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Introduction: Patients with acute myocardial infarction (AMI) may suffer several complications after the acute
event, including dysrhythmias and heart failure (HF). These complications place patients at risk for morbidity
and mortality.
Objective: This narrative review evaluates literature and guideline recommendations relevant to the acute emer-
gency department (ED)management of AMI complicated by dysrhythmia or HF, with a focus on evidence-based
considerations for ED interventions.
Discussion: Limited evidence exists for EDmanagement of dysrhythmias in AMI due to relatively low prevalence
and frequent exclusion of patients with active cardiac ischemia from clinical studies. Management decisions for
bradycardia in the setting of AMI are determined by location of infarction, timing of the dysrhythmia, rhythm as-
sessment, and hemodynamic status of the patient. Atrial fibrillation is common in the setting of AMI, and caution
is warranted in acute rate control for rapid ventricular rate given the possibility of compensation for decreased
ventricular function. Regular wide complex tachycardia in the setting of AMI should be managed as ventricular
tachycardia with electrocardioversion in the majority of cases. Management directed towards HF from left ven-
tricular dysfunction in AMI consists of noninvasive positive pressure ventilation, nitroglycerin therapy, and early
cardiac catheterization. Norepinephrine is the first line vasopressor for patients with cardiogenic shock and hy-
poperfusion on clinical examination. Early involvement of a multi-disciplinary team is recommended when car-
ing for patients in cardiogenic shock.
Conclusions: This review discusses considerations of ED management of dysrhythmias and HF associated with
AMI.
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1. Introduction

Early complications associated with acute myocardial infarction
(AMI) have decreased in the era of reperfusion therapy but remain a
source of morbidity and mortality among emergency department (ED)
patients. Among 10 million annual ED visits for chest pain, 625,000 pa-
tients are diagnosed with acute coronary syndrome (ACS) [1]. Approxi-
mately 30% of these patients have ST elevation myocardial infarction
(STEMI). The prevalence of STEMI from 1998 to 2008 decreased from
133 to 50 cases per 100,000 patient admissions [2]. The risk of dysrhyth-
mia fromAMI varies by infarct location. In amultinational registry of pa-
tients with ACS, 4.6% developed cardiogenic shock [3]. Historically,
ventricular dysrhythmias were the leading cause of death in AMI, but
SamHouston, TX 78234, United
cardiogenic shock is the leading cause of death among patients hospital-
ized for AMI in the modern era [4].

Patients with AMI complicated by dysrhythmia or heart failure rep-
resent a subset of patients at high risk for morbidity and mortality. At-
tentive supportive care addressing volume optimization, electrolyte
replacement (especially for hypokalemia and hypomagnesemia), and
avoidance of hypoxia and hyperoxia are important components ofman-
agement for AMI complications [5]. Early cardiology consultation with
urgent or emergent coronary angiography is indicated for the majority
of these patients.

Application of evidence-based medicine is particularly challenging
for the acutemanagement of this patient population given the lowprev-
alence of these conditions and frequent exclusion of patientswith active
coronary ischemia from clinical trials. The objective of this narrative re-
view is to discuss the available evidence supporting treatment decisions
for patients with AMI or recent MI presenting to the ED with dysrhyth-
mias, heart failure (HF) with preserved blood pressure, or cardiogenic

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ajem.2019.04.047&domain=pdf
https://doi.org/10.1016/j.ajem.2019.04.047
brit.long@yahoo.com
https://doi.org/10.1016/j.ajem.2019.04.047
http://www.sciencedirect.com/science/journal/07356757
www.elsevier.com/locate/ajem


1555W.T. Davis et al. / American Journal of Emergency Medicine 37 (2019) 1554–1561
shock. Specifically, the review aims to discuss specific treatment consid-
erations for these conditions when AMI is present.

2. Methods

This narrative review evaluates literature and guideline recommen-
dations relevant to the ED management of AMI complicated by dys-
rhythmia or HF, with a focus on evidence-based considerations for ED
interventions; however, this review will not cover cardiac arrest, gen-
eralmanagement of acute coronary syndrome (ACS), electrocardiogram
(ECG) interpretation and rhythm recognition, and treatment consider-
ations beyond acute stabilization in the ED. Authors searched PubMed
and Google Scholar using a variety of keywords, including myocardial
infarction, acute coronary syndrome, electrical complications, atrioven-
tricular block, bradycardia, atrial fibrillation, ventricular tachycardia,
cardiogenic shock, and acute heart failure for production of this narra-
tive review. The literature search was restricted to studies published
in English. Authors evaluated case reports and series, retrospective
and prospective studies, systematic reviews and meta-analyses, and
other narrative reviews. Authors also reviewed guidelines and
supporting citations for emergencymanagement of acute complications
of AMI related to electrical complications, heart failure, or cardiogenic
shock. Authors reviewed relevant articles and decided which studies
to include for the review by consensus, with inclusion based on rele-
vance to emergent care of electrical complications and heart failure in
the setting of AMI. A total of 91 resources were selected for inclusion
in this review. This is a narrative review, so no pooling of study data
was performed.

3. Discussion

3.1. Perfusion of the cardiac conduction system

An understanding of coronary perfusion and the cardiac conduction
system can assist in predicting the occurrence and prognosis of different
dysrhythmias based on infarct location. Table 1 displays the most com-
mon sources of perfusion for the cardiac conduction system in terms of
the right coronary artery (RCA), posterior descending artery (PDA), left
circumflex artery (LCX), and left anterior descending artery (LAD) [6,7].
Fig. 1 depicts the cardiac conduction system. The RCA is the most com-
mon culprit artery in inferior AMI (80% of cases), followed by LCX le-
sions [6]. The LAD is the most common culprit artery in anterior MI,
and the proximal LCX is the most common in lateral MI [6,8].

3.2. Bradydysrhythmias

Bradydysrhythmias occur in 25–30% of patients with AMI. Sinus bra-
dycardia (SB) is themost common bradydysrhythmia, but the presence
of SB in AMI is not associated with increasedmortality [9,10]. Hemody-
namic compromise due to bradycardia fromAMI is rare, occurring in ap-
proximately 1 per 10,000 ED visits. AMI is an infrequent cause of
hemodynamically compromising bradycardia requiring ED care, esti-
mated at 14% of cases in one European ED registry [11]. Third-degree
atrioventricular block (AVB) is the most common rhythm among pa-
tients with unstable bradycardia associated with AMI [9].
Table 1
Perfusion of the cardiac conduction system.

Conduction location Right coronary
artery

Left circumflex
artery

Left anterior
descending artery

Sinoatrial node 60% 40% 0%
Atrioventricular node 90% 10% 0%
Right bundle branch blocka 33% 13% 52%
Left bundle branch blocka 17% 0% 43%

a The location of culprit lesions in patients in GUSTO I and TAMI trials with new onset
right and left bundle branch block in AMI [7].
Two mechanisms are responsible for the majority of
bradydysrhythmias in the setting of AMI. First, physiologic changes as-
sociated with AMI result in a state of autonomic instability, and in-
creased parasympathetic input to the cardiac conduction system can
trigger bradydysrhythmias. Second, AMI may cause ischemia of the car-
diac conduction system [9]. Many bradydysrhythmias are due to a com-
bination of these two mechanisms. The type of bradydysrhythmia,
timing of onset after AMI, and location of coronary infarct can assist in
determining the most probable mechanism for an individual patient.

