; cancer screening if membranous neph,

Secondary causes: treat underlying disease

Watch for malnutrition (protein loss), thrombesis (in ~25%, esp. renal vein, ble loss of ATII

& other endagenous anticoags), infxn (esp. encaps. organisms bl loss of Ig)

R R



g URINALYSIS n

Urine Dipstick

Measurement  Significance and uses

Specific Estimate U each 0.007 above 1= 30 osm (G 1.010 — Ugy = 300)
gravity SG and U, useful in evaluating AK, dysnatremias, polyuria
heavy substances (glucase, contrast) T SG more than Us,
pH Range: 4.5-8.5; useful in evaluation of stones, RTAs, infection
Protein Derects albumin (marker for glomerular dysfian); see "Proteinuria”
Blood See “Hematurla can also be & wf few RBCs on sediment review in
myoglobinuria (rhabd Iy
False 4t semen, dilute urine ( -+ Dsn'\otlc cell lysis), T pH, vaginal blood
YBC Suggests inflammation (UTI, interstitial nephrits, GN)
Ketones Detects acetoacetate (ie, ketoacidosis) but not B-hydroxybutyrate
Nitrite Suggests presence of nitrate reductase & bacteria [most enteric GNRs) |
Bilirubin T in biliary or hepatic disease =
| Glucose & in hyperglycemia (>180 mg/dL}, pregnancy, Fanconf’s syndrome i3
Urine Sedi {mi pic examination) (Am | Kidoey Dis 200851:1052) E

Method: Centrifuge fresh sample {prox. port if Foley) x 3-5 min at 1500-3000 rpm; pour
off supernatant in one motion; resuspend pellet by agitating base of tube; pour suspensian
onto slide w/ coverslip; view under “high dry” power; phase contrast fer RBC merphelogy

Cells RBCs: assess amount & morphology (many dysmorphic — glomerular)
WBCs: PMNs (UTI) vs. eosinophils (AIN; may require special stain) |
| Epithelial cells: tubular (ATN), transitional (bladder or ureters), squamous |
| Casts Proteins molded in lurnen of renal tubule + entrapped cellular elements
| (see urinalysis = RBC - GN
photo inserts  WWBC —+ AIN, pyelonephrits, GN
in oppendix)  Granular (“muddy brown™): degenerating cellular casts - ATN
Tubular cell — ATN
Hyaline: Tamm-Horsfall protein (nonspecific)
Waxy and broad — advanced chronic kidney disease
Crystals Calcium oxalate monohydrate: spindle, oval, or dumbbell shaped
(see Calcium oxalate dihydrate: envelope shaped or octahedral
urinalysis Urie acid: variable shape: polychromatic under polarized light
photo inserts  Cystine: hexagon shaped
in appendix)  Struvite: coffin-lid shaped; seen in chrenic UT1 with urea-splitting organisms
- Drugs: sulfa, protsase inhibitors: shocks of wheat™ acyclovir: fine nesdles.
PROTEINURIA
Etiologies of Proteinuria |
Category Description Etiologies .
Glomerular Disruption of filration Glomerulonephritis |
(can be >3.5 gid) barrier — lose albumin Mephrotic syndrome |
| Tubulointerstitial | reabsorption of freely fillered  ATN;AIN |
| (usually <1-2 gld)  proteins - lose globulins Faneoni's syndrome |
Overflow T production of freely filtered  Multiple myeloma
proteing Myoglobinuria
Isolated By def'n:asx, normal Functional (fever, exercise, CHF)
renal fxn, sed, & imaging, no Orthostatic {only when upright) |
_hiorenal disease Idiopathic (transient or persistent) |

+ Urine dipstick

1+ =30 mg/dL, 2+ =100 mgfdL, 3+ =300 mg/dL, 4+ =2 g/dL; interpretation depends
on SG; eg, 3+ in very concentrated urine might not indicate heavy proteinuria

Insensitive for microalbuminuria and myeloma light chains {Bence-Jones protein)

+ Spot urine: protein (mg/dL)/creatinine (mg/dL) = g/d of proteinuria (NEM 1983,308:1543}
unlike urine dipstick, will accurately measure myeloma light chains
reliable surrogate for 24-hr urine, esp. 1st morning void (JASN 2009204365, inaccurate if AKI
depends on Cr production, . underestimates if muscular, overestimates if cachectic

* Microalbuminuria (30-300 mg24h or mg/L or pg/mg of Cr): early sign of glomerular
vascular disease; marker for T risk of CV adverse outcomes {jAMA 1001:385427)

» Orthostatic proteinuria; typically in adolescents; -90% of young J with isolated
proteinuria have orthostatic proteinuria; typically resolves spontanecusly
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HeMaTURIA

Etiologies of Hematuria
Extrarenal (far more comman) Intrarenal
Nephrolithiasis Mephrolithiasis or crystalluria

Meoplasm: transitional cell, prostate  Neoplasm
Infxn: cystitis, urethritis, prostatitis  Traumalexercise {7 extrarenal component)

Foley trauma WVascular: renal infarcts, renal vein thromb., sickle
BPH cell, ruptured hemangioma
Schistosoma haermtobium Glomerular: IgA, thin BM = others:? loin pain synd.

PID {MNEM 2008359:1477] Y
* Wide, overlapping ages for various etiologies, but general guide for common causes:
<20 y: GN, UTI, eangenital; 20-60 y: UTI, nephrolithiasis, cancer
=60 y d: prostatitis, cancer, UTL =60 y 2; UTI, cancer

Workup (ama 20153141865 & 1076 (164 4EE
+ Urine dipstick: & if =3 RBCs; @ dipstick and © sediment — myo- or hemoglobinuria
+ Urine sediment: dysmaorphic RBCs or RBC casts —+ GMN - consider renal bx
+ If no evidence of glomerulonephritis:
rfo UTI and non-GU causes (Gl or vaginal bleed)
Urine cytology (Se —70%, Sp ~95%), not adequate substitute for cystoscopy
Renal imaging: helieal CT + contrast (ro nephrolithiasts and neoplasia of upper tract),
eystoscapy (rlo bladder neoplasia, esp. 235 ), + MR, retrograde pyelogram, U/S

NEPHROLITHIASIS

Types of stones and risk factors || of Metabod 201297 1847)
+ Calcium (Ca oxalare = Ca phosphate): 70-90% of kidney stones
Urine findings: T Ca, T oxalate (Ca-ox only), T pH (Ca-phes only), | citrate, | volume
27 hypercalciuria: 17 hyperparathyroidism, distal RTA, sarcoid
27 hyperoxaluria: Crohn's, ileal disease w/ intact colon, gastric bypass, pancreatic insuffic,
Diet T animal protein, T sucrose, T MNa, L K, L fluid, | fruitsivegetables, T vit. C, L Ca
* Uric acid: 5-10% of kidney stones, radiclucent on plain film
Urine findings: T uric acid, | pH (eg, from chronie diarrhes)
* Magnesium ammonium phosphate (‘struvite” or “triple phosphate”)
Chronic upper UTI w/ urea-splicting organisms (eg, Proteus, Klebs) — T urine NH;,pH =7
* Cystine: inherited defects of tubular amino acid reabsorption

Clinical manifestations

* Hemawria (absence does not exclude diagnosis), flank pain, N/V, dysuria, frequency

* Ureteral obstruction (stones >5 mm unlikely to pass spont.} -» AKI if solitary kidney
= UTET risk of infection proximal to stone; urinalysis of distal urine may be normal

Workup

* Noncontrast helical CT scan (ureteral dilation wro stone suggests recent passage) 377%
sens. 95% spec. (4R 2008;191:396); LIS appears comparable (NEW 2014371:1100)

+ Strain urine for stone to analyze; U/A & UCx: electrolytes, BUN/Cr, Ca, PO., PTH

+ 24-h urine x 2 (6 wk after acute setting) for Ca, PO, oxalate, citrate, Na, Cr, pH, K, vol.

Acute treatment (NEM 2004350-684}

* Analgesia (narcotics + NSAIDs; combination superior, Am Emerg Med 2006:48:173), ensure
adequate fluid repletion, antibiotics if UT]

» Consider alpha blocker = CCB to promote ureteral relaxation (Lancer 2006;368:1171)

* Indications for immediate urologic eval and/or hosp: obstruction (esp, salitary or
transplant kidney), urosepsis, intractable pain or vomiting, significanc AKI

* Urologic Rx: lithotripsy (NEM 2012:367:50), stent, perc nephrostomy, ureteroscopic remaval

Chranic treatment (| Gn Endocring Metabal 1012371847
+ Increase fluid intake (>2 Lid) for goal UOP 2 Lid
+ Calcium stones: 24-h urine identifies specific urinary risk factors to treat
1 Na and meat intake (vEM 2002;34677), thiazides: decrease urine Ca
Depending on 24-h urine: K-citrate, dietary oxalate restriction, allopurinel
High dietary Ca is likely beneficial by | oxalate absorp., unclear role of Ca supplements
*+ Uric acid: urine alkalinization (K-citrate), allopurinol
+ Magnesium ammonium phosphate: antibiotics to treat UTI, urologic intervention,
acetohydroxamic acid: urease inhibitor, reserve for experienced dinician, poorly tolerated
* Cystine: urine alkalinization (K-citrate), o-penicillamine, tiopronin




4 in RBC mass: Het <47% or Hb < 13.5 gldl (men); Het <36% or Hb <12 gldl {women)

Clinical manifestations

*+ Symptoms: 1 O delivery - fatigue, exertional dyspnea, angina (if CAD)

* Signs:pallor (mucous membranes, palmar creases), tachycardia. orthostatic hypotension

» Other findings: jaundice (hemolysis), splenomegaly (thalassernia, neoplasm, chronie
hemolysis), petechiael/purpura (bleeding disorder), glossitis (iron, folate, vitamin By,
defic.), koilonychia (iron defic.), neurologic abnormalities (By; defic.)

Diagnostic evaluation

* History: bleeding, systemic illness, drugs, exposures, alechol, diet (including pica), FHx

« CBC wi diff.; RBC params incl. retics, MCV (nb, mixed disorder can — nl MCV), RDW

* Reticulocyte index (R|) = [retculocyte count x (Pr's Het/nl Het))marturation factor
maturation factors for a given Het 45% = 1, 35% = 1.5,25% =2,20% = .5
Rl »2% -+ adequate marrow response; Rl <2% — hypoproliferation

* Peripheral smear: select area where RBCs evenly spaced and very few touch each
other;  RBC size, shape, inclusions (see “Appendix” & "Peripheral Smear” inserts),
WEC morpholagy, plt count

+ Additional labs as indicated: hemolysis labs (if RI 2%, see below), iron/TIBC, ferritin,
folate, Bz, LFTs, BUN & Cr,TFTs, Hb electrophoresis, enzyme/gene mutation screens

+ Bone marrow (BM) aspirate and biopsy (bx) with cytogenetics as indicated

Figure 5-1 Approach to anemia

Anemia
-~ =
il <2% Al =2%
rF 4
[ INCREASED DESTRUCTION or LOSS |
# ol T A
T LDH
low normal  high 1 Biirubin 55 0f
MCV MGV MCV | hapiogiatin Hesding
A, . ¥
microcytic i Ly i hemalysi recent acute
anamia anamia anermia blood less
MICROCYTIC AMNEMIAS
Figure 5:1 Approach 1o microcyric anemizs (NEJM 2014:379:1334)
Microcytic Anemia
r T I I 1
L Fe, TTIBC nomal iren studies
1 forritin MCV/RBC <13 LFe, LTIBC T Flf;e'::ig:‘ﬂc
Fa/TIBC <18% basophilic stippling T feritin binkiless
MCV/RBE =13 +1 rotics FeTIBC »18% hm?adnbsl:spgwﬂm
1 marrow Fe + abnl Hb alectro, l g sl rl s
Iron deficiency Thalassemia Anemia of Sideroblasfic
anemia chronic inflammation anemia
lron deficiency (NEM 20153721832 Lonces 2016387907

+ | marrow iron & depleted body iron stores — L heme synthesis — microcytosis — anemia
+ Special clinical manifestations: angular cheilosis, arrophic glossits, pica (consumption of
nonnutritive substances such as ice, clay), koilonychia (nail spooning)
Plummer-Vinson syndrome (iron deficiency anemia, esophageal web & atrophic glossitis)
+ Etiologies: chronic bleeding (Gl—incl. cancer, menstrual, parasites. NSAIDs, etc.),
1 supply (malnutrition; | absorp. due to celiac sprue, Crohn's, T gastric pH, subtotal
gastrectomy), T demand (preg., Epe). Iron-refractary iron-defic. anemia (IRIDA; rare
Fe refractory genetic disorder due to hepeidin dysregulation; Mar Gener 2008,40.569).
* Diagnosis (eval ideally before Rx): 4 Fe, T TIBC, | ferritin (esp, <15}, | transferrin sat
(Fe/TIBC; esp. <15%), T soluble transferrin receptor; T plc
Unless hx ciw other etiology, initiate workup for GIB, incl. H. pylori serology
! Celiac sprue labs (anti-TTG, antigliadin, antiendomysial Ab)
Cytogenetics & melecular testing as indicated



* Treatment oral Fe tid (6 wk to correct anemia; 6 mo to replete Fe stores; nb, oral Fe
does not give ® Hemoccult). In excessive/persistent Gl losses or dialysis, cancer, CHF,
or prior to Epo R IV iren (Fe-sucrose, -gluconate, -dextran) should be considered,

Thalassemias (Lo 179:173

* 4 synthesis of a- or [b-globm chains of Hb — # subunits — destruction of RBCs and erythroid
precursors; .. anemia from hemolysis and Ineffective erythropoiesis

* o-thalassemia (NEfM 2014.371:1908): deletions in ¢-globin gene complex (nl 4 o genes),
seen wi Southeast Asian, Mediterranean, African, Middle East ancestry
3 1 — ai-thal-2 trait = silent carrier;2 o — w-thal-1 trait or c-thal minor = mild anemia
T o — HbH (pa) disease = severe anemia, hemolysis and splenomegaly
0 o genes — Hb Barts (y4) = intrauterine hypoxia and hydrops fetalis

* p-thalassemia: mutations in fi-globin gene — absent or 1 gene product
seen wi Mediterranean (espec. Greek or Italian), African, or Asian ancestry
1 mutated fi gene — thal minor (or trait) = mild anemia (no transfusions)

1 mutated 3 genes — thal intermedia (oceasional transfusions) or thal major (= Cooley's
anemia; transfusion dependent) depending on severity of mutations

* Severe dlinical manifestations: chipmunk facies, pathologic fractures, hepatosplenomegaly
(due to extramedullary hematopoiesis), high-output CHF, bilirubin gallstones, Fe overload

* Diagnosis: MCY <70, normal Fe, MCY/RBC count <13 [Mentzer Index, 60% Se, 98% Sp;
[Am Hem 200786:486)], + T retics, basophilic stippling; Hb electrophoresis: T HbAy (o)
in B-thak nomal pattern in o-thal trait, -~ PCR or supravital stain for

+ Treatment: folate; transfusions + Fe chelator [either deferoxamine (IV) or defarasirox (PO)]:
! splenectomy if 50% T in transfusions; consider allo-HSCT in children wi severe f-thal

Anemia of chronic inflammation (see below)

Sideroblastic anamia

+ Defective heme biosynthesis within RBC precursors

+ Eciclogies: hereditary/X-linked (ALASZ mutations), idiopathic, MDS-RARS,
reversible (alcohol, lead, isoniazid, chloramphenicaol, copper deficiency, hypothermia)

* Special clinical manifestations: hepatosplenomegaly, iron overload syndromes

+ D sodal, work & TB hx; can be micro-, normo- or macrocytic: variable populations of
hypochromic RBCs: T Fe, I TIBC, T fervitin, basophilic stippling, RBC Pappenheimer
bodies (Fe-containing inclusiens), ring sideroblasts (w/ iron-laden mitachondria) in BM

+ Treatment; treat reversible causes; trial of pyridoxine, supportive transfusions for
severe anemia with chelation therapy; high-dose pyridoxine for some hereditary cases

MormocyTic ANEMIAS

Pancytopeni

mia of chronic inflammatior ¥

+ 1 RBC production due to impaired iron uukzatlon and [unr;nlonal iron deficiency
from T hepcidin; cywokines (IL-6, TNF-tt) cause | Epo responsiveness/production

+ Etiologies: autoimmune disorders, chronic infection, inflammation, HIV, malignancy

* Dx: | Fe, L TIBC (usually normal or low transferrin sat), + T ferritin usually
normachromic, normocytic (~70% of cases) but can be microcytic if prolonged

+ Coexisting iron deficiency common. D clues include L serum ferritin levels, absence
of iron staining on BM bx, & response to a wrial of oral iron andlor T saluble
wransferrin receptor/ferritin index (Bood 1957:59:1052),

* Treatment: treat underlying disease + iron and/or erythropoiesis-stimulating agent
(ESA; eg, Epo). Iron if ferritin <100 or Fe/TIBC <20%. Consider ESA if Epo <500,
Avoid ESA in cancer if treatment goal is cure (Lance: 2008;373:1533). Unclear if one
should treat highly sx Prs w! goal Hb 10-12 g/dL; weigh risk of thrombosis.

Anemias of other chronic disorders

+ Anemia of chronic kidney disease; | Epe; treat wi Epo (see “Chronic Kidney Disease™)

* Endocrine deficiendies: hypometabolism and | O: demand with thyroid, pituitary, adrenal,
or parathyroid disease — | Epo; can be narmocytic or macrocytic

Sideroblastic anemia (s avE)

Pure red cell aplasia

+ Destructive antibodies or lymphocytes — ineffective erythropoiesis

+ Associated with thymoma, CLL and parvovirus infection, autoimmunity, drugs

+ Diagnostic studies: lack of erythroid precursors on BM bx, other lines normal

+ Treatment: thymectomy if thymus enlarged; IVlg if parvovirus infection; immuno-
suppression/chemeRx if CLL or idiopathic; suppartive eare w/ PRBC transfusions;
! erythropoietin receptor agonist if due to antierythropoietin Ab (NEM 2009:36711848)

consider hematopoietic cell transplantation.




MACROCYTIC ANEMIAS
includes megaloblastic and n galablastic couses

Megalablasric anamia

* Impaired DNA synthesis . cytoplasm matures faster than nucleus . ineffective
erythropoiesis and macrocytosis; due to folate or By deficiency; also in MDS

« « folate and vitamin Byz; T LDH & indirect bilirubin {due to ineffective erythropoiesis)

* Smear: neutrophil hypersegmentation, macro-ovalocytes, anisocytosis, poikilocytosis

Folate deficiency

* Folate presenc in leafy green vegetables and fruit wotal body stores sufficient for 2-3 mo

* Etiologies: malnutrition (alcoholics, anorectics, elderly), | absorption (sprue),
impaired metabolism (methotrexate, pyrimethamine, trimethoprim; NEM 2015373 1648),
T requirement (chronic hemolytic anemia, pregnancy, malignancy, dialysis)

« Diagnosis: | foliee; | RBC folate, T homocyst. but nl methylmalonic acid {unlike By; defic.)

* Treatment: folate 1-5 mg PO od for 14 mo or untl complete hematologic recovery;
critical to rio By deficiency first (see beklw_]

Vitamin By; deficiency (weEm 2013388
* By present only in foods of anlmaJ nrlgm. total body stores sufficient for 2=3 y
* Binds to intrinsic factor (IF) secreted by gastric parietal cefls; absorbed in terminal ileum
* Edologies: malnutrition (alcoholics, vegans), pernicious anemia (P&, autoimmune dis-
ease against gastric parietal cells, af'w polyglandular endocrine insufficiency and T
risk of gastric carcinoma), other causes of | absorption (gastrectomy, sprue, Crohn's
disease), T competition (intestinal bacterial overgrowth, fish tapeworm)
» Clinical manifestations: neurologic changes (subacute combined degeneration)
affecting peripheral nerves, posterior and lateral columns of the spinal cord and cortex
- numbness, paresthesias, | vibratory and positional sense, ataxia, dementia
* D) By T homocysteine and methylmalenic acid; anti-IF Ab; Schilling test T gastrin in PA
* Treatment: T mg Bs: IM qd = 7 d — qwk = 48 wk — g month for life
neurclogic abnormalities are reversible if treated wiin 6 mo
folave can reverse hematologic abnormalities of By deficiency but not new
changes (and can lead o “steal” of Bz stores — worsening of neuro complications)
oral supplementation (2 mg qd) appears feasible as well (Cochrane Rov CD004655) even wio IF
Nonmegaloblastic macrocytic anemias
* Liver disease: often macrocytic, may see target cells, or spur cell anemia w/ hemolysis
+ Alcoholism: BM suppression & macrocytosis independent of folate/Bq; defic. or cirhosis
+ Reticulocytosis
+ Other causes: hypothyroidism; MDS; meds that impair DMA synthesis (zidovudine,
5-FU, hydroxyurea, Ara-C); hereditary orotic aciduria; Lesch-Nyhan syndrome

PaANCYTOPENMIA

Etiologies

* Hypocellular bone marraw (nl cellularity ~100 — age): aplastic anemia, hypoplastic MDS
+ Cellular bone marrow: MDS, aleukemic leukemia, PMNH, severe megaloblastic anemia
* Marrow replacement (myelophthisis): mipelofibrosis, metastatic solid wmors, granulomas
* Systemic diseases: hypersplenism, sepsis, alcohol, toxins

Clinical manifestations

* Anemia - fatigue

+ Neutropenia - recurrent infections

+ Thrombocytopenia — mucosal bleeding & easy bruisability

Aplastic anemia = stem cell faillure (N
+ Epidemiology: 2-5 cases/10%y; hlphasm (mzjor peak in adolescents, 2 peak in elderly)
+ Diagnesis: pancytopenia wi | retics, BM bx w/ cytagenetics showing hypocellulariey
« Eticlogies: idiopathic (/i — ¥ of cases)
stem cell destruction: radiation, chemol‘herq)y, chemicals {gg. benzene)
idiosyncratic med rxn (eg, chloramphenical, NSAIDs, sulfa drugs, gold,
carbamazepine, antithyroid)
viruses (HHV-6, HIV, EBV, parvovirus B19); post-viral hepatic failure (not Hep A/B/C)
immune disorders (SLE, GVHD post-HSCT, thymoma)
PNH (see below): Fanconi’s anemia (congenital disorder wi pancytopenia, macrocytic
anemia, T risk of MD5,AML, & 5CC of head & neck, and multiple physical anomalies);
shortened telomeres: seen wi telomerase (TERT, TERC) mut. (10% of aplastic anemia),
dyskeratosis congenitalDK.C T mut, alw IPF, cirrhosis (NEM 2009;361:2353)
somatic mutations: PNH dones in ~50% of aplastic anemia (Heemalogien 2010:95:1075)




Anemia  5-4

* Treatment and prognosis

allogeneic HSCT: for young Pts - —B0% long-term survival and significantly 4 risk
of malignant evolution, but has risk of transplant-related morbidity & maortality; if
possible avoid transfusions (and alloimmunization) pretransplant

immunosuppression (CsAltacrolimus, ATG): 70-80% respond, with 80-90% 5-y survival
in responders (96% vs. 76% wi horse vs. rabbit ATG; NEM 2011365430},
15-20% 10-y incidence of clonal disorders (mostly MDS, AML, PNH)

TPO mimetics (eg, elrombopag) an option in refractory disease (Blod 2014123:1818)

supportive care: transfusions, antibictics, pessible utility of G-CSF and Epe (if Epo <500)

Myelodysplastic syndromes (MDS) (qv)

Paroxysmal necturnal hemoglobinuria (PNH) & 00 17)

* Acquired clonal stem cell disordar = inactivating somatic mutation of PIG-A gene —
deficiency of GPl-anchor for CD55 & C€D59 (inhib of complement) —
complement-mediated RBC lysis, plt aggreg., & hypercoagulability

» Clinical: intravascular hemolytic anemia, hypercoagulability (venous =
arverial; esp. intraabdominal, cerebral), smooth muscle dystonias, deficient
hematopoiesis (cytopenias); alw aplstic anemia, MDS and evolution to AML

= D flow cytometry (L CD55 & CD5%) on RBCs and granulocytes; urine hemosiderosis

* Treatment: supportive care (iron, folate, transfusions); consider anticoagulation
allogeneic HSCT for hypoplasia or severe thrombosis
eculizumab (Ab inactivates terminal complement C5s): | hemolysis, improves QoL

& stabilizes Hb levels (MEM 2004:350:552 & 2006:355-1333; Lancer 2009:373:759);
effective in pregnancy (MEM 2015:373:1032); must have meningacoccal vaccination

Myelophthisic anemia (see also “Primary Myelo

+ Infiltration of bane marrow by cancer, leukemia, mfecucn fibrasis (primary myelofi-
brosis), granulomas, lysosomal storage disorders

Hemourtic ANEMIAS

! Causes of Hemolytic nn;ﬁﬁa by Mechanism {Lances 2000355:1169 & 1260)

i Location Mechanism Examples Mode |
Enzyme deficiency G6PD deficiency |
e Hemoglobinopathies Sickle cell anemia, thalassemia Hereditary
Membrane Hereditary spherocytosis
abnormalities FNH, spur cell anemia in liver disease
Immune-mediated Autoimmune; drug-induced, te ren
o Trlaumaltic . MAHf&; prm:hes_es tvalm,TIf‘S} Aciidiad
Extrinsic  Direct infections, Malaria, babesiosis; snake & spider
toxins wenoms; Wilsan's; hypatonic infusions
|
El!tl?P_r_l_\en: Hypersplenism |

Diagnostic evaluation

* T reticulocyre count (Rl >2%), T LDH, + haptoglobin (83% Se, 96% Sp), T indirect bili

* Autoimmune hemolysis: Coombs’ test = direct antiglobulin test (DAT) — @ if
agglutination occurs when antisera against Ig or C3 are applied to patient RBCs

* Intravascular: 7T LDH, Ll haptoglobin; hemoglobinemia, hemoglobinuria, hemosiderinuria

* Extravascular: splenomegaly

* Family hio anemia; personal or family hie cholelithiasis

Glucose-b-phasphate dehydrogenase (G6PD) deficiency (lone: 1008:37144)

= K-linked defect of metabolism (G6PD mutations) wi/ T susceptibility to oxidative damage

* Most common in & of African or Mediterranean descent (malarfa-endemic areas)

* Hemolysis precipitated by drugs (sulfonamides, dapsone, nitrofurantoin, rasburicase,
primaguine, doxorubicin, methylene blue). infection, DKA or foods (fava beans)

* Diagnasis: smear may show RBC Heinz bodies (oxidized Hb) that result in bite cells
once remaoved by spleen; | GEPD levels (may be normal ofter acute hemolysis as older
RBCs have already lysed and young RBCs may still have near normal levels)

Sickle cell anemia (Loncer 7015:387.2545. 2554 & 2555

* Recessive [-globin mutation — strun:lum!ly abnl hemoglobin (HbS). —8% African Americans
heterozygotes (“'sickle ait"; usually wio sx);~1/400 homaozygotes (sickle cell disease).

* 1 Oy — HbS polymerizes — RBC sickles, | RBC deformability -+ hemolysis &
microvascular occlusion due to endothelial activ. & PMN adhesion (Boed 2012.122:3890)

* Anemia: chronic hemalysis + acute aplastic (parve. B19) or splenic sequestration crises



* Waso-occlusion and infarction: painful crises, acute chest syndrome, CWA, splenic
sequestration, hand-foot syndrome, renal papillary necrosis, aseptic necrosis, priapism

* Infection: splenic infarction — averwhelming infection by encapsulated organisms;
infarcted bone — osteomyelitis (Salmonelia, Stoph. qureus)

« Diagnosis: sickle-shaped RBCs and Howell-Jolly badies an smear; Hb electrophoresis

+ Treatment: hydroxyurea causes T HbF . | painful crises, acute chest episodes and
may | mortality (NEgM 2008:358:1362); allogeneic HSCT may have a role in young Prs
wi severe disease (Blood 2000;95:1978) and adults (NEIM 200%;361:2309; Bloed 2012;120:4285)

* Supportive care: folic acid qd; preumococcal, meningococcal, H. fiu & HBY vaccination;
pain crises Rx'd wi hydration, Oy & analgesia; simple or exchange transfusion for TIA or
stroke, severs acute chast syndrame, ar preop [goai Hb 10 gldl: tancer 2013381:330)

Hcrcdltal'f spherocytosis (HS) (& | Hemarl 200 455

» Defect in a cyroskeletal protein of RBC membmne - membrane loss

mutations in ankyrin, o- and B-spectrin, band 3, and pallidin have been identified

* Most common in N. Eurepean populations {1/5000 births); @ FHx (75% of Prs)

= Anemia, jaundice (mostly neonates), splenomegaly, pigmented gallstones

= Diagnosis: spherocytes on smear, © osmaotic fragility test (-80% Se), | eosin-5-maleimide
(EMA) binding (93% Se, 99% Sp; Huernar 2012,57:516), acidified glycerol lysis test (3e 95%

* Treatment: folate, transfusions, splenectomy for moderate and severe HS (balance w/
risk of future thrombosis and infection: | Thramb Haerast 1008,6:1289)

Paroxysmal necturnal hemoglobinuria (see above)

Autoimmune hemolytic anemia (AIHA)
* Acquired, antibody-mediated RBC destruction
= Warm AIHA: IgG Abs apsonize RBCs at bady temp — removal by spleen
Etiologies: idiopathic, lymphoproliferative (CLL, NHL), autoimmune (SLE}, drugs, HIV
+ Cold AIHA: IgM Ab binds to RBCs at temp <37°C — complement fixation
— intravascular hemolysis and acrocyanosis on exposure to cold
Etiologies: idiopathic, lymphoprolif. disorders (eg.Waldenstrom's; monoclonal),
Mycoplasma pneumoniae infxn and infectious manonucleosis (polyclonal)
» Diagnosis: spherocytes on smear, @ Coombs’; v cold agglutinin trer, splenomegaly
= Treatment; treat underlying disease
warm AIHA: corticosteroids * splenectormy, Vg, cytotoxic agents, rituximab
cold AIHA: avoid cold; steroids ineffective; rituximab (Blaed 2004,103:2925)
Drug-induced hemolytic anemia
* Acquired, antibody-mediated, RBC destruction precipitated by a medication:
abx: cephalosporins, sulfa drugs, rifampin, ribavirin
CV:methyldopa, procainamide, quinidine, thiazides
TCAs, phenothiazines, NSAIDs, sulfonylureas, MTX, 5-FU, rasburicase (GEPD defic.)
+ Diagnosis: Coombs” usually negative, ¥ LDH
= Treatment discontinue offending agent

Microangiopathic hemolytic anemia (MAH

+ |ntra-arteriolar fibrin damages RBCs — acquired |ntrava5cular hemaolysis

+ Eticlogies: hemolytic-uremic synd (HUS), ¢ botic thrombocytopenic
purpura (TTP), disseminated intravascular coagulation (DIC), malignancy,
malignant HTN, eclampsia/HELLF, mech, cardiac valves, infected vascular prostheses

* Diagnosis: schistocytes + thrombocytopenia + abnormalities alw specific disorders
(eg, T PTin DIC, T Cr in HUS, T LFTs in HELLP)

* Rx underlying dx; urgent plasma exchange w/ TTP (replace low ADAMTS13)

Hypersplenism

¥ Stams.ftrapplng in spleen — Mg attack & remodellng of RBC — spherocytosis — herml}'ms

01437 V:654)

Causes of Splenornegai{

Etiology Comments*

[ Res hyperplasia Hemolytic anemia, sickle cell disease, thalassemia major
Immune Infien [HIV, EBY, CMY, TB, malaria, kala azar (“black water fever” from
hyperplasia viscaral leishimaniasis), Mycobaeterium avium complex], autoimmune

disorders (SLE, RA w/ Felty's syndrome), sarceidosis, serum sickness

| Congestion Cirrhosis, CHF, portal/splenic vein thrombosis, schistosomiasis
Infiltration Lysosomal storage disorders (Gaucher's, Niemann-Pick). glycogen
{nonmalignant)  stgrage diseases, histiocytosis X, splenic cysts
Meoplasm MPN (CML, PMF, PV, ET), CMML, leukernia, lymphoma (NHL, HL,

hairy cell leulemia, CLL, PLL, WM), FLGL myeloma, amylold |

RES = reticuloendothelial system; *boldface = causes of massive splenomagaly.



DISORDERS OF HEMOS

Clinical Characteristics of Bleeding Disorders

SIS

| Feature Plateletivascular defect Coagulation defect
Site Skin, mucous membranes Deep in soft tissues (muscles, joints)
| Lesions Petechiae, ecchymoses Hemarthroses, hematomas
[ Bleeding After minor cuts: yes After minor cuts: unusual i

After surgery. immediate, mild  After surgery: defayed, severe
Figure 5-3 Appreach to abnarmal bemostasis (MEM 1014 370:847)

Abnormal Hemostasis

~
mucoculaneous  soff lissue

b.l‘eea:nng b.lesdmg
LY
/ nomal mcmr parsonaJ
L plateder  platelet count & family Hx & family Hx
count ¥ X
J | platalat function congenital acquired
/ (&g, hemophilia, (&g, meds, hver
thrombocytopenia BHy BSHx vWED) dizease, vitamin K
¥ Y defic., DIC)

congenital  acquired
(og. VWD) (og. mads,
uramia)
History, GHC. smear, BMEX
¥ ¥
(g, aplastc anemia) (sg, ITR. DIC, TTP)

Figure 5-4 Ceagubation Cascads (NEJM 008:35%:938)

Wil —b Klia Tissus Factor (TF) i

Intningic Pathway (PTT}
“Ampiification” L

- \"-'1|f||||| {inhibaits syniiwesis
%! > iXa TFRI {1l VIl I, X, PrC. PrS
L Vil —— Vilfa ATIil: Fondaparinux
o Ha * Oral Xa inhibitors (eg. fva, apix, edoxasban)
i‘ '_)(‘_; lta. — I_,:-- UFH (and-lla=ant-¥=1 or LMWH (X5
=
£ V—> Va
g lla #
8 Prc) [Protrrombin (i) ——# Thrombin (ila)
Thrombomaduin Xilla
L Fibrinogen (I} — Fibrin ——® Cross-linked Fibrin

APC. acuivated procein CAT, antthrombine Pre, protein CPrs, protsin % TF tisswe Bacon TP, tssue factor pathway inhib
Purpura (nonblonching purple/red leslons due to extravasation of RBCs into dermis)
+ Nenpalpable (macular; <3 mm in diameter = petechiae; >3 mm = ecchymoses)
platelet disorder: thrombocytopenia, defect in platelet fxn
thromboemboli: DIC, TTF, cholestercl or fat emboli
trauma or vascular fragility: amyloidosis, Ehlers-Danlos, scurvy
* Palpable {papular); vasculitis: leukocytoclastic, HSP. PAN, RMSF;
infectious emboli: meningocaccemia, bacterial endocarditis
* Purpura fulminans (aka retiform purpura): purpura + hypetension + DIC;
typically due to infen/sepsis, protein C or § deficiency or APS (see section on DIC)




LATELET DISORDERS A

THROMBOCYTOPENIA (PLT coUNT <150/

‘ Thrombocytopenia and Risk of Bleeding
| Platelet count (cellsiul) Risk

| 50,000-100,000 Risk with major trauma; can proceed with general surgery |
| 20,000-50,000 Risk with minor trauma or surgery
<20,000 Risk of spontaneous bleeding (less so with TP}
| <7000 Risk of severe, lfe-threatening bleeding
Etiologies
+ | production

hypocellular bone marrow: aplastic anemia (qv). rarely MDS, drugs (sg. thiazides,
antibiotics), alcohsl, cirrhosis
hypercellular bone marrow: MDS5, leukemia, severe megaloblastic anemia
marrow replacement: myeloﬂlrosis, her I*u' and solid "u ces, gr 1l
= | destruction
immune-mediated (distinguish primary from secondary; Blond 2009;113:2386)
Primary (idiopathic): immune thrombocytopenic purpura (ITP, see balaw)
Secondary: infxn (HIV, HCV, HSV), collagen vascular diseases (SLE).APS,
lymphoproliferative (CLL, lymphoma), drugs {many, including heparin, abciximab,
quinidine, sulfonamides, vancomycin}, alloimmune (postoransfusion)
non=immune-mediated: MAHA (DIC, HUS, TTF), ticlopidine/clopidogrel, vasculits,
preeclampsia/HELLP, cardiopulm bypass, CVVH, IABF. cavernous hemangioma
* Abnormal distribution or pooling: splenic sequestration, dilutional, hypothermia
* Unknown: ehrlichiosis/anaplasmosis, babesiosis, RMSF
Diagnostic evaluation
* H&P: meds, infxns, underlying conditions, splenomegaly, lymph nodes, bleeding hx
* CBC with differential: isolated thrombocytopenia vs. multiiineage involvement
* Peripheral smear
T destruction — look for large plis, schistocytes (see “Peripheral Smear” inserts)
L production - rarely limited to platelets - look for blasts, hypersegmented PMNs,
leukoerythroblastic As; can see inclusion bodies (anaplasma), parasites (Babesia)
rlo pseudothrombocytopenia due to platelet clumping (v platelet count in
non-EDTA-containing tube, eg, citrate or heparin-containing wbe)

Figure 5-5 Approsch o thrombocmopenta

Thrombocytopenia

isolated thombocylopenia = \
othenwise "U"’iﬁ"fﬂc & smear  apnormal CAGC anddor smear
Autcimmuns diseases?
mads? infections?

; \ [ 1 T 1

culprits @ culprits pancytopenia leriiics-
¥ e » ETWS SCHSIOCYIBS o ior blasts  enthroblastis
Imp 2° immune ¢ + *
medications  Evan's synd, Dic aplastic anemia  myebophthisis

infections  hypersplenism  HUSTTP  MDS leukemia

* Additional liboratory evaluations as indicated (eg viral titers, flow cytometry, ANA APLA)
if anemia: o reticulocyte count, LOH, haptoglobin, bilirubin to detect hemalysis
if hemolytic anemia: « PT, PTT, fibrinogen, D-dimer, Coombs, ANA
BM bx for unexplained thrombocytopenia, esp. if associated with splenomegaly
Primary immune thrombocytopenic purpura (ITP) (8ed 20701
- anary ITP: isolated thrombecytopenia due to immune ple dummn & J.pmdth
(auto-Ab to megakaryoqrﬁ};(l" ITP alw disease/drug exposure; Rox unde.r‘!ying disorder)
= Primary |TP is diagnosis of exclusion; no robust clinical or lab parameters, but typically:
CBC: isolated | plt (<100.000/uL); 10% have ITP + AIHA = Evans syndrome
Peripheral smear: large plitelets
BM bx: T megakaryocytes; perform in adults =60 y to rlo myelodysplasia
Rio other etiologies: viral serclogies (HIV, HCV, HBY, EBY), H. pylori Ab, ANA,
pregnancy test, APLA, TSH, parvovirus, & CHMY PCR. Anti-pit Ab tests not useful.
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PULATELETS

* Clinical manifestations: insidious enset of mucocutaneous bleeding ¥:4 = 311

+ Treatment: goals based on individual Pt

indicated if plt 50,000/l unless bleeding, traumalsurgery, anticoag, comorbidities
steroids, IVIg, & splenectomy mainstay of initial Rx; romiplostim/eltrombopag if refractory

| Treatment of Primary ITP in Adults

| Approach  Treatment
| Steroids: prednisone 0.5-2
PO tapered -4 wk, or
dexamethasone 40 mg PO x 4d
| First-line Anti-Rh{D) Ig 75 pglkgid IV

IVig (1 gikgld IV x 2-3 d)
consider if need rapid T in pit

Splenectomy (7 for ITP >6 ma)
Rituximab (anti-CD20) + dex
Romiplostim or eltrombopag
| Azathioprine, cyclophosphamide

Second-line

Danazel, vineristing
Aminocaproic acid

! T

| Bleeding EEhy!prednlmbne TgdV=3d g:: m

! Platelet transfusion Given w/ [VIg or anti-Rh{D)
| Romiplostim or eltrombopag See above

| Refrmctony. 1 eioone HECT Linited data, investigational

Notes

4 Mp FeR & L anti-plt Ab
70-90% initial response
~20% sustained remission
For Rh(D) = Prs wi spleen
Ab-coated RECs overwhelm Mg FeRl
Blocks Mp FeR, | anti-plt Ab
Up ta B0% initial response
~65% long-term remission
anti-B-cell Ab

TPO-R agonists —+ T plt prod
Immunosuppressants

1 plt clearance

Inhibits plasmin activation

mglkg/d

{'«IE,IM 003;349-831: 2010;464: 1889 & 2017:345:T34; Alaod 1013:121:337)

Overview of Heparin-Induced Thrombocytopenias

Feature Type I (historic)
Mechanism Direct effect of heparin
[monimmuna)
Incidence 10-20%
| Onset After 1-4 d of
heparin therapy
Platelet nadir -100,000/uL
Sequelae Nene
Management  Can continue heparin

. and observe
{Chest 2012;141:24955 NEIM 2015373:252)

HIT (formerly type Il)

Immune (Abj-mediated

IgG against plt factor 4—heparin complex
1-3% with UFH, 0-0.8% LMWH

After 4-10 d; but can occur in <24 h if prior
exposure wiin 100 d (persistent Ab). Postop
highest risk. Can occur after heparin dic.
-60,000/ul, | ~50%

Thrombotic events (HITT) in 30-50%

Rare hemorrhagic complications

Discontinue heparin
Alrernative anticoagulation

. Pathophyslmngy (rype 1):Ab binds heparin-PF4 — immune complex binds to plt

s plt

activation, further PF4 release - plt aggregates removed from circulation —

thrombncytopenla, pracoagulants released by plts and tissue factor released by

endothelial cells damaged by HIT Abs
+ Diagnosis (need clinical + pathologic)

» prothrombotic state

Clinical: plt <100k or | 50% from baseline; or venous (DVT/PE) or arterial (limb

ischemia, CVA, MI) thrombosis (41

ratio); skin necrosis; ! T heparin resistance

Pathologic: & HIT Ab using PF4-heparin ELISA (=90% Se, IgG-specific ELISA Sp 94%),
may confirm w/ functional plt aggregation (serotonin-release) assay (>95% Se/Sp)
Clinical context important: HIT Ab (esp. lgM ELISA) may be @ in 10-20% of Pts on

UFHILMWH (4 | Hem 1996:52:90), up

to 50% of cardiac bypass Pts (Gre 199795:1242)

Pratest prob w/ "4 T's” eriteria (Blod 20121204160 <3 points - 99% NPV, investigate

other causes; 4-5 points 21% PPV &

6-8 points 64% PPV, / kb test & replace LIFH

Evaluation of Suspected HIT (“4T's"")

Factor 2 points

Thrombo- 1 >50% and nadir =20k

cytopenia

Timing 510 d or =1 d if heparin
wiin 30 d

Thrombosis  New thromb, skin necrosis,

acute rxn after IV UFH

| Other cause Mone apparent

1 point 0 points

L 30-50% or nadir 10-1% L<30%or |
nadir <10k |

! 5-10 d (but not clear).>10d | =4 d wio

or =1 d if hep wiin 30-100 d recent hep

Prog/recurrent thromb, suspect N

thromb or non-nec skin lesion i

Possible Definite




Treatment of HIT (type: 1) (Ches: 2012:141-04955; Biood 2012:119:220% NEWM 2073:368.737)
Discontinue heparin (incl, flushes, LMWH Ppx, heparin fines). Avoid plts (anecdoral fink
wi thrombosis); if given warfarin, give vit K to reverse, prevent warfarin skin necrosis.
Nonheparin anticoag (argatroban, bivalirudin NEJM 2013;368:737) regardless of
thrombosis; start warfarin when plt 150k, overlap =5 d (/ ehromagenie Xa to titrate)
@ thrombosis (HITT): anticoagulate for 23-6 mo
= thrombasis (HIT): screen for DVT; unclear duration of subsequent anticoag {until ple
count recovers, often ~2-3 mo if no clot); 25-50% thrombosis rate wiln 30 d
* Hlo HIT:if PF4 Ak < or SRA & (typically »100 d after dx) — may consider re-exposure
to UFH (ag. for surgery): HIT recurrence low but can be seen (Boad 2014;123:2485)

Thrombotic microangiopathies (NEWM 20143714654

* Includes hemaolytic-uremic syndrome (HUS) & thrombotic thrombocytopenic purpura (TTF)

» Definition: vascular occlusive disorders wi systernic (TTP) or intrarenal (HUS) ple aggreg.
- thrombocytopenia & mechanical injury to RBCs (MAHA) (NEM 2002347-589)
HUS triad = thrombocytopenia + MAHMA + renal failure
TTP pentad (all 5 in only -5%) = | phs + MAHA (100%) + 4 MS (65%) £ renal failure

(50%, late feature) + fever (15%)

* Pathophysiology: mechanism in most HUS cases is distinet from TTP (NEM 1998339.1573)
HUS: Shiga toxin binds & activates renal endathelial cells & plts - inerarenal thrombi
TTP: L ADAMTS13 protease activity or inhibitor— persistence of large vWF multimers

an endothelizl surface — adhesion and aggregation of passing platelets — thrombeosis

* Clinical manifestations and asscclations
HUS: usually in children: prodrome of bloody diarrhea due to enterohemorrhagic E coli
TTP (low ADAMTS13): usually in adules: idiopathie, autoimmune dis., familial, preg
TTP-like (nl ADAMTS13): drugs (CsA, tacrolimus, gemeitabine, mitomycin-C, tidopidine,

clapidogrel, quinine), HIV, HSCT, malig

* Dx:unexphined thrombocytopenia (typically <20k) + MAHA — sufficient for dx
& schistocytes (>2-3/hpf), & Coombs, normal PT/FTT & fibrinogen, 1L ADAMTS513
T LDH (tissue ischemia + hemalysis), T indirect bili, 1} haptoglobin, T Cr (esp.in HUS)
Biopsy: arterioles filled with platelet hyaline thrombi
Ddx: DIC, vasculitis, malignant. hypertension, preeclampsia/HELLP syndrome

» Rxcurgent plasma exchange + glucocorticoids if 2 TTP; FFP if delay to plasma exchange
(Bioed 2010;116:4060); ! eculizumab in HUS & ? caplacizumab in TTP (vEM 20133682767 &
20163745113 plt transfusions contraingic. — T microvascular thromb (NEM 20063561927

Disseminated intravascular coagulation (DIC): see "Coagulopathies’

DisorpERS OF PLATELET FUNCTION

Mechanisms and Eticlogies of Platelet Function Abnormalities I

Function Inherited Acquired |
Adhesion Bernard-Soulier; VWD Uremia; acquired vWD
Aggregation Afibrinogenemia Ticlopiding, depidogrel, GP lIblla
Glanzmann'’s thrombasthenia Dysproteinemias (myeloma)
Granule Chediak-Higashi syndrome Drugs (ASA, NSAIDs): liver disease;
| release Hermansky-Pudlak syndrome MPN; eardiepulmanary bypass

Tests of platelet function
* Platelet aggregation tests: measure aggregation in response to agonists (eg ADF)

von Willebrand's disease (vWD) (v

+ von Willebrand's factor (vWF) function = platelet glue & plasma carrier of factor VIII

* WD most common inherited (usually auto dom) bleeding disorder; -85% (type 1) have
partial quantitative defic of vWF —15% (type 2} have qualitative defic in WWF

* Acquired vWVD: alw many disorders (malig, MPN w/ T plt count; autaimmune; hypo-
thyroidism; drugs) and caused by different mechanisms (anti-vWYF Abs, T clearance, |
synthesis); Heyde's syndrome = wWVF destruction by severe AS, alw Gl AVMs/bleed

+ Diagnosis: | vWF:Ag, L vWF activity (measured by ristacetin cofactor assay), | factor
Vill, £ 1 PTT, + | platelets; confirm with vWF multimer analysis

* Clinical condition, factor VIl levels and ristocetin cofactor assay useful to guide Rx decision

» Rx:desmopressin (dDAVE IV/IN) - T endothelial cell release of VWVF; efiicacy depends
on type (avoid in type 2), .. v response before use w/ subseq, bleeding or procedures;
VWEF replacement: cryoprecipitate. factor VIl concentrates rich in vWEF recomb. vWWF

Uremic bleeding

* Uremia — platelet dysfunction including | aggregation, impaired adhesiveness

+ Treatment dDAYP, cryoprecipitate, correct anemia (improves plt aggregation and
adhesion by increasing plt interactions with endothelium), consider holding anti-plt agents

4351:683. & 1017:3671954)




n COAGULOPATHIES

Screening Test Abnormalities in Inherited and Acquired Coagulopathies
PT PTT Factors Inherited Acquired
T = M FVIl defic, Yit, K defic,; liver dis.; factor inhib, |
= T WillorlX Hemophilias, WWD Antiphospholipid Ab; factar inhib. |
1 . T__ LIV or X Fbgn, Fll or FY defic.  DIC; liver dis.; factor inhib.

Further coagulation tests
* Mixing study: useful if T PT or PTT; mix Pt's plasma 1:1 w/ normal plasma and retest

PT/PTT normalizes — factor deficiency; PT/FTT remains elevated — faétor inhibitor
* Coagulation factor levels: useful if mixing study suggests factor deficiency

DIC — all factors consumed; .. | factors ¥ and VIl

liver disease — L all factors except VIII; .. L factor ¥, normal factor VIl

vitamin K deficiency — L factors ILVII, IX, X (and protein C, 5); . normal V andVIll
* DIC screen: fibrinogen (consumed), fibrin degradation products (FDPs, @ due to intense

fibrinalysis). D-dimer (more specific FOP tast that detects degradation of X-linked fibrin)

Hemaophilias (Lo 2016388
=1+ Xlinked recessive Eactnr\flil (hemophilia A) or factor IX (hemophilia B) deficiency
Y+ Classification: mild (5-25% normal factor activity), moderate (1-5%) or severe (<1%)
* Clinical manifestations: hematomas, hemarthroses, bruising, bleeding {mucosal, G, GL)
4 . Diagnesis: T PTT (normalizes wimixing study), nermal PT & wWE L factor VIIl or 1%
+ P purifiedirecomb. factar VIl (NgM 20163742054) or [X; desmopressin (mild dis.); amino-
caproic acid; cryo (FVIII); recomb. factor VIl or IX-Fc fusion proteins have L1, 50 T-2xfwk
dosing for Ppa (MEM 20133692313 J‘E emicizumab (binds FIX & X; NEM 2016374:2044)

(=B Coagulation factor inhibitors (most commanly ant-faceor YTy

* Edalogies: hemophilia; pusqparuurr\. Iymphoprollferauve & autoimmune disorders; cancers

* Dmgnosis: T PTT (does not normalize wimixing study); Bethesda assay quantitates titer

* Treaument: if high titer - recomb. factor ¥lla, porcine factor concentrates, activated
prothrombin complex; for others - high-purity human factor, plasmapheresis,
immunosupp, wi steroids, CYC andlor RTX (Cur Opio Hematal 2008;15:451)

Disseminated intravascular coagulation (DIC) ¢ A

» Etiologies: trauma, shock, infection, malignancy (esp.APL] obsl,etrlc :ompilcatloﬂs

+ Pathogenesis: massive activation of coagulation that averwhelms control mechanisms
thrombesis in microvasculature — ischemia + microangiopathic hemolytic anemia
acute consumption of coagulation factors and platelets — bleeding
chronic DIC - able to compensate by T factors and platelets — thrombaosis

* Diagnosis: T PT, T PTT, L fibrinogen (may be nl bic acute phase), & FDP/D-dimer, L plts,
@ sehistos, T LOH, L kapto; chronic DIC: 5 FDP/D-dimer, variable plts, other hbs nl

+ Treatment: Rx underlying process; support w/ FEP, cryo (goal fbgn =100 mg/dL) & plts

Yitamin K deficiency

+ Etiologies: malnutrition, | absorption (antibiotic suppression of vitamin K-producing
intestinal flora or malabsorption), liver disease (1 stores), warfarin

! " Properties and Antidotes for Anticoagulants & Fibrinolytics (cre 2016114248 |

| Anticoag. tyz Labs Rx for O/D wi serious bleeding (+ dic anticoag)
| UFH 6090, TPTT  Protamine IV 1 mg/100 U UFH {max 50 mg). For
RES infusions, dose to reverse 2x UFH given per h.
LMWH 2-7°, K anti-Xa*  Protamine reverses -60%

Biwalirudin 25,k TPTT  Dialysis
Argatroban 45 L TPTT ! Dialysis
Fondaparinux ~ 24°, K anci-Xa*  ? Dialysis
Warfarin JezL | TPT No bleeding: INR 4.5-10, @ Rx or vit. K 2.5 mg PO;
INR. =10 give 5 mg PO (sup to SC, = IV at 24 h)
Bleeding vie. K 10 mg IV + FEP 24 U IV q6-8h;
PCC (eg, KCentra) faster, | tfn (are 2013:128360)
Fibrinelytic 20K 4 fbgn Cryoprecipitate, FFP, + aminocaproic acid
Dabigatran 125K TPTT*  |darucizumab (NEIM 2015:373:517)
Rivarcecaban 8-122, | TPT* Anti-fibrinalytic agent; consider PCC; specific
Apixaban K=L  ant-Xa* reversal agents (eg, andexanet) under development
Edowaban [NE 2015:373:2413; | Thromb Haemost 2015:135187)
*Routne monitoring not performed. Mode of excretions K, lidney; L ver; RES, reticuloendothelial syseem. PCC:
prothrombin complex concentrate (FILVIL X X Protein C & 5). Anti-ibrinalytics: ranexamic, aminocaprole ackd.




HYPERCOAGULABLE STATES [

Suspect in Pts with venous or arterial thrombosis at young age or unusual locations,
recurrem thromboses or pregnmq' loss. or & FHx

Inhented Hrperooagulahie States
Risk factor Prevalence VTE Comments
Factor ¥ Leiden 3-T% 43 Activated protein C (APC) resist,
| Prothrombin mutation 2% 28x G20210A — 1 prothrombin level
Hyperhomocysteinemia  5-10% 25% Irherited or acquired
::::: {S:;ﬁetc:nn;y_ ggi—_t::;ﬁ% ;;: Warfarin-induced skin necrosis risk
Antithrombin Il def 0.04% 17.5%  May be heparin-resistant

Prevalence is in Caucaslans. (NE(M 2001:344:1222; jJ.M.a 2005293:1157)

Vascular Bads Affectad by Inherited and Acqulrul Hypereoagulable States

Venous Venous and Arterial
% FactorV Leiden ! factor V Leiden + smoking
£ Prothrombin mutation  Hyperhomocysteinemia (inherited or acquired)
= L protein C,5 or AT Il Dysfibrinogenemia
Stasis: immobilization,  Platelet defects: myeloproliferative disorders, HIT, PNH
g surgery, CHF (although venous = arterial)
| =5 Malignancy Hyperwscosur polycythemia vera, Wa]densuorn‘s
g Hormonal: OCPs, HRT, macroglobulinemia, sickle cell, acute leuk
o

tamoxifen, pregnancy  Vessel wall defects: vasculitis, trauma, foreign bodies
Nephrotic syndrome  Others: antiphosphollpid srndmme‘ 18D

Diagnostic evaluation {not routinely required for in TE)
= APC resistance screen; prothrombin PCR test; iun:tlonal assays for proteins C and 5,
AT, homocysteine level; factor VI levels; anticardiolipin and lupus anticoagulant
Ab.Also consider nephrotic srndmme‘ PNH {esp. if mesenteric thrombus).
* Consider JAKZ mutation testing if suspect MPN or splanchnic thrombosis
* Proteins C & S and ATIIl levels are affected by acute thrombasis and anticoagulation
o levels best assessed 22 wk after completing anticoagulation course
* Age-appropriate malignancy screening (occult cancer in —4% of initial unprovoked VTE; no
benefit of routine abdipelvis CT; NEM 2015: 373.697)
Treatment
+ Asx wi inherited risk factor: consider prophylactic anticoag, if develops acquired risk factor
+ Thrombosis wi inherited risk factor: see “Venous Thromboembolism”
Anti ,) hosph uﬂ')fd syndrome ‘J\Pb} & Hue 20064295 NEIM 2013.368:103
+ Definition: dx requires =1 clinical & =1 Inboratory criteria
Clinical: thrombosis (any) ar complication of pregnancy (23 spont. abortions before
10 wih or =1 fetal loss after 10 wk or premature hirth before 34 wi)
Labaratory: @ moderate-high titer anticardiolipin (ACL), @ lupus anticoagulant (LA),
or @ [a-glycoprotein-l (f;-GP-I) Ab, on =2 occasions, at least 12 wk apart
+ Clinical: DVT/PE/CVA, recurrent fetal loss, | plts, hemolytic anemia, livedo reticularis;
“catastrophic APS": =3 organ systems In <1 wh wi @ APLA & tissue microthrombi;
44% mortality (4th Aheun 200654:2568); R w! plasmapheresis, rituximalb
+ Antiphospholipid antibodies (APLA)
J if SLE age <40 y & arterial thromb, recurrent venous thromb, spontaneous abortion
ACL: Ab against cardiclipin,a mitochondrial phosphelipid; 15G mere specific than IgM
LA:Ab that prolongs phosphalipid-dependent coagulation reactions; .. T PTT that
does not correct with mixing study but does correct with excess phosp{ 1wl Ipids
or placelets; PT not affected b/c the reaction contains much moere phosphalipid
[z=GP-I:Ab against f-glycoprotein-|, IgG or IgM {uncertain role of Abs in pathogenesis)
False @ VDRL: nontreponemal test for syphilis in which cardiolipin is part of Ag complex
Risk of thramboembolic phenomena may increase with titer of APLs
» Eticlogies: primary (idicpathic) or secondary due to auteimmune syndromes
(eg, SLE), malignancy, infections, drug reactions
= Treatment UFH/LMWH — warfarin after thromboembaolic event qlitg}ang for most Prs)
Intensity of anticoagulation controversial (Mot Rev fheum 2015:11:588)
Initial venous thrombosis: INR 23 (NEJM 2003:349:1133: | Thromb Hoemos: 2005:3:848)
Initial arterial thrombosis: typically INR 2-3 + ASA 81, although some treat to INR 3-4
Rescurrent thrarmbosis an warfarin: consider INR 3—4 vs. LMWH or fondaparinux (4rh
Rheurn J007:57-1487)
Consider ASA prophylaxis for high-risk asx Pt (eg. SLE):no current evidence for NOACs




l DISORDERS OF LEUKOCYTES

| Neutrophilia (>7500-10,000/uL) |
| Infection Usually bacterial; + toxie granulations, Déhle bodies
i Inflammation Burn, tissue necrosis, M, PE, collagen vascular disease
| Drugs and toxins Corticosteroids, [i-agonists, lithium, G-C5F; cigarette smoking
| Stress Release of endogenous glucocorticaids and eatecholamines
| Marrow stimulation Hemalytic anermnia, immune thrombocytopenia
Asplenia Surgical, acquired (sickle cell], congenital (dextrocardia)
Neoplasm Can be 17 (MPN) or paraneoplastic (eg, carcinamas of lung, Gl)

| Leukemoid reaction >50,000/uL + left shife, not due to leukemia; unlike CML, T LAP

| Neutropenia (ANC <1000/uL)
Congenital ~ Myelokathexis, Shwachman-Damond-Oski, Chédiak-Higashi, retic dysgen,,
WHIM syndrome, cyclic neutropenia, monoMAC syndrome (1 monos, NKs)
Infection Wiral (CMV, EBY, HIV); bacterial (brucella, Rickettsia, TB); malaria
Nutritional Vit By defic, copper defic.
Driigs and ~ Chemotherapeutics, clozapine, methimazols, TMP-SMX, NSAIDs,

toxing sulfasalazine, phenytain (Am | Hem 1009:84:428). alcohol
Neopl MDS, leukemia (AML,ALL, hairy cell, LGL, others)
Lymphocytosis (>4000-5000/pL)
Infection Usually viral; “arypical lymphecytes” with mononucleosis syndromes

Other: pertussis, toxoplasmosis
Hypersensitivicy  Drug-induced, serum sickness

Stress Cardiac emergencies, trauma, status epilepticus, postsplenectamy
Autoimmune Rheumatn-ld arthritis {Iarge granular fymphocytes), malignant thymoma
| Neoplasm foli
 Monocytosis (>500/uL)
Infection Usually TB, SBE, Listeria, Brucefa, Rickettsia, fungi, parasites

| Inflammation  IBD, sarcoidosis, collagen vascular diseases
| Neoplasm Hodgkin lymphoma, leukemias, MPD, carcinomas

Eosinophilia (>500/uL)

Infection Usually parasitic (helminths)

Allergic Drrugs; asthma, hay fever, eczema ABPA

Collagen vasc dis.  RA, Churg-Strauss syndrome, eosinophilic fasciitis, PAN
Endocrine Adrenal insufficiency

MNeaplasm HL. CML, myeasis fungoides, carcinomas, systemic mastocytosis

Athercembolic dis. Cholesterol emboli syndrome

Hypereosinophilic ~ Multiorgan involvement incl. heart & CNS, afw FIFTLT-PDGFRA
syndrome fusion (NEWW 2003;348:1201)

Basophilia (>150/uL)
Neoplasm MPI, Hodgkin lymphoma
Alteration in BM or reticuloendothelial compartment | Hemolytic anemia, splenectomy
Inflammation or allergy F IBD, chranie airway inflammation

| Lymphadenopathy
Viral HIV, EBY, CMY, HSY,VZV, hepatitis, measles, rubella
Bacrerial Generalized (brucellosis, leptospirosis, TB, atypical mycobacteria, syphilis)
Localized (streptococci, staphylococci, cat-scratch disease, tularemia)
Fungal and  Histoplasmosis, coccidioidomycosis, paracoccidicidomycosis
parasitic Toxoplasmosis
Immunclogic  Collagen vascular disease, drug hypersensitivity (eg, phenytoin), serum
sickness, histiocytosis X, Castleman’s and Kawasaki disease
Neoplasm  Lymphoma, leukemia, amyloidosis, metastatic carcinoma
Onther Sarcoidosis; Iipbd storage diseases
Factors that ~ Age (=40 y), size (»2 cm), location {supraclavicular is always abnormal),
favor bicpsy duration (=1 ma)
| Consistency (hard vs. rubbery vs_ soft) & tenderness are not reliable




Blood Products and Indications (Lorcer 2013:381:1845)

Packed red blood
cells (PRBCs)
(Arnal 2012157:49)

Platelats (plts)
[Annals 2074:162:205)

Fresh frazen
plasma (FFP)

Cryoprecipitate
Irradiated

CMV.negative

Leuko-reduced

Intravenous
immune globulin

(IVig)

Therapautic
apheresis

Massive transfusion

For acute blood loss or to T Oy-carrying capacity if end organ

ischemia. 1 U PRBC — T Hb by -1 g/dL. Conservative Hb goal =7 g/dL

adequate for UGIB & critically ill Pes (Ngjw 201336811 & 20743711361,

BM) 2015:35001354), Controversy remains re; coronary ischemia,

although Hb >8 may be adequate (AMA int Med 2013,173:132), but

perhaps not peri-cardiac surgery (NEM 1015372997 Anesth 201601 25:46).

For plts <10k (New 2010362:600) or <20k wi infun or T bleeding risk or
<50k wi active bleeding or preprocedure. 6 U pooled donor ples ~ 1

single doner pit apheresis unit (L alloimmunization) — T plt ~30-60k. |

Contraindic: TTP/HUS, HELLF, HIT.

Refractory if T <3k 30-60" post-ples, Suggests aloimmunization - trial
ABO-matched pis. If still refractory  panel reactive Abs to assess
utility of HLA-matched pits.

Contains all coagulation factors, For bleeding due to deficiency of

multiple coagulation factors (eg DIC, TTRHUS, liver disease, warfarin

excess, dilution) or INR =2 preprocedure (Tunsfusion 2006:46:1179),

Enriched for fibrinogen, wWEWVIIl and X1l For bleeding in vWWVD,

factor Xl deficiency or fibrinogen <100 mg/dL

Prevents donor T-cell proliferation. Use if risk of transfusion-assoc.

GVHD (HSCT, heme malignancy, congenital immunodeficiency).

From CMV-negative donors. For CMV-seranegative pregnant

women, transplant candidates/recipients, SCID,AIDS Prs.

WERBCs cause HLA allaimmunization and fever (cytokine release) and
carry CMV. For chronically transfused Pes, potential eransplant
recipients, hio febrile nonhemolytic transfusion reaction, cases in
which CMV-negative products are desired but unavailable.

Polyvalent gG from >1000 donors. For postexposure prophylaxis |

(eg, HAW), certain autoimmune disorders (eg, ITR Guilain-Barré, MG,
1 CIDP), congenital or acquired hypogammaglobulinemia (CVID, CLL).
Removes large molec wr subst, (g, cryoglobulinemia, Goodpasture's,
Guilkzin-Barré, hyperviscasity syndrome, TTP) or cells (eg, leukemia
wi hyperleukocytosis, sx thrombocytosis, sickle cell) from plasma.
Larpe-vol. PRBC — | Ca, T K, | plt. T coags: ratio of PRBC plcFFP
repletion eontroversial, follow labs ([ Troumo 200640591 & 2008:45:372).

Transfusion Complications (N 1999340438 JAMA 2003289559

Moninfectious
Febrile

Allergic

Delayed hemolytic
Acute hemolytic
Faral hemolytic
TRALI

Risk (per unit) Infectious Risk (per unit)
1:100 cMy Comman

1:100 Hepatitis B 1:220,000
1:1000 Hepatitis C 11,600,000
<1:250,000 HIY 1:1,800,000
<1:100,000 Bacteriz (PRBCs) 1:500,000
1:5000 Bacteria (pltelets) 112,000

Transfusion reactions

+ For all reactions (except minor allergic): stop transfusion; send remaining blood
product and fresh blood sample to blood bank

Acute hemolytic: fever, HoTIN, flank pain, AKI wiin 24 h. Due to ABO Incompatibility —
preformed Abs vs. donor RBCs. R IVF, 7 UOP wi diuretics, mannitel or dopamine

Delayed hemolytic: generally less severe than acute hemolytic; 5-7 d after transfusion
Due to undetected allo-Abs against miner antigens — anamnestic response.
PRoc: usually no specific therapy required; dx is important for future transfusion

.

Febrile nonh

ic: fever, rigors 0-6 h post transfusion, Due to Abs vs donor WEBCs

and cytokines in blood product. Rx: acetaminophen + meperiding; rfo infection, hemalysis

Allergic: urticaria; rarely, anaphylaxis: bronchospasm, laryngeal edema, hypotension
Reaction to transfused proteins: anaphylaxis seen in IgA-deficient Prs w/ anti-lgh Abs.
Roc: urtn:arla = d1phenhydrarmrle anaphylaxis —s epinephrine + glucocorticoids

Tr

jated circulatory overload (TACO): T volume — pulm edema, T BP

Rx: slow transfusion rate, diuretics, Oy, & nitrates, 1 positive pressure ventilation
Transfusion-related acute lung injury (TRALI): noncardiogenic pulmonary edema
Due to donor Abs that bind recipient WBCs, which then aggregate in pulmonary

vasculature and release mediators causing T capillary permeability. Rx: see “ARDS"
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. MYELODYSPLASTIC SYNDROMES (M

Myeloid neoplasm overview (8.

L Car.egoﬂes based on clinical featu!‘es morpho1ogy immunophenotyping, and genetics

Acute myeloid leukemia
| Myelodysplastic syndromes

Myeloproliferative neoplasms
| MDS/MPN necplasms
Myeloid/lymphoid malig. w/ eos

WHO 2014 classification of myeloid neopl

& acute leukemi |
Clonal rr|}!=|o|d stem cell (SC) disorder w/ =20% blasts
Dysplastic clonal myeloid 5C disorder — cytopenias;
<20% blasts, risk of leukemic transfermation |
Mondysplastic multipotent myeloid SC clonal expansion
Features of MDS & MPN (eg, CMML, atypical CML)

May be responsive to TKI therapy (eg, imatinib) for
PDGFR rearrangement

& rearrangements of PDGFR or
‘ FGFRT or wi PCMT/AKZ
| Maseocytosic Systemic disease, assoc wf KIT mutations
Myeloid neoplasms wi germ line  MDS, MDS/MPMN, acute leukemias in background of
| predisposition predisposing germiine mutations |

Myelodysplastic syndromes (MDS) overview (lance: 10143832239
* Acquired clonal stem cell disorder — ineffective hematopoiesis — cytopenias,
dysmorphic blood cells and precursors, variable risk of leukemic transformation
Epidemiclogy: >10,000 casesly; median age ~70 y; male predominance (1.8x)
Idiopathic or 2° to chemo w/ alkylating agents; T risk w/ radiation, benzene
Clinical manifestations: anemia (85%), neutropenia (50%), thrombocytopenia (40-65%)
Diagnosis: dysplasia {usually multilineage) in peripheral smear (oval macrocytes,
pseudo-Pelger-Huét anomaly) and bone marrow (=10% dysplasia with blasts £ R5)
Both cytogenetic [eg, del(5q), mono 7, del(7q), trisorny 8, del(20q)] and molecular abnl
(TP53, EZH2, ETV6, RUNX1,ASXL1, SF3B1, DNMT3A) may carry prugnosﬂc signif
Priar to dx MDS: exclude AML (220% blasts) and CMML (monos =1 % 107 IL) rio 2° BM As
{defic. of By, folate, copper); viral infx (eg, HIV); chemo; EtOH; lead, arsenic exposures

WHO 2016 Classification Systemns for MDS (24 2016:1272391) i

Classification WHO 2008 Features
MDS wi single lineage RCUD 1 dysplastic lineage, 1-2 cytopenias, <15% RS*,
dysplasia (MD3-SLD) (RARMNIRT)  <5% BM/<1% PB blasts, no Auer rods
MDS wi multilineage RCMD 2-3 dysplastic lineages, 1-3 cytopenias,
dysplasia (MDS-MLD}) <15% RS*, =5% BM/=1% PB blasts, no Auer rods
MDS wi ring sideroblast = RARS =15% RS or 5% RS if SF387 mur is present,
| (MDs-RS) <5% BM/<1% PB blasts, no Auer rods
MDS wi isolated del(5q) Del{5qg) Del(5q) alone or wf 1 abnl except 7 or del(7q) |
MDS wi excess blasts RAEB-1 EB-1:5-9% BM/2-4% PB blasts, no Auer rods
(MDS-EB) RAEB-2 EB-2: 10-19% BM/5-19% PB blasts or Auer rods |
MDS, unclassifiable MDS-U wi 1% PB blasts, single lineage dysplasia & |
|__(ME_J§.-_'-.!)._ .  pancytopenia, or defining cytogenenc alteration |

Certain cytogenstics [eg, 4 15:17), (B2 1), v 16, {1616}, or MLL rearrangement] classified as AML. regardiess of

BM blast count. RS, ring siderablast BM, bone marrow: PB, peripheral bloed. * 5% RS if SF38 1 mumtion,

* Rx (Am | Hematol 2012,67:692): intensity based on IPSS-R (qv), age, performance status (PS)
Poor PS, any risk - supportive care (transfusions, G-C5F, Epo, TPO-mimetic, abx prn)
Low/intermediate risk — Epo (if Epo level <500); lenalidamide (esp. for 5q syndrome;

NEM 2006:355:1456); DINA hypumed-ﬁaung agents (azacitidine or decitabine)
Intermediate/high risk —» DINA {survival wi azacitidine;
Lancet el 200% 10221 ), combination chemo (akin to AML Rx) or allogeneic HSCT
Hypoplastic MDS (rare) - consider immunosuppression (CsA, ATG, pred), HSCT
* Prognosis: IPSS-R correlates with survival and progression to AML

| Revised International Prognostic s_n;ﬂ'ﬁg_ Sys?em '('IF'S"S-'R] {Bood T012:120:2454)

| Variable 0 0.5 1 15 2 3 4
Cytogenetics Very good Good Intermed = Poor  Very pnur |
BM blasts (%) =2 22t <5 10 =10 |
Hb (g/dL) 210 Bl <B - - . [
Plt (k) 2100 50 to <100 <50 i - 4 - |

| ANC 508 <08 5 T i E
Total score <1.5 >15t0 3 >3tods  45tod E ]
Category Very low Low Intermed High Very high
Median survival () B8 53 30 18 08



MYELOPROLIFERATIVE NEOPLASMS (MPN) .

