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Despite advances over the past decade, the incidence of cardiogenic shock secondary to acute myocardial infarction

has increased, with an unchanged mortality near 50%. Recent trials have not clarified the best strategies in treatment.

While dedicated cardiac shock centers are being established, there are no standardized agreements on the utilization

of mechanical circulatory support and the timeliness of percutaneous coronary intervention strategies. In some centers

and prospective registries, outcomes after placement of advanced mechanical circulatory support prior to reperfusion

therapy with percutaneous coronary intervention have been encouraging with improved survival. Here, we suggest

systems of care with a treatment pathway for patients with acute myocardial infarction complicated by cardiogenic shock.

(J Am Coll Cardiol 2018;72:1972–80) © 2018 by the American College of Cardiology Foundation.
W hile impressive gains have been made
with a 21% mortality reduction in
ST-segment elevation myocardial infarc-

tion (STEMI) treated by primary percutaneous
coronary intervention (PCI) (1), acute myocardial
infarction complicated by cardiogenic shock (AMI-CS)
has not seen similar successes and continues to have
a high mortality near 50% (2). In the recent FITT-
STEMI (Feedback Intervention and Treatment Times
in ST-Elevation Myocardial Infarction) trial (3), there
was a significant decrease in survival for patients
presenting with AMI-CS more than 90 min after first
medical contact (FMC), with 3.3% additional deaths
for every 10-min delay.

Access to appropriate care is limited to a few
centers and is particularly lacking in rural America.
A total of 8% of patients with acute myocardial
infarction (AMI) (or 60,000 patients) develop cardio-
genic shock (CS) every year (4). Even in tertiary care
centers, survival is poor (5). In the NCDR (National
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Cardiovascular Data Registry), mechanical circulatory
support (MCS) was used in 3.1% of cases, with
advanced support in only 0.7% of cases (6). Of those
cases, MCS was initiated in 27.7% before PCI, 49.9%
during the procedure, and 22.4% post-procedure.
To improve survival for these patients, we advocate
for establishment of cardiac shock care centers and
suggest a pathway to optimize outcomes.

In acute STEMI, the adage “time is muscle” was
quickly transformed into a concept of a door-to-
balloon time goal of #90 min, with a median time
of 59 min reported in the NCDR registry in 2014 (6).
This success led to retiring this metric, with a focus
now on first medical contact (FMC)-to-device time
of #90 min in both European and American guide-
lines for STEMI (7). We suggest that similar metrics
are warranted to improve outcomes in AMI-CS,
such as pre-PCI implantation of MCS devices with
“door-to-support” time #90 min and consistent use
of invasive hemodynamics to manage such patients.
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AB BR E V I A T I O N S

AND ACRONYM S

AMI = acute myocardial

infarction

AMI-CS = acute myocardial

infarction-related cardiogenic

shock

CS = cardiogenic shock

ECMO = extracorporeal

membrane oxygenation

FMC = first medical contact

IABP = intra-aortic balloon

pump

MCS = mechanical circulatory

support

OHCA = out-of-hospital

cardiac arrest

PCI = percutaneous coronary

intervention

STEMI = ST-segment elevation

myocardial infarction
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The care of patients with AMI-CS is a national
issue, declared as a priority by the Institute of
Medicine. Historically, recruitment in clinical trials
of CS has been difficult, with a low number of
enrollees preventing implementation of evidence-
based therapies.

In April 2016, the U.S. Food and Drug
Administration–approved a percutaneous trans-
valvular continuous-flow microaxial MCS device
(Impella, Abiomed, Danvers, Massachusetts) for use in
AMI-CS. This devicemay have amajor role in the care of
patients with AMI-CS as PCI had for STEMI. The Detroit
Cardiogenic Shock Initiative (CSI) (8), now the National
Cardiogenic Shock Initiative (NCSI), provides an algo-
rithm to maintain consistency and reproducibility
that may provide insights into the best practices
associated with the use of such devices. Given the
heterogeneous cohort of patients who present with
AMI-CS, this single-arm prospective registry is
composed of patients who met the inclusion and
exclusion criteria of prior randomized control
trials (Table 1). The NCSI algorithm emphasizes rapid
triage to the cardiac catheterization laboratory for
patients presenting with AMI-CS, early delivery of MCS,
and the use of invasive hemodynamic measurements
to guide therapy post-procedure. These best practices
were all associated with improved survival in obser-
vational registries, including the cVAD (catheter
ventricular assist device) registry and Impella Quality
database (9,10). Initial results demonstrated signifi-
cant improvement in survival when compared with
historical controls and when compared with prior
randomized control trials in AMI-CS. As of September
2018, approximately 56 sites have treated 104 patients
according to the protocol, with survival to hospital
discharge at 77% (personal communication W.O.,
September 2018).

It should be recognized that advanced MCS devices
are currently available in only 4 countries: United
States, Germany, United Kingdom, and Japan. How-
ever, extracorporeal membrane oxygenation (ECMO)
has been used as primary MCS in many other centers
worldwide.

