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Abstract

Up to 10% of acute coronary syndromes are complicated by cardiogenic shock (CS) with contemporary mortality
rates of 40-50%. The extent of ischemic myocardium has a profound impact on the initial, in-hospital, and post-dis-
charge management and prognosis in this patient population. Individualized patient risk assessment plays an impor-
tant role in determining appropriate revascularization, drug treatment with inotropes and vasopressors, mechanical
circulatory support, intensive care support of other organ systems, hospital level of care triage, and allocation of clini-
cal resources. This review will outline the underlying causes and diagnostic criteria, pathophysiology, and treatment
of CS complicating acute coronary syndromes with a focus on (a) potential therapeutic issues from the perspective an
interventional cardiologist, an emergency physician, and an intensive care physician, (b) the type of revascularization,

and (c) new therapeutic advancements in pharmacologic and mechanical percutaneous circulatory support.
Keywords: Acute myocardial infarction, Cardiogenic shock, Catecholamines, Mechanical circulatory support

Introduction

Cardiogenic shock (CS) as defined by the European
Society of Cardiology (ESC) and the American Heart
Association (AHA) is a state of critical end-organ hypop-
erfusion due to primary cardiac dysfunction [1-3]. Diag-
nostic criteria include hypotension (i.e., systolic blood
pressure < 90 mmHg, or vasopressors required to achieve
a blood pressure>90 mmHg), and signs of impaired
organ perfusion (e.g., central nervous system abnor-
malities including confusion or lack of alertness, or even
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loss of consciousness; oliguria; cold, clammy skin and
extremities, increased arterial lactate >2 mmol/L) in the
state of normovolemia or hypervolemia. Some clinical
trials criteria also included hemodynamic parameters
such as reduced cardiac index (CI, i.e.,<1.8 or <2.2 L/
min/m? with cardiac support) or elevated left ventricu-
lar filling pressures (i.e., pulmonary capillary wedge
pressure > 15 mmHg) [4, 9]. However, CS is a clinical
diagnosis and does not require pulmonary artery cath-
eterization. The clinical severity ranges from mild hypop-
erfusion to a pulseless state [5]. Of note, some described
a “pre-shock state” that includes patients at risk for CS
[6]. In addition, patients can have normotensive CS
where hypoperfusion is present without hypotension. In
a cohort of 49 patients, even in the presence of normal
blood pressure, clinical signs of peripheral hypoperfu-
sion, which may be subtle, are associated with a substan-
tial risk of in-hospital death following acute myocardial
infarction (AMI) [7]. The most severe form of CS is also
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named “refractory CS’, defined as a persisting shock
despite the administration of volume, inotropes, and
vasoconstrictors.

CS following acute myocardial infarction (AMI) has an
incidence of 5-10% and is the leading cause of mortality
in patients with AMI [8]. Half of the cases of CS are pre-
sent at hospital admission and the other half develop fol-
lowing hospital admission [8]. Among patients with AMI,
the SHOCK trial registry reported that predominant left
ventricular failure (78.5%) was the most common etiol-
ogy of CS, followed by severe mitral regurgitation (6.9%),
ventricular septal rupture (VSR) (3.9%), right ventricular
failure (2.8%), and cardiac tamponade (1.4%) [9].

Short-term mortality in CS complicating AMI is
40-60% and even more than 80% in case of ventricular
septal rupture [9]. Mortality in CS is mostly seen in the
intensive care unit (ICU) [10]. However, post-discharge
mortality and symptomatic heart failure in CS patients
are still higher than after AMI without CS [11].

Several clinical and biological factors have been used for
prognosis assessment. Those factors have been recently
regrouped into scores combining independent param-
eters—the Sleeper score (eight items; score from the
SHOCK trial 2010) [12], the CardShock risk score (seven
items as prior infarction and coronary artery bypass graft-
ing are taken as one; 2015) [13], and the IABP-SHOCK
II risk score (six items; 2017) (Table 1) [14]. Based on six
variables with a maximum of 9 points there are three risk
categories in the IABP-SHOCK II score. Patients in the

Table 1 Risk scores in cardiogenic shock

low, intermediate, and high risk categories have an in-
hospital mortality risk of 20-30%, 40—-60%, and 70—90%,
respectively. This prediction model is the first CS score
with both internal and external validation [14].