General [Am | Hematol 101287:285: JAMA Oncol 20715:1-97: Bood 20161271391

* Results {rom clonal expansuon of muhupol.ent herml:opmet:c stem cell

+ Different from MDS in that the cells are not dysplastic (ie. normally developed)

+ Categories of MPN: polycythemia vera (PV); essential thrembecythemia (ET); primary
myelofibrosis (PM); chronic myelogenous leukemia (CML), BCR-ABL1 @ chronic
neutrophilic leukemia (CNL); chronic eosinophilic leukemia, not otherwise specified;
myeloproliferative neoplasms, unclassifiable

+ Mutations useful as clonal markers & dx tools:

Gain of fen mutations in JAK2 V617F (Janus kinase) frequently present (PY -95%,
ET -50%. PMF —50%; nEM 2005:352:1779)

BCR-ABL fusion in all cases of CML

CALR exon 2 mutation (most MPNs wio JAKZ or MPL mutation, including ~25% of ET,
~35% of myelofibrosis Pts; NEWM 20133622379 & 1391)

MPL, TET2, & ASXL 1 mutation w/ lower frequency

CSF3R mutation present in -60% of CNL

PoLycyTHEMIA VERA (PVY)

Definition
+ 1 in RBC mass + T granulocytes and platelets in the absence of physiologic stimulus

Etiologies of erythrocytosis
* Relative T RBC (! plasma); dehydration; "stress” erythrocytosis (Galsbock's syndrome)
+ Absolute T RBC: 1° (PV, other MPD) or 2° due to hypoxia; carboxyhemogiobinemia;
inappropriate erythropoietin (renal, hepatic, cerebellar tumors); Cushings syndrome
Clinical manifestations (commaon between FY and ET)
+ Symptoms — often termed “vasomotor symptoms”
hyperviscosity (erythrocytosis): headache, dizziness, tinnitus, blurred vision
thrombosis {(hyperviscosity, thrombocytosis): transient visual disturbances (amaurosis,
ocular migraine); Budd-Chiari syndrome; erythromelalgia = intense burning, pain and
erythema of extremities due to microvascular ischemia; T risk of DYT, MU, stroke,
Risk of thrombosis highly correlated with TWBC in PV and ET (see below),
bleeding (abnormal platelet function): easy bruising, epistaxis, Gl bleeding
T histamine from basophils — pruritus, peptic ulcers; T uric acid (cell tumaver) - gout
+ Signs: plethora, splenomegaly, hypertension, engorged retinal veins
* Ewpression profiling beyond JAK2 may define different phenotypes (gs 2014371:808)

Diagnostic evaluation
+ Men:Hb =165 gidL or HCT =49%, women: Hb 16 g/dL or HCT =48%, or 1 red cell mass
* BM bx — hypercellularity for age, trilineage growth, pleomorphic mature megakaryocytes

* JAK2 Y¥61TF mutation in -#5% of PY; ather Pts typically harbor JAKZ exon 12 mutations
» ¢ Epo to rule out secondary causes of erythrocytosis; if Epo L, PY more likely

If Epo T, then v 5a0; or PaQy, carboxyhemoglobin, BM exam

« + TWRC, platelets, basophils; T urie acid, leukaeyte alkaline phosphatase, vit By
+ Peripheral smear » no marphologic abnormalities

Treatment

+ Phlebotomy to goal Het <45% (NEM 201%:36822), consider <42% in women

+ Low-dose ASA, in all Pts (NgjM 2004:350:114)

* Hydroxyurea if high risk of thrombosis (age 60, prier thrombosis) or symptomatic
thrombocytosis (plt »1.5 x 10%/uL), or if inadequate Het by phlebotomy alone

+ Ruxolitinib (JAK1/2 inhibitor) if poar response, intolerant of hydroxyurea (NEfM 2015372:426)

+ PEG IFN-2a yields high response rate wi limited toxicity {Blood 2008:112:3065)

+ Supportive: allopurinal (gout), Ha-blockers/antihistamines (pruritus)

Prognosis

+ Median survival wi Rx ~13.5 y (Blood 2014:1242507); T age, WBC, additional acquired
somatic mutations - worse prognosis (Hoematl 3013:160:251)

* Post-PV myelofibrosis (spent phase) occurs in 10-20% of cases, usually after 10 y

+ Risk of transformation into acute leukemia (<2-5%; higher if previous cytoreductive chemo)

EssenTiaL THROMBOCYTHEMIA (ET)

Definition
+ Sustained T in platelets (=450,000/uL) + T RBC and granulocytes



Etiologies of thrombocytosis

= 1% = ET or other MPM; myelodysplastic syndromes (5q-syndrome); RARS-T

* 2 = reactive thrombocytosis: inflammation (RA, IBD, vasculitis), infection, acute
bleeding, iron deficiency, postsplenectomy, neaplasms (eg, Hodgkin fymphoma)

» Of patients with plt >10%pL, <1 in 6 will have ET

Clinical manifestations (also see “Polycythemiz Vera”)

* Thrombosis with erythromelalgia (risk of thrombosis highest in Pts with leukocytosis),
bleeding, pruritus; mild splenomegaly; mignine.Tb\: early fetal loss

Diagnostic evaluation

* Peripheral smear: large hypogranular platelets

= BM bx: megakaryocytic hyperplasia; absence of Philadelphia chromesome and very rarely,
miner increase in reticulin fibers: normal iron stores

= JAK2 VE1TF present in ~50% of ET; MPL or CALR mutations in majority of JAK2 wt

= Patients should not meet VWHO criteria for diagnosis of CML, PV, PMF or MDS

Treatment of ET
| Risk  Features ASA 81 mg qd Cytoreduction
Apge <60 and
| no h'o thrombosis and  Consider for vasomotor
Low plt <1.5 x 10%uL and symptoms No
no CV risk factors
Int.  Neither low nor high 5 Consider if plt 1.5 % 10°IL |
Age =60 or # {consider holding if plt Hydroxyurea, Goal ple
' High  hio thrombosis or 1 % 10%uL and lab evid, <0.4 x 10°uL or sx free.
| pit >1.5 x 10%L of acquired WD) IFNa if young or pregnant. |
b dstat (tel inhib) under i ig: {NEIM 2015:373:92)
Prognosis

* Low-risk Pts have overall survival = control population
+ Risk of transformation into acute leukemia <2%; risk of progression to MF similar

Primary MyeLorigrosis (PMF)
Definition
*+ Clonal myeloproliferation with reactive marrow fibrosis & extramedullary hematopoiesis
+ Prefibrotic stage (pre-PMF): megakaryocyte prolif, grade 1 reticulin fibrosis, T BM cellularity,
Impartant to distinguish from ET: T thrombasis, T progression, | survival (Baed 2012:120:569)
Etiologies of myelofibrosis
* Myeloproliferative neoplasm = primary myelofibrosis; post-PV/ET myelofibrosis
+ Other hematologic (CML, AML,ALL, MDS) and solid cancers (breast, prostate)
+ Autoimmune (SLE and other collagen vascular disorders)
*» Toxins (benzene): radiation; granulurrlas (TB. fungal, sarcoid); deposition dis. (Gaucher's)

Clinical manifestations (3 2012:15

* Ineffective erythropoiesis — anemia; extr ¥ hermatopoiesis — massive
splenomega.ly (abdaminal pain, early satlety) + hepatomegaly

* Tumor bulk and T cell wrnover — Iaugue wei,ght loss, fever, sweats

Diagnostic evaluation (v 3] 0164272391}

* Anemia with variable WBC and plar.elet counts

* Peripheral smear — “leukoerythroblastic” (teardrop cells, nucleated RBCs,
immature WBCs); large abnormal platelets

* BM aspirate - “'dry”" tap; BM bx - severe fibrosis, replacement by reticulin & collagen

*+ JAKZ V61TF in 45-50%; CALR mut in 45-50%, MPL mut in 7=10%, triple neg in 1-2%

*+ No BCR-ABL translocation: also does not meet criteria for PV or MDS

Treatment (Blod 2011:1717:3404

* In absence of adverse prognostic factors (eg, anemia or §x) — no treatment

Allogeneic HSCT only potential cure — consider in young Pts with poor prognosis

Supportive care: transfusions; inconsistent benefit from androgens or Epo;

! splenectomy if refractory to transfusions, failed chemoRx, painful splenomegaly

Hydraxyurea for significant leukocytasis or thrombocytosis

Ruxolitinib (JAK1/JAK2 inhibitor) | sx, | splenomegaly, T survival (Nem 2012366787 & 799)

Thalidomide and lenalidomide & steroids may improve red cell count

* Imetelstat (telomerase inhibitor) under investigation (NEWM 2015:373:508)

Complications and prognosis

+ Median survival -6 y: transformation into AML occurs at a rate of -8%/y

+ Dynamic International Prognostic Scoring Systam (DIPPS plus): age =65 WBC =25k Hgb
=10, blasts =1%, © symptoms, RBC Tx, Ple <100K, karyotype (jco 20112935, IWG-MRT
allows prognostication at any point during dinical course (MNood 2010:115:1703).




ACUTE LEUKEMIA

Definition
* Clonal profiferation of hematopoietic progenitor with failed differentiation into mature
elements - T blasts in bone marrow and periphery — L RBCs, platelets and neutrophils
Epidemiology and risk factors
* Acute myelogenous (AML): -2 1k cases/y in US; median age 67 y; =80% of adult acute
leukemias
+ Acute lymphocytic (ALL): ~6k casesly in LS median age 14 y but 2™ peak in older adults
* Risk factors: radiation, chemo (alkylating agents, topo Il inhib), benzene, smoking, ? rising
from acquired somatic mutations and clonal hematopoiesis (NEM 20143712477
* Secondary to acquired hematopoletic dis.: MDS, MPN (esp. CML), aplastic anemia, PRH
*+ Inherited: Down's, Kiinefelter's, Fanconi’s anemia, Bloom syndrome, ataxia telangiectasia
Clinical manifestations
* Cytopenias — fatigue (anemia), infection (neutropenia), bleeding (thrombocytopenia)
* More common in AML
I is (more often when blast count =50,000/uL}: occluded microdirculation —» local
hypoxemia and hemorrhage — dyspnea, hypoxia, headache, blurred vision, TIA/CVA;
look for hyperviscosity retinopathy (vascular engorgement, exudates, hemorrhage)
DIC (esp. with APL); leukemic infiltration of skin, gingiva (esp. with monocytic subtypes);
chloroma; extramedullary tumor of leukemic calls, virtually any location
+ More commen in ALL:
bony/lumbar pain, lymphadenopathy, hepatosplenomegaly (also in monocytic AML)
CNS invalvement (up to10%): cranial neurcpathies, NIV, headache
anterior mediastinal mass {esp. in T-cell); tumor fysis syndrome (qv)
Diagnostic evaluation (Nood 2009114937
+ Peripheral smear: anemiz, thrombocytapenia, varfable WBC + circulating blasts (seen in
=853 @ Auer Rods in AML), peripheral flow cytometry for blast origin (ALL vs. AML)
* Bone marrow: hypercellular with =20% blasts; test for cytogenetics and flow cyromerry
* Presence of certain cytogenetic anomalies, eg, t{15,17), t/8;21), inv( 16) or
t[16:16), are sufficient for dx of AML regardless of the blost count
» / for tumor fysis syndrome (rapid cell wmover): TUA, T LDH, T K, T POy, L Ca
» Coagulation studies to rlo DIC: PT, PTT fibrinegen, D-dimer, haptoaglobin, bilirubin
* LP (w/ co-admin of intrathecal chemotherapy o avoid seeding CSF wi circulating
blasts) for Prs wi/ ALL (CMNS is sanctuary site) and for Pes wi AML w/ CNS sx
* TTE if prior cardiac history or before use of anthracyclines
* HLA typing of Pt, siblings = parents/children for potential allogeneic HSCT candidates

AcuTe MYELOGENOUS LEUKEMIA (AML; ngm 2015373-1136)

Classification (WHO); flnd; 2016,127:2351)

* Features used to confirm myeloid lineage and subclssify AML to guide treatment:
morphelogy: blasts, © granules, + Auer rods (easinophilic needle-like inclusions)
cytochemistry: & myeloperoxidase and/or nonspecific esterase

* Immunophenotype: myeloid: CD13,CD33, CD117, monocyte: CD 11k, CDE4,CD14,CD15

* Cywogenetics: important for prognosis. Intermed. risk = no favorable/unfavorable features.

WHO 2016 Classification of AML (gsd 2016:127.2397)

4 Major Subtypes Examples

Recurrent genetic abnl 0{Bi21); inw(16); PML-RARA, t(%;17), t(6;9), inw(3), t{ 1,22),
muation in NPM 7, biallelic mutation in CEBPA

Myelodysplasia-related A wi or wio antecadent MDS or MPN

Therapy-relzted e, alkylating agents or topoisomerase inhibitors

Mot otherwise specified  wi min differentiation; w/ or wio maturation; myelomonocytic;
maonaoblastic/cytic; pure erythroid; megakaryoblastic

Also: myzloid sarcoma, myeloid proliferations of Down's syndrame

AML Genetics {Biood zo1m15ns_3 & 116:354; NEW 2018,374:7209)
Favorable prognosis Unfavorable prognosis

Karyotype o(15:17) in APL; c(8:21); -5;-7; 3q26 aberrations; t(6:9); 11q23 |
invi( 16)/e{16;16) aberrations; complex karyotype |

Gene mutations  NPM T4 biallelic CEBPA FLT3 ITD: MLL-PTD; TF53, RUNX 1 |
|

Recurrent somatic mutations: DNMT3A; TET2; ASXLT; RAS; WT 1, IDH 1/2; splicecsome
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Treatment (Lonce: 2013381484

* Induction chemo followed by consolidation; if unfit, hypomethylating agents or clinical trial

* Induction cherme: 7 + 3" = cytarabine = 7 d + ida/daunorubicin » 3 d. Daunarubicin dose:
age <60 — high (90 mg/m’);age >60 — standard (60 or 45 mgfm®) (NEJM 2009:361:1249),
Gemtuzumab ozogamicin (o-CD33) ! benefit in fav/int risk AML (Loncer 2012:37%1508).

=/ for complete remission (CR) = ANC >1000, plts =100, off RBC Rux, <5% BM blasts
CR = cure; . must always flu induction with consolidation Rx

* If & CR: conselidation Rx per Pt risk (age, genetics, P5): chemo (eg, high-dose cytarabine,
HIDAC) if favorable risk; poor risk — allo-HSCT; int risk depends on mutat., donors, PS

= If & CR: reinduce wi altern. Rx [eg, MEC (mitoxantrone, etoposide, cytarabine)]. HIDAC

* If relapse after CR: salvage chemo or clinical trial — allogeneic HSCT

+ Supportive care: hydration + allopurinel or rashuricase for tumor lysis prophylais:
transfusions; antibiotics for fever and neutropenia; antifungals for prolonged fever
& neuwropenia; hydmx)rurea + leukapheresis for leukostasis (avoid pheresis in APL)

Prognosis

» CR achieved in 70-80% of Pts <60 y and in 40-50% for Pts =60 y

* OQverall survival variable, depends on prognostic factors: ranges from <10% of older Prs w/
poor tisk umor genetics to >75% for younger Prs wi favorable prognostic factors

» Poor prog. factors: age =60, unfavorable cytogenetics, poor performance status, ante-
cedent MDS/MPN, tAML; genetics (NEjM 2016:374:2309: JAMA 2015:314:81 1); residual dis.
eg, persistent NPM T-mut. transeripts alw T relapse, | survival (NEm 20183741422

Acute promyelocytic leukemia (APL) (8 )
* Rare disease approx. B¥ of total AML cases in L1 S_ bust blologicalfy and clinically distinct
* Arypical promyelocytes (large, granular cells; bilebed nuclei} in bloed and bone marrow
- Defined by translocation of retineic acid recepror: ¢(15;17); PML-RARce (>95% of cases)
* Medical emergency with DIC and bleeding common; supportive care measures crucil
* Remarkable responses to all-trans-retinoic acid (ATRA), which induces differentiation,
and arsenic trioxide (ATQ); early initiation of ATRA critical as soon as APL suspected;
ATO highly active as first-line therapy or in treatment of refractory disease.
+ Induction: ATRA + ATO — CR ~100%, T 2-y event-free survival (NEM 2013362:111);
anthracycline + ATRA + gyrarabine — CR in ~90%, favored in high-risk APL (WBC =10k)
+ Differentiation (ATRA) syndrome: ~25% of Prs; fever, pulm infiltrates, SOB, edema, HoTN,
AKL o w/ dexamethasone 10 mg bid, supportive care (eg, diuresis) (8ied 2008;113:775)
+ Consolidation: daunorubicin + ATRA (Biod 2010:116:3751) or ATRAHATO (NEM 2013:365111)
* Role of maintenance Rx (eg, ATRA + 6MP + MTX) controversial; not wi ATRAJATO Rx
« Best prognosis of all AMLs: >90% cure; WBC =10,000/uL = | prognosis (Blosd 2000;96:1247)

Acute LymprHoaLasTic LEukemia (ALL)

Classification

* Lymphoblastic neoplasms may present as acute leukemia (ALL) with =20% BM
blasts or as lympheblastic lymphoma (LBL) w/ mass lesion & <20% BM blasts.
ALL and LBL are considered the same disease with different clinical presentations.

* Morphology: no granules (granules seen in myeloid lineage)

* Cytochemistry: & terminal deoxynucleotidyl transferase (TdT) in 95% of ALL

« Cytogenetics (Bbod 2010,115:208); £{9:22) = Philadelphia chrom (Ph) ~25% of adults w/ ALL;
“Ph-like” ALL gene expression: worse prognosis, ! role of TKI (vem 20143711005

» Immunohistochem.: 2 major phenotypes (Burkitt’s treated differently; see "Lymphoma™)

WHO Immunophenotype Classification of ALL (8o 2016:127.2375)
WHO type Adult freq. Immunohistochemistry

B cell 5% @ TdT, @ CD19% variable CD10, CD20
T cell 5% B TdT, @ T-cell Ag (CD2, cytoplasmic ©D3, CDS, COT) |
Treatment (/7 201519532 Leukermio

* Induction l:‘.hemcr reglmens typlc,a]l)r |nclude combination of anthracycline, vincristine,
steroids, cyclophosphamide, + asparaginase; based on pediatric regimens
« CNS prophylaxis: intrathecal MTX/cytarabine + cranial irradiation or systemic MTX
+ Postremission therapy options:
consolidationfintensification chemo (-7 mo) followed by maintenance chemo (-2-3 y)
high-dose chemao wi allo HSCT considered for Pts in CR1 wi/ available donor
pediatric regimens in adults (Laukenia 201529526); consider allo SCT if <50 (controversial)
+ If relapse — salvage (eg, chemo or CAR-T or inotuzumab), then allogeneic HSCT if able
Ph © t(9;22) primary refractory/relapsed B-cell ALL: blinatumaornab (Lonest Oneat 205:16:57)
« Ph @ t[{%22) — add imatinib or dasatinib, followed by allogeneic HSCT




+ MLL-AF4 t(4,11), hypodiploidy (<44 chromosomes), min residual disease — consider allo-
HSCT

* Infusion of chimeric antigen receptor—-modified T cells promising (NEM 2014371:1507)

Prognosis

* Morphologic CR. in =B0% of adults; but minimal residual disease (MRD) at CR = poor prog,

+ Cure achieved in 50-60% if good prog. factors vs. 10-30% wf poor prog. factors

* Good prognostic factors: younger age, WBC <30,000/uL, T-cell immunophenotype,
absence of Ph chromosome or t(4;11), early attainment of CR w/ MRD negative

CHRONIC MYELOGENOUS LEUKEMIA (CML)

Drefinition (a

0 Hreloproll(eratlve neoplasm with clonal overpraduction of hematopaietic myelold
stem cells that can differentiate

+ Philadelphia chromosome (Ph) = t{9:22) - BCR-ABL fusion — T Abl kinase activity
BCR-ABL required for Dx (make via laryotyping or FISH; PCR useful but not adequate)

» “Atypical CML" (BCR-ABL =) now considered a separate disease and reclssified as
MDS/MPN (qv) w/ many Pes @ for CS5F3R or SETBP T mutations

Epidemiology and risk factors
= -6600 new casesly in US.; median age —64 at presentation: - 15% of adult leukemias
» 1 risk with irradiation; no clear relation to cytotoxic drugs

Clinlcal manifestations

= Triphasic clinical course; 85% present in the chronic phase

* Chronic phase: often asymptomatic but common features are fatigue, malaise, weight
loss, night sweats, abdominal fullness (splenomegaly 50%)

* Accelerated phase: refractory leukocytosis, ! plt and worsening sx - fever, wt
loss, T splenomegaly, bone pain, bleeding, infections, pruritus (basophilia)

* Blastic phase = acute leukemia — severe constitutional symptoms, infection, bleeding,
and possible leukostasis (see “Acute Leukermnia”)

Diagnostic evaluation

* Peripheral smear: leukocytosis, lefi-shifted with all stages of myeloid maturotion; anemia,
thrombocytosis, basophilia

+ Bone marrow: hypercellular, T myeloid to erythroid ratio, | leuk alkaline phosphatase

* Chronic: <10% blasts (peripheral or BM)

* Accelerated: 10-19% blasts, 220% basos, plts <100k, T spleen size, karyotypic prog.

+ Blastic: >20% blasts (*/ myeloid, s lymphoid), may see extramedullary leukemia

*+ Tyrosine kinase inhibitor (TKI): imatinib, dasatinib, nilotinib, bosutinib, & ponatinib are

selective inhibitors of BCR-ABL (JC0 2070:26:428; Bood 20123:120:1390).

Imatinib, nilotinib, & dasatinib approved as initial Rx.

Resistance = recurrent dis. on TKI, often result of BCR-ABL mutation or amplification.

Nilotinib, dasatinib, bosutinib, & ponatinib approved for resistant disease, w/ anly ponatinib
effective on T315/ resistance mutation (NEM 20123672075 & 2013;363:1763).

Side effects: nausea, diarrhea, muscle cramps, cytopenias, L POy, T QT, rarely CHF,
dasatinib: pericardial & pleural effusions and pulm HTN: nilotinib: T bili & lipase, CV
toxicity; ponatinib: :hrombosis pancreatitis and CV toxicity

Chronic ph TKI; continued indefinitely in responders {Bioed 2012;120:1390)

Accelerated phase: TK| upfront, consider allogeneic HSCT

Blastic phase: TKI vs.TKI + either ALL or AML induction (based on cell type) then HSCT

Allogeneic HSCT: possibility of cure, consider for Prs wi available donor; Prs who present
in accelerated or blastic phase; or Pts with rehpsedfreﬁ'actury disease m TKJs

Guais of TKI Therapy (Bibod 2013122872}

Response Definition Optimal time
Hematologic  WBC <10k, plt <450k, no immature cells in blood, Ime

basophils <5%, spleen nonpalpable
Cytogenetic  Absence of the Ph chromosome in metaphase cells 12 mo

Molecular <{.1% BCR-ABL = 3-log reduction by quantitative FCR 12 mo

' Chrunu: phase CML Rxd wf imatinib: B9% 5-y overall survival, 95% survival free of CML-
related deaths, 7% progression to blast phase at 5 y (NEIM 2006355:2408)

+ Accelerated phase CML Rx'd wi imatinib: —50% overall survival at 4 y (Cancor 20051032069

* Poor prognostic factors: T age, T platelet count, T spleen size, 7% of blasts/basophils

6L°§ VIWTNAI]



CHronic LympHocyTic Leukemia (CLL)

Definition (NEM 2005352:804; B

* Monoclonal accumulation of functionally incompetent mature B lymphocytes

= CLL (=5000/uL malignant cells) & small lymphocytic lymphoma (SLL: <5000/l malignant
cells, with + LAN =+ splenomegaly) clssified as same disease

= Monodlonal B lymphocytosis (<5000/uL, nodes <1.5 cm, nl RBC and Plt counts): observe

Epidemiology and risk factors

= 15,000 new casesly; median age at dx is 71 y:most common adule leukemia

« Tincidence in 1se-degree relatives; no known asseciation with radiation, chemicals, drugs

Clinical manifestations

Symptoms: often asx & identified when CBC reveals lymphocytosis; 10-20% piw fatigue,
malaise, night sweats, weight loss (ie, ymphoma “B” sx)

Signs: lymphadenopathy (80%) and hepatosplenomegaly (50%)

Autoimmune hemolytic anemia (AIHA) (- 10%) or thrombocytopenia (ITP) (-1-2%)

Hypogammaglobulinemia + neutropenia — T susceptibility to infections

Bone marrow failure in —13%; monoclonal gammopathy in —5%

Agpressive transformation: ~5% develop Richter's syndrome = transformation into
high-grade lymphoma (usually DLBCL) and sudden clinical deterioration

Diagnostic evaluation (see "Lymphoma” for ge
* Peripheral smear: Iymphoqrtosls (>5000JuL rnature—appearlng small cells)
"smudge"” cells from damage to abnl lymphs from shear stress of making blood smear

+ Flow cytometry: clonality with dim surface Ig (slg): CD5+ CD19+, CD20(dim), CD23+
CD38+ or ZAPT0+ a/w unmutated |g variable heavy chain region & worse prog,

Bone marrow: norme- or hypercellular; infittrated w/ small B-cell ymphecytes (230%)

Lymph nodes: infiltrated w/ small lymphocytic or diffuse small cleaved cells = SLL

Genetics: del 11922-23 & 17p13 unfavorable; trisomy T2 neutral; del 13q14 and mut fgVH
favorable. Nine significantly mutated genes, including TP53, NOTCH 1, MYD88 and
SF3B7. Key role for spliceosome mutations (NEM 10173652497 01 2012,123:3432),

CLL Staging
Rai system Median Binet system
Stage Description survival  Description Stage

1] Lymphocytosis anle =10y <3 node areas A

I & lymphadenopathy 710y >3 node areas B

Il ® hepatosplenomegaly

m ® anemia (not AIHA) 12y Anemia or c
A thrombo_cqup_enla_(_not MR i, thrombocytopenia

Treatment (AMA 107431

Treatment is primarily pulrrauve - early stage disease can be followed wio Rx
Indications for treatment: Rai stages IV, Binet stage C, disease-related sx,
progressive disease, AIHA or ITP refractery to steraids, recurrent infections
+ Options: combo superior to monoRx (Lo 2007,370:230), but comorbidities/age important
purine analogues: fludarabine (*‘F"), pentostacin (“F")
alkylating agents: cyclophosphamide (“C"), bendamustine (“8"), C¥F, CHOF
£ monoclonal Ab against CD20 (rituximab, “R"; ofatumumab) or CD52 {alemtuzumab)
Healthy/younger (<70y): FCR T survival vs. FC (lance 2010:376:1164): FR also acceptable
Infirmielderty: many options incl. ibrutinib (NgM 2015373:2425); chlerambueil + ant-CD20 [eg,
obinutuzumab (NEW 20143701107 or ofatumurmab (Lemeet 2015:385:1873)], BR
Refractory disease: ibrutinib > ofatumumab (MEM 2014371:213); acalibrutinib (BTK; nem
2016:374:313), idelalisib (PI3K; NEM 2014370:397); venetoclax (a-BCLZ: NEM 2016,374:311)
17p- or TP53 mutat.; venetocka, idelalisib, or ibrutinib £ rituximab (tancee Oreol 2014;10:1050)
Consider allo-HSCT in 17p-, TP53 mutation or refractory CLL (& 2012:158174)
Supportive care: PCR, HSVVZV prophytaxis; CMV monitoring for Prs receiving anti-CD52;
AIHANTP — steroids; recurrent infections — [Vig
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Prognosis (vE)s
+ Survival varies substantlally Med{an memll survival ~10 y {Am | Hemaro! 2011;12:985)
+ Favorable prognosis: 13q14 deletion (-50% of CLL cases)

+ Factors alw worse prognosis include:
unfavorable cytogenetics: eg, 17p- or TP53 mutation (00 2010,28:4473)
unmutated (<2% c/w germline) Ig¥H gene (<8-10 y vs. »20-25 y if mutated)
high (=20-30%) Zap-70 expression (part of T cel receptor; correlated w/ unmutated [gVH)
CD38 =30% or CD49d <30%: correlated with unmutated lpVH (Blad 2008,111:845)
higher Ba-microglobulin levels (correlate with disease stage and tumor burden)




Definition
* Malignant disorder of lymphoid cells that reside predominantly in lymphoid tissues
*» Generally characterized as Hodghin lymphoma (HL) or non-Hodghin lymphoma (NHL)

Clinical manifestations
* Lymphadenopathy (nontender)
HL: Reed-Sternberg (RS) cells; superficial (usually cervicalisupraclavicular) +
mediastinal LAN;: nodal disease with orderly, anatomic spread to adjacent nodes
NHL: diffuse; nodal andfor extranodal disease with noncontiguous spread;
symptoms reflect involved sites (abdominal fullness, bone pain)
+ Constituticnal (“B") symptoms: fever (>387), drenching sweats, | weight (>10% in & mo)
HL: periodic, recurrent "Pel-Ebstein” fever; 10-15% have pruritus; -35% “B" symptoms
NHL: "8” symptoms vary between subtypes, ~15-50%

Diagnostic and staging evaluation

* Physical exam: lymph nodes, liver/spleen size, Waldeyer's ring, testes (~1% of NHL), skin

+ Pathology: excisional lymph node bx (not FNA bic need surrounding architecture) with
immunophenotyping and cytogenetics; BM bx or PET (except in HL clinical stage |A/IIA
wi favorable features or CLL by flow); LP if CNS imvolvement clinically suspected

= Lab tests; CBC, BUN/Cr, LFTs, ESR, LDH, UA, Ca, alby v HBY & HCV (and must
¥ HBsAg & anti-HBc if planning rituximab Rx, as can lead to HBY reactivation);
consider HIV, HTLV, & EBV serclogies and connective tissue diseases autoAbs

+ Imaging: PET-CT scans as CT alone does not reliably detect spleen/liver involvement
(espec. in HL, DLECL). PET response to Rx can be prognostic & possibly guide Rox (NEm
2015,372:1598 & 2016:3742419). Head CT/MRI anly if neurclogic symptoms.

Ann Arbor Staging System with Cotswolds Modifications |
Stage Features |
I Single lymph node (LN region
] =2 LN regions on the same side of the diaphragm
il LN regions on both sides of the diaphragm
IV Disseminated involvement of one or more extralymphatic organs
Madifiers:A = na symptoms; B = fever, night sweats or weight loss X = bully disease =
| preatest transverse diam. of mediastinal mass/max diam. of chest wall =% on CXR or
| =10 cm if in abd; E = invelves single contiguous extranodal site; H = hepatic; 5 = splenic

HopGkiN LympHOMA (HL) vem

E;lidmnmlugf and risk factors
* 9,000 casesly; bimodal distribution (15-35 & >50 y); T 4:role of EBV in subsets of HL,
esp. immunocompromised patients (eg, HIV)

Pathology

+ Affected nodes show R5 cells (<1%) in background of non-neoplastic inflammatory cells

* Classic RS cells: bilobed nucleus & prominent nucleoli with surrounding clear space [“owl's
eyes”). RS cells are clonal B-cells: CD15+, CD30+, CO20— (rarely +).

WHO Histologic Classification of Classical HL ‘

| Nodular 60-80% Collagen bands; frequent mediastinal LAN; young adults;

| selerosis female predominance: usually stage | or Il at dx

| Mixed 15-30%  Pleomorphic; older age; male predominance; =50% stage ‘

| cellularity It er IV at presentation; intermediate prognosis
l..ymphnr.m 5% Abundant nermal-appearing lymphecyres; mediastinal LAN

| rich uncomman; male predominance; pood prognasis ‘
| Lymphocyte <1%  Diffuse fibrosis and large numbers of RS cells; older, male

| depleted patients; disseminated at dx; seen in HIV; worst prognosis

* Nonclassical (5%): nodular lymphocyte predominant (NLP); involves peripheral LN
80% present in stages Hl and Rx can be RT alone or combination chemo -+ RT w/ 0%
10y progression-free survival, 93% overall survival (fco 1997.15.3060)
Consider rituximab as most NLP RS cells are CD20+
Stages |ll-IV treated with combination chemo (see below)
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Treatment (Loncet 2012:380:836)
+ Stages I-ll: ABYD (doxorubicin, bleomycin, vinblastine, dacarbazine) + RT
Lower intensity regimens comparable efficacy if favorable prognosis (NEM 2010:363:640)
+ Stages IlI-1V: ABVD x 6 cycles or escalated BEACOPP (bleomycin, etoposide,
doxorubicin, cyclophosphamide, vincristine, procarbazine and prednisone)
* Refractory/relapsed disease: salvage chemo + auto HSCT, + RT
brentuximab vedotin (CD30 antibody-drug conjugate): salvage (NEM 2010:363:1812), or
post-ASCT consolidation (Loncet 2015;385:1853)
PD1/PDL1 blockade (eg, pembrolizumab or nivolumab) (NEIM 2015:372:311)
* Late effects include T risk for:
second cancers: —4.6x risk for up to 40 y (NEIM 2015373:499)
breast (if RT), - annual screening at age 40 or 8-10 y post RT
lung, ? role of screening CXR or CT (controversial)
acute leukemio/MDS; NHL
cardiac disease (if RT or anthracycline), ! role of echofstress at 10 y (controversial)
pulmonary toxicity (if bleomycin)
hypothyroidism (if RT), - annual TSH (if neck RT)

International Prognostic Score (IPS) (JC0 2012:30:3183) o

Negative prognostic indicators Total # of indicators 5.y PFS
Albumin <4 g/dL; Hb <10.5 g/dL 0 88%
Male: Age >45 y 1 B4%
Seage IV 2 B0%
WBC 215k/ul 3 T4%
Lymphocytes <600/uL. or <B% of difierential 4 67%

25 62%

Non-Hoockin LymeHoma (NHL)

Epidemiology and risk factors
= 70,000 new casesly; median age at dx -65 y; & predominance: 85% B-cell origin
+ Associated conditions: immunodeficiency (eg, HIV, posttransplant); autoimmune
disorders (eg, Sjibgren’s, RA, SLE); infection (eg, EBV, HTLV-I, H. pylori)
* Burkitt lymphoma: (1) endemic or African (jaw mass, B0-90% EBV-related);
(2) spuradlc or American (20% EBV-related); (3) HIV-related

WHO Classification of L\rmphmd Maﬂgnanclu [shnd 018 11713?5} |

Type Examples Associated abnormalities
Mature Diffuse large B-cell lymphoma (DLBCL)  BCLZ, MYC, MLLZ, CREBEPF, etc.
B cell  Follicular lymphoma IGH-8C12, MLLZ
CLLismall lymphocytic lymphoma IGVH, ZAPT0,TPS3, SE3B 1, ete.
Mantle cell t(717; 74) BCL HgH — cydlin D1 dysreg
Marginal zone lymphoma (nodal, APTZ-MALTT & BCL-T0-g enhancer
extranodal [MALT ¢ H. pylori], splenic)
Burkitt’s lymphoma B8q24, c-MYC

| Hairy cell leukemia (p/w fatigue, | monos, BRAF VA00E
massive splenomegaly: @ TRAP)
Mature  Peripheral T-cell lymphoma TET2 and DNMT34
Tceell  Mycosis fungoides (cutaneous
| & NK fymphoma)/Sézary syndrome (+ LAN) !
cell Anaplastic large-cell lymphoma Some ALKT &
| Angnolmrrrunoblastl-: Tcell lymphoma

Treatment (Lonce: 2
+ Treatment and prognocls doterrmnad by histopathologic classfication rather than stage
= Rituximab (antibody to CD20; ngim 2012,3¢6:2008) if CD20+; no role if wumeor is CD20-
* Indolent: goal is sx mgmt (bulky dis.. cytopenias, “B" sx); not curable (except allo HSCT)
Oprtions include RT for localized disease, rituximab + chemo (bend: CvR
fludarabine), ibrutinib
For MALT - treat H, pylori if &
Rituximab maintenance T survival in relapsed disease (NG 2009.101:248); growing role
for rituximab maintenance in indolent and aggressive disease (Loncer 2011;377:42)
Hairy cell: cladribine; oral BRAF inhibitor if relapsedfrefractory (NEjM 2015:373:1733)
* Aggressive (DLBCL, 30-40% of NHL): goal is cure (0 2005234387)
R-CHOP (ritunimab, cycdlophospharmide, dexerubicin = hydroxydaunarubicin, vincristine =
Oincovin, prednisone) (NEM 2002:346:135 £ 1008:359:613)
10-y progression-free survival = 45%; overall survival = 55% (Blood 2010:116:2040)




I R-ACYBP (ritux, doxorubicin = Adriamycin, cyclophasph, vindesing, bleo, prednisone) T
3=y O5 v5. R-CHOF. but T adverse events (Lancee 2011:378:1658)

+ Radiation for localized or bulky disease

Consider CNS prophylaxis w/ intrathecal or systemic high-dose methotrexate if
paranasal sinus, testicular, breast, periorbital, paravertebral, or bone marrow invalved;
=2 extranodal sites + T LDH may also warrant

Refractory/relapsed disease: salvage chemo; high-dose chemo + auto-H3CT (vgwm
1995:333:1540); allo-HSCT if beyond o0 relapse (00 2011291342

Mandle cell: ibrutinib for relapsedfrefractory disease (Loncer 2016;387:770)

« Highly aggressive (Burkitt. lymphoblastic lymphoma, high-grade B-cell lymphorma w/

rearrangements of MYC and BCL2 andlor BCL6)

Burkitt: intensive short-course chemo (Bood 2004:1043009) + rituximab {BH 2014165.102)
Low risk defined as nl LDH & single focus of disease <10 cm; all others high risk
Low-risk Rx: CODOX-M (cyclophosphamide, vincristine, doxorubicin, high-dose

methotrexate + rituximab) (Leok Lymph 2004:45:761)
High-risk Rac CODOX-M/IVAC (above wi ifosfarmide, etopaside, high-dose cytarabine),
hyper-CVAD (cyclophosphamide, vincristine, dexorubicin, dexamethasone)
Dase-adjusted EPOCH-R w/ promise (see below; titrate to ANC) (NEM 2013:369:1975)
All Pts receive CNS prophylaxis & wmor lysis syndrome prophylaxis
Addition of rituximab improves EFS (Lencer 2016:387:2402)

Lymphoblastic lymphoma (B or T cell): treaced like ALL (see “Acute Leukemia™)

High-grade B-cell pbonuw!mmdmc and BCL2 and/or BCLS:
previously “deuble-ltriple-hit" lymphoma, assoc. wl poor prognosis.

Prognosis
+ Indolent: typically incurable, but Iong median survival

Follicular Lymphoma International Fmgnustlc Index (FLII'[] {Blood 2004104 1258) |

Factors: age =60, stages IV, Hb <12 g/dL, >4 nodal areas, LDH =nl

# factors 5-y overall survival 10-y averall survival |
=1 0% %

2 78% 51% |

>3 = Lyk-4 TR & 3& |

+ Aggressive: | chance of cure, but overall worse pragnosis

International ngnnstnc Index {IPI) for Aggressnre NHL (iocd 2007.109.1857) ‘
Factors; age =60, stage IV, 22 extranodal sites, performance status 22, LDH > nl

# factors Complete response 5-y overall survival |
| 0-1 87% 73% '
i b} 67% 51% |

3 §5% 431%
S a— . I —
| Revised IP] Prognosis in Patients Rx'd with CHOP-R
Factors % at dx 4-y overall survival ‘
| 0 10% 94% _
| 12 45% 79% |
| 3-5 | 45% ) 55% |

HiIV-associated NHL (foar 20081
« HIV @ imparts 60=100x relanve rlsk

» NHL is an AlDS-defining malignancy along with Kaposi's, cervical CA, anal CA

.

Concurrent HAART & chemotherapy likely provide survival benefit
DLBCL & immuncblastic lymphoma (67%): CD4 <100, EBV-associated
Treat as immunocompetent (CHOP-R), but avoid rituximab if CD4 <100

Alternative regimens include R-EPOCH (etop, pred, vincristine, cyclophos, doxorubicin)

Burkict lymphoma (20%): can occur with CD4 =200
Treat as immunccompetent: prognosis is not significantly worse

Primary CNS lymphema (16%): CD4 =50, EBV-associated (also seen in Prs wio HIV).

Rx wi high-dose MTX-based regimen + stercids & temozolomide + RT, consider auto

HSCT.
Primary effusion lymphoma (<5%): HHY8 driven; also can be seen in other immuno-

supp. Pts such as s/p solid organ transplant or w/! chronic HBY. Treat with seandard

CHOP (often CD20-} or consider EPOCH, overall poor prognosis.



‘ PLASMA CELL DYSCRASIAS

MuLTiPLE MYELOMA (MM)

Definition and epidemiology Ngw
+ Malignant neoplasm of plasma cells pdeucmg a monoclonal Ig ="M protein”
+ ~27.000 new casesly; median age at diagnosis 69 y; mare commen in African-Americans

Clinical manifestations (CRAB criteria and other less common features)

+ HyperCalcemia due to T osteochst activity

+ Renal disease: multiple mechanisms include toxic effect of filkered light chains — renal
failure (cast nephropathy) or type Il RTA; amyloidesis or light chain deposition disease
nephratic syndrome; hypercalcemia, urate nephropathy, type | cryoglobulinemia

Anemia (normaocytic) due to bone marrow invalvement; rarely, may see AIHA

Bone pain due to T osteoclast activity - lytic lesions, pathologic fx

Recurrent infxns due to relative hypogammaglob. (clonal plasma cells suppress nl Ig)

Meurologic: cord compression; POEMS (pelyneuropathy, erganomegaly, endocrinopathy,
M protein, skin changes) syndrome

Hyperviscosity: usually when 1gM =4 g/dL, IgG =5 g/dL, or IgA =7 gfdL

Coagulopathy: inhibition of or Ab against clotting factor; Ab-coated platelets

AL Amyloidosis (see “Amyloidosis™)

..o

DH\S!!DEIIC and s(agmg evaluation (Lonce 14 11
* MM criteria: clonal BM plasma cells 210‘36 ofbx—prmen plasmacytoma and =1 myeloma-
defining event:

(a) myeloma-related organ or tissue impairment (ROTI) = lytic bone lesions,
Ca >11 mgldL, Cr =2 mgidL, or Hb =10 g/dL
(b} any of the following biomarkers: BM plasma cells 260%, serum free light chain (FLC)
rato =100:1, =1 focal lesion on MRI studies
Yariants
smoldering MM: M protein =3 g/dL or plasmacytosis >10%. no myeloma-defining event or
anyloidosis; risk of prog. 10%ly, depends on M protein concen., subtype, FLC ratio
solitary bone plasmacytoma: 1 lytic lesion wio plasmacytosis or other ROTI
extramedullary (noneosseous) plasmacytoma: usually upper respiratory tract
plasma cell leukemia: plasma cell count >2000/uL in peripheral blood
nonsecretory MM (~2% of MM Ps):no M protein, but marrow plasmacytosis & ROTI
Ddx of M component: MM, MGUS (see below), CLL, lymphoma, sarcoidosis, RA.
Palyclanal hypergam can be seen in inflammatary states: HIV, rheumatic dis., cirrhosis.
Peripheral smear — rouleaux (see insert); v Ca, alb, Cr; | anion gap, T globulin, T ESR
Protein electrophoresis and immunofixation
serum protein electrophoresis (SPEP): quartitates M component; © in >80% of Prs
urine protein electrophoresis (UPEP). detects Prs who secrete only light chains (= Bence
Jones prateins). which are fitered rapidly from the blood
immunofixation: shows component is monoclonal and identifies |g type — 1gG (50%),
Igh (20%), 1zD (2%), IgM (0.5%), light chain anly (20%), nonsecretors (<5%)
serum FLC assay: important for dx (esp. ligh chain only Pis) and flup response to Rx
fiz-microglobulin and LDH levels reflect tumor burden
BM bix cytogenetics: normal karyotype better than abnl. Standard risk = hyperdiploidy
or t{11:14); high risk = hypodiploidy, del. 17p13 (-10% of Prs), {4 14) & t{4.18)
Gene mutations include TP53, NRAS, KRAS, BRAF, & NIK-xB pathway (Noture 2011:471:467)
Skeletal survey (plain radiographs) to identify lytic bone lesions and areas at risk for
pzﬂmlogx fracture; bone scan is not Lrseﬁ.l.f rur detecungryuclesruns

Multlple H;rebma Staglng Sptems {05 does not account for q‘togene(rcs)

Stage ISS criteria® Durie-Salmon (DS) criteria 1S5 Median OS
pr-microglobulin all of the fallawing:
<3.5 mglL Hb =10 g/dL; Ca €12 mgldL;
| 1§ and 0-1 Iytic bone lesions; [gG 62 mo

albumin >3.5 g'dl <5 g/dL or IgA <3 g/dL or
| urine light chain <4 224 h
o fulfilling criteria for neither | nor [l 44 mo
| any of the following:
Hb <85 g/dL; Ca >12 mgfdL; 72 1

‘ m ""’T;'s'“&';f“““ =5 bytic bane Jeslans 2G ’ I(H%EE A
: =7 gldL or igh =5 gldL or Cr >2 mgldL)

urine light chain =12 g4 h
*Cansider R-1SS incl chram abnl & LDH (JC0 2005:23:3412 & 2015:41:227).




Treatrmient (MEM 2017.344 1044 An sl 0117
+ Decisions generally dictated by nsk strahﬁcman :lnd transplant eligibility

* Mctive drugs incl. pre ne inhibitors: bor ib (V}, carfilzomib (Cz), beazomib (I);
immunomodulators: lenalidomide (R), thalidomide (T), pormalidomide;
immunotherapy: daratumumab {anti-CD38), elotuzumab (SLAMFT)

Other active drugs incl. prednisone (P}, dexamethasone (D), melphalan (M),
panabinostat, cyclophosphamide (Cy):
CAR-T cells promising (NfM 2015373:62181207; Lancee 1016:387:1557)

Induction Rx regimens w/ best response rate combine proteasome inhib (V, Cz) &
immunomod (R). Common induction regimens include doublets (RD,VD) or wriplets
(RYD, CyBorD), based on comorbidities and risk (NEM 2014371:906 & 1016:374.1621),

If not transplant eligible: induction chemo T survival, not curative; consider maint chema

If transplant eligible: induction chema (g, RVD.VCD, RD: Loncet 2010:376:2075) then
high-dose melphalan + auto-HSCT. Not curative, but T survival clw chemo (NE
2014371895, Lancet One 2015;16:1617). Offer if good perf. status & no prohibitive comorbid.
Maint Rx wi R improves PFS/OS (vgm 2014:371:10), Timing of HSCT (upfront vs, relapse)
debatable. Tandem auto-HSCT & allo-HSCT T survival for some (NEWM 2003;349:2495).

Relapsedirefractory: based on prior response & HSCT eligibility: HSCT (if good prior
response, no prior HSCT), RD, CVDVRD, CzRD, IRD, pomalidoimide+D, daratumumab

Local radiation for solitary or extramedullary plasmacytoma

Adjunctive Rax: bone: bisphosphonates (jco 2007:252464), XRT for sx bony lesions
renal: avoid NSAIDs & IV contrast; consider plasmapheresis for acute renal failure
hyperviscosity spndrome: plasmapheresis; infans: consider I¥lg for recurrent infections

Common toxicities of Rx: melphalan - myelosuppression; lenalidomide — low plts &
thromboembolism; bortezomib - periph. neuropathy; steroids - hyperglycemia, infxn

.

.

MonNoCLONAL GAMMOPATHY OF UNCERTAIN SIGNIFICANCE (MGUS)

Definition and epidemiology (N 20061552745
* M prot. <3 gfdl, marrow plasmacytosis <10% neither myeloma ROTI nor amyloidosis
* Prevalence -3% in population =50 y of age, ~-5% in population >70 y of age, and

7.5% in population >85 y of age (NEM 2006:354:1362)
Management
* v CBC, Ca, Cr, SPEF, serum free light chains, UIPEP w/ immunofixation {to exclude MM)
* Close observation; repaat SPEP in & mo, then yearly thereafter if stable
Prognosis (N
* ~1%ly or ~15% er:lme risk ~ MM, WM amyloidosis, or malign. lymphoproliferative dis.
* Abnormal serum free light chain ratio: T risk of progression to MM (Bood 2005;105:812)

WaALDENSTROM'S MACROGLOBULINEMIA (WM)

Dﬂﬁﬂlllﬂn Wood 2009;114:1375)
* Bcell neoplasm (lympheplasmacytic lymphoma) that secretes monoclonal IgM
= 91% wl MYDSS [NF-xB pathway) L265F mut, may d;suﬂgulsh from MM (e 2012,367:826)
* Mo evidence of bone lesions (IgM M component + lytic bone lesions = “igM myeloma”)
Clinical manifestations
* Fatigue from anemia is most common sx
* Tumor infiltration: BM (cytopenias), hepatomegaly, splenomegaly, lymphadenopathy
* Circulating monoclonal IgM
hyperviscosity qmdmrne{ ~15%): Neuralogic: blurred vision (“sausage” retinal veins),
HA, dizzi A MS. & Imonary: ¢ ive: heart filure, pulm. infilerates.
type | crynglohullnemla -+ Raynaud's phenur‘nenﬂn
platelet dysfxn — mucosal bleeding
* 1gM deposition (skin, intestine, kidney); amyloidosis and glomerulopathy
* Autoantibody activity of IgM: Chronic AIHA (prominent rouleauws; 10% Coombs' & =
AIHA). Peripheral neuropathy: may be due to IgM against myelin-associated glycoprotein.
Diagnostic evaluation
* SPEP + immunofixation with 1gM >3 g/dL; 24-h urine for UPEP (only 20% have & UPEP)
* Bone marrow biopsy: T plasmacytoid lymphocytes; fz-microglobulin for prognostic eval
* Relative serum viscosity: defined as ratio of viscosity of serum to HO (nl ratio 1.8)
hyperviscosity syndrome when relative serum viscosity >5-6

Treatment

* Hyperviscosity: plasmapheresis

+ Sx (eg. prog. anemia): rituximab + chemo (eg, bendamustine, Cy, ete); ibrutinib esp. in
MYDEE mut/CXCR4 we (NEM 2015:372:1430). Everolimus or HSCT in salvage.



‘ HEMATOPOIETIC STEM CELL TRANSPLANTATION (HSCT)

Transplantation ufn‘orlur plunpolcnl: cells that can reconstitute all recipient blood lineages

Cntegorles of Stem Cell Transplantation

Feature Allogeneic {Allo) Autologous (Auto)

. Deonor-recipient relationship Immunolagically distinct Dionor is alse recipient
Graft-vs-host disease Tes No
Graft-vs.-tumor effect Yes No
Risk of graft contam. w/ tumor Na Yes

| Relapse risk (leukemia) Lower Higher |

| Transplant-related mortality Higher Lower

* Types of Allo HSCT: based on donarfrecipient matching of major HLA antigens on Chr. &
{4 principal genes for serotyping: HLAA, B, -C, & -DR; each wi 2 alleles . 8 major Ag)
Matched refated (sibling matched at 8/8 ma|orAg) lowest risk uf GVHD; pr!fu'wd donor
Mismatched related (eg, 1/8 Ag mi h) or hapleidentical (; h at 4/8 Ag):

easiest to find, but T risk of GVHD, rejection; .. need additional immunosuppression
Matched unrelated: T risk of GVHD:; . matching uf 10 HLA, alleles (DQ also) to 1 risk:
chance of match correlaves wi ethnicity (NEM 2014371:33%)
Umbilical cord blood: HSC processed ar birth & stored; L risk of GYHD; tolerata misrmatch
but much slower immune reconstitution (Beed 20101 16:4593)

* Graft-vs.-host disease (GYHD): undesirable side effect of allo HSCT
allogeneic T cells view hast cells as foreign; T incid. w/ mismatch or unrelated donors

+ Graft-vs-tumer (GVT): desired effect in allo-SCT: graft T cells attack host twumar cells

Indications (f F015:27:1863; AMT 20115:50:1037
* Malignant dlsea.se
Auito HSCT allows higher ablative ehemo doses and then rescues the hematopoietic
system (used for lymphoma, muldple myeloma, testicubr cancer; neurcblstoma)
Allo HSCT produces graft-vs.-tumor (GVT) effect, in addition to
hematopoietic rescue (used for AMLALL = CML, CLL, MDS, lymphoma)
+ Monmalignant disease: allo HSCT replaces abnl lymphohematopoietic system wi one
from nl donor (eg, immunodef,, aplastic anemia, hemoglobinopathies, ! autoimmune dis.)

Transplantation procedure
+ Preparative regimen: chemotherapy and/or immunesuppression prior to transplantation
myeloablative conditioning (“MAC"): chernotherapy andfor total body irmadiation. Goal is
eraclication of underlying disease for which transplant is being performed.
reduced intensity conditioning (“RIC" or “mini"): lower dese conditioning — | roxicity to
allow Prs wi comorbidities or T age to tolerate HSCT. Goal = transplant when in
remission. Depends mosdy on GVT, | transplant-related mortlity, buc T refapse (Boed
015:12623). Otherwise eligible candidates should have MAC.
*+ Sources of stem cells:
bone marrow (BM): original source of HSCT, now less commanly used than PBSC
peripheral blood stem cells (PBSC): easier 1o collect, more commonly used. BM vs.
PBSC = survival; BM | chronic GVHD, PBSC | graft failure, faster engraftment (ngm
2012367 1487)
umbilical cord blood (UCB): less stringent HLA-matching requirements, but fewer cells
per danor (-, 2 donors combined): slower engraftment. delayed immune recovery
haploidentical: most available; new cenditioning makes safer/more common
= Engraftment: absolute neutrophil count (ANC) recovers to 5000l wiin -2 wle w/ PBSC,
~2.5 wk w/ BM, ~4 wk w UCB. G-CSF accelerates recovery by 3-5 din all scenarios.
Engraftment syndrome; fever, rash, noncardiogenic pulm edema, abnl LFTs, AKI, wt gain.
D of exchusion: rlo infection, GYHD; Rx wi 1 mglkg steroids, rapid taper over 3-4 d.

Complications
* Either direct chermoradiotoxicities associated with preparative regimen or consequences
of interaction between donor and recipient immune systems
* Sinusoidal obstruction syndrome (SOS): incidence ~10%, mortality -30%
Previously known as veno-occlusive disease (VOD) (2aMT 201622:400). Mechanism:
direct cytotoxic injury to hepatic venules — in sitv thrombesis.
Symptoms: tender hepatomegaly, ascites, jaundice, fluid retention
with severe disease — liver failure, encephalopathy, hepatorenal syndrome
Diagnosis: T ALT/AST, T bilirubin; T PT with severe disease; Doppler UIS may show
reversal of portal vein flow: T hepatic wedge pressure; abnl liver bx
Treatment: supportive; prophylaxis with ursodiol; treat w/ defibrotide (Eloer 1018:127:1658)




* Idiopathic pneumonia syndrome (IPS): 5-25% of Prs, >50% mortafity (Bod 2003:1022777) \
Alveolar injury 212 direct toxicity - fever, hypoxia, diffuse infiltrates; occult infn frequent

* Diffuse alveolar hemorrhage (DAH): Diagnosis: bronchoscopy to exclude infection;
T bloody lavage fluid seen with DAH. Treatment: pulse 500-1000 mg Solu-Medrol = 3 d

+ etanercept (BEMT 2015:1:57).

+ Acute GVHD (usually within & mo of transplant; Lanee: 200%,373:1550)
Clinical grades |-V based on scores for skin (severity of maculopapular rash), liver
(bilirubin level) and GI (volume of diarrhea); bx supports diagnosis
Prevention: immunesuppression (MTX + CsA or mcrofimus) or Tcell depletion of graft
Treatment: grade | — topical Rx grades [IHV — associated with | survival and . treated
with immunosuppressants (corticosteroids, CsA, tacrolimus, raparmycin, MMF)
+ Chronic GVHD (developing or persisting beyond 3 mo posttransplant; BMT 2005.43.145)
Clinical: malar rash, sicca syndrome, arthritis, obliterative bronchiolitis, bile duet
degeneration, cholestasis and many others, More common w/ PBSC than BM.

Treatment: immunaosuppression; rituximab; photopheresis
* Graft failure

Primary = persistent neutropenia without evidence of engraftment
Secondary = delayed pancytopenia after initial engraftment; aither immune mediated
viz immunocompetent host cells (graft rejection) or nen-immune mediated (eg, CMV)

* Infectious complications
due to regimen-induced pancytopenia and immunosuppression

*Primarily amaong persons who are seropostive before transplant.

Prophylaxis/Supportive Medications during HSCT

auto HSCT recipients: no immunosuppression ., at 7 risk only pre-fpostengraftment =
boath primary infections and reactivation events occur {eg. CMV, HSV,VZV) (s}
Timing of Cwnpticaﬁms following Albgenenc HSCT
'p
Time after transplant and associated risk factors ]
Days 0-30 Days 30-90 >90 days
Mucesitis Acute GVHD Chronic GYHD
| Organ dysfunction + cellular 1 cellular &
Neutropenia immunity humoral immunity
Viral Respiratory and enteral viruses, BIC virus
infection HSW# CMVE HHY 6 & 7
EBV-related lymphoma
YZv JC
Bacterial Gram % cocei {coagulase-negative Staph., Encapsulated bacteria |
infection 5. aurews, 5. viridans)
GMRs (Enterobacteriaceae, Pseudomonas,
Legionelta, 5. maltophilia)
Fungal Candido spp.
infection Aspergﬂfus Spp
Parasitic T. gondii 7. gondil
infection F. carinii F. carinii
5. stercoralis
Regimen- Pancytopenia Growth failure
related Mucasitis, rash, alopecia Hypogonadism/infertility
Mauses, vomiting, diarrhea Hypothyroidism
Peripheral neuropathies Cataracts
Hemorrhagic cystitis Avascular necrosis of bone
Veno-coclusive dissase 2™ malignancy
IPSfInterstitial pneumonitis |
Immune- Acute GVHD Chroniec GVHD |
|mediated  Primary graft failure Secondary graft failure

Medication Prophylaxis against Duration

Fluconazaole or posaconazcle Candicla 75d
Acyclovir HSVIYZY 365 d
Valgancu:lo'nr or ganciclovir CMv 100 d or when no longer
if CMV & immunosuppressed
Antibiotics (eg, fluoroquinclone) Bacterial infxn WWhile neutropenic
TMP-SMX PCP 365 d or when off immunosupp.
Allopuringl Hyperuricemia Unsil d -1

| Ursedial SOS/VCD 60d




4 LUNG CANCER

i Pathology and Genetics

Pathology %  Typ locat. Genetic mutations in

Adeno- KRAS (20-30%), EGFR (15-20%, esp. ¢
= carcinoma (incl. 40  Peripheral  Asian, never smokers), HERZ (6%) or rearrang,
£ bronchicalveslar) in ALK (-4%), ROS T {(-2%) and RET {-1%)
E Squiricis 2 Pa FGFR T,Bsgi(l'; PiK3CA, PTEN, TP53, SOX2,
s Large cell 5 Peripheral
= Other/not
classifiable
Small cell 15 Central Complex; most have inactiv. of TP53 and RB 1

[NEI.M J008:359:1367; JCO 201 230:863; | Thoese Oncal 2012:7:974; Narwre 1011 1:489:51%: Cell 2072:150:1707)

Epidemiology and rislc factors
* Most common cause of cancer-related death for both men and women in the US.
» Cigarette smoking: B5% of lung cancers occur in smokers; risk = total paclk-yrs,
L risk after quitting/reducing but not to baseline (it | Cancer 2012:131:1210)
squamous & small cell almost excusively in smokers
adenocarcinoma most common type in nonsmokers
bronchicalveolar carcinoma associated with women, nonsmokers, EGFR mutations
*+ Asbestos: when combined with smaoling, synergistic T in risk of lung cancer
* Radon: risk to general population unclear

Lunc 5-28

Clinical manifestations
+ - 10% are asx at presentation and are detected incidentally by imaging
+ Endobronchial growth of 1° tumor: cough, hermoptysis, dyspnea, wheezing, post—
obstructive pneumeonia; more commen with squameous or small cell (central location)
* Regional spread
pleural effusion, pericardial effusion, hoarseness (recurrent laryngeal nerve palsy),
dysphagia (esophageal compression), stridor (tracheal obstruction)
Pancoast’s syndrome: apical tumor -+ brachial plexus involverment (C8,T1,T2) -
Horner's syndrome, shoulder pain, rib destruction, atraphy of hand museles
SVC syndrome (NEM 1007,356:1862); central tumar — SVC compression — face or
arm swelling {>80%), venous distention of neck & chest wall (~60%),
dyspnealcough (~50%), HA (~10%); Rx = steroids & diuretics, RT + chemo
after tissue dx, SYC stent for severe sx, fibrinolytic + anticoag if thrombus
+ Extrathoracic metastases: brain, bone, liver, adrenal
+ Paraneoplastic syndromes
Endocrine:
ACTH (SCLC) - Cushing’s syndrome; ADH (SCLC) - SIADH
PTH-rP {squamous cell) — hypercalcemia
Skeletal digital clubbing (non-small cell), hypertrophic pulmonary
osteoarthropathy (adenocarcinoma) = symmetric polyarthritis and proliferative
periostitis of lang banes
Neurologie (SCLC): Eaton-Lambert, peripheral neuropathy, cerebellar degeneration,
limbic encephalitis
Cutanegus: acanthosls nigricans, dermatomyositis
Hemamroguc hypercaagulahle state (adenocarcinoma), DIC, marantic endocarditis
Screening (. 201438273
* No beneﬂ: to CXR or sputum cytology, even in high-risk Pts
* Annual low-dose chest CT in 230 pack-y in current or former (quit wiin 15 y) smokers, age
5574 y — 20% L in lung cancer—relited mortlity (NEM 1011:365.395 & USPST)
number needed to screen = 320; high false © rate
consider risk scores to target screening (MEM 2013369:245 & 910: JAMA 2016;315:2300)

Diagnostic and staging evaluation |NCCN Guide

* Initial imaging: chest CT (include liver and adr'enal gla nds) wi contrast if possible

+ Tissue: bronchoscopy (central lesions) or CTguided needle bx (peripheral
lesions or accessible sites of suspected metastasis); mediastinoscopy (LM bx),VATS
(eval. of pleura peripheral lesions), thoracentesis (cell block for cyrology) or
sputum cytology (central lesions)

* Staging
Intrathoradc mediastinoscopy (+ preceded by LI/S-puided transesoph. or transbronch.

needle aspiration; jAMAa 2010:3042245) or VATS; thoracentesis if pleural effusion



Extrathoracic: PET-CT more Se than CT alone for detacting mediastinal and distant
mets as well as bone mets (NEM 200%:361:32); brain MRI for all Pts (except 1A}
* Genetics: v EGFR mur. & ALK, ROST or RET rearrang. for stage IV nonsquam NSCLC
* PFTs wi quantitative V/Q if planned treatment includes surgical resection; need to
have 30% of normal, predicted lung fxn after resection

TNM Staging System for NSCLC (7" Edition)

N stage NO N1 N2 N3
TM e ne ® ipsilat.  psilic.  contralat or
stage Bt nodes 'l’:ilar m‘;dim. supraclav,
T T<2em (Th)orT>2-3cm (Tlb) A 1A
T2 TsSem (T28)orT5-7 om (T2b)  IBIA  NAB |
T »7 em or invasion of chest wall,
B diaph.. mediast. pleura, pericard. e A
I Invasion of mediast., heart, great |
| T4 vessels, trachea, esoph, vertebrae; e
separate wmor nedule ipsilat, lobe
Mla Modules conmm lobe; pll}'uml |
nodules or malignant effusion v
I M1t Dlstant metastasis

NSCLC treatment (NCCh

+ Stages | & Ii: mrglcal resettkm +ad]uva.nl: chemo (surgery alone for stage |A) (e
2004350:357 & 2005, 352:1569)

+ Stage Ill: chemoradiation is main treatment modality
A viewed as potentially resectable (lancet 2009374379) and IIB as unresectable
neoadjuvant chemoradiation may convert unresectable - resectable

+ Stage IV: chemotherapy T survival; early palliative care also T survival (NEM 2010363733)
backbane of therapy is platinum-based doublet; cisplatinipemetrexed better for

adenocarcinoma; cisplalin!;emciubine better for squamous (€0 2008.26:3543)

PD-1 inhib (eg, nivolumab, pembrolizumab, atezolizumabs) if progression on chemo (vgm
2015373123, Loncer 20716;367:1540 & 1837); immune-related adverse events include
preumanitis, consider Rx w high-dose corticosternids

bevacizumab (ant-VEGF mAb) + chemo T survival by 2 mo; T bleeding risk, . avoid if
untreated, brain mets (/0 200927.5155), hemoptysis or squameus (NEM 2006:355:2542)

if EGFR. mut: EGFR tyrosine kinase inhibivor (TKI, eg, erlorinib) 1*-line Rx; next-gen
EGFR TKI for these who develop resistance ions (NEWM 20153721669 & 1700)

if ALK rearrang.: ALK TKI {crilorinib 1*"line Rax; NEM 1u14;31'|;1157)'. ceritinib 2™-line

TKI toxicities: rash & darrhea (common); lung & liver injury (rare but potentially serious)

palliative radiation used to control local sx caused by tumor or metastasis

solitary brain metastasis: surgical resection + brain radiation may T survival

NSCLC Simplified Staging Schema, Treatment and 5-y Survival '

Stage %atdx Definition Treatment 5oy (%) |
1 10-20 Isolated lesion Surge_r;r + chemo =60
1] 10-20  Hilar node spread  Surgery + radiation + chemo 40-50
Mediast. spread Chemoradiation
A 13 but resectable + surgical resection 25-30
Chemoradiation t biologic

[111:] 15 Unresectable ¥ surgery (sslected cises) 10-20

v a0 Metastatic Chemo + bevacizumab or tyrosine 4

kinase inhibitor and/or supportive care

SCLC treatrnent (NOON Guide
. SCLC usuall;-I du;semlnared at presenmu:m but can be very responsive to chemoradiation
apy (plati ide) is primary treatment modality
Thor.m:lc radiation added to |:he|'n|:a:htar:i|:!)|I improves survival in limited-stage disease
Prophylactic cranial irradiation (PCI) T survival for limited disease in complete remission
(NEM 1999:341476) & | symptomatic brain mets in extensive disease (NEM 2007.157644)

SCLC Staging Schema and Treatment

| Stage % at dx Definition Treatment Median
| survival
| Limited 3040  Confined to ipsilt hemithorax ~ Radiation + 1y

| wiin 1 radiation port chemotherapy + PCI

E!temiv_e | £0-70 Beyond 1 radiation port Chemotherapy + PCI -1y




"4 BREAST CANCER

Epidemiology and genetics (risk asse
+ In US. most commen cancer in women; 2" leading cause of cancer death in women
+ Age:incidence raves T with age, with possible | in slope after menopause

* Genetics (Naure 2012:490:61): mutations in TP53, PIK3CA, and GATA3; HER2 amplified,
15-20% have & FHx — 2x T risk; ~45% of familial cases a'w known germline mutation
BRCA1/2: 35-85% lifetime risk of breast cancer & 1 risk of ovarian cancer; 7 7 colon &

proste cancer; prog not worse than in noncarriers wi breast cancer (NEW 20073571155
BRCAZ alw T male breast cancer & pancreatic cancer. Germiine loss-of function
mutations in PALB2 afw 35% T risk of breast cancer by age 70 (NgM 2014371:497).

= Estrogen: 7 risk with early menarche, late menopause, late parity or nulliparity (MEIM
2006:354270); T risk with prolonged HRT (RR = 1.24 after 5.6 y; jama 2003:289:3243);
no T risk shown with OCP use (NEIM 2002346:2025)

* Benign breast conditions: T risk w/ atypia (atypical ductal or lobular hyperplasia; nEpm
2015:372.78) & proliferative (ductal hyperplasia, papilloma, radial scar, or sclerosing
adenosis) features; no T risk w/ cysts, fibroadenoma, or columnar changes

* T risk with hfo ionizing radiation to chest for treatment of Hodgkin lymphoma

sment took www.cancer goviberisktooll)

Prevention (with s

s @St e aror or Al Anigh 2013,159:498)
» Tamoxifen: | risk wntrdlat breast CA as :tdptlvant Rac. Approved kn’ 1° prevent. if T risk:
1 L invasive breast cancer,but T DVT & uterine CA;? T in mortality (Loncet 2002360:817).

4 + Raloxifene: | risk of invasive breast cancer & vertebral fx, T risk of stroke & DVTIPE
(MEJM 2006,355-115); = tamoxifen in prevention of breast cancer wi | risk of

E DVTIPE & cataracts, trend toward | uterine cancer (AMA 20062952727
* Als in high-risk postmeno | breast cancer by >50% (NEiM 2011;364:2381; Lancet 20114:383:1041)

* BRCA T2 #:intensified surveillance. Prophylactic bilat. mastectomy — —90% L risk; bilat.
salpingo-cophorectomy L risk of ovarian and breast cancer (NEM 2016:174454).

Clinical manifestations

+ Breast mass (hard, irregular, fixed, nontender), nipple discharge (higher risk if unilateral,
limited to 1 duct, bloody, associated with mass)

* Special types: Paget's disease — unilateral nipple eczema + nipple discharge;
inflammatory breast cancer — skin erythema and edema (peau d'orange)

+ Metastases: lymph nodes, bone, liver, lung, brain

Screaning (AMS 20153141599 Asnak 2015164379

* Mammeography: ~20-30% | in breast cancer mortality (smaller abs. benefic in women
<50 y) (Lamcer 2006:363:2053; Anncls 2009.151.727); 75% of all abnl findings benign;
suspicious: clustered microcalcifications, spiculated, enlarging

* ACS recommends annual mammo beginning at age 45 (consider biennial after age 54)

* USPSTF recommends beginning at 50 and biennially (some may want to begin at age 40)

* T risk: sereen earlier w/ CBE and mammo (age 25 in BRCA 7/2 carrier. 5-10 y before
earliest FHx case, 8-10 y after thoracie RT, upon dx of T risk benign disease)

= MRE superior to mammo in high-risk Prs; consider annually if =20% lifetime risk (eg, ©®
FHx, BRCA 1/2, prior chest RT) (Loncet 2011:378:1804)

* Genetic testing should be considered in women with strong FHx

Diagnostic evaluation
* Palpable breast mass: age <30 y — observe for resolution over 1-2 menstrual cycles;
age <30 y, unchanging mass — W/5 - aspiration if mass not simple cyst;
age >30 y or solid mass on U/S or bloody aspirate or recurrence after aspiration —
mammeo (detect other lesions) and either fine-needle asp. or core-needle bx
clearly cancerous on exam or indeterminate read or atypia on bx — excisional bx
* Suspicious mammogram with normal exam: sterectactically guided bx
* MRI: detects contralateral cancer in 3% of Pts wi recently dx breast cancer & = contra-
lateral mammo (but PPY only 21%) (vgs 2007,356:1295); utility remains unclear
Staging
* Anatomic: tumor size, chest wall invasion, axillary LN mets (strongest prognostic foctor)
* Histopathologic: type (litde prognostic relevance) & grade; lymphaticivascular invasion
In situ carcinoma: ne invasion of surrounding stroma
Ductal (DCIS): T risk of invasive cancer in ipsilateral breast (~30%/10 y)
Lobular (LCIS): marker of 7 risk of invasive cancer in either breast (-1%/y)
Invasive carcinoma: infiltrating ductal (70-80%); invasive lobular (5-10%); tubular,
medullary and mucinous (10%, better prognosis), papillary (1-2%); other (1-2%)
Inflammatory breast cancer (see abowe): not a histologic type but a clinical reflection
of tumar invasion of dermal lymphatics; very poor prognosis
Paget disease: ductal cancer invading nipple epidermis + associatad mass



+ Biomarkers: o estrogen, progesterone recepror (ER/PR) and HERZ/neu status \

* Oncorype DX 21-gene risk recurrence score has predictive and prognostic value in ER &,
HER2 =, and node = Pts (NEM 2015:373:2005)

+ Circulating tumor DNA may serve as biomarker of met tumor burden (NEM 2013.368:11%)

Simplified Staging System for Breast Cancer |

| Stage Characteristics Description S-y surv.

| | Tumor 52 cm G 0%
1A Tumor >2 cm or mobite axillary nodes kxpera e BO%

oregional

| 18 Tumor 5 em 65%
I Internal mammary or ficed axillary nodes Locally advanced 50% |
B Direct extension ta chest wall or skin Inoperable 45% |
mnc Infraclavicular or supraclavicular nodes locoregional 40%
v Distant metastases Metastatic 15%

Treatment
* Local control: surgery and radiation therapy (RT)
Breast-conserving usual approach wi lumpectomy + breast RT + axillary node dissection
{ALND), unless multicentric dis, diffuse microCa®™, BRCA1/2 2, prior RT, pregnant,
! mor =5 cm; cavity shaving L risk of need for re-excision (VEM 2015:373503)
Sentinel miph node dissection (SLND) prior to ALND preferred if wio palp axillary LNs:
T1-2 wi @ SLND & Rx w/ lumpect /RT/cheme may not need ALND (ama 2011305:569)
Radiation Lhcmp-_v (RT) after mastectamy for >4 & LN, tumer =5 em, or & surgical
margins — 4 locoregional recurrence and T survival (Lancer 20113781707);
regional nodal RT | recurrence and breast cancer mortality (NEJM 2015373307 & 317)
+ Systemic therapy: for stage Il except tumors <1 em (complex risk assessment needed).
http:/fwww.adjuvantonline com/index.jsp can guide use of cheme andfor hormonal Rx.
Chermatherapy: neoadjuvant (to T breast conservation; path complete response ajw 1
disease-free survival; Lancet 2014384:164) or adjuvant (anthracycline-based).
Addition of taxane (eg, paclitaxel) — small T survival (NEM 2010:3622053 & 2010:363:1200).
Consider platinum in triple © cancers (o 20153313),
Ant-HER2 therapy (growing list of agents) in HERZ © tumors (MEM 2011366178
trastuzumab (anti-HERZ mAb) T survival (NEM 2011:365:9273); 1 y = 2 yr (Lancet

2013:382.1021); after anthracycline or w/ taxane to | cardiotox (jC0 2002,20:1215)

lapatinib {tyrosine kinase inhib. of HER2 & EGFR) + trastuzumab T survival after failing

trastuzumab (oo 2012:30:2585); dual inhib. initial R T response (Lance: 2012379:633)

pertuzumab (anti-HER2 mAb, prevents dimerization) T progression-free survival when

added to rrastuzumab as 1%-fine Rx for memastdc dis. (NgM 2015372724)

trastuzumab emtansine (T-DM1, HERZ mAb conjugated to microtubule inhibitor)

1 survival compared to 2" line lapatinib + capecitabine (NEM 2012:367:1783)
Bevacizumab (anti-VEGF): ! in neoadjuvant Rx if HER2 © (NEIM 2012:366:299 & 310)
Harmanal (in ERIPR © or unknown status)

tamoxifen: 39% L recurrence and 30% | breast cancer mortality in pre- and post-

menopausal patients; 10 y of Rx superior to 5 y (Lences 2011 278771 & 2013:381:805)

aromatase inhibitors (Al) (anastrozole, letrozole, exemestane): - 18% {

recurrence vs, tamoxifen in postmenopausal Prs (NEJM 2005353:2747 & 2016,375:209)

2".line: ovarian ablation with LHRH agonists (goserelin) or oophorectomy if
premenopausal; pure antiestrogens (fulvestrant) if postmenopausal
liferation inhibitors (if pe pausal & failed hormonal Rx)
palbucur_l:b (CDK 4/6 inhib): T progression-free survival (MEM 2015372:209)
everolimus {mTOR Inhlb} T progrgssnon—l‘ree survival (NEfM 2012386:520)

Treatment of Cﬂr:lnoma in situ and Imaswe Carcinoma of the Breast [
LCIS Close surveillance + chemoprevention; ! prophylactic bilat. mastectomy
| DCIS  Mastect. or lump. + RT;ALND not indic.; + chemoprey (Locer 2016:387:849 & 866)

Surgery + RT
I +Adjuvant chemo if T risk: tumor >1 cm or @ LN or ERIPR © (Lancer 1998:352:930)
] 4+ Hormonal therapy if ER/PR & {or unknown status) (Lancet 2009:374:2055)

| + anti-HER2 Rx if HER2 @ and tumor 21 cm or & LN
| Neocadjuvant chemo — surgery + RT + adjuvant chemotherapy
| m + Hormonal therapy for ER/PR, @ (or unknown status) mmors
+ anti-HERZ Rx if HERZ &
ER/PR: hormonal Rx (NEM 1012:367:435) or chemo + everolimusipalbociclib
v ER/PR=: HER2 & — chemo + anti-HER2 therapy; HERZ = s chemotherapy
Bony mets: bisphosphonates & denosumab | fractures (Cochrane 201L,CDO03474) |




| PROSTATE CANCER

003.349366)

Epidemiology and risk factors (vem 2
* Most ecommen eancer in US. men; 2'° most common cause of eancer death in men

« Lifetime risk of prostate cancer dx - 16%; lifetime risk of dying of prostate cancer -3%
= T risk with T age (rare if <45 y), in African Americans, @ FHx, BRCA mutations

Clinical manifestations {usually asymptomatic at pre
* Obstructive sx (more common with BPH) hesnancy. 1 stream retention, nocturia
* lrritative sx (also seen with prostatitis): frequency, dysuria, urgency

* Periprostatic spread: hematuria, hematospermia, new-onset erectile dysfunction

* Metastatic disease: bone pain, spinal cord compression, qfl.openias

SI'I'"F"!HE L 6T a1l JAMA 1014 11743 Lancet 2014:384:2007)

= Digital rectal exam (DRE): size, con.'zlstency. lesions

» PSA: 4 ng/ml cur point neither Se nor Sp;can T with BPH, prosmtits, acute retention, after
bx or TURF, and ejaculation (no significant T after DRE, cystoscopy);
15% of men >62 y w/ PSA <4 & nl DRE have bx-proven T1 cancer (NEM 2004350:2239)

* ACS rec: =50 y (or = 45 y if African-Am or & FHx) should discuss PSA screening w/ MD;
USPSTF rec. against screening in asx males {no | in prostate cancer-related mort)

Diagnostic and staging evaluation

* Transrectal ultrasound (TRUS) guided biopsy, with 6-11 core specimens

» Histology: Gleason grade (2-10; low grade <6) = sum of the differentiation score {1 =
best, 5 = worst) of the 2 most prevalent patterns in the bx; correlates with prognosis

+ Imaging: to evaluate extraprostatic spread
bone scan: for PSA =10 ng/ml, high Gleason grade or clinically advanced tumor
abdomen-pelvis CT: inaccurate for detecting extracapsular spread and lymph node mets
endorectal coil MRI:improves assessment of extracapsular spread

TNM Snglng & Treatment of Prostate Cancer (Lericet 2015387:70)

MNodes,
Stage Tumaor Mets  Treatment
Tla= NG, MO Surveillance: consider if life expect. <10 y. Dutasteride |
| non-palp, Gle‘asor; risk of progression {Lancer 20123781103,
not visible 7.4 Radiation (external or brachy, N 2006355:1583). Short-
| on imaging term androgen deprivation 1 morL. (NEW 2011363 107)
| T2 Radical prostatectomy (+ RT andfor hormonal Rax if
n i = MO, M0 high-risk features): | prostate cancer mortality, espec,
Wi prostate if <65 y and not low risk (NEM 2014376912)
I T3 = extends NO.MO Radiation + androgen deprivation (see below)
thru capsule : [Lancet 201 T;3TEZ104)
T4 = invades Radiation (for MO disease)
adjacent NO,M0  Androgen deprivation Rx (ADT) (NeEM 2009:360:2518)
Struceures GnRH analogues (leuprofide, goserelin

N1,M0 antiandrogens (flutamide, bicalutamide)
Docetaxel added to ADT improves overall survival in
metastatic disease (NEM 2015373;737)
If castrate resistant: chemo (g, docetaxel); androgen

Iy synthesis inhib. (abiraterone; NEM 1011:3641935) or
| Any T Any N, receptor signaling inhib. (enzalutamide; Mg
M1 012367:1187) & mort; immuno Rx (NEM 20163634115

olaparib (PARP inhib) if BRCA & (NEM 2015372:1697)
Bone mets: bisphosph or denosumab, latter | bone mets
‘ & fic (MEIM 200%:361:745; Lancet 2011377813 & 2012379:35);
- radium-223 | mu:_u_dity by JUS;G_

Prognosis

= PSA level, Gleason grade and age are predictors of metastatic disease

= In surgically rreated Prs, 5-y relapse-free survival >%0% if disease confined to organ,
~T5% if extension through capsule, and ~40% if seminal vesicle invasion

= PSA doubling time, Gleason, & time to biochemical recurrence predict mortality following
recurrence. For local recurrence following RP salvage RT may be beneficial if low PSA.