SUGGESTED CARE PATHWAY

The Central Illustration is a suggested algorithmic
approach to systems of care with minimal required
standards and time frame (Figure 1) for treatment of
patients with AMI-CS in both pre- and in-hospital
settings based on current evidence in 2018. (Note
that intra-aortic balloon pump [IABP] is not recom-
mended for patients with CS or cardiac arrest in this
pathway.)
EMERGENCY MEDICAL SERVICES

“KEY IS EARLY RECOGNITION.” Manage-
ment of AMI-CS starts with an early recogni-
tion of CS. AMI-CS should be recognized by
emergency medical service personnel at FMC.
CS can be difficult to evaluate due to lack of
agreement on a consistent definition. How-
ever, from the SHOCK (Should We Emer-
gently Revascularize Occluded Coronaries for
Cardiogenic Shock) trial (11), IABP SHOCK
(12), and European guidelines (7), CS is
defined as systolic blood pressure
<90 mm Hg for >30 min, heart rate <60 or
>90 beats/min, and with signs and symptoms
of end organ hypoperfusion such as cool ex-
tremities and diaphoresis (13). Once CS is
diagnosed or suspected, the field activation
should include notification of the nearest
dedicated CS center with MCS capabilities
with goals of FMC-to-support time of #90

min. Transport to a center not capable of PCI and not
a dedicated CS center should be avoided. Transport to
a PCI-capable center that is not a CS center may be
considered if transfer time is >120 min so as not to
delay reperfusion therapy with primary PCI (14)
(Figure 1).

Key to the success in achieving door-to-balloon
time in STEMI has involved engagement, education,
and training of emergency medical service personnel,
and this should be undertaken for early recognition of
CS as well. Patients with signs of impending shock,
such as hypotension and hypoperfusion, require
prompt intervention as appropriate to prevent shock.

CARDIAC SHOCK CARE CENTER

While most hospitals in the United State have acute
cardiac care, there are fewer centers that have the
capability for shock care with advanced MCS, support
personnel, dedicated interventionalists, and critical
care specialists. The cost and complexity of support-
ing MCS is prohibitive in smaller centers where
procedural volumes are small.

Shock care should be categorized to 3 levels of
care analogous to trauma care (15) (Figure 2). The
states of Washington and Arizona have by law
established acute cardiac care centers. A similar
proposal has been approved in Georgia (16). The
suggested levels of shock care are outlined in the
following text.

LEVEL I: DEDICATED CARDIAC SHOCK CARE

CENTERS. These are tertiary care centers with
cardiac catheterization and angioplasty facilities with



TABLE 1 Inclusion and Exclusion Criteria for Cardiogenic Shock

Treatment (From the National Cardiogenic Shock Initiative)

Inclusion

� AMI
B Ischemic symptoms of AMI
B ECG and/or biomarker evidence of STEMI or NSTEMI

� Cardiogenic shock
B SBP <90 mm Hg at baseline or use of inotropes or vaso-

pressors to maintain SBP >90 mm Hg
B Evidence of end organ hypoperfusion (cool extremities,

oliguria, lactic acidosis)
B Cardiac index <2.2 or cardiac power output <0.6 W

Exclusion

� Evidence of anoxic brain injury
� Unwitnessed out-of-hospital cardiac arrest or any cardiac arrest

in which ROSC is not achieved in 30 min
� Intra-aortic balloon pump placed prior to mechanical circula-

tory support
� Septic, anaphylactic, hemorrhagic, and neurological causes of

shock
� Nonischemic causes of shock/hypotension (pulmonary embo-

lism, pneumothorax, myocarditis, pericardial tamponade, and
so on)

� Active bleeding
� Mechanical complications of AMI (ventricular septal defect,

acute papillary muscle rupture)
� Known left ventricular thrombus
� Patient who did not receive revascularization
� Mechanical aortic prosthetic valve
� Contraindication to intravenous systemic anticoagulation

AMI ¼ acute myocardial infarction; ECG ¼ electrocardiogram; NSTEMI ¼ non–ST-
segment elevation myocardial infarction; ROSC ¼ return of spontaneous circula-
tion; SBP ¼ systolic blood pressure; STEMI ¼ ST-segment elevation myocardial
infarction.
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advanced MCS available 24 h, 7 days/week, with
on-site cardiothoracic surgery capability. These
sites should also have established protocols for ther-
apeutic hypothermia for out-of-hospital cardiac arrest
(OHCA) patients.

A multidisciplinary “cardiogenic shock team”

composed of the interventional cardiologist,
critical care specialist, cardiothoracic surgeon, and
advanced heart failure specialist should be available
in Level I acute shock care centers. CS should alert
a STEMI activation of the cardiac catheterization
laboratory with alerts to other team members for
rapid consultation, shared decision making, and
initiation of advanced MCS (15,17) and transplant
options.

LEVEL II: STEMI RECEIVING AND PCI-CAPABLE

HOSPITAL WITHOUT ADVANCED MCS. These hospi-
tals have cardiac catheterization and angioplasty
facilities available 24 h, 7 days a week, but no on-site
cardiothoracic surgery capability. These facilities as
a minimum will have an IABP, but will rarely
have advanced MCS devices. Established protocols
for therapeutic hypothermia with OHCA should be
maintained with a written transfer plan to 1 or more
dedicated Level I shock care centers for patients
who need advanced MCS or cardiothoracic surgery.
If the patient remains in CS despite reperfusion
therapy, rapid transfer to a dedicated Level I shock
care center should be undertaken.

Transfer process should occur rapidly, and strong
consideration should be given to direct transfer after
PCI from the cardiac catheterization laboratory to the
dedicated Level I shock care center’s cardiac cathe-
terization lab. Although the PCI-capable hospitals will
have an IABP, trials have shown no survival benefit
(18). However, in current practice, placement of an
IABP is likely to continue by most providers and re-
mains an unresolved issue.

