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PREFACE

The practice of emergency medicine, like all disciplines, is changing
and evolving. More than ever, the care of our patients depends upon
having accurate, actionable, and accessible information in real time.
Now in its fourth edition, Pocket Emergency Medicine remains the
essential, go-to reference for busy clinicians on the front lines of
emergency care. Unlike traditional texts, Pocket Emergency Medicine
is designed to be used at the bedside, organized around presenting
conditions and mirroring the thought process of clinicians: from history
and physical exam to differential diagnosis testing; from testing and
therapeutics to disposition. Clinical pearls and updates in medical
practice are highlighted throughout the text.

This book was written by four dedicated emergency medicine
residents from the University of Colorado and Harvard University and
edited by senior faculty; the text has been updated and referenced in
exacting detail, while retaining the fundamental ease of use so
cherished by busy providers. We hope our readers find this edition of
Pocket Emergency Medicine to be a valuable tool in their daily
practice.

RicHARD D. ZaNE, MD
JosHuA M. Kosowsky, MD
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CHEST PAIN

Approach

» Immediate: All nontrivial CP get IV access, O,, cardiac monitoring,
ECG, CXR

Compare all ECGs to prior, repeat g15-20min if high suspicion for
ACS; consider R-sided +/- posterior ECG if high suspicion (see
Electrocardiography section)

History: Obtain thorough pain HPI (position, quality, radiation,
severity, timing, associated sx, alleviating & exacerbating factors),
cardiac risk factors (eg, for CAD, aortic dz, PE, etc.), prior cardiac
testing (timing & results of last stress test, catheterization, echo) &
prior cardiac events/procedures (eg, myocardial infarction [Ml],
CABG, valve repair, etc.)

Empiric tx: ASA 325 mg (if considering ACS & low suspicion for
AoD), NTG for pain (unless R-sided ischemia, hypotension, PDE-
inh)

Risk stratify for dxs being considered: ACS (TIMI, GRACE, or
PURSUIT), PE (Well’s), AoD (Aortic Dissection Detection risk
score)

Common or Life-Threatening Causes of Acute Chest Pain

Pathophysiology Etiologies
Cardiac ACS (UA/NSTEMI, STEMI), Prinzmetal’s/cocaine-induced

angina, myocarditis, pericarditis, cardiac tamponade,
constrictive pericarditis, CHF/acute pulmonary edema, post-

MI cx
Vascular PE, AoD, thoracic aortic aneurysm, pulmonary HTN
Pulmonary PNA, PTX, pleural effusion/empyema, pleuritis, pulmonary
infarct
Gl GERD, esophageal spasm, Mallory—\Weiss tear, Boerhaave

syndrome, PUD, biliary dz, pancreatitis




Musculoskeletal MSK strain/contusion, costochondritis, OA/radiculopathy

Miscellaneous Herpes zoster, anxiety, sickle cell chest crisis

ELECTROCARDIOGRAPHY

Approach

Always check: correct pt, date, lead placement; calibration (mV,
paper speed)

Rate, rhythm, axis

Waves (P, Q, R, T, U waves) & segments (PR, QRS, QT intervals, &
ST segment)

Conduction & bundle blocks

Atrial enlargement, ventricular hypertrophy

Ischemia/infarction

Miscellaneous (stigmata of electrolyte abx, syncope, tox, PMs, PE,
etc.)

Voltage calibration e Standard ECG voltage is usually set w/ a calibration box

Orientation: ECG Calibration and Standardization

encompassing 2 large vertical squares (10 mm tall) & is
equal to 1 mV (10 mm/mV): 1 small vertical box = 0.1 mV

Paper recording speed e Standard ECG paper speed if usually set at 25 mm/s:
e Large horizontal box (5 mm wide) = 200 ms (0.2 s)
e Small horizontal box (1 mm wide) = 40 ms (0.04 s)

Quick approach e Count the number of bold vertical lines b/w adjacent R

Mathematical approach e Multiply the number of QRS complexes on the ECG by 6 (at

Determining Heart Rate (n/ = 60—100 bpm)

waves: 0 = 300 bpm, 1 =150 bpm, 2 =100 bpm, 3 =75
bpm, 4 = 60 bpm, 5 = 50 bpm.

a standard paper speed of 25 mm/s), each ECG records 10
s of activity.

Determining Rhythm (see also section on Dysrhythmia)




e Determining the heart’s rhythm is a complex process that requires synthesis of other
features of ECG interpretation (esp rate, axis, intervals, & waves/segments)
e Key questions to help narrow the DDx of dysrhythmias include:

1. Is the rate slow (eg, bradydysrhythmia) or fast (eg, tachydysrhythmia)?

2. Is the QRS narrow (eg, SVT) or wide (eg, aberrancy, ventricular, electrolyte d/o)?

3. Is the rhythm regular (eg, AFL, SVT, VT) or irregular (eg, AF, AFL w/ variable block,
MAT, polymorphic VT)?

4. Are P waves present? (If absent: AF vs. nodal/ventricular etiology)

5. Is every P wave followed by a QRS & every QRS preceded by a P wave?

6. For select tachydysrhythmias, is there response to vagal maneuvers or adenosine?

Determining Axis (n/ QRS axis = -30° to +90°)

Type Definition Causes
L axis deviation QRS b/w —-30° & —90° LVH, LBBB, inferior MI, LAFB,
e Lead I: Positive ventricular pre-excitation w/
e Lead II: Negative posteroseptal accessory
pathway (WPW)
R axis deviation QRS b/w +90° & +180° RVH, lateral MI, LPFB, ventricular
e Lead I: Negative pre-excitation w/ free wall
e aVF: Positive accessory pathway (WPW),

COPD, dextrocardia

Extreme axis deviation QRS b/w +180° & —90° Ventricular tachycardia,
(—QRS lead |, —QRS aVF) Hyperkalemia, apical MI, RVH

ECG Waveforms and Segments

Type Definition

P wave e Represents atrial depolarization (1st half represents
predominant R atrial depolarization & 2nd half L atrial
depolarization); best seen in leads Il & V1

e NI: Duration <0.12 s, Amplitude 0.2 mV (frontal) or <0.1 mV
(transverse), axis uprightin |, Il, aVF, & V2-V4 & inverted in
aVR

e Can be absent (AF, SVT), aberrant shape (AT, MAT, AFL)

PR interval e Represents time b/w onset of atrial depolarization (start of
P) & onset of ventricular depolarization (start of QRS);
isoelectric region represents conduction w/i AV node,
bundle of His, bundle branches, & Purkinje fibers

e NI: duration normally 0.12-0.20 s (120-200 ms)

Q wave e Defined as any initial negative deflection; represents onset
of ventricular depolarization (specifically: L to R
depolarization of septum)




R wave

QRS complex

ST segment

T wave

U wave

NI: Small Qw can be nl in all leads EXCEPT V1, V2, V3;
Large Q waves can be nl variant in Lead Ill & aVR
Pathologic Q waves: Any Qw V1-V3, Qw >0.04 s (1 mm) &
=0.2 mV (2 mm); or any Qw >25% of QRS complex

Defined as any positive deflection w/i QRS; normally, Rw
should become greater than Sw ~V3-V4 (called R-wave
progression [RWP])

Pathology suggested by poor RWP (LVH, LBBB, LAFB, ant-
MI, WPW, COPD, infiltrative d/o, etc.), early RWP/dominant
Rw in V1-V2 (RVH, RBBB, post-MI, WPW, HOCM, etc.),
dominant Rw in aVR (TCA o/d)

Represents ventricular depolarization (1st half: septum &
RV; 2nd half: LV)

NI duration 0.06-0.11 s (60—110 ms) measured in lead w/
widest QRS complex (see Causes of Abnl Interval Duration)
Pathology suggested by prolongation (see Causes of
Prolonged QRS below) or low voltage (R + S <0.5 mV in
limb leads or <0.1 mV precordial; suggests presence of fluid
[pericardial/pleural effusion], air [COPD], or excess fat/tissue
[obesity, infiltrative CMP, myxedemal])

Represents plateau from end of ventricular depolarization
(end of S) to start of repolarization (beginning of T); jxn of
QRS & ST called J point

Normally isoelectric w/ TP segment

Pathology suggested by ST elevation (=0.2 mV contiguous
precordial leads, 20.1 mV limb leads, & 20.5 mV in R-sided
& posterior leads) or depression (horizontal or downsloping
depression 20.05 mV in 2 contiguous leads) (see Causes of
ST Elevation)

Represents ventricular repolarization

Normally smooth & round morphology, positive in all leads
except aVR; may be biphasic in V1/V2; amplitude generally
2/3 that of the R wave

Pathology suggested by Tw inversions in I, Il, aVL, V2-V6
(BBBs, LVH w/ strain pattern, Wellens’ sign, myocardial
ischemia, myopericarditis, cardiac contusion, MVP, SAH,
hypokalemia, digoxin effect) or peaked-Tw morphology
(hyperkalemia, early myocardial ischemia)

Small wave following T wave; represents prolonged
repolarization of mid-myocardial layer cells “M cells”

NI amplitude <1.5 mm tall or ~10% on T-wave amplitude
Pathology suggested by prominent Uw
(hypokalemia/hypocalcemia, sinus bradycardia, LVH, MVP,
hyperthyroid, etc.)




QT interval

e Measured from start of QRS complex to end of T wave;
represents duration of electrical activation & recovery of

ventricle

e NI duration 390-450 ms in men; 390-460 ms in women (see

Causes of Abnl Interval Duration)

Type
PR

QRS

QTc

Normal Intervals & Causes of Abnormal Interval Duration

Normal

120-200 ms

60-110 ms

390-450 ms (M)*
390-460 ms (F)*

Shortened

1 sympathetic tone,
ectopic atrial PM,
pre-excitation
(WPW)

1 sympathetic tone,
supraventricular
tach, lytes (| K, |
Ca)

1 sympathetic tone,
digoxin toxicity,
lytes (1 K, 1 Ca),
congenital short
QT syndrome

Prolonged

1° AVB, meds (digoxin,

CCB, BB)

BBBs, ventricular

conduction (including
pacemakers),
cardiomyopathies, lytes
(1K) &
channelopathies, meds
(antiarrhythmics,
TCASs), hypothermia

Myocardial injury:

myocarditis, AMI, lytes
(I K, | Ca, | Mg),
hypothyroidism,
hypothermia, mitral
valve prolapse,
increased ICP, meds
(antiarrhythmics,
psychotics, &
histamines; quinolones,
macrolides,
methadone, etc.), long-
QT syndromes

"Several formulas can be used to calculate QTc manually: [1] QTc = QTARR; [2] QTc =

QT/RR1/3; [3] QTc = QT + 0.154 x (1 - RR)

Category
RBBB

Conduction Delays

Definition

1. QRS duration 2120 ms (2100-120 ms = “incomplete” RBBB)
2. Late intrinsicoid (R-wave peak time >0.05 s) M-shaped QRS
(rsr’, rSr', rSR’) in V1-V2 (“rabbit ears”)




LBBB

LAFB

LPFB

Bifascicular block

Trifascicular block

3. Early intrinsicoid, broad terminal slurred S wave in |, V5-V6

Causes: AMI, Right-heart strain (PE, pHTN), myopericarditis,
CMP, endomyocardial fibrosis, Chagas dz, CHD (ASD, VSD,
ToF)

1. QRS 2120 ms (2100-120 ms = “incomplete” RBBB)

2. Wide, notched R wave & absent Q wave in V5-V6, |, aVL
3. Late intrinsicoid (R-wave peak time >0.06 s) in V5-V6

4. Wide S wave in V1 w/ rS or QS complex

Causes: Anterior AMI, LVH, CMP, hyperkalemia, digoxin tox

QRS duration <120 ms

LAD (usually 2-60°)

QR patternin | & aVL

rS patternin Il, lll, & aVF

Late intrinsicoid (R-wave peak time >0.045 s) in aVL
Increased QRS voltage in limb leads

SOahrON=

Causes: Acute or remote MI, AS, OSA, CMP, endomyocardial
fibrosis, Chagas dz, CHD

QRS duration <120 ms

RAD (usually 2+120°) w/o e/o RVH

rS pattern in | & aVL

QR patterniin Il, lll, & aVF

Late intrinsicoid (R-wave peak time >0.045 s) in aVF

abrwd =

Causes: Acute cor pulmonale, CAD Lenégre’s dz, CMP,
endomyocardial fibrosis, Chagas dz, hyperkalemia

2 of RBB, LAFB, & LPFB; can be complete or incomplete

All 3 of RBBB, LAFB, & LPFB; can be complete or incomplete
(ie, incomplete trifascicular block can present w/ fixed block
of both fascicles w/ e/o delayed conduction in remaining
fascicle asina 1° or 2° AVB)

Intraventricular conduction 1. QRS duration >110 ms

delay 2. Typical waveforms of RBBB & LBBB not present
Atrial Abnormality and Ventricular Hypertrophy
Type Definition

RAE (P pulmonale)

1. P20.15 mVin V1/V2




2. P=20.25mVin Il or aVF
3. P-wave duration <0.12 s
4. P-wave axis (>75°-90°)

Causes: TR, PS; pHTN (eg, ILD, COPD, CHF); ASD, VSD

LAE 1. Terminal negative P wave in V1 >0.04 s & >0.01 mV
2. Duration b/w peaks in P wave notches >0.04 s (in Il)
3. P-wave duration >0.12 s
Causes: MS/MR, AS; CHF; HTN, HOCM
RVH 1. Right atrial enlargement
2. Right-axis deviation
3. Swaveinl+ Qwave in lll
4. RinV1>0.7mVorSinV5orV6>0.7 mV
5. QR complex V1 or raR"in V1 w/ R'>1 mV (w/ QRS duration
<120 ms)
LVH Sokolow—Lyon criteria:
e SwaveinV1+ Rwavein V5 or V6 23.50 mV (sens 22%,
spec 100%)
e RwaveinaVL >0.9 (F) or >1.1 mV (M) (sens 11%, spec
100%)
Cornell voltage criteria:
e Rwave aVL + S wave V3 >2 mV (women), >2.8 mV (men)
(sens 42%, spec 96%)
Causes & Morphologies of ST Elevation (NEJM 2003;349;2128-2135)
Differential Comments
STEMI Upward convex; coronary distribution; large T waves

Prinzmetal’s angina

Myo/pericarditis
Massive PE

LV aneurysm

LBBB
LVH

Hyperkalemia

As above (STEMI), but transient due to coronary spasm
etiology

Upward concave; diffuse (can be regional); +/- PR depression
Inferior & anteroseptal leads

Concave or convex; precordium common; tpathologic Q
waves; smaller T waves compared to STEMI

Concave, usually discordant w/ QRS
Concave, other features of LVH present

Seen w/ other features of hyperkalemia




Brugada Usually incomplete RBBB, RAD, rSR' & downsloping STE V1,
V2

nl (esp young men) Concave, seen in healthy young men, most marked in V2

Early repolarization Most marked at V4, notching at J point; tall upright T waves
present

Cardioversion Seen 1-2 min after DCCV; can be markedly elevated

ACUTE CORONARY SYNDROME

Overview

» Approach to patient w/ angina sx: See section on Chest Pain
» Chronic Stable Angina: Substernal chest discomfort (pain,
tightness, pressure) of less than 10-min duration, provoked by
exertion or stress & alleviated by rest or NTG, & nonprogressive (ie,
stable) over long periods of time (see table; compare to unstable
angina [UA])
e Chronic angina should be a dx of exclusion in ED (after reviewing
recent stress or cath results), as pts often present to EDs b/c sxs
are worse in some capacity

Canadian Cardiovascular Society (CCS) Grading of Angina Pectoris
Grade Description (Circulation 1976;54:522)

Grade | Ordinary physical activity does not cause angina. Angina w/
strenuous or rapid or prolonged exertion as work or recreation.

Grade Il Slight limitation of ordinary activity: walking or climbing stairs rapidly;
walking uphill; walking or stair climbing after meals; in cold, wind, or
under emotional stress; or only during the few hours after
awakening; walking >2 blocks on level & climbing >1 flight of
ordinary stairs at a nl pace & in nl conditions.

Grade Il Marked limitation of ordinary physical activity. Angina occurs on
walking 1 or 2 blocks on the level & climbing 1 flight of stairs in nl
conditions & at nl pace.

Grade IV Inability to carry on any physical activity w/o discomfort. At rest.

e Acute Coronary Syndrome: Clinical spectrum of conditions



ranging from UA through MI (NSTEMI & STEMI); due to vulnerable
or high-risk plaque undergoing disruption of the fibrous cap causing
thrombogenesis & ultimate imbalance b/w myocardial O, supply &

demand (eg, tissue ischemia)

e Myocardial Infarction (see Universal Definition): death of
myocardial cells due to myocardial tissue hypoxia, acutely causing
release of intracellular cardiac biomarkers

e Once diagnosed, important to consider subtype & etiology (see
tables below)

e MI DDx is broad: not always 2/2 acute plaque rupture (see table
below)

o Elevated troponin not always MI: consider nonischemic etiologies
(see table below)

Universal Definition of Myocardial Infarction Classification System (JACC
2012;60(16):1581)

Summary of Criteria for Acute Mi

Detection of a rise &/or fall of cardiac biomarker values (preferably cTn) w/ at least one
value above the 99th percentile upper reference limit w/ at least one of the following:

Symptoms: Sxs of ischemia

ECG: New or presumed new significant ST-T changes, LBBB, Qw

Imaging: e/o new loss of viable myocardium or new regional wall motion abx
Pathology: Identification of an intracoronary thrombus by angiography or autopsy

Criteria for Prior Ml

e ECG: Pathologic Q waves w/ or w/o sxs in the absence of nonischemic causes
e Imaging: e/o loss of viable myocardium in the absence of nonischemic causes
e Pathology: Pathologic findings of a prior Ml

Universal Classification of Ml

Type 1 Spontaneous Ml related to atherosclerotic plaque rupture, ulceration,
erosion, or dissection w/ resulting intraluminal thrombosis in 1 or more
CAs

Type 2 MI secondary to an ischemic imbalance b/w myocardial O, supply &/or

demand (ie, CA spasm, embolism, dysrhythmia, hypotension, etc.)
Type 3 MI resulting in death when biomarker values are unavailable
Type 4a Ml related to PCI
Type 4b Ml related to stent thrombosis




Type 5 MI related to CABG

Differential for Ml and Injury

Causes Examples
Atherosclerotic plaque Most common cause of 1° ACS
rupture
Coronary artery 1° (spontaneous, a/w pregnancy), or 2° (type A AoD
dissection w/ retrograde RCA dissection, post-PCl)
ilrs]j(ijh,-?,mic Coronary artery spasm Prinzmetal’s variant, cocaine-induced
Coronary artery embolism Thrombus, endocarditis, myxoma
Fixed atherosclerotic T HR, 1 BP, AoS (1 O, demand)
plaque w/ increased O, | BP, anemia, hypoxia (| O, supply)
demand
Nonischemic injury Myocarditis, myocardial contusion, infiltrative dz,
drug-induced myocardial injury
History

» Typical symptoms of angina: Substernal pressure, pain, or tightness;
often radiating to neck, jaw, or arm(s); precipitated by exertion &
relieved w/ rest or NTG

e Associated sxs: dyspnea diaphoresis, N/V, palpitations, LH

o Up to 23% of AMlIs lack typical anginal sxs (AJC 1973;32:1)

» Concerning features: new, at rest, or crescendo (frequency, severity,
duration, | threshold)

Value of Specific Symptoms in Diagnosis of AMI (JAMA 2005;294:2623)

Pain Descriptor LR (95% ClI) Pain Descriptor LR (95% ClI)

Increased Likelihood of AMI Decreased Likelihood of AMI

Radiation: R arm/shoulder 4.7 (1.9-12) Described as pleuritic 0.2 (0.1-0.3)

Radiation: B/L 4.1 (2.5-6.5) Described as positional 0.3 (0.2-0.5)
arms/shoulders

Exertional 2.4 (1.5-3.8) Described as sharp 0.3 (0.2-0.5)

Radiation to L arm 2.3 (1.7-3.1) Reproducible w/ palpation 0.3 (0.2-0.4)

A/w diaphoresis 2(1.9-2.2) Inframammary location 0.8 (0.7-0.9)




A/w N/V 1.9 (1.7-2.3) Nonexertional 0.8 (0.6-0.9)

Worse w/ previous angina 1.8 (1.6-2)
or similar to previous Ml

Described as pressure 1.3 (1.2-1.5)

Physical Exam

» Can be unremarkable unless c/b hypotension, heart
block/arrhythmia, pulm edema

» Helpful for assessing for other causes of chest pain: bilateral UE
BPs (AoD), lung exam (CHF, PTX, PNA), abdominal exam (biliary &
pancreatic etiologies), chest wall ttp

Evaluation

» ECG: always check w/i 10 min, if sxs change, at 6-12 h; always
compare w/ baseline; if pain persists or changes present, always
repeat q15—-20min; always consider posterior ECG (leads V7-V9) in
pts w/ non-dx initial ECG to r/o L circumflex STEMI

e Acute ischemia changes: 1 or | in ST or new TWI in anatomic
distribution, new LBBB

e Old ischemic changes: Qw or PRWP (indicates presence of CAD

even if no known hx)

e Sgarbossa criteria: Used to identify STEMI in the presence of old

LBBB (see table)

Anatomic Distribution of ECG Findings Associated with AMI

Anatomic Area ECG Leads Coronary Artery

Septal V1-V2 Proximal LAD'

Anterior V3-V4 LAD

Apical V5-V6 Distal LAD, LCx, or RCA
Lateral [, aVL, V5-V6 LCx

Anterolateral aVR L main CA

Inferior? I, I, aVF RCA (~85%), LCx (~15%)
RV V1-V2 & V4R (most sens) Proximal RCA

Posterior ST depression V1-V2 RCA or LCx (obtain posterior

leads)




TWellen’s syndrome: Biphasic T waves in V2-V3; specific for critical prox LAD lesion
2Always obtain R-sided leads in inferior STEMI to evaluate for RV infarc

Sgarbossa Criteria for Identifying AMI in Presence of Old LBBB
Criteria & Points Sens (%) Spec(%) PosLR NeglLR
5 pts: 21 mm STE concordant w/ QRS 73 92 9.5 0.3
3 pts: 21 mm STD in V1-V3 25 96 6.6 0.8
2 pts: 25 mm discordant w/ QRS 31 92 3.6 0.8

NOTE: Data above as originally reported by Sgarbossa et al. (NEJM 1996;334:481-487).
Meta-analysis supports use of Sgarbossa criteria, though limits to Score =2 (Sens 18%, Spec
98%, Pos LR 7.9, Neg LR 0.8) (Ann Emerg Med 2008;52(4):329—-336).

