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ABSTRACT

Background: Cardiogenic shock (CS) is a critical complication to acute myocardial infarction (AMI),
with short-term mortality rates exceeding 40%. However, no international consensus of a CS definition
exists. This may compromise interstudy comparability.

Aims: The aim of the current study was to review differences and similarities of CS enrolment criteria
in AMI-related CS randomized clinical trials (RCT).

Methods: From the electronic databases MEDLINE and EMBASE we identified all AMI-related CS trials.

Results: A total of 19 trials comprising a total of 2674 unique patients with CS were identified. Seven
trials investigated left ventricular assist devices, eight investigated medical treatments, three percu-
taneous coronary intervention (PCl), and one trial investigated targeted temperature management.
The inclusion criteria, baseline hemodynamics, endpoints, and mortality varied markedly between
trials. Hypotension was the most frequent overall inclusion criterion (17 [90%] trials), and a systolic
blood pressure <90 mm Hg (and/or need of vasopressors) was the most frequently used limit. Twelve
(63%) trials had signs of impaired end-organ perfusion as an inclusion criterion and 10 (53%) signs of
impaired cardiovascular function most frequently low cardiac index and reduced left ventricular ejec-
tion fraction. Ten (53%) trials included patients resuscitated from a cardiac arrest, three trials excluded
cardiac arrest patients whereas six trials did not state whether cardiac arrest was an exclusion criterion.
Mortality ranged from 8% to 73%.

Conclusions: The RCTs of AMI-related CS have marked heterogeneity in enrolment criteria and outcomes
potentially hampering interstudy comparability. The overall consensus of CS enrolment criteria appears
needed for future selection of patients.

Key words: acute heart failure, acute myocardial infarction, cardiac arrest, cardiogenic shock, random-
ized controlled trial

Kardiol Pol 2021; 79, 9: 1003-1015

INTRODUCTION
Mortality related to acute myocardial infarction (AMI) has
declined dramatically during the past decades [1]. However,
5%-10% of AMI patients deteriorate to cardiogenic shock
(CS), which is associated with in-hospital mortality rates
exceeding 40% [1-3]. Cardiogenic shock is a low-cardiac
output state with end-organ hypoperfusion and adequate
ventricular filling [4]. Several advanced pharmacological
therapies and devices are available, however, only limited
data to support the use of these interventions are available
and the patient selection seems crucial [5, 6]. CS can be de-

fined as“a state in which ineffective cardiac output caused
by a primary cardiac disorder results in both clinical and
biochemical manifestations of inadequate tissue perfusion”
[7] or“the inability of the heart, generally as a result of im-
pairment of its pumping function, to deliver an adequate
amount of blood to the tissues to meet resting metabolic
demands” [8]. From these definitions, it can be deduced
that CS is a syndrome of (1) low cardiac output caused by,
(2) cardiac dysfunction, leading to (3) tissue hypoperfusion.
CS patients encompass a broad spectrum of hemodynamic
states with differing degrees of shock leading to substan-
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WHAT'S NEW?

Aninternational consensus with regards to patient enrolment criteria in randomized clinical trials of cardiogenic shock patients
is lacking. In the current study we observed marked differences in used cardiogenic shock definitions between the existing
randomized clinical trials. This also applied among ongoing studies currently enrolling patients. These varying definitions limit
interstudy comparability. A future consensus of overall cardiogenic shock enrolment criteria appears needed and beneficial.

tial heterogeneity in CS study populations. In AMI-related
CS, patients may begin with clinical signs of CS without
increased lactate/hypoperfusion. Expert consensus has
a novel CS classification categorizing patients with or at
risk of CS into 5 worsening stages of CS. Hypotension
necessitating vasoactive pharmacological treatment or
mechanical circulatory support is often present [7, 9].
However, the clinical presentation can vary significantly
between patients, possibly delaying the diagnosis and
treatment [7]. Some trials mandate objective measures
of reduced cardiac function [10], whereas others rely on
clinical assessment combined with increased lactate [11].
So far, no international consensus on a CS definition has
been established, why interstudy comparison remains
challenging. Also, it is debated whether trials of CS should
include patients successfully resuscitated from cardiac ar-
rest [12], which make up approximately half of the patients
in contemporary CS trials [11, 13]. Cardiogenic shock and
cardiac arrest often occur together, however some aspects
of pathophysiology etiologies and cause of in-hospital
death (anoxic brain injury vs acute intractable cardiac
failure) [14] differs substantially, suggesting that patients
with concomitant cardiac arrest and CS possibly should be
analyzed separately from patients with CS without cardiac
arrest in clinical trials [12]. In this systematic review, inclu-
sion criteria used in randomized controlled acute myocar-
dial infarction-related CS trials have been described and
critically appraised. Additionally, we provide an overview
of endpoints used in existing and ongoing CS trials.

METHODS
Search strategy

Published studies

With the assistance of an expert scientific librarian, we
developed search strategies and applied them to the
electronic databases MEDLINE and EMBASE. All searches
were run on September 10, 2020, and included all RCTs
since 1999. The search strategy included Medical Subject
Headings (MeSH) for MEDLINE and keywords related to CS
and AMI. An overview of the complete search strategy is
available upon request.