Some Level II centers may have the capability of
MCS support with the Impella device. It is our
opinion that these devices be placed prior to per-
forming PCI. The patient should then be transferred
for further care to a dedicated Level I shock care
center.

LEVEL III: NON-PCI CAPABLE HOSPITAL (GENERALLY

RURAL HOSPITAL). As a minimum, these should be
ACLS (Advance Cardiovascular Life Support) capable
with a written plan for emergent transfer to a dedi-
cated shock care center and have established pro-
tocols for therapeutic hypothermia for comatose
OHCA patients. CS patients should be transported to
CS centers directly from the field or promptly from a
non–PCI-capable hospital.
EMERGENCY DEPARTMENT

(IN ALL 3 LEVELS OF CARE)

“KEY IS EARLY TRIAGE AND CARDIOLOGY

CONSULTATION.” The shock care team should be
alerted without any delay after initial triage and
evaluation of the patient with suspected CS by the
emergency department physician. The emergency
department should have a dedicated room or critical
care pod for this specific type of patient. This dedi-
cated area should have bedside echocardiography
available for initial evaluation and screening. Quick,
limited bedside echocardiography is emphasized and
can be done by a trained emergency department
physician or a cardiologist who is a part of the shock
team. Echocardiography provides critical assessment
of left ventricular function, right ventricular failure,
and acute mechanical complications such as mitral
regurgitation, papillary muscle dysfunction, ventric-
ular septal defect, free wall and papillary muscle
rupture, pericardial effusion and/or cardiac tampo-
nade and aortic dissection. Furthermore, presence of
aortic stenosis or regurgitation and left ventricular
thrombus is prohibitive for placement of the Impella
device. Screening echocardiography should be un-
dertaken during the triage process and should not



CENTRAL ILLUSTRATION Shock Care Pathway Algorithm

Field Activation of Acute Myocardial Infarction with Cardiogenic Shock or Cardiac Arrest
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Rab, T. et al. J Am Coll Cardiol. 2018;72(16):1972–80.

*Bipella ¼ Simultaneous biventricular MCS support (27). †Cardiac power output (CPO) ¼ (mean arterial pressure � cardiac output)/451. ‡Pulmonary artery pulsatility

index (PAPI) ¼ (systolic pulmonary arterial pressure � diastolic pulmonary pressure)/right atrial pressure. ECPELLA ¼ Simultaneous Impella and ECMO support.

ED ¼ emergency department; EMS ¼ emergency medical services; LV ¼ left ventricular; PCI ¼ percutaneous coronary intervention; RHC ¼ right heart catheterization;

RV ¼ right ventricular.
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delay transportation to the cardiac catheterization
laboratory.

INOTROPIC SUPPORT. Although inotropic support is
important (norepinephrine being the preferred drug
[19,20]) in maintaining blood pressure, stroke work
and myocardial oxygen consumption increase, and
there is impairment of the microcirculation. Mortality
increases exponentially with the number of ino-
tropes, with only a 26% survival when 4 inotropes are
used (9). In the acute phase, this is detrimental to
cardiac recovery. It is our opinion that escalating
doses of inotropes should not be favored, as the rapid
initiation of MCS is paramount.

THERAPEUTIC HYPOTHERMIA IN PATIENTS WITH CS

WHO ARE COMATOSE AFTER CARDIAC ARREST. In
all 3 levels of care, therapeutic hypothermia (TH),
a guideline recommendation (21), cannot be over-
emphasized in comatose patients with CS and OHCA
who have achieved return of spontaneous circulation
(ROSC). In cardiac arrest patients secondary to AMI
who have ROSC but remain in CS (44% of patients in
the FITT-STEMI trial [3]), an Impella should be



FIGURE 1 Care Pathways for the Management of Cardiogenic Shock in Acute Myocardial Infarction Setting
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*Bipella ¼ simultaneous biventricular MCS support (27). †Cardiac power output (CPO) ¼ (mean arterial pressure � cardiac output)/451. ‡Pulmonary artery pulsatility

index (PAPI) ¼ (systolic pulmonary arterial pressure � diastolic pulmonary pressure)/right atrial pressure. AMI ¼ acute myocardial infarction; CBC ¼ complete blood

count; C.I. ¼ cardiac index; CMP ¼ comprehensive metabolic panel; CRRT ¼ continuous renal replacement therapy; CT ¼ cardiothoracic; EKG ¼ electrocardiogram;

EMS ¼ emergency medicine service; ETT ¼ endotracheal tube intubation; FMC ¼ first medical contact; HR ¼ heart rate; LVAD ¼ left ventricular assist device;

LVEDP ¼ left ventricular diastolic pressure; MCS ¼ mechanical circulatory support; PCI ¼ percutaneous coronary intervention; PCWP ¼ pulmonary capillary wedge
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FIGURE 2 Levels of Cardiac Shock Care
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considered pre-PCI. Those without ROSC may benefit
from veno-arterial ECMO with cardiopulmonary
resuscitation or eCPR (extracorporeal cardiopulmo-
nary resuscitation [22]) to enhance survival (23). TH
for neuroprotection is essential for the patient’s sur-
vival with favorable neurological function. Surface
cooling in the emergency department or internal
cooling using a catheter-based device should be done
without delay. TH should be started before or
concomitant with MCS, but before PCI. Preclinical
studies have shown variable effects of cooling on
myocardial function, including resultant bradycardia,
and increase in vascular resistance with potential for
decline in cardiac index. Left ventricular ejection
fraction has been reported to increase, at least in the
post-arrest patient treated with mild TH (24),
although such improvement may simply be the res-
olution of post-arrest stunning rather than a primary



FIGURE 3 Suggested Cardiac Catheterization Laboratory Pathway (CSP)
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effect of TH (25). Small clinical series have confirmed
that TH does not harm patients with CS and suggests
a possible benefit (26).