Contemporary management of cardiogenic shock
and AMI

CS patients may benefit as early as possible from prehos-
pital management (Fig. 1), coronary revascularization,

1 STEMI or high-risk ECG signs or symptoms suggesting AMI, < 3 hours

& hemodynamic instability or resuscitated cardiac arrest

A4

PCl should be performed < 120 min:
alert & transfer to cardiac shock center for primary PCI

|

* During the transport, start:
* Aspirin orally or iv
* Consider potent P2Y,, inhibitor (prasugrel or

ticagrelor), or clopidogrel if contraindicated, orally

¢ Anticoagulation iv

* If hemodynamic instability: volume loading < 250 m| &

norepinephrine on peripheral line
* If Sp0, < 90%: O, therapy

! }

Cardiac Shock Center

<2 hours

Fig. 1 Algorithm of management of cardiogenic shock prior to
cardiac shock center admission. AMI acute myocardial infarction, ECG
electrocardiography, PCl percutaneous coronary intervention, STEMI
ST-segment elevation myocardial infarction
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hemodynamic resuscitation and optimization, and the
assessment and treatment of end-organ dysfunction.
Notably, revascularization is the only well-studied evi-
dence-based therapy with proven survival benefit. To
provide benefit from this contemporary management of
CS due to AM]I, individual hospitals should be part of
a regional network that includes a tertiary cardiogenic
shock center.

Revascularization

As a result of its limited efficacy, fibrinolysis should be
reserved for ST-elevation myocardial infarction (STEMI)
patients when timely percutaneous coronary interven-
tion (PCI) is not feasible [2]. The SHOCK trial is one of
the milestone randomized trials in CS [15]. Although
it failed to meet the primary endpoint—a reduction of
30-day mortality by an early revascularization-based
management either with PCI or CABG—(46.7% vs 56.0%,
p=0.11) [15], there was a significant mortality reduction
at 6 months and at long-term follow-up [16].

Since the widespread application of early revasculariza-
tion in clinical practice, mainly influenced by a class I B
guideline recommendation [2, 17], numerous registries
have confirmed the survival advantage of early revascu-
larization, leading to a subsequent reduction of CS mor-
tality in the young and also the elderly [8, 18]. Real-world
revascularization rates range from 27% to 54% in the
USA [18], 47% in the GRACE registry [19], 70% in a Swiss
registry [8], and 50% in a French registry [20]. This find-
ing suggests that knowledge translation and implemen-
tation of early revascularization, despite the associated
high risk, are a clinical priority.

Up to 85% of CS patients present with multivessel or
left main coronary artery disease [21]. Patients present-
ing with multivessel coronary artery disease have higher
mortality compared to patients with single-vessel dis-
ease. Current ESC STEMI guidelines encourage immedi-
ate multivessel PCI of all high-grade lesions, in addition
to the culprit lesion with a class IIa C recommendation
[2]. These recommendations are mainly based on patho-
physiological considerations. The current evidence has
recently been summarized in two meta-analyses show-
ing an increased mortality at short-term follow-up with
multivessel PCI and similar outcome at longer follow-up
[21, 22]. Recently, the randomized, multicenter Culprit
Lesion Only PCI versus Multivessel PCI in Cardiogenic
Shock (CULPRIT-SHOCK) trial showed a significant
clinical benefit of a culprit-lesion-only strategy with a
reduction in the primary endpoint of 30-day mortality or
severe renal failure requiring renal replacement therapy
(45.9% culprit-lesion-only PCI vs 55.4% immediate mul-
tivessel PCI group; relative risk 0.83; 95% confidence
interval 0.71-0.96; p=0.01) which was mainly driven by

an absolute 8.2% reduction in 30-day mortality (43.3%
vs 51.5%; relative risk 0.84; 95% confidence interval
0.72-0.98, p=0.03) [23]. The CULPRIT-SHOCK results
were consistent across all predefined subgroups. Thus,
revascularization should be limited to culprit lesion only
with possible staged revascularization. Intuitively, some
angiographic subgroups, such as occluded right coro-
nary artery culprit lesion with a concomitant high-grade
proximal left anterior descending coronary artery or
additional non-culprit subtotal lesions with Thromboly-
sis In Myocardial Infarction (TIMI) flow 1 or 2 may call
for immediate multivessel PCI. However, this should be
considered on an individual basis.