Study selection

Eligibility criteria for inclusion in this review required that
studies were on human subjects conducted in adults with
CS and were full-text articles written in English. We included
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studies without limitation on sample size. We excluded
reviews, commentaries, editorials, letters to the editor,
studies where only the abstract was available, case reports,
case series, and studies of CS which were not prospective,
randomized, controlled trials (RCTs). Furthermore, we ex-
cluded studies, in which CS patients were a subgroup of
alarger study. References were checked from the included
studies and included if relevant.

Each study abstract was assessed independently
by two investigators (JJ and JG). We used the software
package Covidence, which is an online tool for systematic
reviews (www.covidence.org). The software allows upload and
evaluation of searches of abstracts and full texts by each
investigator blinded to the other evaluator’s decision. Dis-
agreements were marked for later evaluation. We resolved
such cases using a third reviewer (MF). After screening
abstracts, all the studies that met the inclusion criteria went
through full-text screening by JJ and JG.

Data extraction

We then extracted data from each study using a stand-
ardized, pilot-tested form. Extracted data included study
characteristics (study title, authors, year of publication,
study design, number of included patients, inclusion
and exclusion criteria, details of the intervention, and
endpoints). Inclusion criteria were grouped into basic
hemodynamics (heart rate, blood pressure), advanced
hemodynamics/cardiac function (left ventricular ejection
fraction [LVEF], cardiac index, pulmonic-capillary wedge
pressure [PCWP], central venous pressure [CVP]), signs of
end-organ hypoperfusion, and biomarkers (lactate). In
cases of multiple publications of the same trial, the original
publication would be given priority. If data seemed to be
missing from a trial, we tried to acquire the data through
correspondence with the trial authors. We contacted the
corresponding authors of nine trials for missing data, of
which five answered [5, 10, 15-17]. Data extraction was
conducted by two reviewers (JJ and JG) and independent-
ly checked by one further reviewer (MF). Following the
extraction of data, careful consideration was given to the
suitability of conducting a meta-analysis. As the trials were
too heterogeneous, the data were synthesized qualitatively.

Ongoing and future trials

A search for the overall term “Cardiogenic shock” was
run on ClinicalTrials.gov on September 10, 2020. A total
of 19 trials studying CS are currently registered, of which
8 are relevant for this systematic review. Data was extracted
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similarly to the method described above and presented in
the supplementary.

Ethics
The study was conducted in accordance with the national
and institutional ethical guidelines.

Statistical analysis
The results are presented as percentages of the total num-
ber of published AMI-related CS RCTs.

RESULTS

The search strategy identified 513 studies and another
three were identified through other sources. Of these,
73 were duplicates. After screening of titles and abstracts,
480 studies were excluded for not meeting our inclusion
criteria. Two authors (JG and JJ) reviewed the full text of
35 studies, identifying 19 RCTs for inclusion in this review.
Details are provided in a Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) flow diagram
shown in Figure 1.

Study characteristics

Seven trials investigated mechanical circulatory assist
devices such as an intra-aortic balloon pump, Tandem-
Heart®(LivaNova, London, UK) and Impella® (Abiomed,
Danvers, MA, USA) [16, 18-22], 8 trials investigated phar-
macological treatments [15, 17,23-28], 3 investigated coro-
nary interventions (PCl) [10, 13,29],and 1 trial investigated
targeted temperature management [16]. The trials were

published from 1999 onwards. Two trials included more
than 500 patients [11, 13]. Another two trials included
250-500 patients [10, 15]. However, the majority of trials
were small and included less than 100 patients. A total of
2674 unique individual patients were randomized in the
reviewed trials. Follow-up periods, as well as endpoints
of the trials, differed markedly, with mortality being the
most common primary endpoint or part hereof in 8 (42%)
trials. Study characteristics, sample size, publication year,
endpoints, and intervention investigated, are summarized
in Table 1.

Definition of cardiogenic shock

A persisting systolic blood pressure (SBP) value <90 mm Hg
and/or vasopressor requirements were the most frequent
inclusion criteria and were used in 13 (68%) trials [10, 11,
13,17-20,22-24, 26,29, 30]. Three (16%) trials used an SBP
value <100 mm Hg [15, 25, 27] and 1 (5.3%) trial used SBP
<80 mm Hg [21]. No trials used mean arterial or diastolic
blood pressure, while 3 trials included heart rate [10, 17,
25]. A total of 12 (63%) trials required signs of impaired
end-organ perfusion [10, 11, 15, 17, 19-23, 26, 30], with
clinical assessment being a central part of which 10 trials
required at least 1 of several possible symptoms; 11 trials
(58%) included low urine output defined either as a urine
output <30 mi/h or more unspecific as “oliguria” [10, 11,
13, 15, 19-23, 26, 30]. Altered mental status was used in
6 (32%) trials [11, 13, 22, 23, 26, 30] and clinically assessed
cold and/or clammy skin and limbs was used in 12 trials
(63%) [10, 11, 13, 15, 17, 19-23, 26, 30]. Elevated arterial
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database searching
(n=669)

Identification
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Eligibility
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o
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Records after duplicates removed

(n=599)

Records screened
(n=599)

Full-text articles assessed
for eligibility
(n=37)

Studies included in

qualitative synthesis
(n=19)

Additional records identified
through other sources
(n=3)

Records excluded
(n=562)

Full-text articles excluded,
with reasons
(n=18)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of reviewed and included trials. Rea-
sons for full text exclusion: substudy to already included study (n = 3), protocol future study (n = 1), not randomized controlled trial (n = 3),
methods insufficiently described (n = 1), including other patients than cardiogenic shock (n = 3), including other patients than myocardial

infarction (n = 5)
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Table 1. Study characteristics