CARDIAC CATHETERIZATION LABORATORY

“STRATEGIES FOR MCS AND REVASCULARIZATION.” An
increase in mortality from 27.6% to 30.6% was seen in
patients with CS following AMI between 2005 and
2014 in the NCDR Cath/PCI registry (5). Improved
understanding of the use of MCS, timing of MCS, need
for invasive hemodynamics (pigtail catheter for
initial assessment of left ventricular end-diastolic
pressures and Swan-Ganz catheters for right heart
catheterization) and implementation of shock teams
should improve outcomes similar to the Detroit CSI
pilot study.

In Level I and II shock centers, rapid delivery of
MCS and use of invasive hemodynamics with right
heart catheterization (generally) post-PCI to guide
further care, such as weaning of vasopressors and
inotropes and/or possible need for MCS weaning or
escalation, is strongly emphasized. Escalation of de-
vice therapy from a primarily left ventricular support
to biventricular device support (27) (Bipella: Impella
CP for left ventricular support and Impella RP for
right ventricular support) is based on hypoxemia and
indexes of right ventricular failure such as pulmonary
artery pulsatility index (PAPI) <0.9 (Figure 1).

In Level II centers, persistence of CS despite
reperfusion warrants immediate transfer to the
cardiac catheterization laboratory in a Level I center.
Those who present to a Level I shock center in
refractory shock despite initial MCS devices need
prudent evaluation by a heart team. A patient’s age,
eligibility for durable left ventricular assist device or
transplant, and time from shock onset, as well as
overall patient wishes, are crucial factors in the
decision to escalate support. Unpublished data from
the NCSI indicate that patients who remain hypo-
perfused (as evident by lactate levels >4 mmol/l) with
ongoing shock (as evident by a cardiac power
output [CPO] <0.6 W) despite 12 h of Impella support
continue to have a high mortality (50%) and should be
considered for escalation of support. Although there
is insufficient evidence for the role of escalation
of MCS in such patients, we believe that a strong
consideration of escalation of support is warranted. A
suggested cardiac catheterization laboratory pathway
is outlined in Figure 3.
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MCS DEVICES

INTRA-AORTIC BALLOON PUMP. The SHOCK II trial
(12) demonstrated no benefit of IABP in the manage-
ment of patients with CS complicating AMI. No sur-
vival benefit was seen in 7 randomized trials
(n ¼ 790), including 4 trials comparing IABP versus no
MCS and 3 trials comparing IABP versus other MCS
(18). Although stroke volume is increased by the
IABP, reduction in systolic aortic pressure and an in-
crease in diastolic blood pressure increases stroke
volume, which offsets the pressure reduction (28)
and contributes to the lack of improvement in
hemodynamic parameters (29). Nevertheless, most
cardiac catheterization laboratories worldwide have
an IABP as a standby for CS cases, and the device is
likely to have continued use.

ADVANCED MCS DEVICES

The predominant cause of CS in AMI is an anterior
infarct due to left anterior descending artery occlu-
sion resulting in left ventricular failure (30). Left
main occlusion results in acute shock within 2 h,
while shock due to left anterior descending artery
occlusion occurs in <8 h. Hence, early intervention
with MCS in CS patients with anterior wall MI (31) is
important in unloading the left ventricle and is
followed by reperfusion therapy with PCI. This early
intervention may lead to quicker recovery, thereby
shortening the indwelling time for the device and
intensive care unit time (32).

PERCUTANEOUS TRANSVALVULAR CONTINUOUS-FLOW

MICROAXIAL PUMP. The Impella (Abiomed, Danvers,
Massachusetts) family of devices are temporary
percutaneous left ventricular assist devices that pro-
vide support by primarily unloading the left ventricle,
reducing diastolic volume, and decreasing the area of
the pressure volume loop or cardiac work. The device
can be placed quickly via a percutaneous approach
via a 13-F sheath for the Impella 2.5 device and a 14-F
sheath for the Impella CP device.
IABP versus Impel la t r i a l s . In the ISAR-SHOCK
(Efficacy Study of LV Assist Device to Treat Patients
With Cardiogenic Shock) trial, mortality was similar in
both groups with the Impella 2.5 (maximum flow 2.5
l/min) providing superior hemodynamic support (33).
The IMPRESS (IMpella vs intra aortic balloon pump
REduces mortality in STEMI patients treated with
primary PCI in Severe and deep cardiogenic Shock)
trial (34) of 48 patients compared Impella CP
(maximum flow 3.5 l/min) to IABP (maximum flow 1.5
l/min) in severe CS with predominance of
post-cardiac arrest patients. Most patients had device
placement after PCI. There was no difference in 30-
day mortality.