There may also be a role for emergent coronary artery
bypass grafting; however, there is little evidence to guide
surgical versus PCI revascularization. Current evidence
from four observational reports, comparing PCI versus
coronary artery bypass grafting (CABG), shows that the
type of revascularization did not influence the outcome
of CS patients [24, 25]. In current clinical practice, imme-
diate CABG is only performed in less than 4% of patients
[8, 26].

The ESC STEMI and NSTE-ACS guidelines recom-
mend radial access (class 1 A) in stable patients if per-
formed by experienced radial operators [2, 15-17]. In
CS, the benefit of radial access is less evidence-based. A
meta-analysis analyzing data of 8131 registry patients
demonstrated that radial access was associated with a
reduction in all-cause mortality as well as major adverse
cardiac and cerebral events at 30-day follow-up in CS
patients [27]. We propose to favor the radial access in
case of experienced radial operators and in patients with
a palpable radial pulse. Otherwise the femoral access may
be chosen.

Platelet inhibitors and anticoagulation

Antithrombotic therapy including antiplatelets and anti-
coagulation is key during and after PCI. There are no spe-
cific trials in CS for oral antiplatelets; however, it is well
known that in CS enteral resorption is impaired. Besides
impaired enteral perfusion, mechanical ventilation (MV)
with inability to swallow oral P2Y,, inhibitors plays a
major role in the bioavailability of these drugs. Prasug-
rel/ticagrelor or clopidogrel in case of contraindications
for the newer oral antiplatelets is indicated in addi-
tion to aspirin in all patients undergoing PCI. In intu-
bated patients, crushed tablets need to be administered
through a nasogastric tube. In stable infarction patients,
crushed ticagrelor improved platelet inhibition in com-
parison to non-crushed tablets [28]. Because of the late
and impaired onset of oral antiplatelets, glycoprotein IIb/
IITa inhibitors or cangrelor may be more liberally used
in CS. During PCI, adjunctive anticoagulation including
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unfractionated heparin or low molecular weight heparin
should be co-administered with antiplatelets. With a lack
of specific randomized trials in CS the same recommen-
dations apply as for other types of acute coronary syn-
drome [2, 17].

Mechanical complications

The incidence of infarct-related VSR without reperfu-
sion ranged from 1% to 2% with a decrease to 0.2% in the
era of reperfusion [29]. The median time from infarc-
tion to rupture is usually 24 h but may occur at up to
2 weeks. Without surgical repair of post-infarction VSR,
90% of patients die within 2 months [30]. Current mor-
tality of surgical post-infarction VSR closure is as high
as 50%. However, in two prospective registries, mortal-
ity rates were as high as 81-100% for patients with VSR
and CS [29, 31]. Current guidelines recommend imme-
diate surgical VSR closure, irrespective of the patient’s
hemodynamic status, to avoid further hemodynamic
deterioration [32]. Nevertheless, a subgroup of patients
with VSR exists, for whom surgery is futile, because mor-
tality approaches 100%; this includes the very elderly and
patients with poor right ventricular function. As a result
of the high mortality and suboptimal surgical results
with a postoperative residual shunt found in up to 20%
of treated patients, the technique of percutaneous VSR
device closure has been developed. Though data are lim-
ited for post-infarction VSR interventional closure. A
meta-analysis on all published reports with percutaneous
VSR closure has recently been published showing similar
mortality data compared to surgery [33].

In acute ischemic mitral regurgitation, only papillary
muscle rupture needs immediate repair. Other causes,
such as left ventricular global or regional remodeling or
ischemic papillary muscle dysfunction, may resolve after
revascularization and recovery of ventricular function.
Accordingly, only 46% of the patients in the SHOCK trial
registry underwent mitral valve surgery [34]. In con-
trast to VSR repair, surgery of papillary muscle rupture
does not involve necrotic myocardium in suture lines.
Therefore, mortality associated with this repair is lower
[34]. The unpredictability of a rapid deterioration and
death with papillary muscle rupture makes early surgery
necessary.

Regional cardiogenic shock center network

Regional systems of care coupled with treatment algo-
rithms have improved survival in MI. As recently sug-
gested by AHA, applying a similar framework to CS
management may lead to similar improvements in sur-
vival, and CS systems of care are emerging within exist-
ing regional cardiovascular emergency care networks
(AHA guidelines) [3].