» Cardiac biomarkers: Troponin (I or T) preferred over CK-MB

e Troponin: longer duration (1 Sens) & higher specificity

CK-MB: only useful in addition to Tn if c/f new event w/i 1 wk from
prior event in which +Tn (eg, return visit after recent PCI, Ml,
CABG, etc.)

e Cardiac index: Cl = (CK - MB/CK) x 100. ClI <3 suggests skeletal
source, Cl 3-5 — indeterminate, Cl >5 suggests cardiac source

e Serial biomarker testing if signs/sx ACS: Perform repeat troponin at
3—6 h after arrival, & at 6 h (+/- 12 h) if intermediate- or high-
suspicion of ACS; if positive, continue measuring until levels peak
& downtrend (J Am Coll Cardiol 2014;64(24):e139-228)

e If initial Tn positive (eg, CKD), A Tn > +20% suggests new
myocardial injury (if no AKI)

e Non-MI causes of elevated biomarkers: myopericarditis; drug
toxicity; acute neurologic diseases (eg, ICH); myocardial contusion;
myocardial O, supply-demand mismatch 2/2 tachyarrhythmia,
CHF, HTN, hypotension, PE, sepsis, burns, respiratory failure

e Special note on novel high-sensitivity troponin | assays: HS
Tnl assays can detect Tnl levels far earlier, but may also detect
nonnecrosis processes (eg, nl apoptosis), & thus can even be
positive even in some healthy individuals
e Single- & serial-HS-Tn protocols under investigation: Prelim

studies suggest very high Sens at 0 h (99.6-100%) & 3 h (Am Heart
J 2016;181:16-25; Int J Cardiol 2013;168(4):3896-3901); potentially helpful for



ruling out AMI quickly

e Due to lower Spec, A in serial HS-Tn may have greater clinical
significance than elevation itself for ACS (J Am Coll Cardiol
2014;64(24):e139-e228), though absolute elevations may have
prognostic value (J Am Heart Assoc 2014;3(1):e000403)

Characteristics of Cardiac Enzymes*
Cardiac Initial Return to Sens@8h Sens@12h
Enzyme Elevation Peak Baseline (%) (%)
CK-MB 4-6 h 18 h 2-3d 91 93-95
Troponin | 3-12h 24 h 1-2 wk 90 95-100

“A single set of cardiac enzymes cannot r/o Ml (& multiple sets cannot r/o ischemia w/o
infarction)

» Other labs: Chem 7, CBC, coags, T/S (if intervention planned), tox
(if cocaine suspected)

» CXR: Useful to r/o other causes of CP; check lungs, cardiac
silhouette, mediastinum

» Transthoracic echo: If ECG is not interpretable (prior LBBB, paced)
& suspicion for ACS is high, can obtain TTE to assess for regional
wall motion abnormalities; +WMA in pt w/ ongoing CP may suggest
benefit from earlier PCIl (y Am Coll Cardiol 2014;64(24):e139-€228)

» Risk-stratification testing: See section on Risk Stratification
Testing

e Coronary CTA, exercise stress testing, stress echocardiography,

nuclear stress testing
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Treatment

» Give ASA if considering ACS & no Cls (60-70% drop in D/MI for
UA/NSTEMI (NEJM 1988;319(17):1105-1111); 23% drop in death in STEMI
(Lancet 1988;2(8607):349-360)

» Chronic stable angina: ASA (NNT = 50 in pts w/ known or
suspected CAD), BP control, moderate- to high-intensity statin
supported by mx RCTs (NEJM 2016;374:1167—1176; Lancet

2009;373(9678):1849—1860)
» ACS: See UA/NSTEMI & STEMI for details

Disposition
» Admit all STEMI, NSTEMI, & UA (see UA/NSTEMI & STEMI for

details)
» For patients w/ nondiagnostic hx, ECG, & biomarkers: Risk-stratify

w/ HEART score
e HEART (score < 3) > TIMI & GRACE in predicting major adverse



cardiac events w/i 30 d (Sens 99%, NPV 98%) (int J Cardiol
2016;221:759-764; Int J Cardiol 2017;227:65-661)

HEART Score for Chest Pain Patients in the ED (Neth Heart J 2008;16(6):191—196)
History Troponin
Highly suspicious 2 pts 23% NI limit 2 pts
Moderately 1 pt >1 to <3x NI 1 pt
suspicious limit
Slightly/nonsuspicious 0 pts < NI limit 0 pts
ECG Risk Factors”
Significant ST 2 pts >3 risk factors™ 2 pts
depressions
Nonspecific 1 pt 1 or 2 risk 1 pt
repolarization factors
NI 0 pts No risk factors 0 pts
Age “Risk factors include: Current DM, current
> or recent (<1 mo) smoker, HTN, HLD, FHx
265y 2 pts CAD, obesity
>45 to <65y 1 pt 2 pts given for prior PCI, MI, CVA, PAD
<45y 0 pts
Total Score, Prognostic Value, and Disposition
Score 0-3 2.5% MACE over next 6 wk Discharge home w/ f/u
Score 4-6 20.3% MACE over next 6 wk Observation & risk-
stratification testing
Score 7-10 72.7% MACE over next 6 wk Admit for early
catheterization
STEMI: OVERVIEW & TREATMENT
Definition

» Acute complete occlusion of coronary artery (usually proximal) due
to unstable thrombus, causing transmural ischemia & myocardial
necrosis; characterized by angina usually at rest usually >30 min,
ECG e/o ST elevations (see below for criteria), & +troponin




» ECG Criteria: 20.2 mV precordial leads, 20.1 mV limb leads, & =0.5
mV in R-sided & posterior leads in at least 2 contiguous leads

Treatment Approach
» Initiate early medical therapies (ASA, heparin, nitrates prn, O, prn,
analgesia)
¢ Antithrombotic/adjunctive therapy should not delay transfer for
pPCI
» Reperfusion: Immediate decision regarding availability of 1° PCI
(see below)
e pPCI or transfer to PCl-capable hospital preferred for all pts except
if time b/w 1st medical contact (FMC) & pPCl is expected >120 min
e Fibrinolysis may be preferred if delay to pPCIl expected >120 min:

after 120 min, no benefit of tfx to PCl-capable facility (Circulation
2011;124:2512-2521)

e Goal time from FMC to lysis: <30 min
¢ |[f FMC-to-pPCI time expected >120 min, consider: (J Am Coll Cardiol

2009;54(23):2205-2241)

e Known Cl to lysis (see below): pPCI preferred

e Delay from sx onset (>3 h): pPCI preferred (lytics have | efficacy
w/ 1 delays)

¢ High-risk patient (shock, Killip class 23): pPCI preferred

e Dx of STEMI in doubt (eg, AoD w/ RCA dissection): pPCI
preferred

¢ |f planning PCI, call cardiology/PCI lab as early as possible
(potentially even before the pt arrives in the ED—if reliable pre-
notification by EMS)
e |f transferring for PCI, call for tfx early & ensure their door-to-
balloon time is <90 min
» Monitor & treat complications (eg, CHB, cardiogenic shock, pulm
edema, arrhythmias)

Adjunctive Medical Therapies (Fibrinolytics or pPCI)

» Analgesia: Morphine formerly used widely but may carry increased
risk of adverse outcomes; use opioids only if absolutely needed (am
Heart J 2005;149(6):1043—1049)

» O, supplementation: No e/o benefit & may cause harm, possibly



2/2 free radical formation; use only in hypoxic pts w/ O, saturation

<90% (Cochrane 2013;8:CD007160)

Nitrates: No proven long-term mortality benefit, but may ameliorate
sxs; typical dose 0.4 mg SL g5min x 3; Cl w/ | BP, RV infarct, PD-
inh w/i 24—48 h (Cochrane 2009;4:CD006743)

Anti-plt tx: Always give ASA (162—-325 mg PO/PR), 23% | in death
c/w placebo (Lancet 1988;2:349); additional benefit from other anti-plt
agents (see table); all patients should be administered additional
anti-plt agents either in the ED or cath lab

Antithrombotic tx: See table for recommended regimens
Beta-blockers: Early IV BB | VT/VF & reinfarction acutely & 1 LVEF
in long term, but also 1 acute cardiogenic shock (esp if >70 y/o, SBP
<120 mmHg, HR >110 bpm); give oral BB w/i 24 h of STEMI,
consider IV BB acutely if no Cl or ongoing ischemia (int J Cardiol
2013;168(2):915-921; 2017;228:295-302. COMMIT/CCS-2, Lancet 2005;366:1622)
Other: Often started as inpatients include oral BBs, statins, ACE
inh/ARBs

Adjunctive Therapies for Fibrinolysis in STEMI (Circulation 2013;127(4):529-555)

P2Y 4, receptor inh Clopidogrel: 300 mg for pts <75 y/o, 75 mg for pts >75 y/o; 1
(loading dose) artery patency, | MACE if give w/ ASA; consider deferring
decision to cardiology if potential need for CABG (CLARITY-
TIMI 28, NEJM 2005;352:1179; COMMIT, Lancet 2005;366:1607)

UFH: IV bolus 60 U/kg (max 4,000 U) then gtt at 12 U/kg/h
(max 1,000 U), maintain aPTT ~50-70 s x 48 h or until
revasc

Enoxaparin: If <75 y/o, 30 mg IV bolus, then 15 min later, 1
mg/kg SC g12h; if >75 y/o, no bolus, 0.75 mg/kg SC q12h; if
CrCI <30 mL/min, 1 mg/kg g24h; continue 8 d or until revasc;
no mortality diff c/w UFH, may | recurrent Ml & need for
urgent revasc, but also 1 bleeding (NEJM 2006;354:1477-1488)

Antithrombotic tx

Fondaparinux: Initial 2.5 mg IV, then 2.5 mg SC the following
day; continue x 8 d or until revasc; especially useful if hx of
HIT; Cl if CrCl <30; may | mortality w/o 1 bleeding c/w UFH
(JAMA 2006;295(13):1519-1530)

Adjunctive Therapies for PCl in STEMI (Circulation 2013;127(4):529-555)

P2Y 4, receptor inh Clopidogrel: 600 mg load; | infarct size, cardiac fxn, stent




(loading dose) thrombosis, & | 30-d MACE c/w 300 mg load (J Am Coll Cardiol
2011;58(15);1592-1599. Lancet 2010;376(9748):1233-1243) but 1
bleeding & ICU LOS if need for urgent CABG (Am Heart J
2011;161(2):404-410); discuss w/ cardiology if potential CABG
w/i5d

Prasugrel: 60 mg load; mild | ischemic cx but 1 bleeding c/w
clopidogrel; best if young & no need for surgery w/i 1 y; avoid
if hx of CVA/TIA (NEJM 2007;357:2001; TRITON-TIMI, Lancet
2009;373:732)

Ticagrelor: 180 mg load; mild | mortality, MlI, stroke c/w
clopidogrel, but 1 nonprocedural bleeding (eg, ICH) (NEum
2009;361:1045-1057)

Antithrombotic tx UFH: IV bolus 50-70 U/kg IV, then 12 U/kg/h (max 1,000 U),
maintain aPTT ~50-70 s; may need higher doses

Bivalirudin: 0.75 mg/kg IV bolus, then 1.75 mg/kg/h infusion w/
or w/o UFH; preferred over UFH w/ GP llIb/llla inh in pts at
high risk of bleeding; useful if hx of HIT

NOTE: ACCF/AHA Guideline for Mgmt of STEMI recommends Gllb/llla inh (Class lla
recommendation) in selected patients, though often performed in cath lab. Options include:
Abciximab 0.25 mg/kg bolus, then 0.125 mcg/kg/min (max 10 mcg/min); Tirofiban (high-bolus
dose): 25 mcg/kg IV bolus, then 0.15 mcg/kg/min, | by 50% in CKD; Eptifibatide (double
bolus): 180 mcg/kg IV bolus, then 2 mcg/kg/min; a 2nd 180 mcg/kg bolus given 10 min after
1st bolus, | by 50% in CKD, avoid in dialysis pts.

Fibrinolysis

» Indications: STEMI AND sx onset <12 h prior AND time b/w 1st
medical contact & pPCl >120 min; may consider up to 24 h after sx
onset if persistent sx, ongoing STE, rising troponin, hemodynamic
instability, & pPCI unavailable

» Goal: Door-to-needle time should be <30 min

» Benefits: ~20% | mortality in anterior Ml or new LBBB; 10% |
mortality in IMI

» Risks: ICH (<1%), high-risk groups include elderly (-2% if >75y),
women, low weight

» Fibrin-specific lytic (front-loaded tPA) 14% | mortality c/w SK (1%
abs A; GUSTO, NEJM 1993;329:673) although 1 ICH (0.7% vs. 0.5%);
3rd-generation bolus lytics easier to administer, but no more safe or
efficacious




Contraindications to Fibrinolysis in STEMI (Circulation 2013;127(4):529-555)

Absolute Cls Relative Cls

Intracranial neoplasm, aneurysm, Any known active intracranial path not listed w/i
AVM absolute contraindications

H/o intracranial hemorrhage H/o iCVA >3 mo prior

H/o intracranial/spinal surgery w/i 2 Active PUD, pregnancy, or dementia
mo Current use of anticoagulants

H/o i-CVA/closed head trauma w/i 3 H/o trauma or major surgery w/i 3 wk
mo H/o recent internal bleeding w/i 2—4 wk

Active internal bleeding or bleeding H/o severe poorly controlled HTN, or SBP >180 or
d/o DBP >110 on presentation

Suspected aortic dissection Traumatic or prolonged CPR (>10 min)

Severe HTN (unresponsive to IV tx) Noncompressible vascular punctures
If considering using streptokinase:
prior streptokinase use w/i 6 mo

Fibrinolytic Agents for STEMI (Circulation 2013;127(4):529-555)

Patency, 90
Agent Dosing min

Tenecteplase (TNK-tPA)  Single IV weight-based bolus: <60 kg (30 85%
mg), 60—69 kg (35 mg), 70-79 kg (40 mg),
80-89 kg (45 mg), =90 kg (50 mg)

Reteplase (rPA) 10 U + 10 U IV bolus given 30 min apart 84%

Alteplase (tPA) Bolus 15 mg, infusion 0.75 mg/kg for 30 min  73-84%
(max 50 mg), then 0.5 mg/kg (max 35 mg)
over 60 min; total dose not to exceed 100
mg

Indications for Transfer for PCI After Fibrinolysis

» Cardiogenic shock or severe acute HF: Immediate tfx regardless of
time from sx onset (can tfx even >48 h after Ml); | 6-mo mortality w/
immediate tfx; (NEuM 1999;341:625-634)

» Failed reperfusion/re-occlusion: Urgent tfx for rescue-PCl | HF &
recurrent MI, w/ trend toward | mortality (Circulation 2013;127(4):529-555,
NEJM 2005;353:2758)

» Any pt: As part of an invasive strategy in stable pts after successful
fibrinolysis; ideally PCI performed >3 h & <24 h after fibrinolysis;
greatest benefit in high-risk pts

e Routine angio + PCI w/i 24 h of successful lysis: | D/MI/Revasc



(Lancet 2004;364:1045)

Primary PCI (NEJM 2007;356:47)

» Indications: STEMI sx onset <12 h prior, STEMI sx onset >12 h if
Cl to fibrinolytics, or presence of severe acute HF, or cardiogenic
shock; ongoing ischemia 12-24 h

» Goal: door-to-balloon <90 min by skilled operator at high-volume
center

» Benefits: 27% | death, 65% | re-MI, 54% | stroke, 95% | ICH c/w
lysis (Lancet 2003;361:13)

» PCI w/i 3 h of lytics in stable pts (w/o e/o failed re-perfusion) may
cause harm (Lancet 2006;367:569; Lancet 2006;367:579; FINESSE, NEJM
2008;358:2205)

Disposition
» If no PCI available: transfer to PCl-capable center regardless of

decision to use lytics
» |f PCI available: admit to cath lab — CCU/cardiology

UNSTABLE ANGINA / NSTEMI: OVERVIEW & TREATMENT

Definition

» Pathogenesis: Nonocclusive coronary thrombus on pre-existing
plaque, causing dynamic & progressive obstruction, inflammation, &
ischemia

e Coronary lesion can be located proximally or distally for UA, usually

distal for NSTEMI

» Unstable Angina: Any angina that is new-onset (if CCS IlI-IV
severity), occurring at rest (if >20 min), or crescendo in nature
(frequency, severity, duration, or more easily triggered), but lacking
both ST elevations & positive troponin

» NSTEMI: Similar as UA, but characterized by positive troponin

» ECG Criteria: None; can have nl ECG, territorial STD, TWI, or
NSSTW changes

Treatment Approach
» Initiate early medical therapies (ASA, heparin, nitrates prn, O, prn,



analgesia)

» Determine risk using TIMI or GRACE risk scores to guide early vs.
delayed timing of angiography (see section below) (Eur Heart J
2005;26(9):865-872)

» Monitor & treat complications (eg, CHB, cardiogenic shock, pulm
edema, arrhythmias)

GRACE Risk Score for UA/INSTEMI (BMJ 2006;333(7578):1091)

Age (y)
<30 0 pts 40-49 25 pts 60-69 58 pts 80-89 91 pts
30-39 8 pts 50-59 41 pts 70-79 75 pts =290 100 pts
Heart Rate (bpm)
<50 0 pts 70-89 9 pts 110-149 24 pts 2200 46 pts

50-69 3 pts 90-109 15pts 150-199 38 pts
Systolic Blood Pressure (mmHg)

<80 58 pts 100-119 43 pts 140-159 24 pts 2200 0 pts
80-99 53 pts  120-139 34 pts 160-199 10 pts

Killip Class
| (No heart failure) 0 pts Ill (Crackles in whole lung field) 39 pts
Il (Crackles in lower lung fields) 20 pts |V (Cardiogenic shock) 59 pts

Serum Creatinine Level (mg/dL)
0-0.38 1pt 0.80-119 7pts 1.59-1.90 13 pts >4 28 pts
0.39-0.79 4pts 1.20-1.58 10pts 2.0-3.99 21pts

Cardiac Arrest at admx ST-Segment Deviation Troponin Elevation
Yes 0 pts Yes 0 pts Yes 0 pts
No 39 pts No 28 pts No 14 pts
Risk Classification and Prognosis
Total score <100 Low risk In-hospital death <1%
Total score 101-170 Medium risk In-hospital death 1-9%

Total score 2171 High risk In-hospital death >9%




TIMI Risk Score for UA/NSTEMI (JAMA 2000;284:825)

Age 265y 1 pt Severe angina (22 1 pt
episodes w/i 24 h)
=3 RFs for CAD 1 pt ST deviation 20.5 mm 1 pt
Known CAD 1 pt +cardiac marker (Tn, 1 pt
(stenosis 250%) CK-MB)
ASAuseinpast7 1 pt
d

Risk Classification and Risk of Death/MI/Urgent Revascularization w/i 14 d

Total score 14d Risk: D/MI/Urg  Total score 14d Risk: D/MI/Urg
Revasc (%) Revasc (%)

0-1 pt 5 4 pts 20

2 pts 8 5 pts 26

3 pts 13 6—7 pts 41

Adjunctive Medical Therapies

» Analgesia: Morphine formerly used widely but may carry increased
risk of adverse outcomes; use opioids only if absolutely needed (Am
Heart J 2005;149(6):1043—-1049)

» O, supplementation: No e/o benefit & may cause harm, possibly

2/2 free radical formation; use only in hypoxic pts w/ O, saturation

<90% (Cochrane 2013;8:CD007160)

» Nitrates: No proven long-term mortality benefit, but may ameliorate
sxs; typical dose 0.4 mg SL g5min x 3, continuous gtt if CP not
improved w/SL (titrate until CP free; once CP free, titrate off); Cl w/ |
BP, RV infarct, PD-inh w/i 24—48 h (Cochrane 2009;4:CD006743)

» Anti-plt tx: Always give ASA (162-325 mg PO/PR), 23% | in death
c/w placebo (Lancet 1988;2:349); additional benefit from other anti-plt
agents (see table)

o |f allergic to ASA: Clopidogrel 300-600 mg load (regardless of

PCI approach)

o |f early invasive approach: Once decision made to proceed to
PCIl made, give Clopidogrel (600 mg), Ticagrelor (180 mg), or GP
lIb/llla inh (eptifibatide IV, tirofiban V) in addition to ASA; discuss
w/ cardiology, may have greatest value if expected delay to PCI;



further agents (P2Y1, inh, GPI) may have benefit when given peri-

PCI in cath lab (y Am Coll Cardiol 2013;61(23):e179-e347)

e If conservative approach: If PCIl uncertain or not planned, give
Clopidogrel (300 mg or 600 mg) or Ticagrelor (180 mg) in addition
to ASA,; reasonable to consider addition of GP IIb/llla inh
(eptifibatide 1V, tirofiban IV) unless low risk score &/or high bleeding
risk (J Am Coll Cardiol 2013;61(23):e179-e347)

¢ |nconclusive benefit from ED administration (vs. cath lab/inpatient
unit) of DAPT in either early invasive or conservative approach,
though generally earlier tx is better if UA/NSTEMI dx certain & low
bleeding risk

» Antithrombotic tx: See table for recommended regimens; continue
until angiography (early invasive approach) or 48 h (conservative
approach, if stress results indicate no need for angiography); hold
anticoagulation if on warfarin until INR <2.0; anticoagulants have
short-term benefit (UFH | mortality 33-56% at 2—12 wk), but long-
term benefit unclear, as dz process resumes once anticoagulation
discontinued

» Beta-blockers: Early IV BB | VT/VF & reinfarction acutely & 1 LVEF
in long term, but also 1 acute cardiogenic shock (esp if >70 y/o, SBP
<120 mmHg, HR >110 bpm); give oral BB w/i 24 h of UA/NSTEMI,
I\VV not routinely indicated (int J Cardiol 2013;168(2):915-921. Int J Cardiol
2017;228:295-302. COMMIT/CCS-2, Lancet 2005;366:1622)

» Other: Often started as inpatients include oral BBs, statins, ACE
inh/ARBs

Antithrombotic Therapy in UA/NSTEMI

Early invasive approach UFH: IV bolus 60 U/kg (max 4,000 U) then gtt at 12 U/kg/h
(max 1,000 U), maintain aPTT ~50-70 s x 48 h or until revasc

Enoxaparin: If <75 y/o, 30 mg IV bolus, then 15 min later, 1
mg/kg SC g12h; if >75 y/o, no bolus, 0.75 mg/kg SC q12h; if
CrCl <30 mL/min, 1 mg/kg g24h; mild | in nonfatal MI c/w
UFH

Bivalirudin: 0.75 mg/kg IV bolus, then 1.75 mg/kg/h infusion w/
or w/o UFH; preferred over UFH w/ GP llb/llla inh in pts at
high risk of bleeding

Conservative approach UFH: IV bolus 60 U/kg (max 4,000 U) then gtt at 12 U/kg/h




(max 1,000 U), maintain aPTT ~50-70 s x 48 h or until revasc

Enoxaparin: If <75 y/o, 30 mg IV bolus, then 15 min later, 1
mg/kg SC g12h; if >75 y/o, no bolus, 0.75 mg/kg SC q12h; if
CrCI <30 mL/min, 1 mg/kg g24h

Fondaparinux: Initial 2.5 mg 1V, then 2.5 mg SC the following
day; preferred if hx of HIT or 1 bleeding risk

J Am Coll Cardiol 2013:61(23):e179-e347; 64(24):e139-e228

Early Invasive vs. Conservative Approach (J Am Coll Cardiol
2014;64(24):e139-e228)

» Ultimately, approach decided by interventional cardiology based on
multiple factors: risk score, procedural risks, recent angiography
results, clinical stability & sx, individual pt goals, etc.

» Early invasive approach: Routine angiography w/i 72 h, urgency
based on presentation:

e Immediate-invasive (PCIl <2 h): Any HD instability, VT/VF, HF/MVR,
refractory angina

o Routine-invasive (PCIl w/i 12—-48 h): High-risk scores (TIMI = 3,
GRACE > 140), rising troponin, or new STD on ECG

o Delayed-invasive (PCl 25-72 h): Medium-risk (TIMI = 2, GRACE
109-140) or high-risk scores (w/o rising troponin or STD); +/- hx of
PCI w/i 6 mo, prior CABG, CKD, | EF

» Conservative (“selective invasive”) approach: Best for initially
stabilized pts w/o high-risk scores, ongoing symptoms, arrhythmias,
heart failure; 2/2 marginal benefit but 1 risks of early invasive
approach (Cochrane 2016;26(5):CD004815)

¢ Medical therapies (see above) for 48 h minimum, pre-discharge
stress test

e Angiography only if recurrent ischemia, arrhythmias, heart failure,
positive stress test

» Early invasive approach: In meta-analysis, no | all-cause
mortality/nonfatal MI, may | risk of MI, refractory angina, & rehosp at
6—12 mo c/w conservative approach; however, also 1 bleeding risk &
procedure-related MI (Cochrane 2016;26(5):CD004815)

» Higher-risk pts benefit most from earlier angiography (v Am Coll Cardiol
2013;61(23):e179-e347; TIMACS, NEJM 2009;360:2165-2175) as reflected in



guidelines above

Disposition

» Admission to CCU/cardiology based on risk, clinical stability,
arrhythmia risk

» If UA, low-risk score, —Tn, nondiagnostic ECG: consider admitting to
a CP/observation unit for serial troponin testing & stress testing;
admx if recurrent sx, A ECG, +Tn

Guidelines: J Am Coll Cardiol 2013;61(23):e179-e347; 2014;64(24):e139-€228.

Angiography Selection & Timing in UA/NSTEMI (J Am Coll Cardiol 2014;64(24):e139-€228)

Immediate (<2 h) invasive Hemodynamic instability
Sustained VT or VF
Signs or sx of HF or new or worsening mitral valve regurg
Refractory angina

Selective (med tx, PCI Low-risk score (eg, TIMI 0—1, GRACE <109)
prn) invasive Low-risk Troponin-negative female pts
Patient or clinician preference in absence of high-risk features

Early (<24 h) invasive None of above, but high risk (TIMI = 3, GRACE score > 140)
Temporal change in Troponin
New or presumably new STD on ECG

Delayed (25-72 h) None of above but DM
invasive Renal insufficiency (GFR <60 mL/min)
Reduced LV systolic function (EF <0.40)
Early postinfarction angina
PCl w/i 6 mo
Prior CABG
Medium-risk score (TIMI 2, GRACE 109-140)

RISK STRATIFICATION TESTING

Approach

» Definition: Noninvasive eval for obstructive CAD in low-risk pts w/
acute CP/sx c/f ACS

e Result usually qualitative (“positive” vs. “negative”) for ischemia

» Indications: dx obstructive CAD, assess A clinical status in pt w/
known obstructive CAD, localize ischemia in pts w/ known



symptomatic obstructive CAD

» Contraindications: severe acute illness, AMI w/i 48 h, high-risk UA,
alternative critical dx (PE, AoD, myopericarditis, acute
decompensated CHF, arrhythmias, severe AoS)

» Low-risk (HEART 0-3, TIMI 0—-1, GRACE <109) pts may be safely
discharged w/o stress testing if close f/u for outpatient stress testing
can be arranged

e ED stress testing in low-risk pts is low yield & high-cost (Am J Cardiol
2015;116(2):204-207)

e 6-mo risk of MACE is low & may be unchanged regardless of
whether pt receives stress in ED (int J Cardiol 2017;227:656-661; Crit Pathw
Cardiol 2016;15(4):145-151)

Exercise Treadmill Testing

» Patient runs on treadmill; monitoring includes ECG, symptoms, A
hemodynamics (HR, BP)
e “Diagnostic” test requires pt to achieve min of 85% of predicted HR
(PHR = 220 - age)
» Test characteristics: 68% Sens, 77% Spec (NEJM 2011;344(24):1840—
1845)
» Benefits: Lowest cost of risk stratification tests
» Downsides: requires nl resting ECG; | Sens if low-risk pt; | Sens &
Spec in women; | Sens if anti-ischemic drugs not d/c-ed (d/c BBs,
digoxin, vasodilators, anti-HTN drugs ~2 d prior to testing if possible)
» Duke Treadmill Score: weighted index of treadmill time, ECG chgs,
induced angina sx
e DTS = Duration of exercise in min = (5 * max STD in mm) - (4 *
angina index)
¢ Angina index: No angina (Al = 0), nonlimiting angina (Al = 1),
limiting angina (Al = 2)

Prognostic Value of Duke Treadmill Score in Exercise Stress Testing
DTS Risk 1-y Mortality No Stenosis275% 1VD=275% 2VD=275% 3VD=275%
Male: Low 0.9% 52.6% 22.4% 13.6% 11.4%
Male: Mod 2.9% 17.8% 15.6% 27.9% 38.7%
Male: High 8.3% 1.8% 9.1% 17.5% 71.5%




Fem: Low 0.5% 80.9% 9.4% 6.2% 3.5%
Fem: Mod 1.1% 65.1% 14.2% 8.3% 12.4%
Fem: High 1.8% 10.8% 18.9% 24.3% 46.0%

Ann Int Med 1987;106:793—-800. NEJM 1991,325;849-853. J Am Coll Cardiol 1998:32:1657—
1664.