The ongoing prospective DANSHOCK (Danish
Cardiogenic Shock Trial) is currently randomizing
patients with STEMI and CS to Impella CP versus IABP
and includes a 6-month follow-up (35).
Regist r ies . In the global cVAD registry (formerly
theUSPELLAregistry) (36), survivalwas41% inpatients
pre-treated with IABP and inotropes versus 65% in
those pre-treated with an Impella 2.5. However, the
Detroit CSI with the initial 41 CS patients pre-treated
with the Impella CP prior to PCI, demonstrated 74%
survival to discharge (9,37). Lactate levels >4 mmol/l
and cardiac power output <0.6 W had poor survival
at 24 h (personal communication, WO, July 2018).
Hence, when Impella is considered for MCS in CS, the
increased-flow CP device should be preferred.

PERCUTANEOUS CONTINUOUS-FLOW CENTRIFUGAL

PUMP (TANDEM HEART). Tandem Heart (Liva Nova.
London, United Kingdom) is another percutaneous
left ventricular assist device that utilizes large cannula
and expertise in transseptal puncture. It has not
gained wide application due to the need for trans-
septal access. No difference in mortality was seen
in 30 days when compared with IABP (29), and
there were increased vascular and hemorrhagic com-
plications. The reconfigured Tandem-Life device acts
as an ECMO system utilizing the Tandem-like contin-
uous-flow centrifugal pump without need for trans-
septal access.

EXTRACORPOREAL MEMBRANE OXYGENATOR. Veno-
arterial ECMO increases left ventricular systolic and
diastolic pressures, reducing left ventricular stroke
volume. It doesnot unload the ventricle, and an IABPor
Impella may be required to “vent” the left ventricle
(ECMO with Impella, or “ECPELLA”). Due to large
arterial cannula size in the iliac artery, a
distal limbperfusion cannulamaybe required. Surgical
explantation is required to remove the cannula.
Patients are at risk for cerebral hypoxemia due to upper
body perfusion of hypoxemic blood from the heart
while the lower body is perfused with oxygenated
blood from the oxygenator. Veno-arterial ECMO is
appropriate for the patient with full circulatory cardiac
arrest andhypoxemia associatedwithCS.However, the
survival rate of veno-arterial ECMO has been un-
changed at approximately 40% (38).

Advanced MCS devices have been used in patients
in CS with dire prognosis with limited therapeutic
options. The evidence is observational through reg-
istries with small numbers of patients. Although this
observational registry data for efficacy led to
U.S. Food and Drug Administration approval of
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the Impella devices in CS, there are currently no
randomized prospective trials demonstrating mor-
tality benefit. The NCSI appears to offer improved
outcomes (8).

STRATEGIES FOR REVASCULARIZATION

Optimal PCI strategies in patients with AMI-CS remain
unclear. A meta-analysis of culprit vessel versus
in-hospital staged intervention for patients with
STEMI without cardiac arrest or CS demonstrated
lower mortality and less future revascularization
with staged nonculprit vessel intervention (39).

Two registries supported multivessel PCI in the
setting of CS. In a registry experience from Paris (40)
of 11,530 patients with STEMI, CS and cardiac arrest
were seen in 2.4% (n ¼ w272) of patients. Multivessel
disease was seen in one-half of this group (n ¼ w129).
Culprit-only PCI was performed in 103 patients with a
6-month survival of 20.4%. A total of 66 patients who
underwent multivessel PCI at the index procedure
had a survival of 43.9% in the same period. In the
KAMIR-NIH (Korea Acute Myocardial Infarction-
National Institutes of Health) registry, multivessel
PCI was associated with a 10.4% lower 1-year
all-cause death when compared with culprit-only
PCI (41).

In contrast, the results of the CULPRIT-SHOCK
(Culprit Lesion Only PCI Versus Multivessel PCI in
Cardiogenic Shock) trial (42) demonstrated lower
thirty-day mortality and renal failure requiring renal
replacement therapy in patients who underwent
revascularization to the culprit lesion only. PCI of a
nonculprit vessel or chronic total occlusion vessel in
the setting of CS was associated with increased mor-
tality. In the EXPLORE (Evaluating Xience and Left
Ventricular Function in Percutaneous Coronary
Intervention on Occlusions After ST-Elevation
Myocardial Infarction) trial (43), nonculprit chronic
total occlusion intervention within a week after
STEMI PCI did not improve left ventricular size and
function. A recent meta-analysis of nonrandomized
studies in CS reported no advantage of single-stage
multivessel PCI compared with culprit-vessel PCI
(44). We therefore recommend at this time that mul-
tivessel PCI should not be routinely performed in CS.

POST–CARDIAC CATHETERIZATION

LABORATORY CARE IN THE

INTENSIVE CARE UNIT

Although there are no evidence-based protocols, a
Level I shock care center should have dedicated crit-
ical care specialists and nursing teams well versed in
escalation and de-escalation protocols for MCS and
therapeutic hypothermia. MCS should continue for at
least 24 h. Escalation to a durable ventricular assist
device and consideration of heart transplantation
should be considered as a team decision involving
advanced heart failure specialists and the cardiac
surgeon.

CONCLUSIONS

Cardiac shock care centers are necessary to improve
outcomes in CS. We have suggested levels of care and
outlined an algorithmic approach with a care pathway
based on currently available best management prac-
tices in 2018. We emphasize early recognition and
transportation to dedicated Level I cardiac shock care
centers, which we hope will improve survival in this
difficult group of patients.