In a regionalized system of care for CS, individual
hospitals would have CS treatment algorithms accord-
ing to on-site capabilities, in relation to the leadership of
regional “cardiac shock” center(s). In order to allow con-
tinuity in CS management, “cardiac shock” centers would
require the creation of mobile multidisciplinary CS teams
available 24 h a day, 7 days a week for on-site or off-site
consultation, referral, and extracorporeal membrane
oxygenation (ECMO)/mechanical circulatory support
(MCS) insertion (Fig. 2). In addition, CS centers would
have therapeutic technologies, including PCI and tempo-
rary MCS.

Hemodynamic management in the ICU

Recognition of CS should trigger a swift assessment
of the etiology and hemodynamic profile based upon
history, physical examination, laboratory investiga-
tions, electrocardiogram (ECG), and echocardiography.
Although initial assessment and management do not
require invasive hemodynamic monitoring, Table 2 pro-
vides an overview of the main indications for advanced
hemodynamic monitoring.

Arterial line

Arterial blood pressure should be monitored using a con-
tinuously transduced arterial line and more advanced
invasive hemodynamic monitoring may be considered in
severe refractory cases and/or when mechanical compli-
cations supervene. The initial target mean arterial blood
pressure should be in the range of 60-65 mmHg. How-
ever, this blood pressure target has not been validated in
randomized clinical trials [35]. An arterial line also allows
regular blood gas analysis and arterial lactate monitor-
ing. Devices based on arterial waveform analysis through
proprietary algorithms have been developed to measure
a number of hemodynamic parameters, including cardiac
output. Despite their widespread use, a number of stud-
ies have shown inconsistent performance of these devices
in the setting of acute/very low cardiac output states and
CS [36].

Central venous catheter

The central venous waveform allows visualization of an
elevated pressure (in the context of respiratory support),
or abnormal waveform should trigger further evalua-
tion of both heart and lungs/ventilatory parameters. The
insertion of a central venous catheter also allows one to
analyze ScvO, for the assessment of the ratio of global
oxygen demand and supply, hence response to therapy.
The central line also represents the preferential route
for the administration of inotropes and/or vasopressors
[37]. Finally, central line trajectory monitoring may help
to estimate congestion of extrathoracic organs such as
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Phase I: echocardiography & coronary angiography
* PCl of the culprit lesion
* If not done: aspirin, P2Y,, inhibitor
Mechanical & anticoagulation
Complications or Coronary * If need to restore BP: norepinephrine
arteries not suitable for PCI . e
v * If severe hemodynamic instability:
g Surgery or temporary mechanical circulatory support
K= interventional approach
: v
©
‘B
= Phase II: ICU, CCU
Hemodynamic instability Respiratory distress Acute kidney injury Resuscitated cardiac arrest
- Lab testings, ECG - Blood gas, chest X-ray - Hemodynamic optimization & brain injury
- Arterial and central lines - Lung ultrasound - Avoid nephrotoxic drugs - Targeted temperature
- Norepinephrine/inotrope - NIV or mechanical ventilation -  Renal replacement therapy management
- Repeat echo: RV/LV/lungs if needed if needed
V |- PAC:if persistent shock or RV failure
A
. v
3 Phase lll: in case of persistent hemodynamic instability
-: & altered organ dysfunction
: *  Temporary mechanical circulatory support
X
e
v
Fig. 2 Algorithm of management of cardiogenic shock during the first period after cardiac shock center admission. VA-ECMO veno-arterial
extracorporeal membrane oxygenation, BP blood pressure, CCU coronary care unit, ECG electrocardiography, IABP intra-aortic balloon pump, ICU
intensive care unit, LV left ventricle, MV mechanical ventilation, NE norepinephrine, PAC pulmonary artery catheter, PCl percutaneous coronary inter-
vention, RRT renal replacement therapy, RV right ventricle

Table 2 Most common indications for advanced hemody-
namic monitoring in cardiogenic shock

Differential diagnosis of shock

Management of mechanical complications of acute myocardial infarction
Management of severe valvular disease

Management of selected patients following cardiac surgery

Guide to pharmacologic therapy

Guide to fluid management

Guide to invasive ventilation management in selected patients

the kidneys as it directly translates to output pressure
of intra-abdominal organs. Hence, all efforts should be
made to keep the central venous pressure <12 mmHg.