3.2.1. Atrioventricular block (AVB)
AVB associated with AMI can be divided into early-onset and late-

onset AVB. Early-onset AVBdevelops b6h of AMI onset and is frequently
due to increased parasympathetic input from autonomic imbalance in
AMI [12].Myocardial reperfusionmay play a role in triggering this reflex
[13]. Early-onset AVB usually presents with very slow ventricular rates
which are responsive to atropine [12]. Late-onset AVB presents N6 h
after AMI onset and is frequently due to ischemia of the cardiac conduc-
tion system. Late-onset AVB tends to present with wide QRS complexes
and higher ventricular rates than early-onset AVB. Compared to all
comers with AVB, patients with AVB in the setting of AMI tend to be
younger and present with chest pain and hypotension [14].

Although first-degree AVB is typically a benign finding, weak evi-
dence suggests that first-degree AVB carries an increased risk of pro-
gression to high-grade AVB (HAVB) in the setting of AMI. Among 14
patients identified with HAVB N6 h after AMI, 12 patients had a hemo-
dynamically stable period with first-degree AVB prior to developing
HAVB [12]. Cardiac monitoring for patients with first-degree AVB in
the setting of AMI is recommended to evaluate for progression to
HAVB [15].

AVB was more common in posterior MI (7.3%) than anterior MI
(3.0%) in one study of elderly patients with AMI [16]. HAVB consists of
type II second-degree AVB and third-degree AVB. The vast majority of
HAVB in AMI is third-degree AVB. Among patients with STEMI in a re-
cent prospective registry, 2.2% of patients had HAVB at the time of ad-
mission [17]. This represents a decrease from historical estimates of
2.7–14% prevalence of HAVB among patients admitted with STEMI
[17]. HAVB is slightly less common when including all patients with
ACS,with 1.3% prevalence on presentation [18]. Risk factors for develop-
ing HAVB among STEMI patients include RCA culprit lesion lesions, age
N 65 years, hypertension, diabetes, and female gender [19]. In one study
of patients with STEMI, in-hospital mortality was greater in patients
with HAVB (29% versus 18% in patients without HAVB), but HAVB was
not independently associated with mortality on multivariable analysis
[17].

Mortality and risk of hemodynamically instability are greatly af-
fected by the location of MI, with inferior MI having a more favorable
prognosis than anterior MI. HAVB in the setting of inferior MI is usually
due to ischemia proximal to the bundle of His [20]. The escape rhythm
tends to have a narrow QRS, and many patients tolerate this rhythm
without hemodynamic compromise [6]. HAVB from anterior MI is usu-
ally due to a larger infarct causing ischemia to the trifascicular conduc-
tion system distal to the AV node [21]. The escape rhythm tends to be
slow with a wide QRS and has a greater risk of hemodynamic compro-
mise than the escape rhythm in inferior MI [6,9].

3.2.2. Management
Atropine increases automaticity of the SA andAVnodes by inhibiting

parasympathetic input. Indications for atropine include sinus bradycar-
dia with hypoperfusion, symptomatic second-degree AVB, or third-
degree AVB associated with a narrow QRS complex (Class IIa, LOE
B) [9,22]. In a retrospective review of patients with hemodynamically
unstable bradycardia (n = 86) or AVB (n= 35) who received atropine
in the prehospital setting, 47.3% of patients demonstrated improvement
in heart rate and blood pressure following atropine administration. Ap-
proximately half of these responseswere transient, while the remainder



Fig. 1. Cardiac conduction system.
From https://commons.wikimedia.org/wiki/File:2018_Conduction_System_of_Heart.jpg.
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were sustained throughout the prehospital phase of care. On subgroup
analysis, the 34.4% of patients with AMI had a similar response to atro-
pine compared to patients without AMI [23]. Potential adverse effects of
atropine includeworsening of HAVB, increased risk of dysrhythmia, and
progression of infarction. In the same prehospital study, 4 patients
(3.1%) developed ventricular dysrhythmias [23]. This risk of dysrhyth-
miawas lower than a prior study of 56 intensive care unit (ICU) patients
receiving atropine for SB in which 5% of patients had increased prema-
ture ventricular contractions and 5% had ventricular dysrhythmias [24].
Atropine is typically not effective in patients with HAVB, warranting
consideration of other measures.

Epinephrine and dopamine are recommended alternative agents if
atropine is ineffective (Class IIa, LOE B) [25]. A strategy of epinephrine
administration in place of atropine is somewhat supported by an anes-
thesia algorithm for bradycardia management in the operating room,
but no primary literature support is offered for this recommendation
[26]. Mortality and adverse events were similar in a feasibility study of
82 patients randomized to dopamine or transcutaneous pacing (TCP)
after failure of atropine for unstable bradycardia in the prehospital set-
ting. The use of epinephrineprior to atropine for symptomatic bradycar-
dia in AMI is a deviation from ACLS recommendations with minimal
literature supporting this strategy, though it should be considered as a
potential first-line therapy in patients with HAVB.

Pacer pads should be placed prophylactically in patients presenting
with bradycardia in the setting of AMI. TCP should be initiated as a
bridge to transvenous pacing or definitive management in hemody-
namically compromising bradycardia unresponsive to atropine or not
meeting atropine indications. A recent prospective, observational
study in the ED found increased systolic blood pressure and HR with
the use of TCP in patients with bradycardia unresponsive to atropine
[27]. Although data are limited by small sample size, 2 randomized con-
trolled trials (RCTs) examining TCP for symptomatic bradycardia in the
prehospital setting found lower mortality among patients with a pulse
on EMS arrival to the scene who received TCP versus those who did
not receive TCP [28,29].

The decision to start transvenous pacing in the ED is multifactorial
based on the presenting rhythm, hemodynamic status, hospital setting,
and consultant support. While placing TCP pads can be accomplished
easily, transvenous pacing is more technically challenging. In a study
of 277 ED patients with bradycardia and hemodynamic compromise,
20% of patients required transvenous pacing. The risk of requiring
transvenous pacing was doubled among the 40 patients with bradycar-
dia secondary to AMI [11]. The risk of progression to HAVB and develop-
ment of hemodynamic compromise is partially determined by the
location of infarction. Anterior MI with AVB is commonly associated
with infranodal ischemia with a greater risk than inferior infarctions
for progression to higher grade AVB and hemodynamic compromise.
Patients with first-degree or type I second-degree AVB should have car-
diac monitoring to evaluate for progression to HAVB. Patients with
second-degree type 2 AVB are at significant risk of progression to
third-degree AVB. The presence of a new bundle branch block increases
the risk of requiring transvenous pacing. Patients with third-degree
AVB, particularly in the setting of anterior infarction, are likely to de-
velop hemodynamic instability requiring transvenous pacing [30]. In
summary, patients with AMI and hemodynamically compromising bra-
dycardia not responsive to atropine should bemanagedwith TCP and/or
epinephrine, with consideration of placing a transvenous pacemaker.
3.3. Atrial fibrillation

The reported prevalence of atrial fibrillation (AF) complicating AMI
has varied between 2% and 21% over the last 30 years [31]. A recent
large retrospective study of patients with ACS reported a 7.6% preva-
lence of new AF during hospitalization for AMI [32]. Multiple factors
likely play a role in the development of AF during AMI [16]. A commonly
proposedmechanism is left ventricular dysfunction leading to increased
atrial pressures [33]. Other possible contributing factors include ische-
mia of the atria, metabolic abnormalities, or autonomic instability asso-
ciated with AMI [16].

Risk factors for developing AF in the setting of AMI include advanced
age, male gender, and tachycardia or heart failure on presentation
[31,32]. Cardiogenic shock on presentation has the strongest association
of any risk factorwith an odds ratio (OR) of 1.58 [31]. AF in the setting of
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ACS is associated with increased risk of mortality, repeat MI, and ische-
mic stroke [32].