ADDRESS FOR CORRESPONDENCE: Dr. Tanveer Rab,
Emory University Hospital, 1364 Clifton Road
Northeast, F-606, Atlanta, Georgia 30322. E-mail:
srab@emory.edu. Twitter: @TanveerRab.
RE F E RENCE S
1. Shah RU, Henry TD, Rutten-Ramos S,
Garberich RF, Tighiouart M, Bairey Merz CN.
Increasing percutaneous coronary interventions
for ST-segment elevation myocardial infarction in
the United States: progress and opportunity. J Am
Coll Cardiol Intv 2015;8:139–46.

2. Miller L. Cardiogenic shock in acute myocardial
infarction: the era of mechanical support. J Am
Coll Cardiol 2016;67:1881–4.

3. Scholz KH, Maier SKG, Maier LS, et al. Impact of
treatment delay on mortality in ST-segment eleva-
tion myocardial infarction (STEMI) patients present-
ing with and without haemodynamic instability:
results from the German prospective, multicentre
FITT-STEMI trial. Eur Heart J 2018;39:1065–74.
4. Benjamin EJ, Blaha MJ, Chiuve SE, et al. Heart
disease and stroke statistics—2017 update: a
report from the American Heart Association. Cir-
culation 2017;135:e146–603.

5. Wayangankar SA, Bangalore S, McCoy LA,
et al. Temporal trends and outcomes of pa-
tients undergoing percutaneous coronary in-
terventions for cardiogenic shock in the setting
of acute myocardial infarction: a report from
the CathPCI Registry. J Am Coll Cardiol Intv
2016;9:341–51.

6. Masoudi FA, Ponirakis A, de Lemos JA, et al.
Trends in U.S. cardiovascular care. 2016 report
from 4 ACC National Cardiovascular Data Regis-
tries. J Am Coll Cardiol 2017;69:1427–50.
7. Ibanez B, James S, Agewall S, et al. 2017 ESC
guidelines for the management of acute myocar-
dial infarction in patients presenting with ST-
segment elevation. Kardiologia polska 2018;76:
229–313.

8. Basir MB, Schreiber T, Dixon S, et al. Feasibility
of early mechanical circulatory support in acute
myocardial infarction complicated by cardiogenic
shock: The Detroit Cardiogenic Shock Initiative.
Catheter Cardiovasc Interv 2018;91:454–61.

9. Basir MB, Schreiber TL, Grines CL, et al. Effect
of early initiation of mechanical circulatory sup-
port on survival in cardiogenic shock. Am J Cardiol
2017;119:845–51.

mailto:srab@emory.edu
https://twitter.com/TanveerRab
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref1
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref1
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref1
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref1
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref1
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref1
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref2
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref2
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref2
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref3
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref3
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref3
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref3
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref3
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref3
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref4
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref4
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref4
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref4
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref5
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref5
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref5
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref5
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref5
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref5
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref5
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref6
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref6
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref6
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref6
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref7
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref7
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref7
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref7
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref7
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref8
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref8
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref8
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref8
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref8
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref9
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref9
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref9
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref9


Rab et al. J A C C V O L . 7 2 , N O . 1 6 , 2 0 1 8

Cardiac Shock Care Centers O C T O B E R 1 6 , 2 0 1 8 : 1 9 7 2 – 8 0

1980
10. O’Neill WW, Grines C, Schreiber T, et al.
Analysis of outcomes for 15,259 U.S. patients with
acute myocardial infarction cardiogenic shock
(AMICS) Supported with the Impella Device. Am
Heart J 2018;202:33–8.

11. Hochman JS, Sleeper LA, Webb JG, et al.,
for the SHOCK Investigators. Early revasculari-
zation in acute myocardial infarction compli-
cated by cardiogenic shock. Should We
Emergently Revascularize Occluded Coronaries
for Cardiogenic Shock. N Engl J Med 1999;341:
625–34.

12. Thiele H, Zeymer U, Neumann FJ, et al. Intra-
aortic balloon support for myocardial infarction
with cardiogenic shock. N Engl J Med 2012;367:
1287–96.

13. Atkinson TM, Ohman EM, O’Neill WW, Rab T,
Cigarroa JE. A practical approach to mechanical
circulatory support in patients undergoing percu-
taneous coronary intervention: an interventional
perspective. J Am Coll Cardiol Intv 2016;9:871–83.

14. O’Gara PT, Kushner FG, Ascheim DD, et al.
2013 ACCF/AHA guideline for the management
of ST-elevation myocardial infarction. a report of
the American College of Cardiology Foundation/
American Heart Association Task Force on Prac-
tice Guidelines. J Am Coll Cardiol 2013;61:
e78–140.

15. Tchantchaleishvili V, Hallinan W, Massey HT.
Call for organized statewide networks for man-
agement of acute myocardial infarction-related
cardiogenic shock. JAMA Surgery 2015;150:
1025–6.

16. Georgia General Assembly. 2017-2018 Regular
Session–SB 102. Emergency Medical Services;
emergency cardiac care centers; designation; Office
of Cardiac Carewithin Department of Public Health;
establishment. Available at: http://www.legis.ga.
gov/Legislation/en-US/display/20172018/SB/102.
Accessed August 20, 2018.

17. Garan AR, Kirtane A, Takayama H. Redesigning
care for patients with acute myocardial infarction
complicated by cardiogenic shock: the “shock
team.” JAMA Surg 2016;151:684–5.