Echocardiography
In the context of CS, transthoracic echocardiography has
strengths and weaknesses. Indeed, echocardiography is
recommended repeatedly during ICU stay for evaluation
of left and right ventricular function, valve dysfunction,
and exclusion/diagnosis of mechanical complications.
Echocardiography is also emerging as a hemodynamic
monitoring tool in ICUs to estimate cardiac output, car-
diac filling pressures, predict volume responsiveness, and

determine response to critical care interventions [38]. Its
use in monitoring patients with CS, however, can prove
challenging. First, there are a number of intensive care
interventions that may fundamentally alter echocardio-
graphic findings, and every study must be interpreted in
the pharmacopathological context. Second, few param-
eters validated in either the outpatient or general car-
diology setting have been validated in CS complicating
AMLI. Third, unlike invasive monitoring, echocardiogra-
phy cannot measure intracardiac pressures and merely
provides an estimate of pressure differences between dif-
ferent chambers. The intelligent application of physiolog-
ical echocardiography (i.e., stroke distance, pulmonary
vascular resistance, cardiac electromechanics including
ventricular—ventricular interactions and heart-lung/
ventilator interactions), interpreted in the clinical con-
text can, however, be used to monitor and guide ongoing
interventions, including requirement for pacing interven-
tions, vasoactive drug therapies, and ventilatory settings
[39]. Further, echocardiography is mandatory for the
use of mechanical circulatory support in order to assess
contraindications, inform the type and level of support
required, guide and monitor institution of support, assess
complications, and predict potential for weaning [39].
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Ultrasound also provides information on lung congestion
and pleural effusion.

Pulmonary artery catheter (PAC)

Randomized studies and several meta-analyses have
failed to confirm a clinical benefit of the PAC in a wide
range of critically ill patient pathologies [40—42]. Current
recommendations of the European Society of Intensive
Care Medicine still consider PAC as a useful tool in some
patients with severe CS, especially in case of right ven-
tricular dysfunction or CS unresponsive to initial thera-
pies, reflecting standard practice in expert centers in the
management of this condition [13, 35].

Laboratory testing

In case of CS related to AMI we recommend perform-
ing full laboratory testing, ideally twice a day, until res-
toration of stable hemodynamic parameters. Laboratory
testing can indicate in the first hours the extent of organ
injury and the prognosis of the patients while serial meas-
ures give information on the aggravation or recovery of
organ functions. Laboratory testing should include tro-
ponin, natriuretic peptides (and ST2 for prognosis [43]),
lactate (mostly in the first days [44]), renal, liver, and
basic coagulation function tests as well as blood count.

Inotropes and vasopressors

Hemodynamic alteration in CS complicating AMI includes
cardiac impairment with or without low vascular resistance
[45]. In addition to timely revascularization, vasopressors
and/or inotropes are required to restore systemic perfusion
in the prehospital setting, in the catheterization labora-
tory, or in the ICU. In general, inotropes and vasopressors
should be used at the lowest dose and the shortest time
possible. Furthermore, these agents have different effects
at different doses making interpretation of the evidence
even more difficult. In addition, we suggest that clinicians
integrate clinical, laboratory, and hemodynamic variables
to determine response to therapy to determine appropriate
vasoactive drug dosing and titration based on clinical, labo-
ratory, and hemodynamic multimodal monitoring.

When blood pressure needs to be rapidly restored, nor-
epinephrine may be a reasonable first-line agent. Various
studies showed that norepinephrine is safer than dopa-
mine [44], vasopressin [46], or epinephrine, with a lower
risk of atrial arrhythmias [43].

Given the reduced cardiac output in CS, the addition
of an inotropic agent may help to improve stroke volume
after hemodynamic stabilization with an inopressor. In
case of evidence of predominant low cardiac output and
preserved perfusion pressure, dobutamine is the initial
therapy and (starting dose 2.5 pg/kg/min) may act rapidly
to restore stroke volume.

Concerning inotropic agents associated with vasodi-
lator properties, levosimendan may also be used in par-
ticular in patients on chronic beta-blocker therapy given
its inotropic effect being independent of beta-adrenergic
stimulation [1]. However, further studies are needed.