3.3.1. Management
Before initiating interventions for AF in the setting of AMI, an assess-

ment is needed as to whether AF is a primary cause or significant con-
tributor to the patient's hemodynamic condition [34]. Tachycardia
may be a compensatory mechanism to AMI, and adverse events are
common following rate control interventions. Among 15 patients re-
ceiving rate control for AF with rapid ventricular rate (RVR) in the set-
ting of ACS, 27% of patients developed significant hypotension in one
study [35].

Synchronized electrocardioversion is indicated to treat AF in the set-
ting of AMI if any of the following conditions are present: 1) hemody-
namic instability, 2) uncontrolled RVR despite pharmacotherapy, or
3) evidence of ongoing cardiac ischemia despite pharmacotherapy
[36]. A recent expert opinionmanuscript described stability as a contin-
uum, and the presence of AMI should decrease the threshold to treat a
patient with AF as hemodynamically unstable [37].

In cases where electrocardioversion is unsuccessful or not per-
formed, pharmacotherapy recommendations for acute rate control of
AF depend on clinical evidence of heart failure or hemodynamic insta-
bility. Amiodarone is recommended in patients presenting with re-
duced ejection fraction or hemodynamic instability (Class IIb, LOE
B) [36]. A retrospective study of 38 ICU patients with refractory atrial
dysrhythmias found decreased heart rate and increased blood pressure
in patients receiving amiodarone. Themajority of patients receiving dil-
tiazem, esmolol, or digoxin had decreases in systolic blood pressure
(SBP) without slowing the HR [38]. The choice of rate control agent in
hemodynamically stable patients is less clear. The American Heart Asso-
ciation/American College of Cardiology (AHA/ACC) and European Soci-
ety of Cardiology (ESC) guidelines recommend intravenous beta
blockers (Class I, LOE C) over non-dihydropyridine calcium channel
blockers (Class IIb, LOE C) for acute rate control of hemodynamically
stable patients in the setting of ACS [33,36]. This recommendation is
largely based on expert opinion, as studies for AF with RVR usually do
not include patientswith AMI [39-41]. The same guidelines recommend
avoiding non-dihydropyridine calcium channel blockers if any evidence
of heart failure or hemodynamic instability is present (Class IIb, LOE
C) [36].

3.4. Accelerated idioventricular rhythm

Accelerated idioventricular rhythm (AIVR) is characterized by a ven-
tricular rhythmwith a heart rate of 60–120 beats perminute [42]. A rate
N120 beats per minute suggests ventricular tachycardia (VT). AIVR is
seen most commonly following reperfusion with PCI or thrombolytic
therapy, but it may rarely be seen in the setting of AMI. The presence
of AIVR does not affect prognosis. AIVR is a stable escape rhythm, and
antidysrhythmic treatment is not recommended [43].

3.5. Ventricular tachycardia

VT is a ventricular rhythmwith a QRS duration N120 milliseconds, a
rate of at least 120 beats per minute, and loss of association between
atrial and ventricular depolarization [44]. Sustained VT is estimated to
occur following 1% of AMI [45]. This decrease from historical estimates
of 3–5% is presumably secondary to improved cardiac care to reduce in-
farct size in AMI [45]. VT usually occurs remotely from theMI event as a
result of reentry pathways at the site of myocardial scar [45]. In the set-
ting of AMI, VT is usually due to abnormal automaticity causing focal ac-
tivity at the border of the infarction. In early ischemia, mild
hyperkalemia increases cardiac myocyte excitability. As ischemia pro-
gresses, worsening hyperkalemia results in slowed conduction and de-
creased excitability. This mismatch in cells bordering the infarct may
result in depolarization-induced automaticity, producing focal activity
which can promote VT [46].

Risk factors for VT include large infarct size and reduced ejection
fraction [45]. Multiple algorithms exist for distinguishing ventricular
tachycardia from other causes of regular wide complex tachycardia on
ECG [47]. The occurrence of regular wide complex tachycardia during
or shortly after AMI strongly suggests VT [48].

3.5.1. Management
Immediate electrocardioversion is recommended for VTwith a pulse

in the setting of ischemic chest pain or hemodynamic instability [49,50].
Stable monomorphic VT is typically defined as the prevalence of VT in
the setting of minimal symptoms. The threshold to categorize a patient
with AMI as unstable VT should be low, with consideration of
immediate electrocardioversion [44]. For patients with a pulse and per-
sistent VT refractory to electrocardioversion, intravenous amiodarone is
recommended (Class I, LOE A) along with further attempts at
electrocardioversion [25]. Among 18 patients (8 with AMI) receiving
amiodarone in the setting of unstable VT, 78% had termination of VT
with a protocol involving repetitive shocks and amiodarone boluses
[51].

For hemodynamically stable patients with regular wide complex
tachycardia, the 2017 AHA guidelines for ventricular dysrhythmias in-
clude procainamide (Class IIa, LOE A), amiodarone (Class IIb, LOE B),
and sotalol (Class IIb, LOE B) [50]. The PROCAMIO trial found improved
termination of VT (67% vs 38%) and fewer major adverse events (9% vs
41%) for procainamide versus amiodarone, respectively [52]. Notably,
this trial did not include patients with AMI or severe anginal symptoms
[52]. A randomized parallel study comparing procainamide with lido-
caine in patients with spontaneous monomorphic VT found procain-
amide terminated VT in 12 of 15 patients, compared with 3 of 14
patients receiving lidocaine [53]. A retrospective cohort of 97 infusions
of amiodarone or procainamide for stable sustained VT in the ED in-
cluded 9 patients with STEMI or NSTEMI. Among patients receiving pro-
cainamide, 19% experienced hypotension, requiring discontinuation of
the infusion [54]. In summary, procainamide has recently been shown
to terminate stable VT more frequently than amiodarone, but there is
little evidence to support procainamide use in the setting of AMI. Most
patients with VT in the setting of AMI should undergo electro-
cardioversion with administration of repeated shocks and intravenous
amiodarone if VT persists. Table 2 summaries dysrhythmia manage-
ment in AMI.

3.6. Acute heart failure associated with AMI

Myocardial ischemiawas identified as the precipitating factor in 15%
of heart failure admissions in the OPTIMIZE-HF trial [55]. In-hospital
mortality was independently higher (adjusted OR 1.2) for patients
with ACS as the precipitating factor compared to all HF admissions
[55]. The degree of HF on admission is commonly characterized by
physical examination using the Killip classification [56]. Patients with
Killip class I have no evidence of HF on physical examination. Patients
with Killip class II and III have preserved SBP of at least 90 mmHg
with pulmonary edema involving less than a third (class II) or greater
than a third (class III) of the lung fields on physical examination. Pa-
tients with Killip class IV have cardiogenic shock, with evidence of pul-
monary edema and SBP b90 mmHg [56]. Increasing Killip classification
was associated with greater mortality in a study of non-STE ACS pa-
tients, which found 30 daymortality of 2.8% in Killip class I, 8.8% in Killip
class II, and 14.4% in Killip class III or IV [56]. Risk factors for HF compli-
cating AMI include advanced age, hypertension, diabetes, and prior MI
[56,57].

3.6.1. Heart failure with normal or elevated blood pressure
Management directed towards HF in the setting of LV dysfunction

from AMI is similar to the ED management of HF not associated with



Table 2
Management considerations for dysrhythmias complicating acute myocardial infarction.

Bradydysrhythmias - Place transcutaneous pacer pads.
- Atropine is more likely to be successful in AVB occurring b6 h of AMI onset.
- Minimal literature supports the use of epinephrine prior to atropine, except in cases of HAVB or those patients unresponsive to atropine.
- Anterior MI with AVB has greater risk of progressing to high grade AVB.
- Hemodynamically compromising bradycardia unresponsive to atropine should be treated with cardiac pacing and/or epinephrine.
- Transvenous pacing may be required.