18. Unverzagt S, Buerke M, de Waha A, et al. Intra-
aortic balloon pump counterpulsation (IABP) for
myocardial infarction complicated by cardiogenic
shock. Cochrane Database Syst Rev 2015;3:
CD007398.

19. Levy B, Clere-Jehl R, Legras A, et al.
Epinephrine versus norepinephrine for cardiogenic
shock after acute myocardial infarction. J Am Coll
Cardiol 2018;72:173–82.

20. van Diepen S. Norepinephrine as a first-
line inopressor in cardiogenic shock: over-
simplification or best practice? J Am Coll Cardiol
2018;72:183–6.

21. Callaway CW, Donnino MW, Fink EL, et al. Part
8: post-cardiac arrest care: 2015 American Heart
Association Guidelines Update for Cardiopulmo-
nary Resuscitation and Emergency Cardiovascular
Care. Circulation 2015;132:S465–82.
22. Kim SJ, Kim HJ, Lee HY, Ahn HS, Lee SW.
Comparing extracorporeal cardiopulmonary resus-
citation with conventional cardiopulmonary resus-
citation: a meta-analysis. Resuscitation 2016;103:
106–16.

23. Yannopoulos D, Bartos JA, Raveendran G,
et al. Coronary artery disease in patients with
out-of-hospital refractory ventricular fibrillation
cardiac arrest. J Am Coll Cardiol 2017;70:
1109–17.

24. Zobel C, Adler C, Kranz A, et al. Mild thera-
peutic hypothermia in cardiogenic shock syn-
drome. Critical Care Med 2012;40:1715–23.

25. Kern KB, Hilwig RW, Rhee KH, Berg RA.
Myocardial dysfunction after resuscitation from
cardiac arrest: an example of global myocardial
stunning. J Am Coll Cardiol 1996;28:232–40.

26. Stegman BM, Newby LK, Hochman JS,
Ohman EM. Post-myocardial infarction cardiogenic
shock is a systemic illness in need of systemic
treatment: is therapeutic hypothermia one possi-
bility? J Am Coll Cardiol 2012;59:644–7.

27. Kuchibhotla S, Esposito ML, Breton C, et al.
Acute biventricular mechanical circulatory support
for cardiogenic shock. J Am Heart Assoc 2017;6:
e006670.

28. Rihal CS, Naidu SS, Givertz MM, et al. 2015
SCAI/ACC/HFSA/STS clinical expert consensus
statement on the use of percutaneous mechanical
circulatory support devices in cardiovascular care.
J Am Coll Cardiol 2015;65:2140–1.

29. Thiele H, Sick P, Boudriot E, et al. Randomized
comparison of intra-aortic balloon support with a
percutaneous left ventricular assist device in pa-
tients with revascularized acute myocardial
infarction complicated by cardiogenic shock. Eur
Heart J 2005;26:1276–83.

30. Hochman JS, Buller CE, Sleeper LA, et al.
Cardiogenic shock complicating acute myocardial
infarction–etiologies, management and outcome: a
report from the SHOCK Trial Registry. SHould we
emergently revascularize Occluded Coronaries for
cardiogenic shocK? J Am Coll Cardiol 2000;36:
1063–70.

31. Webb JG, Sleeper LA, Buller CE, et al. Impli-
cations of the timing of onset of cardiogenic shock
after acute myocardial infarction: a report from
the SHOCK Trial Registry. SHould we emergently
revascularize Occluded Coronaries for cardiogenic
shocK? J Am Coll Cardiol 2000;36:1084–90.

32. Kapur NK, Qiao X, Paruchuri V, et al. Me-
chanical pre-conditioning with acute circulatory
support before reperfusion limits infarct size in
acute myocardial infarction. J Am Coll Cardiol HF
2015;3:873–82.

33. Seyfarth M, Sibbing D, Bauer I, et al.
A randomized clinical trial to evaluate the safety
and efficacy of a percutaneous left ventricular
assist device versus intra-aortic balloon pumping
for treatment of cardiogenic shock caused by
myocardial infarction. J Am Coll Cardiol 2008;52:
1584–8.
34. Ouweneel DM, Eriksen E, Sjauw KD, et al.
Percutaneous mechanical circulatory support
versus intra-aortic balloon pump in cardiogenic
shock after acute myocardial infarction. J Am Coll
Cardiol 2017;69:278–87.

35. ClinicalTrials.gov. Effects of Advanced Mechan-
ical Circulatory Support in PatientsWith ST Segment
Elevation Myocardial Infarction Complicated by
Cardiogenic Shock. The Danish Cardiogenic Shock
Trial. Available at: https://clinicaltrials.gov/ct2/
show/NCT01633502. Accessed August 20, 2018.

36. O’Neill WW, Schreiber T, Wohns DH, et al. The
current use of Impella 2.5 in acute myocardial
infarction complicated by cardiogenic shock:
results from the USpella Registry. J Interv Cardiol
(JOIC) 2014;27:1–11.

37. O’Neill W, Basir M, Dixon S, Patel K,
Schreiber T, Almany S. Feasibility of early me-
chanical support during mechanical reperfusion of
acute myocardial infarct cardiogenic shock. J Am
Coll Cardiol Interv 2017;10:624–5.

38. Mandawat A, Rao SV. Percutaneous mechani-
cal circulatory support devices in cardiogenic
shock. Circ Cardiovasc Interv 2017;10:e004337.