Pharmacologic Stress w/ Nuclear SPECT Imaging

» Ischemia induced by pharmacologic agents (dobutamine,
adenosine, dipyridamole); radio-labeled tracers (eg, sestamibi) enter
myocardial cells & reflect regional perfusion; | tracer uptake during
stress that resolves w/ time suggests viable area of tissue ischemia;
fixed defect suggest existing infarct

¢ Note: nuclear imaging can be performed after physical exercise as
well

» Test characteristics: Adenosine SPECT Sens 90%, Spec 75%;
dipyridamole SPECT Sens 89%, Spec 65%; dobutamine SPECT
Sens 82%, Spec 75% (Am Heart J 2001;142(6):934-944)

» Benefits: Can use if abnl baseline ECG or unable to exercise; can
localize ischemia

» Downsides: More expensive than exercise stress; | Sens & Spec in
women; | Sens if anti-ischemic drugs not d/c-ed (d/c BBs, digoxin,
vasodilators, anti-HTN drugs ~2 dys prior to testing if possible)

Pharmacologic/Exercise Stress w/ Echo Imaging

» Ischemia induced by pharmacologic agents (dobutamine,
adenosine, dipyridamole) or exercise; echocardiography performed
to assess for regional WMAs compared to rest

» Test characteristics: Adenosine Echo Sens 72%, Spec 91%;
dipyridamole Echo Sens 70%, Spec 93%; dobutamine Echo Sens
80%, Spec 84% (Am Heart J 2001;142(6):934-944)

» Benefits: Can use if abnl baseline ECG or unable to exercise; can
localize ischemia; can provide information re LVEF & valvular fxn

» Downsides: More expensive than exercise stress; | Sens & Spec in
women; | Sens if anti-ischemic drugs not d/c-ed (d/c BBs, digoxin,
vasodilators, anti-HTN drugs ~2 dys prior to testing if possible)

Coronary Computed Tomographic Angiography



CT angiography of coronary arteries; images timed in conjunction w/
HR; assesses CAD burden & severity based on CA calcification;
does not assess myocardial perfusion

Test characteristics: Sens 85-99%, Spec 64-97%, NPV >95% (Eur
Heart J 2016;37(30)2397-2405)

Benefits: | LOS & | costs c/w conventional stress testing;
especially useful for low-risk pts or intermediate-risk & nl serial
ECGs/biomarkers, can evaluate global & regional LV fxn (Circulation
2006;114:1761; JACC 2006;48:1475; NEJM 2012;366(15):393; NEJM 2012;367(4):299)
Downsides: Increased risk of downstream testing (2/2 | Spec &
detection of incidental findings), radiation exposure, requires relative
bradycardia (often requires (B)

e Radiation: 3x more radiation than ETT or stress echo, but

equivalent to nuclear stress; more important to avoid in young pts &
women; newer protocols are being designed to minimize radiation
exposure (Eur Heart J 2016;37(30):2397—2405)
Combination of single negative conventional troponin & negative
coronary CTA has equivalent risk of 28 d MACE c/w conventional
stress (Eur Heart J 2016;37(30):2397—2405)

Disposition

Inadequate quality study: discuss case w/ cardiology

Adequate quality + Neg result + Low-risk: d/c w/ f/u

Adequate quality + Neg result + Int-risk: discuss case w/ cardiology,
likely d/c w/ flu

Adequate quality + Pos result: discuss w/ cardiology, admit

For adequate study w/ high-risk test results, consider coronary
angiography, + admission depending on clinical presentation

Pearls

False-positives: Positive risk-stratification testing in a pt who
presented to ED w/ CP does not necessarily mean CP was 2/2 by
CAD,; esp if low pre-TP & other causes possible

False-negatives: Negative risk-stratification testing in a pt who
presented to ED w/ CP does not necessarily mean CP was not 2/2
by CAD; esp if high pre-TP



CARDIAC CATHETERIZATION

Overview

» Indications: ACS (see STEMI & UA/NSTEMI above for timing of
PCI); high-risk stress test result OR indeterminate-risk stress test
result & high PreTP for obstructive CAD; ongoing angina despite tx;
r/o CAD in pts w/ CP suspected from nonatherosclerotic etiology (ie,
spasm) or systolic dysfxn suspected of nonischemic etiology (ie, ni-
CMP); after ROSC in pts w/ cardiac arrest (see below for criteria)

o Postarrest PCl recommended if STEMI &/or absence of mx
unfavorable features (unwitnessed arrest, no bystander CPR, initial
non-VF rhythm, >30 min to ROSC, ongoing CPR, noncardiac /
traumatic arrest, pH <7.2, lactate >7, age >85, ESRD); decision
individualized for each case (J Am Coll Cardiol 2015;66(1):62-73)

» Types of percutaneous coronary interventions:

o Balloon angioplasty: Effective but 1 risk of CA dissection &
restenosis 2/2 remodeling

o Bare metal stent: | restenosis, repeat revasc, & MACE c/w BA, but
may 1 MI (most periprocedural), no A D (Am Heart J 2006;151(3):682-689);
requires DAPT x 4 wk & lifelong ASA thereafter

e Drug-eluting stent: | restenosis & repeat revasc c/w BMS, but no A
D/MI over 6 y (NEuM 2016;375;1242-1252); requires DAPT x 1y &
lifelong ASA thereafter

Post-PCl Complications

» Bleeding (femoral access site): Apply pressure, reverse/stop
anticoag

» Bleeding (retroperitoneum): May c/o back pain, +tHct drop, | BP, 1
HR; obtain abd/pelvic CT (I-); reverse/stop anticoag, consult
IR/surgery

» Vascular damage (pseudoaneurysm): Pain, expanding mass,
systolic bruit; obtain US; tx w/ manual compression, + thrombin
injection/surgery

» Vascular damage (AV fistula): May p/w sx 2/2 | perfusion to LE
(2/2 emboli, dissection, thrombus), continuous bruit, | distal pulses;
obtain US * angiogram; consult card &/or surgery for repair



(percutaneous or operative)

» Renal failure: Usually 2/2 contrast, occurs w/i 24 h, peaks 3-5 d

» Stent thrombosis: P/w acute CP & STE; consult cards/cath lab, for
urgent catheterization; may be more common in BMS than DES
(JACC Cardiovasc Interv 2015;8(12):1552-1562); commonly 2/2 underexpanded
stent, dissection, or d/c anti-plt Rx (JAMA 2005;293:2126)

» Stent stenosis: P/w subacute or chronic return of prior anginal sx
months after PCI (but 10% p/w ACS); occurs 2° postprocedure
remodeling, not atherosclerosis; despite advances, occurs still >10%
cases (BA > BMS > DES) (BMJ 2015;351:h5392)

POST-MI COMPLICATIONS

Immediate Complications

» LV systolic dysfunction/cardiogenic shock: Common in L-sided
(esp anterior) AMI; Dx w/ JVD, CXR or BSUS (B/L B-lines, | EF); Tx
w/ O, for hypoxia, | preload (NTG SL — gtt), | afterload

(nitroprusside; IV ACE-I if Cl; avoid hydral 2/2 reflex 1 HR), inotropy
PRN (norepi > dopamine 2/2 fewer arrhythmias [NEJM
2010;362(9):779-789]; £ dobutamine esp if SVR high), diuretics,
minimize PEEP (if intubated), emergent reperfusion (lytics/pPCl),
may need IABP in cath lab (Lancet 2000;356(9231):749-756).

» RV systolic dysfunction/cardiogenic shock: Common in RV AMI;
Dx w/ R-sided leads, BSUS (few B-lines, 1 RV:LV ratio, dilated IVC);
Tx w/ O, for hypoxia, 1 preload (IVF until e/o nonfluid responsive;

ongoing IVF may aggravate), | PVR (bronchodilators, inh NO or
prostacyclins), inotropy PRN (milrinone > norepi), minimize
PEEP/TV (if intubated), emergent reperfusion (lytics/pPCl) (4 Am Coll
Cardiol 2010;56(18):1435-1446)

» Tachyarrhythmias (eg, VT/VF, AF): Ischemia causes re-entry
circuits in myocardium; place defibrillation pads on pt immediately on
arrival; If unstable, tx per ACLS; If stable VT, tx w/ IV BB /
membrane stabilization (amiodarone, metoprolol), check & replete
lytes; emergent reperfusion (lytics/pPCl)

» Bradyarrhythmias (eg, Heart block): Heart block can be 2/2 strong



vagal tone (1° AVNB) &/or ischemia to AV node (1°-3° AVNB);
place pacer pads on pt immediately on arrival; Tx w/ IVF (for BP),
atropine, TC/TV pacing if unstable; emergent reperfusion
(lytics/pPCl)

Early Complications

Infarct expansion, re-infarction, postinfarction ischemia: Usually
w/i 4 d of MI; can present similarly to initial Ml but diagnostics
subtler: A ECG (2/2 nl evolution from prior M| vs. new ischemia),
+Tn (may be | from prior Ml; 1 suggests new ischemia), +CK-MB
(suggests new ischemia); tx as w/ ACS; discuss w/ cardiology;
depending on prior mgmt (pPCI vs. lytics; BA vs. BMS/DES), may
need pPCI
Ventricular wall rupture: Usually w/i 2—7 d after MI; RFs include 1
age, female, anterior infarct, 1 wall strain (1 HR, 1 afterload); occur
at jxn of nl tissue & infarct
Free wall rupture: Rapid bleeding into pericardium causing s/sx of
tamponade; Tx w/ IVF/blood; emergent pericardiocentesis &
cardiac surgery; mortality >90%
Pseudoaneurysm: Bleeding contained w/i myocardial wall; may
p/w arrhythmias, heart failure, systemic embolization, or be asx &
dx’ed only on imaging; once identified, c/s cardiology & cardiac
surgery
Septal rupture: May be asx or p/w sx of L — R shunt & | L-sided
CO (angina, shock, pulm edema); new pansystolic murmur; dx by
echo; tx w/ urgent surgical closure
Papillary muscle rupture: Usually w/i 7 d of MI; frequency i-MI & p-
MI > a-Ml; p/w sx of acute pulmonary edema, pansystolic murmur;
BSUS differentiate from post-MI VSD; tx w/ | preload & afterload
(nitroprusside), diuretics, O,, IABP, emergent surgical repair
Pericarditis: Usually w/i 7 d of MIl; most common w/ a-MI; p/w low-
grade fever, chest pain, friction rub; ECG w/ diffuse STE w/o
reciprocal chgs; BSUS + pericardial effusion; tx w/ NSAIDs; NOTE:
early pericarditis is distinct from Dressler’s syndrome (below)

Delayed Complications

Left ventricular aneurysm: Suspect if ECG w/ persistent STE post-



MI; can p/w HF, embolic sx, arrhythmias; dx w/ echo; c/s cardiology
(reperfusion), cardiac surgery

» Left ventricular thrombus: Most common in a-Ml; RFs include |
EF, severe MVR, LV aneurysm (eg, slow, nonlaminar flow); tx w/
anticoagulation

» Dressler’s syndrome: Usually 2-10 wk after MI; presumed
autoimmune-mediated; p/w fever, chest pain, pleurisy; BSUS w/
pericardial & pleural effusions; self-limited w/ NSAIDs

PRINZMETAL’S (VARIANT) ANGINA

Overview

» Definition: Distinct syndrome of ischemic CP classically occurring at
rest 2/2 focal coronary artery spasm, & a/w transient STE; exact
etiology unknown

» Most vasospasm occurs in areas of pre-existing stenosis

» Can be a/w infarction, arrhythmia, & sudden cardiac death; consider
in all pts w/ healthy SCD, particularly if arrest occurred in morning or
cold settings

History

» Often young (35-50 y/o), F > M, tobacco use, EtOH use; PMH/FHx
migraine, Raynaud’s, pericarditis, MV prolapse; may have no known
cardiac hx but CAD not uncommon

» Sxs include substernal pressure radiating to jaw & arm; can respond
to NTG; often occur midnight to early AM (1 vagal tone), or after
hyperventilation or cold

» May be a/w marked diurnal variation in exercise tolerance (|
tolerance in AM, 1 in PM)

Evaluation

» EKG reveals transient territorial STE & reciprocal ST As; may induce
a variety of conduction disturbances or arrhythmias

» Stress testing may induce no ST As, STDs, or STEs, or STEs may
be seen during recovery phase of stress testing

» Dx definitively w/ angiography & provocative intracoronary ACH &/or



ergot derivative (>90% Sens, >90% Spec; even better if combined);
noninvasive approach w/ hyperventilation & exercise (65% Sens,
>90% Spec) (J Am Coll Cardiol 2013;63(2):103—109)

Treatment
» High-dose CCB (nifedipine, verapamil, diltiazem), nitrates (SL prn);
d/c smoking

Disposition
» Admit, given risk of Ml & arrhythmia during acute episodes

COCAINE-INDUCED ANGINA

Overview

» Definition: Anginal sx occurring after cocaine use, 2/2 1 myocardial
O, demand (1 HR, 1 afterload, 1 contractility & end-systolic wall

stress) & | O, supply (vasoconstriction); generally not 2/2 acute

thrombosis, though cocaine a/w premature CAD/ACS

» Overall incidence of cocaine-associated Ml is 0.7-6% of those
presenting w/ CP after cocaine (Acad Emerg Med 2000;36:469; COCHPA, Acad
Emerg Med 1994;1:330)

» Can be c/b arrhythmia & heart failure (~90% occur w/i 12 h of
presentation)

History

» CP that may be a/w dyspnea, anxiety, palpitations, diaphoresis,
dizziness, or nausea

» Sxs typically occur w/i 3 h of ingestion, but cocaine metabolites may
persist up to 24 h to cause delayed or recurrent vasoconstriction

» RF for cocaine-induced MI: Male gender, current smoker, non-white

Evaluation

» Similar to ACS (see above)

» Maintain high index of suspicion for aortic dissection as well

» Urine toxicology: Usually detects cocaine metabolite
benzoylecgonine (urine t4,», of 6-8 h) up to 24—48 h (range 16—66 h);
however, chronic cocaine users may have detectable levels for



weeks after last use

Treatment

» Given risk of MI, tx similarly to ACS (see ACS, “Adjunctive Medical
Therapies”)
e ASA, analgesia PRN, O, PRN, NTG PRN, antithrombotic tx all as

per ACS guidelines
e Avoid BB given risk of unopposed a-adrenergic effect (1 CA
vasospasm, 1 BP)
IV Benzodiazepines (| central stimulatory effects of cocaine)
IV Anti-HTN (NTG, sodium nitroprusside, phentolamine; avoid BB)
If STEMI: pPCI preferred over lytics 2/2 1 ICH risk after cocaine
VT/VF immediately after cocaine is 2/2 local anesthetic (Na channel)
effect & may respond to sodium bicarbonate tx in addition to
standard therapies

Disposition

» Admit: If +Tn, ongoing CP, persistent unstable VS

» EDOU: If sx & VS controlled, -Tn, nonischemic ECG; no difference
in 30-d outcomes if pts w/ & w/o stress-testing, consider if CAD RFs
& poor f/u (Circulation 2008;117:1897—1907)

» Provide drug-abuse counseling to all pts prior to d/c

DVT AND PULMONARY EMBOLISM

DeepP VEIN THROMBOSIS

Overview

» Definition: In situ thrombosis of LE/UE deep veins, often provoked
by stasis/turbulence, hypercoagulability, endothelial injury (Virchow’s
triad)

» RFs: Hypercoagulable state (cancer, pregnancy, OCPs, APLAS);
recent surgery or trauma; prolonged immobilization; venous outlet
obstruction; excess extremity use (eg, sports, occupation; for UE
DVT); increased age; obesity; FHx of DVT/PE



» Lower-extremity DVT: Comprise 90% of DVTs; but as many as
~50% may be isolated distal DVT of the calf (only require tx if severe
sx or propagating; see below)

» Upper-extremity DVT: Comprise the minority (10%) of DVTs; c/w LE
DVT, | risk of PE (6% vs. 15-32%), | risk of recurrence (2—-5% vs.
10%); can be 1° (20%) or 2° (80%) (NEJM 2011;364(9):861-869; Circulation
2012;126;768-773)

e Primary: thoracic outlet compression of SC vein (eg, ribs, clavicle),
microtrauma to SC vein from repeat UE movements (often young,
athletes or occupation), idiopathic

e Secondary: catheter-associated, cancer-associated (hypercoag,
compression) surgery (immobilization, endothelial trauma),
systemic hypercoag state (preg, etc.)

e Management based on location (proximal vs. distal), depth (deep
vs. superficial)

History & Physical Exam
» HX: May have unilateral discomfort, swelling, paresthesia,
weakness, erythema, warmth
o Always ask about RFs; obtain ROS to assess for s/sx of concurrent
PE
» EX: Physical exam notoriously insensitive for DVT (JAMA 1998;279:1094—
1099)

Evaluation
» Use Well’s score to determine pre-TP of DVT (see table)

Well’s Criteria for DVT
(JAMA 1998;279:1094—1099; NEJM 2003;349(13):1227-1235)
Active cancer (tx ongoing or w/i 6 mo or palliative) 1 pt
Paralysis, paresis, or recent immobilization of LE 1 pt
Recently bedridden >3 d or major surgery w/i 4 wk 1 pt
Localized tenderness along deep venous system 1 pt
Entire leg swelling 1 pt
Calf swelling by >3 cm c/w asx (10 cm below tibial tuberosity) 1 pt
Pitting edema (greater in symptomatic leg) 1 pt




Collateral superficial veins (nonvaricose) 1 pt

Previously documented DVT 1 pt
Alternative dx as likely or greater than that of DVT -2 pts
D-

dimer Sensitivity Prevalence of DVT NPV of D-

Points Pre-Test Prob (%) (%) dimer (%)
-2 to 0 pts Low 86 5 99
1to 2 pts Moderate 85 17 95
>3 pts High 90 53 81

RFs not incorporated into score but a/w inc risk of DVT include FHx of DVT (>2 1st-degree
relatives), hospitalization w/i 6 mo; erythema.

» UE DVT: Compression US (Sens 97%, Spec 96%); if negative US
but high pre-TP, obtain serial US or D-dimer (Sens 100%, Spec
14%) (NEJM 2011;364(9):861-869)

» LE DVT (initial eval): lab & imaging directed based on pre-TP (see
Algorithms below)

e D-dimer: Assays include enzyme-linked immunofluorescence
assays (Sens 96%, Spec 46%), microplate ELISA (Sens 94%,
Spec 53%), immunoturbidimetric (Sens 93%, 53%), whole-blood
assay (Sens 83%, Spec 71%), & quantitative latex agglutination
assays (Sens 95%, 53%) (Chest 2012;141(2Suppl):e3515-418S)

e |Lower-extremity ultrasound (two types: Proximal compression,
Whole-leg)

e WL-US: Superior to PC-US alone in detection of DVT (mostly
distal)
¢ |Increased chance of dx isolated distal DVT of unclear
significance (see Tx)
e PC-US: should be used w/ D-dimer to increase sensitivity (see
Algorithm)
o |[f PC-US neg & D-dimer pos, repeat PC-US in 1 wk
e 3-mo rate of PE after negative WL-US: 0.3% (low pre-TP), 0.8%
(mod pre-TP), 2.5% (high pre-TP) (Chest 2012;141(2Suppl):e351S-418S)
¢ No difference c/w combined PC-US + D-dimer (& prn repeat
PC-US): No difference in 3-mo risk of PE (0.6%) (Chest



2012;141(2Suppl):e3515-418S)

e CT venography: Highest sensitivity but risk of radiation & contrast;
use selectively if mod or high pre-TP, positive PC-US & D-dimer
but unable to obtain WL-US or repeat PC-US in 1 wk (Chest
2012;141(2Suppl):e3515-418S)

» LE DVT (recurrent): Risk of false-positives (2/2 scarring,
postthrombotic syndrome) high

e Recommended approach: Combined D-dimer (usually nl w/i 3 mo

of starting tx for DVT) & PC-US; if PC-US neg or undiagnostic,
repeat in 1 wk (if unable: CTV, MRV)
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Figure 1.2 Diagnosis and Treatment of DVT, Low Pre-Test
Probability. (Chest 2012;141(2)(suppl):e351S)
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Figure 1.4 Diagnosis and Treatment of DVT, High Pre-
Test Probability (Chest 2012;141(2)(suppl):e351S)

Treatment
» UE DVT: Anticoagulation x 3—6 mo, though comparative data
lacking on specific regimens

o Cather-associated DVT: Catheter removal only indicated if catheter
malfxn or infxn, no further need for catheter, or strong Cls to
systemic A/C (NEJM 2011;364(9):861-869)

¢ |solated basilic/cephalic vein thrombosis: very low risk of PE, no
A/C required

» LE DVT: Anticoagulation x 3—6 mo unless strong Cls (Chest 2012;141(2)
(Suppl):e419S5-e494S)

e Anticoagulation regimen should be selected based on
comorbidities, ability to take PO medications, patient preference
(monitoring, etc.), risks of bleeding:

e SC LMWH (1 mg/kg BID; renally dose): slight | risk of death,
recurrence, major bleeding c/w UFH; preferred w/ malignancy;
relative Cls include CKD & obesity

e SC Fondaparinux (5 mg QD [<50 kg], 7.5 mg QD [50-100 kg], 10



mg QD [>100 kg]; renally dose): Similar risk of death, recurrence,
major bleeding c/w LMWH; preferred w/ hx of HIT

e |V UFH (80 U/kg bolus, 18 U/kg/h gtt): As above, may be
preferred over LMWH if CKD/ESRD; risk of HIT higher than
LMWH

e PO Warfarin (INR 2.0-3.0): Bridge w/ LMWH/Fondaparinux until
INR therapeutic

e PO Rivaroxaban (15 mg BID x 3 wk, 20 mg QD thereafter)

e PO Apixaban (10 mg BID x 7 d, 5 mg BID thereafter)

e Duration of treatment generally depends if provoked (3 mo) or
nonprovoked (6 mo if no bleeding risk, 3 mo if bleeding risk)

e |f strong contraindications to A/C: SVC filter until bleeding risk
resolves

¢ |solated distal DVT: Tx as above if severe sx or e/o extension on
repeat U/S (1-2 wk)

Complications

» Phlegmasia alba dolens: Emergent complication; P/w swollen
white leg 2/2 extensive DVT obstructing collaterals (but not involving
them), largely impeding arterial inflow; Tx w/ IV Heparin (in case
need for surgery), +/— catheter-directed thrombolytic tx

» Phlegmasia cerulea dolens: Emergent complication; P/w severely
swollen cyanotic leg 2/2 extensive DVT including thrombosis of
collaterals & capillary beds, fully impeding arterial flow, causing
massive fluid sequestration in affected limb (2/2 hydrostatic
pressure), circulatory shock, death (20—40% cases); Tx w/ IV
Heparin (in case need for surgery), catheter-directed thrombolytic tx,
aspiration thrombectomy, or open surgical thrombectomy

PULMONARY EmMBOLISM

Overview
» Definition: embolization of systemic venous thrombus into pulmonary
arterial system

o Diff from amniotic fluid embolism (RF: peripartum) & fat embolism
(RF: long bone fx)

» RFs: See section on DVT above; Major identifiable RFs include



recent surgery (OR 21.0), trauma (OR 12.7), immobility (hosp or
nursing home) (OR 8.0), cancer (OR 4.1-6.5), paraplegia (OR 3.0),
estrogen tx (OR 3.0) (JAMA 2003;290(21):2849-2858)

Approach
» IV access (if PE), ECG, O, prn, Monitor, CXR to r/o alternative dx
» If HD stable: diagnostic tests depending on pre-TP

» If unstable, consider empiric antithrombotic tx + lysis if potential
benefit > bleeding risk

History & Physical Exam (Chest 1991;100:598; Am J Card 1991;68:1723)

» HX: Dyspnea (73%), pleuritic CP (66%), cough (37%), syncope, |
BP, PEA

» Assess PreTP: May use PERC (to decide whether any testing is
necessary) or Wells criteria (to decide whether D-dimer is sufficient

w/u)
» EX: Unexplained 1 HR, 1 RR, | SpO,, fever, JVD

PERC Criteria for Pts w/ Low Risk of PE
Age = 50 Recent trauma or surgery or hosp w/i 4 wk
HR =100 Hemoptysis

O, Sat on room air <95%  Exogenous estrogen

Prior hx of DVT/PE Unilateral leg swelling

Using the PERC Criteria: If any of above criteria present, PE cannot be r/o PE w/o additional

dx tests. If all criteria negative, PE unlikely (Sens 97.4%, Spec 21.9%). (Thromb Haemost
2008;6:772)

Wells Criteria for PE
Criteria Original Modified Simplified
Clinical signs & sx of DVT (OR 5.8) 3 pts 2 pts 1 pt
Tachycardia >100 bpm (OR 3.0) 1.5 pts 1 pt 1 pt
Immobilization or surgery w/i 4 wk (OR 2.5) 1.5 pts 1 pt 1 pt
Previous DVT/PE (OR 2.5) 1.5 pts 1 pt 1 pt
Hemoptysis (OR 2.4) 1 pt 1 pt 1 pt
Malignancy (OR 2.30 1 pt 1 pt 1 pt




PE more likely than alternative dx (OR 4.6) 3 pts 2 pts 1 pt
Cut-off for “PE unlikely” (sum of points) <4 pts <2 pts <1 pt

Rates of PE Based on Score

Original Modified Simplified
<4 pts 12.6%* 2pts 11.5%" <1 pt 11.0%*
>4 pts 38.5%** >2pts  37.3%** >1 pt 35.8%**

Rates of PE Based on “PE Unlikely” Score & Negative D-dimer
Original 0.5% Modified 0.3%  Simplified 0.5%

*Order D-dimer to r/o out PE.