Atrial fibrillation - Increased risk of hypotension if acute pharmacologic rate control is required.
- Determine whether the rhythm is the primary cause of patient decompensation or a compensatory mechanism.
- Synchronized electrocardioversion is recommended for patients with hemodynamic instability and uncontrolled RVR or ischemia

despite pharmacotherapy.
- Amiodarone may be used in patients with reduced EF or hemodynamic instability if electrocardioversion is unsuccessful or not performed.
- Avoid calcium channel blockers if heart failure is present.

Accelerated idioventricular rhythm - Antidysrhythmic medication is not indicated.
Ventricular tachycardia - Assume VT for regular, wide complex tachycardia in the setting of AMI.

- Early electrocardioversion with repeat shocks and amiodarone if VT persists is the strategy with greatest literature support.

Abbreviations: AVB - atrioventricular block, AMI – acute myocardial infarction, VT – ventricular tachycardia, RVR – rapid ventricular rate, EF – ejection fraction.
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AMI [58]. Initial resuscitation to address pulmonary edema includes
noninvasive positive pressure ventilation and nitroglycerin as tolerated
by blood pressure [34]. Oxygen saturation should be maintained above
90% [59]. One RCT found fewer intubations and AMI with high dose ni-
trate and low dose furosemide therapy, compared to high dose furose-
mide and low dose nitrate therapy [60].

The presence of AMI is not a contraindication to diuretic use in acute
HF management. Diuretic therapy is recommended by recent ESC
guidelines (Class I, LOE C) for patients with STEMI and evidence of vol-
umeoverloadon clinical examination [5]. Early use of diuretics inHFhas
recently received a great deal of attention. An observational study
showing an association between early furosemide treatment and de-
creased in-hospital mortality excluded patients with ACS requiring ur-
gent catheterization [61]. As ESC guidelines recommend urgent
catheterization for all patients with decompensated HF in the setting
of ACS, this study may not apply to the HF subgroup with AMI [59]. In
summary, management directed towards HF in AMI should focus on ni-
troglycerin therapy and noninvasive positive pressure ventilation to ad-
dress pulmonary edema. An intravenous dose of diuretic equal to the
patient's home maintenance dose can be given if clinical assessment
suggests volume overload [62].

3.6.2. Cardiogenic shock
Cardiogenic shock (CS) occurs in 4–9% of patients with AMI [63]. In a

study of multiple registries, prevalence of CS in AMI in 2005 was 5.7%,
decreased from 6.9% in 1995 [64]. Risk factors for CS include advanced
age, female gender, prior MI, and diabetes [4,65,66]. The majority of
CS is precipitated by STEMI and typically occurs hours to days after ini-
tial presentation [63].

Themost common etiology of CS in the SHOCK registry was left ven-
tricular failure (78%) [67]. Isolated right ventricular failure andmechan-
ical complications precipitated CS in 3% and 12%of patients, respectively
[67]. Anterior MI (55%) and posterior MI (46%) were the most common
infarct locations [67].

PatientswithAMI complicated byCS can rapidly decompensate due to
a positive feedback loop: 1) myocardial ischemia leads to decreased ejec-
tion fraction, 2) decreased diastolic blood pressureworsens coronary per-
fusion pressure, and 3) decreased coronary perfusion worsens coronary
ischemia. This loop causes significant challenges in management.

3.6.3. Management
Patients with CS in the setting of AMI require immediate resuscita-

tion and cardiology consultation. Echocardiography is needed to evalu-
ate for mechanical complications [33]. This review will not specifically
cover mechanical complications of AMI. Emergent cardiac catheteriza-
tion is indicated if any of the following conditions persist despite med-
ical management: ST segment deviation on ECG, anginal symptoms, or
end organ hypoperfusion [33].
The decision to initiate vasopressors rests on a balance of benefit and
risk. Vasopressors can improve coronary perfusion by increasing dia-
stolic blood pressure. Adverse effects of vasopressors include increased
myocardial oxygen consumption and increased risk of dysrhythmias
and infarct progression [68].

The choice of vasopressor agent depends on the degree of hypoten-
sion, the patient's perfusion status on clinical assessment, emergency
provider comfort with use of different agents, and preference of consul-
tants assisting with patient care. A reasonable target blood pressure is a
mean arterial pressure (MAP) of at least 65 mmHg [69,70].

Norepinephrine is recommended as the first line vasopressor for CS
in the setting of AMIwith SBP b70mmHg [68]. An RCT comparing dopa-
mine and norepinephrine in shock found that dysrhythmias weremore
common with the use of dopamine (24%) versus norepinephrine (12%)
[71]. A subgroup analysis of patients with CS found decreasedmortality
in patients randomized to norepinephrine compared to dopamine [71].
In a pilot study of 30patientswith CS not precipitated byAMI, 20%of pa-
tients treated with epinephrine had dysrhythmias compared to 0% in
the norepinephrine-dobutamine arm [72].

Patients with CS and SBP 70–100 mmHg require careful consider-
ation in selecting the appropriate vasopressor or inotrope. Norepineph-
rine is recommended if signs of shock are present on clinical assessment
[68]. This is a change from previous guidelines, which recommended
dopamine as the first line agent for this patient population [30]. Norepi-
nephrine is recommended over epinephrine, as epinephrine is associ-
ated with increased oxygen consumption, lactate levels, and mortality
rates [72,73]. Dobutamine is recommended if the patient has adequate
perfusion and lack of severe end organ dysfunction by clinical assess-
ment [68].

Dobutamine primarily acts as a beta 1 and beta 2 agonist. The net ef-
fect at low doses is increased myocardial contractility and vascular
smooth muscle relaxation. This vasodilation may cause a decrease in
blood pressure. Adverse effects of dobutamine include increased myo-
cardial oxygen consumption and increased risk of dysrhythmia. Non-
sustained VT occurred in 13% of patients during the first 24 h of dobuta-
mine infusion in 1 study [74]. Milrinone is a phosphodiesterase inhibi-
tor, which acts as an inotrope and vasodilator. Parenteral milrinone
has a half-life of 2–4 h, so initiation of this medication in the ED can
have prolonged clinical effects and is generally avoided [68]. Inotropes
have not been shown to improve mortality in cardiogenic shock, but
these agents can improve coronary perfusion in the acute shock state
until other treatments, such as PCI or mechanical support, are per-
formed [68,75,76].

In cases of CS due to AMI, myocardial revascularization is the only
evidenced-based therapy with proven survival benefit [70]. However,
mechanical circulatory support is an essential part of the management
of CS and is commonly utilized. Non-pharmacologic measures to im-
prove organ perfusion include the use of an intra-aortic balloon pump



Table 3
Management considerations for heart failure complicating acute myocardial infarction.

Heart failure from LV
dysfunction

- Management of pulmonary edema in AMI is similar to
patients without AMI with early non-invasive posi-
tive pressure ventilation and nitroglycerin therapy if
there is no evidence of right ventricular involvement.

- Diuretic therapy is indicated in AMI if volume over-
load is suspected after volume redistribution.

Cardiogenic shock - Early involvement of multidisciplinary team is
needed including cardiology for echocardiography
and possible cardiac catheterization, as well as car-
diothoracic surgery.

- Target a MAP of 65 mmHg in combination with clini-
cal signs of perfusion.

- Norepinephrine is the recommended first line vaso-
pressor if SBP is b70 mmHg or there is clinical evi-
dence of hypoperfusion.

- Consider inotropic therapy with SBP 70–100 mmHg
and no hypoperfusion. Milrinone has longer clinical
effects than dobutamine.

- Shock associated with AMI requires revascularization.
- Patients with refractory shock require mechanical

circulatory support.
RV failure - Cardiac output is preload dependent and often

improves with IV fluids, but volume overload can also
reduce cardiac output.