The following agents are generally not considered first-
line therapies in CS: (1) Dopamine was shown to be asso-
ciated with increased 28-day mortality as compared to
norepinephrine, although this effect may be explained by
chance [44]. In the same study, dopamine also showed a
higher number of arrhythmias [44]. (2) Epinephrine led
to higher lactate levels in a small randomized trial in
CS [47, 48]. This is supported by a retrospective analy-
sis of the Cardshock cohort revealing that epinephrine
use was associated with higher short-term mortality
[43]. A prospective double-blind multicenter study con-
firmed detrimental the effect of epinephrine on outcome
in CS patients [49]. (3) Vasopressin is also not preferred
because this drug did not change cardiac power index
and cardiac index while norepinephrine increased it [46].

Mechanical circulatory support

Recommendations on the use of intra-aortic balloon
pump (IABP) and extracorporeal life support in CS will
be described below. A consensus nomenclature of vari-
ous extracorporeal life supports was recently described
[50].

Intra-aortic balloon pump

The IABP-SHOCK II randomized 600 patients with CS
complicating AMI and early revascularization to IABP
or conventional treatment and found no difference in the
primary study endpoint of 30-day mortality between the
two treatment groups [26]. The results of the primary
study endpoint were confirmed by a lack of beneficial
effects for any of the secondary study endpoints and also
through longer follow-up [26, 51]. These results led to a
downgrading of the IABP in the ESC guidelines with a
current class IIIB recommendation for the routine use of
the IABP in CS [2, 17]. The 2017 ESC STEMI guidelines
now recommend IABP consideration only in patients
with mechanical complications (class Ila, level C) [2].

Percutaneous active mechanical circulatory support
devices

Partly a result of the lack of benefit of IABP, active MCS
are increasingly used [52, 53]. However, the current evi-
dence to support the routine use of MCS is limited [54].
Current devices, mode of action, and evidence regarding
percutaneous MCS for treatment in CS have been sum-
marized previously [5]. Table 3 gives an overview over
current devices and technical features.
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Current devices include the TandemHeart™ (Cardiac
Assist, Inc, Pittsburgh, US) which removes arterialized
blood from the LA and returns it to the lower abdomi-
nal aorta or iliac arteries, via a femoral artery cannula,
with retrograde perfusion of the abdominal and thoracic
aorta. Another percutaneous device is the Impella® 2.5,
CP, or 5.0 (Abiomed Europe, Aachen, Germany) which is
placed across the aortic valve, using the femoral access,
either percutaneously or by surgical cut-down.

In the recent IMPRESS-in-Severe-SHOCK trial 48
patients with STEMI associated CS requiring MV were
randomized to Impella CP versus IABP [55]. The 30-day
mortality primary endpoint was based on a power cal-
culation with non-realistic mortality rates and thus this
trial is markedly underpowered. Not surprisingly, there
was no difference in the primary endpoint of all-cause
mortality after 30 days; however, the lack of benefit in
any of the other parameters including arterial lactate may
be a concern with respect to the efficacy of the device
[56]. A trial adequately powered for patients with CS is
required before routine therapy with this device can be
recommended.

A most recent meta-analysis including the IMPRESS-
in-Severe-SHOCK trial showed no difference in mortality
for the 148 included patients. There was some improve-
ment in arterial lactate and also MAP. On the other hand
there were significantly more bleeding complications
[54]. Some registry data suggest a benefit for MCS inser-
tion before revascularization [57, 58]. However, these
data need to be confirmed in randomized trials.

VA-ECMO

Extracorporeal circulatory support (ECLS) with veno-
arterial extracorporeal membrane oxygenation (VA-
ECMO) is another potential first-line device in CS since
it provides both respiratory and cardiac support [59].
VA-ECMO bypasses the heart and/or the lung owing to
extraction of blood from a venous inflow cannula and
return to the arterial system via an outflow cannula after
decarboxylation and oxygenation [60]. It may be the
preferred option in cases of CS because of a few major
advantages: (1) the possibility of rapid application, (2) the
applicability in case of malignant arrhythmia due to lack
of alteration of flow condition, and (3) rapid improve-
ment in oxygenation. On the other hand, VA-ECMO car-
ries a relevant risk of thromboembolic events and limb
ischemia. It increases left ventricle afterload, which may
impair heart function recovery and aggravate hydrostatic
pulmonary edema [61]. Furthermore, it requires a spe-
cialist team to insert and run ECMO such as perfusion-
ists or ECMO specialists. Strategies combining IABP or
IMPELLA and VA-ECMO to decrease LV pressures have
suggested a clinical benefit which should be evaluated in

specific trials [62, 63]. In a recent meta-analysis based on
observational registry data, VA-ECMO was associated
with a 33% higher 30-day survival compared with IABP
(95% confidence interval 14—52%; p < 0.001) but no differ-
ence when compared with TandemHeart/Impella (—3%;
95% confidence interval —21% to 14%; p=0.70) [64].