"Order imaging (CTA, V/Q) to r/o PE. Thromb Haemost 2000;83(3):416—420; Thromb
Haemost 2008;99(1):229-234

Revised & Simplified Geneva Score for PE

Criteria Revised Simplified
Age >65 1 pt 1 pt
Previous DVT/PE 3 pts 1 pt
Surgery (under GA) or fx (LE) w/i 1 mo 2 pts 1 pt
Active malignancy or cure <1y 2 pts 1 pt
Unilateral LE pain 3 pts 1 pt
Hemoptysis 2 pts 1 pt
HR 75-94 3 pts 1 pt
HR =95 5 pts 1 pt
Pain w/ LE deep vein palpation & unilateral edema 4 pts 1 pt
Cut-off for “PE unlikely” (sum of points) NA <2 pts

Rates of PE Using Simplified Geneva Score
<1 pt (%) 2-4 pts (%) 5-7 pts (%) 0-2 pts (%) 3-7 pts (%)
Rate of PE 8 29 64 13 42
Rate of PE if D-dimer neg 1 3 12 1-3"" 514"

*Order D-dimer in “PE Unlikely” to r/o PE.
“Range of rates includes both high- & low-sensitivity D-dimer.
““Order imaging (eg, CTA, V/Q) in “PE Likely” to r/o PE. Arch Intern Med 2008;168(19):2131—
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Evaluation

» ECG (Sinus tach, S1Q3T3 not sens/spec, diffuse TWI), CBC,
PT/PTT, Cr

» CXR: R/o other dx; “classic” PE findings (Hampton’s hump,
Westermark’s sign) not Sens/Spec

» Patients w/ low clinical gestalt for PE & negative PERC score may
not need D-dimer

e Combined low gestalt & PERC negative: Sens 97.4%, Spec 21.9%

» If unable to r/o by PERC criteria, compute Well’s score (or modified
Geneva)

» If “PE unlikely” by Well's score, obtain D-dimer (ELISA: Sens 95—

98%, Spec 40-55%, NPV >99% for pts w/ low pre-TP) (Ann intern Med
2004;140:589. JAMA 2006;295:172)

e Know your hospital’s D-dimer test characteristics; wide variation
among assays

¢ False-positive D-dimer: Pregnancy, trauma, infection, malignancy,
inflammatory conditions, surgery, 1 age, SCD, AF, ACS, CVA,
acute UGIB, DIC

v If “PE likely” by Well’s score or D-dimer positive, obtain additional
testing:

e Bedside Ultrasound: Echo for RV dilatation (RV:LV >1) or dysfxn
(hypokinesis, paradoxical septal wall motion, McConnell’s sign) can
suggest dx but not r/o (Sens 50%, Spec 98%, PPV 88%, NPV
88%) (Ann Emerg Med 2014;63(1):16-24); combined thoracic & LE
ultrasound can reduce need for CTA by dx’ing DVT or suggesting
alternative dx (Chest 2014;145(4):818-823)

e CT angiography (CTA Sens 83%, CTA/CTV Sens 90%, Spec
95%): (NEJM 2006;354:2317)

e May miss small/subsegmental PEs (of uncertain clinical
significance if asx & no further clot burden on LENIs); If negative
for PE but suspicion is high, consider additional test (D-dimer,
US, pulmonary angiogram); requires dye load (relative Cl if CrCl
<50 NEJM 2006;354:379)

e V/Q scan (if Cl to CTA): Requires nl baseline CXR; tx if results are
high-probability; 2/3 of all cases may result in low/intermediate



probability
MR angiography (MRA Sens 78%, Spec 99%; MRA/MRV Sens
92%, Spec 96%): Use in pts w/ Cl to CTA; high proportion of
studies limited qual (Ann Intern Med 2010;152(7):434-443)
Pulmonary angiogram: Gold standard, though rarely used
Risk stratify: 1 HR, | BP, | SpO,, CTA RV/LV dimension >0.9, 1 Tn
or BNP, echo e/o RV dysfxn, D-dimer >4,000 all predict bad
outcomes

Treatment

Supportive: O,, IV fluids for | BP (preload dep)

Anticoagulation regimen should be selected based on comorbidities,
ability to take PO medications, patient preference (monitoring, etc.),
risks of bleeding:
SC LMWH (1 mg/kg BID; renally dose): slight | risk of death,
recurrence, major bleeding c/w UFH; preferred w/ malignancy;
relative Cls include CKD & obesity
SC Fondaparinux (5 mg QD [<50kg], 7.5 mg QD [50-100 kg], 10
mg QD [>100 kg]; renally dose): Similar risk of death, recurrence,
major bleeding c/w LMWH; preferred w/ hx of HIT
IV UFH (80 U/kg bolus, 18 U/kg/h gtt): As above, may be preferred
over LMWH if CKD/ESRD; risk of HIT higher than LMWH
PO Warfarin (INR 2.0-3.0): Bridge w/ LMWH/Fondaparinux until
INR therapeutic
PO Rivaroxaban (15 mg BID x 3 wk, 20 mg QD thereafter)
PO Apixaban (10 mg BID x 7 d, 5 mg BID thereafter)
IV thrombolysis (tPA: 100 mg over 2 h): Indicated if massive PE / HD
instability (SBP <90 mmHg), HD unstable & high suspicion of PE, or
submassive PE w/ high risk of hypotension (e/o significant pHTN or
RV dysfxn)
Submassive PE: tPA + UFH | mortality & deterioration c/w UFH
alone (NEJM 2002;347:1143-1150)
Consider lytics in unexplained PEA arrest if possibly 2/2 massive
PE
Catheter or surgical thrombectomy (PE): For pts w/ HD instability &
massive PE if (1) Cl to lysis, (2) failed lysis w/ tPA, or (3)
experienced center & +RV dysfxn. Consult cardiac surgery;



improved outcomes c/w UFH alone (Circulation 2014;129:479-486)
» IVC filter: When a/c fails or Cl; no long-term mortality benefit (veum
1998;338:409).

Disposition

» HD stable, few comorbidities, no e/o RV strain: Observation Unit for
A/C, LENIs, echo

» HD stable, comorbidities, e/o RV strain: Admit, tele floor

» HD unstable, mx comorbidities, e/o RV strain: Admit, ICU

DECOMPENSATED HEART FAILURE

Overview

» Heart failure: Any chronic state in which the heart’s ability to pump
blood w/ nl efficiency to meet the body’s metabolic demands is
impaired; either 2/2 | systolic fxn (reduced EF: HFrEF) or | diastolic
relaxation (preserved EF: HFpEF); can be primarily L-sided, R-
sided, or biventricular; although a chronic illness, characterized by
intermittent decompensation 2/2 volume disequilibrium

» Manifestations of decompensated L-sided HF: pulmonary edema (1
PCWP 2/2 hydrostatic forces), pleural effusions (1 PCWP 2/2
hydrostatic forces), atrial arrhythmias (1 atrial size), systemic
hypoperfusion (HFrEF: 1 LV end-diastolic volume — | contractility
[once over Frank—Starling curve] — | EF; HFpEF: | LV end-diastolic
volume 2/2 impaired relaxation — | EF)

» Manifestations of decompensated R-sided HF: pleural effusions (1
systemic venous pressure — 1 thoracic duct / lymphatic pressure —
| absorption of nl pleural fluid), peripheral edema (1 systemic
venous pressure), liver dysfxn (congestion)

» Acute decompensations can occur 2/2 many causes (see table)

Common Precipitants of Acute Decompensated Heart Failure

Medication change or Hypertensive crisis (1 afterload)
nonadherence*

Dietary indiscretion (1 Na) Overdoses (BB, CCB) or toxins (EtOH)




Myocardial infarct/ischemia Myopericarditis, endocarditis

Tachyarrhythmia (eg, AF) Sepsis
COPD/PE (1 RH pressures) Valvular heart dz (see table at end of section)
Renal failure (1 volume) Structural heart dz (see table at end of section)

"Especially diuretics, anti-HTN, or rate-controlling agents; however, review any med changes,
as may have pharmacokinetic properties that affect cardiac meds

Approach
» Initiate immediately: IV access, O, PRN, ECG, Monitor, CXR
» If e/o severe respiratory distress, early CPAP/BIPAP, NTG gtt

(unless | BP)
» Early use of bedside U/S (thoracic & echo) can reduce time to dx

History & Physical Exam
» HX: SOB/DOE, CP, cough (clear — pink sputum), orthopnea/PND,
LE/abd swelling
o Always ask: timing (acuity), severity (fxnal capacity), behavioral
chgs (sleeping upright), chg in home O,, frequency of wt monitoring
& any change from dry wt
o Always assess for possible precipitants (see table above)
» EX: 1 BP, 1 HR, 1 RR, cardiac dysrhythmia; +S3 (HFrEF) +S4
(HFpEF); Rales or | BS, wheeze (L-sided); Leg edema, JVD, 1 liver
size, +hepatojugular reflex (R-sided)

Acute Decompensated HF: Value of Specific Hx Components (JAMA 2005;294:1944)
Increase Likelihood of ADHF Decrease Likelihood of ADHF
Likelihood Ratio Likelihood Ratio
Historical Factor (95% CI) Historical Factor (95% CI)
H/o heart failure 5.8 (4.1-8) No h/o HF 0.45 (0.38-0.53)
H/o MI 3.1 (2-4.9) No DOE 0.48 (0.35-0.67)
PND 2.6 (1.5-4.5)
Orthopnea 2.2 (1.2-3.9)
Historical Features w/ Minimal Diagnostic Utility
H/o CAD, HLD, DM, HTN, COPD, smoking. Sxs of edema, cough, fatigue, & weight gain.




Acute Decompensated HF: Value of Specific PEx Components (JAMA 2005;294:1944)
Increase Likelihood of ADHF Decrease Likelihood of ADHF
Likelihood Ratio Likelihood Ratio
Exam Factor (95% ClI) Exam Factor (95% ClI)
S3 on auscultation 11 (4.9-25) No rales 0.51 (0.37-0.7)
JVD 5.1 (3.2-7.9)
Rales 2.8 (1.9-4.1)
Any murmur 26 (1.7-4.1)
LE edema 2.3 (1.5-3.7)
Exam Features w/ Minimal Diagnostic Utility
Abdominojugular reflex, SBP <100 mmHg or >150 mmHg, wheezing, ascites

Evaluation

» Acute decompensated HF is primarily a clinical dx, aided by lab &
imaging evaluations

» ECG: L-atrial enlargement, LVH, tachyarrhythmia, ischemia, e/o old
infarction(s)

» Labs: CBC, lytes, Cr, troponin, LFTs, VBG, BNP/NT-proBNP (see
below)

» Bedside thoracic U/S (Sens 94%, Spec 92%): >3 B-lines/field in 2+
fields bilaterally (Acad Emerg Med 2014;21(8):843-852); operator-dependent
(some studies w/ Sens as low as 60%), but w/ skilled operator may
be superior to CXR in dx of L-sided HF (Chest 2015;148(1):202-210);
BSUS also used to eval for other dx:

¢ Pleural effusions (2/2 CHF or other dx)

e Focal B-lines (eg, 2/2 PNA, infarct > asymmetric pulm edema)

e Reduced EF & pericardial effusion

¢ |VC inspiratory collapsibility: <60% collapsibility w/ inspiration
suggests volume overload; cannot be used if pt on PPV (Am J Emerg
Med 2015;33(5):653-657)

» CXR (Sens 70%, Spec 82%): Pulm edema, pl effusion, 1 heart size
(Chest 2015;148(1):202—210)

» BNP (>100 ng/L), NT-proBNP (>300 ng/L): Imp to compare w/ dry
weight BNP if hx of CHF; levels correlate w/ dz severity (NHYA) of
underlying CHF (NEJM 2002;347:161-167)



e False-negatives: Obesity (int J Cardiol 2014;176(3):611-617)

e False-positives: Large PE, cor pulmonale, ESRD, AMI

e NT-proBNP may also be elevated w/ 1 age; higher cut-offs
suggested (>900 ng/mL if over 50 y)

Pooled Sensitivity & Specificity of BNP/NT-proBNP for Acute Decompensated HF
BNP Level Sens (%) Spec (%) NT-proBNP Level Sens (%) Spec (%)

<100 ng/L 95 63 <300 ng/L 99 43

100-500 85 86 300-1800 pg/mi 90 76
ng/L

=500 ng/L 35 78 =1800 ng/L 67 72

Based on pooled meta-analysis of 42 studies. BMJ 2015;350:h910.

Treatment

» Diuresis (| volume): Patients w/ refractory edema have impaired
PO absorption & may need IV diuresis; give 2x home dose in IV
form (see conversions below); give home nonloop diuretics (eg,
metolazone) for sequential nephron blockade (NEJM 2010;362(3):228-238)

e Conversions: Furosemide:Torsemide:Bumetanide 40:10:1;

Furosemide (PO:IV) 2:1; Torsemide (PO:IV) 1:1; Bumetanide
(PO:IV) 1:1

o |f allergy to furosemide/torsemide/bumetanide, can use ethacrynic

acid

» Nitrates (| preload): Nitrates (0.4 mg SL or 10—300 mcg/min IV):
Caution in pts w/ AS — | BP 2° preload dep; nitroprusside if NTG
ineffective; nesiritide may 1 Cr/mortality compared to noninotropic tx
(JAMA 2005;293:1900)

» Positive Pressure Ventilation: CPAP/BIPAP for | SaO, (if no Cls);
| mortality, | need for intubation (JAMA 2005;294:3124; Lancet 2006;367:1155);
Intubate profound AMS, resp failure

» Inotropes: Cardiogenic shock (see section on Shock)

» Other: Positioning (sit up > supine), Foley may be necessary to
assess ins/outs, IABP/LVAD (severe cardiogenic shock)

Disposition
» Mild exacerbation, benign etiology (ie, dietary indiscretion), & close



f/lu: Discharge after discussion w/ cardiologist; may 1 diuretic for a

few days

» Selected HF pts can be managed by a rapid tx protocol in the
Observation Unit w/ fewer bed days & similar readmission rates to
admitted pts (Acad Emerg Med 2013;20(6):554)

» Most pts require admission/As to tx regimen before d/c home:

Cardiology/Tele

» All pts on PPV or severe resp distress: ICU

Dilated CMP

Hypertrophic CMP

Restrictive CMP

Constrictive pericarditis

Structural Causes of Heart Failure

Pathophys: Ventricular dilatation — | contractility — 1 EDV —
| EF

Causes: |diopathic, familial, ischemia, valvular, infxn (Chagas),
EtOH, cocaine, autoimmune

Presentation: L or R HF sx; embolic events; arrhythmia

Evaluation: ECG (PRWP, Qw, BBB, AF), CXR (1 heart size),
Echo (LV dilatation, | EF, LV + RV HK)

Treatment: See standard HF tx below

Pearl: Always consider in chronic EtOH users w/ SOB

Pathophys: LV outflow tract obstruction, worse if | EDV — |
EF

Causes: 50% are familial; asymmetric septal hypertrophy (eg,
2/2 HTN) may result in HOCM physiology (not true HOCM)

Presentation: SOB/angina; arrhythmias; sudden death

Evaluation: Systolic crescendo/decrescendo murmur; ECG
(LVH, septal Qw), CXR (1 heart size), Echo (1 septal
thickness)

Treatment: 3B, CCB (verapamil)

Pearl: Avoid diuretics/preload reduction (inc PPV), digoxin,
exercise

Pathophys: | compliance — | EDV — | EF

Causes: Amyloidosis, sarcoidosis, hemochromatosis, XRT,
cancer

Presentation: R > L HF; embolic events; poor response to
diuretics

Evaluation: 1 JVP, S3, S4, ECG (low voltage), CXR (pulm
edema w/o 1 heart size), Echo (symmetric wall thickening,
LAE/RAE)

Treatment: Treat underlying cause, gentle diuresis

Pathophys: | compliance — | EDV — | EF
Causes: Postviral, XRT, TB, Postcardiac surgery, idiopathic
Presentation: R > L HF




Evaluation: 1 JVP, pericardial knock; Echo (septal bounce)
Treatment: Diuresis, pericardiotomy

Aortic Stenosis

Aortic Regurg

Mitral Stenosis

Mitral Regurg

Valvular Heart Disease

Causes: Calcification (age >70 y), bicuspid valve, rheumatic
heart dz

Presentation: Angina, syncope, CHF

Exam: Midsystolic, crescendo—decrescendo @ RUSB

Eval: Echo (transvalvular velocity, EF, AVA)

Acute tx: | Afterload; minimize | preload & negative inotropy; if
severe acute HF decompensation 2/2 critical AS, c/s cardiac
surg for consideration of urgent AVR

Pearl: Indications for AVR (if sx) include: V 5 24 M/S; Vo <4

m/s + EF<50% + AVA £1.0 cm2; or V5 <4 m/s + AVA <0.6
cm2 (NEJM 2014;372:744-756)

Causes: Rheumatic heart dz, bicuspid valve, endocarditis, HTN

Presentation: Acute or chronic CHF

Exam: Diastolic decrescendo murmur, wide pulse pressure

Eval: Echo: Severity of Al — width of regurgitant jet

Acute tx: | Afterload (nifedipine, ACEi); vasodilators *
dobutamine; if severe & unstable, c/s cardiac surg for
consideration of urgent AVR

Pearl: Limited data on mortality benefit of AVR; indications for
AVR mostly based on sx severity (NYHA 1II/1V) (NEJM
2004;351:1539-1546)

Causes: Rheumatic heart dz

Presentation: Pulmonary edema, AF, Emboli

Exam: Diastolic murmur, opening snap

Eval: ECG (LAE), Echo (valve area, pressure gradients)

Acute tx: Careful diuresis, BBs; however percutaneous balloon
valvuloplasty (PBV) & MVR have best outcomes

Pearl: Most have sx if MVA <1 cm2; MVR/PBV based on sx
(NYHA 1I/IV sx [+/- NYHA II]); PBV favorable c/w MVR, but
10-40% may have delayed re-stenosis & require repeat
(Lancet 2009;374:1271-1283)

Causes: MVP, endocarditis, rheumatic heart dz, ruptured
chordae, papillary muscle dysfxn

Presentation: Pulmonary edema

Exam: Blowing holosystolic murmur

Eval: ECG (LAE), Echo (width of regurgitant jet)

Acute tx: Vasodilators (ACEi), BB; however, MVR is only
intervention w/ proven outcome benefit (Lancet 2009;373:1382—
1394)




AORTIC DISSECTION

Overview

» Definition: Any extent of tearing of the aortic tunica intima that
enables blood to enter into & traverse the aortic wall b/w tunica
intima & tunica media layers

¢ |ntramural “false lumen” can obstruct nl flow in true aortic lumen,
including critical vascular branches (esp carotid, celiac, sup/inf
mesenteric, renal, & spinal arteries)

e Can also manifest w/ penetrating ulcer, pseudoaneurysm, &
traumatic rupture

» Classification of dissection impacts management & prognosis (see
table)

Prognosis for Aortic Dissection (/RAD, JAMA 2000;283:897)
Prognosis Prognosis
Stanford Anatomical Organs at w/ Medical w/ Surgical
Type % of Cases Distribution Risk Tx Tx
Type A 62% Ascending aorta +/-  Brain 58% 26%
descending Coronary
Art
Spinal cord
Abd/kidneys
Legs
Type B 38% Descending aorta Spinal cord 10.7% 31%
w/o ascending Abd/kidneys
Legs
Approach

» Immediate IV, ECG, pCXR, Analgesia, BP control (if HTN)

» Consult cardiothoracic surgery early, esp for type A dissection if
clinically suspected

» Attention to extent of dissection, size of T/F lumens, involvement of
branches, presence of periaortic/mediastinal hematoma or pleural
effusion

Risk Factors for Aortic Dissection (Circulation 2010;121:6266)



Mechanism Associated Disorders

1 Aortic wall stress Hypertension, cocaine/stimulant use, extreme valsalva (eg,
power lifting), blunt trauma/deceleration injury, aortic
coarctation, pheochromocytoma

Vulnerability of Ao wall Genetic disorders (Ehlers—Danlos, Marfan, Turner, Loeys—
Dietz, Noonan syndromes, congenital bicuspid valve, familial
dissection), inflammatory vasculitides (SLE, GCA, Behget’s),
infectious vasculitides (syphilis, TB)

latrogenic wall injury Cardiac/valve surgery, IABP use, aortic cannulation, cath
Other Male, >50 y/o, pregnancy, PCKD, chronic steroids,
immunosupp

History & Physical Exam

» Individual elements of hx in isolation notoriously insensitive &/or
nonspecific (see table)

» HX: Abrupt onset & often worst-ever CP (ascending), interscapular
back pain (descending), or neck pain; often maximal at onset,
ripping/tearing in quality, & can migrate; can be a/w syncope,
neurologic deficits

¢ Note that up to 10% of pts may not p/w pain
e As for RFs & consider in all blunt trauma pts w/ CP or back pain

» EX: Check for murmur, B/L UE BP asymmetry >20 mmHg (| Sens,
but ominous finding), pulse deficit (27% of pts), neurologic deficits
including Horner syndrome, abd pain +/— guaiac exam (+ result can
suggest bowel ischemia), flank pain

Aortic Dissection: Frequency of History, Exam, & CXR Findings
Component Overall (%) Type A (%) Type B (%)
Severe/worst-ever pain 90 90 90
Abrupt onset of pain 90 91 89

History Chest or back pain 85 85 86
Pain presenting w/i 6 h of sx — 79 —
Abdominal pain 30 22 43
Hypertension at presentation 49 36 69
Hypotension, shock, or tamponade 18 27 3




Exam Any focal neuro deficit 12 17 5

Any pulse deficit 27 31 21
Aortic regurgitation 32 44 12
CXR w/ widened mediastinum 60 63 56
CXR CXR w/ abnl aortic contour 48 47 49
CXR nl 16 11 21

IRAD, Circulation 2004;110(suppl1):237—242. Lancet 2008;372:55-66.

Aortic Dissection: Sensitivity of Components of History
Sens (95% ClI) Sens (95% Cl)

Hx of HTN 64% (54-72)  Hx of Marfan syndrome 5% (4-7)
Any pain 90% (85-94)  Back pain 32% (19-47)
Chest pain 67% (56—77)  Abdominal pain 23% (16-31)
Anterior chest pain 57% (48-66)  Syncope 9% (8-12)
Posterior chest pain 32% (24-40)

Severe pain 90% (88-92) Ripping/Tearing pain 39% (14-69)
Sudden-onset pain 84% (80-89)  Migrating pain 31% (12-55)

IRAD, JAMA 2002;287(17):2262.

Evaluation

» ECG: Assess for inf-STEMI (Type A dissection can involve RCA;
~4—8% of thoracic dissections will present w/ signs of STEMI), LVH
(e/o chronic HTN)

¢ In pts w/ inferior STEMI, consider Type A dissection always

» Labs: Type & Cross, CBC, Lytes, Cr (1 w/ renal ischemia), Troponin,
Lactate (1 w/ any ischemia, 11 suggests abd viscera ischemia),
PT/PTT

» CXR: may be nl in 20%; characteristic findings include wide
mediastinum, abnl aortic knob, L apical cap, trachea shift — R,
depressed L bronchus, L pl effusion

» Combined use of D-dimer & Aortic Detection (ADD) Risk Score:
Early data support combined use of ADD & D-dimer; ADD <1 & neg
D-dimer can r/o AoD (Sens 100%, NPV 100%); ADD 1 & neg D-



dimer also very high Sens (98.7%) & NPV (99.2%), & likely
improved further if CXR nl (60% of pts w/ AoD have wide
mediastinum) (see table)

e D-dimer not appropriate in pts w/ ADD 2-3, given | Sens & || Spec

» Bedside cardiac US: Limited data suggest high diagnostic utility
(Sens 88%, Spec 94%), esp in conjunction w/ ADD 0 (Sens 96%,
Spec 98%); positive study includes any of following findings: intimal
flap, intramural hematoma, ascending Ao dilatation, AV insuff,

pericardial effusion; operator-dependent (intern Emerg Med 2014;9(6):665—
670)

e May be most useful in low-risk pts w/ chronically elevated D-dimer
(eg, cancer, age)
» Definitive diagnostic modalities: TEE (Sens 98%, Spec 95%), CTA
(Sens 100%, Spec 98%), MRI (Sens 98%, Spec 98%) (Arch Intern Med
2006;166:1350—1356)

Aortic Dissection Detection (ADD) Risk Score
High Risk Exam

High Risk Conditions High Risk Pain Features Features

e Marfan syndrome e Chest, back, or abd e Evidence of perfusion
e FHx aortic dz pain described as: deficit (pulse deficit,

e Known AoV dz e Abrupt in onset SBP differential)

e Recent aortic manipulation e Severe in intensity e Focal neuro deficit in
e Known thoracic AA e Ripping or tearing conjunction w/ pain)

e Hypotension/shock

Test Characteristics of ADD & Combined Approach Using ADD + D-Dimer

No. ADD High Risk ADD ADD Combined w/ D-Dimer**
Categories Present Alone*

Sens (%) Sens (%) Spec (%) NPV (%) PPV (%)

0 (Low risk) 95.7* 100 30.4 100 8.3
1 (Int risk) 63.5 98.7 35.7 99.2 25.6
2-3 (High risk) 40.8 97.5 37.1 95.8 50.3

“Note that half (48.6%) of low-risk pts with AoD in derivation data had widened mediastinum
on CXR. Circulation 2011;123:2213-18.

“Int J Cardiol 2014;175:78-82.