- Avoid hypotension; vasopressors may be required
with IV fluids.

- Utilize electrocardioversion for hemodynamically
unstable dysrhythmias and RV failure.

- Patients are at high risk of peri-intubation hemody-
namic collapse due to effects of sedatives and positive
pressure ventilation.

- Mechanical circulatory support may be required for
refractory RV failure.

Abbreviations: SBP – systolic bloodpressure,mm –millimeters, Hg–Mercury, AMI – acute
myocardial infarction,MAP–mean arterial pressure, IV– intravenous, LV – left ventricular,
RV – right ventricular, AMI – acute myocardial infarction.
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(IABP), Impella placement, and veno-arterial extracorporeal membrane
oxygenation (ECMO) [77-81]. By decreasing afterload, IABP improves
cardiac output, systemic pressures, coronary perfusion pressure, and
end-organ perfusion. Impella and TandemHeart devices are percutane-
ous left ventricular assist devices that provide mechanical circulatory
support but do not alter afterload [70]. Hemodynamic optimization
should not delay definitive treatment via percutaneous closure device
or primary revascularization [82-84].

3.6.4. Right ventricular failure
A minority of patients have CS due primarily to right ventricular

(RV) failure, as seen in 2.8% of CS patients in the SHOCK registry [67].
These patients tend to be younger and present with inferior and poste-
rior infarctions [85]. Causes of RV failure during an AMI can generally be
divided into 3main categories: insufficient myocardial contractility, ex-
cessive preload, and excessive afterload [86]. Insufficient myocardial
contractility is primarily due to local myocardial ischemia or
overstretching of the RV free wall. Excessive preload can occur from
acute left-to-right shunt in conditions such as a ventricular septal rup-
ture. Excessive afterload is typically due to acute left heart failure [86].

3.6.5. Management
Proper fluidmanagement is critical for successfulmanagement of RV

failure. The goal is to optimize RV preload and perfusion while avoiding
fluid overload. If low intravascular volume is suspected, fluid resuscita-
tion should be instituted as quickly as possible. In the setting of clear in-
travascular depletion, clinicians should use low-volume boluses, such as
250 mL of a crystalloid solution. Frequent serial assessments of end-
organ perfusion, including blood pressure, urine output, capillary refill,
and serum lactate, are needed to reduce the risk of iatrogenic volume
overload [87]. Care is needed to avoid volume overloading the RV.
High RV pressures can impair left ventricular function due to bowing
of the interventricular septum into the left ventricle [85]. Additionally,
greater RV dilation from volume overload can increase RV ischemia
and free wall tension. Diuresis can improve cardiac output in the set-
tings of RV volume overload, but treatments to reduce preload should
be instituted with caution, as preload reduction beyond optimal levels
will decrease cardiac output [86].

Systemic hypotension should be avoided. Cardiac output in this pa-
tient population is difficult to augment as increasing RV afterload
worsens right heart hemodynamics. Correction of hypercapnia,
acidemia, and alveolar hypoxia can reduce RV afterload [86]. Vasopres-
sors can improve coronary perfusion pressure and reduce right heart is-
chemia [87]. Norepinephrine maintains coronary perfusion while
slightly augmenting inotropy, making it an ideal first line agent
[87,88]. Vasopressin may decrease pulmonary vascular resistance [89],
whereas phenylephrine generally increases pulmonary vascular resis-
tance [90]. Dobutamine increases risk of tachycardia and decreases sys-
temic vascular resistance. Both of these effects are detrimental in RV
failure, so dobutamine should be avoided in this patient population
[88,91].

Electrocardioversion of new-onset dysrhythmias should be strongly
considered in RV failure [87,91]. Adequate filling time and atrial con-
tractions are needed to maintain cardiac output, so dysrhythmias are
notwell tolerated [87]. Cardiodepressants such as beta blockers and cal-
cium channel blockers impair RV function and should usually be
avoided.

Close monitoring for hemodynamic decompensation is needed if ni-
trates or mechanical ventilation are used. Increased intrathoracic pres-
sure from positive pressure ventilation can reduce RV preload and
increase RV afterload. Patients with RV failure requiring intubation are
at high risk for peri-intubation hemodynamic collapse due to impaired
venous return and decreased systemic vascular resistance from admin-
istration of sedatives. Emergency clinicians should be prepared to ad-
dress profound hypotension if the decision is made to intubate a
patient with RV failure [87]. Low tidal volumes and plateau pressures
are preferable mechanical ventilation settings, and positive end expira-
tory pressure should be minimized. Permissive hypercarbia and hyp-
oxia should be avoided, as they may contribute to pulmonary
vasoconstriction.

Patientsmay requiremechanical circulatory support in the setting of
refractory RV failure. Currently available devices include an in situ cen-
trifugal pump (CentriMag), an axial catheter-based pump (Impella RP),
and a catheter with an extracorporeal centrifugal pump (PROTEK Duo)
[70]. Venoarterial ECMO remains another option as a bridge to myocar-
dial recovery, durable mechanical circulatory support, heart transplant,
or decision for palliative therapy [70]. Table 3 summarizesmanagement
of heart failure complicating AMI.
4. Conclusions

Acute complications in the post-AMI period include dysrhythmias
and heart failure. Dysrhythmias include sinus bradycardia, AVB, AF,
VT, and several others. The benefits of atropine outweigh the potential
adverse effects for the majority of patients with AMI presenting with
symptomatic bradycardia. The decision to initiate or prepare for
transvenous cardiac pacing should incorporate the presenting rhythm,
location of infarction, and hemodynamic status of the patient. The risk
of significant hypotension is increased for acute rate control of AF with
RVR if AMI is present. Regular wide complex tachycardias in the setting
of AMI should be managed as VT, with a low threshold to treat by car-
dioversion. Patients presenting with HF associated with AMI and no
right ventricular involvement should be managed with early noninva-
sive positive pressure ventilation and nitroglycerin as tolerated by
blood pressure. Norepinephrine is the first line vasopressor for patients
with cardiogenic shock and end organ hypoperfusion. Early involve-
ment of a multi-disciplinary team is recommended for patients with
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cardiogenic shock. An understanding of these complications is vital in
optimizing care of patients in the post-AMI period.

Conflicts of interest

None.

Acknowledgements

WTD, TM, BL, andAK conceived the idea for thismanuscript and con-
tributed substantially to the writing and editing of the review. Dr. Wil-
liam Brady approved the idea and construction of this review. This
manuscript did not utilize any grants or funding, and it has not been
presented in abstract form. This clinical review has not been published,
it is not under consideration for publication elsewhere, its publication is
approved by all authors and tacitly or explicitly by the responsible au-
thorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the
copyright-holder. This review does not reflect the views or opinions of
the U.S. government, Department of Defense, U.S. Army, U.S. Air Force,
Brooke Army Medical Center, or SAUSHEC EM Residency Program.

References

[1] American College of Emergency Physicians Clinical Policies Subcommittee (Writing
Committee) on Suspected Non–ST-Elevation Acute Coronary Syndromes, MD
Tomaszewski CA, Nestler D, et al. Clinical policy: critical issues in the evaluation
and management of emergency department patients with suspected non-ST-
elevation acute coronary syndromes. Ann Emerg Med 2018;72(5):e65-106.

[2] Frampton J, Devries JT, Welch TD, Gersh BJ. Modern management of ST-segment el-
evation myocardial infarction. Curr Probl Cardiol 2018. https://doi.org/10.1016/j.
cpcardiol.2018.08.005 pii: S0146-2806(18)30130-0 [Epub ahead of print].

[3] Awad HH, Anderson FA, Gore JM, Goodman SG, Goldberg RJ. Cardiogenic shock com-
plicating acute coronary syndromes: insights from the Global Registry of Acute Cor-
onary Events. Am Heart J 2012;163(6):963–71.