Intervention

Length of

follow-up

Primary
endpoint

Main secondary endpoints

Bochaton et al.
2019[15]

Fuernau et al.
2018[29]

Thiele et al.
2017 [13]

Panetal.2017
[13]

Ouweneel et al.
2017 [13]

Yan-yan et al.
2016 [13]

Barilla et al.
2016 [13]

Thiele et al.
2012[13]

Tousek et al.
2011 [16]

Prondzinsky et
al.2010[16]

Fuhrmann et al.
2008 [16]

Seyfarth et al.
2008 [16]

Alexander et al.
2007 [16]

Dzavik et al.
2007 [16]

Jin-Long et al.
2007 [16]
Garcia-Gonzalez
et al. 2006 [16]

Thiele et al.
2005 [16]

Hochman et al.
1999 [16]

Urban et al.
1999 [16]

15

40

686

48

48

60

58

600

80

45

32

26

398

79

39

41

302

IABP
vs
IABP + Impella 5.0

TTM at 33°C
Vs
noTTM

Culprit PCI
Vs
Multivessel PCI

rhBNP
Vs
no rhBNP

IABP
vs
Impella CP

|ABP
vs
IABP + Shenfu

Ivabradine
vs
no ivabradine

IABP
Vs
no IABP

Abciximab
vs
no abciximab

IABP
Vs
no IABP

Levosimendan
Vs
Enoximone

Impella
Vs
IABP
Tilarginine
vs
Placebo

NOS
vs
Placebo

Prolonged IABP vs
IABP

Levosimendan
vs
Dobutamine

IABP
vs
Tandem heart

Revasculariza-
tion vs
Medical treat-
ment
Acute CAG
vs
Initial medical
management

1 month

24 months

30 days

In-hospital

6 months

6 months

6 months

30 days

30 days

In-hospital

30 days

30 days

6 months

30 days

12 months

Not reported

30 days

1 year

30 days

Cardiac power index 12 hours after
implantation

Cardiac power index 24 hours after
randomization

Composite of death from any cause
or severe renal failure leading to
renal-replacement therapy within
30 days after randomization

Changes in PCWP from baseline to
72 hours after randomization

30-day all-cause mortality

All-cause mortality

Change in NT-proBNP from baseline
to 1 week after randomization

30-day all-cause mortality

30-day combined outcome
(death/reinfarction/stroke/new
severe renal failure)
Change in APACHE Il scores from
baseline to 4 days after randomi-
zation

30-day all-cause mortality

Change in the cardiac index from
baseline to 30 min after implan-
tation

30-day all-cause mortality (overall
and stratified by age)

Change in MAP from baseline to
2 hours after initiation of study drug

Long-term left ventricular function

Change in cardiac power from
baseline to 24 hours after initiation
of therapy
Change in MAP from baseline to
2 hours after implantation

30-day all-cause mortality

Primary pump failure within the
first 48 hours

Hemodynamic and metabolic variables over
96 hours; 30-day all-cause mortality; device-related
complications; LVEF at 30 days

All-cause mortality
after 30 days, 1 year, and 2 years

Individual components of the primary endpoint;

recurrent myocardial infarction; rehospitalization

for congestive heart failure; and repeat revascula-
rization

In-hospital mortality; cardiac index, urine output

6-month mortality

Major adverse cardiac and cerebrovascular events

Cardiovascular death; hospital re-admission for
worsening heart failure; clinical and hemodynamic
improvement

Serial assessments of serum lactate levels; cre-
atinine clearance; C-reactive protein levels; and
severity of disease as assessed with the use of the
Simplified Acute Physiology Score II

Not reported

Cardiac index; plasma brain natriuretic peptide;
and serum levels of interleukin-6

Changes in invasively
measured hemodynamic variables during the first
48 hours

30-day all-cause mortality; device-related compli-
cations included; and MODS and SOFA score after
30 days
New York Heart Association functional class at
30 days, and 6-month mortality

Change in other hemodynamic variables at
15 minutes and 2 hours; overall 30-day mortality

Exercise-capacity

Not reported

All other hemodynamic and metabolic parameters;
30-day mortality

Overall mortality 6 and 12 months after infarction

Abbreviations: APACHE, Acute Physiologic Assessment and Chronic Health Evaluation; BNP, brain natriuretic peptide; CAG, coronary angiograms; IABP, intra-aortic balloon
pump; LVEF, left ventricular ejection fraction; MAP, mean arterial pressure; NT-proBNP, N-terminal prohormone BNP; PCl, percutaneous coronary intervention; PCWP,
pulmonic-capillary wedge pressure; rhBNP, recombinant human BNP; TTM, targeted temperature management