+ Metastatic disease: median survival —44-57 mo (MEM 2015373:737); all become castrate
resistant (in 15-20% discontinuation of antiandrogens results in paradexical L in PSA)

Prevention

+ Finasteride and dutasteride | prostate cancers detected by bx. but T # of high Gleasan
grade tumors; no A in overall mortality (NEM 2003:349:115; 2010362:1192: 2013;369:603)



COLORECTAL CANCER CRC A

Fpidcrnlnlogy and risk factors (L 4
+ 4" most common cancer in LS. men & women; 2" eadlng cause of all cancer death
« Rare before age 40, w/ 90% of cases occurring after age 50. -75% are sporadic.

* Family history: up to 25% of Pts have & FHx. Risk depends on # of 1"-degree refatives
(wi CRC or polyp) and their age at dx; -5% have an identifiable permiine mutation
Familial adenomatous polyposis (FAP): mutation in APC gene — 1000s of polyps at

young age — - 100%1Mm risle T nskcfﬂ'lyrood.momh.wall bowel cancers

H ry sis col | cancer (HRPCC) mast common hereditary CRC

(~3% of all CRC} mutations in DNA mismazch repair genes (eg, MSH2, MLHT)

microsatellice instability (MS1) ~ T tumor progression — ~B0% lifetime risk.

Predom. right-sided tumars; 7 risk of endometrial, ovarian, stomach, urochelial, small
bowel and pancreatic cancers.

Amsterdam criteria: 23 family members w/ HNPCC-related cancer, one of which is dx
before age 50, affecting 2 successive generations.

MAP (MYH-assoc polyposis): autosomal recessive; consider if mule. potyps but © for FAP

* Inflammatory bowel disease: T risk with T extent and duration of disease

+ COX-2: | risk of adenomas wl ASA & NSAIDs. ASA alw L CRC incidence, mets and mort.
(Lancet 201053761 741: 2012379 1591 & 1602 ASA effect limited to PIK3CA-mut CRC (N
1012347-1596). ASA rec for 1° prevmmn if age 50-59 (697) v & =10% 10-y risk of CRC.

Pathology and genetics (NEMm 2449, Noture 2017487

+ Adenoma - cancmamaseqnenee reﬂecrs eccumulanon af multiple genetic mutations.
T risk of malig. w/ large (2.5 cm), villous, sessile adenomatous polyps. Adenomas

typically observed -10 y prior to onset of cancer (both sporadic & familial).

+ Genetic profile in sporadic CRC: APC (-80%), KRAS (-40%), TP53 (50-70%), DCC or
SMADH4, or BRAF (—15%); chrom instabilicy (majority) or mismatch repair defic (10-15%)

* Upfront genotyping may guide Rux; eg, benefit of ant-EGFR Ab cetuximab greater in KRAS
wild-type than KRAS mutant (NEM 2008:355:1757). BRAF mutation may guide clinical trials.
Lack of CDX2 alw T benefit from chemo (NEWM 201&374-211).

Clinical manifestations
+ Distal colon: A bowel habits, obstruction, colicky abdominal pain, hematochezia
+ Proximal colon: iren defic. anemia, dull vague abd pain; abstruction arypical
due to larger lumen, liquid stool and polypoid tumeors (vs. annular distal tumers)
* Metastases: nades, liver, lung, peritoneum — RUQ tenderness, ascites, supraclwicular LN
* Associaved with Streptococcus bovis bacteremia and Clostridium septicum sepsis
Screening (AMA 201&1715:2564)
+ Awverage risk: colonoscopy starting at age 50 & repeat q10y strongly preferred method
* 1 risks earlier and/or more frequent screening. @ FHx:age 40 or 10 y before index
dx, then q3y. 1BD: B-10 y after dx, then q1-2y. Known or suspected familial syndrome:
genetic counseling & very early screening (eg, age 20-25 y), then q1=2y.
+ Imaging

Colonoscopy: test of choice as examines entire colon; 90% Se for lesions =1 em. Flex
sig less Se vs. colo and CTC (Gu 200058241 If polyp found, re / in 3-5 y. Removal
of adenomatous polyps associated with lower CRC martality (NEM 2012366:687).

Sigmoidoscopy: 21% | incidence in CRC & 26% | mortality in distal CRC (ng
2012;3662345). Benefit may also be seen w/ 1-time flex-sig (Loncer 2010:3759726).

CT colonography (CTC): e/w colonoscopy, -90% Se for lesions 21 cm but considerably
less for smaller lesions (Ngwm 20083591207, In high-risk Pes, Se anly 85% for advanced
neoplasia 26 mm (AMA 200%,301:2453). At populaﬁ«:m level, T participation w/

CTC, but | yield vs. colonoscopy; .. similar screening overall (Lancer 2012:13:55),
+ Biochemical fecal testing

Oceult blood (FOBT): L mortality (NEM 19933281345 & 2000,343:1603); 3 card home testing
more Se (24% vs. 5%) than DRE/FOBT (Annas 2005:14281). Repeat qly.

DMA: 1 Se, = Sp c/w FOBT but less Se than colonoscopy (NEM 2004:351:2704)

Comba DNA + Hb immunoassay w/ ~90% Se & Sp (NEM 2014,370:1267)

Staging (AJcc ¢ Mamad, Teh od, 2010
+ TNM staging: Suelfdepd‘! oF prlmary (T) locaregional nodes (M), distant metastases (M).

Staging is complex and based on patholegic correlation with observed survival data,

*+ Colonoscopy + biopsy/polypectomy + intraoperative and pathologic staging
essential for evaluating extracolonic spread

* CT scans of chest and abdomen/pelvis (inaccurate for depth of invasion & malignant LN}

+ Baseline CEA in Pt with known CRC has prognostic significance and is useful to fol-
low response to therapy and detect recurrence: not a sereening tool

2010:375:1030; €
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 Treatment Based on TNM and Modified Dukes Staging of Colorectal Cancer

Path. criteria 5-y surv. Treatment

Inte submucosa 94.97% Surgery alone (resection and

or muscularis analysis of 212 LN)

Into serosa 83% Surgery; no established role for

Into peritoneum T4% adjuvant chemo for colon cancer

Direct invasi g Preop RT or 5-FU/RT added for
PRk oSt rectal cancer —» postop chemo

<6 i LNsg 8% Surgery + chemotherapy”

Varying # © LNs 51-77%  Preop RT or chemorad added for

& local invasion 15-47% rectal cancer (NEW 1006:355:1114)

Chemotherapy + surgical resection
Dita tattices 59 for isclated mees {~30% 5-y surv)

Cansider resection of 1° tmor if
1

perf, abstruetion or bl

MNCCN Chivicel Proctice Guidefines, wwrscon.org, 5=y survival data are appros. equivalent for colon and recal
cancers, shown as average, wf ranges for TNM substaging, adapted from SEER dam (JCO 2010028:256 & 284).
“Consider adjuvant chema for high-risk stage || (obstruction, perf, adhersnce o adgacent structures, inadequace
nedal sampling, lymphovase invasion, pooely differentiated). MSkhigh CRC benefit less from adjuvant chema (NEJM
20N03:345:247), "Adjivant FOLFCX (see below) & smndard of care chema (NEfM 2004,3502343).
+ Chemetherapy (lonces 2014383:1490)
FOLFOX (5-FU + leucovorin + oxaliplatin), FOLFIRI or CapeOx (NEM 1004350:1343)
+ Bevacizumab (ant-VEGF NEM 2004,150:2335) or cetuximab/panitumumab (antl-EGFR
mAb, MEM 2004:351:337; benefit limited to Prs wio RAS mutations; MEM 2013;36%:7023)
Consider FOLFOXIRI-bevacizumab particularfy if BRAF® mutations or needing response
for potentially curative resection (NEM 2014:371:1609)
Regorafenib (multikinase inhib.) and TAS102 (wrifluridine + tipiracil) T survival in
progressive metastatic CRC (Loncer 2013,381:303; MEM 2015372:1509)

CHEMOTHERAPY SIDE EFFECT

Nausea & vomiting common (NEM 2016:374:1356: 375:134 & 177

Select Adverse Effects from Chemotherapy

Toxicity Common Agents
Cardiotoxicity ~ Anthracyclines
(JC0 200523 7585,
NEWA 0T3S 1S S
Stop agent i adverse | 1iaoez g PD-1 inhib
2vole o ACEl 1p  Tyrosine Kinase inhib. (TK)
b . Cyclophosphamid
(Cre 10081142474 | Clsplatin
Busutfan
Bleomycin
TKI {esp. dasatinib)
Mrwl&’gm Cyclophasphamide (<1%)
Bevacizumab
Anti-PD1 (eg, nivolumab)

Nephrotoxicity!
urologic toxicity

Neurotoxicity
{Sem Oncal 2006,13:324)

| Hepatotoxicity
(Sem Greal 2006:33:50)

Dermatologic

Anti-CTLA-4 {ipilimumab)
Platinum P [cisplatin)

Methotrexate
Cyclophosphamide
Platinum Rx (cisplati

Comments

Dose-dependent CMP, ¢ EF pre-Rx; via
topoisomerase |lb (No Med 2012,16:1639)

Spasm — ischemia; CCB may prevent

CMP esp. w! concom anthracycline

QTe prolongation, CMP, angina

Myopericarditis {esp. in BMT)

HypoMg - arrhythmia, ischemia

~8% fibrosis or DAH; if severe — stercids

~10% IPF; dic drug, Rx wi steroids

Pulmanary effusion

Preumonitis, progressive fibrosis;dic drug

Pulm hemorrhage (esp. NSCLC)

Preumonitis

Organizing pneumania, sarcoidosis

Esp. proximal tbule; pretreat w/ IV saline

Rx deposition; alkalinize urine, ydration

Hemorrhagic cystivs; give Mesna

Cytarabine
Methotrexate (esp.
intrathecal)
[fosfamide

Taxanes, vincristine

TKI {eg, imatinib, nilotinib)

Gemcitabine
Methotrexate
TKI {eg, imatinib)

“Stacking-glove;” vit. E Ppx (1c0 2003:21:527)
Cerebellar toxicity (irreversible 5-10%)
Late leukoenceph, meningitls; reverse

wi intrathecal glucarpidase, leucovorin
Enceph (10-30%); ! Rx w/ methylene
blue, thiamine, dexmedetomidine
Sensorimotor long fiber neuropathy

T LFTs, rarely necrosis; hold Rux, ? stercids
Common T ALT/AST; | dose if T bili

T ALT/AST, rarely fibrosis

Dermatitis, can be severe (eg, SJS)




PANCREATIC TUMORS Tl

Pathology and genetics (Am Rer forhol 2008:1157, K 1012.491.359)

* Histologic types: adanocarcmoma. acinar cail carcinema, endocrine tumors, cystic
neoplasms (eg, IPMN, see below); rarely, mets to pancreas (eg, lung, breast, renal cell}

* Pancreatic adenocarcinoma accounts for majority of pancreatic cancer (-85%)

* Location: -60% in head, 15% in body, 5% in @il;in 20% diffuse infiltration of pancreas

« Mutations in adenoca.: KRAS (>90%), p 16 (80-95%), p53 (50-75%), SMAD4 (-55%)

E;pmlemlolugf and risk factors (MEM 20714371, 103% Lamest 2076388 73)

*+ Pancreatic adenocarcinoma 4th leading cause of cancer death in LLS, men and women

« BO% of pancreatic adenocarcinomas occur in Pts 6080 y

+ Acquired risk factors: smoking (RR -1.5;20% Pts}.d}eslty. chronic pancreatitis, !
disbates

+ Hereditary risk factors: genetic susceptibilicy may play a role in 5-10% of cases
Hereditary chronic pancreatitis: mutation in cationic trypsinogen gene (PRSS 1), SPINK 7
Familial cancer syndromes and gene mutations with T risk: familial atypical multiple mole

melanoma (COKN2A/p T6), familial breast and ovarian cancer (BRCAZ), Peutz-Jeghers
(LKB 1), ataxia-telangiectasia (ATM), ! hereditary colorectal cancer (HNPCC and FAF)

Clinical manifestations

+ Painless jaundice (w/ pancreatic head mass), pain radiating to back, } appetite & wt

+ MNew-onset atypical diabetes meliitus (25%); unexplained malabsorption or pancreatitis

* Migratory thrombephlebitis (Trousseau's sign), not specific ta panc cancer (JC0 1986:4:50%)

« Exarn: abd mass: nontender, palpable gallbladder (Courvoisier's sign, but more often
seen w! biliary tract cancers); hepatomegaly: ascites; left supraclavicular (Virchow's)
node & palpable rectal shelf (both nenspecific signs of carcinomatasis)

+ Laboratory tests may show T bilirubin, T alk phm, anemia

Diagnostic and staging evaluation i Caul )

+ Pancreatic pmtocol CT scan (I w.’ arterni 8: venous phase imaging) or MRI

= If no lesion seen, — EUS, ERCP, MRI/MRCP may reveal mass or malignant ductal strictures

Biopsy pancreatic lesion via ELS-guided FNA, (preferred in potential surgical candidates)

or Cl-guided (potential risk of seeding) or biopsy of possible metastasis
+ T CAT19-9 (nb,also T in benign liver/biliary disease); may be useful to follow dis. postop

Clinical (Radiologic) Staging & Prognosis of Pancreatic Adenocarcinoma

Stage (% ar dx) Criteria Median Survival
Resectable, No extrapanc. dis, or bulky LAN 10-20 mo (favorable: tumor <3
15-20% Patent SMV & portal vein; celiac am, = marg,, well-differen.)

| axis & 5MA not involved S-y ~30% node © v5.-10% if &
Locally advanced  Extensive PV/SMV, celiac axis or 812 me
{unresect ), 40% SMA invelvement.

| Netastatk, 40% Usually liver & periton.; occ lung Up to 11 mo w/ FOLFIRINOX

Treatment of pancreatic adenocarcinoma (WeiM 2014371.103% Lancer 2016:338.73)

+ Resectable: surgery + adjuvant (neocadjuvant or postoperatlve) thmp}'
pancreaticoduodenectomy = Whipple procedure = resection of pancreatic head,

dundenum, CBD and gallbladder + partial gastrectomy
adjuvant therapy: T survival, but choice of regimen controversial (cheme vs. chema/RT
and gemcitabine vs. 5-FU (] Surg Onedd 2013,107:78; JAMA 2013:310:1473)

+ Locally advanced: optimal strategy controversial. Gemcitabine alone vs. gemeitabine + RT
(20 2008;26:2 145, Ann Ol 2008191592, [0 201 1,29:4105).

+ Metastatic FOLFIRINOX (5-FU + leucovorin, irinotecan, oxaliplatin) if good perform. status
(NEj# 2011;364:1817); gemcitabine + nab-paclitaxel (NEM 2013:369:1691) or gemitabine
manatherapy if poor parformance status (J00 1997:15:2403). Offer clinical trials.

+ Palliztive and supportive care:
obstructive jaundice or gastric outlet obstruction: endoescopic stenting or surgical bypass
pain: opiates, celiac plexus neurclysis, radiation therapy
weight loss: pancreatic enzyme replacement, nutrition consult, end-of-life discussions

Cystic lesions of the pancreas (NEj# 20043511218, Onealagis 1 2009:14:125)

+ <10% of pancreatic neoplaisms. Dx w/ CT, ERCPE, MRCP or EUS.

* Serous cystadenoma; usually benign; central scar or honeycomb appearance on imaging

*+ Mucinous cystic neoplasm (MCN): predominantly young females; multiloculated tumors
in body or tail wi ovarian-type stroma and mucin-rich fluid w/ T CEA levels, precancerous

+ Intraductal papillary mucinous neoplasm (IPMM): necplasm arising in main pancreatic
duce or a branch; alw ductal difation wi extrusion of mucinous matarial. Uncertain
progression to cancer (1 5-20 y). Surgery based on age, size, location, & dysplasia.



4 ONCOLOGIC EMERGENCIES

FEVER AND NIEUTROPENIA (FN)

Definition
* Fever:single oral temp =38.3°C (107°F) or 238°C (100.4°F) for 21 h
* Neutropenia: ANC <500 cellsfuL or <1000 cells/uL with predicted nadir <500 cells/ul

Pathophysiology and microbiology

Predisposing factors: catheters, skin breakdown, Gl mucositis. obstruction (lymphatics,
biliary tract, GI, urinary tract), immune defect aiw malignancy

Mast episodes thought to result from seeding of bloodstream by Gl flora

Neutropenic enterocolitis {typhlitis): RLQ pain, watery/bloady diarrhes, cecal wall thickening

GMRs (esp. P aeruginosa) were historically most common

Gram @ infections have recently become more common (60-70% of identified organisms)

Fungal superinfection often results from prolonged neutropenia & antibiotic use

Infection with atypical organisms and bacterial meningitis is rare

.

a8 o o8 ow

Prevention
*+ Levofloxacin (500 mg qd) | febrile episodes & bacterial infections in cheme-related
high-risk neutrapenic patients; no diffzrence in mortality (NEJM 2005353:977 & 988)

5-36

Diagnostic evaluation

* Exam:skin, orapharynx, lung, perirectal area, surgical & catheter sites; avoid DRE

* Labs: CBC with differential, electrofytes, BUN/Cr, LFTs, UiA

* Micro:blood (peripheral & through each indwelling catheter port), urine, & sputum cx;
for loealizing s/s — o staal (C. difficile, ex), peritoneal fluid, CSF (rare source)

*+ Imaging: CXR; for localizing s/s -+ CINS, sinus, chest or abdomen/pelvis imaging

+ Caveats: neutropenia — impaired inflammatory response — exam and radiagraphic
findlings may be subtfe; absence of neutrophils by Gram stain does not rfo infection

Risl stratification (factors thar predice lowser risk)

+ History: age <60 y, no symptoms, no major comorbidities, cancer in remission, solid
turmor, ne hio fungal infection or recent antifungal Rx

* Exam:temp <39°C, no achypnea, no hypatension, ne & M3, ne dehydration

* Studies: ANC =100 cells/uL, anticipated duration of neutropenia <10 d, normal CXR

Initial antibiotic therapy (c X

* Empiric regimens including dn.lg w( annpseudomunal a.ctmtr ocnsader\-'RE coverage ff
colonized; OR 3.8 for VRE f VRE & (BBMT 2010:14:1578)

* PO abx may be used in low-risk Pts (<10 d neutropenia, nl hepirenal fxn, no NVID, no
active infun, stable exam): cipro + amexicillin-clavutanate (NEIM 1959:341-305)

= |V antibiotics: ne clearly superior regi herapy or 2-drug regi can be used
Monotherapy: ceftazidime, cefepime, imipenem, or meropenem
2-drug therapy: amirmglyr.oslde + annpseudmncnal [Hactam
PCN-allergic: levofloxacin + aztreonam or aminoglycoside

* Wancomycin in select cases (HoTM, PNA, dlinically apparent catheter-refated or soft-tissue
infun, MRSA colonization, gram @ BCsx hio quinolone ppid: die when cultures © < 48 k

Modification to initial antibiotic regimen

* Low-risk Pts who become afebrile wiin 3-5 d can be switched to PO antibiotics

» Empiric antibiotics changed for fever »3-5 d or progressive disease (eg, add vancomycin)

» Antifungal therapy is added for neutropenic fever =5 d
liposomal amphotericin B, caspofungin, micafungin, anidulafungin, variconazole, &

posaconazole are all options (NEM 2002;346:223; 2007;356:348)

Duration of therapy

* Known source: complete standard course (eg, 14 d for bacteremia)

* Unknown source: continue antibiotics until afebrile and ANC =500 cells/ul

* Less clear when to dic abx when Pt is afebrile but prolonged neutropenia

Role of hematopoietic growth factors 120133681131

* Granulocyte (G-CSF) and granulocyte-macrophage (GM-CSF) colony-stimulating factors
can be used as 1° prophylais when expected FM incidence >20% or as 2° prophylaxis
after FM has occurred in a previous cycle (to maintain dese-intensity for curable tumors),
C5Fs | rate of FN but have not been shown to impact moreality.

= Colony-stimulating factors can be considered as adjuvant therapy in high-risk FN Pes

Onc EMence

5 201 152056, NECN Gardelines v2. 2015

SrinaL CorD COMPRESSION

Clinical manifestations (Lancet Ne
* Metastases located in vertebral body extend and cause epidural spinal cord compression

2008:7459)



* Prostate, breast and lung cancers are the most comman causes, followed by renal cell
careinoma, NHL and myeloma

+ Site of involvement: thoracic (60%), lumbar (25%), cervical (15%)

* Signs and symproms: pain (>95%, precedes neurp As), weakness, autonomic
dysfunction (urinary retention, | anal sphincter tone), sensory loss

Diagnostic evaluation

* Always take back pain in Prs with solid tumors very seriously

* Do not wait for neurclogic signs to develop before inidating evaluation b/t duration &
severity of neurologic dysfunction before Rx are best predictors of neurclogic outcome

+ Urgent whole-spine MRI (Se 93%. Sp 97%): CT myelogram if unable to get MRI

Treatment

* Dexamethasone (10 mg IV x 1 s@ar,then 4 mg IV or PO géh)
initiate immediately while awaiting imaging if back pain + neurclogic deficits

+ Emergent RT or surgical decompression if confirmed compression/neurs deficits

+ Surgery + RT superior to RT alone for neuro recovery in solid tumors (Lance 2005:366:643)

+ If pathologic fracture causing compression — surgery; if not surgical candidate — RT

Tumor Lysis SYNDROME

Clinical manifestations (NEM 201 1:364:1844; K

* large tumor burden ora r.-.p:dly pmhieraung LUMOr — spon:aneo-l.s or
chemotherapy-induced release of intracellular electrolytes and nucleic acids

+ Most common wi Rx of high-grade lymphomas (Burkitt's) and leukernias (ALL, AML,
CML in blast crisis); rare with solid wmors; rarely due to spontaneous necrosis

+ Electrolyte abnormalities: T K, T uric acid, T POy — 1 Ca

* Renal failure (urate nephropathy)

Prophylaxis

* Allopurinel 300 mg qd to bid PO or 200400 mg/m’ IV (adjusted for renal fxn) &

aggressive hydration prior to beginning chemotherapy or RT

* Rasburicase (recombinant urate oxidase) 0.15 mg/kg or 6-mg fixed dose (except in obese

Pes) & aggressive hydration prior to beginning chemotherapy or RT (see below)

Treatment

Avoid IV contrast and M5AIDs

Allapurinol + aggressive |V hydration 4 diuretics to T UOP for goal 80-100 cc/h

Consider alkalinization of urine wi isotonic NaHCO; to T UA solubility, | urate nephropathy
risk {controversial avoid w/ rasburicase; may cause met. allalosis or Cas(PO4); precip)

* Rasburicase (0.1-0.2 mg/kg x 1, repeat as indicated) for 7T UA, esp. in aggressive malig,
UA level must be drawn on ice to quench ex vivo enzyme activity (0 2003214402
Actn Hoematol 2006;115:35).Avoid in G6PD deficiency as results in hemolytic anemia.

Treat hyperkalemia, hyperphosphatemia and symptomatic hypocalcemnia

. dialysis may be necessary; early renal consultation for Pts w/ renal insuffic. or ARF

CANCER OF UNKNOWN PRIMARY SITE

Evaluation of Cancer of Unknown Primary (lance 2012:37%:1428)
Path Possible sources Markers Imaging Additional path
Colon, upper Gl, panc.  CEA, CA19-9  Endoscopy/EUS  CDX1, CK7/20
¢ HCC AFP Abdipelvic CT
9 Breast CA15-3 Mammography ~ ER/PR, GCDFP
& Owrin, prostate CA125,PSA  Pelvic UIS CA125, PSAP
Lung Chest CT TTF1, CK7
: Lung None Chest CT TTF1, CK7
§ Head & neck Laryngoscopy
= Esophageal Endoscopy
Cervix, anus
Germ cell hCG,AFP Testicular WIS PLAP isochrom 12p
s £ Lymphoma LDH PET LCA, flow, cytogenetics
13 z Thyroid Thyroglob. Thyroid U/S Thyroglobulin
E £ GIST sarcoma Abdipelvic CT  c-KIT, desmin, vimentin
O Neursendocrine NSE, chremeogranin
Consider EM for all

Additional scudies for each pessible source fisted in same row.
+ Bony mets: common primary tumors include breast, lung, thyroid, kidney, prostate



. Mi;uﬂit'{lagf of Pneumonia
Clinical setting Etiologies

Community- No pathogen identified in 50-60%, virus alone in ~25%, bacteria
acquired (CAP) alone in ~10%, virus-bacteria colnfection in <5%

(NEIM 2014:371:1619 & Viruses: influenza, RSY, hMPY, rhinovirus (unknown

373415, Loncee significance), parainfluenza virus, coronaviris

20153861097 S, preumenige (most common bacterial cause)

§. aureus (esp. postinflusnza)

Mycoplasma, Chlamydia (esp. in young & healthy)

H. influenzae, M. catarrhalis (esp. in COPD)

Legionells (esp. in eldarly, smokers, . immunity, TNF inhibitors)

Klehsiella B other GMR (esp. in alcoholics & aspiration)
Hospital-acquired or 5, qureus, Pseudo., Kiebsiello, E. cof, Enterobacter, Acietobocter
health care- (HCAP risk Fctors: heosp or abx wiin 33 d. nursing hame, hame infusion fic or
assoc (HAP/HCAP)  sialysis win 3 & heme wound cire, family member wi MR pathagen, immunasupg)
Immunosuppressed  Above + PCP, fungi, Nocardia, non-TB mycobacteria (NTM), CMV

Aspiration Chemical pneumonitis due to aspiration of gastric contents
(NEJM 2001334:665; Bacterial pneumonio 22472 h after aspiration event

Curr Obin Pubn Med outPt oral flora (strep, 5. oureus, anaercbes)

2011:17:148) inPt or chronically ill: GNR (Pseudormanas) and 5. aureus

Clinical manifestations

+ Presenting features are variable and depend upon several host factors (esp. age)

+ Classically (eg, w/ 5 preuma): fever, cough wi purulent sputum, consolidation on CXR

* Arypical pathogens (Legionella, Mycoplasma, Chiamydia, virus): histarically classified as
“atypical” bic they failed to grow on routine cx, Presentation varies from insidious o acure;
imaging features vary from intersticial infiltrates to tree-in-bud opacities, to dense consolid.

» Clinical and imaging features do NOT distinguish “typical” from “atypical”

« Aspiration pneumonitissPNA: can be infectious ot nan-infectious: may piw acute
inflammatary syndrome {faver, T WBC, etc.) or insidious course (typically wi putrid breath)

Diagnostic studies

* Sputum Gram stain/Cx: relable If high quality {je, sputum not spit; <10 squamous cells(Tpf)
& if PNA should be purulent (25 PMNs/pf). Yield L =10 h after abx (Ci0 201458:1762).

« Blood cultures (before antibiotics!): & in —10% of inPts, depending on pathogen

» CXR (PA & lateral; see Radiology inserts) — tap effusions if =5 cm or severe PNA

+ Other:5,0; or P,O;,arterial pH (if severe), CBC wi diff, Chern-20; HIV test (if unknewn)

+ Other micro based on dlinical suspicion (paired serologies available for most atypicals):
Mycoplesma; PCR of throat or sputum/BAL before first dose abx
Legionelia urinary Ag (detects L pneumaphita L1 serotype, 60-70% of clinical disease)
S. preumonice urinary Ag (Se 70%, Sp »90%)
MTh: induced sputum for AFB stain and mycobacterial cx (empiric respiratory isofation

while pending); avoid quinolones if suspect TB; request rapid DNA probe if stain

Induced sputum for PCP if HIV & or known | cell-mediated immuniey

* Viral testing (DFA or PCR) on nasopharyngeal swab or sputum

. an(hoscop@f: consider if immunosupp., critcally ill, failing to re_spund. or chronic
pneumonia. Also if suspected TB or PCF, or inadequate or = sputum cx. Some
pathogens need specific cx media (eg, Legionefla on BCYE).

+ Reasons for failure to improve on imitial R
Insufficient time: may take 272 h to see impravement (fever persists »4 d in ~20%)
Insufficient drug levels for lung penetration {eg, vance trough <15-20 ug/ml)
Resistant organisms (or superinfxn); eg, MRSA, Pseudo.; consider bronchoscopy
Wrong dx: fungaliviral, chemical pneumonitis, PE, CHRARDS, DAH, ILD; consider CT
Parapneumonic effusion/empyemalabscess: if CXR =, consider CT (dx tap & chest

tube if effusion present, esp. if loculated)

Metastatic infection (eg, endocarditis, meningitis, septic arthritis)

Prevention

* Pneumococcal vacdne (PPSY23): all persons »65 y of age. If high-risk comorbidity, give at
younger age and consider addidonal vaccination with PCY13,

+ VAP precautions: HOB =307, chlorhexidine rinse; aspiration precautions in high-risk Pes

+ Tdap booster: 1-time dose in adults with uncertain vaccination history (MMWR 2012 61:468)

Prognosis

+ Far low-risk Pts, can discharge immediately after switching to PO abux (010 2007:44527)

+ CXR resolves in most by 6 wk; consider flu to rlo underlying malig (esp. if =50 y or smoker)
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PHEUMONIA  6-2

| Pneumonia Severity Index, Prognosis, & Recommended Triage (vEM 1997:336243)

Class Score Mortality Suggested Triage
L& =70 <1% Qurpatient
] 71-%0 % 1 Brief inpatient
v 91-130 8% Inpatient
v >130 9% IcU

Variables Points
Demograph.  Men (age in y). women (age ~ 10}, nursing home resident (+10)
Coexist. probs  Neoplasm (+30), liver dis. (+20), CHF (+10), CVA (+10). renal dis. (+10)
Exam AMS (+20),RR >30 (+20), SBP <30 (+20),T <35°/>40° (+15),HR >125 (+10)
Laboratory pH <735 (+30), BUN >30 (+20), Na <130 (+20), gle =250 (+10),

i  Het <30 (+10), P.O; <60 or 5,03 <30 (+10), pleural effusion (<10}

Treatment (0D 200744 SupptS27; JAMA 2016315593

Scenario  Regimen Special considerations

CAP Agithro or doxy Recent abx or multiple comorbidities:

(outPt) respiratory FQ or [azithro + amox/clav]

CAP Resp FQ or [3™.gen ceph + Doxy can replace azithro

(ward) azithra]

CAP Resp FQ + [3"-gen ceph or Only cover MRSA. or Pseudomenas if risk
| (ICY) amp-sulbactam] factors. If resp FQ contraindic,, use azithro

HCAP [Pip-tazo or cefepime or May add resp FQ (or azithre) when

| (incl.VAP) carbapen] + [vanco or linezelid] econcerned re:atypicals
| Aspiration  Clindamycin, amox-clav, or [-lactam + metronidazole

» Consider TMP-SMX if PCP suspected in immunosupp. host. Consider oselamivir for ﬂu

+ Steroids (pred 50 mg = 7 d or methylpred 0.5 mgfkg q12h = 5 d) may speed clinical
stabilization and | late resp failure (Lancer 2015,385:1571; JAMA 2015,313677, Annals
2015:163:51%), but not well studied in flu and not widely embraced yet

+ Duration: CAP: 5-7 d if stable & afebrile for 4872 h
HCAP: 8 d (exception: 15 d for Pseudomonas or other nonfermenting GNR)

* When possible, de-escalate abx based on sensitivities

ViraL RESPIRATORY INFECTIONS
UIRI, branchitis, bronchiolitis, pneumn.m’a (Loncet 2071:377:1264)

Microbiology & epidemiology (hopJ/www uiweekly)

* Typical pathogens: short, mild = rhinovirus, coronmrus. longer, more severe or
complicated = influenza, parainfluenza, respiratory syncytial virus (RSY), adenovirus,
metapneumovirus. Can be esp. severe in immunosupp.

* Seasonal flu: 365,000 hosp, 51,000 deaths per y in U.5.: most =65 y (NEJM 2008:359:257%)

* Pandemic 2009 H1N1 (swine): more severe in younger and obese Pts {JAMA 2009:302:189)

» Sparadic 2011 HIN2:adults exposed to swine (also human-to-human) (MMWR 2011:60:1615)

+ H5M1 influenza (avian): engoing small cutbreaks globally

Diagnosis

* Primarily clinical: cough, fever, myalgias, arthralgias, rhinorrhea, pharyngitis
{in contrast, viral bronchitis piw cough + low-grade temp; usually benign & self-limitad)

* Respiratory viral panel on nasal washing or sputurn/BAL

+ Rapid influenza test on nasal swab: Se ~50-70% (7 lower for pandemic flu), Sp >95%

* DFA (Se 85%} RT-PCR (gold standard) avall. for influenza (PCR distinguishes type)

T1carn1enr M 20083592579 Loncet 2015:385:1779)

+ Seasonal |n‘lb.1enza_ treat with na.lmrnlrudase inhiby {oseltamivir, zanamivir), which are
effective vs. A & B (shortens sx by ~1 d), but resistance emerging. M2 inhib. (amantadine,
rimantadine) not recommended due to widespread resistance (MMWR 2011601,

+ Pandemic HTNT: nearly 100% sens. to oseltamivir. HSMN1: Lincertain resistance pattern.
H7N%: newly emerging in Asia (NEJM 2013:358:1888)

+ Oselamivir dosed 75 mg PO bid = 5 d. Must start wiin 48 h of sx for low-risk; for critically ill
or immunosupp., start ASAP even if =48 h.

= Consider inhaled ribavirin for RSV in immunosupp. (eg, BMT, lung tx}; limited adult data

Prevention

* Inactivated influenza vaccine: incl. HIN1. Rec for all =6 mo of age and esp. if pregnant,
=50 y, immunosupp., or HCW (MMWR 2012:61:613)

* Isolation, droplet precautions for inPts serongly recommended

* Prophylaxis for high-risk contacts of confirmed influenza: oseltamivir 75 mg PO daily = 10d



FUNGAL INFECTIONS -

Candida species
* Microbiology: normal Gl flora: C. albicans & nonalbicans spp. (consider azole resistance
if hio Rx or nonalbicans; C. parapsilosis T echinocandin resistant). Sensi testing available.
* Risk factors: neutropenia, immunosupp., broad-spectrum abx, intravascular
catheters (esp. if TPN], VDU, abd surgery, DM, renal failure, age =65
+ Clinical manifestations
Mucocutaneous: cutaneous (eg, red, macerated lesions in intertriginous zones); oral
thrush (exudative, erythematous or atrophic; if unexplained, rio HIV); esophageal
(odynophagia; + oral thrush); vulvovaginal, balanitis
Candiduria: typically colonization due to broad-specorum abx and/or indwelling cacherer
Candidemnia: rf'o retinal imvolvement (ophtho consult in all cases, req T Rx duration];
endocarditis rare but serious (esp. wi nonalbicans & prosthetic valve). May present with
erythematous papules or pustules in immunocompromised.
Hepatosplenic: occurs wi neutrophil recovery

Treatment (a0 1015:61409)

Mucocutaneous Clotrimazole, nystatin, fluconazole, iraconazole |
Candiduria (must determine Fluconazole or intravesical ampha® if sx, severely
colonization vs, infection) immunosupp. or will undergo GL) procedure

| Candidemia wio neutropenia  Echinocandin or fluconazole or ampho, remove any
| introvascular catheters if possible

| Febrile neutrapenia Echinocandin or ampho

*5ee |DSA guidelines for ampho dosing. Liposomal preparation preferved., if available.

Cryptococcus (0D 2010:50:191)
+ Epidemiology: immunosupp. (esp. AIDS) most suscepuble; can occur in healthy host,
esp. elderly, EtOH, DM. Consider C. gattii (typically in healthy host).
+ Clinical manifestations
CNS (meningitis): HA, fever, ingismus, T ICP, CN abnl, + stupor, often subacute,
D CSF CrAg, India ink stain, fungal oc. Cell counts vary; serum CrAg =1:8 SefSp in AIDS.
Other sites: pulm, GU, cutaneous, CNS cryptococcoma. With any crypto dx, LP ol Pts.
* Treatment
CNS: If T ICP, repeat large-volume LPs or temp. lumbar drain; few require VP shunt
In HIV & or immunosupp. Prs, CNS Rx has induction (amphe + flucytosing),
consolidation and mai e (fluce le) phases (WEM 20133881291 If rlo CNS
disease, then fluconazele. Dosing and duration vary by host
Mon-CNS disease in healthy Prs: fluconazole vs. observation, based on clinical setting

Histoplasmosis (o 200745:807)

* Hyperendemic to central & SE US, but sporadic cases throughout US,

+ Clinical manifestations
Acute: often subclinical, but may see mild to severe PNA £ cavitary & hilar LAN
Chronic pulm: T productive cough, wt loss, night sweats, apical infiltrates, cavitation
Disseminated (typically in immunosupp.): fever, wt loss, HSM, LAN, oral ulcers, skin

lesion, fibrosing mediastinitis, reactive arthritis, pericarditis
* Treatment: itraconazole (monitor levels); ampho £ steroids if severe or immunosupp.

Coccidicidomycosis (£i0 2 ny
+ Endemnic: SW US. {San }uaqum or "Valley” fever)
* Clinical manifestations
Acute: 50-67% subclinical; PNA wi cough, chest pain, fever, arthralgias, fotigue
Chronic pulm: nodule(s), cavity or progressive fibrocavitary PINA (can be asx or sx)
Disserninated (typically in immunosupp.): fever, malaise, diffuse pulmonary process,
bone, skin, & meningeal invelvement

+ Treatment: monitor mild disease closely q3—6mo; for severe disease: fluconazole,

itraconazole or amphcneri:ln

Blastomycosis (0D 10 1

+ Endemic: south central, SE and Midwest LLS.

+ Clinical manifestations
Acute: 50% subclinical; cough, multilobar PMA; can progress to ARDS
Chronic pulm: cough, wt loss, makise, CT w/ masses & fibronodular infiltrates
Disseminaced: (25-40% of all but T in iImmunosupp.): verrucous & ulcerated skin

lesions, bone, & GU involvement: CNS rare unless immunasupp.

+ Treatment: itraconazole (monitor levels) ampho B if severe, disseminated or

immunosupp.
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Inexn i Supe

Aspergillosis (CD 200 i

= ABPA; hypersensitmt'_r pneumonms see “Interstitial Lung Disease”

* Aspergilloma: usually in pre-existing cavity (from TB, etc.); most asx, but can lead o
hemoptysis; sputum ox © in <50%; CT — mobile intracavitary mass with air crescent
R antifungals w/o benefit; embolization or surgery for persistent hemoptysis

* Mecrotizing tracheitis: white necrotic pseudomembranes in Pes wi AIDS or lung Tx

« Chronic necrotizing: mild immunesupp.; sputum production, fever, wt loss;
CT:infilerate + nodule £ thick pleura; lung bx - invasion

+ Invasive: seen if immunosupp. (neutropenia for =10 &, ransplant, high-dose
corticosteroids, AIDS); /s PNA wi chest pain & hemoptysis; CT: nodules, halo sign
(cavitates w/ Rx — air crescent sign): dx w/ galactomannan =0.5 (serum or BAL)

* Rx (necrotizingfinvasive): voriconazole (or isavuconazole) superior to ampho;+ drug levels

Zygomycetes (eg, Mucor, Rhizopus)

+ Epidemiology: diabetes (70%, esp. DKA), heme malignancy, s/p transplant, chranic
sternids, deferoxamine or iron overload, traumna, h/o voriconazole Rx or Ppx

* Clinical manifestations: rhinocerebral = periorbitaliforehead pain (mare extensive than
orbital cellulitis), + fever (may appear nontoxic at first), exophthalmes, & EOM, CNs (V =
Wil); nasal turbinates + black eschar but exarn can be quite nl. Also, pulmonary (PNA w/
infarct & necrosis); cutaneous (indurated painful cebulitis + eschar): Gl (necrotic ulcers),

* Treatment: debridement + Rx (ampho, posaconazole, or isavuconazele); high mereality

Fungal diagnostics

* Culture: Candida grows in blood/urine Cx, but | 5e of BCx in deep tissue infection;
others (eg, Crypto, Histo) L1 Se of BCx; if suspect Coccidio alert lab (biohozard)

* Antibody detection: only clinically useful for Coccidio

* Antigen detection
Histo urinelserum Ag: Se of urine Ag 0% (serum BO%) if dissem; Sp limited by X-react
Crypto Ag (serum, CSF): serum Ag =%0% Se & Sp in invasive infxn, less for pulm only
1,3-p-D-glucan: Se for many fungal infxns (Candida, Aspergillus, Histo, Coccidio,

Fusarium, Pneumocystis, Sporothrix), but not Crypw, Blasto, Mucor, Rhizopus; not Sp
Galactorannan: serum levels Se —65%, Sp -90% for invasive aspergillosis. BAL levels
in Prs wi hematologic malignancy T Se,but | Sp (false © seen wi colonization)

Blastomyces: urine > serum Ag, high 5e but modest Sp given X-react w/other fung

* Biopsy (ie. histopathelogy): nb, no grinding of tissue if Zygomycetes suspected

INFXNS IN IMMUNOSUPPRESSED HOS

Overview
+ Many Pes have 21 risk (eg, DM, ESRD, transplant, extremes of age)
= The following is not an exhaustive list, but a delineation of commen or dassic etiologies

Predisposition Classic Infectious Etiologies

Humoral immune Encapsulated bacteria: 5. preuma, H. fl, N. meningitidis
dysfunction (ez. (vaccinate against these 3. ideally prior to splenectomy)
CVID, myeloma) and Other bacteria: E coli and other GNRs, Capnocytophaga
asplenia Parasites: Babesia, Giardia; Viruses: VZV, echovirus, enterovirus
Granulocytopenia Bacteria; Gram positive; coag = staph, S, aureus, viridans strep,
or neutropenia S. bmeumo, other strep; Corynebacterium spp., Bacillus spp.

(includes DM, ESRD — Gram negative: E cof, Klebsiela, Preudomeonas
functional impairment)  Fungi: Yeast Candida albicans and other Candida spp.
Mealds: Aspergitlus, Mucor spp., endemic fungi and others
Viruses: VZV, HSV1 and 2, CMV

Impaired cell- Bacteria: Salmonella spp., Campylebacter, Listeria, Yersinia, Legionelia
mediated immunity (Lancet 201&;387.378), Rhodococcus, Nocardia, TB, non-TB mycobacteria
(CMI) [eg, HIV, Fungi: Candid, Crypto, Histo, Coccidio, Aspergitus,

chronic steroids, Pneumocystis, Zypomycetes spp. and other molds

posttransplant, DM, Viruses: HSVVZV CMVEBY, |C virus, BK virus

ESRD) Parasites: Toxoplasma, Cryptosporidivm, lsospora, Microsperidia

Babesia; Strongyloides
Organ dysfunction  Liver (esp. cirrhosis): Vibrio spp.. encapsulated bacteria
ESRD: impaired granulocyte fen and CMI as above
Iron overload (or deferoxamine Rx): Yersinig, Zygomycetes
Biologics (eg. Bacteria: sepsis, septic arthrins, TB, NTM, Listeria, Legionella
TNF inhibitors, Fungi: Preumocystis, Histo, Cocedio, Aspergifius, endemic fungi
anti-B-cell Rux; v for Yiruses: |C virus (PML), EBY, HSV,VZY, HBY
| TB before starting) Parasites: Strongyloides reactivation
(NEJM 2007; 357:2601; Am | Med 2007:120.764; €ID 2011:53:798)




URINARY TRACT INFECTIONS |

Definitions
= Anatomic
lower: urethritis, cystitis (superficial infection of bladder)
upper: pyelonephritis (inflam of renal parenchyma), renal/perinephric abscess, prostatitis
* Clinical
uncomplicated: cystitis in immunocompetent ¢ wio underlying structuralineura disease
complicated: upper tract infection in women or any UTl in men or pregnant women or
UTI with underfying structuralineuro disease, bladder dysfin or immuncsuppression

Microbiology

* Uncomplicated UTL E. coli (B0%), Proteus, Klebsiella, 5. saprophyticus (€D 2004:39:75).
In healthy, nenpregrant women, lactobacilli, enterecocc, Group B strep and coag-neg
staph (except 5. saprophyticus) usually contaminants (Amafs 2012:1564TC3).

* Complicated UTI: E coli (30%), enterococci (20%), PsA (20%), S. epi (15%), other GNR

* Catheter-associated UTI: yeast (30%), E coli (25%), other GNR, enterococci, 5. epi

* Urethritis: Chlamydia trachomatis, Neisseria gonorrhoeae, Ureaplasma urealyticum,
Trichomonas vaginalis. Mycaplasma genitalium, HSV

* S aureus: uncommon primary urinary pathogen in absence of catheter or recent
instrumentation; .-, consider bacteremia w/ hematogenous seeding

Clinical manifestations

+ Cystitis: dysuria, urgency, frequency, hematuria, suprapubic pain; fever usually absent
R/e vaginits if symptoms of cystitis and urethritis.

* Urethritis: similar to cystitis except urethral discharge can be present

* Prostatitis
chronic: similar to cystitis except symptoms of obstruction (hesitancy, weak stream)
acute: perineal pain, fever, tenderness on prostate exam

* Pyelonephritis: fever, chills, flank or back pain, nausea, vemiting, diarrhea

* Renal abscess (intrarenal, perinephric): identical to pyelonephritis w/ persistent fever
despite appropriate antibiotics

Diagnostic studies (NEM 3016374.53)
* Urinalysis: pyuria + bacteriuria £ hematuria + nitrites
* Urine Cx (clean-catch midstream or straight-cath): obtain ex only if sx
Significant bacterial counts: typically =10° CFUImL in women, =107 CFU/mL in men or
catheterized Prs. Counts may vary depending on dilution & stage of infxn; interpret in
context of sx and host,
Pyuria & = UCx = sterile pyuria — urethritis, nephritis, renal tuberculosis, foreign body
* Blood cultures: obtain in febrile Pts; consider in complicated UTls
* DNA detectionfcx for C. trachomatis/N. gonorrhoeae in high-risk Pts or sterile pyuria
= If ? prostatitis: 1% veid, midstream, prostatic expressage & postprostatic massage UCx
* Abdominal CT: rfo abscess in Prs with pyelo who fail o defervesce after 72 h
* Urologic wiu (renal LI/S w/ PYR, abd CT, voiding cystography) if recurrent UTls in man

Treatment of UTls

Scenario Empiric treatment guidelines® !
Cystitis Uncomp: nitrofurantoin® 100 mg = 5 d or TMPSMX DS PO = 3 d or
(JAMA 201416:1677) fosfomycin (3 g = 7). Refer to dosing guidelines for T Cr. |

Complicated: FQ or TMP-SMX PO x 7-14 d

| Asx bacteriuria in pregnancy or prior to urclogic surgery —s abx x 3 d
Catheterized  Absx as above & remove catheter. Exchange if removal impossible,
Urethritis Treat for both Nefsseria and Chiamydia

Meisserio: CTX 250 mg IM x 1 and 1 g azithro PO x 1 |

| Chiamydia: doxy 100 mg PO bid = 7 d or azithro 1 g PO x 1

M. genitafiumn: 1 g azithro PO « 1
| Prostatitis FQ or TMP-SMX PO x 14-28 d (acute) or 612 wh (chronic)
Pyelonephritis CutPt: FQ x 7 d or TMP-SMX PO x 14 d (Lonce: 2012:380:452)
InPt: CTX or amplsulbactam or aminoglycoside x 14 d
(A IV — PO when dinically improved & afebrile 2448 h)
Renal abscess  Drainage + antibiotics as for pyelonephritis

*Choics of agent individualized based on hio allergies and adherance, local practice patterns, community prav-

alence and uropathagen resistance patterns, availability, cost, and Pt and provider threshold for failure. For

empiric outPr Rx, commuanity resistance to abx should be <20% for cystits or <10% for prelonephritis, Beta-

lactams have less efficacy than ather abx for UITI (CID 2011,52:2103; NEIM 1012:366:1028)

"Mote risk of pulmonary fiorosis with prolonged or recurren use,




| SOFT TISSUE AND BONE INFECTIONS

SkiN AND SOFT TISSUE INFECTIONS (33T ap 20745%e10)

Clinical

» Cellulitis: infin of dermisfse fat, wi erythema, edema, warmth, pain (ribor, tumer, calor, dolor)

» Erysipelas:infen of upper dermis (more superficial than cellulitis), often caused by strep, wi
raised erythermatous lesion wi clear demarcation from normal skin

* Impetigo: infin of superficial layers, often caused by staph, typically in children, wi purulent
lesions, often on facelextrem, + bullae, £ gold crust

+ Lymphangitis: proximal red streaking + regional lymphadenopathy

* Toxic shock syndrome can occur wi staph or strep infxn. Fever, HA, N/, diarrhea,
myalgias, pharyngitis, diffuse rash w/ desquamation, HoTN, shock. BCx may be =,

Microbiology (Ci0

+ Primarily strep and staph lncludmg MRSA; may inelude GNRs in dlabeursﬁmmunosupp

o MRSA, (NEM 20053521485 & 2006:355646) causes up to 75% of purulent skinfsoft tssue
infxns, depending on local epi (rapidly increasing), often assoc. wi purulent drainage or
exudate, Often TMP-5MX sensitive; variably clindarycin sensitive (may falsely appear
susceptible on lab testing, requires confirmation w/' D-test; MM 2007,357.380).

+ Bites: skin and oral flora (uncl anaerobes) + speclal EXPOSUres:

Feature Nlcmblology Clinical
Car bite B multocida Rapid onset
Fmultacida
bl | Dog bite C. canimarsis Sepsis w/ symmetric, peripheral gangrene in
el asplenicizirrhosis and other immunosupp.
= | Penetrating injury  Preudomonas Can be ahw deep tissue abscess
é Gardening Sporothrix Ulcerating nodules, lymphatic spread |
E Salt H:Q or raw V. wulnificus Hemorrhagic bullae & sepsis (esp. in cirrhotics). If
(=0 | oystersifish suspected, Rx wi doxy + ceftaz.
Erysipelothrix Rapid onsat, endocarditis can develop
Fresh H:O Aerormonas Myonecrosisirhabde can occur, If suspected, Rx
e Wi doy +-cipi
Diagnosis

» Largely clinical diagnosis; BCx low yield (~5-10%) but useful if
* Aspirate of bulla or pus from furuncle or pustule may provide mlcr'qbiolaglc dx

Cellulitis Treatment |N£_[M TO14370:2238; CI0 201455:0 10 JAMA 2016:31 scszs;

Purulent Micro Severity Treatment
f-hemalytic Mild PCN, diclox, cephalosporin or dinda
No strep Mod  PCN,CTX,cefazolin o clinda
> 5. aureus Severe  Vanc + pipltazo
| = Mild 1&D only
” f;,l‘;“‘s';;f‘)g”; vos | TMP-SMX or doxy: some data for clinda (el

2015372:1093), but MRSA, sensitivity variable

hemolytic Strep.
G i Severe  Vanc, dapto, linezolid, ceftaroline, ar telavancin

Mild: no systemic signs of infection; moderate: systemic signs: severe: SIRS or mmunccompromised
Marrow abx per Cx data, Dalbavancin & oritavancin being studied (MEWM 2014370:2169 & 1180},

+ Limb elevation; erythema may warsen after starting abx blc bacterial killing — inflam.
* In obese Pts, adequate drug dosing important to avoid treatment failure () irfee 2012:2:128)

NECROTIZING FASCHTIS
Definition
* Infection and necrosis of superficial fascia, subcutaneous fat and deep fascia (necrosis of
arteries and nerves in subcutaneous fat —
« Fournier's gangrene: necrotizing fasciitis of the male genitalia or female perineum
Ep1dcm|ology
+ Affiects healthy individuals but T risk: DM, PYD, EtOH abuse, VDU, immunosupp, cirrhosis
Microbiology
+ Type | (after abdiperineal surgery or trauma; in DM, PVD|: polymicrobial (w/ anaerobes)
= Type |l {usually extremities): Strep progenes + MRSA, often healthy wio obvious
portal of entry; up to Y2 have toxic shock syndrome (T55)



Clinical manifestations

* Meed high degree of clinical suspicion because of nonspecific physical exam

* Most common sites; extremities, abdominal wall, and perineum, but can occur anywhere
* Cellulitic skin As with poorly defined margins + rapid spread + systemic toxicity
* Pain out of proportion to apparent cellulitis; skin hyperesthetic and later anesthetic
* Bullae, darkening of skin to bluish-gray + crepitus or radiographically visible gas
Diagnostic signs

* Clinical dx sufficient to initiate urgent surgical exploration

* Agpiration of necrotic center; BCx; Gram stain; v CK for tissue necrosis

* Imaging: nencontrast CT, but do not delay therapy (Arh Surg 2010:145:452)

* Microbislagic dx from Gram stain and cufture of surgical specimans

Treatment

* Definitive treatment is surgical débridement of necrotic tissue and fasciotomy

* Type |: empiric Tx wivanc + pip-tazo

* Type IEPCN + clinda. If T risk of CA-MRSA, + vanco. If concern for strep, IVIG.
Prognosis

* Generally fatal if untreated; reported mortalicy 20-50%

CLosTriDIAL MyonECROSIS (GAS GANGRENE)
Definition
* Life-threatening, fulminant clostridial infection of skeletal muscle
* Wound contamination wi/ clostridial spores after trauma (penetrating or crush injury)
* Most commonly C. perfringens; C. septicum assoc wi cancer (Gl heme), even wio trauma
Clinical manifestations
+ Incubation period 6 h to 2-3 d
* Sense of heaviness/pain, often at site of trauma; rapid worsening; marked systemic toxicity
* Bronze skin discoloration, tense bullae, serosanguineous or dark fluid and necrotic areas
* Crepitus present but not prominent (gas is in muscle), may be obscured by edema
Diagnostic studies
+ Gram stain: large, Gram @ rod w/ blunt ends (can be Gram-variable), few polys
* Bacreremia in ~15%
* Plain radiographs: gas dissecting into muscle
Treatment
* Surgical exploration with débridement, fasciotomies and amputation if necessary
* Antibiotics: high-dose penicillin G 24 MU IV divided q2-3h + clinda 900 mg IV g8h

INSI] 190§

£9

MeuroraTHIC FooT ULCER
Leading cause of DM-related hosp. days & nontrauma amputations

Microbiology

» Mild (superficial, no bone or joint invalvernent): usually S. aureus or aerobic streptocace

* Limb- or life-threatening = deep. bone/joint involvement, systemic tex., limb ischemia

* Mono- or polymicrebial with aercbes + anaerobes
aerobes = 5. aurews, strep, enterccocc and GNR (including Pseudomonas)
anaerobes = anaerobic streptococci, Bacteroides, Clostridium (rare)

Clinical manifestations

+ Clinical dw: 22 classic s/s of inflammation (erythema, warmth, tenderness [may be absent in
neuropathy], pain or induration) or purulent secretions + crepitus {indicating gas and ..
mixed infection wi GNR & anaerobes or Clostridium)

+ Complications: osteomyelitis, systemic toxicity (fever, chills, leukocytosis, hyperglycemia)

Diagnostic studies

* Avoid superficial swabs {only helpful if & for 5. aureus and suspect infxn); wound ex
(eg, deep rissue sample or curettage at ulcer base after débridement) has T Se

+ Blood cx should be obtained in all Pts, @ in 10-15%

+ Osteomyelitis should always be ruled out: probe to bone test for all apen wounds in a
diabetic foot (high Sp but low Sej: imaging (see below): bone biopsy best

Treatment (C

Severity of Infxn  Empiric Antibiotics

Mild PCNase-resistant PCN or 1%.gen. ceph. (TMP-SMX if ? MRSA)

Chronic, previously  (FQ or ceftriaxane + clinda) or amp-sulbactam or ticar-clav or

treated or serious  ercapenem. If MRSA, add vanco or TMP-3MX or linezolid or

telavancin or dapto or ceftarofine.

Limb or life- Vanco + anti-Psevdomonal agent: imipenem or pip-taza or
threatening (aztreonam + metronidazole)
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Sarr Tissue

+ Elevation, non—weight-bearing status, wound care, glycemie eontral

+ Evaluation and treatment for venous insufficiency and arterial ischemia

* Many require surgery: early, aggressive and repeated débridement; revascularization or
amputation may be necessary

* Management by multidisciplinary team improves outcomes

OSTEOMYELITIS

Infection of bone due ta hematogensus seeding or direct spread fram contiguous focus
Microbiology (NgM 1997336959, Loncet 2004:384-165
* Hematogenous: S, aureus; mycobacterial infection of vertebral body = Pott’s disease
» Contiguous focus (may be acute or chronic)

open fracture, orthopedic surgery, etc: 5. oureus and §. epi

skin breakdown + vasc. insuffic. (eg, diabetic foot): polymicrobial

GU source (GNR, Enterococcus)

Clinical manifestations

= Surrounding soft tissue compromise + fistila to superficial skin

+ + Fever, malaise and night sweats (more common in hematogenous than contiguous)

* Vertebral osteomyelitis (esp. IVDU): unremitting, focal back pain, usually febrile (e
HO10:363:1027)

Diagnostic studies (JAMA 2008,199806)

= |dentification of the causative organism is key

« Tissue cx (aspiration bx Se 30-74%) unless & blood Cx Do not rely on swabs of ulcers or
fistulae drainage.

= High suspicion in diabetic foot (see above) if can probe ulcer to bone or ulcer =2 cm?

* Blood cultures {more often & with acute hematogenous osteomyelitis)

* ESR >70 greatly increases likelihood of osteo (M4 2008299804

* |maging
Plain radingraphs: normal early in disease; lytic lesions seen after 2-6 wh
MRI: most sensitive imaging study (overall Se 90%, Sp 829; Archives 2007,167:125)
CT:can demonstrate periosteal reaction and cortical and medullary destruction
CT & MRI very Se but | 5p; false 0 if contig focus wi periosteal reaction, Charcot As
Radionuclide imaging: very Se but non-5p (false # if soft tissue inflammation)

Treatment

* Antibiotics: based on cx data. Duration depends on Rx strategy/goals of Rx management
(eg. 6 whs for vertebral osteo; tance 2015:385875).

* Surgery should be considered for any of the following acute osteo that faik to respond to
medical R, chranic esteo, complications of pyogenic vertebral osteo (eg, neurclogic
compromise, spinal instabibity, epidural abscess) or infected prosthesis

EripuraL ABSCESS

Etiology

= Hematogenous spread (s): skin infection, soft tissue {dental abscess) or endocarditis

« Direct extension ('4): vertebral osteo, sacral ulcer, spinal anesthesia or surgery, LP

* Risk factors: diabetes, renal failure, alcoholism, IVDU, immunosupp.

* 5. gureus most common pathogen, increasing incidence of MRSA

Clinical manifestations

* Back pain (unremitting including midline) + often fever & nerve root or cord signs

Diagnostic studies

= MRI

* Aspiration of abscess fluid for Gram stain & cx or operative Gram stain & cx

* Blood cx (frequently ©)

Treatment

= Antibiotics + surgery (decompressive laminectomy and débridement) for failure w
improve on medical Rx. Emergent surgery for early s/s of cord compression (w/ vertebral
osteo and epidural abscess, may see paraplegia 48-72 h after first signs)



INFECTIONS OF THE NERVOUS SYSTEM|]

AcuTE BACTERIAL MENINGITIS

Clinical manifestations (g 44, Lar

» Fever (77%), headache (BT%] strl’l necll {31%) p ntusensltwlty, A MS (69%) (defined
as GCS <14), seizures (5%): 2 of 4 (fever, HA, stiff neck. A M5) present in 95%

* Presentation may be atypical (eg, lethargy wio fever) in elderly and immunosupp.

Physical exam

* Nuchal rigidity (Se 31%), Kernig's sign (Pt supine, hip flexed ar 90°, knee fiexed at
90% % if passive extension of knee - resistance), Brudzinski’s sign (Pt supine and
limbs supine; @ if passive neck flexion — involuntary hip andlor knee flexion)
nb, Kernig’s or Brudzinski's signs © in unl}r ~10% of Pts (Lancer 2012,380:1684)

* & Focal neurc findings (~30%; hemiparesis, aphasia, visual field cuts, CN palsies)

* + Funduscopic Iindlngs papilledema, absent venous pulsations

= + HEENT findings: sinus tenderness, clear rhinorrhea (CSF leak)

* + Skin findings: petechial rash (N. meningitidis), genital or oral ulcers (H5V)

[ Microbiology in Bacterial Meningitis (Ngw 2011:3642076)
| Etiology Comments

| 5. pneumoniade  Assess for distant infxn (eg, Osler’s triad = meningitis, PNA, IE)
(30-60%) Drug-resistant 5. pneumoniae;

~40% PCN-resistant (even intermediate resistance problematic)
—<10% 3. gen. :ephalnsponmreslsun:
Vaccine may have reduced rate of invasive disease
N. meningitidis  Primarily in those <30 y; may be afw petechiae or purpura,
(10=35%) Deficiencies in terminal complement predispose to recurrent
meningococcemia & rarely meningitis,
Vaccine rec for all adolescents, college freshmen living in dorm,
military recruits, s/p splenectomy or C5-9 deficiency
H.influenzae | Incidence in children bic vaccine. Look for risk factors in adults (eg,

(<5%) C5F leak, neurosurgical procedure, trauma, mastoiditis).
L maonocytogenes T Incid in elderly, alcoholics or Pts w/ cancer, immunesupp. or iron
[5-10%) overload. Qutbreaks alw contaminated dairy & raw vegetables.

Despite rame, a/w poly-predorminant pleccytosis,
GNMRs (1-10%)  Usually health care associated, postprocedure or in elderly or

immunosuppressed
Staphylococei Seen with indwelling CSF shunt (S, epidermidis) or following
(3%) neurasurgery or head trauma (5, aureus)
Mixed infection  Suspect parameningeal focus or CSF leak
Fungal Seen if immunosuppressed or after neurosurgery

Sequential approach to bacterial meningitis

{1) Stat BCx — antibiotics + corticosteroids (see below)

{2) CT head (if indicated, see below)

{3) LP {if not contraindicated); yield of CSF cx unlikely to be changed if obtained wiin -4 h of
initiation of abx

Diagnostic studies (Lorrt 1012:380:1684)

* Blood cultures x2 before abx

* WBC count: >10,000 in >90% of bacterial meningitis in healchy hosts

* Consider head CT to rlo mass effect before LP if = 1 high-risk feature (age
=60 y, immunosupp., hlo CNS disease, new-onset seizure, A MS, focal neuro
findings, papillederna); absence of all these has NPV 97%; however, in Prs wi mass effect,
herniation may ocour wio LP and may not occur even w/ LP (NEM 2001:345:1727)

* Lumbar puncture (NEM 2006:355:212)
CSF Gram stain has 30-90% Se; cx 80-90% Se if LP done prior to abx
opening pressure typically Tin bact meningitis; must measure wi Pt’s legs extended
rule of 2s: CSFWBC =2k, gle <20, & TP =200 has =98% Sp for bacterial meningitis
repeat LP only if no clinical response after 48 h of appropriate abx or CSF shunt

+ Additional CSF studies based on clinical suspicion: AFB smear & cx, India ink prep,
cryprococcal Ag, fungal o, VDRL, PCR (HSVVZV, enteroviral), cytology
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MENINGITIS

Typical CSF Findings in Meningitis

Type Appearance Pressure WBC/mm’ Glc !
(cm H;Q) Predom type (mg/dL) (mgn'dL)

Normal Clear 5-18 0-5 50-75 15-40
fymphs

Bacterial Cloudy 18-30 100-10.000 =45 100-1000
palys

TB Cloudy 18-30 <500 <45 100-200 ‘
fymphs

Fungal Cloudy 18-30 <300 <45 40-300
lymphs

Aseptic Clear 9-18 <300 50-100 50-100

L payesmpre |

Treatment of Bacterial Meningitis (Lancer 2012:380:1653)
Clinical scenaric  Empiric treatment guidelines*
Normal adult Ceftriaxone 2 g IV q12h + Yancomycin 15-20 mgikg IV q12h
If >30 y or alcohelic: add ampicilin 2 g IV q4h for Listerig
f-lactam allergy: substitute cipro 400 mg ¢Bh or aztreonam 2 g
qéh for CTX. Substiture TMP/SMX for amp.
Immunosuppressed  Ampiciliin + ceftazidime 2 g [V q8h + vancomycin
CSF shunts, recent  Vancomycin + ceftazidime 2 g IV gBh (vom 2010382:148)
neurosurgery or
| head trauma
Cortic ids: d hasone 10 mg IV qéh x 4 d — | neuro disability & mortzlity by
~50% wil 5. prevmo & GCS 811, Consider steroids in all bacterial meningitis prior to
organism identification, Must start before or wi 15t dose of abx (NMEM 2002,3471549),
| Nb.do not give steroids in cryptococcal meningitis (NEM 2016374:542),
| Prophylaxis: rifampin (600 mg PO bid » 2 d} or cipreflexacin (500 mg PO x 1) or
ceftriaxone {250 mg IM x 1) for close contacts of Pt wi' N. meningitidis meningitis
| Precautions: droplet precautions until N. meningitids is tfo
When posible, organsm-directed R, guided by sensitvities or bocal patterns of drug resistance should be wsed

Prognosis
+ For community-acquired S, preumo more. 19-37%; 30 have long-term neure ssquelae

AserTIC MENINGITIS

Definition

+ CSF pleocytosis w/ = blood & CSF cx; typically lymphocyte predominant

* Less fikely to be bacterial, but can be infectious or noninfectious

Etiologies singy 2O0666;TS

* Wiral: enteroviruses (most commony), HIV, HSV (type 2 > 1), VEV, mumps, lymphocytic
choriomeningitis virus, encephalitis viruses, adenovirus, polio, CMV, EBY, WNY

Parameningeal focus of infection (eg, brain abscess, epidural abscess, septic
thrombophlebitis of dural venous sinuses er subdural empyema)

Partially treated bacterial meningitis

TB, fungal, spirochetal (Lyme, syphilis, leptospirosis), rickettsial, Coxiella, Ehrfichia

Medications: TMP/SMX, N3AIDs, IVIG, PCN, INH, lamotrigine

Systemic illness: SLE, sarcoidosis, Behget's, Sjogren’s syndrome, RA

MNeoplasm: intracranial tumors (or cysts), ymphomatous or carcinomatous meningitis
(CSF cytology or flow may be reactive and dx may require meningeal bx)

Empiric treatment

* Mo abx if suspect viral (cell count <500 w/ >50% lymphs, TP <B0-100 mg/dL, normal glc,
= Gram stain, not elderlylimmunosupp.); ofw start empiric abx, walt for ex data

* If suspact MTh: antimycobacterial Rx + dexamathasone (NEM 2004:351:1741)

* I suspect fungal: ampho lipid formulation, + 5-fluorouracil



ENCEPHALITIS

Deefinition
* Infection of brain parenchyma with evidence of neurslagic dysfunction

20% of cases: » OB S

Etiologies (specific etiology found in

* HSV-1 (- 9‘%] all aga.fseasons MRL temporal lobe Iesm.redem EEG u:mpor‘al focus

* VIV (-9%): 1" or reactivation; = vesicular rash; all ages (favors elderly), all seasons

+ Arboviruses (-9%): Eastern/Western equine, St Louis, Japanese, Powassan, W. Nile
(NEW 2005;353:287): fever, HA, flaceid paralysis, rash. Risk factors for severe dis: renal dis.
cancer, ECOH, DM, HTN (A [ Trop Med Hyy 2012.87:179).

« Enteroviruses (coxsackie, echo): viral syndrome; peaks in late summer/early fall

= Others: CMY, EBV, HIV, |C virus (PML), measles, mumps, rubella, rabies, flu, adenovirus

* MNonviral mimics: autoimmune/paraneoplastic (anti-NMDAR, anti-Hu, anti-MaZ, anti-
CRMPS), bacterial endocarditis, brain abscess, toxoplasmosis, TB, toxins, vasculitis,
Whipple's disease, subdural hematoma, encephalomyelitis {eg, ADEM), seizure

Clinical manifestations

* Fever, HA, A MS, + seizures and focal neuro findings (latter atypical for viral meningitis)

Diagnostic studies (€D 1013, 37:1114)

* Lumbar puncture: Irrnph:ar:;nbc plecytosis; PCR for HSV (95% Se & Sp at 2-3 d),VZV,
CMY,EBY, HIV, |, adenclenterovirus, WV, Nile (<60% Se);W. Nile CSF IgM 80% Se

* Consider testing for autoimmune etiologies (anti-NMDAR, etc.) in approp. setting

* MRI (CT if MRI unavailable), HSY witemporal lobe invelvement, Y. Mile w/ thalamic
hyperintensity

* EEG to rlo seizure; findings in encephalitis are nenspecific

Treatment

* HSVIVZV: acyclovir 10 mg/kg IV q8h (often empiric Rx given frequency of HSV/VZV)

+ CMV: ganciclovir + foscarner supportive care for mast other etiologies

BeLL's PaLsy

Definition & etiology

* Acute idiopathic unilat. facial nerve palsy (CNVII), often presumed H3V-1 reactivation

Clinical manifestations

*+ Unilateral facial muscle weakness, hyperacusis, | tste/lacrimation/salivation

Diagnosis

+ Dx of exclusion: rlo brainstem lesion, Lyme (often bilateral), zoster (incl sine herpete),
HIV/AIDS, sarcoid (often bllar.er'al)

Treatment (VEM 007,35

+ ~B0% recover spontaneously by 9 mo (much lower rate in DM)

+ Corticosteroids (prednisolone 25 mg PO bid x« 10 d) started wfin 72 h of sx onset improve
ds of recovery (note: no conclusive data for use in DM, immunosupp.)