[4] Goldberg RJ, Spencer FA, Gore JM, Lessard D, Yarzebski J. Thirty-year trends (1975 to
2005) in themagnitude of, management of, and hospital death rates associatedwith
cardiogenic shock in patients with acute myocardial infarction: a population-based
perspective. Circulation 2009;119(9):1211–9.

[5] Ibanez B, James S, Agewall S, et al. 2017 ESC Guidelines for themanagement of acute
myocardial infarction in patients presenting with ST-segment elevation: The Task
Force for the management of acute myocardial infarction in patients presenting
with ST-segment elevation of the European Society of Cardiology (ESC). Eur Heart
J 2018;39(2):119–77.

[6] Zimetbaum PJ, Josephson ME. Use of the electrocardiogram in acute myocardial in-
farction. N Engl J Med 2003;348(10):933–40.

[7] Newby KH, Pisano´ E, Krucoff MW, Green C, Natale A. Incidence and clinical rele-
vance of the occurrence of bundle-branch block in patients treated with thrombo-
lytic therapy. Circulation 1996;94(10):2424–8.

[8] Morris F, BradyWJ. ABC of clinical electrocardiography: acute myocardial infarction-
part I. BMJ 2002;324(7341):831–4.

[9] Brady WJ, Harrigan RA. Diagnosis and management of bradycardia and atrioventric-
ular block associated with acute coronary ischemia. Emerg Med Clin North Am
2001;19(2):371–84.

[10] Rotman M, Gs Wagner, Wallace AG. Bradyarrhythmias in acute myocardial infarc-
tion. Circulation 1972;45(3):703–22.

[11] Sodeck GH, Domanovits H, Meron G, et al. Compromising bradycardia: management
in the emergency department. Resuscitation 2007;73:96–102.

[12] Feigl D, Ashkenazy J, Kishon Y. Early and late atrioventricular block in acute inferior
myocardial infarction. J Am Coll Cardiol 1984;4(1):35–8.

[13] Wei JY, Markis JE, Malagold M, Braunwald E. Cardiovascular reflexes stimulated by
reperfusion of ischemic myocardium in acute myocardial infarction. Circulation
1983;67(4):796–801.

[14] Swart G, Brady WJ, DeBehnke DJ, MA OJ, Aufderheide TP. Acute myocardial infarc-
tion complicated by hemodynamically unstable bradyarrhythmia: prehospital and
ED treatment with atropine. Am J Emerg Med 1999;17(7):647–52.

[15] Brady William J, Laughrey Thomas S, Ghaemmaghami Chris A. Cardiac rhythm dis-
turbances. Tintinalli's emergency medicine: a comprehensive study guide; 2017.
p. 8e.

[16] Rathore SS, Gersh BJ, Berger PB, et al. Acute myocardial infarction complicated by
heart block in the elderly: prevalence and outcomes. Am Heart J 2001;141(1):
47–54.

[17] Auffret V, Loirat A, Leurent G, et al. High-degree atrioventricular block complicating
ST segment elevation myocardial infarction in the contemporary era. Heart 2016;
102(1):40–9.

[18] Singh SM, FitzGerald G, Yan AT, et al. High-grade atrioventricular block in acute cor-
onary syndromes: insights from the Global Registry of Acute Coronary Events. Eur
Heart J 2015;36(16):976–83.
[19] Gang UJO, Hvelplund A, Pedersen S, et al. High-degree atrioventricular block compli-
cating ST-segment elevation myocardial infarction in the era of primary percutane-
ous coronary intervention. Europace 2012;14(11):1639–45.

[20] Lavie CJ, Gersh BJ. Mechanical and electrical complications of acute myocardial in-
farction. Mayo Clin Proc 1990;65(5):709–30.

[21] Hackel DB, Sevilla MD, Mikat EM, Reimer KA, Ideker RE, Turi ZG. Comparison of pa-
tients with acute anterior or posterior myocardial infarcts with and without com-
plete heart block. Am J Cardiovasc Pathol 1988;2(2):105–26.

[22] Kusumoto FM, Schoenfeld MH, Barrett C, et al. ACC/AHA/HRS guideline on the eval-
uation and management of patients with bradycardia and cardiac conduction delay.
J Am Coll Cardiol 2018:25701 November 2018.

[23] Brady WJ, Swart G, DeBehnke DJ, Ma OJ, Aufderheide TP. The efficacy of atropine in
the treatment of hemodynamically unstable bradycardia and atrioventricular block:
prehospital and emergency department considerations. Resuscitation 1999;41(1):
47–55.

[24] Scheinman MM, Thorburn D, Abbott JA. Use of atropine in patients with acute myo-
cardial infarction and sinus bradycardia. Circulation 1975;52(4):627–33.

[25] Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: adult advanced cardiovascular life
support. Circulation 2015;132(18 suppl 2):S444–64.

[26] Moitra VK, Gabrielli A, Maccioli GA, O'Connor MF. Anesthesia advanced circulatory
life support. Can J Anesth Can d'anesthésie. 2012;59(6):586–603.

[27] Bektas F, Soyuncu S. The efficacy of transcutaneous cardiac pacing in ED. Am J Emerg
Med 2016;34(11):2090–3.

[28] Barthell E, Troiano P, Olson D, Stueven HA, Hendley G. Prehospital external cardiac
pacing: a prospective, controlled clinical trial. Ann Emerg Med 1988;17(11):1221–6.

[29] Hedges JR, Feero S, Shultz B, Easter R, Syverud SA, DalseyWC. Prehospital transcuta-
neous cardiac pacing for symptomatic bradycardia. Pacing Clin Electrophysiol 1991;
14(10):1473–8.

[30] Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA guidelines for the manage-
ment of patients with ST-elevation myocardial infarction—executive summary. Cir-
culation 2004;110(5):588–636.

[31] Schmitt J, Duray G, Gersh BJ, Hohnloser SH. Atrial fibrillation in acute myocardial in-
farction: a systematic review of the incidence, clinical features and prognostic impli-
cations. Eur Heart J 2009;30(9):1038–45.

[32] Batra G, Svennblad B, Held C, et al. All types of atrial fibrillation in the setting ofmyocar-
dial infarction are associated with impaired outcome. Heart 2016;102(12):926–33.

[33] RoffiM, Patrono C, Collet J-P, et al. 2015 ESC Guidelines for themanagement of acute
coronary syndromes in patients presenting without persistent ST-segment eleva-
tion. Eur Heart J 2016;37(3):267–315.

[34] Long B, Robertson J, Koyfman A, Maliel K, Warix JR. Emergency medicine consider-
ations in atrial fibrillation. Am J Emerg Med 2018;36(6):1070–8.

[35] Scheuermeyer FX, Pourvali R, Rowe BH, et al. Emergency department patients with
atrial fibrillation or flutter and an acute underlying medical illness may not benefit
from attempts to control rate or rhythm. Ann Emerg Med 2015;65(5):511–522.e2.

[36] January CT,Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland Jr JC, et al. 2019 AHA/
ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management
of Patients With Atrial Fibrillation: A Report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice Guidelines and the Heart
Rhythm Society. J Am Coll Cardiol 2019. https://doi.org/10.1016/j.jacc.2019.01.011
pii: S0735-1097(19)30209-8 [Epub ahead of print].

[37] Atzema CL, Barrett TW. Managing atrial fibrillation. Ann Emerg Med 2015;65(5):
532–9.

[38] Clemo HF,WoodMA, Gilligan DM, Ellenbogen KA. Intravenous amiodarone for acute
heart rate control in the critically ill patient with atrial tachyarrhythmias. Am J
Cardiol 1998;81(5):594–8.