Taken together, although MCS are theoretically
appealing devices that may interrupt the vicious spiral
of ischemia, hypotension, and myocardial dysfunction
and allow for the recovery of ischemic myocardium, the
extracorporeal support and contact with artificial sur-
faces of these devices might further promote the systemic
inflammatory response. A second potentially deleterious
effect is severe bleeding.

Currently, percutaneous MCS should be restricted to
the use in refractory CS (class of recommendation II b C)
and will rely on individual experience in dedicated cent-
ers for selected patients [2]. Additional randomized trials
are needed for a more complete assessment of the role of
different circulatory supportive strategies in CS [65].

Management of organ dysfunction (Fig. 2)
Respiratory distress

Chest X-ray at admission allows one to assess pulmonary
congestion, cardiac size, and the position of endotracheal
tube and supportive devices (pacing wires and MCS).

CS related to LV failure is usually complicated by pul-
monary edema associated with impaired gas exchange
[66]. Metabolic acidosis increases the compensatory
respiratory load. Most CS patients may need respira-
tory support to provide adequate gas exchange and to
relieve the work of breathing. The majority of guidelines
and reviews recommend invasive ventilation in CS, and
its use ranges from 60% to 80%. In isolated right ven-
tricular failure, whether those patients are mechanically
ventilated or on non-invasive ventilation (NIV), caution
is advised because of the undesirable effect of positive
end-expiratory pressure on right ventricular afterload
and function [66]. In few patients with acute pulmonary
edema and mild metabolic and hemodynamic alterations,
NIV can be installed and seems a safe option [67].

Acute kidney injury

The incidence of acute kidney injury (AKI)—defined by the
Kidney Disease: Improving Global Outcomes (KDIGO)
criteria—is roughly one-third in CS patients [61]. Increased
creatinine levels and anuria—but not oliguria—was asso-
ciated with increased mortality. The development of AKI
seemed at least partly associated with persistent decrease in
CI and MAP and elevated central venous pressure. In case
of AKI, we recommend a rapid restoration of renal perfu-
sion pressure and avoiding the use of nephrotoxic agents.
Data supporting those recommendations are needed.
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Acute liver injury

Overall, elevated liver parameters can be interpreted as
generally poor hemodynamic status. Liver function tests
are altered in over 50% of patients suffering from CS
[68]. Elevated alanine transaminase (ALT) and aspartate
transaminase (AST) may be interpreted as a direct sign
of liver hypoperfusion, associated with increased mor-
tality. Hemodynamics should be stabilized as in renal
dysfunction.

Brain injury due to resuscitated cardiac arrest

Registries and trials have reported a 29-41% incidence
of cardiac arrest in patients with CS following MI [19,
69-71]. The optimal brain management of these patients
has not been well studied. The European Resuscitation
Council and the European Society of Intensive Care
Medicine guidelines for post-resuscitation care suggest
multiparametric monitoring of hemodynamics (blood

pressure, cardiac index, central venous oxygen saturation,
lactate), oxygenation, and ventilation, to avoid secondary
brain injury [72]. Benefits of the optimization of cerebral
blood flow using transcranial Doppler and/or cerebral
NIRS should be evaluated in further studies. Targeted
temperature management (TTM) has been shown to
improve neurologically intact survival in cardiac arrest
patients [73, 74], though data in CS following cardiac
arrest are missing. The ongoing HYPO-ECMO study
(NCT02754193) will evaluate the effect of moderate
hypothermia and normothermia in CS patients treated
with VA-ECMO. Meanwhile, we may recommend, if pos-
sible, TTM for 24 h in patients with MI associated with
CS and an out-of-hospital cardiac arrest who remain
unresponsive. By contrast, in patients in CS and no car-
diac arrest, there is insufficient data to support the use of
TTM (Fig. 3).