* Neo conclusive data to support the use of acyclovir or valacyclovir

LOSTER

Definition & etiology
+ Zoster = herpes zoster = shingles: acute, unilat, painful dermatomal skin eruption
+ VZV reactivation in peripheral nerve distribution from latency in dorsal root ganglion

Clinical manifestations

* Neuritic pain in a dermatomal distribution, then acute dermatomal eruption of
dustered rash (vesicles > papules/pustules > macules) in varying stages of evolution

+ Consecutive dermatomes may be seen in all Pts; more widespread in immunosupp.

+ Lesions inW1 distribution of facial nerve require urgent ophthalmologic evaluation

+ Post-herpetic neuralgia (PHMN) = severe pain lasting »90 d after episode; may last mos to y,
more frequent wi/ T age and delay of antiviral Rx

Diagnosis

+ Appearance of rash; DFA is most Se from scrape of newly unroofed vesicle. Tzanck does
not distinguish HSV or VZV, ex insensitive for VZV (unlike HSV).

Treatment

* Rt if can initiate wiin 72 h of skin lesions in healthy Pt or at any time in immunosupp.

+ Valacyclovir or fameiclovir » 7-14 d, or until lesions fully crusted; acydovir 10 mglkg IV
qBh if dissern. or high-risk Pt (medically ill, immunosupp. W1 2oster w/ ophthalmic sls, erc.)

+ Prevention: vaccine approved for Prs =50 y (! lifetime risk from 20% to 10%, also | PHIN)



il BACTERIAL ENDOCARDITIS

Definidon

* Infection of endothelium of heart (including but not limited to the valves)

+ Acute (ABE) infn of normal valves wi virulent organism (eg, 5. aureus, f-hemolytic strep,
Strep

+ Subacute (SBE): more indolent infxn wi' less virulent organism (eg, . viridans,
Enteracaceus); often abnl valves

Predisposing conditions

* Abnormal valve
High risk: prior endocarditis, rheumatic heart disease, AoV disease (incl. bicuspid),

complex cyanotic lesions, prosthesis {annual risk 0.3-1%)

Medium risk; MV disease (including MVP wi MR or thickened leafler), HCMP

« Risk of bacteremia: VDL, indwelling venous catheters, poor dentition, hemodialysis, DM,
prosthetic material in heart {eg, pacemaker, ICD, graft)

Modified Duke Criteria
Major Minor
+ BCx with common endocarditis Predisposing condition (see above)

pathogen (grown in 2 separate cultures) * Fever
+ Coxiells serology =1:800 Vascular phenomena: septic arterial

+ Endocardial involvement, wi either: or pulmanary embeli, mycatic
echocardiogram wi vegetation, aneurysms, ICH, Janeway lesions
o abscess. or prosthetic dehiscence + Immune phenomena: & RF GN,
- new valvular regurgitation Osler’s nodes, Roth spots
bl + ) BCx not mesting major criterfa
Definitive (ie. highly probable): 2 major or 1 major + 3 minor or 5 minor criteria
5 Possible: 1 major + 1 minor or 3 minor criteria
=l Se ~90%, Sp =95%, NPY 292% (CD 2000:30:633). * Serolegic or moleculal rests for other known agents of Cx
§ = endocarditis {see below] not ytu cluded as majer criterion, but may help dx.
= ||:mbmlogy uf Endocarditis
Mative valve endocarditis Prosthetic valve
(NVE endocarditis (PVE)
| Early Late
Etiology Non-IVDA IvDu (=60 d post) (=60 d post)
S, viridans et al, 36% 13% <5% 20%
Enterococcus 11% 5% 8% 13%
S, aureus 18% 68% 36% 20%
S, epidermidis 9% <5% 17% 20%
GMR <5% <8% .33 <5%
Other <5% =5% 0% 10%
Fungal® 1% 1% ¥ %
Culure 2 1% <5% 17% 12%

*T rask wi DM, indwelling lines, immuncsupp. ‘Cx & = abiotrophic strep, HACEK (Hoemophilss pora- influenzae
& aphraphilus, Actinobocitus, Cordiobacterim, Eikeneln and Kingela), T, whipplel, Bartonell, Coxieita, Chiarmydia,
Legionalle, Brucefl [ JAMA 2007:297:1354; Annols 2007;147823; | Clis Microbiod 201 2:50:216)
Clinical manifestations (Loneer 2015
+ Persistent bacteremia: fever {80—90%) rigors, night sweats, anorexia, wt loss, fatigue
+ Walvular or perivalvular infection: CHF, conduction abnormalities
+ Septic embali: systemic emboli (eg. to periphery, CMS, kidneys, spleen, or joints; jacc
01 32:1384), suroke, PE (if right-sided). mycotic aneurysm, M (cororary artery embolism)
* Immune complex phenomena: arthritis, glomerulonephrits, = RF, T ESR
+ SBE: can piw fatigue, nonspecfic sx in Pts wio risk factors; . need high index of suspicion
Physical exam
» HEENT: Roth spots (retinal hemorrhage + pale center), petechiae (conjunctivae, palate)
+ Cardiac: murmur (85%), new valve regurgitation (40-85%) + thrill (fenestrated valve or
ruptured chordae), muffled sounds (PV). frequent exams for A murmurs, sis CHF
* Abdomen: tender splenomegaly; musculoskeletal: arthritds, vertebral tenderness
= Extremities (typicaly seen in SBE, not ABE)
Janeway lesions (septic emboli — nontender, hemorrhagic macules on palms or soles)
Osler’s nodes (immune complexes — tender nodules on pads of digits)
proximal nail bed splinter hemorrhages (8-15%): petechiae (33%); clubbing
+ Meuro: A MS. or focal deficits
« Devices: erythema, tenderness or drainage at catheter site, PMACD pocket tenderness




Diagnostic studies (EHr 2015,26:307

+ Blood cultures (before abx): at Ieast 3 sets (aerobic & anaerobic bottles) from different
sites, ideally spaced 271 h apart, v BCx (ac least 2 sets) after appropriate abx have been
initiated to document clearance; repeat q24—48h undl =,

+ CBC wi/ diff (TWBC common in ABE; anemia in 90% SBE),ESR. REBUN/Cr. U/A. & UCx

+ ECG (on admission and at regular intervals) to assess for new conduction abnormalities

+ Echocardiogram: obtain TTE if low clinical suspicion, expect good image quality; TEE if
(i} mod-to-high suspicion, (i} high-risk Pt {prosthetic valve, prior |E, congenital heart dis),
(i) TTE nondx, (iv) TTE & but high-risk endocarditis, or (v) suspect progressive or invasive
infection (eg, persistent bacteremia or fever, new conduction abnl, etc.) (Cic 2015:132:1435)

| = _‘_j;ansitlvlty
! Mol NVE PVE Abscess
Transthoracic (TTE) 50-65% 36-69% 28-36%
Transesophageal (TEE) 20 | -k | BT

(EH) 199520232 | Am Soc Echo 2003;16:67; Heare 2004:30:614)

+ ""F-FDG PET/CT may have utility in assessing PVE (JACC 2013,61:2374)

* Brain MRI may be useful to detect silent cerebral emboli (cic 2009:120:583)

+ Cx & endocarditis: may be due o abx prior to BCx. PCR, bacterial 165 ribosomal RNA,
serologies may be helpful. Detailed hax animal expesure, travel, unpasteurized dairy, etc,
Seek ID eval (NE 20073567 15; CID 2010:51:131),

Treatment (i M Hi 3015:36:3075
+ Obtain culr.me data ﬂrst
ABE — abx should start promptly after cx data obtained
SBE —» If hemodynamically stable, may defer abx until BCx properly obtained
Suggested empiric therapy
NVE: vanco t nafeillin (or cefazolin)
PVE: early (<60 d): vanco + cefepime + gent; intermediate (60-365 d): vanco +
gent; late (=1 y): vanco + CTX + gent
Adjust abx regimen & duration based on valve (NVE vs. PVE)
if possible, de-escalate abx to organism-directed Rx guided by m vitro sensi’s or local
patcerns of Rx-resist
add rifampin for PVE due to staph spp. (usually after BCx = to | risk resistance develops)
combination therapy for Enterococcus (amp + gent or amp + CTX)
Repeat BCx q24-48h until Pt defervesces and BCx ©; usually 2-3 d
Fever may persist even =1 wk after appropriate abx. Consider metastatic infir if > T wk.
Systemic anticoagulation relatively contraindicated given risk of hemorrhage in cerebral
embolic strokes; w/o stroke, can continue short-acting anticoag for pre-existing indication
Manitor for complications of endocardits (CHF, conduction block, new emboli, etc., which
can eceur even on abx) and of abx Rx (interstitial nephritls, ARF, neutropenia, etc.}
Duration of R usually 4-6 wie. With NVE & sx <3 mo — 4 wih of abx; sx >3 mo
26 wh. Uncomplicated right-sided NVE or PCN-S strep spp — 2 wk may be comparable.
Posthospitalization outPt IV abx monitoring; future endocarditis Ppx

Indications for surgery (£ 201536:3073

+ Severe valvular dysfunction — refractory CHF: emergent if refractory cardiogenic shock
(ie, despite |CU-level Ru); urgent (wiin days) if persistent refractory heart failure;
elective (wiin wiks) if asx severe Al or MR

+ Uncontrolled infxn (urgent surgery wiin days): periannular abscess (10-40% NVE, 60—
100% PVE), fistula, worsening conduction, PVE wi dehiscence, T veg size ar
persistent sepsis (eg, @ BCx after —1 wh of appropriate IV abx and no drainable
metastatic focus or other identifiable cause)

* Organism: consider surgery for S. aureus, fungal or multRx-resistant organisms

+ Systemic embolism (20-50%): risk 4.8/1000 Pt days in 1st wh, 1.7/1000 thereafter
urgent surgery if L-sided w/' > 10 mm veg & severe AMR (NEIM 2012:366:2466) or if

recurrent emboli, embolism & =10 mm veg, or >15 mm veg despite approp. abx
cerebral emboli no longer considered contraindic to surgery unless hemorrhage (then
ideally wait 1 mo) or severe stroke (Swoke 2006:37:2094)

* PYE: esp. w/ valve dysfxn or dehiscence or S. aureus or GNR Infection. Seek ID eval,

Prognosis

* NVE: non-IVDU 5. aureus — 30-45% mortality; VDU S, gureus {often right-sided)
—+ 10-15% mortality; SBE — 10-15% mortality

* PVE - 23% mormality

* Aprtic valve worse prognosis than mitral valve

£1°9  SILONYIONNG



Endocarditis Prophylaxis (orc 2007,116:172a)
| Cardiac Prosthetic valve; previous NVE; congenital heart disease (CHD)
| conditions* including unrepaired or incompletely repaired cyanotic CHD (palliative
| shunts or conduits), 1st 6 mo after completely repaired CHD wsing |
prosthetic material; cardiac transplant recipients wi valvulopathy
(Prophylaxis no longer rec.in acquired vabvular dysfxn, bicuspid AoV,
| MVP with leaflet thickening or regurgitation, HCMP)
Procedures® Dental: manipulation of gingival tissue or periapical region of teeth ar perf
oral mucosa (eg, extraction, periodental, implant, root canal, cleaning)
Respiratory: incision or biopsy of respiratory mucosa
(no prophylaxis for Gl or GU procedures)
Regi Oral: icillin 2 g 30-60 min before
Unable to take FO:amp 2 g IMIV or cefazolin or Cfx 1 g IMITV
PCN-allergic: clinda 600 mg PO/IMIY

P15 should meet both indications (high-risk condition & high-rizk procedure) to qualify for Ppx

BACTEREMIA

Eticlogies

* 17 infxn due to direct inoculation of the bloed, frequently assoc wi intravascular catheters.
Catheter-related bloodstream infection = same org from peripheral cx and cath tip ox or
cx drawn from catheter [OD 20094%:1),

* 27 infxn due to infection in anather site {eg, UTI, lung. billary tree, skin) spreading to blood

Microbiclogy

= 17 infxnfindwelling catheters (iICHE 2008:29:996): coag-iveg staph (incl 5, epi and others) 34%,
5. aurews 10%, enterococci 16%, Candida spp. 12%, Klebsielia spp. 5%

+ 2% infxn: dependent on source

Risk factors for true bacteremia (v

« Pt: fever, rigors, SIRS (96% sens ), lVDLI r.umorbldlues, immuneosupp, indwelling lines

. * Organism
more likely pathogenic: 5. quress, i-hemolytic strep, enterococci, GNR, 8, preume, Meisseria
less likely pathogenic: coag-neg staph (~10%). diphtheroids, Propionibacterium {—0%)

+ Time to growth: <24 h — higher risk =72 h — lower risk (except for slow-growing
organisms such as HACEK group)

+ Factors increasing the likelihood of endocarditis: high-grade bacteremia wio source,
persisting after line removal or drainage of focal source, in hosts at risk for endocardits or
wi organisms known to cause IE; emboli

Diagnosis

+ Obtain BCx prior to abx if possible, =2 sets (2 bottles in each set, each w/ 10 cc blood)

+ If 5. gureus, obtain TEE (TTE only if nosocomial, no intracardiac device, no efo IE, no HD)

Treatment

* 1% infxn: antibiotics based on Gram stain/culture results; tailor abx to sensitivities
empiric therapy for GPC; vanco to cover coag-neg staph and MRSA while awaiting sensi

* Sooureus bacteremia if uncomplicated (ol of followng = echo, no prosthetic material, no
signs of metastatic infxn, after starting abx defervesce wiin 2-3 d and BCx = wiin 2-4 d)
then 2 whs of abx, o/w 4 whks min. (depends on site of infxn, see individual sections)

Shnrt-'l'm Cenu-al\uous Catheter-Related Bloodstream Infections (CID 200949:1) :

5, aureus Risk of endocarditis in bacteremia: -25% (jacc 1997:30:1072)

Dic CVC,TEE to rfo endocarditis; if eche & and not immunosupp. and
no intravasc prosthesis, Rx « 2wk from firsc © BCx. If no echo
obtained, Rx »x 46 wk.

Preferred abx: MS3A . mafcillin or cefazoling MRSA — VANComycin

| Coag-neg May consider keeping catheter. Catheter retention does not L rate of
| staphylococci bacteremia resolution, but alw T rate of recurrence (7D 2009:49:1167),
If catheter left in place, Rx x 1014 d and consider abx or ethanol lock
If catheter die, Rx % 5-7 d
Enterococcus  Dic catheter & Rx < 7-14d
GNR R 3 7-14 d.Abx based on sensitivities, Dfe catheter if Pseudomonas,
Fungi Dic catheter & Rax = 14 d from first © BCx

+ 2% infxn: assess for primary source of infection and treat, Source contral essential for cure.
and to prevent recurrence.

= Persistently @ BCx: d/c indwelling catheters, consider metastatic infien, infected
thrombaosis or infected prosthetic material (joint, abscess, vascular graft, PPM, erc)




Epidemiology

« US: 10-15 million infected (10: 1 risk if foreign-born or minarity); worldwide: - 2 billion
= After resurgence in U5, 19841991, rates have declined
* Multidrug resistant (MDR) TB: resistant to isoniazid (INH) and rifampin (RIF). Can occur as
primary infxn if exposed in former Soviet Republics, China
* Extensively drug resistant (XDR) TB resistant to INH, RIF, FQ and injectables
* Pts more likely to develop TB disease (Mg 1011; 1644441)
High-prevalence populations (more likely to be exposed & i d): immigrane from high-

prevalence area, homeless, IVDU or medically underserved, resident or worker in jail or
long-term facility, HCWY at facility w/ TB, close contact e Prw/ active TB

High-risk populations (infected & likely to progress to active disease): HIV &,

immunosupp. incl. biokogics, uncontrolled DM & smoking, close contact wi active TB Pr,
underweight. CKD, organ Tx, IVL, EtOH, malnourished, cancer, gastrectomy

Microbiology & natural history
* Transmission of Mycobacterium tuberculosis via small-particle aerosols (droplet nuclei)
+ 90% of infected normal hosts will never develop clinically evident disease
+ Localized disease: healing & calcification or progressive 1° TB (at site of infection)
+ Hematogenous spread: latent infection + reactivation TB or progressive dissem.TB
Screening for latent infection
* Whom to screen: high-prevalence and high-risk populations (HIV @ Pts should have
PP testing as part of Initial evaluation and annually thereafter)
+ How to screen: Mantoux tuberculin test (ie, purified protein derivative or PPD)
inject 5-TU (0.1 mL) intermed, strength PPD intradermally — wheal; examlne 48-T2 h
* How to interpret a PPD: determine max d of induration by p i

| Size of reaction  Persons considered to have & test

‘ Booster effect

(MEJPA 20073471850

=5 mm

=10 mm

=15 mm
False &

False @

HIV & or immunosupp (eg, predniscne 15 mg/d = >1 mo)

Close contacts of Prw active TB; CXR w/ apical fibrosis cfw TB

All other high-risk or high-prevalence populatians

Recent conversion (T in induration by =10 mm in kst 2 y)

Everyone else

Fauly application, anergy (including from active TB), acute TB

(2-10 wk to convert), acute non-TB mycobacteria (NTM), malignancy
Improper reading, cross-reaction with NTM, BCG vaccination
{although usually <10 mm by adulthood)

T induration bie immunclogic boost by prior skin test in prev sensitized
individual (by TB, NTM or BCG).Test = — & but not true conversion
due to recent infxn, 2" test true baseline. Can be 1 y after initial test

+ IFN-y release assays (IGRA): (Ag-stimutated IFN-y release from Pr's T-cells): can use wo
sereen when PPD could be used (MMWR 20105911 T Sp, esp. in BCG Rx'd Pts: (Aanak
1008;14%:177). Does not distinguish active vs. latent or past infiun. Relies on host immune
fer; Se limited in Immumsupp () Cin .E,n 2010:63:257; G0 2011;52:1031).

Clinical manifestations (L

+ PrimaryTB pﬂeumanla. middle or Iower lobe consolidation, + effusion, + cavitation

+ TB pleurisy: can occur wl primary or reactivation. Due to breakdown of granuloma w/
spilling of contents into pleural cavity and local inflammation. Pulmenary effusion +
pericardial and peritoneal effusions {tuberculous polyserositis).

Reactivation TB pulmonary disease: apical infiltrate & volume loss & cavitation

Miliary TB: acute or insidious; due to hematogenous dissemination; usually in
immunosupp, DM, EtOH, elderly or malnourished. Constitutional sx (fever; night
sweats, weight loss) usually prominent. Pulm disease wi millet seed-like lesions (2—4 mm)
on CXR or chest CT (1atr.er more Se) prasent in 60-80% of those w/ miliary TB.

.

Diagnostic studies for active TB (hig)

Extrap

ry TB: ly denitis, pericarditis, peritonitls, meningitis, nephritis + sterile
pyuria, osteomyelitis {r:nebr—al Pott's di

A i
T

splenitis, cu arthritis

'I'B and HIY: HIV & ac T risk infxn, progressive 17 infurs & reactivation, Risk of progression
from infun to disease >8-10%/y, higher risk with L CD4. Reinfection (also w/ MOR)
significant, esp. in hyperendemic areas.

ndex af suspician is key!)

+ AFB smear (rapid dx) and culture (T Se & allows sensitivity testing) of sputum, BAL,
pleura, exc; aveld FQ if considering TB (can compromise dx yield)




T8 6-16

* Gene Xpert PCR (rapid dx) can also detect INH resistance; validated on nonbloody sputum
only. 5p 98% & Se 74% independent of HIV status (ARCCM 204,189 142¢).

* PCR:94-97% Se c/w smear; 40-77% Se ciw culture (jasa 2009:301:1014)

+ CXR: classically fibrocavitary apical disease in reactivation vs. middle & lower lobe
consolidation in 1° TB but distinction imperfect. HIV @ assoc. w/ nonapical disease
regardless of timing (JAMA 2005:293:2740).

» Adenosine deaminase testing: useful in extrapulmonary sites; best validated for ascites

Preventive therapy (prevent progression to active disease)

* Prophylaxis reduces incidence of active disease by 65-75%

= Treat Pes who are & based on guidelines (NE#M 20153722127, Eur Resplr | 2015:46:1563) oF any
exposed HIV @ or immunocompromised Pt

* Rlo active disease in any Pt w/ suggestive s's before starting INH. If HIV &, routinely ask
if cough, ﬁe\oer ar night sweam if yes — ' sputum smear, CXR, CD4

Scuna.nu Prophylaxis Regimen

Likely INH sensitive INH 300 mg PO ¢d + pyridaxine 25 mg PO qd < 6-9 mo or |
12-wk observed combo Rx (INH + rifapentine) (vejw 20113652155) |

HIV & INH 300 mg PO qd + pyridoxine 15 mg PO qd x 9 mo

Contact case INH resistant = RIF x 4 mo |
Contact case known or No proven regimen: ! PZA + EMB, ! PZA + FQ |
| sspected t0 have MOR T8 |
{INH, isonizzic: RIF, ifampin; PZA, pyrazinamide; EMB, echambutol; FQ, fluoroquincicns)
* o/ LFTs monthly (risk * w/ age; Chest 2005; 123:116] |f 5S¢ ULN or sx — stop TB meds & re-eval

Treatment of active tuberculosis (Mg 201 2114%, Loveet 20163871211

* lsolate Pt per infection control if hospitalized, modﬁed |:0Iauun per Dept of Health if outPt

* Use multiple drugs (see below) to which organism susceptible; consult ID before empiric
Ry if possible MDR-TB (suspect if prior TB Rux, from or travel to area wi T rates of MDR,
exposure to person wi likely MDR-TB, poor Rx adherence) or if INH resistance in
community =4% (includes most of U.S.). extrapulm. TB or HIV @ (NEM 2008:15%636)

Screen for HIV in Pts starting TB R if HIV %, consult ID re; timing of concurrent HIV Rx

Promote adherence o Rx; directly observed Rx cost-effective if high risk for nonadherence

Obrain monthly smears/cx on treatment until 2 consecutive are © for TB

Manthly clinical evaluation te monitor for Rx response and adverse drug rxns

“'Paradoxical worsening”’ of sx can ocour after starting Roe More commaon wi extrapulm. TB
(&g, tubercudoma, LAN) likely due to hypersensitivity response to killing of bacill. More
frequent/severe wi concurrent immune reconstituton (eg, HIV & Prs sarted on ARY's, Pus
t.alaen off |mmun0suppraﬁmn) Must rio Rx farlm‘e {repm Cx,i |rna,g|ng, etc.).

Anﬁmhmlaus Medications =

Drug Dose Adverse effects*®

Isoniazid (INH) 300 mg PO gd Hepatitis, periph neuropathy (4 risk by
suppl. vit Bs), drug-induced lupus

Rifampin (RIF) &00 mg PO qd Orange tine of body fluids, Gl upset,

hepatitis, hypersensitivity, fever, drug
interactions, avoid EcOH |

Pyrazinamide (PZA) 25 mgikg PO qd Hepatitis, hyperuricemia, arthritis
Ethambutol (EMB} 15-25 mg/kg PO qd  Optic neuritis |
Streptomycin (5M) 15 mglkg IM qd Ototaxicity, nephrotoxicity |
Amilacin (AMK) 15 mghkgIMqd  Ororoxicity. nephrotoxicity |
Quinolone (moxifloxacin} 400 mg PO gd Gl upset, tendinopathy, T QTc

*isk of hepatitis T wi pre-existing liver diseass. Consult |2 if mod to sewere liver disease, and consider
helding'replacing PZA or INH.

| Scenario Antituberculous Treatment Regimens®
Pulmonary TB INH + RIF + PZA + (EMB) until suscept. known
=4% INH-resist. in If sensitive to INH & RIF — INH + RIF + PZA « 2 mo.
community then — INH + RIF x 4 mo
(includes most of US.) If resistant, see next row
Drug-resistant TB Consult ID specialist
(INH-R, RIF-R or MDR/XDR) [NEIM 2008:353:638)
Extrapulmonary TB Consult ID specialist
TB in HIY [ patient Consult 1D specialist

Findividualize duragon based on host, dissase form, and rawe of dinical/microbickgic improvement



HIV/AIDS i =

Definition
= AIDS:HIV + CD4 <200/mm’ or AIDS-defining opportunistic infection (O} or malignancy

Epidemiology

* -1 million Americans living wi HIV; ~36 million worldwide

= 13% in LIS, unaware of infkn, many dx wi late disease. COC rec testing all people for HIV.

= Routes: sexual (risk is 0.3% for male-to-male, 0.2% for male-to-female, 0.1% for female-to-
male transmission ), IVDU, transfusions, needlesticks (0.3%), vertical {15-40% wio ARY)

Prophylaxis {jt#4 2014:312350)

* Postexposure (PEP} risk infien —0.3%; Roc: 2 NRTIs + I = 4 wks

= Preexposure (PrEF); TDFFTC qd or on-demand effective (44-86% |) & safe in high-risk,
adherent populations wio renal insufficiency (NEM 2010,363:2587 & 10115;373:2237; Lancet
2016:387:53). Monitor renal fien, STD's, preg, & HIV status.

Acute retroviral syndrome

* Qceurs in ~40-90% of Prs ~2—6 whk after infkn; £ ELISA &% viral load (2 wh after infen);
early ART may be beneficial (NE[M 2013368:207 & 118)

* Mono-like syndrome (T mucocut. & neuro manifestations compared to EBY or CMV)

Diagnostic studies
* ELISA for HIV-T Ab/Ag: ® 1-12 wk after acute infxn; >99% Se; 1° screening test
+ If 3. Ab differentiation assay confirms and differentiates HIVE1 vs. -2 (MMWR 2073:62:489)
* Rapid tests: Ab tests; use saliva, plasma, blood or serum; 99% Se &
96993 Sp (Annats 2008,149:153); PPV in low prev populations is low; needs confirmation
* PCR (viral load): devects HIV-1 RMA in plasma; assay range is 20-10 million copiesiml
~2% false =, but usually low # copies; in contrast, should be very high (=750 kj in 1% infxn
* At |east 1-time HIV screening recommended for all adults (fnnes 2013;15951)
+ CD4 count: not a dx test, bic can be HIV 3 wi normal CO4 or be HIV & wi low CD4

=
=
=
E
LS
-
=

Approach to newly diagnosed HIV @ Pt (Lancer 30143

* Document HIV infection; counseling re: treatment opuons adherence, & disclosure

* HE&P (including focus an hlo Ols, STDs); review all current meds

* Lab evaluation: CD4 coune PCR, HIV genotype, CBC w/ diff, Cr, hytes, LFTs Alc, &
fasting lipids; PPD or IGRA, syphilis & toxo screen & CMV IgG; HAY, HBV, & HCV
serologies; Chlamydio & gonorrhea screen; baseline CXR; Pap smearfanal pap in 7/2

Common Antiretrovirals (aRvs) Common Side Effects
abacavir (ABC: Ziagen) Class: Gl ineal, lipoatrophy, lactic acidosis
erntricitabine (FTC; Emeriva)  ABC: hypersensitivity (3%), / HLA-B#S701
E lamivudine (3TC; Epivir) AZT. BM suppression (esp. macrocytic anemia)
Z  lenolovir (TAF or TDF) TDF: renal toxicity
zidovudine (AZT; Retrovir) TAF: minimal renal toxicity
—  efavirenz (EFV; Sustiva) Class: vash, hepatitis, mised CYP450 inducer/inhils
E  etravirine (ETR: Intelenc e} EFV: CNS effects (incl depression)
§ nevirapine (NWP;Viramune) MNVP: rash and hypersensitivity [risk factors are
rilpivirine (RFY, Edurant) female, CD4 >250, pregnancy (.. avoid)]
atazanavir (ATV; Reyataz) Class: Gl intol: hepatotoxicity: inhibit CYP450
darunavir (DRV; Prezista) {caution w/ statins); TIDM; truncal obesicy;
& lopinavirfriton. (LPVir; Kaletra) hyperlipid {less wil ATV}, MI (New 2007.356:1723)
ritonavir (RTV; Norvir) ATV: crystaliuria — nephrolithiasis
DRY: rash (10%); possible sulfa cross-reactivity
L enfuvirtide (T20; Fuzeon) injection site reaction
@ maraviroc (MVC; Selzentry) dizziness, hepatotoxicity; + CCRS tropism assay
dolutegravir (DTG; Tivicay) Class: diarrhea & other Gl intal; T CPK
= ebvitegravir (EVG;Vitekra) DTG + metformin requires gle monitoring
raleegravir (RAL: lsentress)
& ritonavir (r); cobicistat (COBI)  drug interactions (inhibit CYP450)

MRTI, nucleosideltide reverse transcriptase inhibicor; MMRTL nonnudeoside RTI: PL protease mbibitor: Fl, fusion
inhibitor; El, entry inhibicor {CCRS antgenist); Il, invegrase inhibitor; *booster to give wi ccher ARVs; several
rulticlass combination pills exist

* ARVs should be given in consultation wi HIV specialist (jama 2016,316191)

+ Counseling re: strict adherence to ARVs s essential; genotype prior to ART-initiation
= All HIV @ Pts should be treated wi ARYS (NEM 2015:373:795: hetp-/hidsinda.rih gov); especially
those wi AIDS-defining illness, preg, HIV-assoc. nephropathy, HCVIHBY co-infkn

+ Rec regimens include: 2 NRTI (eg, TAF + FTC) + either Il or boosted Pl (eg, DRV/r)



HIV/AIDS  6-18

* Initiation of ARVs may trensiently worsen existing Ols for several wks due to immune
reconstitution inflammatory syndrome (IRIS)

Approach to previously established HIV & Pt

* H&P (mucocutanecus, neurccognitive, Ols, malignancies, STDs); meds

* Review ARV (past and current); if any must be interrupted, stop all to L risk of resistance

* Failing regimen = unable to achieve undetectable viral load, T viral load, | CD4 count or
clinical deterioration (with detectable viral load consider genotypic or phenotypic assay)

| Ol Prophylaxis (hups:/laidsinfo.ni.gavigudelines)
| ot Indication 1° Prophylaxis
| Tuberculosis # PPD (25 mm)/IGRA  INH + vit By x 3 mo
or high-risk exposure
Pneumocystis  CD4 <200/mm’ or TMPSMX DS or 55 qd or DS tiw or

jiroveci (PCP)  CDd <14% or dapsane 100 mg qd or atovaquone 1500
| thrush mg qd or pentamidine 300 mg inh gdwk
| Toxoplasmosis  CD4 <100imm’ and ~ TMP-SMX DS qd or
@ Toxo lgG dapsone 50 mg qd + pyrimethamine
50 mg qwk + leucovorin 25 qwk
MAC CD4 <50/mm* azithro 1200 mg qwk or clarithro 500 mg bid

| Stop 19 prophylaxis if CD4 >initiation threshold >3-6 mo on ARVs
| Stop 29 prophylaxis (maintenance therapy for prior Ol; drugs and doses differ by O) if
| dinical resolution or swabilization and CD4 thresholds have been exceeded x 3-6 mo

CowmpLicaTions oF HIVIAIDS
CD4Count Complications
<500 Constitutional sx; noninfectious disease (CVD, bone, oncologic)
Mucocutaneous: Kaposi's sarcoma; seborrheic dermatitis, aral hairy
leukopiakia; lymphoma; candidiasis; HSV;VZV
Recurrent bacterial infections, TB (pulm and extrapulm); neurosyphilis
<200 PCP Taxa, Bartanella, Crypto, Histo, Coceidio
<50-100 CMY, MAC, CNS lymphoma, PML, death (<50 is medical emergency)
Invasive aspergiliosis, bacillary angiomatosis (disseminated Bartonells)

Fever

+ Etiologies (infect Dis Cin North Am 2007:21:1013)
infxn (82-90%): MAC, TB, CMV, early PCP, Hists, Crypta, Coceidia, Toxa, endocarditis
noninfectious: lymphoma, drug reaction, Non 17 HIV ieself rarely {<5%) cause of fever

* Workup: guided by CD4 count, s/s, epi, & exposures
CBC, chem, LFTs, BCx, CXR, UA, mycobact. & fungal ox,v" meds, ! v chest & abd CT
CD4 <100-200 — serum crypro Ag, LF, urinary Histo Ag, CMV PCR or antigenemia
pulmonary s/s - CXR; ABG; sputum for bacterial cx, PCP, AFB; bronchoscopy
diarrhea — stool cx, O&P AFB; direct visualization with bx on colonoscopy
cytopenias — BM b for, path & ex of aspirate including for mycobacteria & fungi
abnermal LFTs — abd CT, liver bx for path & ex including for mycobacteria & fungi

Cutaneous
* Seborrheic dermatitis; easinaphilic folliculitis; warts (HPV): HSV & VZV: MRSA, skin & soft
tissue infxns; scabies; candidiasis; eczema; prurigo nodularis; psoriasis; drug eruptions

Dermatophyte infx: prox subungual onychomycosis (at nail bed); pathognomonic for HIV

Molluscum contagiosum (poxvirus): 2-5 mm pearly papules w/ central umbilication

Kaposi's sarcoma (KSHY or HHVB): red-purple nonblanching nodular lesions

Bacillary angiomatosis (disseminated Bartonefla): friable violaceous vascular papules

Ophthalmaologic

« CMYV retinitis (CD4 usu <50); Rx: gan- or valganciclovir, ganciclovir implant or cidefovir

= HZVVZV, syphilis (at any CD4 count) or Toxo: CO4 usually <100

Ovral

= Aphthous ulcers; KS; thrush (oral candidiasis): curd-like patches typically wi burning
or pain; oral hairy leukoplakia: painless proliferation of papillae w/ adherent white
coating usually on lateral tongue, caused by EBY but not precancerous

Endocrine/metabolic

* Hypogonadism; adrenal insufficiency (CMV, MAC.TB, HIV or med-related); wasting
osteapenia/porosis (at all CD4 counts); fragility fractures

* Lipodystrophy: central obesity, peripheral lipoatrophy, dyslipidemia, hyperglycemia



Cardiac & vascular (jacc 201361517
= Dilated CMP (10-20%); PHT; CAD); pericarditis/effusion
+ Higher rates of VTE, stroke, worse outcomes after MI (JAIDS 2012:60:351; Gire 2013;127:1767)
Pulmonary
H.aclingraph_i;:_l’al:ér}l = Common Causes
Mormal Early PCP
Diffuse interstitial infiltrates ~ PCRTE, viral or disseminated fungal
Focal consolidation or masses  Bacterial or fungal, TB, KS

Cavitary lesions TB, nan-TB mycobacteria, aspergillus, other fungal,
bacterial (incl MRSA, Nocardia, Rhodococcus)
Pleural effusion TB, bacteri mph

* Pneumacystis jiroveci (PCP) pneumonia (CD4 <200) (Nem 1990:313:1444)
constitutional s, fever, night sweats, dyspnea an exertion, nonproductive cough
CXR wi interstitial pattern, | P,O;, T A-a W, T LDH, @ PCP sputum stain, & B-glucan
Rx if POy >70: TMP-SMX 15-20 mg of TMP/kg divided tid,avg dose = D5 2 mbs PO ud
Rx if POy <70 or A-a gradient >35: prednisone before abx (40 mg PO bid; | after 5 d).

Alternative R if sulfa-allergy or renal insufficiency.

Gastrointestinal & hepatobiliary

+ Esophagitis: Candida, CMY, HSV, aphthous ulcers, pills; EGD if no thrush or no respense
o empiric antifungals

* Enterocolitis: bocterial (esp. if acute: shigella, salmonella, C. diff}; protozoal (esp. if
chronic: Giardia, Entamoeba, etc.); viral (CMV, adeno); fungal (histo); MAC; AIDS
enteropathy

+ Gl bleeding: CMV, KS, lymphoma. histo; proctitis: HSV, CMV, LGV, N. gonorhoeae

* Hepatitis: HBY, HCVY, CMV, MAC, TB, histo, drug-induced

* AIDS cholangiopathy: often a'w CMV or Cryptosporidium or Microsporidiurm (at L CD4)

Renal

+ HIV-associated nephropathy (collapsing FSGS); nephrotoxic drugs (incl TDF)

Hematologic/oncologic ({mwer 10 59 C

. Anam:a. ACD BM infiltration by mhm or tumor, drug toxicity, hemolysis

. th b (bone marrow involvement, [TP): infection, T globulin

. Non Hodghn lymphoma. T frequency with any CD4 count, but incidence T with | CD4

= CNS lymphoma: CD4 count <50, EBV-associated

* Kaposi's sarcoma (HHV-8): at any CD4 count, incidence T as CD4 1, usu, M5M
Mueocut. (viokacious lesions); pulmonary (nodules, infiltrates, LAN); Gl (bleed, obstruct.)

* Cervicallanal CA (HPV); T rates of liver (aiw HBV/HCV), gastric, & lung CA

Meurologic

* Meningitis: Crypto (p/w HA, A MS, CN palsy 1+ meningeal sis; dx w/ CSF; serum Crag
0% Se), bact (inc. Listeria), viral (HSY, CMV, 1° HIV), TB, histo, Coccidio, lymphoma

* Neurosyphilis: meningitis, cranial nerve palsies. dementia, otic or ophtho s/s

* Space-occupying lesions: may present as HA, focal deficits or A MS. Werkup: MRI,
brain bx if suspect non-Toxo etiology (Toxe sero &) or no response to 2 wk
of empiric anti-Toxo Rx (if Tovo, 50% respond by d3, 91% by d714; vem 1993.329.995)

[ Etiology Imaging appearance Diagnostic studies
Toxoplasmosis Enhancing lesions, typically in @ Taxo serology (Se

| basal ganglia (can be multiple) -85%)

| CNS lymphoma Enhancing ring lesion (single & CSF PCR for EBV

60% of the time)  SPECT or PET sean

Progressive multifocal Multple nonenhancing lesions = C5F PCR for |C
leukoencephalopathy (FPML)  in white matter wirLis
Other: abscess, nocardiosis, Variable Biopsy

crypto.TB, CMV, HIV

+ AIDS dementia complex: memory loss, gait dnsorder spasticity (usually at CD4 }
+ Myelopathy: infxn (CMV, HSV), cord compression (epidural abscess, lymphoma)
* Peripheral neuropathy: meds, HiV, CMV, demyelinating

Disseminated Mycobacterium avium complex (DMAC)
+ Fever, night sweats, wt loss, HSM, diarrhea, paneyeopenia. Enteritis and mesenteric
lymphadenitss if CD4 <150, bacillemia if <50. Rxc clarithromyein + ethambutol + rifabutin.

Cytomegalovirus (CMV)
* Usually reactivation with | CD4. Retinitis, esophagitis, colitis, hepatitis, neuropathies,
encephalitis. R ganciclovin, valganciclovir, foscarnet or cidofovir.



| TICK-BORNE DISEASES

Distinguis_h-ing Features of Tick-Borne llinesses

Disease Rash LWBC Anemia I Plts TLFTs
Lyme B0%%: erythema migrans - - - +
RMSF 90%: petechize, palms/soles - * + ++

Borrelia <10% + + ++ +H

miyamotoi
Ehrlichiosis 25%: maculopapular, b I A
(HME) petechiae
Anaplasmosis <5% H + ++ H
(HGA)
| Babesia — + -t (lysis) | - s

< <15%, +:15-25%, 1—'-'25—50‘}&-!—0—0- 50—?5?6 HHH: = T5%

LyME DISEASE
Microbiology
+ Spirochete B. burgdorferi {consider coinfection wi Efrfichin, Babesia, B. miyamatoi)
* Transmitted by ticks ([xodes, deer tick); infxn usually requires tick atcached ~36—48 h
Epidemiology
* Most common vector-borne illness in LL.S; peak incidence in summer (May—Aug)
* Majority of cases in MN,WI, New England, northern mid-Atlantic, northern CA
= Hurrans contact ticks usually in fields with low brush near wooded areas

] L
by | Clinical Manifestations
| Stage Manifestations
T Stage 1 Pathogenesis: local effects of spirochete, Generat: flu-like iliness
| | (early localized) Dem (-80%): erythema migrans (EM) = erythematous patches w
3.30d after bit= central clearing, often popliteal, axilla, o inguinal: 638 cm in size
Stage 2 Pathogenesis: spirochetemia and immune response

(early dissem.)  General fatigue, malaise, LAN, HA; fever uncomman
whs 1o mos after  Derm: multiple (1-100) annular lesions = EM
bire Rheum (~10%): migratory arthralgias (knee & hip) & myalgias
Meurologic (~15%): cranial neurcpathies (esp. CN V), aseptic
meningitis, mononeuritis multiplex (+ pain), transverse myelitis
| Cardioc (-8%): conduction block, myopericarditis
Stage 3 Pathogenesis; immune response
(late persistent) Derm: acrodermatitis chronica atrophicans, panniculitis
mas to y after bite  Rheum (~60%): recurrent mono- or oligoarthritis of large joints
(classically knee). synovitis
MNeurologic: subacute en:ephalowzlms, polyneuropathy, dementia

tr:ib 004431089, Loncet FTLITIA61; NEIM 20143701724}

Diagnostic studies
+ EM present: confirmed in appropriate geographic setting;no need for testing (ie, clinical dx)
* EM absent (ie,stage 2 or 3 disease): 2-step testing
1% step: ELISA screen (false & commaon, false = wi early abx or <6 wi after tick bite)
2™ step: if @ ELISA, confirm with Western blot {7 5p)
+  CSF if suspected neuro disease: © CSF Ab if (lgGes/IgGacn )/ (albese/albunn) =1
Treatment (NEM 20143701724 FAMA 207163151767 & 2461
* Prophylaxis: tick avoidance, protective clothing, tick «* q24h, DEET
Chemoprophylaxis w/ doxycycline 200 mg PO = 1 only if all of the following:
1. Ixodes scapularis tick attached 236 h
2. hoca{’\‘l;y}me carriage in ticks 220% (peal season in New England, mid-Ad,
N,
3. Abx can be given wiin <72 h of tick bite
4. No contraindication to doxy (eg, preg, allergy, age <8 y)
If criteria 1-4 met, NINT to prevent 1 case —50: wio doxy, risk of Lyme after dick bire 1-3%
Regardless of Ppx, monitor for fever, flu-like sx, rash {erythema migrans) = 30 d
* Antibiotics: if clin. manifestations and @ serclogy in endemic area
Stage 1 or stage 2 wio meningitis, arthritis, or cardits: doxy 100 mg PO bid x 2-3 wig
alternative (eg, preg doxy alc_r!gyx] amox 500 mg PO tid or cefurosame 500 mg PO bd
Meningitis, arthritis, carditis: 1g IV ad x 24 wi;
alternative (eg, severe f-lctam allergy): dosy 100-200 mg PO bid x 2-4 wk

« Consider coinfection if severe/refractory sx, persistent fever, cytopenias



Rocky MounTtain SpotTep Fever (RMSF)

Microbiology & epidemiology

+ Infection with Rickettsia rickettsii (Gram © abligate intracellular bacterium)

+ Transmitted by Dermacentor variabilis, D. andersoni (dog tick); peak in springfearly summer

+ Oceurs in mid-Atl, SE, Midwest, New Engl, NV, Canada, Mexico, Central & 5.America

* Cansider other rickettsial spp.: R akari (Rickettsial pox), R conoril (Mediterranean spotted
fever), R africoe (African tick bite fever), R, fefis (Flea rickettsiosis)

Clinical manifestations (typically w/in 1 wk of tick expasure)

+ Monspecific: fever, HA, AMS, myalgias, N/, occasionally abdominal pain

* Rash (2-5 d after onset) = centripetal: starts on ankles and wrists — trunk, palms, &
soles; progresses from macular to maculopapular 1o petechial

+ Severe cases — vasculitis, hypoperfusion/shock, end-organ damage; more lilely in elderly

* Up to 75% mortality if untreated, 5-10% even wi Rx (esp. if delayed) (MEM 2005:353:551)

Diagnosis

* Usually a clinical dx; requires eary clinical suspicion given risks of delayed Rx

* Acute fliness dx by skin bx for rickeusiae (Se ~70%); 7-10 d after sx onset, serology &

Treatment

+ Daxycycling 100 mg PO bid (give empirically if elinical suspicion)

EHRLICHIOSIS/ANAPLASMOSIS
Microbialogy
» Gram © obligate intracellular bacterium; human monocytic ehrlichiosis (E chaffeensss,
HME); human granulocytic anaplasmosis (A, phagocytophium, HGA)

* Transmission: HME by Amblyemma americanum, Dermacentor variabilis; HGA by lxodes
Epidemiology
* HGA cases typically in Mew Engl, mid-Atl, MMN; HME in SE and south central US
* Peak incidence spring and early summer; can be transmitted by blood transfusion
Clinical manifestations (typically wfin 3 whk of tick exposure)
+ Asx or nonspecific: fever, myalgias, malaise, HA, cough, dyspnea; onset often acute
* Laboratory: leukopenia, thrombocytopenia, T aminotransferases, LDH. A, renal insuff
* Mors severs disease can accur with bacterial superinfection in HGA
Diagnosis
+ Acute: Inwleukocyuc morulae on peripheral blood smear (rare); PCR; later: serology
Treatment (A
+ Start Rx I:ased on c|1n|d:a| suspicion; definitive dx requires PCR (may not detect all spp.)

+ Doxycycline 100 mg PO bid (often » 10 d); should defervesce in <48 h, else reconsider dx

119 SNXEN] WL

16:315.1767

Bagesiosis

Microbiclogy & epidemiclogy
* Infen wi parasite Babesia microti (US.), transmitted by [xodes ticks: also alw transfusion
+ Europe & S (more commonly MNWI, coastal areas & islands of MA, NY, NJ.RI.CT)
+ Peak incidence June—August (MMWR 2012:61508)
Clinical manifestations (typically 14 wi after tick exposure; <9 wk If ransfusion))
+ Range from asx to fevers, sweats, myalgias, & HA to severe hemaolytic anemia,

hemoglabinuria, & death (degree of parasitemia correlates roughly with severity)
+ Risk factors for severe dlsuse asplenia, | cellular immunity, TNF inhib, T age, pregnancy
Diagnosis (vem 20
+ Clinical sy‘ndrome + hloud smear wl intraerythrocytic parasites
* Repeat smears (g12-24h) if sx persist despite negative initial smear
* PCR serum if smear © and high clinical suspicion, serum IgG can help but some false &
Treatment (4 151767
+ Atovaquone & azithro for mild/med illness; clinda & quinine if severe (more toxic)
+ Dwration depends on host: immunosupp Pts often need longer Rx
+ Exchange transfusion if parasitemia >10%, severe hemolysis or SIRS

TULAREMIA
Microbiology
* Infxn wi Francisella tularensis via contact w/ animal tissue, aerosol, tick/insect bite
Clinical manifestations (rypically w/in 2-10 d of exposure)
* Acute onset of fever, HA, nausea; ulcer w/ black eschar at site of entry; LAN; PNA
Diagnosis & treatment
+ Hazardous and difficult to Cx, alert lab. Serology © by wk 2. PCR by research lab,
+ Streptomycin or gentamicin x 7—14 d; empiric Rx may be needed given challenges in dx



4 FEVER SYNDROMES

Temperature = T00.4°F or 238°C

Diagnostic approach

* Thorough history including ROS, PMHIPSH, immunizations, including from childhood

» Fever curve (consider holding antipyretics); less likely to mount fever if: chronic renal or
liver dis., extremes of age, protein calorie malnutrition, immunosupp., stercid use

+ Exposures: travel, cccupation or hobbies, animals and insects, sexual contacts, TE;
consider age, geography, season and incubation time in relation to exposures

» Physical exam: complete exam w/ focus on mucous membranes & conjunctiva; cardiac
murmurs; liver and spleen size; skin, genitals. lymph nodes, & joints; complete neuro
exam incl cranial nerves and meningeal signs

* If rash; location, duration, progression/a in appearance, was prodrome present

Fever oF Unknown ORriGiN (FUO)
Definition & etiologies
* Fewer (as per above def) on >1 occasion during =3 whk & no dx despite 1 wk of evaluation
* More likely to be unusual manifestation of common disease than an uncommon disease
. In Prs with HIV: >75% causes are infectious, but rarely due to HIV itself

* Freq r nent ded to ldentlfy focal signs and progression of :ilsease

i Category  Etiologies of Classic FUIO (Archives 2003:163:545: Medicne 2007-86:26) |
Infection Tuberculosis: disseminated or extrapulm disease can have normal CXR, |
-30% PPD, sputum AFB; bx (lung, liver, bone marrow) for granulomas has

B0-90% yield in miliary disease
Abscess: dental, paraspinal, hepatic, splenic, subphrenic, pancreatic,
perinephric. pelvic, prostatic abscess or prostatitis, appendicitis
Endocarditis: consider HACEK orgs, Bartonella, Legionella, Coxiella
Osteomyelitis, sinusitis, Lyme, typhoid, 1° CMY or EBY, malaria, Babesia
Connective Giant cell arteritis/PMR: headache, scalp pain, jaw claudication, visual

FUD &-22

tissue disturbances, myalgias, arthralgias, T ESR

disease Adult-onset Still’s: evanescent truncal rash, LAN, pharyngitis, 71 ferritin
~30% PAN, ANCA ©, other vascul.; SLE RA, psoriatic or reactive arthritis
Meoplasm  Lymphoma: LAN, H5M, | Hee or plt, T LDH; leukemia, myelodysplasia
~20% Renal cell carcinoma: microscopic hematuria, T Het

HCC, pancreatic and colon cancers, sarcomas, mastocytosis
Avrrial myxomas: obstruction, embolism, constitutional symprams
Misc ~20%  Drugs, factitious, DVT/PE, hematoma
| Thyroiditis or thyroid storm, adrenal insufficiency, pheochromacytoma
| Granulomatous hepatitis (many causes), sarcoidosis, Kikuchi's, Behget's
Familial Mediterranean fever (peritanitis, episodic fever, pleuritis;
T WEBC & ESR during attacks); other defects in innate immunity ]

Workup
= Focus by H&F incl: CBC w/ diff, lytes, BUN, Cr, LFTs, ESR, CRR.ANA, RF, cryoglobulin,
LDH, CK, SPEP, 3 sets BCx (off of abx), U/iA, UCx, PPD or IGRA, HIV Ab + PCR,

heterephile Ab (EBV serelogies if =), CMV antigen, Hep serolagies if LFTs abnl
Stop unnecessary meds (only 20% with a med cause have eos or rash), reassess 1-3 wk
Imaging: CXR, chest & abd CT, consider tagged WBC, gallium scan, PET, TTE, LENI
Consider temporal artery bx if T ESR and age >60, particularly if other sis
Consider BM aspirate & bx (esp.if signs of marrow infiltration) or liver bx (esp. if T Ag): even
wio localizing s/s, yield may be up to 24% (path and cx) (Arcives 200%169:2018)
* Pursue abnormalities raised by above wiu (eg, bx. MRI, etc., for dx, not screening)

Treatment

* Empiric abx not indicated (unless Pt neutropenic)

« Empiric glucocorticoids not indicated unless strong suspicion for specific rheumatalogic dx
= Up to 30% of cases remain undiagnosed, most spontanecusly defervesce (whs to mos)

FEVER AND RAsH

Approach to diagnostic workup

= Meningococcemia, endocarditis, RMSF, sepsis, toxic shock need urgent dx & Rx
* Workup: CBC w diff, lytes, BUN/Cr, LFTs, LDH, CK, UIA, HIV Ab + PCR, BCx (off abx)
= To narrow Ddx: characterize time course of rash, progression & morphclogy



+ Erythema multiforme: symmetric “rarget” lesions often of palms. soles, & mucous memb
Infxn etiol: HSV Y, Mycoplasma, syphilis, tick-borne diseases, etc.
MNon-infxn etiol: meds (eg. NSAIDS, sulfa), malignancy, autoimmune & rheum disease

» Erythema nod h us o viokiceous nodules usually symmetric on LE
Infxn etiol: Swp,TB lEI’.’»\!r Bar‘tanl:!h HBV, psitcacosis, fungal, L. venereum, etc.
Non-infen etiol: sarcoidosis, IBD, Behget's, other rheumn, pregnancy/OCP use

+ Pursue specific dx based on exposire hx & exam, including serologies, viral swab PCR.
antigen tests and possibly skin biopsy + exam of vesicular or bullae fluid if present

» Eticlogies more broad in immunosupp. Pts, dx testing should be earfier and more
extensive; higher risk of critical illness due to disseminated or rapudly progressive infikns

Variable Possible Etiology

Summer/fall > other seasons  Enterovirus

Winter Parvavirus, Meningococeemia

Spring/summer Measles/rubella, Lyme, RMSF

Year-round Adenovirus, Mycoplasma

Cat and dog exposure Bartonella, P lla, Toaplasma, Capnocytophag
Tick exposure Lyme, RMSF, Enrlichiosis, Anaplasmosm

Adult <30 y Mononucleosis (EBY or CMY)

Inadequate immunization Measles, Rubella,VZV, influenza

Sexually active HIY, syphilis, disseminated gonococcal infection, H5Y2
Consider noninfectious causes: allerzy/DRESS. DVT, phlebitis, vasculitides,
neutrophilic dermatoses. gout. connective tissues dis. malignancy. foreign body rn

Treatment
+ Empiric abx not indicated (unless Pe neutropenic or critieally ill)

FeveR iIN A RETURNED TRAVELER

Region or Exposure Common Etiologies

Sub-Saharan Africa Malaria > dengue, rickettsial disease, enteric disease
| Southeast Asia Dengue > malaria, enteric disease (5. typhi), Chikungunya
| Central & S America Enteric disease, malaria, dengue, Zika
| Caribbean & Mexico Dengue > Chikungunya > malaria. Also consider Zika.
Middle East & 5. Korea Middle East Respiratcry Syndrome
| Frashwater swimming Sehistosamiasis, leptospirosis

| Unpurified drinking water  Enteric disease (E. coli >> 5. typhi, Campylobacter, hepatitis E
= Yibrio cholerae), amebic liver abscess
Lacking immunizations HAV/HBV, 5. typhi, influenza, measles, rubelta, yellow fever
Animal bite Rabies
African “safari” Rickettsial disease, African trypanasomiasis
Adult <30 years Mononudeosis (EBY or CMV)

(ME[M Z002:347:505; CII I007;44: 1560; Curr Opm Infect Dis 2007:20:447)

* Prs visiting friends and relatives abroad are maost likely to contract liness during travel

+ Geography influences Ddx in returned travelers: htep:/hwww.nocde govitravel/notices

+ Emerging pathogens: Influenza occurs year-round in the tropics. Chikungunya and dengue
wi T areas of transmission, hemorrhagic fevers primarily in Central Africa.

+ Consider domestic infxns, 5T1s, & non-infxn causes. Enteric parasites rarefy cause fever,

Select clinical manifestations

+ Ebola: fever in traveler from area with active transmission of Ebola wifin 21 d: isolate &
contact state health department (hupsfiwww.cde govivhiiebola)

+ Malaria: nonspecific symptoms including diarrhea, myalgias, cough, altered mental staws

* Dengue: nonspecific symproms including headache, severe myalgias, rash/petechiae

* Chikungunya: nonspecific symptoms including joint pain. moderate myalgias, fever

* Typhoid [Loncer 2015,385:1136): constipation, abd pain, possible rash, refative bradycardia

* Rickettsial di headache, myalgias. lymphadenopathy, possible rash/eschar
+ Zika: fever, rash, arthralgia, H/A, conjunctivitis (hrmpwwwcde govrika)
Workup

* Routine testing: CBC wi diff, lytes, LFTs, BCx, UA, rapid malaria test

+ Fever in a traveler from a malaria zone is malaria until proven otherwise; consider
hospitalization and empiric Rx. One = smear does not rlo malaria,

+ Other tests basad on s/s, labs, exposure, incubation period, geography and seasonalicy.
O&P exam, CXR, blood smears for filaria’Babesiosis/Borrelia, serologies, STI & HIV,
PPD or IGRA, bone marrow aspirate, bx of lymph nodes or skin lesions, CSF studies.



PITUITARY DISORDERS n

HYPOPITUITARY SYMDROMES

Panhypopituitarism (Lonce
+ Etiologies
Primary: surgery, radiation (develops after avg 4-5 y), tumors (primary or metastatic),
infection, infilration (sarcoid, hemochromatasis), autoimmune, ischemia (including
Sheehan’s syndrome caused by pituitary infarction intrapartum}, caretid aneurysms,
cavernous sinus thrombosis, trauma, medications (eg, ipilimumab)
Secondary (hypothalamic dysfunction or stalk interruption); tumars (including
craniopharyngioma), infection, infiltration, radiation, surgery, trauma
Clinical manifestations
Hormonal: acute — weakness, easy fatigability, hypotension, palyuria and polydipsia;
chronic — bradycardia, sexual dysfn, loss of axillary & pubic hair, wt loss, amenorrhea
Mass effect: headache, visual field As, cranial nerve palsies, galactorrhea
(piruitary hemorrhage or infarction, usually wi underlying pituiary adencmal;
sudden headache, NV, visual field As, cranial nerve palsies, meningismus, A MS,
hypaglycemia, hypotension
Diagnostic studies
Hormonal studies
chronic: L target gland hormone + | or normal trophic pituitary hormone
acute: target gland hormonal studies may be normal
partial hypopituitarism is mere common than panhypapituitarism
Pituitary MRI
Treatment
Replace deficient target gland hormenes
Most important deficiencies to recognize and treat in inpatients are adrenal insufficiency
and hypothyroidism; if both present, treat with glucocorticoids first, then replace
thyroid hormone so as not to precipitate adrenal crists
LACTH
Sx similar to 1° adrenal insufficiency (see “"Adrenal Disorders”) except
no salt cravings or hypokalemia (b/c aldo preserved)
no hyperpigmentation (b/c ACTH/MSH s not )
| TSH
Sx of central hypothyroidism similar to 1° (see ' Thyroid Disorders™) except absence of goiter
Dix with free Ty in addition to TSH, as TSH may be low or inappropriately normal
PRL
Inability to lactate
L GH
1 chronic risk for osteoporosis, fatigue, weight gain
D with failure o T GH w/ appropriate stimulus (eg, insulin tolerance test, glucagon
stimulation)
GH replacement in adults controversial (Annds 2003:35:419)
LFSHE&LR
Clinical manifestations: | libido, impotence, oligomenorrhea or amenorrhea, infertilicy,
| muscle mass, osteoporasis
Physical exam: | testicular size; loss of axillary, pubic and body hair
D with: L am. testosterone or estradiol (also assess SHBG, esp. in obese) and | or
normal FSHILH (all levels L in acute illness, - do not measure in hospitalized Prs)
+ Treatment testosterone or estrogen replacement vs. correction of the underlying cause
L ADH (hypothalamic or stalk disease). diabetes insipidus
Typically from mass lesion extrinsic to selly; pituitary tumor does not typically present wi DI
Clinical manifestations: severe polyuria, mild hypernatremia (severe if | access to HhO)
Diagnostic studies: see "Sodium and Water Homeostasis™

-

HYPERPITUITARY SYNDROMES
Pituitary tumors
* Pathophysiology: adenoma — excess of trophic hormone (if tumor fenal, but 30-40%
not) and potentially deficiencies in other trophic hormones due to compression;
cosecretion of PRL and growth harmaone in 10% of profactinomas
+ Clinical manifestations: syndromes due to eversecretion of harmaones (see below)
+ mass effect: headache, visual As, diplopia, cranial neurepathies
+ Workup: MRI, hormaone levels, & visual field testing
if <10 mm, no mass effect, no hormonal effects, can flup g3—6mo



Hyperprolactinemia (NEIM 2010;362:1219 and JCEM 2011:94:273)

+ Eviology
prolactinoma (50% of pituitary adenomas)

.
.

Acromegaly (

stalk compression due to nonprolactinoma — | inhibitory dopamine — T FRL (mild)
LH

Physiology: PRL induces lactation and inhibits GnRH — | FSH &

Clinical manifestations: amenorrhea, galactorrhea, infertility, | libide, impotence

Diagnostic studies

T PRL (v fosting levels), but elevated in many sitiations, .

estrogens, hypothyroidism, dopamine agonists (g, psych meds, antiemetics), renal

failure {1 clearance), cirrhosis, stress, T carb diet Watch for haok effect: assay artifact

yielding falsely low PRL if very high serum PRL levels; retest with sample dilution.
MRI o evaluate for tumor

Treavment
If asx (no HA, galactorrhea, hypogonadal sx) & microadenoma (<10 mm), follow wi/ MRI

If sx or macroadenoma (210 mm) options include:
medical with dopamine agonist such as cabergoline (70-100% success rate) or

bromocriptine (not as well tol); side effects indude NV, arthastasis, nasal congestion
surgical: transsphenoidal surgery (main indications: failed or cannot tolerate medical Rx,

GH cosecretion or neurokagic sx not improving); 10-20% recurrence rave
radration: if med'lczl or surgical therapy have falled or are not tolerated

GH; 10% of adenomas: NEM 2006;

* Physiology: stimulates secretion of msulln -like gmwth facmr 1 (IGF-1)

+ Clinical manifestations: T soft tissue, arthralgias, jaw enlargement, headache, carpal tunnel
syndrome, macroglossia. hoarseness, sleep apnea, amenorrhea, impotence, diabetes

* Diagnestic studies: no utility in checking randern GH levels because of pulsatile secretion
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mellitus, acanthosis/skin tags, T sweating, HTN/CMP. colanic polyps

T IGF-1 (somatomedin C); £ T PRL OGTT — GH not suppressed to <1 {<0.3 if
newer assay) ngfml: pituitary MR to evaluate for tumer
* Treatment: surgery, octreotide (long- and short-acting preparations), dopamine
agonists (if PRL co-secretion), pegvisomant (GH receptor antagonist), radiation

* Prognosis: wio Rx 2-3x T mortality, risk of pituitary insufficiency, colon cancer
Cushing's disease (T ACTH): 10-15% of adenomas; see “Adrenal Disorders”
Central hyperthyroidism (1 T3H. T

T FSH & LH: usually nen-fen, presents as hypopituitarism blc of compressicn effects

rlo pregnancy or exogenous

-suburic) extremely rare; see “Thyroid Disorders”

Multiple Endocrine Neoplasia (MEN) Syndromes

Parathyroid hyperplasiafad — hypercaleemia (-100% penetrance)

Type Main features
1
{MENIN  Pancreatic istet cell neoplasia (gastrin,VIF, insulin, glucagon)
inactiv)  Piitary adenomas (fen or non-fun)
28 Medullary thyroid carcinoma (MTC)
| (RET proto-  Pheochromocyterma (-30%)
| oncogene)  Parathyroid hyperplasia — hypercalcemia (15-207%)
| . Medullary thyroid carcinoma (MTC)
| {RET proto-  Pheochromocytoma (~-50%)
oncogene)  Mucosal and gastrointestinal neuromas
Autoimmune Polyglandular Syndr;n;es (_M’S)
Type Features
| {children) Mucocutaneous candidiasis, hypoparathyroidism, adrenal insufficiency
-l {adults)

Adrenal insufficiency, autoimmune thyroid disease, diabetes mellitus type 1




THYROID DISORDERS [

Diagnostic Studies in Thyroid Disorders |

Test

Thyroid-stimulating
hormone (TSH)

| Free T (FT4)
Total Ts and Tq

Thyroxine-hinding
globulin (TBG)

| Reverse T,

Thyroid antibodies

Thyroglobufin

Radicactive indine uptake
(RAIU) scan

Comments
Most sensitive test to detect 1° hypo- and hyperthyroidism
May be inappropriately normal in central etiologies
1'd by dopamine, flucocorticoids, severe illness |
Unbound Ty, not influenced by TBG |
Total serum concentrations (.. influenced by TBG)
TTBG (. TT4): estrogen (OCP, pregnancy), hepatitis, opioids,
hereditary
LTBG (.. L Ty): androgens, glucocorticoids, nephritic
syndrome, cirrhosis, acromegaly, antiepileptics, hereditary

Inactive, Td in sick euthyroid syndrome

Antithyroid peroxidase (TPO) seen in Hashimoto's (high titer),
painless thyroidics and Graves' disease {low titer)

Thyroid-stimulating |g (T51) and thyratrepin-binding inhibitory
immunoglobulin (TBII) seen in Graves’ disease

1'd in goiter, hyperthyroidism and thyroiditis

1'd in factitious ingestion of thyroid hormone

Tumer marker for thyroid cancer only after total
thyroidectomy and radiciodine therapy

Useful to differsntiate causes of hyperthyroidism

T uptake
homogeneous = Graves” disease
heterogeneous = multinodular goiter
1 focus of uptake w/ suppression of rest of gland = hot
nodule

no uptake = subacute painful (de Quervain’s) or silent
thyroiditis, exogenous thyroid hormone, recent iodine load,
struma ovaril or antithyroid drugs

(Lancet 2007:357:5619 & Thyroid 2003:13:19)
Figure 7-1 Approach wo thyreid disorders
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HYPOTHYROIDISM
Etiologies

* Primary (>90% of cases of hypothyroidism: | free Ta. T TSH)
Geitrous: Hashimoto's thyroiditis (after hyperthyroid phase of thyroiditis), iodine

deficiency, lithium, amiodarone
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THYROID

Mongoitrous: surgical destruction, sip radicactive iodine or XRT, amiodarone
+ Secondary (central): L free T4 TSH low, inappropriately nl, or slightly high (although
functionally inactive due to abnormal glycosylation); due to hypothalamic or piwiary failure

Hashimoto's thyroiditis
+ Autoimmune destruction with patchy lymphocytic infilration
+ Associated with other autcimmune disease and may be part of APS Type |l
+ & antithyroid peroxidase (an;i-TPO] and antithyroglobulin (anti-Tg) Abs in >90%
Clinical manifestations (A
+ Early: weakness, fatigue, ardwalglas. rn_ralgias headache, depression, cold intolerance,
weight gain, constipation, menorrhagia, dry skin, coarse brittle hair, brittle nails, carpal
wnnel syndrome. delayed DTRs (“hung up” reflexes), diastolic HTM, hyperlipidemia
+ Late: slow speech, hoarseness, loss of cuter third of eyebrows, myxedema
(nonpitting skin thickening due to 1 glycosaminoglycans), periorbital puffiness,
bradycardia, pleural, pericardial, & peritoneal effusions, atherosclerosis
* Myxedema crisis: hypothermia, hypotension, hypoventitation, 4 M3 (including coma)
hyponatremia, hypoglycemia; often precipitated by infection or major cardiopulmaonary or
neurobogic illness (Med din North An 2012:96:385)
riagnostic studies
+ | FTg T TSH in primary hypothyroidism; © antichyroid Ab (TPO) in Hashimoto’s thyroiditis
+ May see hyponatremia, hypoglycemia, anemia, T LDL, L HDL and T CK
+ Sereening recommended for pregnant women
Treatment of overt hypothyroidism
+ Levothyroxine (1.5~1.7 pg/kg/d), re o TSH q5—6wk & titrate until euthyroid (can take mos)
+ Lower starting dose (0.3-0.5 pglkg/d) if ar risk for ischemic heart disease or elderly
+ T dose typically needed if:
poor Gl absorption: meds that | absorption {iron, calcium, cholestyramine, sucralfate,
PPl), celiac disease, IBD
meds that accelerate T4 catabolism (eg, phenytoin, phenobarbital)
initiation of estrogen replacement; pregnancy (~30% T by wk B):TSH goals change by
trimester: 1% = 0,1-25 milU/L 2™ = 0.2-3.0 miU/L 3™ = 0.3-3.0 mIU/L (Thyroid 201121:1081)
* Myxedema coma: load 5—8 pg/kg Ty IV, then 50-100 pg IV qdi bic peripheral
conversion impaired, may also give 5-10 pg T3 IV q8h if unstable w/ bradycardia
and/or hypothermia {Tz more arrhythmaogenic); must give empiric odrenal replacement
therapy first as | adrenal reserves in m)medema coma
Subclinical hypothyroidism Locet 1011375:7142)
= Mild T TSH and normal free Ty wrth onl)'I subtle or no sx
= IfTSH <7 or © and-TPO Ab, -z euthyroid after 2 y { jcEM 2012:97:1962)
if T titers of antithyroid Abs, progression to overt hypothyroidism is —4%/y
+ Rx controversial: follow expectantly or treat to improve mild sx or dyslipidemia
most initiate Rx if TSH =10 mU/L. goiter, pregnancy or infertilicy
IFTSH 5-10 mUIL Ruc if age <60 y (usually don't R if 260 bic T risk €V complications)

HYPERTHYROIDISM

Etiologies i
* Graves' d:seuse (60—80% of thyrotoxicesis)

* Thyroiditis: thyrotoxic phase of subacute {granulomatous) or painless {lymphocytic)
* Toxic adenomas (single or multinodular goiter)

+ TSH-secreting pituitary tumor or pituitary resistance to thyroid hormane (1T5H, T free Ty)
* Misc: amiodarone, iodine-induced, thyrotoxicosis factitia, struma ovarii (3% of ovarian
dermoid tumors and teratomas), hCG-secreting wmors (eg, choriocarcinoma),

large deposits of metastatic follicular thyroid cancer
Clinical manifestations of hyperthyroidism
+ Restlessness, sweating, tremor, moist warm skin, fine hair, tachycardia, AF, weight loss,
T frequency of stools, menstrual irregularities, hyperreflexia, osteaporasis, stare and lid
lag (due to sympathetic overactivity)
» Apathetic thyrotoxicosis: seen in elderly who can present with lethargy as only sx
* Thyroid storm (extremely rare): delirium, fever, tachycardia, systolic hypertension but
wide pulse pressure and | MAP, Gl symptoms; 20-50% morrality
Laboratory testing
* TFTgand FTy; | TSH (except in TSH-secreting tumors)
* RAIU scan is very useful study to differentiate causes (see table on page 7-3); cannot do if
recent [V contrast or amio load bic iodine blocks uptake, so « autoantibodies instead
* Rarely need to v for autvantibodies except in pregnaney (to assess risk of fetal Graves’)
* May see hypercalciuria + hyperealeemia, T Ad. anemia



Graves' disease () 562
= 9:d ratio is 5-10:1, most Pr.s between 40 and 60 y at dx
« @ thyroid antibodies: TS| or TR (@ in 80%), anti-TPO, antithyroglobulin ANA
= Clinical manifestations in addition to those of hyperthyroidism (see above):
goiter: diffuse, nontender, w/ thyroid bruit
ophthalmopathy (Nejm 2010:362:726): seen in 50%; up to 90% if formally tested.
Periorbital ederma, lid retraction, proptosis, cunjunclivitis. diplopia (EOM infiltration);
associated wi smoking. Stare and lid lag seen in any type of hyperthyraidism.
pretibial myxedema (3%): infiltrative derrnopathy

Thyroiditis (NEjM 200
= Acute: bacterial infection (very rare in US encept pus:.surgacal} typically StaphiStrep spp.
» Subacute: transient thyrotoxicosis — transient hypothyroidism — normal thyroid fin
painful (viral, granulomatous or de Quervain's) fever, T ESR; R = NSAIDs, ASA, steroids
silent (postpartum, autoimmune including Hashimoto's, or lymphacytic): painless,
@ TPO Abs; if postpartum, can recur with subsequent pregnancies
other: meds (amiodnrorle. lighium, TKIs), palpation thyroiditis, post-radiation

VAR TAGE Mad Cla M

Treatment (Thyod 101
* [i-blockers: cnntruJ mchycardla (propranolol also | Ts -+ T3 conversion)
* Graves' disease: either antithyroid drugs or radioactive iodine (JAMA 2015:314:1544)
methimazole: 70% chance of recurrence after 1 y; side effects include pruritus,
rash, arthralgia, fever, NV and agranulocytosis in 0.5%. PTU: 2 fine (risk of
hepatocellular necrosis; TID dosing; slower effect; jcem 2007;52:1157).
For both, need to « LFTs, WBC,TSH at baseline and in follow-up.
radioactive iodine (RAI) (NEM 2011:364:5342); typically done as outPr prefRx selected
Prs wi CV disease or elderly w/ antithyroid drugs to prevent T thyrotexicosis,
stop 3 d before to allow RA| uptake: >75% of treated Pts become hypathyroid
surgery: less commanly chosen for Graves', usually for Pts wf obstructive goiter
or ophthalmopathy
Ophthalmopathy: can worsen after RAI; prophylax w/ prednisone in high-risk Ps;
can be Rx'd w/ radiation and/or surgical decompression of orbits (NEJM 2009:360:594)
» Toxic adenoma or toxic multinodular goiter: RAI or surgery (methimazole preRx for surgery,
in selected patients before RA)
+ Thyroid storm: f-blocker, PTU or methimazole, iopanoic acid or iodide (for
‘Walff-Chaikoff effect) =1 h after PTU, + steroids (1 Ty —T;)
Subclinical hyperthyroidism (Lance 2012 1142)
= Mild L TSH and normal free Ty with anl;r subtle or no sx
* —15% — overt hyperthyroidism in 2 y; T risk of AF, CHD (Archives 2012,172:799), fracture (Jama
2015313:2055)
* Rx controversial: consider if TSH <0.1 mUIL and T risk for CV disease or osteopenic

NDNTH‘FF!O'DAL ILLNEss (Sick Eun rHYHOID SYNDROME)

97:7:125 and | Endocrinal 20

* TFT abnormalives in Pis w/ severe nonthyroidal illness (.. in acute illness, v TFTs only
if T concern for thyroid disease); may have acquired transient central hypothyroidism

+ |f thyroid dysfxn suspected in eritcally ill P, TSH alone not reliable; must measure total
TnFTL &Ts

+ Mild illness: L T4 — T3 eonversion, T rT; = { Ty in severe ilness: L TBG & albumin, 1T rT,
= 1L T3, T degradation of Ty, central LTSH = LI T3, 1L Ty, L FTq, L TSH

* Recovery phase: T TSH followed by recovery of Ty and then Ty

* Replacement thyroxine not helpful or recommended for cricically ill Prs w/ L Ty and Ty
unless other s/s of hypathyroidism

AMIODARONE AND THYROID DISEASE

Overview | 1 A
* 6mg iDdII'IE pnr IDO-mg tabiet rlsk crf L‘rryrold dysfunction lower with lower doses
* # TSH prior to therapy, at 4-mo intervals on amio, and for 1 y after if amic dic'd

Hyp(;ihyr@idlsnl {ocours ir 10%:; more ¢
* Pathophysiclogy
{1} Wolff-Chaikoff effect:iodine load | I” uprake, organification and release of Ts & Ty
{2) inhibits Te T, conversion
{3) ? direct/immune-mediated thyroid destruction

ommon in iodine-replete areas)
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» Mormal individuals: | Ty; then escape Wolff.Chaikoff effect and have T T4, L Ty, T TSH;
then TSH normalizes (after 1-3 mo)
* Susceptible individuals (eg, subclinical Hashimoto's, . « anti-TPO) do not escape effects
* Treatment: thyroxine to normalize TSH; may need larger than usual dose
Hyperthyroidism (3% of Pts on amio; -10-20% of Pts in fodine-deficient areas)
= Type 1 = underlying multinodular goiter or autonomous thyroid tissue
Jod-Basedow effect: iodine load — 1 synthesis of T4 and Ts in autonomous tissue
Type 2 = destructive thyroiditis
T release of preformed T, & Ta — hyperthyroidism — hypothyroidism — recovery
Doppler LI/S: type 1 w/ T thyroid blood flow; type 1w/ L flow
Treatment: not absolutely necessary to d/c amio b/c amio | Ty — T3 corwersion
methimazole for type 1; steroids (eg, 40 mg prednisone qd) for type 2
often difficult to distinguish, 5o Rx for both typically initiated (JCEM 2001:86:3)
consider thyroidectomy in severely ill patient

THYROID NODULES (Ng aid 2016:26:1

Prevalence 5-10% (50-60% if screen with U/S), ¥ > &, -7-15% malignant

Features associated w/ T risk of malig: age <20 or =70 y, &, h'o neck XRT, hard & immabile
mass, cervical LAN, dysphonia

Warrisome U/ findings: hypoechoic, solid, irregular borders, micracalcificatians,
height > width, =20 mm (JAMA M 2013:173:1788)

Features associated w/ benign dx: cystic nodules,"spongiform™ sonographic pattern

Screening LS recommended for those with FHx of MEM2 or medullary thyroid cancer,
personal hio neck XRT, palpable nodules or multinodular goiter

Any evidence of tracheal deviation or compression — consider + PFTs & refer to surgery

>10-mm nodule: FINA if hypoechoic solid or scid component of cystic; T suspicion of malig
if irregular margins, microcalcifications, rim Ca™, height > width, or extrachyroidal extengion

=15-mm nodule: FNA if solid isoechoic, or partially cystic with mural solid component

>20-mm nodule: FNA if spangiform/other benign solid pattern (no FNA if purely cystic)

Molecular testing if indeterminate pattern on FNA (occurs in —15-30%

Suppressive Rx w/ high-dose levothyroxine no longer recommended for benign nodules in
iodine-sufficient regions

Cancer very rare in asx nodules diagnosed as benign (JCEM 201459510 & JAMA 2015313926)

After complete surgical resection of thyroid cancer RAl in madium- and high-risk Prs (lancsr
20133811046 & 1058)

Figura 72 Approach to thyroid nodules (WM 20153732347 & Thyreid 2016:26:1)

Thyroid nodule
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.hw
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ablate, resect or med Rx FNA +
(+ WIS guidance) FRepeal FNA w/ LIS,
it nondx — core bic
Cd L] ™
f Indiaterminate parmm
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Cbserve Muolec testing = repeat bix ws, Surgery:

observation vs. hemithyroidectorny hemi vs. Wotal thyroideclomy

& central neck LN dissection
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CUSHING'S SYNDROME (HYPERCORTISOLISM)

Definitions 1015:386:913
+ Cushing's syndrome = cortisol excess
+ Cushings disease = Cushing’s syndrome 2° to pituitary ACTH hypersecration

Etiologies of hypercortisolism

* Most commonly fatrogenic caused by exogenous glucocorticoids (though underreported)

+ Cushing's disease (60-70%): ACTH-secreting pituitary adenoma (usually
microadenoma) or hyperplasia

+ Adrenal tumor (15-25%): adenoma or (rarely) carcinoma

+ Ectopic ACTH (5-10%): 5CLC, carcinoid, islet cell turmors, medullary thyrcid cancer, pheo

Clinical manifestations (Loncer 200636713}

* Nonspedific glucose intolerance or DM, HTN, obesity, cligo- or amenorrhea, osteoporosis

* Maore specific: central obesity w/ extremity wasting, dorsocervical fat pads, spont. bruising

* Muost specific: proximal myopathy, rounded facies, facial plethora, wide purple striag

+ Orther: depression, insomnia, psychosis, impaired cognition, hypolalemia, acne, hirsutism,
hyperpigmentation (if T ACTH). fungal skin infxns, naphrolithiasis, polyuria

Eigure 7.1 Approach 1o suspectad Cuhings syndrome {nb, very dfficul to dx a5 om inft} |JCEM 2008:93:1526)

Suspect Cushing's Syndrome Clinically
3 Opticns for Screening for Hypercortisolism:
24-br UFC or Overnight 1 mg DST or 11 pumi. Sallvary Cortisol
i
& and fow @ ar @ but high @ but in P wl
chinical sugpicion «clinical suspicion acute liness, EIOH, depression
Mot Gushing's + (or repeat) 24-hr UFG ra ¥ after resolution af
iiness o « combined
! 48hr LD OST + CRH
@ ~ ~
& =]
A"
Ditferaniiate level of defect by checking serum ACTH 2 Psaudo-
/ \ Cushing's
NCTH-dependent normal low ACTH-indapandant
or high
48-hr or QN high-dose DST adrenal CT or MRI
{or CRH test)
[
Will not suppress Wil suppress
for & stim} (or & stim)
v @
chest/abd MRI - pltuitary MRI
sumalosllam &gan } o |
@ BIPSS a
v Tea ¥
Ectopic AGTH Eshirlg's disease | | adrenal tumor |

CRH, torticosrepmn-releasing hormene; DET, dexamethasons suppression test; UFC, uninary free corusol

Orernight 1 mg DST =pgive 1mg at 11 pom; o 8 am, serum cortisol (supprassion if <1.8 Lig/dL); <5% fale &
(primarily used to evahmte subclinical Cushing's in adrenal “incidenmlomaz™}

11 pm salvary cortizal = abnl if level T; 240 UFC = abel i beval T, > 43 LN virtually diagnstic

48 LD DST + CRH = 0,5 mg q8h % 2 d, then IV CRH 2 hlater; * serum cortiscl 15 min later (= >14 igidL)
48-h LD DST = 0.5 mg qih % 2 & 2d-h UFC ar base. & during lzst 24 b of dex (suppress <100 of base}

4B-h HO DST =12 mg qbh > 2 di ' 24-h UFC as per LD DST

/N HD DET =B mg at 17 pmii " 7 am. sarum cortisol (suppression if <32% of baseline)

CRH tost = 1 Lglhkg IV o cortisel and ACTH (@ stim if > 35% T in ACTH or >20% T In cortisol shove baseling)
BIPSS, bilat. infarior petrasal sinus vain simpling  pacresal:paripheral ACTH rate (= 1 basal, =3 after CRH)



Treatment of Cushing's syndrome (jcim 20157

* Surgical resection of pituitary adenoma, adrenal tumor or ectopic ACTH-secreting tumor

* Il ranssphencidal surgery (TS5) not successful — repeac TSS, Can do piwitary XRT, but
XRT not effective immediately, . initiate medical Rx w/ mitotane, ketoconazole, or
metyrapone to L cortisol, and/or mifepristone to block cortisol action at glucocorticoid
receptor, or bilat surgical adrenalectomy if med Rx fails or is contraindieated.