lactate as a biochemical sign of hypoperfusion was used
as an inclusion criterion in 5 (26%) trials [11, 13, 22, 23,
30]. A value of >2 mmol/l was used in all 5 trials. In total
10 (53%) trials mandated signs of circulatory impairment
or reduced cardiac function [10, 15, 19, 20, 22, 24-27, 29],
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while the remaining trials did not use any criteria of hy-
poperfusion for inclusion. Low cardiac index (9 [47%]) and
reduced LVEF (3 [16%]) were used as estimates of cardiac
function. Cardiac index of <2.2 I/min/m? was the most fre-
quent limit for inclusion, however one trial used a limit of
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<1.81/min/m?[24] and another trial used <2.5 I/min/m?2[26].
Pulmonary capillary wedge pressure (PCWP) was used in
9 (47%) trials [10, 15, 20, 22-24, 26, 27, 29], and a cut-off
value of 15 mm Hg was used in 6 (32%) trials whereas
18 mm Hg was used in 3 (16%) trials [23, 24, 26]. One trial
had a pragmatic selection process, which included STEMI
with PClwithin 24 hours, inotropic drugs, and an intra-aor-
tic balloon pump [16]. Only 6 (32%) trials mandated both
criteria for impaired cardiac function/low cardiac index
and reduced end-organ perfusion [10, 15, 19, 20, 22, 26].
Overview of inclusion and exclusion criteria for each trial
is presented in Table 2.

Resuscitated out-of-hospital cardiac arrest in
cardiogenic shock trials

A total of 10 (53%) trials included patients resuscitated
from a cardiac arrest [10, 11,13, 17, 18, 20, 22, 24, 26, 29],
6 (32%) trials did not report whereas only 3 (16%) trials
specifically excluded cardiac arrest patients [16, 23, 30]. Of
the trials including cardiac arrest, the proportion of cardiac
arrest patients were large ranging from 28%-91%[10, 18].

Outcomes

Eight (42%) trials used mortality as endpoints either as
all-cause mortality rate alone [10, 11, 15, 18, 24, 26] or
a combined endpoint where mortality was part of other
variables [13, 17]. Six (32%) trials used measures of cardiac
function at follow-up as the primary endpoint [16, 20, 21,
28-30], with cardiac index and cardiac power index being
most frequent. Two (11%) trials used mean arterial blood
pressure as an endpoint [22, 27]. One (5.3%) trial used the
change in left ventricular preload, measured as the PCWP
[23]. One trial used NT-proB-type Natriuretic Peptide [25]
and 1 trial used the change in Acute Physiologic Assess-
ment and Chronic Health Evaluation (APACHE)-score [19].

Ongoing trials

The CS definitions used in future trials show a similar het-
erogeneity as the already published trials (Supplementary
material, Tables S1-52).

DISCUSSION

We described and summarized the definitions, inclusion
criteria, and outcomes used in RCTs of CS. Furthermore, we
assessed differences and similarities of trials regarding in-
clusion criteria, which relates to how researchers define CS.
We report that inconsistencies of inclusion criteria across
different trials exist. Furthermore, a similar pattern is seen
in ongoing trials. This could increase the heterogeneity of
trial populations between studies, thus making interstudy
comparisons, including meta-analyses, difficult in addition
to limiting external validity. This and a low level of evidence
for CS treatment may partly explain the wide variation of
care delivered to CS patients [30]. It would be advantageous
to have uniform criteria for inclusion in future CS trials as
well as having comparable outcomes.

www.journals.viamedica.pl/kardiologia_polska

Blood pressure

The most frequent inclusion criterion identified in this
review was low systolic blood pressure, followed by
different signs of peripheral hypoperfusion and reduced
cardiac function (Figure 2). It is remarkable that blood
pressure is the most frequent inclusion criterion in CS
trials, since blood pressure is not part of the definition
of CS [7, 8] in contemporary recommendations. On the
contrary, patients can have hypoperfusion and reduced
cardiac output without hypotension [32]. However,
hypoperfusion is often associated with low blood
pressure and blood pressure is an easily obtainable
parameter that can be measured by non-physicians
already prehospitally without the need for invasive
catheters. Furthermore, low blood pressure has been
shown to be a prognostic factor in CS, with lower blood
pressure being associated with worse outcome [9]. Con-
sequently, the Acute Cardiovascular Care Association’s
(ACVCQ) position statement for AMI-related CS has in-
cluded hypotension (systolic blood pressure <90 mm Hg
for >30 min or use of vasopressors to maintain pressure
>90 mm Hg during systole) as one of the criteria for CS
[8].1t seems reasonable to use blood pressure as an inclu-
sion criterion in CS trials, but research is needed to assess
whether systolic, diastolic, or mean arterial blood pressure
best reflects cardiovascular function. Low diastolic blood
pressure can potentially be harmful and compromise cor-
onary perfusion even with adequate systolic pressure [33].

End-organ hypoperfusion

Despite blood pressure being easily obtainable, a patient
must fulfill other criteria such as tissue hypoperfusion to be
considered in CS. Surprisingly, only 12 (63%) trials included
in this review had signs of hypoperfusion in the inclusion
criteria. Tissue hypoperfusion is often defined by a clinical
assessment of extremities, skin, urine output, and mental
status, which are susceptible to subjective assessment by
the treating physician. However, a biomarker of tissue hy-
poperfusion such as lactate concentration could propose
an easily obtainable and more objective measure [34]. Fur-
thermore, higher lactate concentrations have been shown
to be a prognostic marker of poor outcome in CS [35]. The
Association for Acute CardioVascular Care has included
a plasma lactate concentration >2.0 mmol/l. Whether this
is the optimal cut-off value is speculative. One previous
study has shown mortality to drastically increase when
lactate levels surpass 2.5 mmol/l, which therefore may be
a better cut-off value [35]. In our review, only 5 (26%) trials
used lactate as an inclusion criterion. IABP-SHOCK Il used
a less restrictive threshold of serum lactate of >2 mmol/I
compared to the ongoing DanGer-SHOCK, which excludes
patients with <2.5 mmol/l. Moreover, one-third of the
patients in the CULPRIT-SHOCK trial had a lactate level
of <2 mmol/Il. These inconsistencies are of importance
when comparing CS trials, since the included populations
will potentially differ substantially in disease severity, and
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Table 2. Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Including comatose

out-of-hospital car-
diac arrest patients?