Diagnostic Characteristics of Advanced Imaging for AD (Arch Intern Med 2006;166:1350)
Imaging Study Sensitivity Specificity +LR -LR
TEE 98% (95-99%)  95% (92-97%) 14.1 (6-33) 0.04 (0.02-0.08)
CTA 100% (96— 98% (87-99%) 14 (4.2-46) 0.02 (0.01-0.11)
100%)
MRI 98% (95-99%)  98% (95-100) 24 (11-57) 0.05 (0.03-0.10)

Treatment (Lancet 2008;372:55-66)

» In general, surgical tx preferred for Type A, medical tx for Type B
» Tx revolves around close BP & HR control; Goal HR 60-80, SBP
100-120
o First-line: IV BB gtt preferred to bolus (esmolol, labetalol)
e Second-line (Cl to BB, need for further control): IV CCB gtt (eq,
nicardipine, diltiazem)
o |f refractory HTN/tachy: Vasodilator (nitroprusside)
¢ A-line for close monitoring (pref RUE or farthest from false lumen)
» Analgesia: Short-acting narcotics preferred in case of hemodynamic
changes
» Urgent surgical consultation should be obtained (cardiac surgery for
Type A, vascular surgery for Type B) for all pts diagnosed w/
thoracic aortic dissection regardless of the location as soon as the
Dx is made or suspected
e Type A: Evaluate for emergent surgical repair (1-2% mortality/h in
1st 24 h)
e Type B: Manage medically w/ consideration for endovascular repair
(esp if e/o malperfusion, enlarging aneurysm, inability to control
BP/sx)

Disposition
» All patients w/ acute aortic dissection are admitted to ICU (+/- via
OR)

THORACIC AORTIC ANEURYSM

Overview




» NI aortic diameter 1 w/ age, sex (M > F), body surface area, imaging
modality

» Thoracic Aortic Aneurysm: Permanent localized of aortic wall
dilatation involving all 3 layers (tunica intima, tunica media, tunica
externa) & reaching 1.5 x nl aortic diameter; dilatation b/w >1 & <1.5
x nl dilatation referred to as ectatic.

» Thoracic Aortic Pseudoaneurysm: See TAA, but involves <3
aortic wall layers

» Can occur at the aortic root (annular aortic ectasia) &/or ascending
aorta (50%), descending aorta (40%), aortic arch (10%), or
thoracoabdominal aorta (10%)

o Up to ~25% of pts w/ TAA may also have an AAA

» Most TAAs are caused by degenerative dz resulting in dilation of the
aorta

» RFs: See section on Aortic Dissection (see above)

» Complications vary based on diameter; average rate of expansion
0.10-0.42 cmly

Yearly Complication Rates as a Function of Aortic Size (Ann Thorac Surg 2002;74:51877)
Aortic Size >3.5 cm (%) >4 cm (%) >5 cm (%) >6 cm (%)
Rupture 0 0.3 1.7 3.6
Dissection 2.2 1.5 2.5 3.7
Death 5.9 4.6 4.8 10.8
Any of above 7.2 5.3 6.5 14.1

History, Physical Exam, & Evaluation

» HX: Often discovered incidentally on imaging; sx can vary widely:

e Compressive sx: Hoarseness (compression of recurrent laryngeal
nerve), stridor (compression of trachea/bronchi), dyspnea (lung
compression), dysphagia (esophageal compression),
plethora/edema (SVC compression)

e Heart failure sx: May occur 2/2 aortic regurgitation

e Embolization of atherosclerotic debris w/ end-organ sxs may occur

e May lead to dissection (see Aortic Dissection section) or rupture

» EX: May have nl exam,; see Aortic Dissection section exam above

» Imaging: CTA (Good Sens, quick, noninvasive); MRI (best for Ao



Root); TTE (limited for eval of Ao Root or descending TA); TEE
(Better than TTE for Ao Root & descending TA)

Treatment

» Risk factor modification: Lipid profile optimization, smoking
cessation, BP control (BB, ACEi), avoid intense exercise or valsalva
» Urgent open vs. endovascular repair as indicated (see table)

Indications for Urgent Cardiac Surgical Consultation (Circulation 2010;121:6266)

e Asymptomatic pts w/ degenerative TAAs, chronic aortic dissection, intramural
hematoma, penetrating atherosclerotic ulcer, mycotic aneurysm, or pseudoaneurysm
for whom the ascending aorta or aortic sinus diameter is 25.5 cm

e Pts w/ Marfan syndrome or other genetically mediated disorders (see above) for whom
the ascending aorta or aortic sinus diameter is 4—5 cm

e Pts who have a growth rate of more than 0.5 cm/y in an aorta that is <5.5 cm

e Pts w/ sxs suggestive of expansion of TAA

Disposition

» Admit: Patients meeting indications for urgent repair, symptomatic
patients

» Discharge (w/ vascular/cardiac surgery f/u): Pts w/ large but asx (ie,
incidental) TAA

» Discharge (w/ PCP f/u for surgery referral): Pts w/ small & asx (ie,
incidental) TAA

» All discharged pts: DC w/ RF modification (eg, improved BP control)
& serial monitoring

ACUTE PERICARDITIS

Definition (NEJM 2014;371(25):2410-2416)

» Acute inflammatory dz of the pericardium due to a variety of causes:
¢ |diopathic (80% in developed nations)—Presumed post-viral
Infectious (TB, fungal, less likely staph/strep)

Post-MI (Dressler’s)

Systemic dz (cancer, connective tissue d/o, myxedema, uremia)

Trauma or treatment (postsurgical, XRT, posttraumatic)

» Dx requires the absence of more likely cause of CP (eg, ACS, etc.)




& =2 of the following:

1. Characteristic CP (see below)
2. Pericardial friction rub (high pitched, scratch sound heard best at
left sternal border)

3. Suggestive ECG findings (see below)

4. New or worsening pericardial effusion

» Can be relapsing in 10—-30%: Incessant (d/c of tx or attempts to
wean cause relapse in <6 wk) or intermittent (symptom-free intervals
>6 wk, but recurs)

» Can be a/w pericardial effusion w/ or w/o tamponade, or can be
constrictive

History & Physical Exam

» HX: Characteristic CP—Sudden onset, retrosternal, pleuritic,
positional (better w/ leaning forward or upright); pain can radiate to
neck, arms, shoulders similar to ACS

e Ask about recent viral iliness

e May have low-grade fever, SOB, dysphagia

» EX: Friction rub (high pitched, scratch sound heard best at LLSB
apex), T HR, 1 RR, nl BP

Evaluation

» ECG: findings occur in 4 stages (see table), generally characterized
by diffuse STE & PR depressions, though subtle PR depressions
may be only sign

e Assess for electrical alternans (suggests pericardial tamponade,
see next section)

Stages of ECG Changes in Pericarditis

Stage 1 Acute ST 11, V5, V6; reciprocal STD aVR & V1 PR
L I, aVF, V4-V6; PR 1 Avr

Stage 2 Early resolution Normalization of ST & PR segments
Stage 3 Late resolution TWI I, V5, V6 which can be widespread
Stage 4 Complete resolution Normalization of ECG

» Labs: CBC, BUN/Cr (r/o uremia), LFTs, ESR/CRP (1 CRP in 75%),
cardiac enzymes (as much as 1/3 cases a/w myocarditis) (NEum



2014;371(25):2410-2416)
e Further testing unnecessary unless WBC >13 k, T >38.5 F, or
comorbidities or hx suggests specific underlying cause; PRN TSH,
serologies (infxn, inflam)
» CXR: r/o other dx; can see cardiomegaly if >250 cc pericardial
effusion
» Bedside echo: Assess for (1) pericardial effusion, (2) tamponade
physiology (late diastolic collapse of RA, persistence of RA collapse
>1/3 cardiac cycle, early diastolic collapse of RV, collapse of LA,
dilated IVC w/ <50% respiratory collapse)
» Although not routinely indicated, CT & MRI can help make dx
(pericardial thickening)

Treatment

» Pharmacologic tx is mainstay:

e NSAIDs: Ibuprofen (600-800 mg q6h—q8h), Indomethacin (25-50
mg q8h), aspirin (2—4 g qd in divided doses) x 1-2 wk; Give w/ PPI
for gastric protection
o ASA preferred among NSAIDs in early post-Ml period

e Colchicine (0.5 mg QD if <70 kg; 0.5 mg BID if >70 kg): Used in
conjunction w/ NSAIDs; c/w placebo, | risk of recurrence &
persistent sx at 72 h by 50% (NEJM 2013;369:1522—1528)

e Use cautiously w/ CKD, hepatobiliary dz, bleeding dyscrasias, Gl
motility d/o
¢ In conjunction w/ NSAIDs, usually improves sx w/i 1-3d
o Steroids (prednisone 1 mg/kg/d w/ slow taper after 2—4 wk): First-
line for autoimmune or uremic etiologies, or those who fail NSAID
or colchicine therapy; may 1 risk of recurrence (COPE, Circulation
2005;112:2012).
e Optimal duration of tx unclear: 3 mo course recommended (NEJM
2013;369:1522-1528)
» Tx underlying condition PRN (abx, dialysis, chemo, etc.)
» Pericardiocentesis indicated for purulent (postsurgical, TB, etc.) or
neoplastic pericarditis
» Cardiology consult: If tamponade/echo is being considered
» CT surgery consult: Recent cardiac surgery or if pericardial window
needed



Disposition
» 85% of pts can be discharged home
» Admit anyone w/ HD abnlty, myocarditis, uremia, large effusion

CARDIAC TAMPONADE

Overview

» Definition: A life-threatening state in which intrapericardial pressure
(2/2 fluid, blood, pus) > RVEDP — | LV preload — | LVEDP —
equilibration of L & R heart pressures — | CO

» Tamponade more related to rate of fluid accumulation than volume
of fluid

» Can be caused by blood (Type A AoD, post-MI free wall rupture,
postsurgical, trauma), pus (TB, postsurgical), or fluid (myxedema,
uremia, malignancy, SLE, XRT)

History & Physical Exam

» HX: If atraumatic, can p/w progressive SOB/DOE, orthopnea, PND,
CP, LH, AMS, weakness; Traumatic usually w/ gross penetrating
wound or blunt aortic injury

» EX: 1 HR, 1 RR, Beck’s triad (| BP, distended neck veins, muffled
heart sounds), narrow pulse pressure, pulsus paradoxus (see below)

Performing Pulsus Paradoxus Test: Assessing the Reversed Bernheim Effect

e Using a sphygmomanometer, inflate the cuff to 20 mmHg above systolic pressure, then
deflate until the 1st Korotkoff sound is heard, which you should only hear during
expiration. Record this number. Next, deflate the cuff until Korotkoff sounds are heard
equally during both inspiration & expiration. Subtract this number from the 1st.

o If the difference b/w these 2 numbers is >10 mmHg, the pt has a pulsus paradoxus of a
magnitude equal to that difference

e DDx: Cardiac tamponade, severe asthma/COPD, PE, constrictive pericarditis

Evaluation

» ECG: Low voltage, electrical alternans, tsigns of pericarditis

» CXR: Globular heart, but may be nl if rapid accumulation (eg,
trauma)

» Bedside Echo: Can confirm dx; effusion (can be variable size) w/



septal shift, late diastolic collapse of RA, persistence of RA collapse
>1/3 cardiac cycle, early diastolic collapse of RV, collapse of LA,
dilated IVC w/ <50% respiratory collapse

» Pericardial fluid: If atraumatic, consider sending fluid culture & Gram
stain, BUN, Cr, ANA, RF, malignancy screen/cytology

Treatment

» IVF Bolus: Preload dependent state; 1 preload to RV causes 1
RVEDP > intrapericardial pressure — 1 LV preload — 1 CO

e Preload is purely temporizing to pericardiocentesis; ultimately, w/
excess preload pts will develop pulm edema & hypoxia; any need
for PPV must be avoided at all costs given profound effect on |
preload

¢ Pericardiocentesis: cardiac tamponade w/ HD compromise requires
urgent drainage (bedside if unstable; preferred in OR if time)

Disposition

» Admit all patients w/ cardiac tamponade. If drained effectively &
stable, can be admx to tele floor (ie, cardiology). If admitted while
awaiting drainage, ICU.

MYOCARDITIS

Overview

» Definition: Acute lymphocytic inflammatory dz of the myocardium of
varying severity ranging from subclinical dz to fulminant systolic
failure & death

» Frequently a/w viral infections (coxsackie, enterovirus, adenovirus),
Chagas dz, toxins/meds (cocaine, lithium, doxorubicin), SLE,
scleroderma

History & Physical Exam

» HX: Dyspnea (72%), CP (32%), arrhythmias (18%); May have
systemic sxs including fever, arthralgia, malaise; Can present similar
to HFrEF

» EX: Ranges from subtle signs of systolic dysfxn (crackles, LE
edema) to fulminant respiratory failure (JVD, tachypnea, dec BS, LE



edema), arrhythmia, or cardiac arrest

Evaluation

» ECG: Sinus tach, STE/STD/NSSTW As, VT/VF, heart block, As of
pericarditis (see above)

» CXR: 1 cardiac size

» Labs: Cardiac enzymes (Troponin > CKMB; 34% Sens, 89% Spec; 1
Sens w/1 extent of dz), BNP, CBC w/diff (can see eosinophilia), 1
ESR/CRP (NEJM 2009;360:1526-1538)

» Cardiac MRI: Useful for establishing definitive dx &/or planning bx

Treatment
» Largely supportive; treat CHF, cardiogenic shock, or arrhythmias

SYNCOPE

Overview

» Definition (syncope): Loss of consciousness & postural tone arising
from an abrupt drop in cerebral perfusion w/ spontaneous recovery.

» Definition (pre-syncope, near-syncope): As above, but sxs resolve
before complete LOC or loss of tone; may experience AMS &
weakness before return to nl

» Objective in ED is to distinguish from other causes of sudden LOC,
& differentiate benign etiologies from those requiring further eval or
tx (see table)

Common or Concerning Causes of Syncope
Primary Cardiac Etiologies

Tachydysrhythmia Mechanism: 1 HR (eg, VT, AF, AT, SVT, WPW), | LVEDV, |
CO; HX: May be unheralded or prodrome of LH, CP, palp,
diaphoresis, nausea, SOB; DX: ECG, Tele, o/p cardiac
monitor; TX: rhythm-specific; DISPO: Admx

Bradydysrhythmia Mechanism: | HR (eg, SSS, BB, CCB, Heart block esp 3°), |
CO; HX: May be unheralded or prodrome of LH, CP,
weakness, diaphoresis, nausea, SOB; DX: ECG, Tele, o/p
cardiac monitor; TX: rhythm-specific; DISPO: Admx, may
need PPM




Valvular Heart dz Mechanism: | Preload w/ fixed severe AS, | CO; HX: May be

(usually AoS) unheralded, often a/w position (standing), dehydration,
dysrhythmia (| CO), can have chronic DOE/known AoS; DX:
Murmur, echo; TX: Optimize preload, AVR; DISPO: Admx
(see Valvular Ht Dz table)

HFrEF Mechanism: | EF (esp if 1 neg inotropic med); HX: Weakness,

(eg, post-Ml) DOE, PND/orthopnea, recent Ml or hx HF, med As; DX:
Echo; TX: HF optimization (| afterload, | preload if not
hypovolemic, +/- 1 inotropy); DISPO: Admx for med
optimization. (see CHF section)

HOCM Mechanism: 1t HR, | EDV, || SV 2/2 outflow obstruction (can
also 1 risk of VT/VF); HX: Often a/w exercise (1 HR), missed
meds (1 HR), or dehydration (| preload); DX: Echo; TX: BB,
CCB, 1 Preload; DISPO: Admx, may need AICD (see
Cardiomyopathy table)

Tamponade Mechanism: 1 intrapericardial pressures > RV filling pressure,
| L-sided filling pressures, | CO; HX: Progressive weakness,
SOB, DOE, orthopnea, PND, +/- CP; DX: Echo; TX: 1
preload, pericardiocentesis; DISPO: Admx (see Tamponade
section)

Primary Vascular Etiologies

Pulm Embolism Mechanism: 1 PA obstruction, | L-sided preload, | CO; HX:
May be unheralded, or sudden SOB, CP, sense of doom;
DX: Risk stratify, then: D-dimer or CTA or V/Q; TX: Lysis vs.
anticoagulation; DISPO: Admx (if cause of syncope) (see PE
section)

Pulm HTN Mechanism: | LV preload 2/2 any 1 PVR; HX: Often a/w
exertion, PMH of IPH, CTD, MS/MR, COPD; DX: ECG (RAE,
RBBB, RVH), CXR (enlarged pulm vasc, RA, RV), BNP, echo
(1 RSVP, PR/TR), cardiology c/s * right-heart cath; TX: O2 (|
hypoxic vasoconstriction), diuresis, 1 inotropy (digoxin,
dobutamine), +/- inh NO if decomp, prostacyclins, PDES inh,
discuss w/ cardiology; DISPO: Admx

AoD (Type A>B) Mechanism: False lumen | carotid inflow, OR tamponade
present; HX: Sudden CP, back pain; DX: Echo, CTA; TX:
Emergent cardiac surgery (Type A); DISPO: Admx (see
Aortic Dissection section)

TAA/AAA Mechanism: Sudden expansion, contained leak, or rupture of
AA; HX: Sudden but not always severe CP, back pain, flank
pain, abd pain; DX: Abd U/S (AAA), CTA; TX: Optimize
BP/HR, Emergent vasc surgery c/s; DISPO: Admx (see TAA
section)




Subclavian (SCA) steal
syndrome

Carotid stenosis

Vertebrobasilar
insufficiency

Vasovagal

Carotid sinus
hypersensitivity

Orthostatic hypotension

Autonomic dysfxn

Mechanism: Sudden | SBP or 1 SCA (eg, UE movement)
overlying chronic prox SCA stenosis — retrograde vert artery
flow ipsilaterally, | postcirculation perfusion; HX: Can be a/w
movements of affected UE, dehydration, med As, sometimes
also w/ vertigo; DX: B/L SBP A >45 mmHg, Asymmetric
pulses, CXR (1st rib), Duplex U/S, CTA, MRA; TX: Open or
endovascular surgery; DISPO: Vascular c/s, Admx

Mechanism: | SBP (any cause) w/ chronic o/w asx carotid
stenosis can | cerebrovascular perfusion (if impaired
autoreg), | CPP & syncope; HX: May be unheralded, often
a/w position (standing), dehydration, dysrhythmia (| CO); DX:
Duplex U/S; TX: Optimize BP, HR, +/- o/p CEA; DISPO:
Admx

Mechanism: | SBP (any cause) w/ chronic VB stenosis (eg,
CAD) can | cerebrovascular perfusion (if impaired autoreg), |
CPP & syncope; HX: May be unheralded, often a/w position
(standing), dehydration, dysrhythmia (| CO), a/w
dizziness/vertigo, dysarthria, ataxia, vision chg; DX: CTA,
MRA, Neuro c/s; TX: Med mgmt of atherosclerosis, rarely
surgery; ADMX: Admx

Non-Cardiovascular Etiologies

Mechanism: 1 vagal tone a/w emotional or physiologic
stressor; HX: Common emotional precipitants inc sight of
blood, sudden emotional shock; physiologic stressors inc
fatigue, long standing, warmth, n/v, coughing, swallowing,
micturition, defecation; DX: Clinical dx, | HR (sinus brady) &
BP during event; TX: None needed; DISPO: Home

Mechanism: 1 vagal tone after mechanical pressure on carotid
sinus; HX: often after shaving, head turning; TX: None
indicated; DX: Clinical; DISPO: Home

Mechanism: | vascular compliance — | SBP w/ position chgs;
HX: Often elderly (stiff vessels), can be a/w Gl bleed, ectopic
preg; DX: CBC, imaging if c/f underlying condition, orthostatic
VS | Sens (sx w/ standing may be more helpful & Sens than
VS); TX: IVF, +/- blood if e/o ongoing losses; DISPO: Varies
depending on if underlying condition identified; if none found
& pt stable gait, can dc home w/ FU

Mechanism: Impaired fxn of autonomic nervous system; HX:
May be a/w dysfxn of other autonomic fxns (Gl, bladder,
sweating), may have hx of DM, EtOH, HIV, SLE, Neuro dz;
check med As; often hx of similar episodes in the past; DX:
Tilt table testing, c/s neurology TX: Tx underlying condition,
salt tabs, +/- midodrine (discuss w/ cardiology & neurology);




DISPO: Admx; can d/c w/ close o/p f/u if low-risk pt & low-
frequency events

Medications Common medications (new or 1 dose) a/w syncope:
vasodilators (a-blockers, nitrates, ACEI/ARB, CCB,
hydralazine, phenothiazines, antidepressants), diuretics,
negative chronotropes (BB, CCB), antiarrhythmics (class IA,
IC, lll), psychoactive meds (antipsych, TCAs, barbs, benzos),
substances (EtOH)

Syncope mimics Seizure,” TIA/stroke,* ICH,* migraine*

"Can mimic syncope, but not considered true syncopal events. (modified from: NEJM
2002;347:878; JACC 2006;47:473)

History & Physical Exam

» HPI: Always ask about preceding activity (inc. posture), precipitants,
prodromal sxs (weakness, LH, diaphoresis, visual chgs), duration
(<5 s suggests cardiac; >5 s suggests vasovagal), assoc sx (CP,
palp, focal neuro deficits, HA, abd pain, nausea)

o Differentiate from seizure: C/w seizure, syncope typically more
abrupt, shorter duration, quicker return to nl (seconds—minutes), no
tongue biting or incontinence, lack of rigidity; note syncope
commonly can occur w/ slow & irregular myoclonic jerking mistaken
as seizure/convulsive activity.

» ROS, PMH (cardiac dz), meds, & FHx (sudden cardiac death) are

very important

e High-risk hx: Older age, structural heart dz, h/o CAD

» Lower-risk hx: Young, healthy, nonexertional, no hx or e/o cardiac
dz, no FHx SCD

» EX: Guided by hx; evaluate neuro exam (inc stability w/
standing/gait), murmurs, carotid bruits, abd exam +/- guaiac

Evaluation

» ECG in all pts: Evaluate for stigmata of malignant dysrhythmia
(HOCM, ARVD, Brugada syndrome, prolonged QTc, pre-excitation
syndrome, coronary artery abnormalities)

Characteristic ECG Findings in Patients with Selected Cardiac Causes of Syncope

Cardiac Dz ECG Findings



Brugada syndrome e Type I: Coved ST-segment elevation 22 mm followed by a
(Circulation 2005;111:659) negative T wave in >1 R precordial lead (V1-V3)
e Type Ill: STE w/ saddle-back appearance w/ a high takeoff
STE 22 mm, a trough displaying STE 21 mm, & then either
a + or biphasic T wave
e Type llI: Either saddleback or coved appearance w/ STE <1
mm
e Other: Prolonged QT, P wave, PR interval, QRS

HOCM e Characteristic findings of LVH (see ECG section)
(Am J Emerg Med 2007:25:72) e Deep narrow Q waves in inferior (ll, I, aVF) & lateral (I aVL,
V5, V6) leads in pts w/ septal hypertrophy
e Deep inverted T waves in mid & lateral precordial leads in
pts w/ isolated apical hypertrophy

ArrhythmogenicR e Epsilon waves (small amplitude deflections at transition of
ventricular dysplasia QRS & ST segment) in R precordial leads
(Am J Med 2004,117:685) e Prolonged QRS complex to >110 ms in V1-V3 w/o RBBB

e |nverted T waves n V1-V3 in absence of RBBB
e Reduced R-wave amplitude

Long QT syndrome e Prolongation of QT interval, usually >500 ms
(Circulation 1995;92:2929; e LQT1 has a broad T wave, LQT2 has small &/or notched T
Circulation 2000;102:2849) wave, LQT3 has unusually long onset T wave

Pre-excitation syndrome e Short PR interval

(WPW) e Slurred upstroke of QRS complex (delta wave)
(Am Heart J 1930;6:685) e Increased QRS duration

» Labs & imaging: All guided by history/exam & specific dx’s being
considered; consider CBC, electrolytes (+/- Hcg) in most pts;
however, obvious vasovagal syncope in a young o/w healthy male
may not require any labs at all

e Consider cardiac markers, UA, stool guaiac, head CT in elderly

» Any pt w/ ICD who has syncope should have their ICD interrogated
by an appropriate specialist given the high likelihood of malignant
dysrhythmia in such pts, which was likely the initial indication for ICD
placement prophylactically.

Disposition (Ann Emerg Med 1997;29:4)

» Home if low-risk cardiac features: (1) Age <45, (2) nl ECG, (3) nl
exam. Consider outpatient f/u.