39. Iqbal MB, Nadra IJ, Ding L, et al. Culprit vessel
versus multivessel versus in-hospital staged
intervention for patients with ST-segment eleva-
tion myocardial infarction and multivessel disease:
stratified analyses in high-risk patient groups and
anatomic subsets of nonculprit disease. J Am Coll
CardiL Interv 2017;10:11–23.

40. Mylotte D, Morice MC, Eltchaninoff H, et al.
Primary percutaneous coronary intervention in
patients with acute myocardial infarction, resus-
citated cardiac arrest, and cardiogenic shock: the
role of primary multivessel revascularization. J Am
Coll Cardiol Interv 2013;6:115–25.

41. Lee JM, Rhee T-M, Hahn J-Y, et al. Multivessel
percutaneous coronary intervention in patients
with ST-segment elevation myocardial infarction
with cardiogenic shock. J Am Coll Cardiol 2018;71:
844–56.

42. Thiele H, Akin I, Sandri M, et al. PCI strategies
in patients with acute myocardial infarction and
cardiogenic shock. N Engl J Med 2017;377:
2419–32.

43. Henriques JP, Hoebers LP, Ramunddal T, et al.
Percutaneous intervention for concurrent chronic
total occlusions in patients with STEMI: the
EXPLORE Trial. J Am Coll Cardiol 2016;68:
1622–32.

44. Kolte D, Sardar P, Khera S, et al.
Culprit vessel-only versus multivessel percuta-
neous coronary intervention in patients with
cardiogenic shock complicating ST-segment-
elevation myocardial infarction: a collaborative
meta-analysis. Circ Cardiovasc Interv 2017;10:
e005582.
KEY WORDS cardiogenic shock, care
pathway, shock center

http://refhub.elsevier.com/S0735-1097(18)36940-7/sref10
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref10
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref10
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref10
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref10
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref11
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref11
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref11
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref11
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref11
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref11
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref11
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref12
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref12
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref12
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref12
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref13
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref13
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref13
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref13
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref13
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref14
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref14
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref14
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref14
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref14
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref14
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref14
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref15
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref15
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref15
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref15
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref15
http://www.legis.ga.gov/Legislation/en-US/display/20172018/SB/102
http://www.legis.ga.gov/Legislation/en-US/display/20172018/SB/102
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref17
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref17
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref17
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref17
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref18
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref18
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref18
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref18
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref18
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref19
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref19
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref19
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref19
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref20
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref20
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref20
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref20
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref21
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref21
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref21
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref21
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref21
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref22
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref22
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref22
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref22
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref22
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref23
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref23
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref23
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref23
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref23
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref24
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref24
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref24
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref25
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref25
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref25
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref25
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref26
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref26
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref26
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref26
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref26
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref27
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref27
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref27
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref27
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref28
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref28
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref28
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref28
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref28
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref29
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref29
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref29
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref29
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref29
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref29
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref30
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref30
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref30
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref30
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref30
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref30
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref30
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref31
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref31
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref31
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref31
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref31
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref31
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref32
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref32
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref32
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref32
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref32
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref33
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref33
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref33
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref33
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref33
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref33
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref33
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref34
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref34
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref34
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref34
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref34
https://clinicaltrials.gov/ct2/show/NCT01633502
https://clinicaltrials.gov/ct2/show/NCT01633502
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref36
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref36
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref36
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref36
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref36
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref37
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref37
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref37
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref37
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref37
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref38
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref38
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref38
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref39
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref39
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref39
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref39
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref39
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref39
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref39
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref40
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref40
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref40
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref40
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref40
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref40
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref41
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref41
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref41
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref41
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref41
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref42
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref42
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref42
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref42
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref43
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref43
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref43
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref43
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref43
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref44
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref44
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref44
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref44
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref44
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref44
http://refhub.elsevier.com/S0735-1097(18)36940-7/sref44

	Cardiac Shock Care Centers
	Suggested Care Pathway
	Emergency Medical Services
	“Key is early recognition.”

	Cardiac Shock Care Center
	Level I: dedicated cardiac shock care centers
	Level II: STEMI receiving and PCI-capable hospital without advanced MCS
	Level III: Non-PCI capable hospital (generally rural hospital)

	Emergency Department (In All 3 Levels of Care)
	“Key is early triage and cardiology consultation.”
	Inotropic support
	Therapeutic hypothermia in patients with CS who are comatose after cardiac arrest

	Cardiac Catheterization Laboratory
	“Strategies for MCS and revascularization.”

	MCS devices
	Intra-aortic balloon pump

	Advanced MCS devices
	Percutaneous transvalvular continuous-flow microaxial pump
	IABP versus Impella trials
	Registries

	Percutaneous continuous-flow centrifugal pump (Tandem Heart)
	Extracorporeal membrane oxygenator

	Strategies for Revascularization
	Post–Cardiac Catheterization Laboratory Care in the Intensive Care Unit
	Conclusions
	References