Bochaton et al. Blood pressure: — Resuscitation >30 min No
2019 [15] — — Aortic valvulopathy or mechanical valve

Cardiac function: — Hypertrophic cardiopathy

— — Left ventricular thrombus

End-organ perfusion: — Refractory cardiogenic shock INTERMACS 1

— or2)

Other: — Right ventricular failure

— STEMI — Sepsis

— Treated with primary angioplasty within 24 hours of the

index AMI, and

— Required inotropic drugs and an IABP
Fuernau et al. Blood pressure: — CS duration >12 hours No
2018[29] — Systolic blood pressure <90 mm Hg for — Prior CPR with an indication for TTM treat-

>30 minutes or catecholamines required ment

Cardiac function:

End-organ perfusion:

At least 1 of the following:

— Altered mental status

— Cold, clammy skin and limbs

— Urine output <30 ml/h

— Arterial lactate >2 mmol/I

Other:

— Signs of pulmonary congestion
Thiele et al. 2017 Blood pressure: — Resuscitation >30 min Yes
[13] — Systolic blood pressure <90 mm Hg for — No intrinsic heart action

>30 minutes or catecholamines required — Expected severe deficit in cerebral function

Cardiac function: — Indication for urgent CABG

— — Mechanical cause of cardiogenic shock

End-organ perfusion: — Single vessel disease

At least 1 of the following: — CS duration >12 hours

— Altered mental status — Age >90 years

— Cold, clammy skin and limbs — Massive pulmonary embolism

— Urine output <30 ml/h — Known severe renal insufficiency

— Arterial lactate >2 mmol/I — Life expectancy <6 months prior to admis-

Other: sion

— Signs of pulmonary congestion
Pan etal. 2017 Blood pressure: — SBP <90 mm Hg within first hour post-in- No
[13] — Systolic blood pressure <90 mm Hg for tervention although 12 mg/kg x min dopamine

>30 minutes or catecholamines required and 1:1 IABP supporting

Cardiac function: — PCWP <18 mm Hg

— — Inferior, posterior and right ventricle AMI

End-organ perfusion: — Previous history of myocardial infarction;

At least 1 of the following: — Previous electrocardiogram suggesting an

— Altered mental status old myocardial infarction

— Cold, clammy skin and limbs — Previous history of chronic heart failure or

— Urine output <30 ml/h decreased LVEF

— Arterial lactate >2 mmol/I — Hypertrophic cardiomyopathy

Other: — Severe valvular disease

— Signs of pulmonary congestion — Estimated glomerular filtration rate <15 ml/

min per 1.73 m?
— Known intolerance history to rhBNP

Ouweneel et al. Blood pressure: — Severe aorto-iliac arterial disease impeding Yes
2017 [13] — Systolic blood pressure <90 mm Hg for placement of either IABP or percutaneous MCS

>30 minutes or catecholamines required — Known severe cardiac aortic valvular disease

Cardiac function: — Life expectancy < 12 months

— — CABG during the previous week

End-organ perfusion:

Other:

— Mechanical ventilation (To select a patient population

with even worse condition)
Yan-yan et al. Blood pressure: — Severe valvular diseases Yes
2016 [13] — Systolic blood pressure <90 mm Hg for — Autoimmune diseases

>30 minutes or catecholamines required — Infection

Cardiac function: — Rheumatic activity

— A reduction of cardiac index <1.8 I/min/m? — Chronic liver disease

End-organ perfusion: — Kidney disease

— — Cancer

Other: — Unable to be followed-up

— PCWP >18 mm Hg

—>
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Table 2. cont. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria Including comatose
out-of-hospital car-

diac arrest patients?

Barilla et al. 2016 Blood pressure: — Atrial fibrillation
[13] Systolic blood pressure <100 mm Hg — lI-Il degree atrioventricular block
Cardiac function:
LVEF <40%
End-organ perfusion:
Other:
— Sinus rhythm
— HR >75 beats/min

Thiele et al. 2012 Blood pressure: — Resuscitation >30 min Yes
[13] — Systolic blood pressure <90 mm Hg for — No intrinsic heart action

>30 minutes or catecholamines required — Expected severe deficit in cerebral function

Cardiac function: — Mechanical cause of shock

— — Duration >12 hours

End-organ perfusion: — Age >90 years

At least 1 of the following: — Massive pulmonary embolism

— Altered mental status — Severe peripheral artery disease precluding

— Cold, clammy skin and limbs IABP insertion

— Urine output <30 ml/h — Aortic regurgitation >grade Il (on a scale of |

— Arterial lactate >2 mmol/I to IV, with higher grades indicating more severe

Other: regurgitation); were older than 90 years of age

— Signs of pulmonary congestion — Life expectancy <6 months prior to admis-

sion

Tousek etal. 2011 Atleast 1 of the following: — Contraindications for the use of abciximab Yes
[16] Blood pressure: — Severe valvular disease