[39] Fromm C, Suau SJ, Cohen V, et al. Diltiazem vs. metoprolol in the management of
atrial fibrillation or flutter with rapid ventricular rate in the emergency department.
J Emerg Med 2015;49(2):175–82.

[40] Hirschy R, Ackerbauer KA, Peksa GD, O'Donnell EP, DeMott JM. Metoprolol vs. dilti-
azem in the acute management of atrial fibrillation in patients with heart failure
with reduced ejection fraction. Am J Emerg Med 2019;37(1):80–4.

[41] Scheuermeyer FX, Grafstein E, Stenstrom R, et al. Safety and efficiency of calcium
channel blockers versus beta-blockers for rate control in patients with atrial fibrilla-
tion and no acute underlying medical illness. Smith SW, ed. Acad Emerg Med 2013;
20(3):222–30.

[42] Perron AD, Sweeney T. Arrhythmic complications of acute coronary syndromes.
Emerg Med Clin North Am 2005;23(4):1065–82.

[43] Rothfeld EL, Zucker IR, Parsonnet V, Alinsonorin CA. Idioventricular rhythm in acute
myocardial infarction. Circulation 1968;37(2):203–9.

[44] Long B, Koyfman A. Best clinical practice: emergency medicine management of sta-
ble monomorphic ventricular tachycardia. J Emerg Med 2017;52(4):484–92.

[45] Benito B, Josephson ME. Ventricular tachycardia in coronary artery disease. Rev
Española Cardiol (English Ed 2012;65(10):939–55.

[46] Carmeliet EE. Cardiac ionic currents and acute ischemia: from channels to arrhyth-
mias. Physiol Rev 1999;79(3):917.

[47] Martín-Sánchez FJ, Bueno H. Are available electrocardiographic methods accurate
enough to diagnose ventricular tachycardia in the emergency department? Cone
DC, ed. Acad Emerg Med 2014;21(2):217–9. https://doi.org/10.1111/acem.12318.

[48] Vereckei A. Current algorithms for the diagnosis of wide QRS complex tachycardias.
Curr Cardiol Rev 2014;10(3):262–76.

[49] Neumar RW,Otto CW, LinkMS, et al. Part 8: adult advanced cardiovascular life support:
2010 American Heart Association guidelines for cardiopulmonary resuscitation and
emergency cardiovascular care. Circulation 2010;122(18_suppl_3):S729–67.

[50] Al-Khatib SM, Stevenson WG, Ackerman MJ, et al. 2017 AHA/ACC/HRS guideline for
management of patients with ventricular arrhythmias and the prevention of sudden
cardiac death: executive summary. Circulation 2018;138(13).

http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0005
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0005
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0005
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0005
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0005
https://doi.org/10.1016/j.cpcardiol.2018.08.005
https://doi.org/10.1016/j.cpcardiol.2018.08.005
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0015
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0015
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0015
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0020
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0020
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0020
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0020
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0025
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0025
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0025
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0025
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0025
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0030
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0030
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0035
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0035
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0035
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0040
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0040
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0045
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0045
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0045
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0050
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0050
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0055
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0055
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0060
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0060
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0065
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0065
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0065
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0070
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0070
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0070
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0075
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0075
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0075
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0080
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0080
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0080
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0085
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0085
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0085
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0090
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0090
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0090
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0095
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0095
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0095
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0100
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0100
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0105
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0105
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0105
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0110
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0110
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0110
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0115
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0115
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0115
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0115
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0120
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0120
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0125
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0125
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0130
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0130
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0135
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0135
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0140
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0140
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0140
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0145
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0145
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0145
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0150
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0150
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0150
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0155
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0155
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0160
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0160
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0160
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0165
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0165
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0170
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0170
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0170
https://doi.org/10.1016/j.jacc.2019.01.011
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0180
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0180
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0185
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0185
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0185
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0190
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0190
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0190
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0195
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0195
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0195
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0200
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0200
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0200
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0200
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0205
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0205
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0210
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0210
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0215
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0215
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0220
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0220
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0225
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0225
https://doi.org/10.1111/acem.12318
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0235
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0235
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0240
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0240
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0240
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0245
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0245
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0245


1561W.T. Davis et al. / American Journal of Emergency Medicine 37 (2019) 1554–1561
[51] Somberg JC, Timar S, Bailin SJ, et al. Lack of a hypotensive effect with rapid adminis-
tration of a new aqueous formulation of intravenous amiodarone. Am J Cardiol
2004;93(5):576–81.

[52] Ortiz M, Martín A, Arribas F, et al. Randomized comparison of intravenous procain-
amide vs. intravenous amiodarone for the acute treatment of tolerated wide QRS
tachycardia: the PROCAMIO study. Eur Heart J 2016;38(17):ehw230.

[53] Gorgels AP, van den Dool A, Hofs A, et al. Comparison of procainamide and lidocaine
in terminating sustained monomorphic ventricular tachycardia. Am J Cardiol 1996;
78(1):43–6.

[54] Marill KA, deSouza IS, Nishijima DK, et al. Amiodarone or procainamide for the ter-
mination of sustained stable ventricular tachycardia: an historical multicenter com-
parison. Acad Emerg Med 2010;17(3):297–306.

[55] Fonarow GC, Abraham WT, Albert NM, et al. Factors identified as precipitating hos-
pital admissions for heart failure and clinical outcomesbsubtitleNfindings from
OPTIMIZE-HFb/subtitle&gt. Arch Intern Med 2008;168(8):847.

[56] Khot UN, Jia G,Moliterno DJ, et al. Prognostic importance of physical examination for
heart failure in non–ST-elevation acute coronary syndromes. JAMA 2003;290(16):
2174.

[57] Spencer FA, Meyer TE, Gore JM, Goldberg RJ. Heterogeneity in the management and
outcomes of patients with acute myocardial infarction complicated by heart failure.
Circulation 2002;105(22):2605–10.

[58] Flaherty JD, Bax JJ, De Luca L, et al. Acute heart failure syndromes in patients with
coronary artery disease: early assessment and treatment. J Am Coll Cardiol 2009;
53(3):254–63.

[59] Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure. Eur Heart J 2016;37(27):2129–200.

[60] Cotter G, Metzkor E, Kaluski E, et al. Randomised trial of high-dose isosorbide
dinitrate plus low-dose furosemide versus high-dose furosemide plus low-dose
isosorbide dinitrate in severe pulmonary oedema. Lancet 1998;351(9100):389–93.

[61] Matsue Y, Damman K, Voors AA, et al. Time-to-furosemide treatment and mortality
in patients hospitalized with acute heart failure. J Am Coll Cardiol 2017;69(25):
3042–51.

[62] Long B, Koyfman A, Chin EJ. Misconceptions in acute heart failure diagnosis and
management in the emergency department. Am J Emerg Med 2018;36(9):1666–73.

[63] Levy B, Bastien O, Bendjelid K, et al. Experts' recommendations for the management
of adult patients with cardiogenic shock. Ann Intensive Care 2015;5(1):17.

[64] Aissaoui N, Puymirat E, Tabone X, et al. Improved outcome of cardiogenic shock at
the acute stage of myocardial infarction: a report from the USIK 1995, USIC 2000,
and FAST-MI French Nationwide Registries. Eur Heart J 2012;33(20):2535–43.

[65] Hochman JS, Sleeper LA, Webb JG, et al. Early revascularization and long-term sur-
vival in cardiogenic shock complicating acute myocardial infarction. JAMA 2006;
295(21):2511.

[66] Goldberg RJ, Samad NA, Yarzebski J, Gurwitz J, Bigelow C, Gore JM. Temporal trends
in cardiogenic shock complicating acute myocardial infarction. N Engl J Med 1999;
340(15):1162–8.