* Glucocorticoid replacement therapy » 6-36 mo after TSS (lifeleng glucocorticold +
mineralocorticoid replacement if medical or surgical adrenalectomy)

HYPERALDOSTEROMISM
Eticlogies
* Primary (adremal disorders, renin-independent increase in aldosterone; jCEM 2015:100:1)
adrenal hyperplasia (60-70%), adenoma (Conn's syndrome, 30-40%), carcinoma
glucocorticoid-remediable aldosterenism (GRA; ACTH-dep. rearranged promoter)
+ Secondary (extra-adrenal disorders, T aldosterone is renin-dependent)
Primary reninism: renin-secreting tumor (rare)
Secondary reninism: renovascular disease: RAS, malignant hypertension;
edematous states wi | effective arterial volume: CHF, cirrhosis, nephrotic syndrome;
hypovolemia, diuretics, T2D, Bartter's (defective Na/K/2C| transporter = receiving loop
duumuc} Gmelmans (defective reral Na/Cl transporter = receiving thiszide diuretic)
locorticoid excess mimics hyperaldasteranism
11-HSD defic. (—+ iac!c of inactivation of cortisol, which binds to mineralocorticoid recept.)
Black licorice (glyeyrrhizinic acid inhibits 113-HSD), extreme hypercortisolism
(overwhelming 11f-H50), exogenous mineralocorticoids
Liddle’s syndrome (constitutively activated/overexpressed distal tubular renal Na channel)

Clinical manifestations

* Mild to moderate HTN (11% of Pus wi HTN refractory to 3 drugs,' Lancer 20083717921,
headache, muscle weakness, polyuria, polydipsia; no peripheral edema
because of “escape” from Ma retenticn; malignant HTN is rare

*+ Classically hypokalemia (but often normal). metabolic atkalosis, mild hypernatremia

Diagnostic studies | JcEM 2008:53:3266)

* 5-10% of Pts w/ HTIN; .-, screen if HTN + hypoK, adrenal mass, refractory/early onset HTN

+ Sereening aldo (>15-20 ngfdl) and plasma aldo:renin ratio (=20 if 17) obtain 8 am.
paired values (off spironclactone & eplerenone for & whk); Se & Sp ~85%

* ACEIIARB, diuretics, CCB can T renin activity — & PAC/PRA ratio and [iBs may T
PACIPRA ratio;.. avoid. w-blockers generally best to control HTN during dx testing.

+ Confirm with sodium suppression test (fail to suppress aldo after sodium load)
oral salt boad (+ KCI) % 3 d, v 24+h urine (= if urinary aldo 12 pgid while urinary Na =200
mEqg/d) or 2L NS over 4 h, measure plasma aldo at end of infusion (& if alda =5 ngfdL)

Figure 7.4 Agproech to suspected kyperaldosteronism
Suspect Hyperaldosteronism

AbremaL  7-8

Plasma ranin & aldosierons AM collection

'
L renin '/ L ranin T renin
L aldosterone T aldosterane (>15) T aldosterone

aldairanin >20 altarentn <10
Non-aldosterons
mineralocorticoid excess

salt suppression tast 2" Hypembidosteronism

& Renavascular disease
Cushing's syndrome v CHF, cirrhosis, nephrotic
CAH {some forms) ~ Hypovolomia & diuretic use
113-OHSD deficiancy Bartter's syndrome
Licorce (chronic ingestion) * Gitelman's syndrome
Liddia's syndroma Adrenal CT or MR Renin-secrating tumor

Exogenous mineralocorticoida

e

Suspact cancinoma, uniateral lesion  no or bilateral lesions
lasion >4 cm I'e i
Probable focalize  Adrenal vein
l Adervaie samplig P e GRA
RAecommend surgical icalization
surgery recommenaad (espec If Ft =40 y)

(Adapted from JCEM 2006933256 aned Surg Ciin N Am 2074:94:643)



Treatrent [Swp G NAm 2014.54:643)

+ Adenoma — adrenaiecmm}f vs. medical Rx w/ spironolactone or eplerenone

* Hyperplasia -+ spironolactone or eplerenone; GRA — glucocorticoids + spironolactone
+ Carcinoma — adrenalectomy

ADRENAL INSUFFICIENCY
Eticlogies
* Primary = adrenocortical disease = Addison’s disease
autoimmune: isolated or in assoc w/ APS (see table on page 7-2)
infection: TB, CMV, histoplasmosis, paracoccidioidomycosis
vascular: hemorrhage (usually in setting of sepsis), adrenal vein thrombosis, HIT, trauma
metastatic disease: (90% of adrenals must be destrayed to cause insufficiency)
deposition diseases: hemochromatosis, amyloidosis. sarcoidosis
drugs: azole antifungals, etomidate (even after single dose), rifampin, anticonvulsants
» Secondary = pituitary failure of ACTH secretion (but aldosterone intact bic RAA axis)
any cause of primary or secondary hypopituitarism (see “Pituitary Disorders™)
glucocorticoid therapy (can ocour after €1 wh of “suppressive doses™; dose effect variable;
even <10 mg of prednisene daily chronically can be suppressive)
megestrol (a progestin with some glucocorticoid activity)

Clinical manifestations [Lencet 2

+ Primary or secondary: weakness and fatlgabllity (99%), anorexia (F9X),
orthostatic hypotension (90%), nausea (86%), vomiting (75%), hyponatremia (88%)

+ Primary only (extra s/s due to lack of aldesterone and T ACTH): marked orthostatic
hypotension (because volume-depleted), salt craving, hyperpigmentation (szen in
creases, mucolus membranes, pressure areas, nipples), hyperkalemia

+ Secondary only: + other manifestations of hypopituitarism (see “Pituitary Disorders”)

Diagnostic studies ( jC £
+ Early a.m. serum cortisol <5 lngdL wwaﬂy diagnostic; =18 pg/dL rules it out (except in
severe septic shock—see below)
» Standard (250 pg| cosyntropin stimulation test (testing ability of ACTH — T cortisel) |
normal = 60-min (or 30-min) post-ACTH cortisol =18 ug/dL
abnormal in primary bic adrenal gland diseased and unable to give adequate output
abnormal in chronic secondary bic adrenals atrophied and unable to respond
{very rarely, may be normal in acute pituitary injury bic adrenals still able to respond —
use early am. cortisel instead)
+ Other tests (w/ guidance by endocrinologist): renin, aldosterone, insulin-induced
hypoglycemia {measure serum cortisol response); metyrapone (blocks cortisol synthesis
and therefore stimulates ACTH, measure plasma 11-deoxycortisol and urinary 17-
hydrosyearticosteraid levels)
» Other lab abnormalities: hypoglycemia, eosinophilia, lymphocytasis, + neutropenia
= ACTH:T in 1% | or low-normal in 27
* Imaging swdies to consider
pituitary MR to detect anatormical abnormalities
adrenal CT: small, nencalcified adrenals in autoimmune, enlarged in metastatic disease,
hemorrhage, infection or deposition talthough they may be normal-appearing)

Adrenal insufficiency & critical illness (NEm 2007, 1009301 21367)

+ T circulating cortisal despite | ACTH due tol clearance and possibly stimulation by
cytokines; low cortisol binding proteins; . dx of adrenal insufficiency problematic (e
013,3681477)

* Monetheless, reasonable o perform ACTH stim ASAP in hypotensive Pt suspected to
have absolute adrenal insufficiency

* Reasonable to perform 250-pg ACTH stim and initiate glucocorticoid replacement if T in
cortisol <9 pgfdL or absolute cortisol level <10 pgfdL, but decision to Rx should be based
on clinical assessment; unlikely to require R if spot or post-ACTH corusol =18 pgldL

* Initiate corticosteroids early: use hydrocortisone 50-100 mg IV qé—8h; prior to ACTH stim
test, use dexamethasone 2-4 mg IV géh + fludrocortisone 50 pg daily

* Rx of relative adrenal insufficiency controversial (see “Sepsis”)

Treatment

* Acute insufficiency: volume resuscitation wi normal saline + hydrocortisone IV as above

+ Chronic insufficiency
prednisone ~5 mg PO qam, or hydrocortisone: 15-25 mg PO qd (/4 a.m, ¥ early pm.)
fludrocortisone {not needed in 2° adrenal insufficiency): 0.05-0.1 mg PO gam
backup dexamethasone 4-mg IM prefilled syringe given to Pt for emergency situations



PHeEOoCHROMOCYTOMA & PARAGANGLIOMA

Clinical manifestations (five Ps) 2005: 366:665)

Pressure (hypertension, paroxysmal in 50%, severe & resistant to Rx, oce orthostatic)

Pain (headache, chest pain)

Palpitations (tachycardia, tremor, wt loss, fever)

Perspiration (profuse)

Pallor (vasoconstrictive spell)

“Rule of 10" 10% extra-adrenal (known as paraganglioma), 10% in children,
10% multiple or bilateral, 10% recur (T in paraganglioma), 10% malignant (T in
paragangliomna), 10% familial, 10% incidentaloma

Paroxysms can be triggered by meds (eg. B-blockers) abdeminal manipulation

Associated with MEN2A/2B, von Hippel Lindau, neurcfibromatosis type 1, familial
paraganglioma (mutations in succinate dehydrogenase gene B, C and D)

e s e

Diagnostic studies (ict 991915

= 247 urinary fractionated memnephrmes B5-97% Se, 69-95% 5Sp. Screening test of choice
if low-risk (as false @ with severe illness, renal failure, OSA labetalol due to assay
interference, acetaminophen, TCAs, medications containing sympathomimetics),

* Plasma-free metanephrines: B3-100% Se, 79-97% Sp ( jama ?D{JI 287:1417). Screening
test of choice if high risk, but T rate of false & in low-prevalence population. Draw
blood in supine position after Pt supine for 30 min, estimared 2.8+ 7 false & if seated.

« Adrenal CT generally better than MRI; PET for knewn metastatic disease or to localize
nonadrenal mass but usually easy to find; consider MIBG scintigraphy if CT/MRI ¢

» Consider genetic testing if bilateral disease, young P, © FHx, extra-adrenal

Treatment
* a-blockade first (usually phencoxybenzamine) £ f-blockade (often propranolol) — surgery
* Preoperative volume expansion is critical due to possible hypotension after tumor excision

ADRENAL INCIDENTALOMAS

Epidemiology

» 4% of Ps undergoing abdominal CT scan have incidentally discovered adrenal mass;
prevalence T with age

Differential diagnosis

* Nonfunctioning mass: adenoma, cysts, abscesses, granuloma, hemorrhage, lipoma,
myelolipoma, primary or metastatic malignancy

* Functioning mass: pheochromocytoma, adenoma (cortisol, aldosterone, sex hormones),
nonclassical CAH, other endocrine tumor, carcinoma

Hormonal workup M7 A56:601: JCEM

* Rule out subclinical Cushing's syndrnme in ai.l' Fts using 1 mg overnight DST
(Sp 91%). Abnormal results require confirmatory testing.

* Rule out hyperaldosteronism if hypertensive w/ plasma aldo & renin (see above)

* Rule out pheochromocytoma in ALL Pts (b/c of morbidity unRo'd pheo) using 24-h
urine fractionated metanephrines or plasma free metanephrines

Malignancy workup
* CT and MRI characteristics may suggest adenoma vs. carcinoma
Benign features: size <4 cm; smooth margins, homogenous and hypodense appearance;
unenhanced CT <10 Hounsfield units or CT contrast-medium washout =50% at
10 min. Can follow such incidentalomas w/ periedic scans.
Suspicious features: size =6 cm or T size on repeat scan; irregular margins,
heterogeneous, dense or vascular appearance; h/o malignancy or young age.
Such incidentalomas warrant resection or repeat scan at short interval.
* Rule out metastatic cancer (and infection) as in Pts w/ hio cancer, -50% of adrenal

incid are mal

Follow-up
* If hormonal workup < and appearance benign, yearly fxnal testing for 4 y wi follow-up
imaging at 6, 12, & 24 mos reasonable approach, but controversial



CALCIUM DISORDERS 1

Laboratory Findings in Calcium Disorders |

Ca PTH Disease PO, 125 (OH)D 1,25-(OH);D
T Hyperparathyroidism {1° and 3°) 4 Lronl T
t or nl Familial hypocalciuric hypercalcemia il nl
1 Malignancy var. var, var.
L Witamin D excess 1 i var.
Milk-alkali syndrome, thiazides 4 nl nl
T Bone turnover T vl var.
T Pseudohypoparathyroidism T nl _
A Yitamin D deficiency 4 4 nlf)
L Chronic renal failure (2° hyperpara) 1 var. 1
var,  Acute calcium sequestration var. war. var,
l 4 Hypoparathy T nl 4

Pitfalls in measuring calcium

= Physiologically active Ca is free or ionized (ICa). Serum Ca reflects total calcium
(bound + unbound) and -, influenced by albumin (main Ca-binding protein).

» Corrected Ca (mg/dL) = measured Ca (mg/dL) + {0.8 x [4 — albumin (g/dL]]}

« Allealosis will cause more Ca to be bound to albumin (. total Ca may be normal but L 1Ca)

» Best to measure ionized Ca directly (but accuracy is lab dependent)

HYPERCALCEMIA

Etiologies of Hypercalcemia |
Category Etiologies |
Hyperparathyroidism 1% adenoma (85%), hyperplasia (15-20%; spont vs.
(HPT) MEM1/2A), carcinoma {<1%), meds (Lithium — T PTH}
(MEIM 2011265:2389) 3° after long-standing 2° hyperparathyroidism (as in renal

| failure) — autonomous nodule develops, requires surgery
Familial hypocalciuric  Inact mut in Ca-sensing receptor (FHH1), G117 (FHH2),
hypercalcemia (FHH) AP251 (FHH3) — 7 Ca set point;+ mild T PTH
Acquired form due to autadb vs. Ca-sensing receptor (rare}
FEca [{24-h Ugfserum Ca} { {24k Ugdserum Cr] <0.01
Malignancy PTH-related peptide (PTHrP) — humoral T Ca of malignancy
{ICEM 2015100:2024) {eg. squamous cell cancers, renal, breast, bladder)
ines — 1 osteaclast activity (eg, hematolagic malig)
T 1,25-{QH);D (eg, rare lymphomas)
Local osteclysis (eg, breast cancer, myeloma)
Vitamin D excess Granulomas (sarcoid, TB, histo, GPA) — T 1-OHase —
T 1,25-{OH}:D.Vitamin D intoxication,
T Bone turnover Hyperthyroidism, immaobilization + Paget’s disease, vitamin A
Miscellaneous Thiazides; Ca-based antacids or massive dairy
consumption (milk-alkali syndrome); adrenal insufficency
Among inPts wi hybercalcemia: 45% have cancer, 25% 7 HPT, 10% CKD — 3° HPT
{JCEM 2005:50:63 16; NEJM 2013368:644)
Clinical manifestations ("bones, stones, abdominal groans and psychic means™)
* Hypercalcemic crisis (usually when Ca »13=15): polyuria, dehydration, AMS
Ca toxic to renal tubules — blocks ADH activity, causes vasoconstriction and | GFR
— polyuria but Ca reabsorption - T serum Ca — T nephrotoxicity and CINS sx
+ Osteopenia, fractures and osteitis fibrosa cystica (latter seen in severe hyperpara. only —
osteoclast activity — cysts, fibrous nodules, salt & pepper appearance on X-ray)
+ Mephrelithiasis, nephrocalcinosis, nephrogenic DI
» Abdominal pain, anorexia, nausea, vomiting, constipation, pancreatitis, PLUD
» Fatigue, weakness, depression, confusion, coma, & DTRs, short QT interval
» 1" HPT: 80% asx, 20% nephrolithiasis, osteoporosis. etc.

Diagnostic studies

* Hyperparathyroidism (HPT) and malignancy account for 90% of cases of T Ca HFT more
lileely if asx or chronic malignancy (usually overt) more likely if acute or sx

« Ca,alb,|Ca, PTH (may be inapprop. normal in 12 HPT & FHH: jama 1014:312:2680), POs,
T or high nl PTH: 24-h Ug, =200 mg — HPT; 24-h Lc, =100 mg & FEq, <007 - FHH




L PTH: v PTHrRAg, & search for malig (eg, CT. mammogram, SPEP/UPEP) and
¥ wit ;T 25-(OH)D - meds; T 1,25-(OH)D - gﬁmuhma {/ CXR A.CE,nfo Iymph}

Acute Treatment of Hypercalcemia

Treatment Onset  Duration Comments
MNormal saline h during Rx  Natriuresis — T renal Ca excretion
| (4-6 Lid)
+ Furosemide h during Bx  Use cautiously, only if volume overloaded
Bisphosphonates  1-2d var. Inhibit osteodasts, useful in malignancy: caution
| In renal fallure; risk of faw osteonecrosis
| Calcitonin h 2-3d Quickly develop tachyphylaxis
Glueocorticoids days days ? Useful in some malig, granulomatous disorders
& vitamin D ingose.
Denosurnab days months  Monoclonal Ab against RANKL; typically used in
(JCEM 2074:99:3144) hyperCa of malignancy; not renally cleared
| Hemodialysis min  during Rx K other measures ineffective or contraindicated |
(BM] 2015:35h2723)

Treatment of asymptomatic 1" HPT | 2 335

* Surgery if: age <50 y;serum Ca =1 mg/dL >UI._N CrCl <60 mb/min, DEXAT score <-2.5
* Ifsurgery declined/deferred, can Rx with, cinacalcet (1. Ca & PTH but may not T BMD)

+ If not yet candidate for surgery: o serum Ca & Cr annually and BMD q1-2y

Calciphylaxis (calcific uremic arteriopathy)

+ Caldfication of media of small- to med-sized blood vessels of dermis & SC far

* Ischemia & skin necrosis. See “Chronic Kidney Disease” for further details.

HYPOCALCEMIA

Etiologies o;Hn;calcenii
Category Etiologies
Hypoparathyroidism  latrogenic (s/p thyroidectomy, rarely after parathyroidectomy);

| (MEIM 2008:359:397) sporadic; familial (APST, activating Ca-sensing receptor
mutations; see page 7-2);Wilson's, hemochromatosis; hypoMg
(| secretion and effect), activating Ca-sensing receptor autaAb

Pseudo- la and Ib: PTH end-organ resistance (-, T serum PTH)
hypoparathyroidism  la: + skeletal abnormalities, short stature, & retardation

(JCEM 2011;96:3020) Peeudopseudohypoparathyroidism = la syndrome but nf Ca & FTH
Vit D defic. or resist  Nutritional'sunlight deprivation; Gl disease/fat malabs.; drugs
(MEJM 2071364248 (anticonvulsants, rifampin, ketoconazole, 5-FUlleucovorin;

[CEM 2012:97:1153) genetic (1o-hydroxylase, YDR mutations)

Chronic renal failure | 1.25-(OH).D production, T PO, from | clearance |
Accelerated net Postparathyroidectomy, Rx of severe vit D deficiency or

bone formation Pagers disease (MEM 2013368444, ostenblastic metastases
Calcium Pancreariris, citrate excess (after blood transfusions),
sequestration acute TT POy (ARF, rhabdomyolysis, tumor fysis), bisphosphonates

Clinical manifestations

* Neuromuscular irritability: perioral paresthesias, cramps, @ Trousseau's (inflition of BP
cuff =3 min — carpal spasm), = Chwostek’s (tapping facial nerve - contraction of facial
muscles), laryngospasm; irritabilicy, depression, psychosis, T ICP, seizures, T QT

* Rickets andfor osteomalacia: chronic 1 vit D — L Ca, | POy - | bonelcartilage
mineralization, growth failure, bone pain, muscle weakness

+ Renal osteodystrophy (1 vit D & T PTH in renal filure) osteomalacia [L mineralization
of bore due to L Caand 125-(OH).D] & asteitis fibrosa eystiea (due ta T PTH)

Diagnostic studies

+ Ca,alb, ICa,PTH, 15-{0H]EJ.1 25- {DH hD (if rena}farlure or rickets), Cr, Mg, POy Ad, Uc,

Treatment (also © ncomitant vieamin D def

» Severely symptomatic: Ca gluconahe (1—2 g IV over 20 mi n] + oral Ca + caleitriol (but
takes hrs to work) + Mg (50-100 mEq/d); 10% CaClz in codes or via CVL

+ Consider gtt or PO to follow as effect of IV bolus typically lasts only a few hours

+ Chronic:oral Ca (1-3 g/d: Ca citrate better absorbed than Ca carbonate, esp. if
achlorhydria or an PPI) and typically calcitriol (0.25-2 meg/d), and replete vieamin D
deficiency. Consider thiazide to | urinary Ca or recombinant FTH 1-84.

* Chronic renal failure: phosphate binder(s), oral Ca, calcitriol or analogue



DIABETES MELLITUS [

Zare 2016:39:513)

Definition (o

+ Either Hbay 26.5, iast'ng gle 2126 mgldL, or gle 2 b after OGTT 2200 mg/dL x 2 (for any
test) or single random gl =200 mg/dL wi classic sx of hyperglycemia; all tests equally

reasonable (nb, may be @

on one test but not another); OGTT preferred during preg

+ Bloed glc higher than normal, but not frank DM (“prediabetics,” ~40% U.S. population)
Hbatc 5.7-6.4% impaired fasting glc (IFG) 100-125 mg/dL, or 2 h prandial glc 140-199
Preventing progression to DM: diet & exercise (58% 1), metformin (31% L NEm

1002:346:393), TZD (60% L Loncer 2006368 1096)

Categories

+ Type T (Loncee 201438349 islet cell destructon; absolute insulin deficiency; ketosis in
absence of insulin prevalence 0.4%; usual enset in childhood but can eccur throughout
adulthood; T risk if = FHx; HLA associations; ant-GAD, ant-islet cell & ant-insulin autoAb

+ Type 2 (Annat 2015 162MC1): insulin resistance + refative insulin L; prevalence 8% onset
generally later in life; no HLA assoc.: risk fictors: age, @ FHx, obesity, sedentary lifestyle

+ Type 2 DM p/w DKA (‘ketosis-prone type 2 diabetes” or "Flatbush diabetes'): most often
seen in nomwhite, + anti-GAD Ab, eventually may not require insulin (Ends ey 2008,29:297)

* Mature-Onset Diabetes of the Young (MODY): autosomal dom, forms of DM due to
defects In insulin secretion genes; genetically and clinically heterogeneaus (NEM 2001,345571)

+ Secondary causes of diabetes: exogenous glucocorticoids, glucagonoma (3 Ds = DM,
DVT, diarrhes), panereatic (pancreatitis, hemochromatosis, CF resection), B
endacrinopathies (Cushings disease, aeromegaly), gestational drugs (protease
inhibitors, atypical antipsychotics)

Clinical manifestations

. Pol:.ruma. polydipsa, polyphagia with unexpdalned waght loss; can also be asympwmauc

| Diet
Metformin (biguanide)
Firstdine pharmacoR for
al 720
Sulfonylureas (SU)
Thiazelidinediones (TZD)
{PPARy agonists)

GLP-1 agonists
DPP-4 inhibitars

SGLT-2 inhibitors
(block renal tbular gle
uptake)

Glinides {nonsulfonylurea
insulin secretagogues)
w-glucosidase inhibitors
Pramlintide

Insulin

{Additional T1D options:
insulln pump, pancreatic
o islet cell rransplant)

Gastric bypass

Insulin Preparations |(AMA 2014311:2315)

Diabetes Treatment Optlons
Type 1: carb counting: Type 2: wt reduction diet + exercise
| hepatic gluconecgenesis. L Hbac ~1.5%.
‘Wt neutral, NV & diarrhea, rare lactic acidosis
Contraindic. in renal {eg, Cr »1.5) or liver failure
T insulin secretion, L Hbasc -15%. Hypoglycemia, we gain.
T insulin sens. in adipose & muscle. | Hbayc ~1%5.
Wt gain, hepatotoxicity, fluid retention & CHF, bone fractures
!'T Ml wi rosiglitazone; not pioglitazone (8¢ 2011342:41309)
Contraindic. in liver disease and NYHA 1l-V, menitor LFTs
T gle-depend insulin secretion, § Hbase ~0.5%. L CV events
(NEM 2016.375:311). Wt Joss, NIV & diarrhea (30-45%).
Block degrad. of GLP-1 & GIP - T insulin, 4 Hbuc —0.5%,
1T risk of CHF with some (NEM 20153631317 & 2015373:232)
T glueosuria. | Hbasc —0.6-1% Wt lost, | CV death & HF,
slows progression of kidney disease (ngm 20153732117
NEM 2016375:323). T risk of normoglycemic DKA (Dioberss Care
016,39:532), fungal GU infxn & UTIs, hypovolemia, T LDL
T insulin secretion, } Hbsse ~1.5%
Hypoglycemia {but less than wi SU), wt gain
Lintestinal CHO abserption, L Hbaic 0.5-0.8%. Gl distress (gas).
Delays gastric emptying & | glucagon, | Hbawc 0.5%. Gl sx,
To be used as adjunctive Rx wi insulin inT1D or T2D
Hypoglyeemia, wt gzin. T1D: generally eombine intermed.f
long-acting (NFH or glargine} & short-/rapid-acting (regular or
lispra) insulin, T20: consider if mono oral Rx not adequate
(esp. if Hban: high) and start if combo oral Rx not adequats,
Can cure DM & prevent complications (NEfM 2014370:2002)

{Luno:l 143831063, fAMA 2015314105, Diabetes Care T016:3%:552; Endocr Proct 2016 11:84)

Preparation Onset Peak Duration Side effects/Comments
Lispro, aspart 5-15 min  60-90 min 2-4h Give immediately before meal |
Regular 30-60 min 2-4h 58h Give —30 min before meal

NPH =1h 4 h 12-18h  Can cause protamine Ab prod |
Glargine h Mo peak 20-24 K Onca daily (a.m.or pm.)
Detemir 1-3h No peak 18-26 h  Onee daily

€L sa3awg



Complications (VEjM 200435148 2007355820, 2012:366:1227)

» Retinopathy
nonproliferative: “dot & blot” and retinal hemorrhages, cotton-wool/protein exudates
proliferative: neovascularization, vitreous hemorrhage, retinal detachment, blindness
treatment: photocoagulation, surgery, intravitreal bevacizumab injections

+ Nephropathy: microalbuminuria - pmminuria + nephrotic syndrome — renal fallure
diffuse glomerular b brane thickening/nodular pattern (Kimmelstiel-Wilsen)
usually accompanied by retinopathy; lack of reti ncnpath)I suggests another cause
treatment: strict BP controf using ACE inhibitors or ARBs (Mayo Cin Proc 207 HB6-4H),

SGLT-2 inhib (MEWM 2016,375:323), low-protein diet, dialysis or transplant

» Neuropathy: peripheral symmetric distal sensory loss, paresthesias, = motor loss
autonomic; gastroparesis, constipation, neurogenic bladder, erectile dysfxn, orthastasis
r pathy. sudden-onset peripheral or CN deficit {footdrop, CN I = VI = V)

= Accelerated atherosclerosis: coronary, cerebral and peripheral arterfal beds

= Infections: UT|, osteomyelits of foot, candidiasis, mucormycosis, necrotizing external orits

+ Dermatologic: necrobiosis lipoidica diabeticorum, lipodystrophy, acanthosis nigricans

Care 701538549

Qutpatient screening and treatment goals i

* o Hbaic q3-6mo, goal <7% for most Pes. Can use goal Hbmc =7.5-8% if ho severe
hypoglycernia or other comorbidides. Microvascular & macrovascular complications L by
strict ghycemic control in TTD (NEW 2005;3532643) & TZD (NEW 20153722197).

* Microalbuminuria screening yearly with spot microalbumin/Cr ratio, goal <30 mglg

» BP <140/90 [jaMA 2015:313:603); =130/80 in young or select high-risk; benefit of ACE-I

= Lipids: statin initiation in all diabetics age 40-75 if LDL-C >70 (see Lipids saction)

» ASA if age =50 (3 ) or 60 (2) or other cardiac risk factors (G 2010,121:2494)

= Dilated retinal exam and comprehensive foot exam yearly

Management of hyperglycemia in inpatients (for |CU Prs: see "Sepsis™)
= Identify reversible causes/exacerbaters (dextrose IVE glucocorticolds, postop, T carb diet)
» Dx studies: BG fingersticks (fasting, gAC, gHS; or géh if NPD), Hbaac
= Trearment goals: avaid hypoglycemia, extreme hyperglycemia (=180 mg/dL)
» Madification of outPt treatment regimen: In T1D, do not stop basal insulin {can — DKA).
InT20: stopping oral DM meds generally preferred to avoid hypoglycemia or med
interaction (except if short stay, excellent outPt cntd, no plan for IV contrast, ni diet)
+ InPt insulin: can use outPr regimen as guide; if insulin naive:
total daily insulin = wt (lg) + 2, to start; adjust as needed
give V: of total daily insulin as basal insulin in long-acting form to target fasting gle
give other 11 as shore-acting boluses (standing premeal & sliding scale corrective insulin)
* Discharge regimen: similar w admission regimen unless poor outPrt cnd or strong
reason for A Arrange early insulin and glucometer teaching. prompt outPt follow-up.

DiageTic Ketoaciposis (DKA)

Precipitants (the I's)
* lInsulin defic. (ie, failure to take enough insulin); latrogenesis (glucacorticoids; SGLT2

inhibitors—can be wio marked hyperglycemia; Dinbetes Core 201639532)
+ Infection (pneumonia, UTI) or Inflammation (pancreatitis, cholecystitis)
+ lschemia or Infarction tmyocardla! cerebral, gut); Intoxication (alcohol, drugs)
Fathophysiology (Nejs 7
+ Oceurs in T1D (and in ketcms prone T2D}: T glecagon and L insulin
+ Hyperglycemia due to: T gluconeogenesis, T glycogenolysis, | glucose uptake into cells
+ Ketnsis due to:insulin deficiency — mobilization and oxidation of fatty acids,

T substrate for ketogenesis, T ketogenic state of the liver, | ketone clearance

Clinical manifestations (Di i

» Polyuria, polydipsia, & derydmnon — T HR, HoTN dry mucous membranes, | skin wrgor

+ N/ abdominal pain (either due to intra-abdominal process or DKA), ileus

+ Kussmaul's respirations (deep) to compensate for metabolic acidosis with odor of acetone

« A MS — somnolence, stupor, coma; mertality — 1% even at tertiary care centers

Diagnostic studies

+ T Anion gap metabolic acidosis: can later develop nonanion gap acidosis due to
urinary loss of ketones (HCOs equivalents) and fluid resuscitation with chloride

+ Ketosis: @ urine and serum ketones {predominant ketone is i-OH-butyrate, but
acetoacetate measured by assay; urine ketones may be @ in fasting normal Pes)

* 1 Serum gle; T BUN & Cr (dehydration £ artifact due to ketones incerfering wi some assays)

* Hyponatremia: corrected Na = measured Na + [2.4 » (measured glc — 100)1100]

.

v 100%:12:1335 & 2016:39:59%)

Lor TK (but even if serum K is elevated, usually total body K depleted); | total body phos
Leukocytosis, T amylase (even if no pancreatitis)



Typical DKA “Flow Sheet” Setup
\"5 UOP pH HCO; AG Ketones Gle K POs IVF Insulin

Mote: Main ketone produced is fi-OH-butyrate (FOHB), but ketone measured by nitroprusside is ocetpacetate
(e As DA fs treated, FOHB —» AcAc, .-, AG can decrease while measured ketones can increase,

Treatment of DIU\ {Dlsbetes Core 1009 111335
Rule out possible precipitants  Infection, intra-abdominal process, M, etc, (see

above)
Aggressive hydration NS 10-14 mUkgth, tailor to dehydration & CV stanus
Insulin 10 U IV push followed by 0.7 Urkg/h

Continue insulin drip until AG normal
If glc <250 and AG still high — add dextrose to IVF
and continue insulin to metabolize ketones
AG normal — SC insulin (overlap IV & SC 2-3 h}
Electrolyte repletion K: add 20-40 mEqg/L IVF if serum K <4.3
insulin promotes K entry into cells - | serum K
careful K repletion in Pts with renal failure
HCOy: ! replete if pH <7 or if cardiac instability
PO replete if <1

HYPEROSMOLAR HYPERGLYCEMIC STATE

Definition, precipitants, pathophysiology (Dixt 2003

*+ Extreme hyperglycemia (wio ketoacidosis) + hypemsm +AMSin T2D (typically elderly)

+ Precip same as for DIA, but also include dehydration and renal failure

+ Hyperglycemia — osmatic diuresis - vol depletion — prerenal azotemia — | gle. ete.

Clinical manifestations & dx studies (Dibetes Core 201632599

+ Volume depletion and A MS

+ T serum gle (usually >600 mg/dL) and T meas, serum osmolality (3320 mOsmiL)
effective Osm = 2 = Na (mEg/L) + gle (mg/dL)/18

* No ketoacidosis; usually T BUN & Cr;[Na] dapnnds on hyperglycemia & dehydrauon

Treatment ( ssibla prec 15% mortality due to precipitating factol

+ Aggressive Hy;lratlon' initially N.S. then 1 NS, average ﬂle loss up to 8-10 L
* Insulin {eg, 10 U IV followed by 0.05-0.1 Lifkg/h)

HYPOGLYCEMIA

Clinical manifestations (glucose <-55 m;

+ CNS: headache, visual i.'.s A M5, weakness, sm:ure LOC {neuroglycopenic sx)
» Autonomic: diaphoresis. palpitations, tremor (adrenergic sx)

Etiologies in diabetics
+ Excess insulin, oral hypoglycemics, missed meals, renal failure (J insulin & SU clearance)
+ f-blockers can mask adrenergic symptoms of hypoglycemia

Etiologies in nondiabetics
* T insulin: exogenous insulin, sulfonylureas, insulinoma, anti-insulin antibodies
| glucose production: hypopituitarism, adrenal insufficiency, glucagon deficiency,

hepatie failure, renal failure, CHF, aleohalism, sepsis, severe malnutrition

= T IGF-II: non-islet tumer

* Postprandial, esp. postgastrecomy or gastric bypass: excessive response to glc load

* Low glc wio sx can be normal

Evaluation in nondiabetics { jCEM 200954707

= If dlinically ill: take measures to avoid recurrent hypoglycemia; o BUN, Cr, LFTs, TFTs,
prealbumin; IGF-IIGF-1l ratic when appropriate

* If otherwise healthy: 72-h fast wi monitored blood glc; stop for neuroglycopenic sx

« At time of hypoglycemia: insulin, C peptide (T wi insulinoma and sulfonylureas, | w/
exogenous insulin}, B-OH-butyrate, sulfonylurea levels

« Atend of fast, give 1 mg glucagen [V and measure response of plasma gle before feeding

Treatment

+ Glucose tablets, paste, fruit juice are first-line Rx for Pts who can take POs

+ If IV aceess available, give 25-50 g of Do (50% dextrose)

+ If no IV can give glucagon 0.5-1 mg IM or SC (side effect: N/V)



B LIPID DISORDERS

Measurements

* Lipaproteins = lipids (cholesteryl esters & triglycerides) + phospholipids + proteins
include: ehylomicrans, VLDL, IDL, LDL, HDL, Lp(a)

* Measure after 12-h fast; LDL typically calculated: LDL-C = TC — HDL-C — (TG/S)
underestim, if TG =400 or LDL-C <70 mg/dL; . directly measure LDL-C
levels stable up to 24 h afver ACS, then | and may take 6 wk to recurn to nl

* PEx clues: tendon xanthomas (eg,Achilles), imply LDL =300 mg/dL; eruptive xanthomas
on extensor surfaces imply TG =1000 mg/dL; xanthelasma (yellowish streaks on eyelids)

+ Metabolic syndrome (23 of following): waist 240" (&) or 235" (9);TG 2150, HDL <40 mg/dL
(&) or <50 mg/dL {); BP =130/85 mmHg fasting gle 2100 mgldL (Cee 2003:120:1640)

+ Lp(a) = LDL particle bound te apo(a) via apoB; genetic variants afw M (nEW 2009361:2518)

Dyslipidemias

1% familial hyperchol, (FH, 1:500): defective LDL receptor; 17 chol, nl TG; T CAD:; familial

hypertrig. (FHTG, 1:500): 1 TG, £ T chol, | HDL, pancreatitis: and many others

= 25 DM (T TG, L HDL), hypothyreidism (T LDL, T TG), nephrotic syndrame (T LDL, TTG),
liver failure {1 LDL), alechol (T TG, T HDL), thiazides (T LDL, T TG), protease inhib (1TG)

Drug Treatment
Dirug LiLbL THDL LTG Side effectslcomments
| Statins 20-60% 5-10%  10-25% TALT in 0.5-3%: v before starting and then prn
Myalgias <10%, rhabdo <0.1%, dose-dependent
T risk of DM: screen if risk factors
Ezetimibe  15-20% — — Well tolerated
Fibrates ~ 5-15% 5-15% 35-50% Mpyopachy risk T wi s@tn.T Criv” renal fxn gémo.
Niacin 10-25% -30% 40%  Flushing (ASA preRo may L), T glc & UA. No
I benefit if on statin wi low LDL-C NEM 2014371:203),
Resing 20% 3-5% T Bleating, binds other meds
| -3 FA 3%t 3% 25-50%  Dyspepsia, diarrhea, skin As, bleeding, ! efective
| {JAMA 2012:308:1024), definitive trials underway
| PCSK9i  40-85%  5-10% 15 ~25% mAb inj SC qw or qdw (JACC 1015:55.2638)
Treatment of LDL-C (L 20143
* Statins: every 1 mmol (39 mg,de) L LDL C — 22% | major vascular events [CV
death, M, stroke, revasc) in individuals wi' & wio CAD (Lancet 2010;376:1670)
» Ezetimibe: | major vascular events incl MI & stroke when added to statin post-ACS, wi mag-
nitude of benefit consistent wi LDL-statin relationship (IMPROVE-IT, ngj# 2015372:2387)
» PCSK® inhibitors: -60% | LDL on top of statin, as monoRx, and in FH (EH) 2014352249
prelim data w/ encouraging | CV outcomes qmrpuamsaﬁmm definitive trials angoing
Treatment of other lipid fractions (Loncet 2014384818 &
* HDL-C: low levels alw T risk of M, bu: no cllnk;ai yet benel‘:t by raising
* Triglycerides: reascnable to treat levels >500-1000 mgfdL wi fibrates or (2-3 FA to | risk
aof pancreatitis, genetically mediated lower levels afw | risk of CAD (NEIWM 201437122)
modest benefit of fibrates on CV outcomeas (NEMM 20103621563 & 2013:3621800)
. I.p{a)' consider | to <50 mg!dL wi niacin in intermed- to high-risk Pts (g4 1010,31:2844)

2013 ACC/AHA Guideline & 2016 Expert Consensus Decision Pathway

Population 10-y CV risk Statin Recommendation
Clinical ASCYD na High intensity (! moderate if age >75 y)
LOL-C =150 mg/dL nfa High intensity
| DM, age 40-75 y nfa High intensity (! moderate if risk <7.5%)
27.5% High or moderate intensit
:‘iﬁ ef;::;m} 5—<75% ReEsgnable to offer mode;rate intensity
5% Consider statin if additional risk factor

Consider EZE or PCKS91 if LDL-C 270 & hfaaﬁCS,_g!.hf@_evgn__t_ white on statin, DM, or H =
Circ 2014:129{Suppl 2157 & JACC 2016:68:92 ASCVD incl W ACS, seable angina, art. revase, stroke. TIA, PAD,
10y TV Risk Score: hitpeimyamericanheart orgfovriskcaloulator. Additional risk factors to consider- LOL-C 2160
mgldL, genetic hyparlipid, FHx premarures ASCVD, hsCRP =2 mgll. CAC score 2300 or 2757 ik, ARI <0.%
Statin Doses & LDL-C Reduction (doubling of dese — 6% further | LDL-C)
i Intensity | LDL-C Rosuva Atorva Simva Prava Lova Fluva Pitava

High =50% 2040 40-80 (80)
Mod 30-50% 510 10-20  20-40 40-80 40 B0 24
Low =30% 10 10-20 20 2040 1

Doses are in mg, Simva 80 mg has T myopathy risk and showld not be used unless dose already talerated =12 mo,



APPROACH TO RHEUMATIC DISEASE .

Approach to patient with joint pain

* Articular vs. periarticular (bursitis, tendinitis) source of pain: typically active ROM more
painful than passive ROM in perfarticular process

» Inflammatory vi. noninflammatory pain: features of imflammatory pain include swelling,
warmth or redness in specific joint, prolonged morning stiffness (30 min), improvement
of painfstiffness w/ motion/exercise

» Physical exam (see table): localize complaint and identify ebjective signs of inflammation

+ The physical exam is only 50-70% sensitive for detecting inflammatory arthritis

Key Physical Exam Findings in Joint Pain
Articular {joint) disease Periarticularisoft tissue

Physical oA lnﬂanimatory Arthralgia  Bursitis or  Myofascial |
exam arthritis’ tendinitis
Swelling varies yes no yes no
Erythema no varies [i] yes no
Warmth no yes no yes no
Tenderness joint line yes varies periarticular yes
ROM! limited limited full or full, often full
limited limited by pain
Pain wi active both both usually both active = usually both
or passive pastive :
*May mitiafly present 15 arthralkgia wio evert arthrins, "Range of motion of joint or joint afw bursz or tendon.
Figure 8-1 Approach 12 artheitls
Duratien?
Acute fdays) = " Ghromiic frka-rros)
- T
Infaction (Bacterial ve, visal) Inflammatian?
TraumaHimiar rogis # b
Caystal-rducad s
Faactva E]
EAy Ehioni e / Cstecariheils E
# daints mvalved Mierrat el e E
(o, torm marescus|
m/ m:w ““M uUateommsis I ;
e + \‘ Turmar
Lyma Insdoient imaction FAPsarialic Lo
Inoient nlection Spondytearthiits CTD (eg, SLE) g
Cryutnd-induced Grynia-inducad Systemic vasoudiic
Eary olipoipaly Stills dsaasa Byasitis
Earyillypical poly Crysial-incuoed
Sills dspase
Analysis of Joint Fluid
Test Normal  MNoninflamm  Inflammatory Septic
Appearance clear clear, yellow clear to opaque opaque
yellow-white
WEC/mm' <200 <3000 2000 >2000 [wsually >50k*)
Palys <25% <25% =50% =75%
Culture a (=) =l &
Intracelular =} =} @ in some =
Sl =g, go) =

FWBC count of aspirated fluid in septic bursits often < WBC eount in septic arthrins.

Radicologic features of major arthritides

* OA: plain films: osteophytes, asym joint space narrowing (J5M), subchondral sclerosis
& cysts. MRI may show early diseasa not seen on plain films; LIS = MRI for
structural damage.

« RA: plain films: early = periarticular ost ia; late = er A ric JSM
MRI & UJS able to detect early and subclinical disease; MRI = UIS for erosions.

* Gout: plain films: early = nonspec swelling; late = tophus, [oint erosians w/ everianging
edpes. U/S used for detection of microtophi (double contour sign); MRI = UJS for erosions.

+ Spondyloarthritis (sacroiliac joint): plain films: pseudo-widening of joint space (early),
sclerosis, ercsions, ankylosis. MRI most Se for early A; LIS = MRl o detect enthesitis.




Rucumamec  8-2

Comparison of Major Arthritides

| Feature OA RA Gout/CPPD Spondyloarthritis

| Onset gradual gradual acute wariable
Inflammation =] & ] &
Fathalogy degeneration pannus microtophi enthesitis
# of joints poly poly mono to poly olige or poly
Typical joint hips, knees, MCP PIP MTP sacroiliac
involvement  spine, 1st CMC  wrists, feet, feet, anklas, spine

DIF, FIP ankles, knees knees farge periph

Joints often MCR.shoulder, L & T spine, spine any joint can be
spared elbow, wrist DiPs invoived
Special Bouchard's & ulnar dev. urate/CPPD dactylitis

| articular Heberden'’s swan neck crystals enthesitis

| findings nodes boutonnigre tophi {eg. Achilles)

| deformities bambaoo spine

syndesmophytes

Extra- SCnodules  olec. bursitis psoriasis
articular pulmonary renal stones 1BD
features sicca uveitis
Lab data normal cften @ RF& T UA (may be + HLA-B27

| ant-CCP  nl during flare)

InFLAMMATORY MARKER & AuToanTiBODY TESTING

Inflaimmatory markers (Vod theumo - 4494

+ ESR: indirect measure of |rvﬁamrnar.|cm RBC aggregation due to acute-phase proteins);
slowr to rise; T wi age, pregnancy, anemia, obesity

* CRP: direct measure of inflammation (protein produced by liver, parc of innate immune
system); typically rises ond falls before the ESR wi/ treatrment/resolution of process

Autoantibody testing (& rock #i b 4

* ANA: screening test for Ab durecl.ed agalns: nuclear prol:ems and found in autoimmune
conditions, most useful in testing for suspected connective tissue diseases

*+ Ab against dsDMNA & RolLa/Smith/RNP are highly specific for various CTD and can be
used to wiu @ ANA further in setting of clinical suspicion

+ Order ANA anly when clinical suspicion for disease bic nonspecific: 1:40 (low ©, 25-30%
of healthy people); 1:80 (low &, 10-15% of healthy people); =1:160 (%, 5% of healthy).
May be @ in Pts prior to clin manifest (NEIM 2003,349:1526; Arthricts Res Ther 2011,13:1).

+ ANA does not correlate well wi disease activity, . no clinical value in serial testing

* RF and anti-CCP can be seen in CTD but are not specific in this dlinical setting

Dox & ArPROACH TO COMMON INPATIENT RHEUM PRESENTATIONS

i Presentation Rheum Ddx Rheum Lab Workup
Fever of GCA/PMR, adult-onser Still’s, SLE, ESR, CREANA,
unknown inflammatory arthritis, Takayasu's, REANCA, £ cryo
origin PAN ANCA @ vase, cryo, HSP
Pulmenary Seleroderma (limited > diffuse). ANA, 5cI-70, centromere,
hypertension MCTD, SLE, PM/DM (less comman) RMNA Pol I, RNP
Diff alveolar ANCA, & vasc. Goodpasture’s, ANCA, GBM,ANA, C3/C4
hemaorrhage SLE APS
Interstidal Scleroderma (diffuse > limited), sarcoid,  ANA, Rofla, RFfant-CCP,
lung RA, DM/PM, antisynthetase syndrome, ANCA, £ myosits panel
disease Siogren’s, MCTD, SLE (esp. pleura),

ANCA & vasc (esp. MPA)
Pleurs- SLE,RA, MCTD, DM/PM, ANA, dsDNA, Sm, RNP
pericarditis ANCA & vasc, Sjdgren’s, PAN Rafla, RF and-CCRANCA
Acute kidney SLE (GM or nephrotic), AMCA & vasc AMNA, Rofla (RTA/TIN)
injury {GN). scleroderma renal erisis (diffuse),  dsDMNA, C3/C4, RNA Pol [l
Sjogren’s (RTAITIN), PAM (infarct), HSR (SR.C), SI-70 (SRC),

| Goodpasture's (GN), cryo AMNCA, GBM, eryos

Neuropathy AMNCA @ vasc, SLE, RA, PAN, Siggren’s,  ANA, Ro/La, ANCA, cryo

eryo, sarcoid

RF/anti-CCF, HCV, HBY |




RHEUMATOID ARTHRITIS RA R

Definition & epidemiology (i 3, ME| 11,365, 1206; Aun R Dis 1010,69:70)

« Chronic, symmetric, debnlmmngand desmlcuw mﬂammawa'y pohyarthritis d'uaracuenz.ed by
proliferative synovial tissue (pannus) formation in affected joints

* Pathogenesis involves over-production of TNRIL-1,and IL-6 (.. used as drug targets)

* Risk stems from combination of genetic (-50% of risk), environmental influences (eg,
smoking, silica dust), Pt factors (periodontal disease, As in gut microbiome)

* HLA-DRB1 haplotype alw disease suscept., severity & response to Rx { jAMA 2015:313:1645)

= Prevalence = 1% adults; 5% of 2 =70 v; ¥ to ¢ ratio = 3:1; peak incidence 50-75 y

Clinical manifestations (Medione 20101816

* Usually insidious enset pain, swelling a.nd impaired function of joints (typically PIPs,

. wirists, knees, ankles, MTPs and cervieal spine) with morning stiffness for =1 h

* Typically polyarticular (60% small joints, 30% large joints, 10% both), may be mencarticular
(knee, shoulder, wrist) early in course; nb, rheumatoid joints can become infected

* Jeint deformitles: ulnar deviation, swan neck (MCP flexion, PIP hyperextension, DIP
flexion), boutonniére (PIP fiexion, DIP hyperextension), cock-up deformities (toes)

* C1-C1 instability - myelopathy, -/ C-spine flex/ext films prior to elective intubation

+ Constitutional symptoms: low-grade fever, weight loss, malaise

+ Extra-articular manifestations (18-41% of Pts) can occur at any time: T frequency in
seropositive {# RF or anti-CCP) and with active disease {Aurimen fer 2011,11:123)

Extra-Articular Manifestations (EAMs)
Skin Rheumatoid nodules (20-30%, wsually sero @) extensor surface, bursae; can

be in lung, heart, sclera
Raynaud's, pyaderma gangrenesum, cutan. vasculitis (uleers, purpura, etc.)

Pulm ILD, pleuritis, effusions (low glc), nodules, airway disease, PHT
20% of the tme precedes joint manifestations
cv Pericarditis (effusions in ¥ of sero &), myocarditis, accelerated atheralM|,

AF, coronary/systemic vasculitis. T risk CV death (ieth Rioum 2095:672317),
Nervous  Mono/polyneuritis multiplex, CINS vasculitis, stroke, nerve entrapment
Ocular  Scleritis, episcleritis, keratoconjuncrivitis sicea (2° Sjdgren's)
Hermne Anemia of chronic disease
Meutropenia
Felty's syndrame (13, typically long-standing RA). splenomegaly
large granular lymphacyte leukemia: bone marrow infiltrated wi
lymphocytes + myeloid hypoplasia
NHL, amyloidosis
Renal Glomerulonephritls (usually mesangial), nephrotic synd (2° amyloidosis)
NSAIDs and MTX may also cause renal damage
Vaseulitis  Small & medium vessels (usually T RF titer, long-standing RA); pericarditis,
uleers, scleritis, & neuropathy most common (Curr Ofis Rbeum 200%2135)

Laboratory & radiologic studies (an
= RF (IgM/IgAflgG anti-lgGAb) in -70% of
Sjagren’s), infection (SBE, heparitis, TB), types Il & Ill cryo, 5% of healthy population
* Anti-CCP (Ab to cyclic citrullinated peptide): in ~80% of Pts, similar Se (~70%), more 5p

(>90%) than RF particularly for early RA (Anh Rheum 2009:61:1472); afw increased joint
damage and low remission rates
~20% are seronegative (RF and anti-CCP negative)
T ESRJICRP bue nll in ~30%; & ANA in ~40%; T globulin during periods of active disease
Radiographs of hands and wrists: periarticular osteopenia, bone erosions, joint subluxation
Increasing use of MSK U5 to diagnosis synovitis and erosive disease
ACR/EULAR classification criteria
+ Used in clinical research, but not in clinical practice
= Relevant for Pts with =1 joint with synovitis not better explained by another disease
* Likelihood of RA 7wl higher # (espec, =4) of small joints involved,  (espec. high titer) RA
or anti-CCPANA, T ESR or CRP.and duration =6 wk

Rlbisi 201

Management (A e 3

- Early dx and Rx [ESP. DMARD} wi ﬁ'equem follow-up and escalation of Rx as needed 10
achieve clinical remission or low disease activigy

+ | time to remission = T length of sustained remission {Arthis Res Ther 2010;12:897)

* Sero-® disease (eg. RF or anti-CCP) a/w aggressive joint disease & EAM

* At dx, start bath rapid-acting agent (to acutely | inflammation) and Disease-Modifying Anti-
Rheumatic Drug (DMARD) (typically take 1-3 mo to have max effect)




* Rapid-acting drugs:
NSAIDs or COX-2 inhibitors (T CV, Gl adverse events), consider starting with PPI;
glucocorticoids [low-dose (<20 mg/d oral) or joint injection]; or
MN5AIDs + glucocorticoids: T Gl adverse events, minimize long-term concurrent use

DMARDs

MTX (17 line unless CKD, hepatitis, EtOH or lung disease). SAS or leflunomide;
consider HCQ if seronegative and mild disease;

If inadequate response after 3 mo (despite DMARD dose escalation):
combination Rx w/ other DMARDs (eg, “triple therapy” wi MTX, $AS and HCQ) or
biologic (anti-TNF typically 1* line unless contraindication)

MTX/SASTHCOQ non-inferior to etanercept/MTX (MEW 2013,36%:307)
JAK inhibitar if fail biologics. although also promising data as initial DMARD (ngm
0143702377 & 2016:374:1243)
+ Given T rlo early CV morbidityfmortality, try to | risk w/ lifestyle mgmt, lipid & DM screening

| RA Therapeutics (A Alieur 1016:681)
| Class Drug Side effects
| Traditional Methetrexate (MTX) Gl distress (esp. nausea), myelo-
DMARDs  Leflunomide suppression, ILD, hepatoroxicity
| Sulfasalazine (SAS) v GOFD prior to SAS
| Supplement MTX & 5A3 wi folate
Biologie Anti-TNF: etanercept. infliximab, adali- 7 risk bacterialfungaliviral infn
DMARDs mumab, certolizumab, golimumab (esp. TB, zoster, hepatitis, and wi
| {allant-TNF  CTLA4-lg: abatacept stnd or high-dose; Lancet 2015:384;
have similar  IL-6R. Ab: tocillzumab (studied as 158}, ., o for TB, Hep BYC prior
efficacy) mono-Rx wio MTX) to starting
Ant-CD20: rituximab ! CHF & demyelinating CNS
IL-1R Ab: anakinra diseasa for anti-TNF
| Never use 2 anogic! together
Other Hydroxychloroquine (HCQ) HCQ: retinopathy, ra:
JAK inhib: tofacitinib (TF), baricitinib  JAK inhib; infxn, T Cr T LFTs,HTN
Rarely: eyelospotine, azathinprine, Csl nephrotox, HTN, gum
| gold hyperplasia
I

Loncet J00B371:987; 2013:381:451.918, & 1541 NEWM 2011.367.435 & 508, & 36%:307)

DULT-0
RELAPS

Adult-onset Still's disease (| tol 1992:19:424; Autormmin Rev 10
* Rare autoinflam synd; ¢ = ¥ wi typical anset 16-35 y; sx evolve over wks to mos
* D if 5 criteria are present & =2 major; exclude infxn, malig, other rheumatic, drug rn
major: fever 239°C for 21 wk (usually daily or twice daily high-spiking fever);
arthralgiasfarthritis =2 wh; Still's rash (qv); T WBC w/ 80% PMMN
minor: sore throat; LAN; HSM; T AST/ALT/LDH; negative ANA & RF
= 5till's rash (=85%): nonpruritic macular or maculopapular salmeon-colored rash; usually
wrunk or extremities; may be predipiated by trauma (Koebner phenomenon), warm water
* Plain films: soft tissue swelling (early) - cartilage loss, erosions, carpal ankylosis (Jate)
* Treatment: NSAIDs: steroids; steroid-sparing (MTX, anakinra, anti-TNF tocilizumab)
* Variable clinical course: 20% w/ long-term remission; 30% remit-relapse; -50% chronic
{esp. arthritis); T risk of macrophage activation syndrome (life-threatening)

HUONU

14,1 3%708)

Relapsing polychondritis (4 n A
* Inflammatory destruction of eartilaginous structures; onset usually age 40-60y, & = ¢
* Subacute anset of red, painful and llen cartilage; ult ly atrophic & deformed
Common clinical features: bilateral auricular chondritis; nonerosive inflammatory
arthritis; nasal chondritis; ocular inflammation; laryngeal or tracheal chondritis;
cochlear andfor vestibular dysfxn
40% of cases a/w immunologic disorder (eg. RA, SLE, vasc., Sjdgren's), cancer or MDS
Clinical diagnesis based on exam with multiple sites of cartilaginous inflammation
Labs: T ESR & CRE leukocytosis, easinophilia, anemia of chronic inflammation
Bx (not req for dx): proteoglycan depletion, perichondrial inflammation and replacement
with granulation tissue and fibrosis; immunofluorescence with Ig and C3 deposits
Screen for pulm (PFTs, CXR/CT, + bronch) and cardiac (ECG, TTE) involvement
Therapy guided by disease activity and severity: steroids 1st line: NSAIDs, dapsone
for s« contrel ef arthralgias and mild disease; MTX AZA, or biclogics for steraid-
sparing; cyclophosphamide for organ-threatening disease

2013:39:247)




CRYSTAL DEPOSITION ARTHRITIDES .

Comparison of Gout and Fseudogout

Gout (NEM 2017;364:443)

Pseudogout (fheur 200948:711)

Acute Sudden onset painful mong- Mono- or asymmetric oligoarthritis
clinical articular arthritis (classically (esp. knees, wrists and MCP joints); |
podagra [MTP of great toe]) or  rare axial involverment (ag crowned
bursitis; freq. nocturnal dens syndrome)

Polyarticular in subseq flares

Can mimic cellulits (esp. in foot)
Chronic Solid erystal deposition (tophus)  “Pseudo-RA™ wi polyarticular
clinical in joints (esp. toes, fingers, wrists, arthritis w/ morning stiffness or

knees) & tissue (esp. olecranon “Pseudo-OA"

bursa, pinna, Achilles)
Assoc. Metabalic syndrome; CKD; CHF 3 Hs: Hyperparathyroidism; Hypo-
conditions magnesemia; Hemochromatosis
Crystal Menosodium urate Calcium pyrophosphate dibydrate
Palarized Needle-shaped, negatively Rhombaid-shaped, weakly
microscopy®  birefringent positively birefringent crystals
Radio- Erasions wi overhanging edge Chendrocalcinesis: puncrate,
graphic (late);"double contour sign” on linear densities in articular cartilage,
findings MSK. US menisci, fibrocartilage of wrist,

hands, symphysis pubis

Other alw uric acid stones; urate ¢ Ca, Mg, Fe, ferritin TIBC, UA,

__nephropathy PTH in young or severe cases
*Crystals should be ntroceluler; nfection can coexst with geute attacks,

- always ¢ Gram stain & Cx

Gout

Definition & epidemiology (Lmcer 2010375318, Nat oo 20151

= Humans lack enzyme o metabo!n.e urate (end product of purine metabolism)

* Monosodium urate (MSU) crystal deposition in joints promotes inflammation

s 4= R (31); peak incidence 5™ decade: most common cause of inflammatory arthritis in &
over 30 y; rare in premenopausal ¥ (estrogens promote renal urate excretion)

1549)

Etiologies 207277 1448)

+ UA underexcretion (B5-90%): meds (eg, diuretics); idiopathic; | renal function; obesity

« Uric acid (UA) overproduction {10-15%): T meat, seafood, EtOH, psoriasis, idiopathic,
myelo- and lymphoproliferative disease, chronic hemolytic anemia, cytatoxic drugs, rare
inherited enzyme defic, genetic variants (Lancet 20083721953}

Diagnosis

« T UA is not diagnostic: 25% of measurements nl during flare; + TWBC & ESR

= Arthrocentesis is gold standard: negatively birefringent needles (see table above)

» 2015 ACR/EULAR Classification Criteria (A Ahewm Dis 2015741 789) used 1% in research

Acute treatment (4 we Res2 201450811}

= Mo superior opuon start w.fn 24 h of mx onset; continue until acute flare resclves;for severe
cases, consider combination therapy; rest and ice; wio treatment self-limited in 3-10 d

1 Phpsician

Acute Treatment for Gout
Drug Initial dose Comments
NSAIDs Full anti-inflammatory  Gastritis & GIB; aveid in CKD & CVD
| [nonselect or dose — tapering = efficacy among NSAIDs
COX-2) never compared with colchicine
Colchicine 1.2 mgthen 06 mg NNV diarrhea (T wi T dese): L dose in renal
(PO;1IV no longer 1 h later — 0.6 mg bid insufficiency (however, not nephrotoxic)
available in US.) alw BM supp., myopathy, neuropathy
Corticosteroids  eg, prednisone —0.5  Rule gut joint infection 1*
(PO, 1A IV IM) mgikg’d % 5-10d+  Comparable to NSAID as 1*-line treatment
or Corticotropin taper {Annals 2016; 164:464]
IL-1 inhibitors anakinra TT cost; anakinra alw injection site pain
{Custe Opis Rhearwotel {100 mg 5C qd x 3 d) (Arthritis Ries Ther 2007:%:R28);
WA5:I7-158) canakinumab canakinumab approved in EU (A Rheum Dis

{150 mg SC = 1) T B Arth Rheum 2010:63-3064)




CPPD 8.6

Chronic treatment (ianer 201 1377165 Am Fam Prscion 201490:831)

+ Approach: if 22 attacks/y, 21 tophus, joint erosions or urolithiasis — start urate lowering Rx
& pharmacologic prophylaxis w | risk of acute attacks

» Pharmacologic prophylaxis: continue for at least 6 mos or longer if frequent atcacks:
low-dose colchicine (-50% | risk of acute flare; | Aheun 2004.31:2429), NSAIDs (less

evidence; Ann Rieam Dis 2006:65:1312), low-dese steroids, IL-1 inhibitors (see above)

* Urate-lowering Rax: goal UA <6 mg.de;du NOT discontinue during acute attack or acute
kidney injury (unless allopurinel hypersensitivity syndrome)

+ Lifestyle As (fheum Dis Cin NA 2014:40:581): L intake of meat, EXOH & seafood, T low-fa dairy
products, wt loss, avaid dehydration

Urate-Lowering Therapy (Chronic Treatment for Gout)
Drug (route) Mechanism Comments
Allopurinel (PO) Hanthine 15t line;adjust starting dose in CKD; titrate T q2-Swk
oxidase inhib  afw rash, hypersensitivity syndrome (see below),
diarrhea, dyspepsia. BM suppression, hepatitis;
menitor CBC & LFTs; not nephrotaxic
max dose = 800 mg/d
Febuxostat (PO}  MNonpurine  2nd line; use if allopurinol intolerant
wanthing afw LFT A, rash, arthralgias, nausea
oxidase inhib  start 40 mg, max dose = 120 mgid
Pegloticase (1Y) Recombinant | For refractory tophaceous goug infusion reactions
uricase {including anaphylaxis); Ab formation may limic
use (JAMA 2011:306711)
Probenecid (PO)  Uricosuric  Rarely used; risk of urclithiasis

+ Allopurinel hyper itivity syndrome: 10-25% morrality; | risk by storting wi dose
100 mg/d if eGFR =40 or 50 mgld if eGFR =40; titrate up by 100 mg/d (if eGFR =40) or
50 mg/d (if eGFR =40) q2-5wk untl UA <6 mgfdL (dose can be =300 mg/d even in CKD)

* Associated with HLA-B5801, esp. Han Chinese, Koreans, Thai; screen in these high-risk.
populations prior to initiating allopurinel (Cur Opn Rteumatal 201426:16)

CaLcium PyroPHOSPHATE DIHYDRATE (CPPD)
DerosiTion Disease/PsEuboGouT

Definition
+ Deposition of CPPD crystals wiin tendons, ligaments, articular capsules, synovium,
cartilage; frequently asympromatic
Etiologies (freumoaiogy
+ Most cases idispathic; consider further metabalic eval in young (<50 y) and florid forms
+ Metabolic (3 H'): hemochromatosis; hyperparathyreidism; hypomagnesemia
{esp. in Gitelman's or Bartter's syndromes)
* Joint trauma (incl. previous surgery); intra-articular hyaluronate can precipitate attacks
» Familial chondrocalcinosis (autosomal dominant disorder); early-onset, polyarticular dis.