— Systolic blood pressure <90 mm Hg and heart rate >90 — Mechanical cause of shock

beats/min — 10000 IU of heparin in the previous 6 h

— Catecholamine support to maintain systolic blood — No indication for PCl

pressure >90 mm Hg

Cardiac function:

End-organ perfusion:

— Cold, wet, sweating skin, and
heart rate >90 beats/min

Other:
Prondzinsky etal.  End-organ perfusion criteria + at least 1 of the following: — Severe peripheral artery disease precluding n/a
2010 [16] Blood pressure: IABP insertion

— Systolic blood pressure <90 mm Hg for — Mechanical cause of CS

>30 minutes or catecholamines required — Severe valvular disease

Cardiac function:

— Cardiac index <2.2 I/min/m?
End-organ perfusion:

At least 1 of the following:

— Cool extremities

— Oliguria

Other:
Fuhrmann et al. Blood pressure: — Duration of CS >24 hours Yes
2008 [16] — Systolic blood pressure <90 mm Hg for — Mechanical cause of CS

>30 minutes or catecholamines required — Severe valvular disease

Cardiac function: — Sustained VT

— Cardiac index <2.5 I/min/m? — Major bleeding

End-organ perfusion: — Severe hepatic failure

At least 1 of the following: — Sepsis

— Altered mental status
— Cold, clammy skin and limbs
— Urine output <30 mi/h

Other:

— PCWP >18 mm Hg
Seyfarth et al. Blood pressure: — Duration of CS >24 hours Yes
2008 [16] — Systolic blood pressure <90 mm Hg for — Resuscitation >30 minutes

>30 minutes or catecholamines required — Mechanical cause of CS

Cardiac function: — Predominant RV failure

At least 1 of the following: — Massive pulmonary embolism

— Cardiac index <2.2 I/min/m? + PCWP >15 mm Hg — Severe valvular disease

— LVEF <30% + LV end-diastolic pressure <30 mm Hg — Sepsis

End-organ perfusion: — Known cerebral disease

At least 1 of the following: — Thrombus in the LV

— Cold, clammy skin and limbs — Hypertrophic obstructive cardiomyopathy

— Urine output <30 ml/h

Other:

— Heart rate >60 beats/min
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Table 2. cont. Inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Including comatose

out-of-hospital car-
diac arrest patients?

Alexander et al.
2007 [16]

Blood pressure:

— Systolic blood pressure <100 mm Hg despite
vasopressor therapy for more than 1 hour

Cardiac function:

— LVEF <40%

End-organ perfusion:

— Mandatory but not specified

Other:

— Clinical or hemodynamic evidence of elevated left
ventricular filling pressures

Dzavik et al. 2007  Blood pressure:

[16] — Systolic blood pressure <100 mm Hg despite
vasopressor therapy
Cardiac function:
— Cardiac index <2.2 I/min/m? if measured off IABP, or <2.5
I/min/m? on
End-organ perfusion:

Other:

— PCWP >15 mm Hg
Blood pressure:

— Systolic blood pressure <80 mm Hg or >20% reduction
from baseline

Cardiac function:
End-organ perfusion:
— Peripheral cyanosis
— Oliguria

— Cold extremities
Other:

Jin-Long et al.
2007 [16]

Garcia-Gonzalez n/a
et al. 2006 [16]

Thiele et al. 2005 Blood pressure:
[16] — Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
— Cardiac index <2.1 I/min/m?
End-organ perfusion:
At least 1 of the following:
— Altered mental status
— Cold, clammy skin and limbs
— Urine output <30 mi/h
— Arterial lactate >2 mmol/I
Other:
— PCWP >15 mm Hg
Blood pressure:
— Systolic blood pressure <90 mm Hg for
>30 minutes or catecholamines required
Cardiac function:
— Cardiac index <2.2 I/min/m?
End-organ perfusion:
At least 1 of the following:
— Cold, clammy skin and limbs
— Urine output <30 ml/h
Other:
— Heart rate >60 beats/min
— PCWP >15 mm Hg
Urban etal. 1999  Blood pressure:
[16] — Systolic blood pressure <90 mm Hg or catecholamines
required
Cardiac function:
— Cardiac index <2.2 I/min/m?
End-organ perfusion:
Other:
— PCWP >15 mm Hg

Hochman et al.
1999 [16]

— Duration of CS >24 hours

— Mechanical cause of shock

— Indication for acute CABG

— Severe valvular disease

— Predominant RV failure

— End-stage renal disease

— Acute respiratory distress syndrome

— Severe cerebral damage precluding survival

— Recent thoracic or abdominal surgery
— Primary pulmonary hypertension
— Infection

— Mechanical cause of CS

— Severe valvular disease

— Predominant RV failure

— Sepsis

— Major bleeding

— Preterminal profound shock

— Anoxic brain damage

— Primary pulmonary hypertension

— Life expectancy <6 months prior to admis-

sion
None mentioned

— Mechanical cause of CS

— Severe valvular disease

— Predominantly RV failure

— Sustained VT

— Stroke within last 3 months

— Il or il atrioventricular block

— End-stage renal failure

— Severe liver disease

— Acute respiratory distress syndrome
— Sepsis

Resuscitation >30 minutes

— Duration >12 hours

— Mechanical cause of CS

— Right ventricular failure

— Age >75 years

— Sepsis

— Severe aortic regurgitation

— Severe cerebral damage

— Severe peripheral vascular disease
— Diseases with reduced life expectancy

— Duration of CS >12 hours
— Mechanical cause of CS
— Severe valvular disease
— Dilated cardiomyopathy