[67] Hochman JS, Buller CE, Sleeper LA, et al. Cardiogenic shock complicating acute myo-
cardial infarction—etiologies, management and outcome: a report from the SHOCK
Trial Registry. J Am Coll Cardiol 2000;36(3):1063–70.

[68] Overgaard CB, Džavík V. Inotropes and vasopressors. Circulation 2008;118(10):
1047–56.

[69] Perez P, Kimmoun A, Blime V, Levy B. Increasing mean arterial pressure in cardiogenic
shock secondary tomyocardial infarction: effects on hemodynamics and tissue oxygen-
ation. Shock 2014;41(4):269–74. https://doi.org/10.1097/SHK.0000000000000099.

[70] Hajjar LA, Teboul J-L. Mechanical circulatory support devices for cardiogenic shock:
state of the art. Crit Care 2019;23(1):76.

[71] De Backer D, Biston P, Devriendt J, et al. Comparison of dopamine and norepineph-
rine in the treatment of shock. N Engl J Med 2010;362(9):779–89.
[72] Levy B, Perez P, Perny J, Thivilier C, Gerard A. Comparison of norepinephrine-
dobutamine to epinephrine for hemodynamics, lactate metabolism, and organ func-
tion variables in cardiogenic shock. A prospective, randomized pilot study*. Crit Care
Med 2011;39(3):450–5.

[73] Tarvasmäki T, Lassus J, Varpula M, et al. Current real-life use of vasopressors and
inotropes in cardiogenic shock - adrenaline use is associated with excess organ in-
jury and mortality. Crit Care 2016;20(1):208.

[74] Burger AJ, Horton DP, LeJemtel T, et al. Effect of nesiritide (B-type natriuretic pep-
tide) and dobutamine on ventricular arrhythmias in the treatment of patients
with acutely decompensated congestive heart failure: the PRECEDENT study. Am
Heart J 2002;144(6):1102–8.

[75] Reynolds HR, Hochman JS. Cardiogenic shock. Circulation 2008;117(5):686–97.
[76] Schumann J, Henrich EC, Strobl H, et al. Inotropic agents and vasodilator strategies

for the treatment of cardiogenic shock or low cardiac output syndrome. Cochrane
Database Syst Rev 2018;1:CD009669.

[77] Kettner J, Sramko M, Holek M, Pirk J, Kautzner J. Utility of intra-aortic balloon pump
support for ventricular septal rupture and acute mitral regurgitation complicating
acute myocardial infarction. Am J Cardiol 2013;112(11):1709–13.

[78] Rob D, Špunda R, Lindner J, et al. A rationale for early extracorporeal membrane ox-
ygenation in patients with postinfarction ventricular septal rupture complicated by
cardiogenic shock. Eur J Heart Fail 2017;19(Suppl. 2):97–103.

[79] Sheu J-J, Tsai T-H, Lee F-Y, et al. Early extracorporeal membrane oxygenator-assisted
primary percutaneous coronary intervention improved 30-day clinical outcomes in
patients with ST-segment elevation myocardial infarction complicated with pro-
found cardiogenic shock. Crit Care Med 2010;38(9):1810–7.

[80] Arnaoutakis GJ, Zhao Y, George TJ, Sciortino CM, McCarthy PM, Conte JV. Surgical re-
pair of ventricular septal defect after myocardial infarction: outcomes from the Soci-
ety of Thoracic Surgeons National Database. Ann Thorac Surg 2012;94(2):436–43
[discussion 443-4].

[81] La Torre MW, Centofanti P, Attisani M, Patanè F, Rinaldi M. Posterior ventricular sep-
tal defect in presence of cardiogenic shock: early implantation of the impella recover
LP 5.0 as a bridge to surgery. Tex Heart Inst J. 2011;38(1):42–49.

[82] Ng R, Yeghiazarians Y. Post myocardial infarction cardiogenic shock. J Intensive Care
Med 2013;28(3):151–65.

[83] Jones BM, Kapadia SR, Smedira NG, et al. Ventricular septal rupture complicating
acute myocardial infarction: a contemporary review. Eur Heart J 2014;35(31):
2060–8.

[84] Kutty RS, Jones N, Moorjani N. Mechanical complications of acute myocardial infarc-
tion. Cardiol Clin 2013;31(4):519–31 [vii-viii].

[85] Jacobs AK, Leopold JA, Bates E, et al. Cardiogenic shock caused by right ventricular
infarction: a report from the SHOCK registry. J Am Coll Cardiol 2003;41(8):1273–9.

[86] Ventetuolo CE, Klinger JR. Management of acute right ventricular failure in the inten-
sive care unit. Ann Am Thorac Soc 2014;11(5):811–22.

[87] Wilcox SR, Kabrhel C, Channick RN. Pulmonary hypertension and right ventricular
failure in emergency medicine. Ann Emerg Med 2015;66(6):619–28.

[88] Price LC, Wort SJ, Finney SJ, Marino PS, Brett SJ. Pulmonary vascular and right ven-
tricular dysfunction in adult critical care: current and emerging options for manage-
ment: a systematic literature review. Crit Care 2010;14(5):R169.

[89] Currigan DA, Hughes RJA, Wright CE, Angus JA, Soeding PF. Vasoconstrictor re-
sponses to vasopressor agents in human pulmonary and radial arteries: an in vitro
study. Anesthesiology 2014;121(5):930–6.

[90] Rich S, Gubin S, Hart K. The effects of phenylephrine on right ventricular perfor-
mance in patients with pulmonary hypertension. Chest 1990;98(5):1102–6.

[91] Hoeper MM, Granton J. Intensive care unit management of patients with severe pul-
monary hypertension and right heart failure. Am J Respir Crit Care Med 2011;184
(10):1114–24.

http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0250
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0250
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0250
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0255
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0255
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0255
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0260
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0260
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0260
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0265
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0265
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0265
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0270
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0270
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0270
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0270
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0270
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0270
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0275
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0275
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0275
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0280
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0280
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0280
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0285
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0285
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0285
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0290
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0290
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0295
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0295
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0295
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0300
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0300
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0300
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0305
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0305
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0310
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0310
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0315
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0315
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0315
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0320
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0320
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0320
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0325
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0325
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0325
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0330
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0330
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0330
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0335
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0335
https://doi.org/10.1097/SHK.0000000000000099
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0345
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0345
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0350
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0350
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0355
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0355
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0355
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0355
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0360
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0360
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0360
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0365
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0365
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0365
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0365
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0370
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0375
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0375
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0375
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0380
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0380
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0380
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0385
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0385
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0385
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0390
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0390
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0390
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0390
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0395
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0395
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0395
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0395
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0400
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0400
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0405
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0405
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0405
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0410
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0410
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0415
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0415
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0420
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0420
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0425
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0425
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0430
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0430
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0430
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0435
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0435
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0435
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0440
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0440
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0445
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0445
http://refhub.elsevier.com/S0735-6757(19)30272-4/rf0445

	Dysrhythmias and heart failure complicating acute myocardial infarction: An emergency medicine review
	1. Introduction
	2. Methods
	3. Discussion
	3.1. Perfusion of the cardiac conduction system
	3.2. Bradydysrhythmias
	3.2.1. Atrioventricular block (AVB)
	3.2.2. Management

	3.3. Atrial fibrillation
	3.3.1. Management

	3.4. Accelerated idioventricular rhythm
	3.5. Ventricular tachycardia
	3.5.1. Management

	3.6. Acute heart failure associated with AMI
	3.6.1. Heart failure with normal or elevated blood pressure
	3.6.2. Cardiogenic shock
	3.6.3. Management
	3.6.4. Right ventricular failure
	3.6.5. Management


	4. Conclusions
	Conflicts of interest
	Acknowledgements
	References