D012:51:2070)

Clinical manifestations {fewn Dis Cin NA 2014.40.207

* Chondrocalcinasis: clcification of cartlage, resulting from CPPD deposition in articular
cartilage, fibrocartilage or menisci
T incidence wi age; 20% =60 y have knee chondrocalcinosis in autopsy studies

+ Pseudogout: acute CPPD crystal-inducad mono- or asymmetric eligoarticular arthritis,
indistinguishable from gout except through synovial fluid exam for crystals
location: knees, wrists and MCP joints
precipitants: surgery, trauma or severe illness

+ Chronic forms:"Pseudo-RA™ and pyrophasphate arthropathy (may involve axial skeleton,
resembles QM)

Diagnostic studies

* Arthrocentesis is gold standard: rhomboid-shaped, kly positively birefringent
crystals (yellow perpendicular & blue paraflel to axis on polarizer; see table above)

* Radiographs: see table above

Treatment (N 016374:2575)

» Asymptomatic chondrocalcinosis requires no treatment

* Acute therapy for pseudogout: no RCTs, extrapolated from practice in gout: ... same as for
gout, though colchicine not as effective

= If associated metabolic disease, Rx of underlying disorder may improve arthritis sx

+ Low-dose daily colchicine or NSAID may be effective for prophylaxis or chronic arthropathy



SERONEGATIVE SPONDYLOARTHRITIS|

Classification system (Ng 415
* 5 subtypes: ankylosing spondylitis {rrm mmmon). reactive arthritis, psoriatic arthricis, IBD-
associated arthritis and undifferentiated
+ Can also distinguish axial-predominant from peripheral-predominant joint involvement
* Al subtypes share common dinical manifestations: inflammatory spine disease, paripheral
arthritis, enthesitis and extra-articular manifestations (primarily ocular and skin disease)

Epidemiology & pathogenesis (Nm Rev Aheuemotol 2015.:10:110)

« T prevalence of HLA-B27; HLA-B27 accounts for -30% of ateributable genetic risk
« Environmental factors likely critical for disease, esp. reactive arthritis (eg, infection)
* Prevalence of 0.5-2% of population, worldwide

Spondylnarthrihs (SpA) Epldemmlagr and l(ey Presentation Features '

 Disease  Epidemiology Other
Ankylosing  ¢:% = 3:7:0onset in teens to mid-20s Progressive limitation of spine motian,
| spondylitis  (rare after 40 y) “tambaoo spine” |
Psoriatic d = ?;peak incidence 45-54 y; In 13-17%, arthritis precedes
arthritis seen in 20-30% of Pis w/ psoriasis psoriasis by yrs. Does not correlate
[Arn Rheram Dis 200%:64:ii 14} with psoriasis activity. Afw HIV. |
I | Reactive ¢ 5> 712040 y; 10-30 d s/p post-Gl or | Previously “Reiter's syndrome”:
arrhrlns GU infxn* in genetically susceptible arthritis, urethritis and conjunctivitis.
host Mest reselve wiin 12 mo.
|BD- = ¢;seen in 20% of IBD Pes; Type | <5 joints: correlates w! 1BD

i associated  Crohn's > UC Type |1 =5 joints or axial disease:

*GU: Chigmydic, Ureoplesma urealyticum; Gl: Shigella, Solmonefla, Yerslrm Canwbbqv:!rr C.diff

Major clinical manifestations (Lumesc 101137

+ Inflammatory back pain: 5l joints (sacroil ||t|s} apophyseal joints of spine
characterized by IPAIN (Insldlous enset, Pain at night, Age of onser <40 y, Improves

wi exercise/hot water, No i improvement wil rest), am. stiffness, responsive to NSAIDs

* Peripheral arthritis: t;fplcally asymmetric, ollgoamq.liar fa |o|n\: lower = upper limb;
however, can be symmetric & polyarticular (thus, mimic RA), esp.in psoriatic arthritis

+ Enthesitis: inflammation at site of tendon/fligament insertion into bone, esp. Achilles, pre-
pateliar, elbow epicondyles, plantar fascia

+ Rigidity of spine: bamboo spine by X-ray,ankylosis due to progressive growth of bany
spurs which bridge intervertebral disc

+ Dactylitis (“sausage digit”): inflammation of entire digit (joint + tenosynowial inflamm)

+ Uveitis: anterior uveitis most common extro-articular manifestation; piw pain, red eye,
blurry vision, photophobia, usually unilateral

:
B
©
ps

Distinguishing Features
Axial-predom Peripheral-predominant
Feature Ankylosing Psoriatic Reactive |BD-assoc
spondylitis
Axial involy. 100% 20-40% 40-60% 5-20%
Sacroiliitis Symmetric Asymm Asymm Symmetric
Periph involv.  Less comman (-50%) Frequent Frequent Frequent
Periph Lower = Upper Upper = Lower  Lower > Upper Lower >
distrib. (see below) Upper
HLA-B27 B0-90% 20% 50-80% 5-30%
Enthesitis Frequent Frequent Frequent Rare
Dacrylitis Uncomman Comman Common Uncomman
| Ocudar Uveitis in 25-40% Canjunctivitis,  Conjunctivitis Unveitis
uveitis, (maninfectious),
e.pisder‘jds. uweitis, keratitis
Skin Naone Psoriasis; nail Circinate E. nodosum,
pitting and balanits, pyoderma-
onycholysis keratoderma gangrenasum
blennorrhagica
Imaging Bamboo spine “Pencil-in-cup” Asymmetric Periph dis.
(symm syndes.} DIP deformity  syndesmophytes  rarely erosive
Other T CAD; aortitis, Al, T CAD Urethritis,
conduction defects Al conduction

defects
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Descriptions of skin manifestations

* Psoriasis: erythematous plaques with sharply defined margins often wi/ thick silvery scale

+ Circinate balanitis: shallow, painless ulcers of glans penis and urethral meatus

* Keratoderma blennorrhagica: hyperkeratotic lesions on soles of feet, scrotum, palms,
trunk, scalp

» Erythema nodosum: red tendar nodules due to panniculitis, typically on shins;
Dydix incl. idiopathic, infxn, sarcoid, drugs. vasculitis, IBD, lymphoma

* Pyoderma gangrenosum: neutrophilic dermatosis — painful ulcers wi violaceous border;
Didx incl. idiopathic, IBD, RA, myelogenous leukemia

Psoriatic arthritis subtypes (Loncer 1011377:2127

* Monoarticular/oligoarticular (eg. large joint, DIP joint, dactylitic digit): most
common initial manifestaton

* Polyarthritis (small joints of the hands/feet, wrists, ankles, knees, elbows):
indistinguishable from RA, but often asymmetric

* Arthritis mutilans: severe dastructive arthritis with bone resorption, esp. hands

+ Axial disease: unilaterallasymmetric sacroiliitis

* DIP-limited: good correlation with nail pitting and onycholysis

Clinical assessment (Vo Rev Rheumarol 2072
« Axial disease assessment
Nb: following not specific PEx findings but useful in monitoring disease during Rx
Lumbar flexion deformity assessed by modified Schober’s test (# if <5 ¢cm T in dismnce
between a point 5 cmi below the lumbosacral jxn and another point 10 cm above, when
going from standing to maximum forward flexion)
T-spine maobility (extension) and leyphosis severity measured by scciput-to-wall distance
(although occiput-to-wall distance also increased in osteoporotic kyphosis)
* Seronegative: notable for absence of rheumatcid factor or autcantibodies; + TESR/CRP
* HLA-B27: nonspecific,as commen in general population (6-8%); most useful when high
clinical suspicion but nl imaging: & 90% of Prs w/ AS, but only 20-80% in other SpA
* Radiology
MR preferred for early detection of inflimmation (sacroiliitis)
Plain films deteet late structural changes (81 erosions/selerosis)
calcification of spinal fligaments w/ bridging symm syndesmophytes (“bamboo spine”’)
squaring and generalized demineralization of vertebral bodies (“shiny corners™)
* Infectious evaluation for reactive arthritis (* studies do not rio)
LA, PCR of urine and/or genital swab for Chlamydia; urethritis usually due to Chlamydia
infen preceding arthritis, but also can see sterile urethritis post dysentery
« stool Cx, C, diff toxin, Consider HIV in workup of reactive or psoriatic arthritis.

Treatment approach (Am Rham [ 1% Arth )
Untreated disease may lead 1o |rrever51ble sl;fuctur-al damage and associated | function
Early physiotherapy beneficial
Tight control of inflammation improves joint cutcomes in PsA {Lancer 2015386:2489)
MNSAIDs: st line;rapidly L stiffness and pain; prolonged, continuous administration may
modify disease course but associated wi Gl and CV toxicity (Cochrne Datobose Syst Rev
201517:C0010952); may exacerbate IBD
Intra-articular corticosteroids in mono- or oligoarthritis; limited rale for systemic
steroids, esp. for axial disease
Conventional DMARDs (eg, MTX, SAS, leflunomide): no efficacy for axial disease or
enthesitis; may have role in peripheral arthritis, uveitis and extra-articular manifestations
Anti-TNFs: effective for both axial and peripheral manifestations; improves function (ian
Rhewm Dis 2004:65:423) and may slow progression of structural changes (Cur Rheomato! Rep
2012,14:422); adalimumab or infliximak preferred if inflammatory eye disease
» Apremilast (PO PDE-4 inhibitor): approved for use in PsA (Am Rieurn Dis 2014:73:1020);
associated with Gl side effects and significant wt loss
Ustekinumab (5C IL-12/23 inhibiter): approved for use in PSA (Am fieun Dis 2014.73:530)
Secukinumab (IL-17A inhibitor): improves signs & symptoms of PsA & ankylosing
spandylitis (NEM 20153731329 & 2534: Lancer 2015:384:1137)
+ Other:
Mbx in reactive arthritis if evidence of active infxn; consider prolonged abx for refractory
Chiamydia ReA (At Rheam 2010:62:1299)
Invalve ophthalmologist for any evidence of inflammatory eye disease (may benefit from
steroid eye drops or intravitreal steroid injections).
Treat underlying [BD when appropriate



INFECTIOUS ARTHRITIS & BURSITIS |

ETioLOGIES & DIAGNOSIS OF INFECTIOUS ARTHRITIS

Eticlogies (Cur Rheumaral Rep 2013;15:332)

Bacterial (nongonococcal): early diagnosis required

Gonococcal (N, gonorrhea): consider in sexually active young aduits

Viral: parvovirus, HCV, HBV. acute HIV; typically polyarticular, may mimic RA

Mycobacterial: monoarticular or axial (Pott's disease)

Fungal: Candida (esp. prosthetic joints), coccidiomycosis (valley fever), histoplasmosis

Other; Lyme, Mycoplasma, Salmonella (2° to ant-TNF Rx), Brucellosis (unpast. dairy)

Diagnosis (jamA 20072971478

* H&P wi peor sensitivity and specificity for septic arthritis; . arthrocentesis should be
performed as soon as suspected and prior o starting antibiotics if possible

* Take care not to tap through an infected areq, thus introducing infxn into joint space

*  Synowial fluid cell count w/ differential, Gram stain, bacterial culture, crystals
WBC =50l wi poly predom suspicious for bact. infun; crystals do not rfo septic arthritis!

BacteriaL (NonGoNococcaL) ARTHRITIS

Epidemiology & risk factors

+ Immunocompromised host: DM, EtOH use, HIV, age =80, SLE, cancer; steroid use, etc,

+ Damaged joints: RA, OA, gout, rrauma, prior surgery/prosthetic, prior arthrocentesis {rare)

* Bacterial seeding: bacteremia secondary to VDU, endocarditis or skin infection
direct inoculation or spread from contiguous focus (eg, cellulitis, septic bursitis, osteo)

Clinical manifestations | AMA 2007297, 1478; Lancet 2010375846)

* Acute onset meonoarticular arthritis (=80%) wi pain (3e 85%), swelling (5e 78%), warmth

* Location: knee (most common), hip, wrist, shoulder, ankle. In IVDU, tends to involve
other areas inc. axial joints (eg, SI, symphysis pubis, sternoclavicular, manubrial joints).

« Constit. sx: fevers (Se 57%), rigors (Se 19%), sweats (Se 27%), malaise, myalgias, pain

+ Infection can track from initial site to form fistulae, abscesses or osteomyelitis

* Septic bursitis must be differentiated from septic intra-articular effusion

0T 297-147

Additional diagnostic studies | |4» TE

* Symovial fluid: WBC usually 50k (Se 629& Sp 9’2%) but can be <10k, >90% palys;
Gram stain @ in —75% of Staph, —50% of GNR; Cx @ in >90%. Synovial bx most sens.

* Leukocytosis (Se 90%, Sp 36%); elevated ESRICRP (Se >%0%)

* Blood cultures ¢+ in =50% of cases, -80% when mare than 1 joint involved

+ Conventional radiographs should be obtained but usually normal unil after -2 whk of
infection when bony erosions, joint space narrowing, osteomyelitis, periostitis can be seen

+ CT & MRI useful esp. for suspected hip infection or epidural abscess

Treatment for native joints (Cur Rheamatal Rep 2013,15332)

* Prompt empiric antibiotics guided by Gram stain after surgical drainage. If Gram stain &,
empiric Rx w/ vancomyein; add anti-pseudomonal agent if elderly, immunosupp.

6°8  HANY MXAN]

Common microbes  Population Initial antibiotic regimen |
(by Gram stain) {milor based cn Gram stin, ox, clinical course) |
| 5. aureus MNormal joints Vancomycin® ‘
{most common)  Prostheric joints
Damaged joints !
GPC 5 epidermidis Prosthetic joints Va.n(_cmrcin“
Pastprocedure |
Streptococci Healthy adules PCN-G or ampicillin |
Splenic dysfunction
Diplococci: Sexually active young  Cefuriaxone or cefotaxime
N. gonorrhea aduls
GN  Rods:E. col IVDU, Gl infection  Cefepime or piperacillinftazobactam
| Pseudomonos, immunosupp, trauma  + antipseudomonal aminoglycoside in
! Serrati elderly VDU

*Can later A to antistaphylococcal penicillin based on sensitivities

+ IV antibiotics x 2 wk followed by oral antibiotics: varies by clinical course & microbiology

* Joint must be drained, often serially: arthroscopic drainage for larger joints and as initial
treatment but may also be accomplished by arthrocentesis. Serfal synovial fluid analyses
should demenstrate L in WBC and sterility.

* Prognosis: 10-50% mortality depending on virulence of organism, time to Rx, host



INFXN AnTH  8-10

Prosthetic joint infections (fec i e 354

= Trisk in first 2y slp Pmczdur\z rate genenlly Inw [0 52 4%} nsk factors include obesity,
RA, immunocompromised state, sterids, & superficial surgical sive infin

* Staphylococci (coag negative & S, aureus) in =50%; palymicrobial in 10-20%

+ Early (<3 mo s/p surgery) or delayed (3-24 mo) onset typically acquired during
implantation; early w/ virulent organisms (eg, MRSA) and delayed wi less virulent
organisms (eg, P acnes, coag negative Staph) & more indolent presentation

* Late (>24 mo) onset typically related to secondary hematogenous seeding

* Diagnosis requires arthrocentesis by orthopedics; ESR & CRFP (CRP Se 73-91%, 5p 81—
B6%: NEIM 200%; 361:787) can be helpful

+ Treatment typically requires prolonged abx & 2-stage joint replacement (joint
retention aiw —40% failure rate; ap 201336:182) or life-long suppressive aby. ID and
orthopedics consultation required,

DisseMINATED Gonococcal INFECTION (DGI)
Epidemiology (infex in Morth Am 20051985
* N. gonorrhea; most frequent type of mfec'unus arthritis in sexually active young adults
* Normal host as well as Pts wi deficiencies of terminal components of complement
= 9:d =41;7 incidence during menses, pregnancy, & postpartum period, SLE; T incidence in
homosexual males; rare after age 40 y
Clinical manifestations
*+ Preceded by mucosal infection (eg endacervix, urethra or pharynx) that is often asx
= Twa distinct syndromes, although Pts can have bath:
Joint localized: purulent arthritis (40%), usually 1-2 joints (knees > wrists = ankles)
DGl: triad of polyarthralgias, tenosynovitis, skin lesions; purulent arthritis rare
acute onset of tenosynovitis (60%) in wrists, fingers, ankdes, toes
rash (>50%): gunmetal gray pustules with erythematous base on extremities & trunk
* Rare complications: Fitz-Hugh-Curtis syndrome (perihepatitis), pericarditis, meningitis,
myocarditis, osteomyelitis from direct extension of joint-localized infection
Additional diagnostic studies
= Synovial fluid: WBC >50k (but can be <10k), poly predominant
Gram stain & in ~25%; cultwre & in up to 50% if done wi Thayer-Martin media
* Blood culture: more likely @ in DGI; rarely in joint localized disease
= Gram stain and culwire of skin lesions occasionally &
= Cervical, urethral, pharyngeal, rectal PCR or ox on Thayer-Martin media; v Chiamydia
Treatment
+ Ceftri or cefotaxime x 7 d w/ empiric doxycycline for Chlamydia
(fiuoroquinalones no longer recommended due to resistance)
* Joint arthroscopy/lavage may be required if purulent arthritis; rarely >7 time

OLecranoM & PrepaTELLAR BuRsiTIS

Epidemiology & risk factors (infex D Noeth Ao 2
= =150 bursae in the body; 2 most r.omrnonh' infected are oleeranan and prepatellar
* Most commonly (esp. superficial bursae) due to direct trauma, percutaneous inoculation or

contiguous spread from adjacent infection (eg, cellulitis)

+ Other risk factors: recurrent noninfectious inflammation (eg, gout, RA, CPPD), diabetes

= 5. aureus (80%) most common, followed by streptococci

Diagnosis

* Physical exam: discrete bursal swelling, erythema, maximal tenderness at center of
bursa with preserved joint range of motion

+ Aspirate bursa if concern for infien, / cell count, Gram stain, bacterial ox, crystals
WHBC =20k wi poly predominance suspicious for bacterial infection, but lower

counts comman (crystals do not rule out septic bursitis!)

= Assess for adjacent joint effusion, which can also be septic

= Take care not to tap through infected skin, thus intreducing infan into bursa

Initial therapy

= Prompt empiric coverage for staphylococd and streptococci: PO abx acceptable for mild
presentation; vancomycin if ill-appearing, broaden spectrum based on risk factors

= Modify antibiotics based on Gram stain, culture results, & clinical course. Duration of o is
1-4 whks. Serial aspirations every 1-3 d until sterile or ne reaccumultion of fluid.

= Surgery if unable to drain bursa through aspiration, evidence of foreign body or necrosis,
recurrent/refractory bursitis w/ concern for infxn of adjacent structures.

19991



CONNECTIVE TISSUE DISEASES |

Approx Prev of Autoantibodies in Rh tic Di
Disease AMNA dsDNA Sm Ro/ Sc RNA Centr Jo-1 U1- RF

70 Pl RNP |

SLE 295 75 072 B =] =] =] 45 | 35 |

Sjagren’s =95 rare e |48 B =] 2 2 | rare ' »75
| SDSTWE =90 2 @ rare 40 20 rare =] rare 30
IS_IST lesd =90 =] g |rare| 10 | rare &0 f rare 30

IM 7595, © | 6|6 ne| 8 8 | B 8 B
MCTD =95 =) © rare © [=] =1 2 always 50

RA 40 =] - 3 24 =] 8 = =] 70

Centr; centromere: [M, inflammazory rnyopidﬂas RF rheumatcld factor; §5¢, systemic sclerosis. {Primer an the
Rheurntic Diseases, 12% ed, 2007; Lancet 2013;382:797)

= Auto-Ab testing directed by clinical findings, as auto-Ab do not define a particular CTD
= QOwerlap syndromes may be reflected by multiple autcantibodies

see “Systemic Lupus Erythematosus” and “Rheumatoid Arthritis™ for those diseases

SysTEMIC SCLEROSIS AND SCLERODERMA DiSORDERS

Definition & epidemiology (8= Proa fes ir

* Scleroderma refers to t|'|E presence of ughi thnckened skin

* Localized scleroderma: morphea (plaques of fibratic skin), linear (fibrotic bands),

“en coup de saber” (linear scderoderma on one side of scalp and forehead = saber scar)

* Systemic sclerosis {($5c¢) = scleroderma + internal organ involvement

S5c wi limited cutaneous disegse; formerly CREST syndrome (see below)
5S¢ wi diffuse eutancaus disease: often rapidly progressive disorder affecting skin
SS¢ sine scleroderma (visceral disease without skin involvement, rare)

* Peak onset of SSc between ages 30-50; 9 > o (7:1);African American = white

= 1-2/100,000 annual incidence of systemic disease in the U5,

Fathogenesis: immune damage to endothelial cells and reactive O species production —
persistent axidative stress — perivascular inflammation — fibroblast activation and fibrosis.
Cytokines, growth factors, geneties, environmental factors and autoantibodies (against
FDGF receptor, endothelial cells and fibroblasts) all contribute (Ngw 2009360.1589).

ACR/EULAR S5c classification criteria iAo Rbewn Dis 201371
+ Sufficient for de skin thickening of fingers of bcud1 hands ex:endlng proximal to MCPs
+ Other items considered in criteria: Raynaud's, SSc-related auto-Ab, PAH and/or ILD,
abnormal nailfold capillaries, telangiectasia, fingertip lesions (ulcers, scars), skin
thickening limited to fingers (not beyond MCPs)
* Rule out other causes of thickened skin: diabetes (scleredema = scleraderma), toxin,
hypothyraidism, nephrogenic systemic fibrosis, easinophilic fasciitis, armyloidosis, GVHD
Diagnostic studies & monitoring (5
* Autcantibodies: »95% Pt w/ auto-Ab; generally mutuallymluswe
@ anti-Scl-70 (antitopoisomerase 1): afw diffuse 5S¢ T risk pulm fibrosis
@ anticentromere: alw limited §S¢; T risk of severe digit ischemia and PHT
@ anti-RMNA-Pel 1z afw diffuse 55¢; 7 risk renal crisis; alw cancer
@ AN (>30%), @ RF (30%), @ ant-U1-RMNP alw overlap syndrome
Other; anti-ThiTo (alw limited 55¢), U3-RINP (afw ILD), PmSd (polymyositis-55¢ overlap)
+ CXCL4 levels reported to help diagnose disease and be correlated w/ degree of lung &
skin fibrosis and disease progression but awaits validation (NEM 2014;370:433)
» At baseline: o BUN/Cr & UA for proteinuria, PFTs (spirometry, lung velumes, Dy CO), high-
res chest CT (if diffuse disease), TTE (RVSP for PHT), RHC if T RVSP or suspect PHT
* Annual FFTsTTE gl1-2y
* Skin bx not routine, but helpful to assess other possible causes for skin thickening
* T risk of maligrancy compared to general population, therefore must be vigilant
= Frequent (eg, daily} BP « to maonitor for HTN suggestive of scleroderma renal crisis

s aLwn




Clinical Manifestations of Systemic Sclerosis
Skin Tightening and thickening of extremities, face, trunk (bx not req for dx)
"Puffy” hands, carpal tunnel syndrame, scleradactyly
Mailfold capillary dilatation & dropout
Immobile, pinched, "mouse-like™ facies and “purse-string” mouth
Calclnesis cutls (subcutaneous calcification), telangiectasias

| Arteries Raynaud's phenomenon (BO%): digital or visceral ischemia

Renal Scleroderma renal crisis (SRC) = accelerated development of HTMN
{relative increase in Pt BP as compared with basefine BF), MAHA
urine sediment typically bland; path w/ “onion-skin” hypertrophy of
capillaries; affects 5-10% of Pts, 66% wiin 1% year (Rkeum 200%.48ii32)
T risk wi 15 mgfd of prednisone idrthrits Rheum 1998:41:1613}
poor prognosis wi 50% mortality
Gl GERD and erosive esophagitis
(~80% of Pts) Esophageal dysmotilicy — dysphagia, odynophagia, aspiration
Gastric dysmotility — early satdety and gastric outlet obstruction
Small intestinal dysmatility - malabsorption, bact overgrowth, bloating
Musculoskel Arthralgizs/arthritis; myasitis; joint contractures; tendon friction rubs
Cardiac Myocardial fibrosis; pericardial effusion; conduction abnormalities
Pulmanary  Pulmenary fibrosis (typically develops wiin 4 v); pulmonary arterial
hypertension (typically develops after many yrs). #1 cause of mortality
Endocrine  Amencrrhea and infertility common; thyreid fibrosis + hypothyraidism

sSc Subgroup Cumpaﬂm

Limited Diffuse
| General Fatigue, weight loss
Skin Thickening on extremities distal to Thickening of distal and proximal
elbows/knees and face only ext. face and trunk

Pulmonary PAH (rapidly progressive| = fibrosis Fibrosis = PAH
Gl PEC

Renal SRC later in disease course SRC earlier & more common
Cardiac Restrictive cardiomyopathy
Other CREST syndrome = Calcinosis, Ra}rnaud‘s

Raynaud's, Esophageal dysmaotility,
Sderodactyly, Telngiectasias

Antibodies Centromere (10-40%) Sel 70, RNA-Pol 11l (40%)
Prognosis  Suryival 70% at 10y fosurviva R oleal0y
1|! atment (Aun F 20

= Minimize sLemld exposure to reduce risk af renal crisis
* Pulmonary fibrosis: cyclophosphamide (MEM 20063542655 Arth Rheum 2006:34:3692), MMF
under investigation; improvement may be minimal (Shewn D Cin 84 2015:41237)
PAM: pulmonary vasodilators (see “Pulm Hypertension”), early Rx alw better outcomes
+ Renal crisis: ACEI (not ARB) for Rx, not prophylaxis (Semin Arthetis fheam 201 5:44687)
* Gl: PPl and/or H2-blockers for GERD; antibiotics for malabsorption
hypomotility: metodopramide or erythromiycin; nonoperative Rx of pseudo-obstruction
+ Cardiac: NSAIDs or steroids for pericarditis
* Arthritis: acetaminophen, N3AIDs, hydroxychloroguine, MTX
» Myositis: MTX, AZA, steroids
+ Skin: PUVA for morphea, For pruritus: emollients, topical or oral stereids {1 dose). MTX ar
MMF effectiveness for skin fibrosis debated jam Rireur Dis 201 1:70:1104).

INFLAMMATORY MYOPATHIES

Definition & epidemiology ()4

+ All lead to skeletal muscle Inﬁammznon & weakness, variable extramuscular involvement

* Polymyositis (PM): idiopathic diffuse polymyopathy, onset typically 40s-50s; ¥ = &

* Dermatomyasitis (DM): similar to PM;also occurs in childhood, but differentiated from
other myopathies by skin manifestations; malignancy alw PM (10%) & DM (24%)

» Mecrotizing autoimmune myositis (NM): usually in adults; occurs after viral infections,
statin exposure (® anti-HMGCR)

* Inclusion body myaositis (IBM): onset after age 50; J > ¥;often misdiognosed as PM

Clinical manifestations (ngm

+ Muscle weakness: gradual (wks - mos] except in NIM, progressive and painless




DM/PM/MM: proximal and spmmetric; difficulty climbing stairs, arising from chairs,
brushing hair; fine motor skills (eg, buttoning) lost late
|BM: may be asymmetric and distal
+ Dermatologic: may precede myositis by mos to yrs (uncomman for converse)
erythematous rash on sun-exposed skin: neck & shoulders (shawl sign), face, chest
heliotrope rash (purplish discoloration) over upper eyelids + periorbital edema
Gottron's papules (in ~80% & pothognomonic): violaceous often scaly areas
symmetrically aver dorsum of PIP and MCP joints, elbows, patellae, medial malleoli
subungual erythema,“mechanic’s hands” (skin cracks on digits), pruritus
DM sine myositis (amyopathic DIM): dermatologic features wio myositis, in 10-20%
* Polyarthralgias or polyarthritis: usually early, nonerosive; small joints > large joints
* Raynaud's (30%, DM and overlap CTD)) wi/ dilatation & dropout of nail bed capillaries
= Visceral involvement () Rheumara 2009:363711)
pulmanary: acute alveslitis; ILD; respiratory muscle weakness; aspiration
cardiac (33%): often asx; conduction abnl; myo/pericarditis; HF uncommon; T CIK-MBTn
Gl: dysphagia, aspiration
* Antisynthetase syndrome (PM > DM): fever, ILD, Raynaud’s, mechanic’s hands, arthritis
* DDx: drug-induced myopathy (statins, cocaine, steroids, colchicine); infxn (HIY, EBY,
CMV): metabalie (hypothyroid, hype-K, hypo-Ca): neuremuscular dis. (eg, myasthenia
gravis); glycogen storage disease; mitochandrial eytopathy; muscular dystrophy

Diagnostic studies
* 1 CK (rarely >100,000 U/L, can be 11T in NM), aldolase, SGOT, LDH; + 1 ESR & CRP
» Autoantibodies: & ANA (=75%) (Cuer Rheumoral Rep 2013:15:335)
© anti-Jo-1 (25%): mest commean specific Ab; a/w antisynthetase syndrome
@ anti-Mi-2 (DM = PM 15-20%) is a/w disease that responds well to steroids
@ and-SRP is afw NM, poor Rx response; © antd-HMGCR in NM alw statin exposure
* Consider EMG (T spontaneous activity, + amplitude, polyphasic potentials w/ contraction)
or MRI (muscle edema, inflamemation, atrophy) for evaluation; may guide biopsy
* Pathology and muscle biopsy: all with interstitial mononudear infilorates, muscle fiber
necrosis, degeneration & regeneration (required for definitive diagnosis)
PM: T cell-mediated muscle injury; endomysial inflam. surrounds nen-necrotic fibers
DM: immune complex depesition in blood vessels with complement activation; perimysial,
perivascular inflam (B & CD4T cells), complement in vessels.
NM: necrotic fibers wi macrophages
IBM: T cell-mediated muscle injury, vacuole formation; same as PM with eosinophilic
inclusions and rimmed vacuoles (EM)

Treatment (FI™ & DM, no effective treatment for [B/M) (A

* Steroids (prednisone 1 mgfkg); MTX or AZA early if rno:llfsevena or tzperftuls (2-3mo)

* For resistant (30—40%) or severe disease: AZAMTX combo, [Vig (DM + PM}, rituximab
{Artheltss Rheurn 2013:65-314). MME cyclophosphamide (esp. if ILD or vasculitis)

* IVlg w/ pulse steroids acutely for life-threatening esoph or resp musde involvement

+  for occult malignancy (esp.if DM): monitor respiratory muscle strength with spirometry

* NM: discontinue statin if taking, steroids + MTX or IVIG if needed (Musde Nerve 2010:41:185)

Myaositides, Myopathies and Myalgias

Disease Weakness Pain TCK TESR Biopsy
DMIPM/NM ® =) @ + as above
1BM ® (=] @ =] as above
Hypothyroidism ® + ® a mild necrosis

inflam, atrophy
Steroid-induced ® [ 5] atrophy
PMR e B <] & nermal
Fibromyalgia =] & =] a nermal |
(JAMA 2014311:1547) (tender points)

SIOGREN'S SYNDROME

Definition & epidemiology

+ Chronic dysfxn of exocrine glands (eg, salivaryflacrimal) due to lymphoplasmacytic
infiltration, Extraglandular manifestations cammoen in primary form.

« Can be primary or secondary (afw RA, scleroderma, SLE, PM, hypothyroidism, HIV)

+ More prevalent in ¢ than J;rypically presents berween 40 & 60 y of age

Clinical manifestations

* Dry eyes (keratoconjunctivitis sicca): | tear production; burning, scrarchy sensation

+ Dry mouth {xerostomia): difficulty spezaking/swallowing; dental caries: xerotrachea: thrush



Parotid gland enlargement: intermittent, painless, typically bilateral
Vaginal dryness and dyspareunia
Recurrent nonallergic rhinitis/sinusitis due o upper airway gland involvement
Extraglandular manifestations: arthritis, interstitial nephritis (40%); type | RTA (20%);
cutaneous vasculitis (25%); neuropathies (10%5): PNS or CNS disease; ILD; PBC
* T risk of lymphoproliferative disorders (~50x T risk of lymphoma and WM in 1° Sjégren's)
Diagnostic studies
* Autcantibodies: & ANA (95%), & RF (73%)
Primary Sjégren's: ® anti-Ro (anti-55-A, 56%) and/or & anti-La (anti-35-B, 30%)
+ Schirmer test: filter paper in palpebral fissures to assess tear production
+ Rose-Bengal staining: dye that reveals devitalized epithelium of cornealconjunctiva
+ Ocular staining score: substitute for Rose-Bengal staining to determine degree of
keratoconjunctivitis sicea using fluorescein and lissamine green
* Biopsy (minor salivary, labial, Iacrlmal or parotd gland): irmphoplasmacy:lr. infileration
Classification criteria (2 of 3 hav Se & 95% Sp: Arthrits Core Res 2012:64:47
1.5 anti-Re or anti-La or RF + ANA >1 120
2. Labial salivary gland bx wi lymphocytic sialadenitis and score =1 focus/4 mm’
3. Keratoconjunctivitis sicca wi ocular staining score 23

Treatment (Arth fbeum 2005 571-110; SATTY)
+ Ocular: artificial tears, cyclospurlne e}uadrops nuwlogous tears
+ Oral: sugar-free gum, lemon drops, saliva substitute, hydration, pilocarpine, cevimeline

« Systernic: NSAIDs, steroids, DMARDs, rituximab (RCTs are needed)

Mixep ConnecTive Tissue Disease (MCTD)

Definition jhes Proce Res O £

« Features of SLE, sysl:emu: sdarosis, and{ar polymiyositis that appear gradually and
often evolve to a dominant phenotype of SLE or systemic sclerosis

* Different from undifferentiated CTD (UCTD): fail to meet criteria for any CTD; 30% go
on to develop CTD over 3-5 y (usually SLE)

Clinical & laboratory manifestations (va € sg)

* Raynaud's phenomenon typical presenting symptam (75-20%); see below

*+ Hand edema (“puffy hands"),sclerodactyly, RA-like arthritis wio ercsions, polyarthralgias

* Pulmonary involvement (85%) with pulmonary hypertension, fibrosis

* Pericarditis most frequent cardiovascular manifestation; Gl dysmotilicy (70%)

* Membranous & mesangial GN comman (25%): low risk for renal HTN erisis or severe GN

« BANA (=95%); @ RF (50%); anti-U1-RMNP in all but not specific (seen in -50% SLE)

Treatment: As per spedific rheumatic diseases dewiled above

RayMaup's PHENOMENON

Clinical manifestations (NEfM 2016;375554)

* Episodic, reversible digital ischemia, mggered by cold temp, or stress, classically:
blanching (white, ischemia) — eyanosis (blue, hypoxia) — rubor (red, reperfusion);
color A uswually well demarcated: affects fingers. toes, ears, nose.

| Primary vs. Secondary Raynaud’s Phenomenon
| Primary (80-90%) Secondary (10-20%)
Vessel wall  Functionally abnl Structurafly abrl
Etiologies  |diopathic. howsver can be  55¢, SLE, PM-DM, MCTD, Sjogren’s, RA
exacerbated by comorbid Arterial dis (athero, Buerger's); trauma
conditions, including HTN, Heme (cyro, Waldenstrém's, APLAS)

athero, CAD, DM Drugs (ergopeptides, estrogens, cocame)
Epidern. W40y, 2 =3 (50 =35y
Clinical Mildl. symm. episodic atacks  Tissue ischemia & injury (eg digital
No PVD, tissue ijury, or ulcers); can be assoc wi systemic sx
systemic sx
Auto Ab = Depends on above Etiology. uh:en ]

Nailfold Normal
Treatment | 3 v
* All: avoid cold, maintain warmm Dfdlgns & badr:m:ld cigarettes, drugs, caffeine & trauma
* Mild-mod: long-acting CCB, topical nitrates, 3SR, ARB, e-bleckers, ASA/clopidogrel
* Severe: PDE inhibitors, anti-ET-1 receptor (if ulcers esp.w/ PHT), digital sympathectomy
= Digit-threatening: IV prostaglandins, digital sympathectomy, + anticoagulation
= Others: fish oil (1° RP only; Ao | Med 1985.86158), abx for infected ulceration




SYSTEMIC LUPUS ERYTHEMATOSUS (SLE) | ,

Multisystem inflammatory autoimmune disedse with @ broad spectrum of dinical
mumfesmuns in association with antinuclear antibody (ANA| production
Epiderniclogy {
* Prevalence 15—50!100000 predom inantly affects women 2" to 4" decade
* 9id ratio = 8:1; African American:Caucasian ratio = 4:1
* Complex genetics; some HLA association; rarely Clq & C2 deficiency

Systemic Lupus International Collaborating Clinics (SLICC) Classification Criteria
| Clinical Criteria  SLICC Classification Criteria Other Clinical Features

| Constit (84%) Fever, malaise, anorexia, | wt
Cutaneous/Orall 1. Acute or subacute cutaneous Malar rash (spares masolabial
Ophthalmologic changes folds), discoid rash (papules

(81%) 2. Chronic cutaneous changes wi keratosis & phugging),
3. Oral or nasal ulcers bullous SLE, urticaria, TEM

4. Nonscarring alopecia Photosens. (nfv, rash, fever)

Yasculitis, panniculitis (lupus

profundus)

Raynaud’s, naiffold cap As,
Sicea syndrome
Conjunctivitis, episcleritis
Musculoskeletal 5. Joint disease: synovitis or Arthralgias and myalgias
(85-95%) tenderness & morning stiffness  Avascular necrosis of bone
invalving =1 joints
Cardiopulmonary 6. Serositis: pleuritis {37%) or Pneumanitis, [PF, shrinking

(33%) pleural effusion, pericarditis lung, PAH, DAH
(29%) or pericardial effusion Myocarditis, CAD
Libman-Sacks endocarditis
Renal 7. Proteinuria (=0.5 gldL) or RBC Mephrotic syndrome
(77%) casts Lupus nephritis (qv)
Meurologic 8. Seizures or psychosis Cognitive dysfxn, stroke, |
(54%) wio other cause cranial or periph neuropathies, |

transverse myelitis,
meneoneuritis multiplex

Gl Serositis (peritonitis, ascites)
(~30%) Vasculitis (bleeding, perf,)
Hepatitis, pancreatitis
Hematologic 9. Hemolytic anemia Anemia of chronic disease
10, Leukopenia (<4000/mm’) Antiphospholipid synd (VTE w/ |
or lymphopenia (<1000/mm?) B ACL Ab, lupus anticoag,
11. Thrombocytopenia and/or B2GP| Ab)
(<100.000/mm’) Splenomegaly, LAN
[ Immunologic 12. = ANA; 13. @ anti-ds-DNA T ESR/CRP & anti-Rofla,
[ 14. © anti-Sm; 15. & APLA @ ant-RNP & RE
16. | Complement & anti-CCP

17. & Direct Coombs’ (w/o #3)

Expert apinion, not dx criteria for SLE 24117 SLICC criteria, including >1 dlinical & 21
immunologic, ar b proven SLE nephritis wi' & ANA or ant-ds-DMNA (Arth Rheum 101564:2677)

s e

Autoantibodies in SLE (g 2008.358529)

| Auto-Ab  Frequency (approx) Clinical associati Timeli
| ANA 95-99% if active disease Any or all of bread spectirum
0% if in remission of clinical manifestations M
| Homogeneous or speckled  Sensitive but not specific r?&wfzrr
| Ro 15-35% Sjbgren's/SLE overlap i
La @ anti-Ro may be seen wi  Neonatal lupus Photosens.;
= or low titer ANA subacute cutan. |
| ds-DNA 70%; ~95% Sp; titers may Lupus nephritis Appears mos
| parallel dis. activity. esp.renal ~ Vasculitis before or at
Sm 30%, very specific for SLE Lupus nephritis dx, but may
|UI-RNP  40% MCTD:; Raynaud's become @

Tend not to have nephritis aftetdy
Histone 90% in DLE; 60-80% in SLE  Mild arthritis and serositis At diagnosis



Workup

= Autoantibodies: ANA,if & s  anti-ds-DMNA, anti-Sm, anti-Ro, anti-La, anti-U1-RNP

* Lytes, BUN, Cr, U/A, urine sed, spot microalb:Cr ratio or 24-h urine for CrCl and protein
» CBC,APLA (@ in 20-40%;ACL, B2GP1, lupus anticcagulant), total complement, C3 & C4
* If L GFR, active sediment, hematuria or proteinuria (>0.5 g/dL) — renal bx to guide Rx

Treatment of SLE (Curr Breumaal Rep 20171;13:305; Arthrits Care Fes 2015671237)

Drug Indication Adverse effects
Hydroxychloroquine  All Pts as . flares (NngiM Retinal damage (<1%)
(HCQ) 1991:324:150); monoRx for Stevens-|johnson; myopathy
arthritis, serositis, skin disease Not immunosuppressive
NSAIDs Arthritis, myalgias, serositis Gastritis, UGIB, renal failure

| Immunosuppressive agents
Corticosteroids Low dose (10-15 mg) for Adrenal suppression, DM,

arthritis, serositis; high-dose cataracts, osteopenia,

| (1 mghkg) + pulse (1 g x 3 d)for avascular necrosis of bone,

major dis {eg, renal, CN5, heme)  myopathy
Mycophenolate Nephritis (induction/maint) Cytopenias, T LFTs,
(MMF) Nonrenal refractory to HCQ diarrhea, teratogen
Cyclophosphamide  Nephritis Cytopenias, infertility,
(€YC) CNS disease teratogen, myeloproliferative
(induction, minimize exposure)  disorders, hemorrhagic
cystitis, bladder cancer
Azathioprine (AZA) Mephritis (maintenance] Myelosuppression (wTPMT),
Non-renal disease refractory to  hepatotoxicity, teratogen
HEQ lymphoproliferative disorders
Methotrexate Arthritis (preferred over Myelesuppression,
(MTX) MMF/AZA) hepatatoxicity,
Skin disease & preumanitis, alopecia,
stomatitls, teratogen

| Cyclosporine (CsA) Remal disease Hyperplastic gums, HTN

hirsutism, CKD, anemia

‘ Belimumab Arthritis, serosits, skin disease  B-cefl depletion (< RTX,

(NEIM 2013:368:1526) (esp. if @ ds-DNA or L C3/C4)  different mechanism)

| Rituximab (RTX) Refractory SLE. TR AIHA mirgi: rxn; serum sickness:

‘ Lupuu Nephritis (At Core Bes 2012,4757) |
Class Presentation Treatment (all benefit from HCQ) |
I: Min. mesangial MNormal /A & creatinine Mo specific treatment
II: Mesang@l prolif  Micro hematuria/proteinuria Mo specific treatment £ ACE| [
Il: Foeal prolif Hematuria/proteinuria,

HTN, | GFR, + nephrotic Induce: MMF or CYC + steroids
|V: Diffuse profif ~ Hematwria/proteinuria and ~ Maintenance: ? MMF > AZA ‘
HTN, | GFR, + nephrotic
V:Membranous Proteinuria, nephrotic ACEl ‘
(Can coexist with If nephrotic range proteinuria induce
class [l or 1) wi MMF + steroids |
Maint.: MMF superior to AZA |
VI:Adv. sclerotic ESRD Renal replacement therapy |

ffnn Rheum D 2070;6%2083; NEM 2004350971 & 20053532219 & 201 1365 1086)

Prognosis (Arth Rhaus 1] 2016:55:255)

= 5oy survival rate >90%. 10~;r survl\fal rate >30%

» Leading causes of morbidity and mortality: infection, renal failure, neurologic and
cardiovascular events; thrombotic complications (Medicne 2003,82:159)

Drug-induced lupus (DLE) (C 201 124

» Many drugs: procainamide, hydralazlne. penlcﬂhmlne rnlnocydlne INH methyldopa,
quinidine, chlorpromazine, diltiazem, anti-TMNF (esp. infioomab), interferons

* ldicsyncratic onser; generally mild disease with arthritis, serositis, skin disease

= & Anti-histone (95%) (may be © in anti-TMF); & anti-ds-DMA (often @ in anti-TMF even
wile manifesmtions of DLE) & anti-Sm; normal complement levels

* Usually reversible wiin 4-6 wk after stopping medication

{80 54 2550




VASCULITIS &

OVERVIEW

+ Inflammation w/in bivod vessel walls causing end-organ damage often afw systemic sx;
may be primary or secondary (eg, infection, malignancy) in etiology

» Classified by size of predominant vessel affected (Artbritis Rheun 2011:65:1); overlap of vessel
size affected is common

» Clinical manifestations based on size of vessels involved; constitutional sx (low-grade
fever, fatigue, weight loss, myalgias, anorexia) common to all

Dlstiﬁg-unmlng Characteristics of Vasculitis Subtypes

Large vessel Medium vessel Small vessel
TAK GCA PAN ANCA-assoc. Ic
Epidem Toung: Elderty,  Middle-aged to Variable Variable
§>d 2xd older
| Renal Arteries  None  Microaneurysms GN GN
| Pulm Rare Nane Rare Frequent Cryo > HSP
Periph No Yes Yes Yes I
Neurop
Gi Uneommon Yes Yes HSP = Cryo
Skin Rare MNone Comman Comman Cammen
Granul. Yes No Yes, except MPA Nao
Other Mesenteric GPA: upper airway ~ HSP: |gh-dep
aneurysms, EGPA:asthma Cryo: HCV
1 testicular involv.

TAK, Takayasu's arteritis: GCA giant cell arteritis; PAN, pobyarteritis nodosa; ANC A-assoc is GPA, EGPA, &
MPA; IC, immune complex small vessel vasculitis (eg. HSP cryoglobulinemia); G, glomerulanephrits.

Larce-VesseL VascuLITIS

Takayasu's arveritis (“pulseless disease’)

+ Arteritis of aorta and its branches — stenosislaneurysm — claudication; onset <50 y

*+ Pawern of invelvement: acrta and branches; most often subdavian and innominate
arteries (=90%),as well as carotid, coronary, renal, pulmonary (-50%)

+ Epidemiology: Most common in Asia; 7:d -%1;age <50 y

+ Clinical manifestations and physical findings (Crc 2015:1321707)

Systemic inflamm with fever, arthralgias, wt loss

Vessel inflamm w/ pain & tenderness, | & unequal pulses/BPs in extremities, bruits,
limb claudication, renovascular HTM (=50%), neurogenic syncope; Ao aneurysm + Al

“Burnt out” or fibrotic period (eg, vascular stenosis)

* D studies: T ESR (75%), CRP; arteriography — occlusion, stenosis, irregularity and
aneurysms; carotid /S Doppler studies; PET-CT, MRA; pathology - focal panarteritis,
cellular infiltrate with granulomas and giant cells (bx not required for dx)

+ Treamment: steroids £+ MTX or AZA; anti-TNF (2nd line, Autsimmun Rev 1013;11:678), ASA_
surgicallendovascular revasc (Circ 20086970

* Monitoring: MRA or PET-CT (Arth Rhewn 2012:64866); ESR/CRP {Ann Rieurn Dis 2009,68:318)

Giant cell arteritis (GCA) (jama 20163153442)

+ Granulomatous arteritis ofauriszranthes wi predilection for temporal artery,

* Pawern of involvement: extracranial branches of carotid artery, esp. temporal artery
(thus also called temporal arteritis); aora and/or its branches in 10-80%

* 90% of Ps wf GCA are =60 y, peak incidence at 7080 y, extremely rare <30 y, 7:d = 31

+ Clinical manifestations (NEJM 2014;371:50)
constitutional sx: fevers, fatigue, we loss, PMR sx (see below)
temporal artery (TA) - headache, tender TAs and scalp; absent TA, pulse
ophthalmic artery (20%) — optic neuritis, diplopia, amaurosis fugax, blindness
facial arteries —+ jaw claudication
large vessel vasculitis — intermittent claudication of extremities; thoradic Ao aneurysm
-50% of Prs w/ GCA ultimarely also diagnosed w/ PMR

+ D studies: T ESR (Se 84%, Sp 30%), T CRP (Se B&%, Sp 30%), anemia
(ESR related to fibrinogen & lg in blood; Ddx for >100: malignancy esp. multiple

myelorna, lymphoma; GCA or other vasculitis; ESRD; endocarditis, TB, osteomyelitis)
temporal artery bx whenever GCA suspected (Se <85%); 1-2 cm + bilat to T yield
(3-7% discordance) (Ann Rheum Dis 2009:68:318) — vasculitis & granulomas
if suspect aortitis or Iz vessel involvement (BP A or bruits) —+ MRI/MRA or PETCT




* Polymyalgia rheumatica (loncet 2013:381:63; JAMA 2016:315:2442)
seen in 30% of GCA Prs; 15% of Prs w/ PMR develop GCA
age 250 y; ESR =40 mmvh (andior T CRP), bilateral pain & morning stiffness (30 min),
involving 2 of 3 areas: neck or torso, shoulders or prox. arms, hips or prox, thighs:
nighttime pain: + subdeltaid bursitis on LIS; exclude ather causes of sx (g, RA);nl CK
» Roc steroids (do not await bx/path results to begin steroids, have at least 2 wk to bx)
GCA: 40-60 mg/d wi slow taper, ASA daily; consider IV pulse if vision threatened, Adding
tocilizumab to steroid may be beneficial (Loncet 2016387:1921); await phase Il results,
PMR: 12.5-25 mg/d; if clinical improvement, initiate slow taper. If no improvement, T
dose. Consider MTX if at high risk for steroid side effects (Ann Rhem Di 2015741799,
* Follow clinical status & ESR/CRP (Ann Rheu Dis 2009:68-318); ~1/3 relapse over 2y () Rheum
201542:1213)

MepiumM-VESSEL VASCULITIS

ritis nodosa ("classic” PAN) (Arh &
. Necroiizing nongfanulornaoous vasculitis of medlum a.nd srnall arteries (w/ muscular
media) wlo glomerulonephritis or capillary involvement (ie, DAH), not alw ANCA
= Epidemiclogy: ¢ > ¥;average age of onset -50 y; primary or HBV-associated (-10%)
= Clinical manifestations
constitutional sx (80%): wt loss, fever, fatigue
neuro (79%): mononeuritis multiplex, peripheral neuropathies, stroke
musculoskeletal (64%): extremity pain, myalgias, arthralgias, arthritis
renal (51%): HTN, hematuria, proteinuria, renal failure, glomerulonephritis unusual
Gl (38%): abd pain, GlBlinfarction, chelecystitis; GU (25%): ovarian or testicular pain
skin (50%): livedo reticularis, purpura, nodules, ulcers, Raynavd's
ophthalmic (9%): retinal vasculits, retinal exudates, conjunctivitis, uveitis
cardiac (22%): coronary arteritis, cardiomyopathy, pericarditis
if lung invalvement, suspect ather vaseulitis
* Dx studies: T ESR/CRP, = ANCA; v HBs Ag; | C3/C4 if HBV-associated
angiogram (mesenteric or renal vessels) - microaneurysms & focal vessel narrowing
CTA may be adequate to make dx, but conventional angiogram is most sensitive
biopsy (sural nerve, skin or affected organ) — vasculitis of small and medium vessel
arteries with fibrinoid necrosis without granulomas
* Treatment: steroids + CYC (if severe or failure to induce remission ) antivirals if afw HBY

) SMALL-Y L YascuLmis

Microvascular vasculitis {eg, capillaries, postcapillary venules, & arterioles)

| Disease Gran Renal Pulm Asthma ANCAType® ANCA © |

| Granulomatosis & B0% 0% s anti-PR3 90%

| with polyangiitis” [+ ENT) (c-ANCA)
Microscopic — | 90% | s0% — antiMPO 70% ‘
polyangiitis (p-ANCA)
Eosinophilic @ 45% 70% L4 anti-MPO 50%
granulomatosis (p-ANCA)
with poly.anlg"iitisb

*Fredominant ANCA, type; sither p- or c-ANCA can be seen in all three diseases (NEJM 2012.367:114),
“GPA is formerly Wegenar's granulomawus and EGPA is formerly Churg-Strauss.

is of ANC,

- anﬁ-PlB (&ANCA)‘ gramlomal.osds w.n’ pr.::l}-"anglll.ls»Y &osmophﬂlr, granulomarosis and
polyangiitis, microscopic palyangiitis (rarely)

* anti-MPO (p-ANCAY): microscopic polyangiitis, eosinophilic granulomaresis and
polyangiitis, granulomatosis w/ polyangiitis, drug-induced vasculitis, nonvasculitic
rheumatic diseases

= Atypical ANCA patterns: drug-induced vasculitis, norwasculitic rheumatic diseases,
ulcerative colitis, primary sclerosmg cholangjtls. endocarditis, cystic fibrosis

Granulomatosis with polyar . f i
* MNecrotizing granulomatous sy!temlr_ vascuiltls I'requemjy affecting nose, sinuses
andlor upper respiratory tract in addition to kidneys, lungs, etc.
= Epidemiology: any age, but T incidence in young and middle-aged adults; §=%
= Clinical manifestations
respiratory (90%): upper: sinusitis, rhinitis, oralimasal ulcers, saddle-nose deformity,
ctitis, hearing loss, subglattic stenosis: lower: pulmaonary infilerates, nodules, pulmonary
hemorrhags, hemoptysis, pleurisy




renal (80%); RPGN (pauci-immune), RBC casts, dysmorphic RBCs, hematuria

ocular (50%): episclerits, scherits, uveitls, orbital granulomas — proprosis, corneal ulcer

neurclogic: cranial and peripheral neuropathies, mononeuritis multiplex

skin (50%): palpable purpura, livedo reticularis

hematologic: T incidence DVT/PE (20x) when disease active {inn lntern Med 1005:142:620)
Dx studies: 90% & ANCA (80% PR3, 20% MPO). less 5e in limited upper airway disease

CXR or CT — nodules, infiloraces, cavities; sinus CT — sinusids + bone erosions

T BUN & Cr, proteinuria, hematuria; sediment w/ RBC casts, dysmorphic RBCs

Bicpsy - necrotizing granulomatous inflammation of arterioles, capillaries, veins
Treatment: assess disease severity with BVAS/WIG score (Arh Rheum 2001:44:912)

Mild disease (no end-organ dysfxn; BVAS 0-3): MTX + steroids (4w Rheum 2012,643477)
Severe disease {end-organ damage incl. pulm hemorrhage, RPGM etc.; BVAS =3):
Induction: [RTX 375 mg/m*iwk = 4 wi or €YC 2 mglkg/d x 3-6 mo or pulse

15 mafkg q2-3wk] + steroids 1 IV x 3 d — 1-2 mg/kg/d (NEM 2005:352:351,
070363211, & 2013369417 Annols 2009;150:670; Aon Rhewn Dis 2015741178)
If RPGN: + plasma exchange to ! L risk of ESRD (Am | Kidvey Dis 2011,57:568)
Maintenance: RTX qémo superior to AZA or watchful waiting (Arh Rheum
HILEAITHN NEJM 2014371:1777)
Relapse: mild — steroids + MTX or AZA; severe — reinduce wi steroids + RTX or CYC
TANCA wio clinical evidence of flare should ot prompt A Rx (Anaak 1007147611}

Microscopic polyangiitis (MPA) (¢

Slrnl lar to GPA, but wio ENTul'alrwa)r lrm:ll\rement & nnngranulomatuus
Epidemiology: 4 > ¥;avg onset 50-60 y
Clinical manifestations: similar to GPA wlfo upper respiratory involvernent;
renal (B0-100%): glomerulenephritis
pulmonary (25-50%): pulmonary capillary alveolits, pulmonary fibrosis
constitutional and neuro sx similar to GPA; skin lesions (eg, palpable purpura) in 30-60%
Dx studies: 70% © ANCA (almost all anti-MPO}
biopsy — necrotizing, nongranulomatous inflammation of small vessels, pauci-immune
{minimal deposition of complement ar Ig; contrast w/ HSP cryogiobulinemia, etc.)
urine sediment and CXR findings similar to those seen in GPA
Treatment: as for GPA; | relapse rate compared 1o GPA

ophilic granulomatosis with polyar (EGPA, formerly Churg-Steatiss)
Sirmilar to GPA wi more frequent cardiac |rwolvement, wiw asthma and eosinophilia | =
Epidemiology: rare; can present at any age (gypically 30-40 y); afw HLA-DRBA
Clinical manifestations {Cur Aheumats! Rey 2011;13:489)
initial sx: asthma, sinusitis, allergic rhinitis (new asthma in adult raises suspicion)
easinophilic infiltrative disease: transient pulm infiltrates, gastroenteritis, or esophagitis
systemic srmall-vessel vasculitis: neuropathy (mononeuritis multiplex), renal
(glomerulonephritis), skin (palpable purpura, petechial, nodules)
cardiac: coronary arteritls, myocardids, CHF, valvular insufficiency (Medcine 2009,88:236)
D studies: 50% © ANCA (MPO = PR3}, eosinophilia (5-10 k/uL, B0-100%),
biopsy — microgranulomas, fibrinoid necrosis and thrombosis of small arteries and
veins with easinophilic infilerates
Treatment: high-dose corticosteroids + cyclophosphamide (if severe)

al-limited vas

Small vessel pauci-immune vasculitis causing RPGMN wio other organ involvement

Dix studies: B0% © ANCA (MPO = PR3); biopsy with pauci-immune GN + granulomas
Treaument identical to that for GPA/MPA,

Immune CompLEX (IC)-AsSSCCIATED L-YeEsseEL VascuLimis

r = (HSF
IgA-rnedlabed vascuhtls w." predilection for skin, Gl tract and kidneys
Epidemiclogy: & = %, children = adults, onset in winter > summer
May develop after upper respiratory tract infection (esp. Strep) or drug exposure
Clinical manifestations
palpable purpura on extensor surfaces (lower extremity first) & buttocks
polyarthralgias (nondeforming) esp. involving hips, knees, & ankles
colicky abdominal pain + GIB or intussusception
nephritis ranging from microscopic hematuria & proteinuria wo ESRD

D studies: skin bx wi immunofluorescence - leukocytoclastic vasculitis wi 1gA
and C3 depasition in vessel wall: renal bx — mesangial IgA deposition

Treatment: often self-limiting cver 4 wi; steroids + DMARDs for renal or severe disease
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Connective tissue disease-associated vasculitis
+ Small vessel vasculitis a'w RA, SLE or Sjogren's syndrome
* Clinical manifestations
distal arteritis: digital ischemia, livedo reticularis, palpable purpura, cutaneous ulceration
visceral arteritis: pericarditis and mesenteric ischemia
peripheral neuropathy
+ Dx studies: skin/sural nerve bx, angiography, EMG; ! C'in S5LE; ® RF or ant-CCP in RA
* Treatment: steroids, cyclophasphamide, MTX (other DMARDs)

Cutaneous leukocytoclastic angiitis

= Most common type of vasculitis; heterogeneous group of clinical syndromes due to IC
deposition in capillaries, venules and arterioles; includes hypersensitivity vasculitis

= Eticlogies
drugs: PCMN, ASA, amphetamines, levamisole, thiazides, chemicals, immunizations
infections: Strep, Staph, endocarditis, TB, hepatitis
malignancy (paraneoplastic)

« Clinical mar&fesmdom:abrup[ onset of palpahle purpura and transient arthralgias after

re to the offending agent visceral involvement rare but an be severe

* Dx studies: 7 ESR, | complement levels, easinophilia; v U/A; skin biopsy —
leukocytochstic vasculitis wio IgA deposition in skin (to distinguish from HSP),
if eticlogy not clear, consider ANCA, cryoglobulins, hepatitis serclogies, ANA, RF

+ Treatment: withdrawal of cﬁendmg agent + rapid prednisone taper

Behcet's syndrome (Curr fhe 10.439)
* Systemic vasculitis aﬁoctlng aII \oeml sizes, a'w oral and/or genital ulcers
* Epidemiclogy: usually young adults (25-35 y); alw HLA-B51 in areas of highest prevalence
on the old Silk Road (Turkey, Middle East, and other Asian countries)
* Classification criveria (#1 + 22 others is 91% Se & 6% Sp; Lancet 1990,315:1078)
1. recurrent oral aphthous ulceration (23x in 1y, usually 15t manifestation)
2, recurrent genital ulceration (labia in females, scrowm in males)
3. eye lesions: uveitis, scleritis, retinal vasculitis, optic neuritis (may threaten vision)
4. skin lesions: pustules, papules, folliculitis, erythema nodosum (scarring)
5. @ pathergy test (prick forearm w/ sterile needle — pustule) (not sensitive in Caucasians)
* Other clinical manifestations: most recur but are not chronic
arthritis: mild, + symmetric. nondestructive, involving knees and anlles
neuralogic: usually involvement of midbrain parenchyma; peripheral neuropathy rare
wvascular: superficial or deep vein thrombesis (25%); arterial stenasis, occlusion and
aneurysm can also occur; low incidence of thromboembalism
* Dx studies: T ESR/CRP; ulcer swab to rio HSV; ulcer bx nonspecific; ophtho eval if sx
* Treatment (Rheumatalogy 2007:46:736; Ann Rheum Dis 2008:67:1656 & 2009:68:1528)
mucocutanenus
mild: topical steroids, colchicine (esp.for erythema nodosum), dapsone, apremilast
(PDE-4 inhib) for oral ulcers and ! genital ulcers (NgM 2015:372:1510],
severe: oral steroids, steroid-sparing agents
arthritis: M3AIDs, colchicine, steroids, steroid-sparing agents
ocular: topical and/or systemic steroids + steroid-sparing agents
staroid-sparing: AZA, anti-TNF, CYC (large vessel and CNS ds), CsA, MTX IFMNa-24,
venous thrombosis: steroids and anticoagulation (careful if aneurysm present)

I6G4-RELATED DISEASE

Definition & etiology 5.39; A Rew Paitial 2014/9:318)

+ Characterized by tumor-like inﬂarmnatnry lesions that can affect nearly any argan

+ Etiology unclear: ! autcimmune; unclear role of IgG4 Ab; Pt may have hio atopy

Clinical manifestations (lance 201538} th Rhieum 201567 2468)

+ Commonly pancreatitis, asrtits, cholangitis, slalademm thyroiditis, orbital myositis +
preudotumor, retroperitoneal fibrosis

+ Multiple lesions may be present synchronously or metachronously

Diagnosis (Am A 015 74T & T

- Biopsy wi specific husmpad'miogy & immunshistochermistry findings: lympheplasmaeytic
infilrate wi significant IgG4+ plasma cell infiltrate, fibrosis, obliterative phlebitis

= T serum IgG4 (Se 90‘)5,51; 60%); not specific seen in GPA, bronchiectasis (ann Rheun Dis
20147414)

Treatment (Aqh Al 2015:67-1608)
= Prednisone vs. rh.uxlmah {Ann Bheum Dis 201574:1171)



~ CRYOGLOBULINEMIA |

Definition & types [Loscer 2012379348 Oncology 201337:10

*+ Proteins due to chronic immune stmu!auun andfor hrmphuprolrfmmn that precipitate on
exposure to cold and redissolve on rewarming, characterized by their composition

+ Cryoglobulins = proteins that precipitace from serum and plasmo when cooled

+ Distinguish from eryofibrinogenemia = proteins (eg, fibrin, fibrinogen) that precipitate only
from pinsma, found in auteimmune dis, malignancies, infxns; unclear clinical significance

Types of Cryoglobulinemia |
Feature Type | Type Il Type Il
(maonoclonal) (mixed) (mixed)

| Frequency 10-15% S0-60% 25-30%
Cryoglobulin  manoclanal Ig monocional IgM wi RF polyclonal 15G
composition  (usually 1gM or 1gG) activity + polyconal IgG ~ and [gM
Commaon Plasma cell Infection, malignancy, Autoi
etiologies dyscrasias autaimmune syndremes  synd., infxn
Primary Hyperviscosity IC-mediated vasculitis, w/ multiorgan
manifestations £ thrombosis — ischemia involvement. Can be asx.

Etiologies

+ Hematologic diseases
type I multiple myeloma, MGUS, Waldenstrém's, chronic lymphocytic leukemia
type ll: B-cell lymphomas, solid organ malignancies

+ Infections (types | & ) viral (HCW [-80% RNA @], HEW, HIV, HAV, EBY, CMV), bacterial
(endocardids, strep, etc.), fungal {coccidiomycosis, etc.), parasitic (malaria, amoebiasis)

+ Autcimmune syndromes (type Il = II): Sjogren’s syndrome, 5LE, RA, PAN

+ Renal transplant recipients (Cin Mephiol 2008,69:139)

+ Essential (idiopathic) in 10% of cases

Pathophysiology

+ Type I cryo precipitation in microcirculation - hyperviscosity & vascular occlusion

« Types W defectivelinsufficient immune complex (IC) clearance - IC-mediated
inflammation of blood vessels w/ complement activation — vasculitis

Clinical manifestations
* Most patients with circulating cryoglobulins are asx
* Type I: hyperviscosity (cold worsens sx) — HIA, visual disturbance. livedo, digital ischemia
* Type /Il vaseulitis {sx not affected by cold expasure)
“Meltzer's triad” (purpura, arthralgias, weakness) seen in 25-30% of Prs
General: weakness, low-grade fever
Dermatologic (54-80%): lower extremity purpura, livedo reticularis, leg ulcers
Joint (44-70%): symmetric, migratory arthralgias of small or medium joints
Renal (50%): glomerulonephritis (proteinuria, hematuria, ARF, HTIN, edema)
Neurologic {17-60%): peripheral neurepathy (palyneurapathy > monaneuritis multiplex)
Hematologic: anemia, thrombocytopenia, T risk of B-cell lymphoma
Gl (5%): abdominal pain, hepatosplenomegaly, abnormal LFTs
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Diagnostic studies
+  Cryoglobulins; must keep blocd warmed to 37°C at all times en route to lab; early
cooling causes false = cryoglobulin, loss of RF and L& complement
+ Cryocrit 1s quantification of cryoprotein, does not always correlate wi disease activity
+ False T inWWBC or plc on automated CBC, due to cryoprecipitation
+ Type I serum viscosity, symptomatic if 24.0 centipoise; complement levels normal
+ Type ll: L C4 levels, variable C3 levels, T ESR, @ rheumatoid factor (RF)
/ HCV, HBV, & HIV serologies in all Pts w/ mixed cryoglobulinemia
Bx of affected tissue: hyaline thrombi; vaseulitis w/ mixed inflammatory infiltrates of
small vessels; Iauloocyuochstpc vasculitis in purpuric lesions
Treatment (L 21195 e 2013524
+ Treat undarlrlng dlsorﬂer
Lymphoproliferative disease: chemotherapy andfor radiation
HCW: antivirals + immunosuppression for severe disease (NEM 2013.369.1015)
Connective tissue-related disease; DMARD/stercids = rituximab
* Type I: Plasma exchange if hyperviscosity; stercids, alkylating agents, rituximab, chemo
+ Type Il: NSAIDs for control of mild symptoms for Pts wi normal renal function.
Rituximab or cyelophosphamide fer major ergan invalvement. For mixed cryo,
plasmapheresis or plasma exchange enly in severe, life-threatening disease.




4 AMY 0SIS

Deposition of misfolded and insoluble fibrous proteins in normal organs and tissues

Classification of Amyloidosis

| Type Precursor Causative diseases Main organs affected

| AL (Primary) = Monoclonal lg MM Renal, cardiac, GI,
Mast commean  light chain Light chain disease (L> k) neuro, cutaneous,
-2000 casesfy MGUS, WM hepatic, pulmonary

| AA Serum amyloid & Inflam; RA, IBD, FMF Renal, Gl, hepatic, |
(Secondary) (SAA) Chronic infxns: osteo, TB  neurn, cutanecus
Hereditary MunntTTR etc.  Mutant proteins MNeurologic, cardiac
T incid Afr Am

| Senile MNarmal TTR Normal proteins; 27 aging  Cardiac, acrta, GI !

| AlM PB=microglobulin  Dialysis-associated fiam Musculoskeletal

{normally renally excreted)
| Localized [-amyloid protein ~ Localized production and  Neurologic
Peptide hormones processing Endacrine

TTR eransthyratin {prealbumin). Adapeed from NEJM 1997:337:898; 2003:349:583; 2007,356:2361.

Clinical Manifestations ofAmyloldoSls {Lances 20163872641

System Manifestations Amyloid !
Renal Prateinuria or nephrotic syndrome AL AA
Cardiac CMP (either restrictive or dilated); orthostatic hypoTN AL, hereditary,

1 QRS amplitude, conduction abnormalities, AF senile
Gl Diarrhea, malabsorption, protein loss all systemic

Ulceration, hemorrhage, obstruction
Macroglossia — dysphonia and dysphagia

Neurclogic Peripheral neuropathy with painful paresthesias hereditary, AL,
Autonemic neuro —» impotence, dysmotility, L BF argan-specific,
Carpal wnnel syndrome AfiM
. Cutaneous Waxy, nunprurrtic papules; periorbital ecchymoses AL
3 "P'inch purpum = skin bleeds with minimal trawma
H ic & galy, usually without dysfunction all systemic
a splenlc Splenomega{y. usually without leukopenia or anemia |
Endocrine Deposition with rare hormonal insufficiency organ-specific |
s Musculoskel  Arthralgas and arthritis {especially shoulder) AL ARM
| Pulmonary  Airway obstruction; pleural effusions AL AA
Hematologic  Factor X deficiency AL
Diagnostic studies

* Biopsy (abdominal 5C fat pad, rectal or affected tissue) — apple-green birefringence on
Congo red stain; fat pad bx 5e 60-85%, Sp 20-100%

* If suspect AL — v SIEP & UIEP (1 Se vs. SPEP & UPEP) & free light chains, + BM bx

* | suspect renal involvement  UfA for proteinuria

= | suspect cardiac involvement  ECG (1 volage, conduction abnl), TTE (biventricular
thickening w/ granular sparkiing appearance; T wall wio T volt 75% Se, 95% 5p), MRI

* Genetic tesung for herediary forms

Treatment of Amyloidosis
AL Limited involvement: high-dose melphalan — auto HSCT (Ngw 2007.157-1083)

Nee HSCT candidate: [low-dose melphalan + d hasone] or
| [syclophosphamide + bortezomib + dexamethasone] (Bhod 2015:126412)
| Retapsed: leralidomide, thalidomide, or bortezomib (ieed 20161 16:1990 & 2014;124:2495)
Ad Rx underlying disease. Colchicine for FMF, esp. to prevent renal disease.
Eprodisate promising for renal disease (NEJM 2007:1562349)
! Biglogics (anakinra, tocilizumab) for rheum associated disease (Arh Rhem
2003:48:101% Cin Bxp Rheirmaenl 201533:46)
ATTR  Liver Tx prevents further protein deposition (Muscie Nerve 2013:47:157)
Seall interfering RINA under study (MM 2013369815 JACE 215662451)

+ Clearance of amyloid by Ab against serum amyloid P under study (NEM 2015,373; 1106;
+ Cardiac involvement: diurerics; avoid dig, CCB, and vasodilators; ! ICD for 17 prevention
* Heart, kidney and liver Tx may be considered in those w/ advanced disease

= Median survival: 12-18 mos for AL (-6 if cardiac); 11 y for AA; variable for others



CHANGE IN MENTAL STATUS .

Consclousness/Arousal (description of patient & timing is most helpful)

= Spectrum from awakefalert - drowsy — stupor —» coma.Vague terms, thus most useful
to simply describe response to increasing stimulation (g, voice — noxious stimuli).

» Coma: lack of response to external stimuli, Degree formalized in Glasgow Coma Scale.
Caused by foaal lesions in upper brainstem (eg, reticular activating systern, thalami) or
diffuse dysfun of cerebral hemispheres bilaterally. Mimics: locked-in synd.. catatonia.

* Nb, quality of thought can be disturbed wio affecting leve! of consciousness (eg, discrient)

» Delirium/acute confusional state: altered atention & awareness, develops over hrs to
days, often fluctuating, accompanied by cognitive As (eg, disorientation, memory loss,
perceptual As); sometimes wi sleep—wake dysregulation, autonomic As, emotionality

» Dementia: progressive cognitive impairment beyond baseline, develops over mos to yrs,
often affecting memory, hnguage, and executive function

Etiologies of Decreased Responsiveness
1° neurologic (usually with focol signs)  Systemic (esp. in elderly or prior CNS injury)
Vasc: ischemic stroke, ICH, ven, thromb Cardiac: global ischemia, CHE HTMN enceph
Seizure: postictal, status, nonconvilsive Pulmenary: L PO T P.CO:

Infxn: meningitis, encephalitis, abscess Gl: liver failure, T NH;

Traumatic brain injury/eoncussion Renal: uremia, dialysis, L or T Na

T incracranial pressure: mass, Endo: | glc, DKAHHNS, hypothyr., Addisonian
hydrocephalus, herniation ID: pneumania, UTI, sepsis

Transient global amnesia Hypothermia & hyperthermia

Autoimmune/paraneoplastic encephalitis  Intoxication or withdrawal: EtOH, sadatives,

Neuradeg: late-stage (eg, Alzheimer's); or opiates, earbon monoxide, anticholinergic

rapidlly progressive (g, CJD) dementia  Psychiatric: catatonia

Initial evaluation

+ History (witness & background crudial): tempo, premorbid sx (eg, focal neuro deficics, HA,
infxn, pain, falls), medical conditions (eg, dementia, epilepsy, onc, cardiac, psych,
infection/immune status), accompanied by head trauma, current meds (eg, sedatives,
opicids, anticoag, anticonvulsants, immunosuppressants), drugfalcohol use

= General exam: V5, nuchal rigidity (may be present in meningitis or SAH, do not test if
possible traumalcervical spine fi), breathing pattern (eg, Cheyne-Stokes), ecchymoses,
rash, signs of head trauma (eg, Battles, raccoon eyes, hemotympanum, C5F rhinorrhea),
asterixis, liver disease stigmata, embolic phenomena/endocarditis, signs of drug use

* Neuro exam (see below): perform off sedativesiparalytics if possible, look for deficits that
suggest structural cause (eg, stroke, herniation syndrome), sfs of T ICP (eg, HA, vomiting,
papilledema, abducens nerve palsy, unitateral dilaced pupil, T BP/LHR, fixed downgaze)

| Neura Exam in Patients with Decreased Responsiveness
Mental status Arousal (behavioral response to T intensity of stimulation, GCS5)
Cranial nerves  Pupils: pinpoint — opiates, pontine lesion; midbosition & fived — midbrain
lesion; fixed & diloted — severe anoxic enceph, harn., anti-chelin,
Exrraccular movements [ vestibulo-ocular reflex teses:
oculocephalic maneuver (“doll’s eyes”):nl = eyes move opposite
head movement (do not test if possible cervical spine trouma)
vestibular (cold) caloric stimulation: in coma, nl = eyes move siowly
to lavaged ear. then quickly away
Carneal reflex, facial grimace to nasal tickle
Gag & cough reflexes (with ET tbe manipulation if necessary)

Motar Tone, spant movements, flexorfextensor posturing of arms/legs, strength
Sensory Response to painful stimuli: purposeful vs. reflexive/posturing
Reflexes Deep tendan reflexes, Babinski, “triple” flexion (ankle, knee, & hip flexion

to noxious sumulation — not suggestive of inmct cortical function)

Glasgow Coma Scale (sum polns from each of 3 categories o caculate score|
Eye opening  Best verbal response  Best motor response  Points

Fallows commands ]

Oriented Localizes pain 5

Spontaneous Confused Withdraws from pain 4

| To vaice Inappropriate words Flexor posturing 3
To painful stimuli Unintelligible sounds Extensor posturing 2
Nane None (intubated = 1T} Nene 1




Initial treatment

* Immebilization of C-spine if concern for cervical trauma

*+ Thiamine 100 mg IV — dextrose 50 g VP (order to prevent exacerbation of VWernicke's)

+ |f opiates suspected: naloxone 0.07 mg/kg, supportive care important in nearly all tox cases

+ If concern for T ICP + herniation: T head of bed; ssmotherapy wi mannitel or hypertonic
saline: T ventilation; dexamethasene for tumor edema: efs neurasurgery (! decompress)

Diagnostic studies m 201117
+ All patients: check CBC eectmlrces BUNICr oy screen, tox screen, UJA
+ Based on clinical suspicion:
labs: NH3, TSH, am certisol, B1;, ABG, ESR,ANA, TPO, thyroglobulin, BCx
imaging: head CT, then MRI; radiographs to rlo C-spine fracture
lumbar puncure to rfo meningitis, 3AH, or noninfectious inflammation {eg, autoimmune)
EEG to evaluate for nonconvulsive seizures, toxic/metabolic encephalopathy

Further treatment of delirium (Amds 1011:154.748)

* Treat undertying acute illness, efiminate precipitating factors, & provide supportive care
* Address sensory & cognitive impairments (frequent reorientation, etc.)