— Mechanical cause of CS
— Severe valvular disease
— Ongoing CPR

— Expected severe deficit in cerebral function

— Serious non-cardiac disease

n/a

n/a

n/a

n/a

Yes

Yes

Yes

Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass graft; CPR, cardiopulmonary resuscitation; CS, cardiogenic shock; LV, left ventricle; MCS,
mechanical circulatory support; RV, right ventricle; SBP, systolic blood pressure; STEMI, ST-segment elevation myocardial infarction; TTM, targeted temperature management;

VT, ventricular tachycardia; other — see Table 1
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Table 3. Cohort characteristics

Blood Pro- Propor- Cardiac Death
pressure, portion tion of Index, % of
mm Hg resuscita- | mechani- hypoxic
ted from cal venti- brain
CA, % lation, % injury, %

Bochaton et al. 57 69 (MAP) 101 0 31 n/a 30 23 16 10 1.5 15 n/a
2019[15]
Fuernau et al. 76 84 (SBP) n/a 0 100 52 n/a n/a n/a n/a 34 55 n/a
2018[29]
Thiele et al. 70 100 (SBP) 91 54 81 62 31 n/a n/a n/a 5.0 47 11
2017 [13]
Pan et al. 64 104 98 0 n/a 100 39 17 27 n/a n/a 33 0
2017 [13]
Ouweneel et al. 58 82 (SBP) 82 91 100 100 46 n/a n/a n/a 8.2 48 23
2017 [13]
Yan-yan et al. 58 77 (SBP) n/a n/a n/a 100 45 n/a n/a n/a n/a 83 n/a
2016 [13]
Barilla et al. 55 84 (SBP) 96 n/a 38 100 34 n/a n/a n/a n/a 10 0
2016 [13]
Thiele et al. 70 90 (SBP) 92 45 82 69 35 n/a n/a n/a 4.2 41 n/a
2012[13]
Tousek et al. 66 97 (SBP) 920 25 46 75 n/a n/a n/a n/a n/a 30 n/a
2011 [16]
Prondzinsky et 64 n/a n/a n/a 52 64 38 2 18 n/a n/a 33 n/a
al.2010[16]
Fuhrmann et al. 68 69 (MAP) 105 62 87 84 24 22 21 n/a 54 53 0
2008 [16]
Seyfarth et al. 66 103 (SBP) 96 77 92 0 27 17 22 n/a 6.5 46 n/a
2008 [16]
Alexander et al. 67 88 (SBP) n/a n/a 86 77 27 n/a n/a n/a n/a 45 n/a
2007 [16]
Dzavik et al. 69 71 (SBP) 90 n/a n/a n/a 27 17 22 n/a n/a 39 n/a
2007 [16]
Jin-Long et al. 66 77 (SBP) 115 n/a n/a n/a 30 2 27 n/a n/a n/a n/a
2007 [16]
Garcia-Gonzalez 64 76 (MAP) 85 n/a n/a 100 29 17 26 n/a n/a n/a n/a
et al. 2006 [16]
Thiele et al. 64 64 (MAP) 117 54 98 n/a 27 1.6 24 12 4.2 44 n/a
2005 [16]
Hochman et al. 66 88 (SBP) 101 28 n/a n/a 31 17 24 n/a n/a 51 n/a
1999 [16]
Urban et al. 65 77 103 31 54 80 n/a 17 24 n/a 77 73 n/a
1999 [16]

Abbreviations: CA, cardiac arrest; CVP, central venous pressure; LVEF, left ventricular ejection fraction; MAP, mean arterial pressure; SBP, systolic blood pressure; STEMI, ST-seg-
ment elevation myocardial infarction; other: see Table 1 and 2

100 - Used criteria in randomized controlled cardiogenic shock trials
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Figure 2. Bar chart depicting proportions of existing trials using different overall inclusion criteria (red, blue, green, and orange columns) and
sub-criteria (grey columns) in the definition of cardiogenic shock

Abbreviations: LVEF, left ventricular ejection fraction; PCWP, pulmonic-capillary wedge pressure

www.journals.viamedica.pl/kardiologia_polska 1011



KARDIOLOGIA POLSKA, 2021; 79 (9)

possibly extrapolation of results from one trial may be
limited [11, 13, 36].

Assessment of cardiac output and cardiac
function in the CS-definition

Per definition, true CS represents an extreme degree of
acute heart failure whereby cardiac output is insufficient
to meet basic metabolic requirements. These organ-level
perturbations may occur at different levels of cardiac
output, which varies from individual to individual [37]. As
such, no universal cardiac output cut-off can be used to
define CS from a theoretical point of view. Furthermore, it
has been proven difficult to relate low cardiac output with
poor outcomes in critically ill patients [40, 411. In this review,
eight trials used cardiac index to include patients, and val-
ues varied from <1.8 I/min/m? [24] to <2.5 |/min/m? [26].
When including patients with hyperacute, severeillnessin
trials it may, however, be difficult to obtain a valid measure
of cardiac output prior to randomization if an invasive
procedure is needed [40].