Cardiac arrest
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) No pupillary and corneal reflexes
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-
3-5 § NO
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= Two or more of the following:
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Fig. 3 Structured approach to neuroprognostication (from [72] with authorization)
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Right ventricular infarction

Acute right ventricular (RV) infarction usually occurs
in relation to acute inferior wall MI caused by occlu-
sion of the proximal right coronary artery [75]. It is an
independent, strongly age-dependent predictor of short-
term mortality in patients with inferior MI. The anatomic
occlusion of the infarct-related artery and functional
impairment of the right ventricle are poorly correlated.
Unlike the left ventricle, the right ventricle may remain
viable for days after an infarct. Therefore, late reperfusion
is an option that may be considered in patients with infe-
rior MI complicated by RV dysfunction. Despite younger
age, less multivessel disease, and better left ventricular

Table 4 Future directions for outcome improvement

ejection fraction, prognosis is no different in CS patients
with or without acute RV failure [76].

Future directions
Future directions address many aspects of CS manage-
ment. An overview is provided in Table 4.

Conclusion

Despite early revascularization the mortality of patients
with CS is still high. In cases where CS has developed,
we advocate for multidisciplinary care in a specialized
center. Patients who are treated according to clinical
practice guidelines, with early reperfusion for all patients

Prediction of patients at high risk of cardiogenic shock (CS)

Early recognition of CS (ED/in-hospital)

Define optimal hemodynamic monitoring

Characterize different clinical trajectories in CS

Define hemodynamic targets
Pharmacological management

Optimal access site, revascularization strategy, and anti-thrombotic
therapy in patients with ACS

Pathophysiologic mechanisms of shock
Appropriate tools for monitoring organ function

Ventilation
Treatment options in “refractory shock”

Markers and risk prediction tools for patient selection for advanced
mechanical therapies

Evaluation of novel therapies for CS
Incorporate biomarker profiling in CS

Assessment of prognosis at different stages of shock

Optimal systems of care for patients with CS

Which patients with Ml are at high risk of developing CS
How to manage such patients

Early identification of patient with shock at presentation
Recognition of CS developing in patients in-hospital
Standardized assessment and “red flags”

Need for right heart catheterization
Echo parameters
Better clinical profiling of CS

Are there different clinical and hemodynamic profiles in CS

How to define and characterize these

Clinical trajectories and management of CS with specific etiologies such as
stress cardiomyopathy, post-resuscitation CS

Which hemodynamic parameters and specific treatment targets

Safety and benefit of vasopressors and inotropes

Titration of vasoactive medication

Use as single or in combination

Use, timing, and appropriate doses of cardiovascular medications

Radial or femoral access

Culprit vessel with staged revascularization or immediate CABG
Antiplatelet and anticoagulant therapy

Define the pathophysiology of CS in more detail to help develop targeted
therapies

Define critical organs, monitoring tools, threshold for organ dysfunction,
and management strategies

Mechanical ventilation or non-invasive pressure ventilation (CPAP/BiPAP)
Benefit of MCS
Novel approaches such as end-organ support, anti-inflammatory therapy

Assess the utility of current risk scores (CardSHock, IABP-SHOCK I, SAVE)
in various CS cohorts to select patients for MCS or other advanced
therapies

Temperature management
Anti-inflammatory therapy

Utility in diagnosis, risk profiling, response to management, and assessing
prognosis

Selection of patients who will benefit from advanced therapies

Develop better tools for timely identification of patients candidates for
palliative care

Specialized centers
Multidisciplinary and multilevel organization
Reporting quality of care and patient outcomes
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and an optimal supportive intensive care treatment, have
a mortality rate of approximately 40%, as shown in recent
randomized trials.

Currently, there are many unresolved issues, such as
the access site for reperfusion, type of reperfusion (cul-
prit-lesion-only PCI with staged revascularization versus
immediate CABG in severe coronary artery disease), the
optimal inotrope or vasopressor support, the role and
potential treatment options of concomitant inflamma-
tion, the selection and timing of patients for MCS, opti-
mal MV strategy, treatment of bleeding complications,
and among many others. Some of these open questions
may be addressed by ongoing trials.

In general, randomized controlled trials in CS are dif-
ficult to perform and are often more costly than trials in
other clinical conditions because of the complexity of the
studies. Therefore, many believe that conducting a ran-
domized study in this critically ill population is still not
possible; however, identifying interventions that improve
survival in this high morbidity and mortality condition is
likely to have major public health implications and should
therefore be thoroughly tested.
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