* Decreaselprevent infection/restraints if possible, remove lines/catheters if unnecessary
* Promote good sleep: reduce noise & nighttime interventions; sedative med if necessary
* Meds: consider antipsychotics; avoid benzos except for alcohol withdrawal or seizures

Anoxic Brain INJuRyY {at risk if =5 min cerebral hypoxia)

Initial evaluation (Creulovon 20105748

» Meuro exam: arousaliverbal, eyes & other cranial nerves, motor response to pain

+ Imaging: CT wsually not informative w/in first day after arrest, but should be done
prior to initating hypothermia rl'pauent found down or has had head trauma

Temperature management (Gl

+ Indications: comatose {eg, no meanlngful response to verbal stimuli) <6 b following
cardiac arrest (not isolated resp. arrest). Fully studied only inVT/VF, but consider
after asystole or PEA arrest or 612 h after cardiac arrest.

+ Exclusion: preg, CV instability despite pressorsiassist devices, other cause of coma,
persistznt L Oy

+ Relative contraindications: major head trauma, coagulopathy/bleading, major surgery
<14 d, systemic infection/sepsis

» Target temp: 32-36°C x 224 h. Initial studies showing benefit targeted 32-34°C, but
subsequent study showed = outcomes for 36°C vs. 33°C (NEM 2013:3692197). Some still
target 32-34°C and reserve 36°C for Prs wi contraindic to more aggressive cooling.

* Method: can use cold saline infusions; ice packs to head, neck & torso: cooling blankets:
cooling vest or endovascular catheter if available. Geal to achieve target temp <6 h (but
no benefit to prehosp cooling: |AMa 2014311:45). Start rewarming 24 h after cooling is
initiated (rewarm =0.5°C per h).

* Complications
dysrhythmias (brady most commen): if signif or hemodynamic instability, rewarm
eoagulopathy (can receive lytics, GP lIb/llla inhibitors, ere): o PT and PTT.
infection:  surveillance blood cultures during cooling
hyperglyeemia during cooling, hypoglycemia w/ rewarming; stop insulin if gle <200 mgldL
hypokalemia during cooling, hyperkalemia wi rewarming; keep K 4-5 mEg/L

Ongoing evaluation

*+ Meuro exam: daily focus on coma exarn. No exam finding is reliable <24 h or on sedation.
Pt needs to be off sedaton for an adequate time to evaluate (depends on doses used,
duration of Rx, metabolic processes in the individual Pt).

+ Labs: daily CBC, FT/IPTT. electrolytes. Serum neuron-specific enclase (NSE) on days 1-3

* Imaging: noncontrast CT 24 b after arrest; if unrevealing, consider MRI around days 3-5

* EEG: consider in all to exclude seizures; greatest risk during rewarming

* Somatosensory evoked potentials (SSEP): helpful for prediction of poor outcome if
cortical responses are absenc bilaterally; perform 48 h after arrest (72 h if cooled)

Pru’i'usls Not & o 2014.10:1%0

+ For inPr arrest, -20% survive, ~70% of Pis who survive have good long-term prognosis

* Prior wo cooling era, uniformly poor prognosis could be predicted at 72 h only in Ps who
have absent pupillary and corneal reflexes, and no motor response to pain; or with absent
SSEPs at 48 h.With cooling, it is less clear if the prior measures are as reliable.

+ Otherwise, prognosis requires multifactorial appreach considering exam, age, comarbid
diseases, ancillary data (MNSE, EEG, S5EP; imaging is less reliable for poor outcome)

* When in doubt, err on giving more time (esp. if younger or induced hypothermia)




Definitions (

+ Seizure: transient netrnlogm symptams due to excessive synchronous neuronal activity:
may be provaked by a reversible factor lowering the seizure threshold, or unprovoked

* Epilepsy: =2 unprovoked seizures occurring =24 h apart or 1 unprovoked seizure wi 260%
probability of further seizures over the next 10 yr (see below for prognostication)

+ Generalized seizures (involves brain diffusely)

Tonic-clonie (grand mal): tonic phase (10-20 sec) with contraction of muscles
(causing expiratory moan, cyanasis, pooling of secretions, tongue biting) — clanic
phase (- 30 sec) with intermitcent relaxing and tensing of muscles

Absence (petit mal): transient lapse of consciousness w/o loss of postural tone, usu pedi

Myecionic {infantile spasms & juvenile myoclonic epilepsy): sudden, brief contraction

* Focal seizures (involves discrete brain area, implies a structural lesion)

wlo impaired consciousness: focal motorfautonomic sx (formerly “simple partial seizure”)
or focal sensory/psychic symptoms (eg, aura)

wi impaired consciousness. dyseagnitive features (formerly “complex partial seizure”)

evalving ta bilateral, convulsive seizure (formerly “secondarily generalized seizure”)

*+ Status epilepticus: continuous convulsive seizure =5 min or =1 seizures wio resolution of
postictal encephalopathy: life-threatening

+ Nonconvulsive status epilepticus: alteration of awareness (ranging from confusion to
coma) wio motor manifestations of seizure; dx with EEG.

Differential diagnosis
* Syncope (Lowcet Neuwo! 1006:5171)

Feature Seizure Syncope
Aura Unusual behaviorfautomatisms Diapharesis, nausea, tunnel vision
Convulsions Variable duration Usually <10 sec
Postictal state “Yes; can be =30 min MNane or short
Other cles Tongue biting, incontinence Skin pallor, ek

* Nonepileptic seizure (aka “psychogenic”): may see side-to-side head turning, asymmetric
large-amplitide limb movements, diffuse shaking wio LOC, eryinglalking during event

+ Other: metbolic disarders (eg, aleohslic blackouts, bypoglycemia), migraine, TIA, eransient
global amnesia, narcolepsy (catplexy), nonepilc:pr_i: riyoclonus, tics, asterixis

Etinlogies of seizures (vary strangly by age
* Without focal lesion: genetic pred Ispnsmon to seizures or epilepsy syndrome;

alcohol withdrawal, illicie drugs;
meds (eg, B-lactams, bupropion, tramadol, MNZ, meperidine, CsA, antidepressants);
electrolyte (hyponatremia) & other merabolic (eg, uremia, fiver filure, hypoglycemia);
autoimmune encephalitis, idiopathic (—60%)

* With foeal lesion: tumer, trauma, stroke, subdural hematomas, posterior reversible
encephalopathy syndrome, mesial temporal sclerosis, focal cortical dysplasia

Clinical manifestations
» Aura (sec to mins): premenition with paresthesias, focal motor contractions, abnorrnai
smells/tastes, fear, depersonalization, déja vu, ic changes, aut ns
= lctal period (sec to mins): tonic and/or clonic movements of head, eyes, trunk or exoem.
* Postictal period (mins to h): slowly resolving period of confusion, disorientation,
and lethargy. May be accompanied by focal neurologic deficits (Todd's paralysis).
Clinical evaluation
* Histary key in differentiating seizure from other causes of transient loss of consciousness.
Must talk to witnesses. Ask about prodrome, unusual behavior before spell, type &
pattern of abnl movements incl. head turning & eye deviation (gaze preference usually
away from seizure focus), loss of responsiveness.
Recent events: illnesses/fevers, head trauma, sleep deprivation
PMH: prior seizures or @ FHx, prior meningitis'encephalitis, prior stroke or head trauma
Medications (new or noncompliance), alcohol and illicit drug use
General physical exam should include the skin, looking for neurcectodermal disorders
(eg, neurofibromatesis, tuberous sclerosis) that are afw seizures
= Neurologic exam should look for focal abnormalities — underlying structural abnormality

Dmplmstu_ studies | ey 20
« Lab full lyres, BUN, Cr’.gic LF'I'S. tox screen, med levels (if on valproic acid, phenytoir;
consider for other AEDs but may take days; levetiracetam level rarely useful unless?

noncompliance)
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+ Routine EEG {-30 min): useful in workup of 1%-time unprovoked seizure, as may
determine risk of seizure recurrence, Caveat: interictal EEG nl in 50% of Pts wi epilepsy,
and interictal epileptiform activity (spikes or sharp waves) may be seen in up to 2% of nl
population; sleep deprivation and repeated studies T dx yield of EEG.

+ Long-term EEG monitaring (hrs to days): useful for differentiating epileptic from non-
epileptic spells; video monitoring may help w/ nonepileptic seizures

« MRl to rlo structural abnormalities; T Se wi fine coronal imaging of frontal & temporal lobes

+ LP (if no space-occupying lesion on imaging): if suspecl. meningitis (eg, fever, TWBC,
nuchal rigidity) or encephala'l:ls and in aﬂ HIV @ Pts

reatment (Nedmiosy 2015.84:17 335804,

+ Treat any underlymg pfeapn:zms mrJuding CMNS infections, intaxication, withdrawal, etc.

+ Antiepileptic drug (AED) Pox usually reserved for Prs wi =2 unprovoked seizures, single
seizure wi high risk of recurrence (see below), or underlying structural abnormality.
Provoked seizures generally treated by addressing underlying cause; consider AED if
status epilepticus on presentation, focal neuro exam, postictal Todd's paralysis.

+ After 1" unprovoked sz, weigh risks of recurrence vs AED. T risk of recurrence if abnl
EEG, MRI, or nocturnal sz. If EEG & MRI nl — 65% sz-free at 5 y (Loncer Mewd 3006:5:317)

+ Immediate treatment w/ AED after 1 unprovoled seizure | risk of recurrence over 2 y, but
does not A long-term prognosis

+ IfAED Rx indicated, choice dependent on type of seizure, side effects, cost, mechanism of
elimination (if hepatic or renal insufficiency), teratogenesis and drug interactions

v Introduce gradually, monitor carefully

v May consider withdrawal if seizure-free (typically for at least 1y) and normal EEG

+ Individual state laws mandate seizure-free duration before being allowed to drive

Antiepileptic Drugs and Side Effects

Medication Avg daily dose Common side effects
Systemic Neurofogic
(ail: sedation)
Carbamazepine  400-1600 mg Aplastic anemia, L WBC, Diplopia, confusicn,
rash;, hEPaEGI.OX'K_lq'. 4 Na araxia
Ethosuximide 5001500 mg Rash, BM suppression Behavioral As
Gabapentin 900-3600 mg Gl upset, wt gain Nystagmus, ataxia
Lacosamide 200-400 mg Prolonged PR interval Dizziness, diplopia
Lametrigine 100-300 mg Rash [Stevens-Johnson) Tremor, HA, blurred
VISION, INSOmnia
Levetiracetam  1000-3000 mg Gl upset {rars) Ermotional lability
Owcarbazepine  600-2400 mg Hyponatremia, rash Diplopia, dizziness
Phenobarbital ~ 50-200 mg Rash Cognitive slowing
Phenytoin 200-400 mg Gum hyperplasia Dizziness, ataxia
Topiramate 100-400 mg L wt, fiypohidrosis. kidney Cognitive slowing
stones, glaucoma, met acid
Valproic acid 500-2500 mg Hepatotch MNH3, 7w, L haur Tremor
Zonisamide 00600 mg L wt, hypohidros ith  Cog slowing

(ME/M 2008359166 Lancet Newral 20]1'10‘146}

Status epilepticus (Nearcort Care 1011:17:3)

+ ABCs: vital signs, oral alrwa}-I or mdoh'ad'teal intubation. Place Pt in semiprone position to
L risk of aspiration. Obtain IV access. Give thiamine, dextrose, IV normal saline.

* STAT gle, metabolic panel, CBC, tox screen, lactave, AED levels, consider head CT, LP

+ Start standing AED after loading dose.

Treatment of Status Epilepticus
Time  Antiepileptic Dosing regimen  Typical adult dose |

(min)

<5 Lorazepam or 0.1 mglkg IV Successive 24 mg IV pushes |
Midazolam or 0.2 mgfkg IM Up to 10 mg IM
Diazepam* 0.2 mgfkg PR

=10 Phenytoin or 20 mglkg 1.0-1.5g IV over 20 min
Fosphenytoin 20 mg PEkg 1.0-15g PE IV over 5-10 min
or Yalproate or 20-30 mgfkg 1.0-15 g IV over 5-10 min
Levetiracetam 1000 mg I over 10-15 min

Subsequent steps mandate intubation, EEG monitoring and [CL! admission
3060, | General anesthesa with conrintious miidhzofam, pentobarbital, or propofl
PE. phenvtoin aquivalants. "Cansider PR diazesar If na IV aceess and 1M midazolam is contraindicaced.



LCOHOL WITHDRAWAL B

Pathophysiology

* Alcohol is a CNS depressant

* Chronic use — insensitivity to inhibitory neurotransmiteer y-aminobutyric acid (GABA)
= Abrupt alcohol cessation — CNS overactivity

Clinical manifestations

* Minor withdrawal sx (648 h after last drink): mild anxiety, tremulousness, HA

» Withdrawal seizures: typically wiin 48 h after last drink; if unRxd, /s — delirium tremens

= Alcoholic hallucinesis: isolated hallucinations (typically visual) 1248 h after last drink

= Delirium tremens (DT): diserientation, agitation, hallucinations, 7 HR & BP, fever,
diaphoresis; begins 48-96 h after last drink, lasts 5-7 d

* Consider ather dx: CMNS infxn or bleed, sz, drug O/L), coingestions, acute liver failure, GIB

Clinical Institute Withdrawal Assessment scale for alcohol (CIWA-Ar)

= Assign points for each of the 10 criteria; each criteria is scored 0-7, except orientation,
which is scored (—4; add points to calculate score

CIWA-Ar Scale |
Points Anxiety Agitation Tremor HA Orientation
o MNone MNone MNone MNane Oriented |
1 Somewhat Mot visible, but  Very mild Cannot do serial
felt at fingertips additions |
2 Mild Disorienc by <2 d |
3 Moderate | Disorient. by =2 d |
4 Guarded Restiess Moderate w/  Mod severe  Disoriented to
hands extended persan or place |
5 Severe nfa
3 Wery severe nla
7 Panic Pacing ar Severe Extramely nia
LS S W L
Points NIY Sweats Auditory Visual Tactile disturb
hallue. hallue. |
0 MNone MNone MNane MNane None |
1 Moist Very mild Very mild Verymid |
palms photosens, paresthesias
2 Mild Mild Mild paresth.
photosens.
3 Moderate Mod Mod paresth.
photosens.
4 Ineermie. wi Beads Mad severe Mad severe Mod severe
dry heaves visual hallug, hallucirations
5 Severe Severa Severe
3 Very severe Wery severe Very severe
7 Constant Drenching Cont. . Contiruous | Continuous
SCORE =B none to minimal withdrawal: B-15 mild; 16-20 maderate; 520 severe

Treatment ¢ B 1788)
= Benzodiazepines [BDZ)
Drrug: diazepam (long-acting w/ active metab; | risk of recurrent withdrawal), lorazepam
(shart half-life), chlordiazepoxide, oxazepam (no active metab; good if cirrhosis)
Route: start IV, transition to PO
Diosing: typically start wi diazepam 10~15 mg [V g10-15min {or lorazepam 24 mg IV
q15-20min) until appropriate sedation achieved, then titrate to CIWA-Ar scale, evaluating
qlhuntil score <8 « 8 h,then q2h = B h, and if stable, then q4h gama 1594372519
If refractory to BDZ prn — BDZ g, phenobark, dexmedetomidine, or propefal (& intubation)
Avoid BB (mask sx)
Mechanical restraints as needed until chemical sedation achieved
Volume resuscitation as needed; thiamine then glc to prevent Wemicke’s encephalopathy
(ataxia, ophthalmoplegia, short-term memary loss); replete K, Mg, POy
* Prophylaxis: if min sx or asx (ie, CIVWWA score <8) but prolonged heavy EtOH con-
sumption or hi/o withdrawal seizures or DTs — chlordiazepoxide 25-100 mg
{based on severity of EtOH use) gbh = 24 h, then 25-50 mg q6h = 2 d



| STROKE

ISCHEMIC STROKE

Etiologies

+ Embolic (-75%}: artery — artery, cardioembolic, paradoxical, cryptogenic (AF found in —12%)

» Thrombotic (~25%): large vessel (atherosclerosis) vs. small vessel [“lacunar” lipohyalinosis of
small arteries, often refated to HTN, hyperlipidemia, & DM)

+ Other: dissection, vasculitis, vasospasm, prothrombotic states, hypoperfusion, genetic

Clinical Manifestations

+ Timing embolic — sudden onset; thrombatic -+ stuttering course

Stroke syndromes by vascular territory

Artery Deficits
| ICA — Ophth  Amaurosis fugax (transient monocular blindness)
| ACA Hemiplegia (leg > arm), abulia, urinary incontinence, primitive reflexes
MCA Hemiplegia (face & arm > leg); hemianesthesia; homonymous hemianopia
Aphasia if dom. hemisphere: sup. div. — expressive; inf. div — receptive
Apraxia & neglect if nondom, hemisphere.
PCA Macular-sparing homonymaus hemianopia; alexia wio agraphia
Thalamic syndromes with contralateral hemisensory disturbance
Vertebral, Wallenberg syndrome = numbness of ipsilateral face and contralateral limbs,
PICA diplopia, dysarthria. ipsilaveral Horner's, hiccups
Basilar Pupillary As (midbrain=dilated, pons=pinpoint), long tract signs (quadriplegia,
sensory loss), CN abnl, cerebellar dysfmn.Top of basitar — “locked in” synd.
Cerebeliar  Vertigo, M/, diplopia, dysarthria, nystagmus, ipsilaceral imb acaxia
Lacunar S major syndrcmes pure hemiplegia, pure hemianesthesia, ataxic
(arterioles) dysarthria + clumsy hand, mixed sensorimotor

Transient ischemic attack (TIA)
+ Sudden deficit duse to cerebral ischemia no stroke on imaging: sx reschve <24 h (most <1 h)
+ Ddx seizure, migraine, hypoglycemia, amyloid spells TGA, anxiety
* Risk of subsequent stroke -2% by 1 wh (NEM 20163741533 Can stratify based on ABCD%:
Age =60 y (+1); BP 214090 (+1); Clin features: unilat. weak, (+2}, speech impair. wio
weakness (+1); Duration 250 (+2) ar 10-5% min (+1),DM (+1)
Physical exam
+ General: murmurs, carorid & subclavian bruits, peripheral emboli, endacarditis sequelae
* Meurologic examn, NIH stroke scale (httpa/fwwwninds.nihgovidoctorsiNIH_Stroke_Scale pdf)
Acute workup
* Electrolytes, Cr (relevant for contrast); glc, CBC, coags (see exclusion criteria for lysis)
+ Cardiac biomarkers, 12-lead ECG, tox screen
« STAT €T to rle ICH prior tw lysis (Se ~ MR, faster, more widely available)
early signs: hyperdense artery, loss of gray-white differentiation, ederma, insular ribbon
CT can be nlin 17 hrs after sx onset, not Se for small strokes & brainstem strokes
obtain CT-angio head & neck if endovascular intervention indicated
Acute treatment of ischemic strake (44 20153131451 & 3141832)
+ Thrombolysis (IV): tPA 0.9 mglkg (max %0 mg),w/ 10% as bolus over 1 min, restover 1h
consider if onset wiin 4.5 h,@ ICH, @ contraindic, (incl, currentprior ICH; head trauma or
stroke wiin 3 mo;intracranial neoplasm, AVM or aneurysm; recent intracranial/intraspinal
surgery, active internal bleeding; noncompressible arterial puncture; T BP; multlobar
infarce: plt <100k, INR. 1.7, on Xa inhib, PTT =40, ge <50)
0-3 h: 12% absclute T in good neuro outcome: (min/na disability), 5 8% absclute T in ICH,
trend toward 4% absclute | mortaliy
3-4.5 b 74% absolute T in good neuro outcome, 1.8% absclute T in ICH, @ maortality benefic
(b, trial excluded patients with previous strokes + DM)
06 mgfkg (tested 17 in Asians); ¢ slightly L efficacy but '/ ICH rate (NEpM 2016374:2313)
* BP:lower to <185/110 to consider lysis: if lyse keep <180/105 » 24 h (consider labetalol or
nicardiping), ofw permissive HTM unless =220/120 or sx;if sx HoTM consider vasopressors
* Initiate ASA, wiin 24-48 h; avoid anticoagulation wiin 24 h of lysis; see below for long-term Rx
* Cerebral ederma — hemiation: often occurs 1-5 d post large MCA or cerebellar strokes, T risk
in young. Temporize: elevate HOB >30°; mannitol + 23% NaCl Hemicranieccomy | mortaliy
(Lancet Mecrnf 2007:6:215), Neurosurgery consult in select MCA and all farge cerebellar strokes.
» Endovascular thrombectormy (JCc lnw 20163:307): if anterior dreulation prox cutoff
{mostly MCA) and wiin -6 h of sx onset, addition of thrombectomy to IV tPA T odds of
fxnal independence by 71%, wl no A in ICH or mortality (WM 201537211, 7009, 1019,2265 &
22%6; Lonoet 20163871723



Worlwp to assess for etiology/medifiable risk factors

+ Cardiac: Holter 1o assess for AF (found in —12%; NEM 2014370:2457 & 2478;374.2085); echo 1o rlo

thrombus/vegetation, wi bubble study to rio PFO/atrial septal aneurysm if suspect embalic

* Vessel imaging: carotid UfS and Doppler (if no vessel imaging obtained in acute eval)

+ Labg: lipids, HbA1 e TSH, homocysteine, Lp(a), hypercoag wiu (if <65 y or oryptogenic stroke:

ideally drawn before starting anticoag), ESRICRP blood ex if sfs systemic infection

* MRI helpful if dx of strobe unclear (esp. post circ) or to define stroke subtype, age, exact size

DW! bright/ADC dark = earliest finding in acute ischemia (~w/in mins, up to days}
TZ-FLAIR hyperintense wiin hrs, persists for whs; PWI differentiates irreversibly infarcred
core vs. viable penumbra: T 7 fat-sat (neck vessels) if suspicious for dissection

Secondary stroke prevention (WEM 2012386:1914)

» Antiplatelet therapy: different agents likely have similar efficacy

ASA, | death & repeat stroke; equal to warfarin in nonembolic stroke (ME 2007:345:1444)
clopidogrel: marginally superior to ASA, slightly T ICH (Lancet 19963481329
ticagrelor: trend toward 13% 1 ischemic stroke vs. ASA (NEJM 2014:375:35)
clopidogrel + ASA (vs.ASA alone): < %0 d in minor strolaes/TIA — 32% | risk of strole,
no & ICH (MEM 2013.36%:11); extended Rx not more effective & T ICH (Loncer 2004,364331)

* Anticoagulation (AC): consider only if: AF (gv), cardiac/paradoxical emboli (except
bacterial endocarditis); long segment extra-dural dissections; hypercoag state; bridge to
CEA in sx carotid stenosis w/ongoing TlAs.

Hold off on AC in large strokes for -2—4 wh given risk of hemorrhagic conversion.

Long-term SBP targer 120-139 mmHg (jame 2011:306:2137)

Statin; | recurrent stroke wi atervastatin 80 mg, LDL goal <70 (NEfM 2006.355:549)

Fluoxetine: ! improved motor recovery after 3 mo (Lances Mewrol 2011,10:123)

Fioglitazone: 24% | risk of stroke in Pts wi stroke/TIA + insulin resist. (NEM 2016374:132T)

Carotid revascularization (NE/M 2013:359:1143)

CEA (if surgical morbidity & martality <6%) indicated for:
sx stenosis 70-99% (benefit T for males, =75 y, <2 wk from stroke) — 65% | RR of
repeat stroke, slight benefic for 50-69% stenosis (NEM 1991,325:445: Lancer 2004363:915)
asx stengsis 70-90%, <79 y. 50% L RR of repeat stroke (Lonce 2004363:1491 & 2010,376:1074)
stenting: cfw CEA, periprocedural risk of sroke T (esp.in elderly) & MI L (but many asx),
subsequent rates of stroke similar (NI 20163741017 & 1027; Lancer 2074,387:1305)

sos 8 s on

Patent foramen ovale (PFC;in

+ T stroke rigk: =4 mm separation, R- ,L shuntlng at rest, | septal mobility, atrial septal aneurysm

+ I PFO & strole(TIA: no benefit of warfarin over ASA (G 2002:1052615), but consider if at high
risk for or has DVTIPE. No sig benefit shown for PFO dosure so far, albeit studies small & w/
favorable trends (NEW 2013366991; 2013 10683 & 1093).

ropulation ) (NEW 2005353138

INTRACRANIAL HEMORRHAGE (ICH)

Classification by |location

* Hemorrhagic strokes: intraparenchyrmal hemorrhage (IPH) & subarachnoid hemorrhage (SAH)

+ Other ICH: epidural hematama (EDH) & subdural hematema (SDH)

Etiologies

* AWM, aneurysm, cerebral venous sinus thrombosis — IPH or SAH

* HTM (basal ganglia, cerebellum, brainstem), cerebral amyloid (labar). tumar {esp, w/
melanoma, renal cell CA, choaria-CA, thyraid CA) — IPH

* Trauma — all locations (nb, IPH or S5AH caused by trauma technically not a stroke)

Clinical manifestations (Lancet Newral 1005:4:662; AM] 2010:34 v
* | consciousness, NV, HA, progressive focal rleuru]oglc deﬁms
* SAH: thunderdap HaA, onset wi exertion; nuchal pain/rigidity; LOC. EDH: inivial lucid interval,

Workup 4 2dot 101111 12984)

« STATCT bram. angio (CTA or con\nenuona]) if suspicious for vascular source

+ ! LP for xanthechromia if no evid of ICH on CT {although © LR 0.01) & suspicious for SAH
« Coags (PT, PTT, INR)

Management

* Reverse coagulopathies (qv), goal INR <1.4. Pkt goal =100k Mo benefit to plt transfusion if
on antiplt Rx (Lencer 2016;387:2505), but ? consider if expanding ICH; DDAVP if uremic.

*+ Strict BF control wi art line, use nicardipine or labetalol get. 5BP goal - 160 (MM 20133682355
B ATACH-2, NEIM 207 édei 10 1056MEMoa 16034600,

+ SAH:endavase coiling vs. surg elipping (depends on lacation, comarbid.; Lanet 2015:385457)
of aneurysm/AVM; nimadipine to | risk of vasospasm (monitor w/ TCDs), seizure Ppx

* Surg evac: EDH: SDH if =7 em or rapid 1; IPH: no obvious benefit (Loncee 2013:381:397)

* Venous sinus thrombosis: start anticoagulation, manage T ICP and seizures as needed

L6 IMouLs



~ § WEAKNESS & NEUROMUSCULAR DYSFUNCTION

Feature Upper motor Lower motor MNeuromuscular -ﬁyupaﬂw

neuron neuran junction
Distribution of  UE Ext, LE Flex, Distal, Ocular, bulbar, Proximal,

weikness hip abductors segmental proximal limb symmetric

| Atrophy None Severe None Mild

| Fasciculations None Common Mone MNone

| Tone T 1 Marmal Narmal or |

| Reflexes {DTRs) i ! Normal Normal or |
Babinski Present Abgent Absent Absent

PERIPHERAL INEUROPATHIES
Eticlogies based on presentation
* Mononeuropathy (1 nerve): if acute — trauma; if chronic — entrapment, compression,
DM, Lyme. Commonly seen: median n. (carpal tunnel synd.); ulnar n. {at elbow or wrist);
common peroneal n, (at knee wi habital leg crossing): lat femoral cutan. n. (at inguinal lig).
* Mononeuropathy multiplex (axonal loss of multiple, separate, noncontig. nerves): vaseu-
litic synd. (eg, PAM, Churg-Strauss, Wegener's, cryo, SLE, RA, Sjigren’s), DM, Lyme,
leprosy, HIV, hereditary neuropathy w/ pressure palsies; sarcoid, lymphoma, leukemia
* Polyneuropathy (multiple symmetric nerves, generally length dependent). 50% idiopathic,
Wi autonomic features: DM, EtOH, paraneoplastic, By def, amyloid, chema, 1° dysautﬂ
Painful {small fiber neuropathies): DM, EtOH, amyloid, chemo, heavy metals, porphyria
Demyelinating. Acute: acute inflam demyelinating polyneuropathy (AIDP) = Guillain-Barré
Subacure: meds (taxanes), paraneoplastic
Chronic: idiopathic, DM, CIDP, hypothyroidism, toxins, paraproteinemia, hereditary
Axonal, Acute: acute motor axonal neuropathy (AMAN), porphyria, vasculitis, uremia
Subacute: DM, meds {cisplatin, paclitaxe!, vincristing, INH, ddl), EtOH, sepsis, paranec.
Chranic: DM, uremia, lead, arsenic, HIV, paraproteinemia, Bz defic
Clinical manifestations
+ Weakness, fasciculations, numbness, dysesthesias (burning/tingling), allodynia
* & Autonomic dysfxn {orthostasis, bowellbladder retentionfincontinence, impotence)
+ Depressed or absent DTRs {may be normal in small fiber neurapathy)
Diagnostic studies
|+ Distal symmetric polyneuropathy: CBC, lytes, BUN/Cr, Hbsac, By TSH, ESR, SPEP + IF
8+ EMG & NCS (often no change in 17 10-14 d or in small fiber neurcpathy)
* Based on H&P: LFTs,ANA, ant-Ro/la, HIV, Cu, Lyme titers, RPR, UA, UPEP+IF ACE,
ANCA, genetic testing, heavy metal screen, LP (AIDF, CIDF), cryo, paraneoplastic panel
*+ Autonomic testing/skin bx (small fiber), nerve bx (mononeuropathy multiplex)
4 » MRIif possible radiculopathy or plexopathy (after EMG)
t3 Pharmacologic treatment of neuropathic pain (L. w2015 14,142
* Pregabalin, gabapentin, TCAs (nortriptyline, ami:ript)dm] SNRIs (duloxetine, venlafaxing)
+ 2" line: tramadol, topicals (lidocaine, capsaicin); 3 line: opiates, botulinum toxin A

GuiLLain-Barre Synprome (GBS)

Definition & epidemiology (tu: fe 30147 0:469]

* AIDP (60-80%); acute motor axona! neuropathy (AMAN; 7-30%; wio sensory loss; afw
anti-GM1, GD1a Ab); Miller Fisher synd. {ophdlalmoplegsa & ataxia; alw ant-GQ1b Ab),

* Incidence 1-2 per 100,000; most commen acute/subacute paralysis

* Precipitants in 60%: viral iliness (CMV. EBV, HIV), URI (Mycoplasma), gastroenteritis
(Campylobacter), Lyme, immunizations (no proven risk w! current). surgery

Clinical manifestations (Lacer 2016388717)

= Pain (55-90%), distal sensory dysesthesias & numbness often 1 sx, back pain common

* Progressive sym paralysis in legs and arms over hrs to days; plateau in -4 wk

* Hypoactive then absent reflexes. <10% w/ reflexes on presentation, but all develop
hypofareflexia during course. Minority of AMAN wi preserved reflexes throughout

* Resp faillure requiring mech vent occurs in 25%:; autonomic instability & arrhythmias in 60%

Diagnostic studies (results may be normal in fi everal days)

* LB albummocytolognc dissociation = T pml’.EIn wio pleocytosis (<10 WBCs) seen in up to
64% of Prs. 7 protein in /2 in 1% wi, % by 3" wh of sx. Unlikely to be GBS ifWBC =50,

+ EMG & NCS: | nerve conduction velocity, conduction block; can be nlin 1 7 wks

+ FVC & NIF: to assess for risk of resp. failure {cannot rely on P.O: or 5.0:).




Treatment

*+ Plasma exchange or [Vlg of equal efficacy (Newro 201278 1009); steroids not beneficial
* Supportive care with manitoring in ICU setting if rapid progression or resp. failure
* Watch for autanomic dysfunction: labile BF, dysrhythmias (telemetry)

* Most recover near baseline in 1 y; 3-5% mortality. Residual deficits: pain, fatigue.

MYASTHEMNIA GRAVIS

Definition & epidemiology (L« e 2015:14:1033)

* Autoimmune disorder with Ab aguns: mlcholhe receptar (ACHR, BORE), musele specific
kinase (MusK, 4%), lipoprotein-related protein 4 (LRP4, 2%}, or other NM| proteine

* Prevalence: 1 in 7500; affects all ages, peak incidence 20s-30s (women), 60s-70s (men)

= 15% of AchR MG alw thymorma; 30% of Pts w/ thymoma develop AchR MG

Clinical manifestations

* Fluctuating weakness wi fotigability (worse w/ repetitive use, relieved by rest)

= Cranial muscles involved early - 60% present initially w/ ocular sx (ptosis, diplopia); 20%
will only have ocular sx; 15% wi bulbar (difficulty chewing, dysarthria, dysphagia). Often
later progresses to generalized weakness.

* Limb weakness proximal > distal; DTRs preserved; minimal/no atrophy

» MusK MG (F »= M): mostly cranalibulbar, neck, and resp weakness.

* LRP4 MG: mostly ocular and limb weakness. Resp failure rare.

* Exacerbations triggered by stressors such as URI, surgery, pregnancy or postpartum,
meds (eg, aminoglycosides, macrolides, fluoroquinolones, procainamide, phenytain, D-
penicillamine). Prednisone can worsen sx acutely.

* Myasthenic crisis = exacerbation — need for respiratory assistance

* Cholinergic crisis = weakness due to overtreatment with anticholinesterase meds; may
have excessive salivation, abdominal cramping and diarrhea; rare at normal doses

Diagnostic studies

* Bedside: prosis at baseline or after >45 sec of sustained upgaze; improved ptosis with ice pack
over eyes for 2-5 min, 5e 77%, Sp 98%

+ Meostigmine test: temporary T strength; false ® & © oceur; premedicate wi atropine

« EMG: | response with repetitive nerve stimulation (vs. T response in Lambert-Eaton)

= Ant-AChR Ab: Se 80%, 50% if ocular disease only; Sp >90%; muscle specific receptor
tyrosing kinase (MuSK) Ab, AchR modulating Ab.

= CT or MRI of thorax to evaluate thymus (65% hyperplasia, 10% thymoma)

Treatment

* Thymectomy if thymoma; may lead to impravement in up to 85% Pis wio thymoma |~

* Cholinesterase inhib (eg, pyridostigmine) most rapid acting (benefit in 30-60 min).
Less effective for Musk. MG. Side effects; cholinergic stim (brady, diarrhea, drooling).

* Immunosuppression: prednisone (benefit in whks) + AZA (benefit in 5-15 mo).
If no response: mycophenalate, rituximab, MTZ, CsA.

+ Myasthenic crisis: treat precipitant; consider dlc cholinesterase inhib. if suspect cholinergic 3
crisis, IVlg or plasmapheresis; if no response, high-dose glucocorticoids (in monitored
setting as risk for initial worsening). ICU if rapid or severe (follow FYC, NIF).

MyoPATHIES
Eticlogies
* Hereditary: Duchenne, Becker, limb-girdie, myotonic, metabalic, mitochondrial
* Endocrine: hypothyroidism, hyperparathyroidism, Cushing syndrome
+ Towic: statins, fibrates, glucocorticoids (ingl. critical iliness myopathy), zidovudine, alcohal,
cocaine, antimalarials, colchicine, penicillamine
+ Infectious: HIV, HTLV-1, trichinosis, toxaplasmosis
= Inflammatory (see “Rheunnatology”): polyrmyositis, dermatomyositis, inclusion body myasitis
Clinical manifestations
+ Progressive or episodic weakness (not fatigue)
* Weakness most often symmetric, proximal > distal (stairs, rising from sitting, etc.)
* % Myalgias (though not prominent or frequent), cramps, myotonia (impaired relaxation)
* May develop either pseudohypertrophy (dystrophies) or mild muscle atrophy
+ Assoc.argan dysfao: cardiac (arrhythmia, CHF), pulmonary (ILD), dysmorphic features
Diagnostic studies
= CK,aldolase, LDH, electrolytes, ALT/AST, PTH, T5H, ESR, HIV
* Autoantibodies (anti-Jo1, antisynthetase, anti-Mi-2, anti-SRP, ANA, RF)
* EMG/NCS: low-amp, polyphasic units wi early recruitment, * fibrillation potentials
* Muscle biopsy, molecular genetic testing (where indicated)



Heapacke  9-10

Primary headache syndromes (Intemational Headache Soclety Chissification)

* Tension-type: bilateral, pressure-like pain of mild-mod intensity, not throbbing or aggra-
vated by physical activity, A/w photophobia or phonophabia, not NIV, Freg aiw myofascial
sensitivity in neck/head, Triggers: stress, sleep deprivation, dehydration, hunger: Rxc
MNSAIDs, acetaminophen (risk of med overuse HA) if episodic; TCAs if chronic.

+ Cluster HA and other trigeminal autonomic cephalalgias (TACs) (Contirawn 3015:21:1047)
Characterized by unilateral rhinorrhea, red/tearing eye, miosis/ptosis, lid edema,

sweating, pain is orbital or temporal, differentiated by timing
Cluster: & = %, unilateral eye pain, restiessness, atacks 15 min-3 h, worsened by EtOH,
Ppoc: CCE (verapamil). Foc high-flow O; via non-rebreather, sumatriptan IN/5C.
Paroxysmal hemicrania; similar to cluster, but ¥ > &, atracks 2-30 min. Rx: indomethacin.
Hemicrania continua: ¥ > 4 .ice pick-like pain lasting >3 mo. Rx: indomethacin,
Shortlasting unilateral neuralgiform HA (SUNASUNCT): 4 = §, excruciating, stabbing,
electrical pain, 5 sec—4 min, up to 200:/d. Rx: lamotrigine, gabapentin, topiramate.

= Migraine: see below

Secondary causes of headaches

Traumatic: posteoncussion, SAH, SDH, postcraniotomy

= T ICP: mass (tumor, abscess, vascular malformations, ICH), hydrocephalus, idiopathic

intracranial hypertension (pseudotumor cerebri), altitude associated cerebral edema

1 ICP: post-LP headache, CSF leak/dural tear, overshunting

Vascular causes: stroke (esp. posterior cire), dissectian, vasculitis (inel. temparal arteritis),

reversible cerebral vasoconstriction syndrome (RCWS), ICH, venous sinus thrombosis

Meningeal irritation: meningitis, SAH

Extracranial; sinusitis, TM] syndrome, glaucoma

Systemic causes; hypoxia, hypercapnia, dialysis HA, HTN, hypoglycemia, LTSH

Medication overuse (analgesics), withdrawal (caffeine, opioids, estrogen)

Clinical evaluation ((ama 10062981274 & 2013:310.1248)

* History: onset (sudden vs. gradual), quality, severity, location, duration, triggers, alleviating
factors, positional component, hormonal triggers (menstruation), preceding traunma,
associated sx (visual As,"floaters.” NV, photophobia. focal neurologic ox)

* Medications (analgesics), substance abuse (opioids, caffeine)

= General and neurclogic exam (funduscopic exam, visual fields)

= Warning signs (should prompt neurcimaging)
explosive onset (vasc); “worst HA of my life” (SAH, RCVS); meningismus (SAH, infxn)
pasitional: lying > standing (T ICP); NIV (T ICP; migraines)
visual sx: diplopia, blurring, | acuity (GCA, glaucoma, T ICP); eye pain {glaucoma,

trigeminal autonomic cephalalgia)
abrl neuro exam (struct. lesion, pess. in migraine); | conscousness (x fever): infin, ICH
age =30 y, immunosuppression (CNS infections, PRES)

= LPif 2 5AH (v for santhochromia), idiopathic intracranial HTM (' opening press), image first!

MiGraINE
Epidemiology: affects 15% of women and 6% of men; onset usually by 30 y

Definition & clinical manifestations

* Migraine wfo aura (most common): =5 attacks kasting 4-72 h and with both (2) N/V or
phetophobia & phonophobia,and (b) 52 of following: unilat., pulsating, mod-severe
intensity, aggravated by routine activigy

» Migraine wi aura: =2 artacks wi:(a) aura defined as =1 fully reversible sx: visual As
(Mickering spots, visual loss), sensory sx (paresthesias, numbness), speech disturbance;
and (b} unilateral progression of wx(s) over =5 but <60 mir; and {c) HA wiin 60 min of aura

* Aura may occur wio HA (“acephalgic rmigraine”), must rfo TIA/stroke (typically rapid onsez)

* If motor weakness, cansider sporadic hemiplegic migraine: aura of fully reversible motor
weakness lasting up to 24 hralso wivisual and sensory aura + typical migraine HA

+ Precipitants: stress, hunger, foods (cheese, chocolate) and food additives (MSG),
fatigue, alcehel, menstruation, exercise

Treatment (C=phabips 201535271

+ Abortive Rx: 5-HT1 agonists “triptans”) effective if given early in migraine attack, contraindic if
motor aura, CAD, prior stroke. Also consider acetarminophen, caffeine, NSAIDS, steroids;
I¥ options inclede Mg, metoclopramide, prochlorperarine, valproate, difydroergotamine
(eaution if CAD, recent triptan use). Avoid butalbital opioids.

* Prophylaxis: valproic acid, topiramate, AB.TCAs, butterbur, NSAIDs, magnesium, ribaflavin
{Meurlogy 2012781337 & 1348}



BACK AND SPINAL CORD DISEASE|

Differential diagnosis of back pain

* Musculoskeletal: involving spine (vertebra, facet joints), paraspinal muscles and
ligaments, sacroiliac joint, or hip joint. Spondylolisthesis, vertebral fix, OA, inflam.
spondyloarthritis (RA, ankylosing spondylitis, reactive, psoriatic), musculoligamentous
“strain,” myofascial pain syndrome, trochanteric bursitis.

* Spinal cord (myelopathy)/nerve root (radiculopathy):
Degenerative/traumatic: dise herniation, foraminal or lumbar stenosis, spondylolisthesis
Meeplastic: lung, brease, prostate, RCC, thyroid, colon, multiple myeloma, lymphoma
Infectious {also see 1D section): osteomyelitis, epidural abscess, zoster, Lyme, CMV, HIV

* Referred pain from visceral disease:
Gl: PUD, chelelithiasis, pancreatitis, pancreatic cancer
GL: pyelonephritis, nephrolithiasis, uterine or ovarian cancer, salpingitis
Vaseular: aortic dissection, leaking aortic aneurysm

Initial evaluation

+ History: location, radiation, trauma, wt loss, cancer hux, fever, immunocompromised.
neurnlogic symproms, saddle anesthesia, incontinence, urinary retention. [V drug use

* General physical exam: local tenderness, ROM, signs of infection or malignancy;
paraspinal tenderness or spasm in musculoskeletl strain

» Signs of radiculopathy (sharp/lancinating pain radiating into limb);

Spuriing sign (cervical radiculopathy): radicular pain wi downward force to extended &
ipsilaterally rotated head; 30% Se, 93% Sp

Stroight leg raise (sciatica or lumbosacral radiculopathy): radicular pain at 30-70°
ipsilateral: 92% Se, 28% Sp; crossed (contralateral leg raised): 28% Se, 90% Sp

Patrick/FABER test (sacrailiac joint syndrome}: severe pain on hip external rotation; 70%
Se, 100% Sp

Neurogenic cloudication in lumbar stenosis (see table on next page)

* Neurclogic exam: full motor (including sphincer tone), sensory (induding perineal region)
and reflexes including bulbocavernous, anal wink (54). and cremasteric (L2}

* Red flags: upper motor neuron signs (hyperreflexia, upgoing toes), cauda equina or conus
medullaris syndromes (saddle anesthesia, bowel or bladder dysfunction, reduced rectal
tone, loss of sacral reflexes).

+ Laboratory (depending on suspicion): CBC, ESR, Ca, PO,, CSF

* Neuroimaging: low yield if nonradiating pain, high false © rate (incidental spondylasis)
depending on suspicion: X-rays, CT or CT myelography, MRI, bane scan

+ EMG/MNCS: may be useful to distinguish root/plexopathies from peripheral neuropathies

SrinaL Coro COMPRESSION

Clinical manifestations

« Mcute: flaccid paraparesis and absent reflexes (“spinal shock™)

* Subacute—chronic: spastic paraparesis and hyperactive reflexes

* Posterior column dysfunction in legs (loss of vibratory sense or propricception)
+ Sensory loss below level of lesion

+ i Babinski responses £ ankle clonus

Evaluation & treatment

* Empiric spine immobilization (collar, board) for all trauma patients

* STAT MRI (at and above clinical spinal level, with gadolinium) or CT myelogram

* Emergent neurosurgical and/or neurology consultation

* Urgent radiation therapy + surgery for compression if due to metastatic disease

+ High-dose steroids depending on cause:
Tumor: dexamethasone 16 mg'd IV (usually 4 mg qéh) with slow taper over wks
Trauma: mechylprednisolone 30 mgfkg IV over 15 min then 5.4 mghkgh x 24 h (if sarted

wiin 3 h of injury) or x 48 h (if started 3-8 h after injury) (e 2012CD00THE)

NEerve RoorT CoOMPRESSION

Clinical manifestations

* Radicular pain aggravated by activity (esp. bending, straining, coughing), relieved by lying

* Sciatica = radicular pain radiating from buttocks down lateral aspect of leg, often to
knee or lateral calf + numbness and paresthesias radiating to lateral foot. Caused by
compression of nerve roots, plexus, or sciatic nerve.



Disc Herniation: Cervical and Lumbar Radiculopathy
Disc Root Pain/paresthesias Sensory loss  Motor loss  Reflex
loss
C4-C5 5 Necl, shoulder, Shoulder, lateral = Deltoid, biceps.  Biceps
upper arm arm infraspinatus
C5-Ch Ch Meck, shoulder, lat. Radial forearm, Biceps Biceps,
arm, radial forearm, thumb brachioradialis  brachio-
thumb & index finger & index finger radialis, |
| supinacor
| ceC7 7 Neck, lat. arm, ring  Index & middle Triceps, Triceps,
& Index fingers fingers extensor carpli  supinator
ulnaris i
EEE NI Ulnar forearm Ulnar half of ring = Intrinsic hand Finger |
and hand finger, lictle muscles, flexor flexion
| finger dig profundus
L3-L4 L4 Anterior chigh, inner  Anteromedial Quadriceps Patelia
shin lower leg, inner
foot
L4-L5 L5 Lar. thigh & calf, Lac. calf & Foot dorsiflexion,  Medial
dorsum of foot. great toe invers. & evers,  hamstring
great toe toe extension
L5851 1 Back of thigh, Lateral foor& | Gastrocnemies  Achilles
lateral posterior toes, sole of foot
calf, lat. foot

Neurognnic vs.Vascular Claudication

steroid injections (ESI)
_ Surgery (if other Rx fails)

b, hembar disc protrusien tends to compress the nerve rooe that exits T vertebral level below the protrusion.

Features Neurogenic claudication Vascular claudication
Cause Lumbar spinal stenosis Peripheral artery disease
(with nerve root compression) (with limb ischemia)
Pain Radicular back/buteack pain Cramping leg pain
Radiating down legs Mosty in calves; radiating up legs |
Worse with Walking & standing Walking
Hyperextension/lying prone Biking
Better with Bending forward, sitting Rest (standing or sitting)
Other sx Mumbness/parssthesias Pale. coal extremity
Exam 4 Focal weakness, L reflexes Diminishedlabsent pulses
4 Lumbar extension (dorsalis pedisiposterior tibialis)
Preserved pulses Fallor
Diagnostic MR lumbar spine Arterial Dappler studies
studies CT myelogram (if no MRI) Ankle-brachial index (ABI)
EMG/MCS Arteriography
Treatment PT (flexion exercise), NSAIDs, Modify vascular risk factors,

exercise rehab, antiplatelet Ry,
revascularization

b, dizgnosis complicared by avariap hetwaen prasentations & passibility of both dagnoses in the same
patient. (NEIM 200T:356:12417 & 2008,358:818)

Treatment of nerve root compression (NEW 2016

. Conser\rame avoid bending/lifting; soft cervical r_olbr (cervlcal radiculopathy); NSAIDs;
muscle relaxants; Rx neuropathic pain (see "Peripheral Neuropathies™); physical therapy.

* Spinal epidural steroid injections (ESI): limited short-term relief of refractory radicular pain
(Fain 2013 1542249)

= Surgery: cord compression or cauda equina syndrome; progressive motor dysfunction;
bowelibladder dysfunction; failure to respond to conservative Rx after 3 mo (NEM
20073562245}



AspomMinaL PaiN

Visceral Pain
Anatomic division Viscera Area to which pain referred
Foregut Esophagus & duodenum Epigastrium
Midgut Jejunum to mid-transverse colan Umbilicus
Hindgut Mid-transverse colon to recium Hypagastrium

Fain due to pancreatitis and nephrolithiasis commonly radiates to the back

Figure 10-1 Evologies of abdaminal pain based an ocation
gastritis, PLID pancreatitis
ARA MI

hﬂ:g ot ..|.. ‘*swm

gast
————— intestinal chstruction
[+] intestinal ischemiasniarction

appendicitis 5, =i divarticulitis, colitis
nephrolithlasis \_-l_ - nephiolilhiasis

acioplc prag, ovarian jorsion, PID

Initial evaluation
* History: onset of pain, location, exacerbating/relieving factors
+ Assoc. s fevers/chills, NV, A in bowel habits (diarrhea/constipation, stool diam. or color,
hematochezia, melena), jaundice, 4 in urine color, A in wr, menstrual hx in women
PMHx: previous incisions or abdominal surgeries; Ob/Gyn hx
Exam:VS; general posture of Pt comprehensive abdominal exam looking for signs of
peritonitis, which include rebound tenderness and involuntary guarding, abdominal
wall rigidity, pain w/ pere feninimal palg s presence of hernias; rectalipelvic
Labs: CBC, electrolytes, LFTs, amylase/lipase, pregnancy test
» Imaging depends on suspected etiology, may include RUQ U/S for biliary/hepatic disease,
KUB for intestinal obstruction, CT for pancreatitis or intestinal disease. Do not delay
resuscitation or surgical consultation for ill Pt while waiting for imaging.

ACUTE ABDOMEN

Definition

+ Acute onset abdominal pain that portends need for urgent surgery

Etiologies

+ Perforated viscous — peritonitis (perforated ulcer, complicated diverticulitis, trauma)

* Intraperitoneal bleed

+ Bowel obstruction (adhesions from previous surgeries, malignancies, hernias)

+ Mimics: severe pancreatitis can resemble peritonitis; renal colic causes severe
abdominal pain but not abdorminal rigidity

Initial evaluation

* HE&P as above

+ Labs as above plus: PT/INR, PTT, type, & screen

¢ |maging: KUB (upright) or if stable, CT abomen/pelvis wi IV contrast {IV/PO if suspect
obstruetion)

Initial management

+ Immediate surgical consultation for suspected acure abdomen
+ NPO, start IV fluids (NS or LR}

» Broad spectrum abx if perforation suspected

ExTrREMITY EMERGENCIES

Acute limb ischemia (s=e “Peripheral Artery Disease” for detais)
+ Definition: sudden | in perfusion causing threat to limb viability




* Evaluation: detailed vascular exam; CT angiography or arteriography
» Initial management: anticoag for embolism/thrombosis; immediate surgical consultation

Com tment syndrome (e Orhop Helar fes 20 10: 468940

= Definition: T |ntmcnmpartmen|:al pressure w/ compressive closure of venules
T hydrostatic force resulting in further increases in compartment pressure

* Etiologies: orthopedic (fracture), vascular (ischemia-reperfusion), latrogenic (eg, vascular
injury in anticoagulated Pt), soft tissue injury (eg, prolonged limb compression)

+ Clinical manifestations: pain esp. on passive movement. swollen/tense compartment,
paraesthesia, pallor, pulselessness, paralysis (laes)

+ Evaluation: surgical evaluation of compartment pressures; intracompartment pressure =30
or difference between diastolic & intracompartment pressure of >10-30 i diagnostic

* Treatrment: fasciotomy

SurcicaL Tuees, Drains, Wounps

Tracheostomy |

« Typically ::u‘ﬁed r.ube whu:h creates a nght seaJ to facilitate ventilation throughout twbe

* Speaking valve (eg, Passy-Muir): T-way valve that allows inhalation through tube, but
exhalation around tube through vocal cords (nb, cuff should not be inflated)

* 1% routine tube A for percutaneously placed tubes should be ~10 d postop; surgically
placed twbes can be Ad >5 d postop; first A should be overseen by experienced person

+ Accidental dislodgement intubate frorm above (if airway/vent nec & anatomically possible)
wiin 7 d of placement: emergent surgical consuleation
=7 dafter placement replace with a similar size tube or smaller

Chest tubes (£ | ¢ g 3011400291
+ Inserted for PTX, rJaast. traurma or after thoracie surg for drainage of airf fluid from theracie
cavity. Range from small (8-10 Fr for spont PTX)) to large (28-32 Fr after pulm resections)
+ Connected to 3-chamber chest drainage system:
1*; collection chamber for pleural fluid
2 water seal chamber used to allow air to exit pleural space on exhalation and
prevent air from entering on inhalation
3™ suction control chamber which regulates suction transmitted to pleural space
= Moniter for output and presence of air leak (indicated by bubbling in water seal chamber)
* Removal determined by overall daily outputs and presence of air leak
* If accidentally removed or dislodged, tube should be completely removed and an occlusive
dressing (eg, 4 % 4 covered w! Tegaderm or silk tape) should be placed rapidly over site.
CXR STAT: new twbe should be phced if persistent PTX.

Gastrostomy/jejunostomy tubes (Posdor Chiy Heatth 201116287

*+ Placed for tube feedings. hydration and delivery of medications

+ Securely anchor to skin to prevent inadvertent remaval

+ Should not be remeved for =68 wk to allow establishment of mature gastrocutaneous tract

+ Obstructed tubes can be cleared by flushing with agents such as carbonated wates, meat
tenderizer, & pancreatic enzymes. | obstruction by flushing before & after meds and
flushing g4-6h when receiving continuous feeds.

* |nadvertent removal: place Foley catheter of similar size or smaller into tract mmediately
to prevent stoma from closing. Tube then replaced and confirmed via fluoro stuidy.

Suture/stapie removal

* Should be done in consultation w/' surgical team; timing depends on location of wound

* Should not be removed if there is evidence of wound separation during removal!
» After removal, wound should be reapproximated wi Steri-Strips

Decubitus ulcers (| woun

Sores in dependent areas exposed o rep d pressure { Iy sacrum, heels)

Risk factors: immobility, poor nutritional status

Stage | (non-blanchable erythemal; Stage Il (partal thickness); Stage Il (full thickness skin
loss); Stage IV (full chickness tissue loss)

» Treatment: offload area, air matwress, pillows andf/or support boots

Surgical consultation for debridement of ulcers with necrotic or infected tissue, may require
phstic surgical reconstruction for advanced ulcers once clean

Wound vac (negative pressure vacuum dressing) therapy may accelerate healing

.

MAXIMIZING A SURGICAL CONSULT

For ill Pr, call surgical consult early, do not wait for labs & imaging results
If potential surgical emergency, make Pt NPO, start IVR v coags, type, & screen
Have appropriate-level MD who knows & has examined Pt call consult



OB/GYN ISSUES |

VacinaL BLEEDING

Abnormal bleeding from lower (vulva, vagina, cervix] or upper genital tract (uterus)
Etiologies
+ Premenopausal
Not pregnant: menses, dysfunctional uterine bleeding {menorrhagia), leiomyoma. polyp,
trauma, cervical dysplasia/cancer (rare), endometrial hyperphsiacancer (rare)
Pregnant
1* rimester: threavened abortion, spent. abortion (missed, incomplete or complete),
ectopic pregrancy, molar pregnancy (partial or complete hydatidiform mole)
2" ar 3" trimester: preterm labor, placenta previa, placental abruption
* Postmenopausal: atrophy, polyp, leiomyoma, endometrial hyperplasialcancer, carvieal
dysplasia/cancer

History & exam

+ Age, menopausal status, gestational age if preg; volume & duration of current bleeding

* If premenopausal: menstrual hx including age of onset, interval between & duration of
menses, any assoc. sx and LMP to assess timing of menstrual cycle

= Past Ob/Gyn hx (any structural abnl, STD, and contraception)}

* Health mainc. (Pap smear, HPY screening); domestic violence; anticoag or antiplt meds

= General physical & abdominal exam (incl. tenderness, rmasses)

* Pelvic exam: external (quantity of bleeding seen on vulva, any lesions, any trauma); also,
wi assistance from Ob/Gyn, speculum exam (quantity of bleeding; cervical os open or
dase and if open, diltion; any polyps), & bimanual exam {uterine size and tenderness,
adnexal mass and tenderness)

Laboratory evaluation & imaging

+ Urine (rapid test) & serum pregnancy test (beta-hCG); Het/hemoglobin

+ Pelvic LIIS: visualize intrauterine preg to rfo ectopic; f preg, intrauterine not seen, &
PHCG = discrim. zone — ! ectopic; if BHCG < discrim. zone — follow BHCG;
nl placental pasition to rfo placenta previa and likely severe abruption

= Ectopic pregnancy is life-threatening dx, ., must rule out if Pt pregnant {jama 2013.309:1722)

VAGINAL DISCHARGE

Fluid or mucus from vaging, cervix, or uerus
Etiologies
* Infectious: bacterial vaginosis, candida aginitis, trich
* Moninfectious: physiolagic {in preg or non-preg), rupture of membranes, foreign-body rxn
Initial evaluation
+ Age, LMP gestational age if preg. or menopausal status

« Discharge quantity, color. consistency, odor, assoc. sx (itchiness, redness, abd/pelvic pain} e
» Past gyn hx incl 5TD and contraception usage (condoms L $TD risk) &
* Tampon or condom use as risk factors for retained foreign body ;
= Pelvic exam: external (quantity & quality of discharge on vulva, any lesionsj;

speculum (discharge, appearance of cervix), bimanual {cervical motion tenderness) ;
* Laboratory: pH of discharge; microscopy (saline & KOM wet mounts); urine pregnancy test |2

Treatment

+ Bacterial vaginosis: oral or vaginal metronidazole or clindarmycin
+ Candida vulvovaginitis: oral or topical antimycotic medications
« Trichomeniasis: oral metronidazole

ApHEXAL MAss 1IN Non-PREGHANRT WoOMAN
Mass arising from avary, fallopian tube. or surrounding connective tissue

Ericlogies
* Ovarian: functional {follicular and corpus luteum) or hemorrhagic cyst, endometriomas,

owvarian torsion, tubo-ovarian abscess, benign & malignant ovarian tumors
+ Fallopian twbe: paratubal cyst, hydrosalpinx, ovarian torsion, tubo-ovarian abscess
Initial evaluation
= LMP/menopausal status; associated sx of abd/pelvic pain, FHx of gyn cancers
* Abd exam (distension, tenderness, masses); bimanual (uterine or adnexal masses)
* Preg test if premenopausal (if &, then mass likely pr eyl CA-125 if p ypatisal
= Pelvic LIS (even if mass 1% identified on CT,as LIS is best modality); U/S appearance of

mass most important factor used to determine risk of malignancy




| OPHTHALMIC ISSUES

InmiaL EvaLuaTion

Oecular symptom: onset (sudden or progressive) & duration of sx; unilateral vs. bilateral;
pain; photophobia; discharge; A in near (eg, book) or far {eg, TV across room) vision
Pre-existing ocular conditions, eye meds (incl any As), recent hio ocular surgery, trauma
Ocular exam: vision (v with Pt’s correction [glasses/contacts]) wi each eye; pupillary exam;

EOM; confrontation visual fields (important if suspect CNS problem)
Overall:VS, immunacomp., s/s of infkn, hio malig, CNS issues, A in meds, CBC, coags

Common VisuaL Symproms

Fluctuation in vision (ie, blurry): med-induced refractive error (eg, systemic
steraids, chemoPux), hyperglycemia, dry eye (common). Visual defect may piw "blurred
vision" Bilateral: glaucorma (common), homenymeous contral. NS lesion; bitemporak:
pituitary, todc/nutritional, Unilateral: ipsitateral orbital, retinal, or optic nerve lesion.
* Red eye:
Bilateral: viral conjunct., (starts in 1 eye; also w! lid swelling, discharge); chronic
inflammation (dry eyes, rosacea, autoimmune disease)
Unilateral: subconj. hemorrhage, infen, or inflam (eg, episcleritis, iritis, uveitis, scleritis);
acute angle closure (qv). Seleritis & acute angle closure plw severe pain, H/A, nausea.
Double vision (diplopia): fixed double vision wi ophthalmoplegia from orbital
process or cranial nerve palsy (I, IVVI). Transient “diplopia” due to fatigue or sedation.
Flashing lightsifloaters: vitreous detach. (commaon, benign); retinal detach. (unilateral
visual field defect; urgent ophthalmology consult); hemorrhage; intraccular lymphoma

.

.

AcuTe VisuaL CHANGES
Etiologies of Acute Vision Loss (italics indicates alw pain)

Unilateral

Bilateral

Transient Ret_art. embolism, impending reinal  Ocular surface dis. (dry eye), |
(<24 h, artery or vein ocelusion (amaurosis bilat. carotid dis., TIA. migraine,
often <Th)  fugax), vasospasm, carotid disease high ICP (papilledema)

Prolonged Retinal artivein occl, retinal detach., Yisual cortex stroke, post.
(>24 h) retina/vitreous heme, retinits, ant. ischemic neuropathy (profound

optic neurop.corneal uicer, GCA,
acute angle closure gliucoma

hypotension during surgery), post.
reversible enceph. synd., GCA

ComMmMoN OCULAR CONDITIONS (FRONT T

Orbit: orbital eellulitis (fever, proptosis, L EOM; emergent abx & referral)

Lids: hordeolumn or chalazion (stye), preseptal cellulitis; ptosis (age; Horner's; CN 1l palsy:
EOM restricted in all directions except laterally [eye is "down & out”™], alw ptosis &
mydriasis, seen w/ uneal herniation, aneurysm of post com art., GCA, HTN, DM):
incomplete lid closure (CN 7™ palsy)

Conjunctiva: conjunctivids (red eye); subconj. hemarrhage (HTM, blood thinner); ocular
surface disease (dry eyes); episcleritis/scleritis (deep vessels of sclera)

Cornea: contact lens related ulcer; herpetic keratitis/scarring/neuratropic ulcers (CNV
paresis); pterygium; keratoconus; corneal dystrophy

Ant. chamber: irits (Inflam, cells); hyphema (blood, post trauma); hypopyon (inflam./finfxn)

Pupil: Anisocoria (physiclogic); Horner’s, CN Il

Lens: cataract (age, traurna, medication, radiation, congenital); post cataract surgery infxn

Vitreous/ Retna/Macula: diabetic retinopathy, macular degen; retinal detachment; retinal +
vitreaus hemarrhage: retinitis (infectious)

Optic nerve (CN 1) schemic neurupalhy piw acute unilat, visual loss, alticudinal field defecs
afw GCAnonarteride afw HTM, hyperchol., DM, thrombophilia, Optic neuritis: often plw
unilat. central scotoma, pain wi EQM, T visual loss over days; a'w demyelinating disease
(eg, MS), also seen w sarcoidosis & CTD. Optic neuropathy (glhucoma common).

BACK)

OcuLar EMERGENCIES

+ Chemical splash: alkali worse than acid; immediate eye flush; pH 7.3-7.4 normal

+ Acute angle closure glaueoma: fixed mid-dilated pupil. comeal edema, high intraccular
pressure (typically =50: normal £-21). Rx w/ topical drops; may require AC tap/laser

* Penetrating eye injury: protect eye (no patching), IV antibiotics, NPO, surgical prep



ICU MEDICATIONS B

Dose
Drug Class per kg e
Pressors, Inotropes and Chronotrapes
Phenylephrine o 10-300 pg/min
Narepinephring g > iy 1-40 pg/min
Vasopressin Vi 0.01-0.1 Wmin {usually <0.04)
| Epinephrine o, vtz i, P 2-20 pgimin
lsoproterenal fir. B2 0.1-10 pglmin
D 0.5-2 pglkg/min 50-200 psg/min
Dapamine pD 210 pgfkeg/min 200-500 pgimin
oD =10 uglkgmin 500-1000 pg/min
Dibutamine B 2-20 pglkg/min 50-1000 pg/min
3 i o i i
W |t | Epqa B Lo eun
Vasodilators
Nitroglycerin NO 10-1000 pglmin
Nitroprusside NO 0.25-10 yigfkgimin 10800 jig/min
Labetalol H?bﬁ:;:;' 20-80 mg q10min or 10-120 mgh
Fenoldopam D 0.1-1.6 pgllgfmin 10-120 pglmin
Clevidipine ccB 1-16 mgh
Epoprostenol vasodilator 2-20 nglkg/min
| Antiarrhythmics
. K et al 150 mg aver 10 min, then
i (Chass ) 1 mgfmin . h.then 05 mgimin x 18 h
2t Na channel 1-1.5 mglkg then 100 mg then
Elteaine (Class I8) 14 nifkriin 14 :-Gg;m.'n .
I Eracinaniti Na channel 17 mglkg over 60 min 1 g over 60 min then
(Class I1A) then 14 mg/min 1—4 mg/min
sii K channel 1 aver 10 min,
Waxdida {Chss i) e
Propranolol B blocker 0.5-1 mg g5min then 1-10 mg/h
Eamslat = 300 pghg 20-40 mg over 1 min
blocker then 50-200 pgfkg/min then 2-20 mg/min
Veragamil cce 2.5-5 mg aver 1—2',;;5&;‘;—;0 g in 15-30" prn
0.25 mglkg over 2 min 20 mg over 2 min
Diltiazem CcB reload 035 mgkgx 1prn reload 23 mg = T prn | [58
then 5-15 mgh then 5-15 mgth o
Adenosine purinergic & mg rapid push; if no response: 12 mg — 12-18 mg | =4
Sedation ' |
Marphine opioid 1-30 {in theory, unlimited) mg/h hey
Fentanyl oploid 50100 pg then 50-800 {7 unlimited) pg'h =
Propafel anesthetic 1& i_n;@‘mlfé@in 52_0_%“‘3"&: n !
Dexmedetomidine  up agonist 1 nglkg over 10 min — 0.2-0.7 pglkgh |
Diazepam BDZ 1-5 mg q1-2h then qéh prn |
Midazolam BDZ 0.5-2 mg q5min prn; 0.02-0.1 mgfkgih or 1-10 mgth
| Lorazepam 8DZ 0,01-0.1 mgkg/h
: Naloxone opioid antag, 0.4-2 mg q2-3min to total of 10 mg

BDZ antag, 0.2 mg over 30 sec then 0.3 mg over 30 sec prn

H i may repeat 0.5 mg over 30 sec to total of 3 mg




Drug Class Dgse

per kg average
Miscellaneous
; ; 5.5 mgikg aver 20 min 250-500 mg
il PDE then 0.5-1 mgfkgih then 10-80 mg/h
Octreoride ‘““;j;:‘i" 50 ug then 50 pgh
Glucagon hormone

3-10 mg IV slowly over 3-5 min then 3-5 mg/h
M : ol 15-2 glkg over 30-60 min
e ks repeat q6-12h to keep osm 310-320

Figure 11-1 ACLS pumanary edema, hypotension or shock algarithm

Acute Pulmonary Edema, Hypotension or Shock

ABCs, IV Access, Oy, 12-lead ECG, focused HAP, CXR

-]
problem

What is the nature of the problem?

Fluids and/er blood What is BPT Go to tachycardia or
Vasopressors as needed while  (after empiric 500 oo NS bradycardia algorithm
vedume resuscitafing bolus unless in HF)

|
lack for signs of organ hypoperfusion
|

(| =

MAP <65 MAFP <65 MAP =65 MAP =85
CO variable CO low CO low €O normal
SVA low SVA high SVR high SVR nifhigh
istributi i cardiogenic CHF
shock shock Shook
' v ! ‘
MNorepinephrine Tamporize w Dobutamine Mitroglyeerin
1-40 pg'min prossors (as in 2-20 ug'kgfmin 10-1000 pgirmin
prefemed over panal o boft) andior
o i and if SVR Nitroprusside
5200 gk min : mmalne tigh, 0.1-5.0 pgfkg/min
[l {asin il & (as
panet to right) In panal te right)

I
If in puimonary edema, consider:
4 ¥
Furosemide (1.5-1.0mg'kg IV
Marphine 24 mg IV
DOxygeninoninvasive venlfintub,
further inferventions based on
eliplogy

(Adapred from ACLS 7005 Guidelines)




ANTIBIOTICS s

The following tables of spectra of activity for different antibiotics are generalizations.
Sensitivity data at your own institution should be used to guide therapy.