» Admit if high-risk cardiac features: (1) Age (unknown age threshold,
but continuous variable), (2) h/o cardiac dz (esp e/o heart failure or
structural heart dz), (3) one or more Criteria of San Francisco



Syncope rule

» Other if diagnosed or suspected life-threatening diseases (eg, Ml,
aortic dissection, Gl bleed), acute neurologic abnlty (eg, stroke, sz),
+ for congenital heart dz, FHx sudden death, exertional syncope in
pt w/o obvious cause

Decision Rules in Evaluation of Syncope

» Note at present no single clinical decision rule should outweigh
clinical judgment

San Francisco Syncope Rule
Clinical Features (“CHESS”)
CHF (past or present) SBP <90 mmHg initially
Hct <30% SOB

ECG abnl (new change or
nonsinus)

Using SFSR to Guide Disposition Decisions

o [f any of above features present, admit patient.

e Predicts risk of serious outcome (mortality, MI, arrhythmia, PE, CVA, SAH, significant
hemorrhage, return to ED) w/i 7 d; Sens 86% (Cl 83—89%), spec 49% (Cl 48—41%) (Ann
Emerg Med 2010;56(4):362)

e If none of above features present, consider d/c. Note that at publication of this book,
pooled studies on SFSR have revealed a considerable population of pts w/ serious
outcomes that do not have any of the five SFSR clinical features; however, all of these
patients were admitted for other reasons. Combination of clinical gestalt & SFSR may
have higher Sens & NPV than SFSR alone.

e Note: most robust syncope rule in terms of external validation

Ann Emerg Med 2004;4:224; 2006;47:448; 2007;49:420; 2008;427:e1; CMAJ
2011;183(15):E1116

OESIL Score (Osservatorio Epidemiologico sulla Sincope nel Lazio)

Clinical Features Points
Age >65y 1
Syncope w/o prodrome 1
H/o Cardiovascular dz: Clinical or lab dx of any form of structural heart dz 1

(ischemic, valvular, 1° myocardial dz, CHF, PAD, TIA/CVA)
Abnl ECG: Abnl rhythm (AF/AFL, SVT, MAT, frequent or repetitive PATs/PVCs, 1




0 0

1 0.8
2 19.6
3 34.7
4 57.1

sustained or nonsustained VT, paced rhythms), AV or interventricular
conduction d/o (CHB, Mobitz | or Il AVB, BBB, IVCD), LVH, RVH, left-axis
deviation, definitive or possible e/o prior Ml

Prognostication Based on OESIL Score

All-Cause Mortality w/i  Notes:
Points 12 mo of ED Visit (%) e Sens 95% (Cl 88-98%), spec 31% (Cl 29-34%)

(Ann Emerg Med 2010;56(4):362)

e Best at long-term outcomes, poor w/ short term

e Not rigorously externally validated compared to
other syncope scores; derived & validated in Italian
community ED settings.

Eur Heart J. 2003;24(9):811-819.

Ischemic symptoms

Signs of conduction dz

H/o underlying cardiac dz

Family Hx (1st degree)

Persistent (>15 min) abnl
V'S w/o need for
intervention

Volume depletion

1° CNS event

Boston Syncope Criteria for Predicting Adverse Event or Critical Interventions

Clinical Features

CP of possible cardiac origin, Ischemic ECG chgs (STE or >0.1
mV STD), Other ECG chgs (VT/VF, SVT, rapid AF, or new
STTW changes), SOB

Multiple syncopal episodes w/i last 6 mo, rapid HR by hx,
syncope during exercise, QT >500 ms, 2° or 3° AVB or
intraventricular block

H/o CAD (inc deep Q waves, hCMP, dCMP), CHF or LV dysfxn,
VT/VF, PPM/AICD

Sudden death, HOCM, Brugada, or long QT synd
RR >24, O, <90% RA, HR <50 or 100 bpm, SBP <90 mmHg

GIB by hx or hemoccult, Hct <30%, Dehydration not corrected
in ED by treating EP discretion

(eg, SAH, CVATIA)

e Predicts critical intervention (PM/ICD placement, PCI, surgery, blood transfusion, CPR,
alteration in antidysrhythmic therapy, endoscopy w/ intervention, or correction of carotid
artery stenosis) or an adverse outcome (death, PE, CVA, severe infection/sepsis,
ventricular/atrial dysrhythmia, ICH, hemorrhage, AMI, cardiac arrest, or other life-
threatening sequelae) w/i 30 d

e Authors recommend admission for any + finding




e Diagnostic utility of any + finding: Sens 97% (Cl 93-100%), spec 62% (Cl 56—-69%)
e Has not been externally validated

J Emerg Med 2007;33:233

HYPERTENSION AND HYPERTENSIVE

EMERGENCIES

Approach

» Must differentiate chronic elevations in BP from an acute elevation

» Must differentiate transient elevations (ie, from anxiety or pain) from
other causes

» Search for life-threatening causes of elevations in BP, including e/o
end-organ damage (see HTN emergency)

Differential for Hypertension
Pathophysiology Differential

Other Anxiety, pain, medications (cocaine, steroids, NSAIDs),
rebound HTN (clonidine, BBs), EtOH withdrawal,
preeclampsia—eclampsia, ICH, CVA

Cardiovascular Essential HTN, ADHF, aortic dissection, coarctation of aorta,
polycythemia vera

Renal CREF, renal artery stenosis, glomerulonephritis, fiboromuscular
dysplasia
Endocrine Cushing, pheochromocytoma

Definition (VAMA 2003;289:2560)

» HTN: SBP 2140 or DBP =90

» HTN urgency: SBP =180 or DBP =110 w/ no acute organ damage;
this term is also referred to as “hypertensive crisis” & has largely
fallen out of favor

» HTN emergency: Elevated BP w/ acute organ damage (cardiac,
CNS, renal)

History
» H/o CAD, CHF, TIA, stroke, peripheral a. dz, renal insufficiency,



meds (sympathomimetics, cocaine, amphetamines), med
noncompliance

Evaluation

Check BP in both arms, check cuff/cuff size

In ED pts w/ asymptomatic markedly elevated BP, routine screening
for acute target organ injury (ie, serum Cr, US, ECG) is not required
In select pt populations (ie, those w/ poor f/u), screening for an
elevated Cr level may identify kidney injury that affects disposition

Treatment

Goal BP <140/90 mmHg; if DM or renal dz goal is <130/80 mmHg
Tx HTN results in 50% | CHF, 40% | stroke, 20-25% | MI (Lancet
2000;356:1955)
In pts w/ asymptomatic markedly elevated BP (ie, 2180/2110),
routine ED medical intervention is not required
In selected pt populations (ie, those w/ poor f/u), EPs may treat
markedly elevated BP in the ED &/or initiate therapy for long-term
control
For initiation of long-term therapy, it may be reasonable to start a
thiazide-type diuretic for most pts, but may consider ACEI, ARB,
BB, CCB, or combination (Hypertension 2003:42:1206)
In this situation, consider HCTZ 12.5-50 mg QD or Chlorthalidone
12.5-25 mg QD. Chlorthalidone may be superior to HCTZ (MRFIT,
Circulation 1990;82(5):1616; SHEP, JAMA 1991;265;265(24):3255; ALLHAT, vAMA
2002;288(23):2981)

Dz Drug Choice Dose
Cardiac ischemia Metoprolol 2.5-10 mg IV
NTG 10-200 mcg/min IV
CHF NTG 10-200 mcg/min IV
ICH, HTN Nitroprusside 0.3-10 mcg/kg/min IV
encephalopathy Labetalol 10 mg IV, up to 300 mg
Aortic dissection Esmolol + Esmolol: Bolus 0.25-0.5 mg/kg over 1-2
nitroprusside, or min, then 10—-200 mcg/kg/min gtt; see

Antihypertensive Medications for Specific Causes

labetalol alone above for nitroprusside & labetalol




Renal artery stenosis ACEI or ARBs Captopril 25 mg PO BID, Losartan 50 mg
PO QD
Pheochromocytoma Phenoxybenzamine 10 mg PO BID
Phentolamine 5 mg IV during HTN crisis
Preeclampsia—eclampsia Magnesium 1—4 g IV over 2—4 min
Hydralazine 10 mg IV
Disposition
» Asymptomatic pts may be d/c home w/ PCP f/u
Pearls

» HTN in the ED is often a/w anxiety/pain. Always re\ BP once pt is
calm & pain free

» Tx of pts w/ asymptomatic HTN in the ED is not necessary if
outpatient f/u is available

» In neonates, suspect renovascular dz, coarctation of the aorta, or
kidney malformation

Hypertensive Emergency
Approach

» Look for e/o acute end-organ damage

» Neurologic: Encephalopathy, hemorrhagic or ischemic stroke,
papilledema

» Cardiac: ACS, CHF, aortic dissection

» Renal: ARF

» Other: Preeclampsia—eclampsia

History

» Look for precipitants: Progression of essential HTN, medication
noncompliance, rebound HTN (clonidine), worsening renal dz,
pheochromocytoma, Cushing drug use (cocaine, amphetamines,
MAOIs + tyramine), cerebral injury

» CP, dyspnea, HA, blurry vision, confusion, oliguria, hematuria

Findings

» Assess MS, e/o papilledema, visual acuity

Evaluation

» BUN/Cr, Iytes, CBC, UA, ECG (e/o LVH), CXR, cardiac enzymes (if
ischemia suspected), head CT (if ICH suspected)



Treatment

» | MAP by 25% w/i 1-2 h using IV meds, then f/u w/ PO version

» Avoid tx HTN during acute stroke unless pt is getting lysed, has
extreme HTN (>220/110), aortic dissection, active ischemia, or CHF
(Stroke 2003;34:1056)

» Treat by underlying cause as noted above

Disposition
» True hypertensive emergencies require ICU admission for BP
monitoring
Guideline: Wolf SJ, Lo B, Shi RD, et al. Clinical policy: Critical issues
in the eval and management of adult patients in the emergency

department w/ asymptomatic elevated blood pressure. Ann Emerg
Med 2013;62:59-68.

HYPOTENSION AND SHOCK

Approach

» ABCs: Always address airway/breathing prior to circulation
» Differentiate hypotension from shock

Definition
» Hypotension: BP below pt’s baseline, often defined as SBP <90
mmHg
» Shock: Insufficient perfusion pressures for organs’ metabolic needs
Differential for Hypotension
Pathophysiology Differential
Shock | intravascular Hypovolemic shock
volume
| CO Cardiogenic shock
PE
Obstructive shock Cardiac tamponade
Tension PTX
Peripheral Septic shock, anaphylactic shock,




vasodilation (ie, neurogenic shock
distributive)

Hypotension* Adrenal insufficiency, medications (eg, nitrates, narcotics,
antihypertensives), orthostatic hypotension, neurocardiogenic
syncope, pregnancy, hypoglycemia, pseudohypotension (ie,
inaccurate measurement, faulty BP cuff)

“Some causes of hypotension can lead to shock.

History
» AMS, CP, SOB

Findings
» | BP, 1 HR, hypoxia, 1 RR, UOP <1 mL/kg/h

Evaluation

» CBC, Chem 7, PT/PTT, cardiac markers, LFTs, blood gas, lactate,
T/S, stool guaiac, ECG e/o ischemia

» POC ultrasonography: RUSH (Rapid Ultrasound in Shock, Emerg Med
Clin N Am 2010;28:29) protocol incorporates a 3-part bedside physiologic
assessment simplified as:

o the pump (POC cardiac US to assess for pericardial effusion,
global LV contractility, relative size of LV to RV)

e the tank (POC IVC US to assess respiratory dynamics of IVC &
volume status, as well as lung, pl & abdominal US to assess for
pathology that could alter vascular volume; ie, PTX, pl effusion, free
intra-abdominal fluid)

o the pipes (POC thoracic & abdominal aortic US to assess for
AD/AAA & LE compression US to assess for DVT)

RUSH Protocol: US Findings of Classic Shock States (Emerg Med Clin N Am 2010;28:29)
RUSH Hypovolemic Cardiogenic Obstructive Distributive
Evaluation Shock Shock Shock Shock
Pump Hypercontractile Hypocontractile Hypercontractile Hypercontractile

heart heart heart heart (early)
Small chambers Dilated heart Pericardial eff Hypocontractile
Cardiac heart (late)
tampon
RV strain
Cardiac thromb




Tank Flat IVC Distended IVC Distended IVC nl or small IVC
Flat IJ Distended 1J Distended 1J Peritoneal fluid
Peritoneal fluid Lung rockets No lung sliding PI fluid
PI fluid Pl fluid (PTX)

Peritoneal fluid

Pipes AAA nl DVT nl

AD
Treatment

» Priority should be to obtain adequate |V access. If peripheral large-
bore IVs cannot be placed in timely manner, consider |O
(humeral/tibial/sternal) or stat central venous access w/ large

internal diameter catheters (ie, cordis).

» Priority should be to restore hemodynamics before time-consuming
diagnostic w/u:
o 1-2 L of isotonic crystalloid infusion as rapid as possible (ie, on

pressure bag if indicated)

e Consider stat uncrossmatched blood in life-threatening
hemorrhage; consider using rapid infuser device; consider
permissive hypotension in hemorrhagic shock

e Consider peripheral vasoactive agents if persistently hypotensive
after IVF bolus as bridge to obtaining central venous access

Vasoactive Agents and Dosing (Emerg Med Clin N Am 2008;26:759)

Vasoactive
Agent

Phenylephrine

Norepinephrine

Epinephrine

Dopamine

Primary
Receptor
Activity

al +++

al ++++
Q2 +++
B1 +++

B2 0(+)

al ++++
a2 +++(+)
1 +++

B2 0(+)

a2+, B1+, B2+,
D++

Relative
Effects

1 SVR
| HR

1 HR
18V
1 SVR

111 HR

111 SV
111 SVR

Brchdilate

Natriuresis
1 HR

Typical IV
Dosing

20-200 mcg/min

1-40 mcg/min

1-20 mcg/min

Dose
dependent:

Adverse Effects

Reflex
bradycardia

Tachydysrhythmia

Tachydysrhythmia

Splanchnic
ischemia

Acute MI

Tachydysrhythmia




al/2+, B1++, "M SV 1-5 mcg/kg/min
B2+, D++ T SVR 5-10 mcg/kg/m
al+(++), a2+, 10—20 mcg/kg/m
B1++, B2+,
D++
Vasopressin V1 receptor 1T SVR 0.01-0.03 U/min Limb ischemia
| HR Acute MI
Bradycardia
Dobutamine al 0(+) ™M HR 2-20 Tachydysrhythmia
a2 0(+) M1 SV mcg/kg/min HypoTN
B1 ++++ | SVR Acute Ml
B2 +++
Milrinone PDE inhibition THR 0.25-0.75 Tachydysrhythmia
M1 SV mcg/kg/min HypoTN
| SVR Acute MI

» Use MS, UOP, & MAP as early e/o adequate end-organ perfusion

Pearls

» Not all hypotension is clinically significant. Use clinical context, pt’s
baseline BP, & check the BP cuff.

» Pulses provide a marker of baseline SBP, but may overestimate the
absolute value (BMJ 2000;321:673)

Cited Correlations of Pulse and SBP (Note: poorly evidence based)
Pulse Present Minimum SBP (mmHg)
Radial artery 80
Femoral artery 70
Carotid 60

HYPOVOLEMIC SHOCK

Approach

» Dehydration is a Dx of exclusion; consider other etiologies
(hemorrhage, ectopic pregnancy, etc.)

Definition



» Intravascular volume depletion — | perfusion, most commonly 2°
blood loss

Differential for Hypovolemic Shock
Pathophysiology Differential
Hemorrhage Trauma (internal, external), Gl bleed, ruptured AAA
Other Dehydration, ectopic pregnancy, placenta previa, placental
abruption
History

» Trauma, melena, hematochezia, hematemesis, | PO intake

Findings
» E/o trauma, guaiac + stool, pelvic exam

Evaluation

» As above +UA/HCG, FAST (blood in abdomen or chest); consider
CT chest/abd/pelvis, pelvic US, type/screen

Treatment

» Identify/treat cause, |V fluid bolus; consider PRBCs; consult
immediately for life-threatening disorders requiring definitive tx
(surgery, Gl, OB/Gyn)

Disposition
» Admit vs. OR

CARDIOGENIC SHOCK

Approach
» Consider intubation early, look for & treat underlying cause

Definition
» | CO + nl intravascular volume — | systolic contractility + 1 diastolic
filling

Differential



ACS, myocarditis, dysrhythmia, valvular failure, severe CMP, cardiac contusion, pulmonary
HTN

Findings
» 1 HR, | BP, 1 RR, hypoxia, pulmonary rales, S3, S4

Evaluation
» CBC, Chem 7, Ca, Mg, PO4, ECG, CXR, stat echo (systolic/diastolic

dysfxn, papillary muscle rupture, ventricular wall rupture, VSD,
pericardial effusion, R heart strain)

Treatment

» Treat underlying dz, IV fluids (if | intravascular volume)

» Dopamine: 1 myocardial contractility & BP, but 1 O, demand

» Dobutamine: 1 HR & inotropy, less O, demand, but causes
vasodilation (best if not tachycardic or severely hypotensive)

» Central venous catheter: Consider for CVP monitoring,
administration of pressors

» Cardiology consult

» Revascularization: Early revasc — | mortality (NEJM 1999;341:625; JAMA
2001;285:190)

» Other: Thrombolytics, IABP, ventricular assist device

Disposition
» Admit to ICU

SEPTIC SHOCK

Approach (NEJM 2006;355:1699)

» ldentify & treat early — best outcomes when treated w/i 6 h
» Look for source of infection

Definition

» Sepsis = SIRS (severe inflammatory response syndrome) + source
infection

» SIRS: 22 of the following: Temp 238°C or <36°C, HR = 90, RR = 20,
WBC (212,000, <4,000, or >10% bands)



» Severe sepsis: Sepsis + sepsis-induced hypoperfusion (hypotension
persisting after initial fluid challenge or blood lactate >4 mmol/L) or
organ dysfxn (see organ dysfxn variables below)

» Septic shock: Severe sepsis + | BP despite adequate fluid
resuscitation

Common Causes of Sepsis

Pathophysiology Differential

Respiratory PNA, empyema

Abdominal Peritonitis, abscess, cholangitis
Skin Cellulitis, fasciitis

Renal Pyelonephritis

CNS Meningitis, brain abscess
Evaluation

» CBC w/ diff, Chem 10, LFTs, lactate, blood (x2)/urine/sputum
culture, PT/PTT, cardiac markers, VBG, CXR; consider CT brain/LP,
CT chest &/or abdomen, RUQ US based on pt

» Consider 1,3 beta-D-glucan assay & galactomannan assay if
available & invasive candidiasis is in the DDx as cause of infection

Diagnostic Criteria for Sepsis

Inflammatory variables:
Leukocytosis (WBC >12,000 uL=1)
Leukopenia (WBC <4,000 uL~=1)
nl WBC w/ >10% immature cells (band forms)
Plasma CRP >2 SD above nl
Plasma procalcitonin >2 SD above nl

Organ dysfxn variables:
Arterial hypoxemia (PaO,/FiO, <300)

Acute oliguria (UOP <0.5 mL/kg/h for at least 2 h despite fluid resuscitation)
Crincrease >0.5 mg/dL

Coagulation abx (INR >1.5 or aPTT >60 s)

lleus

TTP (plt count <100,000 uL=1)

Hyperbilirubinemia (plasma Tbili >4 mg/dL)

Tissue perfusion variables:
Hyperlactemia (>1 mmol/L)




| Decreased cap refill/mottling

Treatment

» EGDT (NVEJM 2001;345:1368); | mortality/hospital stay in 1 study, though
no prospective validation study
» Protocolized quantitative resuscitation of pts w/ sepsis-induced
hypoperfusion. Goals during the 1st 6 h:
e CVP 8-12 mmHg — crystalloid (NS or LR) is the initial fluid of
choice; initial fluid challenge 30 cc/kg; consider albumin when pts
require substantial IVFs

e Central venous access should be obtained as soon as practical
e MAP =65 mmHg — use of vasopressors, whereby:

e Norepinephrine is 1st choice

e Epinephrine (added to or substituting NE) when additional agent
needed

e Vasopressin 0.03 U/min can be added to NE to raise MAP or
decrease NE dose

e Dopamine as alternative to NE only in highly selected pts (low-
risk arrhythmia)

e Phenylephrine not recommended except special circumstances

o Arterial catheter should be placed as soon as practical

e UOP =0.5 mL/kg/h

e Foley catheter should be placed as soon as practical for 1/0O
monitoring

e ScvO, or mixed venous O, saturation 70% or 65%,
respectively
e Trial of dobutamine up to 20 mcg/kg/min should be given or
added to vasoactive agent in the presence of myocardial dysfxn

(elevated filling pressure/low CO) or ongoing signs of
hypoperfusion, despite CVP & MAP goals (ScvO, <70%)

» Abx: Broad spectrum, given prior to drawing cultures (cover gram+,
gram-—, anaerobes; consider double coverage for pseudomonas)
o Start abx w/i 1 h of recognition, regardless of whether source is
known
e Source control



» Hydrocortisone: Consider hydrocortisone use in pts w/ severe
sepsis refractory to 1V fluids & pressors; corticotropin test + routine
steroid use — no benefit & possibly harm (NEum 2008;358:111)

» Blood products: PRBCs to target Hgb 7-9 g/dL; Plts if <10,000 uL
-1 w/o bleed, <20,000 pyL-1 w/ risk of bleeding, <50,000 uL-1 for
active bleeding, surgery, procedure

» Oxygenation/ventilation: Supplemental O,; consider need for

intubation early; if intubated use VTs of 6 cc/kg predicted BW (veum
2000;342:1301) use of sedation/paralytics — | O, consumption

» Glucose control: g1-2h measurements; initiate protocolized blood
glucose management when 2 consecutive measurements >180
mg/dL to a target <180 mg/dL

» Renal replacement therapy: Use continuous therapies (ie, CVVH)
to facilitate managing fluid balance in HD unstable pts

» Activated protein C: Use is controversial; | mortality in severe
sepsis based on 1 phase 3 trial (NEuM 2001;344:699; Crit Care Med
2003;31:12), but 1 bleeding, 1 cost, & no benefit in less sick (APACHE
Il <25) populations (NEJM 2005;353:1332); recently taken off market

Disposition
» Admit

Guideline: Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis
campaign: International guidelines for management of severe
sepsis and septic shock: 2012. Crit Care Med. 2013;41(2):580-637.

NEUROGENIC SHOCK

Approach

» Cervical spine injury — risk of apnea, may require intubation;
evaluate according to ATLS

Definition

» Transection of the spinal cord — disruption of sympathetic pathways

— loss of vascular sympathetic tone — vasodilation (typically
cervical or high thoracic lesions)



History
» Trauma w/ severe injury to the spinal cord

Findings

» | HR, | BP, anesthesia, paralysis below an spec dermatome; saddle
anesthesia, | rectal tone, areflexia, Horner syndrome, absent
bulbocavernosus reflex, priapism (unopposed PNS stimulation)

Evaluation

» CT spine (esp cervical, thoracic); consider CT head, chest,
abd/pelvis if h/o trauma

Treatment

» C-spine immobilization: Aspen or Philadelphia collar for prolonged
immobilization

» Strict log-roll precautions

» |V fluids: Prior to starting pressors

» Vasopressors: Dopamine, norepinephrine, phenylephrine

» Consult neurosurgery immediately

Disposition
» Admit

Pearl

» Any trauma pt w/ hypotension should be suspected of having
hemorrhagic shock until proven o/w, thus neurogenic shock should
be treated if suspected but should not be the 1° DDx in the
hypotensive trauma pt.

DYSRHYTHMIA

Approach

» Follow ACLS protocols for anyone unstable or symptomatic (CP,
SOB, AMS, abnl VS)

Differential
Type Differential



Bradycardia Sinus bradycardia, SA node block/escape
rhythm, sick node dysfxn, AV blocks (2nd-
& 3rd-degree AV block)

Narrow-complex Sinus tachycardia, SVT (AVNRT, AVRT),
AT, AFL

Regular Wide-complex  Ventricular tachycardia, SVT w/ aberrancy,

_ SVT w/ pre-excitation (eg, WPW),
Tachycardia tachycardia w/ PM

Narrow-complex AF, AFL w/ variable AV block, multifocal
Irregular atrial tachycardia

Wide-complex AF w/ aberrancy, polymorphic VT

BRADYCARDIA

Approach

» Follow ACLS protocols for anyone unstable or severely symptomatic
(CP, SOB, AMS)

» Anticipate need for external/transvenous pacing & cardiology consult

early

Always obtain ECG & rhythm strip

Medication hx is crucial

In children, be highly suspicious of toxic ingestion

In neonates, consider congenital cardiac dz

Definition
» HR <60 in an adult, <80 in a child <15 y/o, <100 in an infant <1 y/o.

Caused by depressed function of the SA node or conduction system
block/delay.

Sinus Bradycardia (NEJM 2000;342:703)

History

» Fatigue, syncope/presyncope, DOE, medication hx (esp BBs)
Differential

» Physiologic (athletic young adults), medications (nodal agents),
hypothyroidism, 1 vagal tone (including inferior Ml), hypothermia, 1
ICP



Evaluation

» ECG (HR <60 in adults, nl PR intervals, P wave preceding each
QRS), rhythm strip

Treatment

» Asymptomatic bradycardia does not require tx. Tx only if
symptomatic or life-threatening cause is suspected w/ atropine &/or
pacing.

Disposition

» Admit anyone who is symptomatic

SA Node Block/Escape Rhythm

History

» Same as for sinus bradycardia

Differential

» Same as for sinus bradycardia. Also a/w 1 K, 1 vagal tone.
Evaluation

» ECG (absent atrial depolarization & missing P waves), rhythm strip,
lytes, consider TSH, cardiac markers

Treatment

» Asymptomatic bradycardia does not require tx. Tx only if
symptomatic or life-threatening cause is suspected.