Penicillins |

Generation Properties Spectrum
Matural Some GPC, GPR, GNC, most Group A streptococc
(eg, penicillin) anaerobes (except Bacternides) Enterococd, Listerin, Posteurella

Actinomyces, Syphilis
Anti-staph Active vs, PCNase-producing Staphylococc) (except MRSA)
(&g, nafeillin) Staph Little activity vs. Gram </ Streptococci
Amino Penetrate porin channel of Gram = E coli, Proteus, H. influenzae
(&g, ampicillin} Mot stable against PCMNases Saimaneha, Shigella

Enterecoccl, Listeria
Extended Penetrate porin channel of Gram = Most GNR incl. Enternbacter,
(e, piperacillin) Mare resistant to PCNases Pseudomonas, Serratia
Carbapenems  Resistant to most p-lactamases Most Gram @ & =, including
(eg, imipenem) anaerobes; not MRSA or VRE |
Monobactams  Acove vs. Gram © but not Gram @ Gram © bacterial infin in Pr
(aztreonam) wi PCN or Ceph allergy
f-lact. Inhib. Inhibit pasma-mediated f-lactamases  Adds staph, B, frogilis & some
(eg, sulbactam) GNR, (H. flu, M. cat, some

Klehs); intrinsie activity against

Acit

Cephalosporins
Resistant ta mast fi-loctomoses. No activity vs. enterococc.
Gen. Spectrum Indications
1™ Most GPC (incl staph & screp, not MRSA)  Used for surgical Ppx & skin
(eg, cefazolin)  Some GNR (incl. E. coli Proteus, Klebsiella)  infns
2" (eg, L acivity vs. GPC, T vs. GNR. 2 subgroups:
cefuroxime,  Respiratory: H, influenzoe & M. catarrhalis ~ PNA/COPD flare
ceforetan) GUGU: T activity vs. B. fragilis Abdominal infxns
3 (eg, Broad activity vs. GNR & some anaerobes  PNA, sepsis, meningitis
ceftriaxone)  Ceftazidime active vs, Pseudomonas
4 I resistance 1o f-laccamases (incl, of staph  Similar to 3" gen. MonoRx for
(eg, cefepime)  and Enterobacter) nonlocalizing febrile neutropenia
5™ (eg, Only class of cephalosperin with MRSA  MRSA. Mot 1% line for
ceftaroline) activity. NOT active vs Pseudomonas MRSA bacteremia,
Other Antibiotics
Antibiotic Spectrum
Yancomycin Gram & bacteria incl. MRSA, PCNase-producing pneumaococci and
enterococci (except VRE)
Linezolid
' cin
gz??:::ﬁrd GPC incl. MRSA & VRE (check susceptibility for VRE)
| Dalfopristin

Quinclones Enteric GNR & atypicals. 3 & 4 gen. T activity vs. Gram &,

Aminoglycosides  GNR.Synergy w/ cell-wall active abx ([i-lactam, vanco) vs. GPC.
| activity in low pH (eg, abscess). Mo activity vs. anaerobes. [

Macrolides GPC, some respiratory Gram &, atypicals
TMP/SMX Some enteric GNR, PCP, Nocardia, Toxoplasma, most community-
acquired MRSA
Clindamycin Most Gram © (except enterococci) & anaerobes (incl. B, fragilis)
. Metronidazole Almost all anaerobic Gram &, most anaerobic Gram &
| Doxycycline Rickettsia, Ehrlichia, Anaplasma, Ol-hmrdh, Mycoplasma, Nocardia, Lyme |
| Tigecycline Many GPC incl. MRSA & VRE; some GMR incl. ESBL but not

Pseudomonas or Proteus. Approved for abdeminal or skinfsoft tissue
_infections. Check susceptibility if organism isclated.




| FORMULAE AND QUICK REFERENCE

1-4

ForRMULAE

CARDIOLOGY
i—ﬁemaﬁl.a-rﬁk-pameters Normal value
l Mean arterial pressure (MAP) = &M 70-100 mmHg
Heart rate (HR) £0-100 bpm
Right atrial pressure (RA) <h mmHg
Right ventricular (RV) sk 1o et ly

diastolic 1-8 mmHg
systolic 15-30 mmHg

Pulmonary artery (PA) mean 9-18 mmHg
diastolic 612 mmHg
Pulmonary capillary wedge pressure (PCVWP) =12 mmHg
Cardiac output (CO) 4-8 Limin
| Cardiac index (Cl) = £ 2.6-42 Umin/m?
BSA
co
Stroke volume (8V) = T 60-120 mLicontraction
cl i
Stroke volume index (SV]) = T 40-50 mLl/contraction/m’
Systemic vascular resistance (SVR)
_ MAP —mean RA - 8001200 dynes » seclem®
co
Pul ¥ I i ce (PVR)
_ mean PA --Cnéean PCWP « 80 120-250 dynes = seclem’

L
“Rule of 6s” for PAC; RA <6, RV <3016, PA S30V12,WP =12 Nb 1 mmHg = 1.36 cm water or blood,

Fick cardiac output
Oxygen consurmption (L/min) = CO (Limin) « arteriovenous (AV) cxygen difference
CO = oxygen consumption/AY oxygen difference
Oxygen consumption must be measured (can estimate w/ 125 mL/min/m?, but Inaccurate)
AY oxygen difference = Hb (g/dL) x 10 (dLiL) x 1.36 (mL Oa/g of Hb) x (50:+5w0z)
5.0 is measured in any arterial sample (usually 93—
Sen0y (mixed venous O} is measured in RA, RV or PA (assuming no shunt) (nl ~75%)

. Cardiac output (Limin) — OB oS
Hb (g/dL) X 13.6 (5.0, — 5.0,)

Shunts

Oxygen consumption
Q’

= Pulm. vein O, sat — Pulm. artery O, sat

(if o R - L shunt, PV O sat = 5,09)

Oxygen consumption

Q, (MVIOD; drawn proximal to potential L — R shunt)

- 5,0, — mixed venous O, sat
QSO -MYOysat  5,0: —MYOusat o) Rand o R— L shang
Q. PV O,sat—PAO;sat 5,0, —PAO,sat

Vilve equations

Simplified Bernoulli: Pressure gradient (AP) = 4 = v? (where v = peak flow velocity)
Continuity {conservation of flow):Area; = Velocity, = Az = V3 (where 1 & 2 different points)

Aoy

ar AYA (unknown) = Ay sudes maa % [%] {all of which can be measured on echo)

CO/(DEP or SEP) % HR

Col
44,3 xconstant x VAP ¢
cO

Jap

Gorlin equation; Valve area = nstant = 1 for AS, 0.85 for M3)

Hakki equation: Valve area -




PuLMoNARY

Chest Imaging (CXR & CT) Patterns

| Pattern Pathophysiology Ddx
| Consolidation  Raciopaque material Inair ~ Acute: warer (pulm edema), pus (PNA), bloed
space & interstitium Chronic: neoplasm (BAC, lymphoma), aspiration,
patent airway — inflammatary (BOOP easinophilic PNA), PAR
“air bronchograms” granuloma (TB/fungal, alveolar sareoid)
Ground glass  Interstitial thickening or  Aaster pulm edema, infxn (PCF, viral, resolving
(CT easier partial filling of alveol bact. PNA)
than CXR) (but vessels visible} Chronic ILD
wio fibrosis: acute hypersens., DIP/RB. PAP
wi fibrosis: IPF
Septal lines Radiopaque material in - Cardiogenic pulm edema, nterstitial PNA
Kerley AR B septae viral, mycoplasmal, lymphangitic tumor |
Reticular Lace-like net (ILDY) ILD (esp. IPF, VD, bleomycin, asbestos)
Modules Tumor Caovitary: Primary or metastatic cancer, |
Granulomas TB (react. or miliary), fungus, Wegener's, RA |
Abscess septic emboli. PNA
Moncavitary: any of above + sarcoid,
hypersens, pneum., HIV, Kaposi's sarcoma |
Wedge opac,  Peripheral infarct PE, cocaine, angioinv. aspergillus, YWegener's
Tree-in-bud Inflammation of small Bronchopneumonia, endobrenchial TR/MA,
(best an CT)  airways viral PNA, aspiration, ABPA, CF, asthma, BOOP
Hilar fullness T LN or pulm arteries ~ Neoplasm (lung, mets, lymphoma)
Infxn (AIDS); Granuloma (sarcoid/TBfungal)
Pulmanary hypertension
| Upper lobe  nfa TB, fungal, sarcoid, hypersens. pneum,, CF, XRT
| Lower lobe  nfa Aspiration, bronchiect., IPF. RA, SLE. asbestos
| Peripheral nfa BOOR IPF & DIF, ecs PMNA, asbestosis

CXR in heart failure

» 1 cardiac sifhouette (in systolic dysfxn, not in diastolic)

* Pulmonary venous hypertension: cephalization of vessels (vessels size = bronchi in
upper lobes), peribronchial cuffing (fluid around bronchi seen on end — small circles),
Kerley B lines (horizontal 1-2-cm lines at bases), T vascular pedicle width, loss of sharp
vascular margins, pleural effusions (-75% bilateral)

* Pulmonary edema: ranges from ground glass to o
and central, sparing outer third (“bat wing™ appearance)

Dead space = lung units that are ventilated but not perfused

Intrapulmonary shunt = lung units that are perfused but not ventilated

Ficdati, o 4

1; often dep

Alveolar gas equation:  P,0, = [FO, x (760 — 47)] - % where R = 0.8)

PCO.
0.8
A-a gradient = PA0; — P.O: [narmal A-a gradient = 4 + (age/4)]
Minute ventilation (V:) = tdal volume (Vr) x respiratery rate (RR)(nl 4-6 Limin)
Tidal velume (V7) = alveolar space (Va) + dead space (Vo)

Paly = 150 — % (on room air}

§°HL  3nkHEc]

Fraction of tidal volume that is dead [VD‘_Pacoi_ s C O
etion of t volume that is de; space V-rJ_ Pico’

. P i
P.CO1=k = x CO; Production  _ i
alveolar ventilation

Ve,
W,

RRxV; %[ 1- —D]
( ¥

T



NEPHROLOGY

Anion gap (AG) = Na — (C| + HCO3) (normal = [alb] x 2.5;typically 12 £ 2 mEq)
Delta-delta (AA) = [A AG (ie, cale. AG — expected) / A HCO; (ie, 24 - measured HCO3)]
Urine anion gap (UAG) = (Un, + U} = U
= (gic), [BUN]  (EOH

Calculated osmoles = (2 Ma) + | '|BJ [ 28 ]1[ T ]
Osmolal gap (OG) = measured osmoles — calculated osmoles (normal <10)
[140 — age (yes)] x wt (kg) (x 0.85 in women)

serum Cr(mg/dL) x 72

Estimated creatinine clearance =

UalmEL) 100 ta /
Fractional excretion of Na (FEy,, %) = 0 ::n":g{;:i';_)____ = Ra Os
— ¥ w00 (mLfdL .
Bngd) © Poimlidb) P..

Corrected Na in hyperglycemia

estimate in all Pts: corrected Na = measured Ma 4 {2.4 w WL‘“'T::EIC_—-IOO)]
however, A in Ma depends on glc (4n | Med 1959,106:39%)

A is 1.6 mEq per each 100 mg/dL T in glc ranging from 100440

A is 4 mEq per each 100 mg/dL T in glc beyond 440

Total body water (TBW) = 0.60 = [BW (= 0.85 if female and = 0.85 if clderly)

Free HO deficit = TBW x | [Nk = 140 ] - [[Na],,,,.. =1 "0] (in 70-kg Pe)
140 J 3
Trans-tubular potassium gradient (TTKG) = U,\/

HeMATOLOGY

Peripheral Smear Findings (also see Photo Inserts)
Feature Abnormalities and diagnoses
Size normacytic vs. MiCrocytic vs. macrocytic — see below
Shape  anisocytosis - unequal RBC size: poikilocytosis - irregular RBC shape
acanthocytes = spur cells (irregular sharp projections) — liver disease
bite cells (removal of Heinz bodies by phagocytes) — GEPD deficiency
echinocytes = burr cells (even, regular projections) — uremia, artifact
pencil cell — lang, thin, hypochromic - very common in adv. iron deficiency
rouleaux — hyperglabulineria (eg, multiple rmyeloma)
schistoeytes, helmet cells — MAHA (eg, DIC TTP/HUS), mechanical valve
spherocytes — HS, AIHA; siclde cells — sickle cell anemia
stomatocyte — central pallor appears as curved slic — liver disease, EtOH
target cells — liver disease, hemaoglobinopathies, splenectomy
tea: dmp cells = dacryocyres — myelnﬁbrcsls yelophthisic anemia,
blastic anemia, thal
Intra- basnplulu: stippling (ribosomes) — abnl Hb, sideroblastic, megaloblastic
RBC Heinz bodies (denatured Hb) -+ G6PD deficiency, thalassemia
findings Howell-Jolly bodies (nuclear fragments) - splenectomy or functional
asplenia (eg advaneed sickle cell)
nucleated REC: . hemolysis, extramedullary hematopoiesis
‘WBC blasts — leukemia, lymphoma; Auer rods - acute myslogenous leukemia
findings hypersegmented (=5 lobes) PMNs: megaloblastic anemia (Brufolate def.)
pseudo-Pelger-Hugt anomaly (bilobed nucleus, "pince-nez”) — MDS
toxic granules (coarse. dark blue) and Dahle bodies (blue paiches of dilated
endoplasmic reticulum) — (sepsis, severe inflammation
Platelet clumping — artifact, repeat plt count
# — periph blood plit count ~10,000 ple for every 1 pl seen at hpf (100x)
size — MPV (mean platelet volume) enlarged in [TP

[ME[M 2005:353:498)




Heparin for Thromboembolism | Heparin for ACS |

80 Ulkg bolus 60 Ulkg bolus (max 4000 U)
18 Ulkgh 12 Urkg/h (max 1000 Urh)
PTT Adjustment | PTT Adjustment
<40 bolus 5000 U, T rate 300 Uik <40 bolus 3000 U, T rate 100 Uik
4049  bolus 3000 U, T rate 200 Wh 4049 T rate 100 UM
50-59 T rate 150 Uk 50-75 no A ‘
60-85 no A | 7685 1 rate 100 UM
BE-95 L rate 100 Uh | B6-100 hold 30 min, | race 100 Uh
9-120  hold 30 min, L rare 100U | | =100 hold 60 min, | rate 200 U
| =120 hold &0 min, | rate 150 Uih | (Moddied from Circ 2007;116:¢148 & Ches:
(Modified from Chest 2008;133:1415) 20081 33670)

o PTT qbh after every A (. of heparin -90 min) and then qd or bid once PTT is therapeutic
+ CBC qd (to ensure Hct and plt counts are stable)

Woarfarin Loading Nomogram
Day INR
<15 1.5-1.9 2-15 2.6-3 =3
1-3 5 mg (7.5 mg if »B0 kg) 15-Smg 0-25 mg Omg
45 10 mg 5-10mg 0-5mg 0-25 mg
b Deose based on requirements over preceding 5 d

{.ﬂ.mml* 1997:126:133; Archives 1999;159:46) or, go to wwwwarfanndmlrlgor;

Warfarin-heparin overlap therapy
+ Indications: when failure to anticoagulate carries T risk of morbidity or mortality
{eg, DVT/PE. intracardiac thrombus)

+ Rationale: (1) Half-life of factor VIl (3—6 h) is shorter than half-life of factor Il (60-72 h;
. warfarin can elevate PT before achieving a true antithrombatic state
(2) Protein C also has half-life less than that of factor IF;
.. theoretical concern of hyperconguloble state before antithrombotic state

+ Method: (1) Therapeutic PTT is achieved using heparin
(2) Warfarin therapy is initiated
(3) Heparin continued until INR therapeutic for 22 d and 24-5 d of warfarin
(roughly corresponds o -2 half-ives of factor Il or a reduction to ~25%)

Common Warfarin- Drug Interactions

Drugs that T PT Drugs that | PT
| Amiodarone Antimicrobials: rifampin
Antimicrobials: erythromiycin, ? clarithro, CNS: barbiturates, carbamazepine,
ciprofloxacin, MNZ, sulfonamides phenytein (initial transient T PT)
Antifungals: azoles Cholestyramine

| Acetaminophen, cimetidine, levothyroxine

OTHER
Ideal body weight (IBW) = [50 kg (men) or 45.5 kg (women)] + 2.3 kglinch over 5 fear
Body surface area (BSA, m?) = height (em) x weight {kg)
\ 3600
Disease
present absent
a b :
Test {rue &)  (false )
4 d
(false ) (true €)
P true positives a . true nega(wes d
Sensitivity = ————— = Specifi = e = ——
Bty all diseased a+c pECHGHCy = “all healthy b+d
true positives a

© Predictive value= ——————— =
all positives ath

& Predictive value — STUE negatives o

all negatives c+d



BBREVIATIONS &

S-NT
&-MP
alw
ARA
AAD
Ab
ABE
ABG
abnl
ABPA

abx
AC
ACE
ACEI
ACI
ACL
ACLS
ACS
ACTH
ACY
ADA,
ADH
ADL
AF
AFB

§'-nuclectidase

é-mercaptopuring

associated with

abdominal aortic aneurysm

antiarrhythmic drug

antibody

acute bacterial endocarditis

arterial blood gas

abnormal

allergic bronchepulmonary
aspergillosis

antibiotics

assist control

angiotensin-canverting enzyme

ACE inhibitor

anemia of chranic inflammation

antcardiolipin antibody

advanced cardiac life support

acute coronary syndrome

adrenocorticotrophic hormone

acyclovir

adenosine deaminase

antidiuretic hormone

activitios of daily living

atrial fibrillation

acid-fast bacill

atrial fluteer

a-feroprotein

ascites fluid total protein

amineglycoside anion gap

antigen

zeute glomerulanephritis

asortic insufficiency

aromatase inhibitor

acquired immunodefic. synd.

autoimmune hepatitis

autoimmune hemelytic anemia

acute interstitial nephritis

acute interstitial pneumonia

acute kidney injury

acure liver failure

acute lymphoblastic leukemin

amyotrophic lateral sclerosis

alanine aminotransferase

anti-mitochondrial antibody

anterior myocardial infarction

acute myelogenous leukemia

amylase

antinuclear antibady

antineutrophilic cytoplasmic Ab

aortic dissection

aortic valve

acerylpara-aminophenol

activated protein C

acute promyelocytic leukemia

antiphespholipid Ab

antiphespholipid Ab synd,

angiotensin receptor blocker

acute resp distress synd.

antretroviral

arrhythmogenic RY CMP

aOrtic stenosis

aspirin

atrial septal defect

asparmte aminotransferase

asympromatic

atrial tachycardia

angiotensin 1|

antithrambin [

acute tubular necrosis

all-trans-retinoic acid

atrioventricular

aortic valve area

AVB
AVNRT
AVR
AVRT
AZA
Ad

B
bic
BAL
BEB
BCx
BD
BDZ
bili.
BiPAP
BivV
BM

BMD
BMI
BMS

BNP
BOOP

CABG

CAFD

CHML

atrioventricular block

AV nodal reentrant tachycardia
aortic valve replacement

AV reciprocating tachycardia
azathioprine

alkaline phosphatase

beta-blocker

bacause

bronchoalveolar lavage

bundle branch black

blaod culture

bile duct

benzodiazepines

bilirubin

bilevel positive airway pressure

biventricular

bone marrow

bowel movement

bone mineral density

body mass index

bara matal stent

B-type natriuretic peptide

bronchiolitis obliterans with
arganizing preumonia

blood pressure

b«.\mﬁn prostatic hypertrophy

bright red blood per rectum

breath sounds

bleeding time

blood urea nitrogen

biop:

buffered charcoal yeast extract

camplement

consult

compared with

consistent with

coronary artery bypass grafting

coronary artery disease

congenital adrenal hyperplasia

commen ALL antigen

chronic ambulatory peritoneal
dialysis

complete blood count

comman bile duct

calcium channel blocker

carbon tetrachloride

cyclic citrullinated peptide

Canadian Cardicvascular
Society

cholecystectomy

Crohn's disease

carcinoembryanic antigen

carotid endarterectomy

cephalosporin

cystic fibrosis

cffr.riaxone E
colony forming units E
complete heart block

congenital heart disease -
congestive heart failure E‘:

cardiac index

contrast-induced AKI

chronic inflammatory
demyelinating
polyneuropathy

Creutzfelde-jakob disease

creatine kinase

chronic kidney disease

chronic lymphocytic leukemia

carpomeracarpal (joint)

chronic myelogenous leukemia



Asprey 12-2

CMML

CMP
CMY

CNI
co

CoP
COoPD
cox
CPAP

CPP
CPPD

Cr
CrAg

CrCl
CRP
CRT
CsA
CSF
CsM

CTA
CcTD

CYA
cYD

CYID
CYYH

DKA
D.CO

DLE
DM

DMARD

DOE
DRE

chronic myelomanocytic
leukemia

cardiomyopathy

cytomegalovirus

cranial nerve

calcineurin inhibitor

carbon monoxide

cardiac output

cryptogenic organizing PRNA

chronic obstructive pulm dis.

cyclo-oxygenase

chest pain

continuous positive airway
pressure

cerebral perfusion pressure

calcium pyrophosphate
ditydrace

creatinine

cryprococcal antigen

colorectal cancer

creatinine clearance

C-reactive protein

cardiac resynchronization
therapy

cyclosporine A

cerebrospinal fiuid

carotid sinus massage

computed tomogram

CT angiogram

connective tissue disease

cardiovascular

cerebrovascular accident

cerebrovascular disease

collagen vascular disease

commaon variable immunodefic.

central venous pressure

continuous vena-venous
hemofiltration

chest wall

culture

chest radiograph

cyclophosphamide

day

death

change in mental status

dopaming

diffuse alveokar damage

diffuse alveolar hemorrhage

direct antiglobulin test

diastolic blood pressure

discharge discontinue

direct current cardioversion

ductal carcinoma in sitw

dilated cardiomyopathy

differential diagnosis

drug-eluting stent

direct fluorescent antgen
detection

diabetes insipidus

disseminated Intravascular
coagulation

differential

desguamative interstitial
preumaonits

distal interphalangeal (joint)

diabetic ketcacidosis

diffusion capacity of the
lung

drug-induced lupus

dermaromyositis

diaberes mellitus

disease-modifying anti-
rheumatic drug

dysprea on exertion

digital rectal exam

ESRD

EtOH
ETT

EUS
EVAR

FDP
FEY:
FFP
FHx

FMD
FMF
FNA
FOB
FOBT

FRC
F5GS

FSH
FTI
FUoO
flup
FvYC

G6PD
GBM

drug reaction w/ ecsinophilia &
Systemic symptoms

debutamine stress echo

dexamethasone suppression
test

deep tendon reflexes

duadenal ulcer

deep vein thrombosis

diagnosis

extrame axis deviation
effective arterial valume
Epstein-Barr viris
electrocardiogram
extracerporeal membrane
axygenation
emergency department
end-diastelic pressura
end-dizstolic volume
electroencephalogram
ejection fraction
esophagopastrodundencscopy
epidermal growth factor
receptar
eosinophilic granulomatosis
with polyangtitis
entry inhibitor
enzyme-linked mmuncassay
enzyme-linked immuncsorbent
assay
electron microscopy
ethamburol
ears, nose, & throat
extraccular movement/muscles
elecrrophysiclogy
erythrapoietin
electrophysiology study
endoscopic retrograde
cholangicpancreatography
expiratory reserve volume
end-systolic pressure
erythrocyte sedimentation rate
end-stage renal disease
end-systolic volume
endotracheal whe
essential thrombocythemia
alcohol
endotracheal wbe
exercise tolerance test
endoscopic ultrasound
endovascular aneurysm repair

fibrin degradation product

forced expinvol in 1 sec

fresh frozen plasma

family history

fusion inhibitar

fibromuscular dyspiasia

familial Mediterranean fever

fine-needle aspiration

fecal occult blood

fecal occult blood testing

fiuoroguinelone

functional residual capacity

focal segmental
glomerulosclerosis

faliicle stimulating hormone

free thyroxine index

fever of unknown arigin

fallow-up

forced vital capacity

gle-6-phosphate dehydrogenase

gallbladder

glomerular basement
membrane



GCA
GCS
G-CSF

gen.
GERD

Guillain-Barré syndrome
jant cell arteritis
lasgow coma scale
granulocyte colony stimulating
factor
gastroesophageal
generation
gastroesophageal reflux disease
glomerular filtration rate
Y-glutamyl transpeptidase
growth hormene
gastrointestingl bleed
gastrointestinal stromal tumaor
glucose
granulocyre-macrophage
colony-stimulating factor
glomerulonephritls
gram-negative rods
fonadotropin-releasing
hermene
granulomatosis wi polyangiitis
gram-positive cocc
glycoprotein lIbillz inhibitor
glucacorticoid-remediable
aldosteronism
gastric ulcer
graft-versus-host disease

hour

H2-recepror antagonist

headache

human antichimeric antibody

hepatitis A virus

hemoglobin

hepatitis B immunoglobulin

hepatitis B virus

hepatocellular carcinoma

hypertrophic cardiormypopathy

hematocrit

hepatitis C virus

health care worker

hemodialysis

high-density lipoprotein

hepatitis D virus

hemolysis, abnl LFTs, low plts

hepatitis E virus

heart failure

hypoxanthine-guanine
phosphoribosyl transferase

hyperosmokr hyperglycemic state

heparin-inducad
thrambocytopenia

hypokinesis

Hodgkin lymphema

history o

head of bed

hypotension

high-power fleld

hyperparathyraidism

heart rate

harmeone replacerant therapy

hereditary spherncytosis

hematopoletic stem eall
transplantation

hepatosplenomegaly

Henaoch-Schénlein purpura

herpes simplex virus

hypertension

hemalytic uremic syndrome

history

Incision & drainage
intra-asrtic balloan pump
inflamiratory bowel diseass
irritable bowel syndrome
inspiratory capacity

1Vig
J¥D
Jvp

KUEB

LABA

lonized calcium

implantable cardiac defibrillator

intracranial hemorrhage

intracranial pressure

intensive care unic

infective endocarditis

insulin-fike growth factor

interferon-y release assay

integrase inhibitar

idiopathic interstital PNA

interstitial lung disease

inferior myocardial infarction

infection

inhaled

isoniazid

international normalized ratio

ileal pouch-anal anastomosis

idiopathic pulmanary fibrosis

idiopathic thrombocytopenic
purpura

intravenous bolus

inferiar vena cava

intravencous drug use(r}

intravenous fluids

intravenous immunaglobulin

jugular venous distention
jugular venous pulse

Kaposi's sarcoma
kidney-urecer-bladder

(radiagraphy)

left atrium long-acting lupus
anticoagulant.

long-acting [bz-agonist

left anterior descending
comnary arter}f

left axis deviation

left atrial enlargement

lymphadenopathy

left atrfal pressure

leukocyte alkaline phosphatase

left bundle branch blocl

left coromry artery

lobular carcinoma in siu

left circumflex cor. art

lactate dehydrogenase

lowe-density lipoprotein

lowver extremity

lovwar esophageal sphincter

liver function tests

lower gastrointestinal bleed

luteinizing harmene

left lower quadrant

left main coronary artery

low-molecular-weight heparin

lymph node

lass of consclousness

length of stay

lumbar puncture

lenw-power field

long QT syndrome

lactated Ringer's

left upper sternal border

left ventricle

LV assist device

LV end-diastolic pressure

LV end-diastolic velume

left ventricular hypertrophy

lefe ventricular eutflow trace

LV systolic dimension

ranoclonal antibady
rritral anaular caleification

Mycobacterium avium eomplex

£T1 Asfemy
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MAHA
MALT

MAP
MAT
MCD
MCP
MCSs
MCTD

MDI
MDMA

MDR

micreanghopathic hemalytic
anamia

mucosa-assac. lympheid tissue

monoamine oxidase

mean arteral pressure

multifocal atrial tachycardia

minimal change disease

metacarpal phalangeal (jaint)

mechanical circulatory support

mixed connective tissue dis.

mean corpuscular volume

meterad dose inhaler

1 4-methylenedicxymetham-
phetamine (Ecstasy)

multidrug resistant

myelodysplastic syndrome

multiple endacrine neoplasia

myasthenia gravis

monockanal gammopathy of
uneertan significance

myocardial infarction

minute

minimal

multiple myeloma

max. mid-expir, flow rate

mycophenolate mofetil

membranous nephropathy

metronidazole

month

moderate

multiple organ dysfxn synd.

microscopic palyangiitis

membranopreliferative
glomerulanaphritis

myeloproliferative neoplasm

Magnetic resonance

mitral regurgitation

magnetic resonance angiograph

MR choiangicpancreati?ipﬁ? '

Magnetic resonance imaging

methicillin-resistant 5. aurens

mitral stenosis

rmultisystem atrophy

Mycobacterium tuberculosis

mechanistic target of rapamycin

metatarsal phalangeal (joint)

meathotrexate

mitral valve

mitral valve area

mitral valve prolapse

mitral valve replacement

macrophage

MN-acetylcysteing

non-alcaholic fatty liver dissase

non-alcoholic steatchepatitis

Nasogastric

nasogastric wbe

nan-Hodglkin lymphoma

non-ischemic ditated CHMP

negative inspiratory force

nasojejunal

normal

neuromuscular

neuromuscular jurction

non-nucleaside reverse
transcriptase nhibivor

number needed to treat

nitric oxide

nenparoxysmal junctional
tachycardia

nothing by mouth

neninvasive positive pressure
wentilation

negative predictive value

MNRTI

NS
MNSAID
NSCLC

PEEP

PEF
PET
PEx
PFOQ

PGA
PHT
PID

PIF
PIP

PKD

PMF
PMHx
PMI
PML

PMN
PMR
PMY

nucleoside reverse transcriptase
Inhibitor

normal saline

nonsteroidal anti-inflam, drug

nan-small cell lung cancer

rephrogenic systemic fibrosis

nitroglycern

nausea andior vomiting

native valve endocarditis

Maw York Heart Association

everdose

atherwise

ova & parasites
asteoarthritis

oral contraceptive pill
asmalal gap

orogastric twhe

oral ghicose tolerance test
opportunistic infaction
obtuse marginal cor art
obstructive sleep apnea
aver-the-countar

present(s) with

pulmonary artary

pulmonary artery catherer

peripheral artery disease

polyarteritis nodosa

PA systalie pressure

pEFCUtINEOUS dortic
valvuloplasty

problem

primary biliary cholangitis

percutanesus coronary
intervention

penieillin

FPreumocystis firoveel pnevmonia

polymerase chain reaction

porphyria eutanea tarda

pulmonary capillary wedgze

ressure

Parkinson's disease peritoneal
dialysis

patent ductus arteriosus

posterior descending cor. art.

pulmonary embolism

pulseless electrical activity

positive end-expiratory
pressure

peak expiratory flow

positron emission tomography

physical examination

pavent foramen ovale

pulmonary function test

pelyglandular autoimmune
syndrome

pulmonary hypertension

protease inhibitor

pelvic inflammatary
disease

prolactin inhibitery factar

peak inspiratory pressunz

proximal interphalangeal (joine)

polycystic kidney disease

polymyosids

primary myelofibrosis

past medical history

point of maximal lmpulse

progressive multifocal
leukoencephalopathy

polymorphonuclear leukocyte

polymyalgia rheumatica

percutanecus mitral
valvuloplasty



PMYT
PMNA
PND
PNH
PNS
PO
POTS
FPD

pelymaorphic ventricular
tachycardia

preumonia

paroxysmal nocturnal dyspnea

paroxysmal nocturnal
hemoglobinuria

peripheral nervous system

oral intake

postural orthostatic tachycardia
syndrome

purified protein derivative

primary pulmonary HTN

proton pump inhibitors

plateau pressure

permanent pacemaker

positive predictive value

prophylaxis

PR segment on ECG

pulmonary regurgitation

packed red blood cells

prolactin

phosphoribosyl-1-
pyrophosphate

poor R wave progression

pressure support

pulmonic stenasis

rostare specific antigen

domonas aeruginosa

primary sclerosing cholangitis

post streptococcal
glomerulonephritis

past surgical histary

pressure support ventilation

patient

prothrombin time

percutatecus transluminal
angioplasty

parathyrold hormone

PTH-related peptide

partial thromboplastin time

propylthiouraci

preumothorax

peptic ulcer disease

psoralen + ultravioler A

polycythemia vera

portal vein

peripheral vascular disease

prosthetic valve endocarditis

pulmorary vascular resistance

pyrazinamide

hefore every meal
every bedtime
quality of life

0 wave

rule in

rule out

refractory anemia
rheumaroid arthritis

right atrium
renin-angiotensin-aldosterane
right axis deviation

right atrial enlargement
radicactive iodine
radicactive iodine uptake
renal artery stenosis
radicallergosorbent test
right bundle branch block
red blood cell

renal blood flow

ribavirin

right coranary artery
restrictive cardiomyopathy
randomized controlled trial

red cell distribution width

revculoendothelial

rheumatoid factor risk factor

rheumatic heart disease

reticulocyte index

recombinant immunablot assay

Raocky Mountain spotted fever

raview of systemns

rapidiy progressive
glomerulonephritis

TEspiratory rate

renal replacement therapy

radiation therapy

renal tubular acidosis

rituximab

right upper quadrant

right upper sternal border

residual volume

right ventricle

RV assist device

right ventricular hypertrophy

RV outflow tract

RV systolic pressure

therapy

roux-en-T gastric bypass

sincatrial

serum-ascites albumin gradient

subarachnoid hemorrhage

sulfasalazine

subacute bacterial endocarditis

small bowel obstruction

spontaneous bacterial
peritonitis

systolic blood pressure

spontaneous breathing trial

subcutanesus

sudden cardiac death

severe combined immunodefic.

small-cell lung cancer

side effect

sensitivity

second

selective estrogen receplor
modulator

severe

steroid hormaone binding
globulin

synd. of inappropriate ADH

small intestine bacterdal
overgrowth

serum immunoelectrophoresis

synchronized intermittent
mandatory wentilation

systemic inflammatory response
syndrome

Stevens-Johnson syndrame

systemic lupus erythematosus

sUperior mesenteric artery

superior mesenteric vein

sulfamethoxazole

sinusoidal chstructive synd.

status post

specificity

serum proteain electrophoresis

sinus rhythm

signs and symptoms

Salmonella, Shigella,
Campylabacter, Yersinia

selective serotonin reuptake
inhibitor

sick sinus syndrome

sinus tachycardia

sexually transmitted disease

ST-segment depression
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ST-segment elevation

stroke volume

SUperior vena cava

systemic vascular resistance
supraventricular tachycardia
symplom(s) or symptomatic

type 1 diabetes mellis

type 1 diabetes mellitus

T3 resin uptake

thoracic aortic aneurysm

wberculosis

thyroid binding globulin

tricyclic antidepressant

transcranial Doppler

tetracycline

tetanus, diphtheria, pertussis

torsades de pointes

terminal deoxynudeoctidyl
wransferase

transesophageal echo

wransfusion

thyroid function tests

righycerides

transposition of the great
arteries

wransient ischemic actack

ol iron binding capacity

whuicinterstitial nephritis and
uveitis

transjugular intrahepatic
portosystemic shunt

ryrosine kinase inhibitor

total lung capacity

trimethoprim

trepanin

ol protein

thiopurine methyltransferase

total parenteral nutrition

thrombopoietin

thyroid peroxidase

tricuspid regurgitation

transfusion-related acute lung
injury

thyrotropin-releasing hormaone

TIMI risk score

transrectal ultrasound

tricuspid stenosis

thyroid-stimulating hormone

thyroid-stimulating
Immunogiobulin

toxic shock syndrome

transsphencidal surgery

transthoracic echo

transtubular potassium gradient

thrombetic thrombocytopenic

purpura
tricuspid valve

T wave

T-wave flattening

uia

WATS

VBI
vC

WDRL
YEGF

YLDL

WHO

WHMA
wio
WEPWY

XRT

T-wave inversicn
transplant
thiazolidinediones

urinalysis

unstable angina uric acid
urine anion gap

ulcerative colitis

urine culture

upper esophageal sphincter
unfracticnated heparin
upper gastrointestinal bleed
usual interstitial pneumonitis
upper limit of normal

urine output

urine protein electrophoresis
urgent revascularization
upper resp. tract infxn
ultrasound

urinary tract infection

ventiation-perfusion

ventricular assist device

ventilatorassocated PNA

video-assisted thoracoscopic
.':LII'EEI‘}"

vertebrobasilar insufficiency

wital capacity

vessel disease

venereal disease research
laboratory (test for syphilis

wascular endothelial growth
factor

wentricular fibrillation

wery-low-densicy
lipoproceins

veno-occlusive disease

wital signs

ventricular septal defect

tidal volume

ventricular achycardia

wenous thromboembolus

won Willebrand's disease

won Willebrand's factor

varicella zoster virus

with

white blood cell {count)

wide-complex tachycardia

World Health Organization

week

Waldenstrom's
macroglobulinemia

wall motion abnormalicy

without

Wolff-Parkinson-VWhite
syndroma

workup

radiation therapy



A
A-a gradient, 2-18, 11-3
abdominal CT scan, P-7
abdominal pain, 10-1
acanthosis nigricans, 5-28
accessory pathway, 1-33
acetaminophen
as cause of metabolic acidosls, 4-2
hepatotoxicity, 3-19
achalasia, 3-1
acid-base disturbances, 4-1
acquired immunedeficiency syndrome
(AIDS), 617
acromegaly, 7-2
activated protein C
resistance, 5-11
acute abdomen, 10-1
acute aortic syndrome, 1-31
acute coronary syndromes, 1-6
acute interstitial nephritis, 4-12,4-13
acute interstitial pneumonia, 2-10
acute kidney injury, 4-12
acute limb ischamia, 1-41
acute respiratory distress syndrome
(ARDS), 2-22
acute tubular necrosis, 4-12
Addison’s disease, 7-9
adnexal mass, non-pregnant woman,
10-
adrenal disorders, 7-7
adrenal incidentalomas, 7-10
adrenal insufficiency, 7-9
adrenal mass, 7-10
advanced cardiac life support, ACLS-1
albuminuria, 4-14
alcohol withdrawal, 9-5

allergic bronchopulmonary aspergillosis,

alphay-antitrypsin deficiency
as cause of cirrhosis, 3-24
as cause of COPD, 2.5
alveolar gas equation, 11-5
amaurosis fugax, 9-6
amiodarone, thyroid disease and, 7-5
amyloidosis, 8-22
cardiac manifestations, 1-19
anaphylaxis, 2-4
anaplasmosis, 6-21
anemia, 5-1
aplastie, 5-3
autoimmune hemaolytic, 5-5, P13
of chronic inflammation, 5-2
Cooleys, 5-2
Fanconi’s, 5-3
folate deficiency, 5-3
hemelytic, 5-4
iron deficiency, 5-1, P-13
macrocytic, 5-3
megaloblastic, 5-3,P-13
microangiopathic hemolytic, 5-5
microcytic, 5-1
myelophthisic, 5-4
normocytic, 5-2

pernicious, 5-3
sickle cell, 5-4, P-14
sideroblastic, 5-2
angina, 1-3
angioectasia, 3-3
angioedema, 2-4
angioplasty, 1-5
anion gap, 4-2, 11-6
ankylosing spondylitis, B-7
anoxic brain injury, 9-2
antibiotics, 11-3
antibadies
anticardiolipin, 5-11, 8-16
anti-centromere, 8-11
anti-cyclic citrullinated peptide
(CCP), -3
anti-ds-DNA, 8-15
anti-GBM, 4.17
antihistone, 8-15
anti-je-1,8-13
anti-La, 8-14,8-16
anti-Mi-2, 8-13
antimitochondrial, 3-24
anti-MPO, 4-17, 8-18
antineutrophil cytoplasmic (ANCA),
4-17,8-18
antnuclear (ANA), 8-15
antiphospholipid, 5-11
anti-PR3, 4-17,8-18
anti-Ro, 8-14, 8-15
anti-Sel-70, 8-11
anti-Sm, 8-15
anti-smoath muscle, 3-19
anti-SRF, 8-13
anti-TPO, 7-4, 7-5, 7-6
anti-UT-RNF B-14, 8-15
autoantibodies, 8-2
in connective tissue diseases,
8-11
anticeagulants, 5-6, 5-10
anti-GBM disease, as cause of
glomerulonephritis, 4-17
antiphospholipid syndrome, 5-11
aortc aneurysm, 1-30
aortic dissection, 1-31
aordc regurgitaton, 1-21
aortic stenosis, 1-20
aortoenteric fistula, 3-4
arrhythmias, 1-32
arthralgias, B-1
arthritis, 8-1
IBD-associated (enteropathic),
8-7
infectious, 8-%
ostecarthritis, 8-1
psoriatic, 8-7
reactive, 8-7
rheumatoid, 8-3
asbestosis, 2-10
ascites, 3-26
treatment of, in cirrhotics.,
1

aspergillosis, 6-4




asplenia, 6-4

asthma, 2-2

atrial fibrillation, 1-32, 1-35

atrial flueter, 1-32, 1-36

autoimmune polyglandular syndromes
(AP3),7-2

auto-PEEF, 2-20

AV block, 1-37

AV dissaciation, 1-32

B

babesiosis, 6-21

bacillary angiomatosis, 6-18
back pain, 9-11

bacteremia, &-14

Barrect's esophagus, 3-1
Bartter’s syndrome, 4-5, 4-10,7-8
basophilia, 5-12

basophilic stippling, 5-2, 11-6
Beck’s triad, 1-26

Behget's syndrome, 8-20
Bell's palsy, 6-11
Bernard-Soulier disease, 5-9
berylliosis, 2-10

bilevel positive airway pressure (BIPAP),
2-19

biliary tract disease, 3-27

bite cells, 5-4,11-6

biventricular pacing, 1-16, 1-39

blastomycosis, 6-3

body surface area, 11-7

Boerhaave syndrome, 1-3

bone infections, 6-6

bone marrow transplantation, 5-26

bradycardia, 1-32

breast cancer, 5-30

Brockenbrough sign, 1-18

bronchiectasis, 2-7

bronchiolitis obliterans with organizing
preumonta. 2-10

bronchitis, chronic, 2-5

Brudzinski’s sign, 6-9

Brugada syndrome, 1-34

B-type natriuretic peptide, 1-14,
1

Budd-Chiari syndrome, 3-25
bundle branch blocks, 1-1
burr cells, 11-6

bursitis, 8-1,8-10

c

calciphylaxis, 4-14

calcium disorders, 7-11

calcium pyrophosphate dehydrate
deposition disease, 8-6

Cameron's lesions, 3-4

cancer of unknown primary site,
5-37

Candida species, 6-3

carbon monoxide poisoning, 2-18

carcineid, 3-6

cardiac output, 1-12, 11-4

cardiac resynchronization therapy, 1-6
1-39

cardiac shunt, 11-4

cardiomyopathy, 1-17
arrhythmogenic RV, 1-17,1-34
dilaced, 1-17
hypertrophic, 1-18
peripartum, 1-17
restrictive, 1-19
vs constrictive pericarditis, 1-19
Takotsubo, 1-17

cardiorenal syndrome, 4-13

carotid revascularization, 9-7

cauda equina syndrome, 9-11

celiac disease, 3-7

cellulitis, 6-6

central venous catheter-related
blood streams infections, 6-14

cerebrovascular disease, 9-6

Chagas, 1-17

Charcot's triad, 3-28

Chediak-Higashi syndrome, 5-9

chemotherapy side effects, 5-34

chest pain, 1-3

chest tubes, 10-2

Child-Turcotte-Pugh scoring system,

321

cholangitis, 3-18

chiolecystitis, 3-27

choledocholithiasis, 3-28

cholelichiasis, 3-27

cholera, 3-5

cholestasis, 3-16

cholesterol emboli syndrome, 1-5

chronic kidney disease, 4-13

chranic obstructive pulmonary disease

(COPD), 2-5,P-1

Chur_gvStrauss syndrome, 219
as cause of asthma, 2-2
as cause of glomerulonephrids,

417
as cause of interstitial lung disease,

Chvostek's sign, 7-12

cirrhosis, 3-11

claudication, neurogenic vs. vascular,

912
clostridial myonecrosis, 6-7
Clastridium difficile-associated diarrhea,
36

coagulation cascade, 5-6

coagulopathies, 5-10

coarctation of aorta, 1-28

coccidioidomycosis, 6-3

cold caloric, 9-1

colonic polyps, 3-9

colonic pseudoohstruction, 3-8

colonascopy, screening, 5-33

colorectal cancer (CRC). 5-33

coma, 3-1

compartment syndrome, 10-2

confusion, 9-1

connective tissue diseases, 8-11

Conn's syndrome, 7-8

constipation, 3-8

constrictive pericarditis, 1-27

cantinuous positive airway pressure
(CPAP). 2-19,2-20



continuous veno-venous hemofileration,
4-16

contrast-induced acute kidney injury,
413

conus medullaris syndrome, 9-11

cord compression, 5-36, 9-11

corneal acrus, 7-16

coronary angiography, 1-5, P-13

computed tomographic, 1-4

coronary arteries, P-13

carcnary artery bypass grafting
(CABG), 1-5

coronary artery calcium score, 1-4

coronary revascularization, 1-3

Courvoisier’s sign, 5-35

creatinine clearance, 11-6

CREST syndrome, 8-12

Crohn'’s disease, 3-10

cryoglobulinemia, 8-21

Crybtococcus, 6-3

cryptogenic organizing pneumonia, 2-10

erystal deposition arthritides, 8-5

Cullen's sign, 3-13

Cushing’s reflex, 3-20

Cushing's syndrome, 77

cutaneous leukocytoclastic angiitis, 8-20

CXRichest CT scan, P-1,P-5

eyanide poisoning, 2-18

cyanosis, 2-18

eystic fibrosis, 2-7

cystitls, 6-3

cytomegalovirus, 6-19

D

dactylitis, 8-7

decubitus ulcer, 10-2

deep venous thrombosis, 2-13

delirium, 3-1

delirium tremens, 9-5

delta-delta, 4-2, 11-6

dementia, 9-1

dengue, 6-23

dermatomyositis, 8-12

desquamnative interstitial pneumonia,
2-10

diabetes insipidus, 4-8, 4-9

diabetes mellitus, 7-13

diabetic foot, 6-7

diabetic ketoacidosis (DKA), 7-14

dialysis, 4-15

diarrhea, 3-5

Dieulafoy's lesion, 3-4

diffuse alveclar damage, 2-22

diffuse alveclar hemorrhage, 2-10, 5-27

diplopia, 10-4

disc herniation, 9-12

discriminant function, 3-19

disseminated gonococcal arthritis,
8-10

disseminated intravascular coagulation
(DIC), 5-10

diuresis, 4-15

diverticular disease, 3-9

Dohle bodies, 5-12, 11-6

doll’s eyes, 9-1

Dressler’s syndrame, 1-11,1-25
Duke treadmill score, 1-4
duodenal ulcer, 3-2
dyslipidemias, 7-16

dysphagia, 3-1

dyspnea, 2-1

dysuria, 6-5

E
Eaton-Lambert syndrome, 5-29,9.9
echocardiography, P-9
Ehlers-Danlos syndrome, 1-30, 1-31
ehrlichiosis, 6-21
electrocardiography, 1-1
emphysema, 2-5
encephalitis, viral, 6-11
endocarditis, 6-12
endomyocardial fibrosis, 1-19
enthesitis, 8-7
eosinophilia, 5-12
ensinophilic granulamatesis with
polyangiitis, 8-19
as cause of asthma, 2-2
as cause of glomerulonephrits,
4-17
as cause of interstital lung disease,
-10
eosinophilic pneumonias, 2-10
epidural abscess, 6-8
epidural hematoma, 9-7
epilepsy, 9-3
erosive gastropathy. 3-3
erysipelas, 6-6
erythema migrans, 6-20
erythema multiforme, 6-23
erythema nodosum, 2-9, 6-23, 8-8,
820
erythrocyte sedimentation rate, 8-17
erythromelalgia, 5-15
esophageal reflux, 3-1
esophageal ring, 3-1
esophageal spasm, 1-3
esophageal web, 3-1
esophagitis, 3-1,3-3
essential thromboeythemia, 5-15
ethylene glycol intoxication, 4-2
exercise tolerance test, 1-4

F

factor V Leiden, 5-11

familial adenomatous polyposis, 5-33

familial hypocalciuric hypercalcemia,
1Y

familial Mediterranean fever, 6-22
Fanconi's syndrome, 4-3
Felty's syndrome, 8-3
faver
neutropenia and, 5-36
Pel-Ebstein, 5-21
syndromes, 6-21
fibromyalgia, 8-13
Fitz-Hugh-Curtis syndrome, 8-10
focal segmental glomerulosclerosis,
4-18
folate deficiency, 5-3




-4

o
2

folliculitis, 6-6

feod poisoning, 3-5

Fournier's gangrene, 6-6

fractional excretion of Na,4-12, 11-6
fractional flow reserve, 1-5

free H:O deficit, 4-8, 11-6

fungal infections, -3

furunculosis, 6-6

G
Gaishéick’s syndrome, 5-15
Gallavardin effect, 1-20
gallstone, 3-13
gallstone ileus, 3-27
gas gangrene, 6-7
gastric antral vascular ectasia, 3-4
gastric ulcer, 3-7
gastroesophageal reflux disease
(GERDY, 3-1
gastrointestinal bleeding, 3-3
gastroparesis, 3-8
gastrostemy tubes, 10-2
giant cell arteritis, 8-17
Gitelman's syndrome, 4-5,4-10,7-8
Glanzmann's thromboasthenia, 5-9
Glasgow Coma Scale, 9-1
glaucoma, 10-4
glomerulonephritis. 4-17
glucose-b-phosphate dehydrogenase
(G6PD) deficiency, 5-4
glycemic conerel, in critical care, 2-23
goiter, 7-3,7-5
Goodpasture’s syndrome, 210
as cause of alveohr hemarrhage, 2-10
as cause of glomerulonephritis, 4-17
Gouron's papules, 8-13
gour, 8-5
graft-versus-host disease (GYHD), 5-26,
5-27
granulomatosis with polyangiitis, 8-18
as cause of glomerulenephritis, 4-17
as cause of interstitial lung disease,
2-10
Graves' disease, 7-5
Grey Turner's sign, 3-13
Guillain-Barré syndrome, 9-8

H
Hamman-Rich syndrome, 2-10
Hashimoto's thyroiditis, 7-3
headache, 9-10
heart failure, 1-14
with preserved EF 1-16
Heinz bodies, 5-4, 11-6
Helicobacter pylori infection, 3-2
heliotrope rash, 8-13
hematemesis, 3-3
hematochezia, 3-3
hematopoietic stern cell transplantation,
5-26
hematuria, 4-20
hemaochromatosis
as cause of cirrhosis, 3-23
as cause of DCM, 1-17
as cause of RCM, 1-19

hemodialysis, 4-15
hemolytic-uremic syndrome, 5-9
hemogphilia, 5-10
hemoptysis, 2-7
hemostasis disorders, 5-6
Henoch-Schonlein purpura, 8-19
as cause of glomerulenephritis, 4-17
heparin-induced thrombocytopenia, 5-8
heparin nomograms, 11-7
hepatic encephalopathy, 3-12
hepatic hydrothorax, 2-12,3-22
hepatitis, 3-17
alecholic, 3-19
autoimmune, 3-19
ischemic, 3-19
viral, 3-17
hepatocellular carcinoma, 3-23
hepatopulmenary syndrome, 3-23
hepatorenal syndrome, 3-22
hereditary nonpolyposis colorectal
cancer, 5-33
hereditary spherocytosis, 5-5
Hermansky-Pudlak syndrome, 5-9
herpes zoster, 6-11
histoplasmosis, 6-3
Howell-Jolly bodies, 5-5,11-6
human immunodeficiency virus (HIV),
-17
hyperaldasteronism, 7-8
as cause of hypokalemia, 4-10
as cause of metabolic alkalosis, 4-4
hyperbilirubinemia, 3-15
hypercalcemia, 7-11
hypercapnia, 2-18
hypercholesterolemia, 7-16
hypercoagulable states, 5-11
hypercortisolism, 7-7
hyperhomocysteinemia, 5-11
hyperkalemia, 4-11
hypernatremia, 4-8
hyperosmolar hyperglycemic stata,
7-15
hyperparathyroidism, 7-11
secondary, 4-14
hyperpituitary syndrome, 7-2
hyperprolactinemia, 7-2
hypersensitivity pneumonia, 2-10
hypersensitivity vasculitis, 8-20
hypersplenism, 5-5
hypertension, 1-28
hypertensive crisis, 1-29
hyperthyroidism, 7-4
hyperuriglyceridemia, 7-16
hypertrophic pulmonary
ostecarthropathy, 5-18
hypoaldosteronism, 7-8
as cause of hyperkalemia, 4-11
as cause of metabolic acidosis, 4-3
hypocalcemia, 7-12
hypoglycemia, 7-15
hypolalemia, 4-10
hyponatremia, 4-6
hypoparathyroidism, 7-12
hypopituitary syndromes, 7-1
hypothermia, induced, 9-2



hypothyroidism, 7-3
hypoxemia, 2-18

I

ICU medications, 11-1

ideal body weight, 11-7

idiopathic interstitial pneumonia, 2-10
idiopathic pulmonary fibrosis, 2-10
IgA nephropathy, 4-18

IgG4-related disease, 8-20

ileus, 3-6

immune thrombocytopenic purpura, 3-7

impetiga, -6
implantable eardiac defibrillator; 1-16,
1-39

infections in susceptible hosts, 6-4

inflammatory bowel disease, 3-10

inflammatory markers, 8-1

influenza, 6-1

interstitial lung disease, 2-9

intracranial hemorrhage (ICH), 9-7

intraductal papillary mucinous
neoplasm, 3-35

intramural hematoma (aortic), 1-31

iron deficiency, 5-1

irritable bowel syndrome (IBS), 3.7,
3-8

ischemic colits, 3-12

isopropyl alcohol intoxication, 4-3

]

Janeway lesions, 6-12
jaundice, 3-15
Jod-Basedow effect, 7-6
joint fluid, analysis, 8-1

K

Kaposi's sarcoma, 6-19
Kernig's sign, 6-9
ketoacidosis, 4-2

kidney transplantation, 4-16
koilonyehia, 5-1

Kussmaul's sign, 1-27

L

lactic acidosis, 4-2

lactose intolerance, 3-6

Lady Windermere syndrome, 2-7

Langerhans cell granulomatosis, 2-10

left wentricular hypertwrophy, 1-1

left ventricular noncompaction, 1-17

left ventricular thrombus, 1-11

leukemia, 5-17, P-14
acute lymphoblastic, 5-18
acute myelogenous, 5-17
acute promyelocytic, 5-18
chranic lymphocytic, 5-20
chronic myelogenous, 5-19
hairy cell, 5-22

leukeostasis, 5-17

Libman-5acks endocardidis, 8-15

Liddle's syndrome, 4-5, 4-10, 7-8

Light's criteria, 2-11

limb ischemia, acute, 1-41, 10-1

lipodystrophy, 6-18

liver failure, 3-20
liver tests, abnormal, 3-15
liver transplantation, 3-23
Loeys-Diewz syndreme, 1-30, 1-31
Liffler’s endocarditis, 1-19
Loffler's syndrome, 2-10
Lofgren’s syndrome, 2-9
long QT syndrome, 1-1, 1-34
lung cancer, 5-28
lung transplantation, 2-24
lupus anticoagulant, 5-11
lupus pernio, 2-9
Lyme disease, 6-20
lymphadenopathy, 5-12
lymphangioleiomyomatosis, 2-10
lymphocytic interstitial pneumonia, 2-10
lymphocytasis, 5-12
lymphoma, 5-21

CNS, 6-19

Hadglin, 5-21

non-Hodgkin, 5-22

M
macro-ovilocytes, 5-3
malabsorption, 3-7
malaria, 6-23
Mallory-Weiss tear, 1-4, 3-4
mammegraphy, 5-30
Marfan syndrome, 1-317, 1-32
mechanical circulatory support, 1-15
mechanical ventilation, 2-19
mechanic’s hands, 8-13
Meckel's diverticulum, 3-4
Meigs' syndrome, 2-11,3-26
MELD score, 3-21
melena, 3-3
membranoproliferative
glomerulonephritis, 4-18
membranous nephropathy, 4-18
meningitis
acute bacterial, 6-9
aseptic, 6-10
mental status, change in, 9-1
mesenteric ischemia, acute, 3-12
metabolic acidosis, 4-2
metabolic alkalosis, 4-4
metabolic syndrome, 7-16
methanol intoxication, 4-2
methemoglobinemia, 2-18
microscopic colitis, 3-7
microscopic polyangiits, 8-19
as cause of glomerulonephritis, 4-17
as cause of interstitial lung disease, 2-10
migraine headache, 9-10
milk-alkali syndrome, 7-11
minimal change disease, 4-18
Mirizzi syndrome, 3-27
mitral regurgitation, 1-22
mitral stenaosis, 1-23
mitral valve prolapse, 1-23
mixed connective tissue disease
(MCTD), 8-14
molluscum contagiosum, 6-18
monoclonal gammopathy of uncertain
significance, 5-25
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monocytosis, 5-12
mucinous cystic neoplasm of pancreas,
5-35
Mucor infection, 6-4
multiple endocrine neoplasia (MEN)
syndromes, 7-2
multiple myeloma, 5-24
MUFMUES, eponymous
Austin Flint, 1-27
Graham Steel, 2-14,2-16
Murphy's sign, 3-27
myalgias, 8-13
myasthenia gravis, 9-9
Mycobacterium avium complex,
disseminated, 6-19
miycosis fungoides, 5-22
myeladysplastic syndromes, 5-14
myelofibrosis, primary, 5-16
myeloid neoplasms, 5-14
myeloproliferative neoplasms, 5-15
myocardial infarction (MI)
non ST elevation, 1-7
ST elevation, 1-9
myocardial viabilicy, 1-4
myocarditis, 1-3, 1-17
myopathies, 8-12, 9-9
myositis, 8-12
myxedema, 7-4

N

necrotizing fasciitis, 6-6

nephrogenic systemic fibrosis, 4-13

nephrolithiasis, 4-20

nephrotic syndrome, 4-18

nerve root compression, 9-11

neuropathies, 9-8

neutropenia, 5-12, 5-36, 6-4

neutropenic enterocolitis, 5-36

neutrophilia, 5-12

New York Heart Association

classification, 1-14

nonalcoholic fatty liver disease
(NAFLD), 3-19

noninvasive ventilation, 2-19

non-TB mycobacterium, 2-7

nenspecific interstitial pneumania,
2-10

nenvitamin K antagonist oral
anticoagulants (NOACs), 4-10

nutrition, in hospitalized Pt, 3-8

o

obstructive sleep apnea, 2-8
ocular motor palsies, 10-4
eculocephalic maneuver, 91
Oyilvie's syndrome, 3-8

optic neuritis, 10-4

optic neuropathy, ischemic, 10-4
oral hairy leukoplakia, 6-18
orbital cellulitis, 10-4
orthastatic hypotension, 1-37
Osler’s nodes, 6-12

osmolal gap, 4-3, 11-6
ostecarthritis, 8-1
osteomyelitis, 6-8

P
pacemakers, 1-39
Pager's disease
of bone, 7-11
of breast, 5-30
Pancoast’s syndrome, 5-28
pancreatic cancer, 5-35
pancreatic insufficiency, 3-7
pancreatius, 3-13
pancytopenia, 5-3
panhypopituitarism, 7-1
papillary muscle rupture, 1-10
Pappenheimer bodies, 5-2
paroxysmal nocturnal hemoglobinuria,
5-4
patent foramen ovale, 9-7
PEEP. 2-20
peptic ulcer disease (PUD), 1-3,3-2,3-3
percutanecus coronary intervention
(PCI), 1-5
pericardial effusion, 1-25
pericardial tamponade, 1-26
pericarditis, 1-25
periodic paralysis
hyperkalemic, 4-11
hypokalemic, 4-10
peripheral arterial disease, 1-40
peripheral smear, findings in, 11-6
peritoneal dialysis, 4-16
peritonitis, 3-26
petechiae, 5-6
pheachromocytoma, 7-10
phlegmasia cerulea dolens, 2-13
pica, 5-1
pituitary disorders, 7-1
pituitary tumaors, 7-1
plasma cell dyscrasias, 5-24
platelet disorders, 5-7
pleural effusion, 2-11, P-4
pleuritis, 1-3
Plummer-Yinson syndrome, 5-1
pneumoconioses, 2-10
Pneumocystis firoveci pneumonia.
6-19
pneumonia, 6-1, P-2
preumothorax, P-4
POEMS syndrome, 5-24
polyarteritis nodosa, 8-18
palycythemia vera, 5-15
polydipsia, 4-9
polymyalgia rheumatica, 8-13,8-18
polymiyositis, 8-12
polyuria, 4-9
porphyria cutanea tarda, 3-18
portal hypertension, 3-21, 3-26
portal vein thrombosis (PVT), 3-25
pertopulmonary hypertension, 2-16,
portosystemic encephalopathy, 3-22
Pott’s disease, 6-8,6-15
preexcitation, 1-33
pregnancy, ectopic, 10-3
precperative risk assessment,
1-40
prerenal azotemia, 4-12



primary hiliary cholangitis, 3-24

primary sclerosing cholangitis, 3-24

Prinzmetal’s angina, 1-6

progressive muldfocal
leukencephalopathy, 6-19

prolactinoma, 7-1,7-2

propylene glycol intoxication, 4-2

prostate cancer, 5-32

prostate-specific antigen (PSA) testing,

prostatitis, 6-5

prosthetic heart valves, 1-24

proteinuria, 4-19

prothrombin mutation, 5-11

pseudogout, 8-6

pseudo-hypoparathyroidism, 7-12

pseudo-Pelger-Huét cells, 5-14, 11-6

pseudotumor cerebri, 9-10

pulmonary alveolar proteinosis, 2-10

pulmonary artery catheter, 1-12,

pulmonary edema

CXR pattern in, P-2
treatment of, 1-15, 11-2

pulmonary embalism, 2-14, P-6

pulmonary fibrosis, idiopathic, 2-10,
P-6

pulmonary function tests, 2-1

pulmonary hypertension, 2-16

pulmonary infiltrates with eosinophilia,
210

pulsus paradoxus, 1-26

pure red cell aplasia, 5-2

purified protein derivative (PFD) test,
615

purpura, 5-6

pyelonephritis, &-5

pyoderma gangrenosum, 3-10,8-8

Q
QT interval, 1-1

R

radiculopathies, 9-11

radioactive jodine uptake scan, 7-3

Raynaud’s phenomenon, 8-14

red eye, 10-4

Reed-Sternberg cells, 5-21

refeeding syndrome, 3-8

Reiter’s syndrome, 8-7

relapsing polychondritis, 8-4

renal abscess, 6-5

renal artery stenosis, 1-28

renal failure, 4-12

renal osteadystrophy, 7-12

renal replacement therapy, 4-15

renal tubular acidosis, 4-3

respiratory acidosis. 4-5

respiratary alkalosis, 4-5

respiratory bronchiolitis-associated
interstitial lung disease, 2-10

respiratory failure, 2-18

reticulocyte index, 5-1

Reynolds’ pentad, 3-28

rhabdomyolysis, 4-13

rheumataoid factor, 8-3

Rhizopus infection, 6-4

Richter's syndrome, 5-20

Rocky Mountain spotted tick fever
(RMSF), 6-21

Roth spots, 6-12

s
salicylate intoxication, 4-2
Samter’s syndrome, 2-2
sarcoidosis, 2-9, P-6
cardiac manifestations of, 1-19
schistoeytes, 5-5,11-6,P-14
sciatica, 9-11
scleroderma, 8-11
seizures, 9-3
sapsis, 2-23
Sequential Organ Failure Assessment
(SOFA), 2-23
seronegative spondyloarthricis, 8-7
serum-ascites albumin gradient,
3-26
Sézary syndrome, 5-22
Sheehan’s syndrome, 7-1
shoek, 1-13,11-2
cardiogenic, 1-13
septic, 2-3
sicca syndrome, 8-13
sick euthyroid syndrome, 7-5
sick sinus syndrome, 1-32
silicosis, 2-10
sinusoidal obstruction syndrome, 3-25,
5-26
Sjdgren's syndrome, 8-13
small intestinal bacrerial overgrowth,
3.7
smudge cells, 5-20
soft tissue infections, 6-6
solitary pulmonary nodule, 2-8
spinal cord compression, 5-36, 9-11
spinal stenosis, 9-12
splenomegaly, 5-5
spontancous bacterial peritonitis, 3-26
treatment of in cirrhosis, 3-22
spur cells, 11-6, P-14
statistics, 11-7
status epilepticus, 9-4
ST depression, 1-2
5T elevation, 1-2
stent thrombaosis, 1-5
steroids, in critical care, 2-23
Still's disease, adult onset, 6-22, 8-4
stool osmotic gap, 3-7
stress tost, 1-4
stroke, 3-6
struma ovarii, 7-4
subarachnoid hemorrhage, 9-7
subdural hematoma. 9-7
superior vena cava syndrome, 5-28
syncope, 1-37
syndrome of inappropriate antdiuretic
hormene (SIADH), 4-7
systemic lupus erythematosus (SLE),
5

systemic sclerosis, B-11



ACLS ALGORITHMS n

Figure ACLS-1 ACLS Tachycarda Algorithm

TACHYCARDIA w/ Pulse tlo sinus tach
yneh

5 eardlovarsion
unstable = ion, A M3, tatile - (raraly needad for HF <150}

s/ shock, chest pain, heart fallure

ar
defibriliation for PMVT
IV Access, O, monitor BP & rhythm, 12-ead ECG

vagal AF, AFL, or MAT VT or AF wi abar
R Control rate wi unknown WCT Control rate w/
L 1 0F try ad ine ar metof
metoprolol
if no response then: AF + WPW
|—| procainamide or ibutilide, proe, or amic
oan;ar#s does .no; convert amslm o avpid adeno, dig, CCB, BB
Likely Possibly e Biyriman)
& prepame lor synch i %
AVNRT or AYAT | | AFL, ATAC, NPJT cardioversion ireal ischermia
Rx recumence Control rate w/ simie.arbdocalny
wi adenosine diltiazem or & prepare for defibrillation
orlong-acting metoprolol or
AV nodal agent amiodarone Tomadas (T QT)
such as correct tes & affer precip,
or metoprolol Mg 2 gV
ovardrive pacing or
i
CARDIOVERSION MEDICATIONS
Ancillar, i ine & mg rapid IVP then 20-ce NS bolus,
@, sat manitor

12 mg IVP g2min = 2 il noeded

stction, IV line: amiodarane 150 mg IV over 10 min

inmtibation squipment

diflazem 15-20 mg IV over 2 min, 20-25 mg 15 later pm, 5-15 mgth
ﬂﬁmﬂ: i service | Pt 1 g over 10 min, repeat x 1 if nesded
anesthesia senvic = .
nes: m1-5mg lidoeaine 1.0-1.5 mg'kg IVP, repeat in 5-10 min

fentanyl 100-300 may metoprolol 5 mg IV g5min « 3

Synch cardioversion procainamide 17 mgkg at 20-50 mgimin (avoid if EF J)
"50-200J biphasic | setalol 100 mg IV over 5 min
100200 J monophasic

verapamil 2.5-5 mg IV over 2 min, 510 mg 15-30 min latar prm

{Adapted from ACLS 2015 Guidelines & Circ 20161 31:e506)

Figure ACLS-2 ACLS Bradycardia Algorithm

BRADYCARDIA w/ Pulse (HR <50 & inadequate for clinical condtion)
1
Alrway, IV Access, Oy, monitor BP & rhythm, 12-lead ECG

(&g, hypatension, A M3, — No—»
sis shock, chest pain, heart falure) Urm:'mlo? Dbssrv

Yes
i Type Il 2° AVE v
or 3 AVB
X & an,
Gisel o pacing atropine 0.5 mg IV g3-5min, max 3 mg
ASAFP +
transcutaneous pacing, of
dopaming 2-10 pg/kg/min, or while awaiting
epinephrine 2-10 wg/min, or pacer of if pacer
isoproterencl 2-10 po/min ineffeciive

transvenous pacing

{Adaprad from ACLS 2015 Guidelines)



Figure ACLS-3 VFPulseless VT Azysecle & PEA Algorithms

PULSELESS ARREST
1.CPR b
* Compressions
o Push hard (2-2.4 inches) & fast (100-120/min)
o Minimize interruptions; rotate compressor g2min
» Airway: open airway (eg, head till-chin lift)
= Breathing: 10-12 breaths/min; 2 breaths g 30 compressions
o Bag-mask acceptable; supplemental O, .
I
Attach monitor/defibrillator ASAP
* ™
2. ¥ Rhythm (re~” g2min)
* VT/VF — shock (120-200 J biphas; 360 J mono)
« PEA v pulse
* Asystole — confirm in 21 lead (/o fine VF)
3. Drug Therapy
4. Advanced Airway
5. Treat Rev Causes
g ™~
3. Drug Therapy
= Establish IM1O access (do not interrupt CPR)
Epinephrine 1 mg IV g3-5min (or 2 mg via ETT)
* Amiodarone 300 mg IVB + 150 mg IVB 3-5 min laler
o 7 lidocaine 1-1.5 mg'kg IVB (-100 mg) then
0.5-0.75 mg/kg (~50 mg) g5-10min, max 3 mg/kg
L o magnesium 1-2 g IV for TdP y
(" 4. Consider Advanced Airway i
* Endotracheal intubation or supraglottic advanced airway
+ Clinical assessment: bilat. chest expansion & breath sounds
* Device to v tube placement
o Continuous waveform capnography (-100% Se & Sp)
o Colorimetric exhaled GO, detection (= clinical assess.); false
neg w/ ineffective CPR, PE, pulm edema, etc.
\_~ 10 breaths/min w/ continuous compressions J
%

( 5. Treat Reversibl
Hypovolemia: volume
Hypaxia: oxygenate
H+ions (acidosis): NaHCO,
Hypo/hyper K: KCICa et al,
Hypothermia; warm

Tension PTX: needle decomp.
Tamponade: pericardiocent.
Toxins: med-specific

Thromb. (PE): lysis, thrombeact.
Thromb. (ACS): PCI or lysis

.

{Adapeed from ACLS 2015 Guidefnes & Circ 2015.132(Suppl 2j5444)




Radiology

— Agrtic mrch (knob)

Main and left pulmanany
artaries

~ Lait atrial appendage:

Lelt veniricle

k F

1 Normal PA CXR. The convex right cardiac border is formed by the right atrium
(straight arrows), and the curved arrows indicate the location of the superior vena cava.
The left cardiac and great vessels border what might be considered as 4 skiing moguls.
From cephalad to caudad, the moguls are the aorte arch, the main and left pulmenary arter-
ies, the left atrial appendage, and the left ventricle, (Rodology 107, 39 od. 2009.)

Fight venirice
— Left abrium

2 Mormal lateral CXR., (Rodidogy 107,37 ed, 2009)

3 COPD: with hyperlucent, overinflated lungs and flat diaphragms. (Radokgy 101,3" &d, 2009)

LHISN] O10Hg

I-d
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4 Interstitial pulmonary edema: with Kerley A, B,and C lines and cephalization of
the vascular markings. (Fund Diag Radolgy 3 ed, 2006.)

Sternal wire sutures

Minor fissure

& Right upper lobe pneumonia. (Rodfiskgy 17,3 ed, 2009)
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7 Right middle lobe pneumonia. (Rudikgy 107,37 e, 2009)

9 Right lower lobe pneumonia (lateral). (Rudokg 197,37 ed 2009)
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10 Bilateral pleural effusions (curved arrows) and enlarged azygous vein (straight armow)
(PA). (Rodalozy 107, 3™ ed, 2009)

12 Pneumothorax. (Redidegy 107,37 ed, 2009



Main pulmonary

artery
Superior vena Ascending
cava aorta

Left pulmonary
Right pulmonary _artery
artery Left main stem

bronchus
Right main — “Descending
stem bronchus aorta

“Esophagus

13 Normal chest CT at level of pulmonary artaries {parenchymal windows).
(Radiotage 107, 3" ad, 2009.)




16 |diopathic pulmonary fibrosis. {fund Dis Rodokey 3% ed, 2006)



Air in stomach

Left hepatic lobe

Right hepatic lobe

— Barium in stomach

- Celiac artery
Inferior vena cava

g Aorta

- Right and left adrenal
glands

— Spleen

Left kidney
Right kidney

17 Normal abdomen CT at level of liver & spleen. {Radulogy 1073 ad, 2009,




Superior mesenteric
vein-portal vein
confluence

18 Normal abdomen CT at level of pancreas. (Radokgy 101,3" ed, 2009)

Stomach air
Right hepatic lobe

Duodenum second
portion

Pancreas head and

body

Superior mesenteric

artery

Aorta

Pancreas tail
~Diaphragm crura

- |nferior vena cava

| ~Psoas muscle

Right and left kidneys



Right ventricle

Right coronary

Ventricular septum
cusp

cusp

Left ventricular
outflow tract
Anterior mitral
leafiet

Left atrium

Posterior mitral

leaflet
Coronary sinus

Posteromedial papillary
muscle

1 Parasternal long-axis view allows visualization of the right ventricle (RV), ven-
tricular seprum (Y5}, posterior wall (PYW) aortic valve cusps, left ventricle (LV), mitral
valve, left atrium (LA), and ascending thoracic aorta (Ao). *Pulmonary artery. (Tog From
Mayo Cliie Proceedings. [Tajik A, Seward |8, Hagler Df, et al. Two-dimen: g of the

heart and grear vessels: Technique, Image orientation, structure identification. and validation, Maye Clme
Procesdings, 19785327 1-303], with parmission, Barsom: From Oh JK, Soward JB, Tajik A). The Ezhe Maruaf,
Philadelphia: Lipgincott Williams & Wilkins, 2006, By permissian of Mayo Feundason for Medical Edu

| realstime ub

0r|

Research.All rights reserved.)




A= : Right ventricular
- Anterior outflow tract
tricuspid Right |
leaflet coronary
cusp Pulmonary

I’- valve

Left coronary
artery

Right coronary
artary

Left atrial
appendage

Right atrium —— . Left coronary
i cusp

Noncoronary
cusp

Inferior
vena cava

1 Parasternal short-axis view at the level of the aorta: LA, left atrium; PV, pul-
meonary valve; RA, r;ghr_ atrium; RYCT, r|ght vem.rl{_u lar oudflow cract. (Tep: From Maye Cinic
A, Seward [B, Hagler D). ex al. Two-dimersion wsonic Imagng of the heartand

preat vessels: niguse, image orienta riscriere bdentification, and ation Moyo Clinic Proceedings.
1978;51:271-303]. with permmission. Bot From Oh [K, Seward JB, Tajik Al The Echo Meanieal, 3% &d,

Phitadielphia: Lippncott Williams & Willins, 2006, By permission of Mayo Foundatian for Madical Educatian and
Research Al rights reserved.)




Anterolateral
free wall

Left ventricle

Anterolateral

papillary
muscle

Right ventricle

Posterolateral
wall
Ventricular
septum  Posteromedial papillary

muscle

3 Parasternal short-axis view at the level of the papillary muscles: AL,
anterolateral papillary muscle; PM, posteromedial papillary muscle; RY, right ventricle;
V5, wentricular septum; LY, left ventricle, (Top: Fram Maye Cinie Proceadings, [Tajlk Al, Seward |8,
Hagler D, et al Two-dimensional real=time whrasonic imaging of the heart and great vessaks-Technique, image
Proceedings, 1978:53:27 1-303], with permission.
ed. Philadelphia: Lippincors Willlams & Wilkins,

ation for Medical Education and Research. All rights reserved)

o, Maya
le A, The Echo Man

orientation. structure identificatio
Bottom: From (O |K, Seward [B

2006, By permission of Maya Four




. Mentricular septum
Papillary muscles: Left ventricle |
Posteromedial W

Right ventricular
J wall

Right ventricle

Septal
Posterolateral Tricuspid valve
wall leaflets:
Mitral valve |saflets: — Anterior
Anterior
Posterior
Posterior =

“Right atrium

Inferior
Vena cava

4 Apical four-chamber view: Note that at some institutions the image is re-
versed so that the left side of the heart appears on the right side of the screen.
LA, left atrium; LV, lef ventricle; RA, right atrium; RV, right ventricle. (Tap: From Maypa Clinic

Froceedings. [Tajik &), Seward |8, Hagler D). ex al. Two-dimensicnal real-time ultrasonic imaging of the heart and

great vesseb: Technbgue, IMage Orentauon, Structure w
1978,53:271-303], with permission. Bomom: From Oh JK. Seward |8,
Lipp

iddaticn. Mayn Clinic Proceedings,

), The Echa Manual, 3 od. Philadelphia:
scet Williarae & Wilking, 2006, By permission of Mayo Foundarion for Madical Eduecation and Research

s reseried. )




Coronary Angiography

LEFT CORONARY ARTERY RIGHT CORONARY ARTERY

1. Left anterior descending artery (LAD} 1. Conus artery

2. Ramus medianus artery 2. 5A node artery

3. Diagonal branches 3. Acute marginal branches

4, Septal branches 4, Posterior descending artery (PLDA}
5, Left circumfiex artery (LCx) 5. AV node artery

6. Lefl alrial circumflex artery . Posterior left ventricular artery (PLY)

7. Obluse marginal branches

Coronary arteries, (From Grossman VWG, Cardiac Catheterization and Angiography, 4* ed,
Philadelphia: Lea & Febiger, 1921, with permission.)

Peripheral Blood Smears

1 Normal smear. 1 Hypochromic, microcytic anemia due
to iron-deficiency.

.‘I‘ L :-l
ol =V
A
) A
1
£
5 ) g
<a, L7
3 Macrocytic anemia due 1o pernicious 4 Spherocytes due to
anemia; note macro-ovalocytes autoimmune hemalytic anemia.

and hypersegmented neutrophils.
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7 Teaﬂlmp shaped RBC (dacrocyte).

—

{
'oqc.s

9 Nucleated RBC.

Leukemias

\

1 AML with Auer rod.




3CML

All photos excluding Leukemias Fig. 4: From Wintrobe's Clin, Hematol. 12 ed, 2009:
Leukemias Fig. 4 From Devita, Hellman,and Rosenberg’s Cancer: Princip. & Frac. of
Oncol. 8" ed, 2008,

Urinalysis

1 “Muddy brown™ or granular cast 2 Hyaline cast {courresy Nithoias Zwang, MD)
{courtasy Micholzs Tywang MDY

3 “Waxy broad” cast (courtesy Nicholas 4 Renal tubular epithelial cell
Zwang, MD) {eourtesy Micholas Zwang, MD)

-
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5 RBC cast. Dis. of Kidney & Urinary Tract, & WBC cast. (O Lab Medcine, 77 ed,
& e, 2006.) 2002)

P

7 Calcium oxalate crystals (courtesy 8 “'Struvite” magnesium ammenia
Malfa Mendu, MD). Calcium monohydrate phosphate crystals {courtesy Brost Carroll,
(arrow), caleium dikydrate (dashed arrow),  MD)

and amaorphous caleium erystals (arrow-

head)

9 Cystine crystals (Cin Lah Medidne, 1994) 10 Sulfadiazine “shock of wheat™ crystals
frouresy Micholas Zwang, MO)
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