Disposition
» Admit anyone who is symptomatic

Sinus Node Dysfunction (Sick Sinus Syndrome/Tachy—-Brady

Syndrome)

Definition

» Sinus node dysfxn includes a series of ECG abnormalities
characterized by failure to generate appropriate cardiac potentials
from the sinus node

» In sick sinus syndrome, there are frequent long sinus pauses that
may degenerate to absent atrial depolarization for a period of time
before the resumption of regular cardiac conduction (sinus arrest)

» In tachy—brady syndrome, episodes of sinus bradycardia or sinus
arrest are interspersed w/ episodes of supraventricular tachycardia



(often AF)
History
» Syncope, presyncope, fatigue, weakness, DOE, palpitations
» Typically observed in 70-80 y/o, suggesting age-related
degeneration

Differential
» Consider other life-threatening arrhythmias
Evaluation

» ECG (frequent sinus pauses, bradycardia/tachycardia rhythms);
consider electrolytes, cardiac markers, CBC; Holter or event
monitoring

Treatment

» Acute tx only for symptomatic or life-threatening arrhythmia;
ultimately may require combination of rate control for tachycardia &
PPM for bradycardia

Disposition
» Admit anyone who is symptomatic for permanent PM placement
» If minimal or no sxs are present, d/c home w/ close f/u

AV NODE BLOCK

Definition

» These occur when conduction from the atria to the AV node & into
the His bundle is disrupted

» These blocks can anatomically be located above, w/i, or below the
His bundle

» Classified as 1st-degree, 2nd-degree Mobitz | (Wenckebach), 2nd-
degree Mobitz Il, & 3rd-degree blocks based on characteristic ECG
patterns:

Differential

Classification ECG Findings Differential
1° AV block e Prolonged PR interval >0.2 s, nl 1 vagal tone, Ml, age-




QRS related degeneration,
drugs (BB, CCB,
digoxin), infection,
endocarditis

2° AV block Mobitztype | o Progressive 1 PR interval w/ RR 1 vagal tone, inferior Ml,

interval shortening until QRS age-related
dropped degeneration, drugs
e Appears as grouped beats (BB, CCB, digoxin),
e Block at level of AV node infection, endocarditis,
RF
2° AV block Mobitz type Il ¢ Stable PR & RR interval w/ Age-related degeneration,
occasional dropped QRS anteroseptal Ml

e Can be regular (2:1) or irregular
e Block at level of His—Purkinje

3° AV block e Complete AV dissociation MI (IMI w/ AV node
e P waves are not conducted & ischemia or
never produce a QRS anteroseptal MI w/ H-P
e Escape rhythm is a regular ischemia), age-related
narrow junctional or wide degeneration, drugs
ventricular response (BB, CCB, digoxin),

infection, endocarditis,
myocarditis, RF,
congenital

Approach

» Differentiate 1st, 2nd Mobitz | (Wenckebach), 2nd Mobitz I, & 3rd-
degree blocks

» 2° Mobitz Il & 3° blocks are never nl — look for underlying cardiac dz

» In children, be highly suspicious of toxic ingestion

» In neonates, consider congenital cardiac dz

» Determine (1) rate, (2) wide or narrow QRS, (3) rhythm regular or
irregular, (4) P waves present or absent, (5) every P wave followed
by QRS & every QRS preceded by P

History

» 1°: Asymptomatic, incidental finding on ECG

» 2° Mobitz | (Wenckebach): Often asymptomatic; irregular heartbeat,
fatigue

» 2° Mobitz Il: May be asymptomatic; presyncope/syncope, fatigue,
DOE

» 3°: Usually symptomatic; presyncope/syncope, fatigue, weakness,



DOE

Findings
» See above

Evaluation

» ECG & rhythm strip
» 2° Mobitz Il & 3°: Labs in anticipation of PPM placement

Treatment

» 1° & 2° Mobitz I: No tx generally necessary

» 2° Mobitz Il & 3°:

e Continuous tele monitoring

e Symptomatic pts require transcutaneous &/or transvenous pacing;
if HD unstable, consider a beta-adrenergic agent (dopamine,
epinephrine, or isoproterenol) as bridge to pacing. Dopamine has
been demonstrated to have equivalent survival outcomes &
adverse events to transcutaneous pacing (PrePACE, Resuscitation
2008;76(3):341)

e Treat active cardiac ischemia

e Consult cardiology

Disposition
» Pts w/ 1° & 2° Mobitz I: D/c home w/ f/lu

» Pts w/ 2° Mobitz Il & 3°: Admit all to Tele ward for cardiology consult
& PPM

Pearls

» Avoid atropine for reversal of AV block as this can worsen
conduction

» Have transcutaneous pacer attached & ready for use in high-risk pts

» Mobitz Il is concerning b/c risk of progression to 3°

TACHYCARDIA/PALPITATIONS

Approach
» Follow ACLS protocols for anyone unstable or severely symptomatic




(CP, SOB, AMS)

» Anticipate need for intubation & defibrillator early

» Always obtain ECG & rhythm strip

» Determine (1) rate, (2) wide or narrow QRS, (3) rhythm regular or
irregular

Causes of Wide Complex Tachycardia
Tx
Ventricular tachycardia Amiodarone, lidocaine, DCCV
SVT w/ *aberrancy (ie, Adenosine, vagal maneuvers, DCCV
BBB)
SVT w/ pre-excitation Procainamide, DCCV
Tachycardia + PM Treat cause of tachycardia, apply magnet if PM-mediated

“Causes of aberrancy: Bundle branch blocks (fixed, rate-related, Ashman’s phenomenon),
accessory pathways (ie, WPW), meds (ie, class la/lc antiarrhythmics, TCAs), pseudo-STEMI,
PM, hyperkalemia, hypothermia, cardiomyopathies, channelopathies.

Supraventricular Tachycardia
Approach

» Differentiate type based on ECG, rhythm strip, & response to
adenosine/vagal maneuvers (see below)

Definition

» Rhythm arises above the ventricles (either atrium or AV jxn) w/
narrow QRS unless pre-excitation or aberrant conduction

History

» H/o pulmonary or cardiac dz — AT, MAT, AFL, AF, NPJT; o/w health
adult - AVNRT, AVRT
» Gradual onset — ST, AT; abrupt onset — AVNRT, AVRT

Evaluation

» Consider CBC, TSH, tox screen, though in most cases, ECG/rhythm
strip is sufficient

SVT Pathophysiologies
Type of SVT Pathophysiology



Atrial ST

AT

MAT
AFL
AF

AV jxn  AVNRT
AVRT

NPJT

Pain, fever, anxiety, hypovolemia, PE, medication,

anemia, hyperthyroid

Originates in atria but not SA node; a/w COPD, CAD,

EtOH, digoxin
Originates in atria at 23 separate sites
Atrial macroreentry, typically R atrium

Multiple irregular atrial impulses typically from
pulmonary veins

Re-entrant pathway w/i AVN

Re-entrant pathway using AVN + accessory pathway

b/w atria & ventricles

Originates at AV jxn, a/w myo/endocarditis, cardiac

surgery, IMI, digoxin

From: NEJM 1995;332:162; 2006;354:1039.

Rate

Rhythm

P wave

Vagal/adenosine

Response

Diagnosis by ECG, Vagal Maneuvers, and Adenosine (NEJM 2006;354:1039)

ST: Typically <150 bpm
AFL: Typically 150 bpm (2:1 AV block)
AVNRT/AVRT: Typically >150 bpm

Irregular — AF, MAT
UPRIGHT before QRS: ST, AT, MAT

Retrograde AFTER QRS: AVNRT (w/i QRS), AVRT (after QRS)

FIBRILLATION or no P wave — AF
SAWTOOTH appearance — AFL

Slows rate w/ 1 AV block: ST, AT, MAT

Terminates rhythm or no response: AVNRT, AVRT
“‘Unmasks” sawtooth waves 1 AV block — AFL

Treatment

» Cardiovert any unstable rhythm

» ST: Treat underlying condition

» AT/MAT: Treat underlying condition; consider AV nodal blocker

» AF/AFL: CCB, BB, dig, antiarrhythmic (amiodarone, lidocaine)

» AVNRT/AVRT: Vagal maneuvers, adenosine, CCB preferable to B
— avoid adenosine/nodal agents if e/o pre-excitation (see WPW

below)




» NPJT: CCB, BB, amiodarone

Disposition

» Most pts w/ ST, AVNRT, AVRT can be d/c home once rhythm is
controlled if — asymptomatic & no acute underlying condition.
Admission for other rhythms is variable, but often necessary due to
underlying condition.

» Consult cardiology for any pt w/ unstable SVT & those difficult to
control w/ standard tx

Pearl

» MAT is often misdiagnosed as AF. Look closely at P wave
morphology.

Atrial Fibrillation and Atrial Flutter
Definition (JAcC 2006:48:¢149)

» AF is a supraventricular tachyarrhythmia characterized by
uncoordinated atrial activity w/ consequent deterioration of
mechanical function

» Can be 1st episode or recurrent (22 episodes) as well as
paroxysmal (self-limited), persistent (>7 d), permanent (>1 y) &/or
cardioversion has failed

» Valvular — rheumatic heart dz, or postvalve surgery

» Lone AF — <60 y/o & no e/o cardiac dz or HTN

Differential

Pathophysiology Differential

Other Idiopathic (50%)

Cardiac CHF, peri/myo/endocarditis, Ml/ischemia, s/p cardiac surgery,
HTN

Pulmonary COPD, PNA, PE

Endo Hyperthyroid, stress, infection, postop

Drugs EtOH “holiday heart syndrome”, cocaine, amphetamines,
sympathomimetics, caffeine

History
» Abrupt vs. gradual onset (palpitations, DOE, fatigue



presyncope/syncope, CP); recent iliness, drug & alcohol use

Findings

Irregularly irregular pulse; may be regular w/ AFL

Evaluation

ECG, CBC, lytes, Ca, Mg, PO,4; CXR

Consider cardiac markers (if active CAD is suspected); TSH, dig
level if appropriate; echo (LA size, thrombus, valves, LV fxn)
Consider outpatient Holter in pts w/ suggestive hx who arrive in NSR
ECG in AF: Replacement of consistent P waves by rapid oscillating
or fibrillatory waves that vary in amplitude, shape, & timing, a/w
irreqular, frequently rapid ventricular response rate

ECG in AFL: Atrial rate 250-350 bmp w/ ventricular response rate
typically 150 bpm presence of “sawtooth” flutter (“F”) waves. Can be
typical (spiky V1, negative in Il, lll, aVF, V5-V6) or atypical
(appearance other than typical). F waves revealed via adenosine or
vagal maneuvers. Most commonly 2:7 or 4:1 conduction.

Treatment
» Main objectives: Rate control, prevention of thromboembolism, &

correction of rhythm

» When deciding on management strategies in the ED, several things

to consider include:

a. Is the pt stable or unstable?

b. Is this 1st episode or recurrent episode, & is this part of a
paroxysmal, persistent, or permanent duration paradigm?

c. If 1st-episode or paroxysmal, how long have sxs been present (ie,
<48 h)?

d. What is the pt’s stroke risk?

e. Does the pt have a cardiologist/PCP w/ whom you can make joint
decision or poor f/u?

» Rate control vs. rhythm control: Numerous studies have sought to

answer this question, but bottom line is that there appears to be no
difference in symptomatic improvement, CHF, thromboembolic cx,
severe bleeding, or mortality when comparing the 2 strategies (PIAF,
Lancet 2000;356:1789; AFFIRM, NEJM 2002;347:1825; STAF, J Am Coll Cardiol
2003;41:1690; HOT CAFE, CHEST 2004;126:476); however, rhythm control
seems to be a/w increased rates of hospitalization & adverse



medication effects (PIAF, Lancet 2000;356:1789; AFFIRM, NEum
2002;347:1825)

*Note: majority of these studies included pts w/ persistent AF, thus
may not be generalizable to ED pt presenting w/ 1st episode or
paroxysmal AF

Suggested initial tx algorithms (Adapted from guidelines: Can J Cardiol
2011;27(1):27; 2011;27(1):38; 2011;27(1):47; 2011;27:74; Circulation 2011;123(10):e269)

Unsiable patient
(SBP <90 mmHg, AMS, acute
pulmonary edema, AMI, wide
complexes suggesting pre-
excitation syndrome)

l

Emergent direct current cardioversion (DCCV)
using 150-200 J biphasic defib
*Give heparin bolus and gtt to goal aPTT 1.5-2
times reference range to prevent embolism

.

Figure 1.5 Unstable patient with afib. (Note: Mean
energy level for successful cardioversion 50 J biphasic
and 200 J monophasic [Am J Cardiol 2004;93:1495—
1499]. There may be higher first-shock success for
DVVC if initial energy used 200 J vs.100 J [BEST-AF,
Heart 2008;94:884—-887]).



Hemodynamically stable
patient with first onset or

paroxysmal afio

¥

Strategy of rhythm control or
rate control can be selected
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Figure 1.6 Stable patient, first episode or paroxysmal
afib. Note: These patients may undergo cardioversion
without anticoagulation, however, consider delaying
DCCV and anticoagulate for 3 wk if high risk of stroke (ie,
mechanical valve, RHD, recent CVA/TIA).

patient with persistent or
permanent afib

|

Strategy of rate control should be selected
and patient anficoagulated appropriately
according to risk (see below)

[H~e~m{:u:i1,rn.em'lit::alllg..r stable 1

Figure 1.7 Stable patient, persistent or permanent afib.




» Rate control: 3B or nondihydropyridine CCBs recommended as 1st-
line therapy for rate control. CCB, however, should be avoided in pts
w/ ADHF & AF.

» Digoxin can be added to therapy w/ BB or CCB in pts whose HR is
not controlled

» Dronedarone may be added for additional rate control w/
uncontrolled ventricular rate despite above therapy

» IV administration of digoxin or amiodarone is recommended to
control HR in pts w/ AF & HF

» Amiodarone for rate control should be reserved for exceptional
cases in which other means are not feasible or insufficient

» IV procainamide, disopyramide, ibutilide, or amiodarone may be
considered for HD stable pts w/ AF involving conduction over an
accessory pathway. In this situation, IV CCB or digoxin should be
avoided as they may paradoxically accelerate the ventricular
response.

Rate Control Agents for Atrial Fibrillation/Atrial Flutter

Medication Initial Dose Maint Dose
B Metoprolol 2.5-5 mg IV bolus gbmin  Start 25-100 mg PO BID
x 3
Esmolol 500 mcg/kg IV g4min x 3 60—-200 mcg/kg/min IV gtt
Propranolol 0.15 mg/kg IV gdmin x 5  Start 40 mg PO BID
CCB Diltiazem 0.25 mg/kg IV x 1; may Start 30 mg PO QID or 5-

repeat 0.25-0.35 mg/kg 15 mg/h IV gtt
IV after 15 min

Verapamil 0.075-0.15 mg/kg IV; may Start 40—-80 mg PO TID
repeat dose after 15-30
min

Digoxin (onset in hours) 0.25mg IV g2h, upto 1.5
mg

Amiodarone 150 mg IV over 10 min 0.5-1 mg/min IV

» Direct current cardioversion: Recommended dose 150-200 J



biphasic waveform

e Mean energy level for successful cardioversion 50 J biphasic & 200
J monophasic (Am J Cardiol 2004;93:1495). There may be higher 1st-
shock success for DVVC if initial energy used 200 J vs. 100 J
(BEST-AF, Heart 2008;94:884).

¢ Pretreatment w/ amiodarone, flecainide, ibutilide, propafenone, or
sotalol can be used to enhance the success of DCCV & prevent
recurrent AF.

» Pharmacologic cardioversion: Administration of flecainide,
dofetilide, propafenone, or ibutilide is recommended for
pharmacologic cardioversion

¢ Procainamide has been shown to be effective in ED population w/
58.3% cardioversion, w/ 91.7% success rate if followed by DCCV in
nonresponders (CMEJ 2010;12(3):181)

e Amiodarone is a reasonable option, but digoxin & sotalol may be
harmful for cardioversion & are not recommended

e 3B or nondihydropyridine CCBs should be given before
administering class | antiarrhythmic agents

Rhythm Control Agents for Atrial Fibrillation/Atrial Flutter

Dofetilide

300 mg PO (>70 kg)
2 mg/kg IV

0.5 mg PO (eGFR >60)
0.25 mg PO (eGFR 40-

Medication Initial Dose Special Considerations
Class la Procainamide 15-17 mg/kg IV over 60 e Preferred w/ WPW
min e May cause hypotension
Propafenone 450 mg PO (<70 kg) e May cause hypotension,
600 mg PO (>70 kg) bradycardia
2 mg/kg IV e Clin pts w/ ischemic HD, LV
dysfxn, structurally abnl heart
Classlc  Flecainide 200 mg PO (<70 kg) e May cause hypotension,

bradycardia

| dose in renal insuff

Clin pts w/ ischemic HD, LV
dysfxn, structurally abnl heart

2—-3% risk torsades de pointes;
Cl long QT, bradycardia

60) e Require hospitalization for
0.125 mg PO (GFR 20- initiation given QTc
40) prolongation

Cl if eGFR <20




Ibutilide 1 mg over 10 min (>60 e Cl in pts w/ hypokalemia,

kg) prolonged QTc, torsades de
Class Il 0.01 mg/kg, 10 min (<60 pointes
kg)

May repeat once at same
dose if doesn’t

terminate

Amiodarone  5-7 mg/kg IV over 30 e SE: Hepatotoxicity,
min, then 1.2-1.8 g/day  hypothyroid, thyrotoxicosis,
continuous IV infusion pneumonitis, pulmonary

fibrosis, corneal microdeposits

Anticoagulation: All pts w/ AF or AFL (paroxysmal, persistent, or
permanent) should be stratified using a predictive index for stroke
(ie, CHADS, or CHA,DS,-VASCc) & for the risk of bleeding (ie, HAS-

BLED) & most pts should receive anticoagulation
Pts w/ very low risk of CVA (CHADS, = 0) should receive ASA 81—

325 mg/d
Pts w/ low risk of CVA (CHADS, = 1) should receive oral
anticoagulation w/ either warfarin or dabigatran, but ASA is

reasonable for some pts
Pts w/ mod risk of CVA (CHADS, = 2) should receive oral

anticoagulation w/ either warfarin or dabigatran

Most pts should receive dabigatran 150 mg PO BID preferable to
warfarin when anticoagulation indicated

Newer effective oral anticoagulants include rivaroxaban 20 mg QD
(ROCKET-AF, NEJM 2011;365:883) & apixaban 5 mg PO BID
(ARISTOTLE, NEJM 2011;365:981)

Anticoagulation not recommended for pts w/ lone AF

CHADS, Score for Estimating Stroke Risk in Patients with AF
(JAMA 2001;285:2864)

CHADS, Risk Criteria Score
CHF 1
HTN 1
Age >75 y/o 1

Diabetes mellitus 1




Stroke or TIA (prior)
CHADS, Score
0
1

oo O b~ 0D

2
Adjusted Stroke Rate%l/y (95% CI)
1.9% (1.2-3)
2.8% (2-3.8)
4% (3.1-5.1)
5.9% (4.6-7.3)
8.5% (6.3-11.1)
12.5% (8.2—17.5)
18.2% (10.5-27.4)

Clinical Characteristic
HTN (SBP >160 mmHg)

Abnl renal or liver fxn (1 pt
each)**

Stroke

Bleeding

Labile INRs

Elderly (age >65 y/o)

Drugs or EtOH use (1 pt
each)™*

HAS-BLED Score
0
1

2
3
4
5

6-9

HAS-BLED Score for Estimating Major Bleeding Risk in Patients with AF (CHEST

2010;138:1093)
Score
1
1or2

1
1or2

Major Bleed%/y*
1.13%
1.02%
1.88%
3.74%
8.70%
12.50%

Not reported

"Major bleeding defined as any bleeding requiring hospitalization &/or causing a decrease in




Hgb of >2 g/L &/or requiring blood transfusion that was not a hemorrhagic stroke.

“Abnl renal fxn defined as chronic dialysis, renal transplant, or Cr >200 pmol/L (2.3 mg/dL).
Abnl liver fxn defined as chronic hepatic dz (ie, cirrhosis), Tbili >2x ULN, in association w/
AST/ALT. ALP >3x ULN.

“*Drugs included anti-plt agents & NSAIDs.

Disposition

Home: Pts who convert to sinus, or are rate controlled, &
anticoagulated if necessary

All discharged pts should get close PCP or cardiology f/u
EDOU: Depending on local clinical protocols

Admit: Pts w/ acute underlying illness, ongoing sxs, or poor rate
control

Pearls

Risk of stroke is similar in all forms of AF/AFL (recurrent paroxysmal,
persistent, & permanent AF, & AFL)

Spontaneous cardioversion occurs w/i 24 h in 50-67% acute AF
5—8% elderly have recurrent AF

Cairns JA, Connolly S, McMurtry S, et al. Canadian Cardiovascular Society atrial fibrillation
guidelines 2010: Prevention of stroke and systemic thromboembolism in atrial fibrillation
and flutter. Can J Cardiol 2011;27:74-90.

Fuster V, Ryden LE, Cannom DS, et al. 2011 ACCF/AHA/HRS focused updates
incorporated into the ACC/AHA ESC 2006 guidelines for the management of patients with
atrial fibrillation: A report of the American College of Cardiology Foundation/American Heart
Association Task Force on Practice Guidelines. Circulation 2011; 123(10):e269—e367.
Guidelines: Gillis AM, Skanes AC, CCS Atrial Fibrillation Guidelines Committee. Canadian
Cardiovascular Society atrial fibrillation guidelines 2010: Implementing GRADE and
achieving consensus. Can J Cardiol 2011;27(1):27-30.

Gillis AM, Verma A, Talajic M, et al. Canadian Cardiovascular Society atrial fibrillation
guidelines 2010: Rate and rhythm management. Can J Cardiol 2011;27(1):47-59.

Steill 1IG, Macle L, CCS Atrial Fibrillation Guidelines Committee. Canadian Cardiovascular
Society atrial fibrillation guidelines 2010: Management of recent-onset atrial fibrillation and
flutter in the emergency department. Can J Cardiol 2011;27(1):38—46.

Pre-excitation
Definition

Accessory pathway: A bypass tract that conducts impulses b/w



atria

» Wolff-Parkinson—-White: Accessory conduction pathway evident on
resting ECG

» Orthodromic AVRT: Impulse travels down AV node (fast), then
conducts retrograde, up the accessory pathway (slowly) — thus
narrow-complex QRS

» Antidromic AVRT: Impulse travels down the accessory pathway
(slowly), then conducts retrograde, up the AV node (fast) — thus
wide-complex QRS

Evaluation

» ECG & rhythm strip
» Orthodromic AVRT: Narrow complex tachycardia
» Antidromic AVRT: WCT

Treatment
» AVRT: Vagal maneuvers, Bs, CCB

» AF/AFL w/ pre-excitation — cardiology consult, DC cardiovert, or
use procainamide; BB & CCB are ineffective & can precipitate VF

Ventricular Tachycardia
Approach

» Determine if pt is stable or unstable — use ACLS protocol for any pt
w/ unstable VT

» Differentiate VT from nonsustained VT (NSVT), & other causes of
WCT (see above)

» Differentiate monomorphic from polymorphic VT

Definition
» NSVT: VT lasting <30 s
» SVT w/ aberrancy: VT look-alike b/c abnl conduction — WCT.

Caused by fixed BBB, rate-related BBB, or accessory pathway
» Torsades de pointes: Polymorphic VT + prolonged QT

Causes

» Monomorphic, structurally abnl heart: Prior MI, CMP,
arrhythmogenic RV dysplasia

» Monomorphic, structurally nl heart: Idiopathic VT

» Polymorphic: Ischemia, CMP, torsades de pointes, Brugada
syndrome (see below)



History

» Palpitations, lightheadedness, CP, SOB, nausea, syncope,
unresponsiveness; PMH: CAD, CMP, multiple CAD RFs, & FHXx
sudden death all 1 risk VT

Evaluation

» ECG, rhythm strip, lytes, Ca, Mg, POy, cardiac markers; CXR;
digoxin level if appropriate

Treatment

» Unstable VT: ACLS protocol
» Stable VT: Use either:

e Lidocaine: 100 mg IV load, then 1-4 mg/min
e Amiodarone: 150 mg IV load, then 1 mg/min

» Polymorphic VT: Magnesium 2—4 g |V bolus
» Other: Replete electrolytes (Ca, Mg, PO,); treat coincident ischemia

if present
Disposition
» Admit to cardiac step-down unit or cardiac ICU
Pearls

» Assume all WCT to be ventricular unless proven o/w
» Best clinical predictors that WCT is VT — prior MI, CHF, LV dysfxn
(Am J Med 1998;84:53)

Brugada Criteria for WCT Suggesting VT (Circulation 1991;83:1649)

Criterion ECG Appearance
AV dissociation Independent P waves, capture/fusion beats
Wide QRS RBBB type: >140 ms

LBBB type: >160 ms
Extreme axis deviation —

Atypical QRS morphology —QRS b/w +180° & -90° (-QRS lead I, & —QRS aVF)
for BBB RBBB type: Absence of tall R"in V1, r/S ratio <1 in V6
LBBB type: Onset to nadir >60—100 ms in V1, Q wave in V6

Concordance Of QRS in precordial leads w/ same pattern & direction

Brugada Syndrome



Definition

» Incomplete RBBB w/ STE V1-V3 caused by alteration of the
myocyte Na channel, a/w VT & sudden cardiac death

History

» Classically young, o/w healthy male, FHx sudden D; sxs:
Presyncope, syncope, cardiac arrest

Evaluation

» ECG, electrolytes, Ca, Mg, POy4

Treatment

» Tele; electrophysiology consult

Disposition

» If incidental finding, refer to cardiology for f/u. O/w, admit to Tele bed
for EP study, possible ICD placement.

PACEMAKER AND AICD MALFUNCTION

Definition

» PM: Intracardiac device used for significant AV block &/or sinus
node dysfxn

» AICD: Intracardiac device for the termination of VF/VT, & prevention
of sudden cardiac death — for pts s/p VF/unstable VT arrest,
persistent EF <30-35%, Brugada, or long QT syndrome (Circulation
2007;115:1170; NEJM 1997;337:1576)

» Biventricular pacing (cardiac resynchronization therapy): RA, RV, &
coronary sinus leads — synchronize RV & LV function — | CHF sxs
& hospitalization, 1 survival (NEJM 2004;350:2140; 2005;352:1539)

Approach

» Obtain an ECG & rhythm strip immediately

» Obtain the make & model of the device (most pts have a card, o/w
obtain AP CXR — magnify device to obtain model number —
internet search for type)

» Common PM codes: DDD (dual chamber paced, sensed, &
response to sensed beat) & VVI (dual chamber paced, sensed, &



inhibitory response to sensed beat)

Evaluation

» Magnet placed over device

» PM: Inhibits sensing, paces at fixed rate regardless of intrinsic
cardiac activity

» AICD: Inhibits further firing, though not bradycardic pacing

Pacemaker Malfunction

Definition
Pathophysiology Differential
Failure of output — no Battery depletion

pacer spike despite
indication to pace

Failure to capture — Lead fracture or dislodgement, 1 pacer threshold, electrolyte
pacing spikes not abnormalities, local ischemia or scar
followed w/

depolarization

Oversensing — pacer Lead fracture or dislodgement, sensing threshold too low
spike despite no
indication to pace

Undersensing — no pacer Lead fracture or dislodgement, sensing threshold too high
spike despite indication
to pace

PM-mediated tachycardia Re-entrant tachycardia in pts w/ D-paced PM, b/w the PM leads
(act as an accessory pathway — anterograde conduction) &
the AV node (retrograde conduction)

History

» Lightheadedness, palpitations, syncope
Findings

» 1, ], &orirregular HR, | BP

Evaluation
» ECG, CXR (to visualize device & leads)

Treatment
» Transcutaneous pacing: For unstable pt



» MAGNET: FOR PM-mediated tachycardia: Magnet over the PM —
paces @ 80 bpm OR OVERSENSING

Disposition
» Consult EP or device rep. for interrogation & reprogramming; to cath
lab for lead/battery replacement

AICD Firing (JAMA 2006;296:2839; NEJM 2003;349:1836; JACC 2006;48:1064)
Pt Sxs AICD Interrogation
Pt-sensed AICD* firing No firing
Inappropriate firing

Appropriate firing

*AICDs can also malfunction like PMs (see PM section above).

History

» AICD firing: Sudden jolt of pain

» Premonitory sxs: Palpitations, LH, dyspnea, CP

» Precipitants: Exercise, illness, noncompliance w/ antiarrhythmics,
new meds

Evaluation
» ECG (ischemia, 1 QT), CBC, Chem 7, cardiac markers, CXR

Treatment
» Treat 1°-iliness, follow ACLS protocol for arrhythmia

Disposition

» Consult EP or device rep. for interrogation & reprogramming

» No firing (nl interrogation despite sxs): Look for other cause of sxs —
d/c home

» Inappropriate firing (based on interrogation): Treat underlying
condition; reprogram if necessary

» Appropriate firing (based on interrogation): Admit to Tele unit or
CCU

e Look for precipitants: VT, abnl electrolytes, 1 QT, ischemia,

medication noncompliance or abuse



Pearl

» If make/model # of device unknown, magnification of PA CXR will
reveal device-sp code in small print.



COUGH

Pneumonia
Definitions (Ciin inf Dis 2016;63(5):575-582)

» Community-Acquired PNA (CAP): Occurs out of hosp or w/i 48 h of

admx; no HCAP factors

» Healthcare-Associated PNA (HCAP): a/w hosp admx (2+ d) w/i last

90 d; residence in long-term care or nursing home;
immunosuppression; family member w/ MDR organism; or any of the
following w/i 30 d: IV abx, HD, home wound care

» Hospital- / Vent-Acquired PNA (HAP/VAP): Occurs >48 h after hosp

admx or intubation

History

» Typical CAP (eg, Strep, Klebsiella, Haemophilus): Fever/chills, SOB,

CP, cough, sputum
» Atypical CAP (eg, Mycoplasma). Low-grade fever, mild/mod SOB,
CP, dry cough, Gl sx

» Influenza: Fevers/chills, myalgias, malaise, HA, sore throat, dry

cough

» Legionella: Severe PNA in elderly; a/w hyponatremia, Gl sx

» Ask about risk factors for special organisms:

e TB: Homeless, HIV+/immunosuppressed, IVDA, incarceration,
travel to endemic region; present w/ blood-tinged sputum, night
sweats, fevers, weight loss

o PCP: Poorly controlled HIV (CD4 <200, Lymph <1 k); presents w/
subacute tachypnea

e MDR organisms: IV abx w/i 90 d, chronic HD, immunosuppression,
recent influenza (risk for MRSA), CF/bronchiectasis
(pseudomonas), asplenia

Physical Exam
» Fever, tachycardia, tachypnea, hypoxia, rales, decreased breath



sounds
» PNA less likely w/ nl VS & clear lungs, except in elderly, infants,
immunosuppressed

Evaluation (J Am Coll Radiol 2006;3:703-706, Clin Infect Dis 2007;44 Suppl 2:S27-S72)

» Who needs a CXR? Reserve for pts needing hospitalization, those
w/ abnl VS or PEX, age extremes, concerning comorbidities, poor
outpt f/u, high morbidity if PNA not detected

» CXR: Focal consolidation (typical); diffuse interstitial pattern
(atypical); bat-wing pattern (PCP); hilar adenopathy, calcified or
cavitary apical lesions (TB)

» CBC, Chem 7 +/- lactate (if suspecting sepsis), ABG & LDH (if
PCP), BCx (if cavitary, parapneumonic eff.,
immunosupp/leukopenia, asplenia, liver dz, hx ETOH, failed outpt
abx; ICU admx), Sputum cx (if cavitary, parapneumonic eff., hx
severe lung dz, failed outpt abx, ICU admx), Influenza (in
epidemics), Pneumococcal UAT (if asplenia, liver dz,
immunosupp/leukopenia, parapneumonic eff.; Se 50-80%, Sp 90%),
Legionella UAT (consider if recent travel, elderly, hypoNa,
parapneumonic eff.; Se 80-95%, Sp 99%)

Treatment (Clin Infect Dis 2007;44 Suppl 2:527-S72)
Scenariol/Etiology Empiric Treatment Guidelines

CAP, outpt Healthy & no recent abx w/i 90 d: macrolide or doxycycline
Comorbidities or recent abx: resp. fluoroquinolone OR
(macrolide + [amoxicillin or amoxicillin/clav. or 2nd-gen
cephalosporin])

CAP, inpt Resp fluoroquinolone OR (macrolide + [ampicillin or 3rd-gen
cephalosporin])
Consider pseudomonas & MRSA coverage if severe (eg, ICU).
Legionella is covered by macrolide or fluoroquinolone.

MDR risk factors Vancomycin + (antipseudomonal PCN or 3rd-gen
cephalosporin or fluoroquinolone or carbapenem). Refer to
local antibiogram.

Suspect PCP PaO, >70: TMP-SMX DS 2 Tabs PO g8h OR (TMP 5 mg/kg

PO TID + dapsone 100 mg PO QD) OR (clindamycin +
primaquine) OR atovaquone.
PaO, <70: (TMP-SMX [15 mg of TMP component/kg] PO/IV

g8h or [clindamycin + primaquine] or pentamidine) +




(prednisone [40 mg BID] or methylprednisolone [40-60 IV
Q6H] x 21 d); NNT for early steroids is 9 (Cochrane 2006:19;

(3):CD006150).
Aspiration PNA 3rd-gen cephalosporin OR fluoroquinolone + (clindamycin or
metronidazole). If sick, b-lactam/b-lactamase inhibitor.
Influenza A & B Oseltamivir (75 mg PO BID x 7 d), zanamivir
(BMJ 2009;339:b5106) Tx only reduces sx by 1 d (must be given w/i the 48 h of onset)

Tx if critically ill, extremes of age, lung dz (inc. asthma), morbid
obesity, immunosuppressed, pregnant

Suspect TB INH 5 mg/kg PO QD + Vit Bg 25-50 mg PO QD (neuropathy) +
rifampin 10 mg/kg (max 600 mg) PO QD + pyrazinamide 15—
30 mg/kg (max 2 g) PO QD + ethambutol 15-25 mg/kg (max
2.5 g) PO QD; ensure infectious dz f/u
Airborne precautions, negative pressure room

Disposition

» CAP/HCAP: See PNA Severity Index Score & CURB-65 (below),
unless need for IV abx

» PCP: Inpt unless S,0, >95% w/o desaturation on exertion

» TB: Inpt, report to Dept of Health

Pneumonia Severity Index (NEJM 1997;336)
Variable Points Assigned
Demographics If male: (+age); if female, (+age — 10); nursing home resident (+10)

Comorbidities Neoplastic dz (+30); liver dz (+20); CHF (+10); cerebrovascular dz (+10);
renal dz (+10)

Physical exam  AMS (+20); HR 2125 (+20); RR >30 (+20); SBP <90 (+15); temp <35°C
or 240°C (+10)

Lab & pH <7.35 (+30); BUN =30 mg/dL (9 mmol/L) (+20); Na <130 (+20);
radiographic glucose 2250 mg/dL (14 mmol/L) (+10); HCT <30 (+10); PaO, <60
findings (+10); pl eff. (+10)

PORT Score (Recommended Triage and Prognosis) Calculated from PSI

Class Score Mortality (%) Disposition
I <50 <1 Outpt
Il <70 <1 Outpt
1] 71-90 2.8 Outpt/inpt (clinical

judgment)




v 91-130 8.2 Inpt

Vv >130 29.2 ICU

CURB-65 Score (Thorax 2003;58(5):377)

1 point each Confusion, Urea >20 mg/dL, RR >30, SBP <90, DBP <60, age >65
Score < 2 Low risk, consider outpt tx; Mortality 0.7% (if 0), 3.2% (if 1)

Score =2 Short inpt hospitalization or close outpt supervision; Mortality 3%
Score > 2 Hospitalize, consider ICU; Mortality 17% (if 3), 41.5% (if 4), 57% (if 5)
Pearls

» Special considerations: [VDU/endocarditis (multifocal PNA, esp b/l),
malignancy (postobstructive PNA), postinfluenza (MRSA PNA),
recent elective surgery (asp PNA risk increases w/ duration of
anesthesia, periop NG tube, age [Arch Surg 1998;133(2):194-198])

» In severe PNA, high-flow NC (vs. NIPPV) reduces 30 d mortality, &
may reduce need for intubation (esp. if PaO,:FiO, < 200) (NEJM
2015;372(23):2185-2196)

» Consider social factors if discharging pt w/ PNA (eg, f/u, ability to
comply w/ regimen)

Acute Bronchitis

Etiology

» Most commonly viral: parainfluenza, adenovirus, rhinovirus,
coronavirus, RSV, influenza

» Atypical bacteria ~5% of cases (chlamydia p., mycoplasma, B.
pertussis esp. in epidemics)

History

» Cough >5 d (dry or wet), low-grade fever, myalgias, wheezing, often
after URI sxs

» Consider pertussis: posttussive emesis, whoop, duration >1 wk (JAMA
2010;304(8):890)

» All-cause median duration of cough is 18 d; pertussis once called
“100-day cough”

Physical Exam

» Fever uncommon (consider influenza or PNA); may have chest wall



tenderness from muscle strain; lungs often clear but up to 40% have
bronchospasm/wheeze

Evaluation

» CXR nl or bronchial wall thickening; mild leukocytosis

» Labs/CXR not routinely needed: Reserve for abnl VS, extremes of
age, comorbidities

Treatment

» Supportive care, antipyretics, antitussive (e.g., Tessalon Perles 100
mg TID)

e No good evidence for or against OTC expectorants, decongestants,

or antihistamines (Cochrane Database Syst Rev 2012;8:CD001831)

» If wheezy or hx asthma: bronchodilator (albuterol MDI 2 puffs QID),
can consider inhaled corticosteroids x 7 d (though no major data to
support)

» Abx not routinely indicated (Cochrane Database Syst Rev 2012;CD000245)

e Abx reduce duration of sx by <1 day (NEuM 2006;355(20):2125-2130)

e Reserved for elderly, significant comorbidities, high suspicion for
pertussis

e Pertussis: Azithromycin 500 mg Day 1 then 250 mg QD x 4 d OR
doxycycline 100 mg BID x 7 d; Abx limit transmission but minimal
effect on sx duration (unless in first wk)

e See PNA section for influenza tx guidelines

Disposition
» Discharge home w/ PCP f/u as needed; pts will likely recover in 2—3
wk

DYSPNEA (SHORTNESS OF BREATH)

Definition

» Difficult or labored breathing (acute or progressive) often due to
primary pulm or cardiovascular etiologies, but carries broad ddx
(e.g., endo, heme, tox, neuromuscular)

» Always assess for respiratory distress: RR >24 or <8, tripoding,
accessory muscle use, unable to speak in full sentences, altered



mental status (AMS), abnl chest movement

Approach to the Patient

Etiology Features

Eval

Common or Severe Cardiac Etiologies

Hx: Exertional, but UA can
present at rest. Often w/
pain, N/V, diaphoresis, LH

Myocardial ischemia

Arrhythmia

e Supraventricular
e Nonsustained VT

Hx: Can be paroxysmal or
constant (AF). Sometimes
w/ palpitations, CP, LH

Hx: Exertional, often indolent
PE: Murmur, periph edema
(RH), lung crackles (LH)

Valve dz

e Left heart (AV, MV)
e Right heart (PV, TV)

EKG, troponin, +/- stress

EKG/Tele, troponin, lytes

EKG, echo

Common or Severe Upper Airway Etiologies

Airway obstruction Hx: Often sudden, ask about

e FB aspiration vaccinations (epiglottitis)
e Epiglottitis PE: Stridor, distress, pooled
e Croup (pedi) secretions (severe); check
e Angioedema airway patency, neck

e Abscess/hematoma ROM/swelling

XR chest &/or neck

CT Neck if considering
abscess or hematoma

Laryngoscopy/bronchoscopy

Caution w/i exam if concern
for epiglottitis

Common or Severe Pulmonary Etiologies

Pulm. edema (2/2 CHF,
left-sided valve dz,
myocarditis, constrictive
pericarditis, tamponade)

Hx: Exertional, orthopnea,
PND, can have CP

PE: Basilar crackles, LE
edema/JVD (if RHF),
murmur

PTX (spontaneous [esp
tall/thin or emphysemal,
traumatic, barotrauma
[scuba, inh drugs])

Hx: Acute onset, w/ CP

PE: Unequal breath sounds &
chest rise; tracheal
deviation, JVD if tension

Hx: Often acute, can have
pleuritic CP, s/sx of DVT;
consider RFs

PE: If massive, hypotension,
JVD

Pulm embolism

Hx: Chronic or acute irritants
(allergens, URI, tobacco), hx

Obstructive lung dz
e Asthma

CXR: edema, Kerley B lines,
cephalization, eff.

Lung u/s: B-lines

BNP (insensitive in obese; Int
J Cardiol 2014:176(3):611—
617)

CXR: can be subtle
Lung u/s: absent lung slide

D-dimer if low pretest prob
CXR: wedge infarct

EKG: right heart strain
Bedside echo: R heart strain
CTA chest or V/Q scan

Decreased peak expiratory
flow rate (PEFR) suggests




e COPD

e Bronchospasm
(bronchitis,
anaphylaxis)

e Tracheomalacia
(premature infants)

Pl eff. (2/2 PNA, HF,
cancer, cirrhosis, rarely
other causes)

PNA

Pneumonitis (drugs, XRT,
environment exposure)

Malignancy

atopy; assess freq & severity
of exacerbations

PE: Wheezing, prolonged
expiration, accessory
muscles, air movement

Hx: Slow onset, orthopnea
(often due to atelectasis)

PE: Diminished breath sounds
& fremitus

Hx: Fever, cough, +/- CP
PE: Rales or rhonchi,
tachypnea, tachycardia

Hx: Fever, cough
PE: Rales

Hx: Chronic cough, weight
loss, hemoptysis, smoker
PE: Cachexia, clubbing

obstructive etiology
CXR (prn to r/o PNA): nl or
hyperinflated (COPD)

CXR: blunted costophrenic
angle, layering

Lung u/s: hypoechoic fluid

Diagnostic thoracentesis (use
Light’s criteria)

CXR: +/- Infiltrate

CXR: +/- reticular or nodular
opacities

CXR: +/- mass
Low-dose CT chest

Pathophysiology

Metabolic/endocrine

Hematologic

Toxins

Mechanical

Neuromuscular

Psychogenic

Other Etiologies

Differential

Hypermetabolic state (fever, thyrotoxicosis), metabolic acidosis
from any cause w/ respiratory compensation (look for
Kussmaul respirations), electrolyte derangements (Ca, Mg,

P)

Anemia (heme malignancy, hemolysis, occult bleeding)

Salicylate (respiratory alkalosis), organophosphate
(bronchorrhea), CO (binds Hgb >O,, inhibits O, delivery),

cyanide (disrupts mitochondrial ox phosphorylation)

Abd distension (e.g., pregnancy, massive ascites), morbid

obesity

Myasthenia gravis, Guillain—Barré, ALS, stroke, botulism, West
Nile virus, phrenic nerve dysfxn (e.g., tumor infiltration,

surgery)

Anxiety/panic attack, somatization disorder

Asthma
Definition




» Chronic recurrent inflammatory disorder w/ airway
hyperresponsiveness, bronchospasm, & reversible airway
obstruction

Clinical Features

» Progressive wheezing, dyspnea, chest tightness, cough (esp

nocturnal)

» Always assess sx frequency, severity, duration, home txs;

e Evaluate for triggers: Cold air, exercise, URI, stress, allergens,
meds (NSAIDs, BBs), respiratory irritants (perfumes, smoke,
detergents, dander, dust)

» Assess asthma hx: Past txs, baseline PEFR, no. ED visits/yr,

admx/yr, prior intubations



Mild to moderate
» PEFR =40%
= Speak in sentences

Severe
= PEFR <40%
= Speak in words
= Symptoms at rest

Critical
= Severe symptoms
» Altered mentation
» Impending arrest
* Unstable vital signs

v v

* Oxygen to achieve 5a0, >80%

= Albuterol: 2.5-5.0 mg nebulized q20—30 min =<3
OR 4-8 puffs g20min using MDI with spacer
OR continuous nebulizer it severe (15 mg/h)

= |pratropium 0.5 mg nebulized =3 (synergistic)

= Steroids: Prednisone 2 mg/kg (max 60) PO daily

OR methylprednisolone 2 mg/kg (max 125) IV g6h

v

v

Reassess: Symptoms, exam, PEFR, Sa0-
= If improving, repeat albuterol g60min =3
= |If still severe, continuous albuterol 15 mg/h

= May try BiPAP

* Intubation: Large ETT,
consider ketamine

= |V corticosteroids

= Consider adjuncts
Mg 2—4 mg IV over 20 min
Epinaphrine 0.01 mgkg SC,
1:1000 Terbutaline 0.25 mg

SC (instead of epinaphrine)
Heliox (80% He, 20% O.)

l

.

Reassess again, make admit decision in <4 h

F—

Admit to ICU

v

Good response Incomplete response
* PEFR =70% » PEFR 40-70%
» Hesponse sustained = Continued dyspnea
for 60 min = Ambulatory hypoxia

= Ambulatory without
dyspnea or hypoxia

Poor response
» PEFR <40%
= PaC0; =42 mmHg
= Severe symptoms,
drowsy

v

Discharge home
= Continue course of oral steroids for 4-5 days
= Review home medications, inhaler technique
= Asthma action plan, smoking cessation plan
= Consider starting controller medications

Admit to ward

Figure 2.1 Treatment algorithm. From NHBLI Expert
Panel Report 3, 2007. NIH Pub no. 08—4051.

Physical Exam

» Tachypnea, tachycardia, inspiratory/expiratory wheezes, prolonged
expiration, decreased or no air movement, use of accessory
muscles, tripoding, cyanosis



Evaluation

» CXR: Avoid in routine exacerbations; order to r/o PNA/PTX, elderly,
comorbidities

» PEFR: Compare to pt's baseline if he/she is aware. Varies by age,
gender, & height. Average adult female: 300—470; adult male: 400—
660.

» ABGs are not routinely indicated to assess for severity, but
normocarbia in severe asthma may be a sign of “tiring out,”
impending respiratory failure.

Pearls

» MDI w/ spacer as effective as nebulizers (but harder for ill pts) (veum
2010;363(8):755-764)

» Medium-dose inh budesonide Rx (21 d x 600-1200 mcg/d) at d/c in
addition to PO corticosteroids decreases 21 d relapse by 48% (NEum
2010;363(8):755-764)

Chronic Obstructive Pulmonary Disease (COPD)
Definition
» Progressive incompletely reversible airflow obstruction, w/ impaired

gas exchange, usually w/ smoking hx. Formal dx needs PFTs
(postbronchodilator FEV/FVC <70% predicted).

Mild (FEV4 =2 80%), Mod (FEV{ 50-80%), Sev (FEV{ 30-50%), Very
sev (FEV4 < 30%)

History

» Cough (worse than baseline), increased sputum (purulence &
volume), dyspnea, wheeze

» Precipitants: Cold weather (inc incidence in winter months), infxn

(viral > bacterial), cardiopulmonary dz, PE (16% of acute
exacerbations; Chest 2016), med changes

Physical Exam

» Chronic bronchitis (“Blue Bloater”): Cough w/ inc. sputum
production; cyanaotic, plethoric, not in overt resp distress; scattered
rhonchi & rales

» Emphysema (“Pink Puffer”): Thin, anxious, dyspneic, tachypneic;
noncyanotic, tripoding, pursed-lip exhalation (for auto-PEEP),



diminished breath sounds
Evaluation

» ECG for associated dysrhythmia (AF or MAT), cor pulmonale (P
pulmonale: Big P in II)

» CXR tor/o PNA, PTX, eff., edema, malignancy

» Consider CTA Chest (2/3 of PEs in COPD are segmental or larger;
Chest 2016)

» Blood gas to evaluate pH & P,CO,, BMP & CBC (esp if admitted)

e |f chronic resp acidosis present, compare PaCO, w/expected
(calculated from HCO3)

» Influenza (if epidemic), sputum cx (if severe COPD & PNA)

» Exacerbation severity: No resp failure (RR 20-30, no access
muscles, no AMS, hypoxia FiO, <40%, nl P,CO5), Non-life-
threatening acute resp failure (RR >30, +access muscles, no AMS,
FiO, <40%, P,CO, 50-60), Life-threatening acute resp failure
(same, but +AMS, FiO, >40%, PaCO, >60 or pH <7.25) (GoLD 2017
Report)

Treatment (GOLD 2017 Report)

» Titrate supplemental O, (goal S,0, 88-92%): Chronic hypoxemia
inc. risk of O,-induced hypoventilation (Crit Care 2012;16(5):323); ~2%
mortality w/ high-flow O, (BMJ 2010;342:c5462)

» Albuterol (short-acting B-agonist): 2.5-5 mg neb q30min x 3, then
g4h OR MDI w/ spacer

» Neb vs MDI (mild cases): no diff in sustained FEV4 or admx (Cochrane

2016;(8):CD011826)

» Ipratropium bromide (anticholinergic): 0.5 mg nebulized q30min x 3
doses, then g4h (synergistic effect w/ albuterol, so give together)

» Steroids: Prednisone 40 mg PO QD (5-7 d) OR methylprednisolone
(for severely ill pts)

» Abx recommended if increased sputum purulence & either increased
SOB or sputum volume, OR life-threatening acute resp distress

e Abx dec mortality 12% (NNT 8) & tx failure 31% (NNT 3) (Cochrane

2006;(2):CD004403)
e Choice based on RFs (age >65, FEV4 <50%, recent abx, heart dz);

duration 5-7 d



e Outpt w/o RFs: Macrolide, amoxicillin, doxycycline, or TMP/SMX
e Outpt w/ RFs: Fluoroquinolone or amoxicillin/clavulanate
¢ |npt: Fluoroquinolone (esp if pseudomonas RF) OR (3rd-gen
cephalosporin + Macrolide)
» Positive Pressure Ventilation (PPV):
e Noninvasive PPV (BiPAP): resp acidosis, severe SOB or fatigue;
watch for PTX w/PPV
e Decreases mortality by 50% (NNT 8), intubation by 60% (NNT 3),
tx failure by 50%, & hosp LOS by >3 d compared to usual care
(Cochrane 2004;(3):CD004104)
¢ |nvasive (intubation): Not tolerating BiPAP, impending resp failure,
CV instability, AMS
Disposition
» Home: Mild sxs, ambulatory S,0, >90%, <Q4H bronchodilators,
outpt f/u, home support
» Early f/lu dec. mortality; 20% pts not back at prior baseline by 2 mo
(GOLD 2017 Report)
» Admx: Incomplete tx response, sig. below baseline, mx
comorbidities, severe COPD / freq. exacerbations, elderly, poor
home support (Am J Respir Crit Care Med 2013;187(4):347)

Acute Respiratory Distress Syndrome (ARDS)
Berlin Definition (JAMA 2012;307(23):2526—2533)
» Acute (sx < 1 wk) diffuse inflammatory lung injury, characterized by

vascular leak, edema, & diffuse alveolar damage; imaging w/ b/l
opacities, not fully 2/2 cardiac failure or fluid overload; PaO,:FiO,

200-300 (mild), 100-200 (mod), <300 (sev) w/ PEEP = 5 cm H,0

Pathophysiology

» Impaired gas exchange, poor compliance (stiff lungs),
intrapulmonary shunt

Etiology

» Direct lung injury: PNA, aspiration, near-drowning, hydrocarbons,
inhalational injury, embolism (thrombotic, fat, air, amniotic)

» Systemic: Sepsis, shock, DIC, trauma, burns, transfusion,
pancreatitis, meds



Clinical Features

Rapid progressive dyspnea (<1 wk), cyanosis, crackles, & eventual
respiratory failure

Evaluation

Dx requires ABG (Pa0O,:FiO, <300) & CXR w/ bilateral pulm edema

May need TTE to r/o cardiac etiology, bronchoscopy to r/o diffuse
alveolar hemorrhage

Treatment

Supportive, focus on treating the underlying condition
Lung-protective ventilation: dec 28 d mortality by 10% (NNT 10)
(