An alternative measure of cardiac performance is an
echocardiographic assessment. Three (16%) trials in this
review used LVEF to include patients. Two trials used LVEF
<40% [15, 25] and one trial used LVEF <30% [20]. Echocardi-
ography has several advantages, being easily accessible, if
trained personnel are present, and not having the adverse
effects of an invasive procedure. Echocardiography should
be performed in all patients with suspected CS and AMI for
rapid assessment of differential diagnoses and rule-out of
mechanical complications [8]. LV dysfunction is a marker
of CS, whereas small heart cavities with normal function
may suggest hypovolemic shock. It may, therefore, be
problematic to consider a patient for a CS trial without
echocardiographic evidence of reduced cardiac function.
However, the optimal cut-off value of LVEF is unknown.

There are several limitations to LVEF and cardiac index
as estimates of cardiac function. In dilated hearts, stroke
volume and cardiac output may be normal despite reduced
LVEF, and further LVEF is often unprecise, especially when
estimating LVEF in bedridden, intubated patients. Only
6 (32%) trials had defined requirements for both inade-
quate tissue perfusion and low cardiac output/impaired
cardiac function. Lastly, CS can be caused by predominantly
RV failure, which has previously been shown to be the
primary cause of CS of approximately 7% of the patients
[41]. In such cases echocardiographic assessment of RV
function plays a key role, as the typical sign of LV failure
usually is absent.

Pulmonary capillary wedge pressure

The cardiac index can be reduced because of insuffi-
cient preload when filling pressures are low despite pre-
served cardiac function.Thus, hypovolemia is a differential
diagnosis to CS. Therefore, adequate filling of the failing
ventricle is required for the diagnosis of CS. If PCWP is low,
CSisunlikely unless caused by right heart failure [42]. When
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PCWP is elevated, it is an estimate of backward LV failure,
thus giving an index of poor LV function. In this review,
9 trials used elevated PCWP (>15 mm Hg or >18 mm Hg)
as an inclusion criterion, and 1 trial used low/normal PCWP
(<18 mm Hg) as an exclusion criterion. APCWP >15mm Hg
in the supine position is used by guidelines as a diagnostic
for left-sided heart failure. This corresponds to a value of
2 mm Hg higher than the 98 percentile of the healthy [43].
Yet, PCWP in heart failure has a poor negative predictive
value (52%), because PCWP is often elevated only during
exercise in chronic heart failure [44]. In this context, it is
meaningful to use low PCWP to exclude CS. However, high
PCWP is not necessarily associated with CS and is a highly
invasive technique.

Outcomes

The outcomes of patients included in trials as well as the
outcomes definitions and endpoints differ significantly
between trials. Most frequently, all-cause mortality was
used, which is a robust endpoint but limited to larger
trials with sufficient power. Since CS patients are rare
compared to for example myocardial infarction patients,
it is to be expected that some trials use other outcome
measures than mortality, which enables smaller sample
sizes. Underlining the point, that CS trials lacks compara-
bility, it is striking that multiple different hemodynamic
endpoints have been chosen in different trials. Cardiac
index, cardiac power index, as well as blood pressure,
changein ventricular preload, PCWP, and biomarkers have
all been used as endpoints. A discussion and consensus
among experts regarding relevant endpoints should be
published for the guidance of future trialists. So far no
discussion of outcomes has been made in published
consensus documents [8].

What to do with CS patients with cardiac arrest?
CS frequently occur together with cardiac arrest due to
shared etiology, being acute or chronic myocardial injury.
Comatose patients successfully resuscitated from a cardiac
arrest often require vasopressors to maintain blood pressure,
have decreased urine output (acute kidney injury), have cold
skin/extremities (targeted temperature management), have
markedly elevated lactate levels due to cessation of circula-
tion, and have reduced myocardial function with low cardiac
output and reduced LVEF (myocardial stunning) [38, 45].
Therefore, a large proportion of resuscitated cardiac arrest
patients fulfill the criteria used in CS trials [12] and this may
explain the large proportion of cardiac arrest patients in the
CS trials, which we found in this review.

However, low blood pressure in cardiac arrest is often
aconsequence of vasoplegia due to systemic inflammation,
and not always a consequence of low cardiac output [46].
Cardiac arrest and CS also often differ regarding sequelae
(i.e., anoxic brain injury vs multisystem organ failure) and
anoxic brain injury is unlikely to improve with cardiovas-
cular therapies.
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In the trial by Thiele et al. [11], 598 CS patients were
randomized to receive Intraaortic Balloon Pump vs control.
Almost half were resuscitated from cardiac arrest. Overall,
the use of an Intraaortic Balloon Pump did not improve
outcome. However, a subgroup-analyses showed that the
point estimate for mortality of the intervention showed
numeric divergent results when stratified for the presence
of cardiac arrest. This interaction was not statistically signif-
icant, though. However, the findings highlight the need for
a discussion of whether to include cardiac arrest patients
in CS trials. At least, analyses stratifying for cardiac arrest
should be performed. Surprisingly, in this review, eight
trials did not even report whether they included patients
resuscitated from cardiac arrest.

Another important issue to consider when including
cardiac arrest-patient in CS trials, is whether the patient is
expected to recover neurologically. Therefore, cardiac arrest
patients with early signs of poor prognosis, such as a long
time to ROSC or non-shockable primary rhythm, should be
considered excluded for CS trials [47].

Where to go from here?

Future CS trials should use uniform inclusion criteria based
on consensus by a relevant international group of experts
in the field, including relevant measures of acute LV and
RV dysfunction and tissue hypoperfusion and particularly
consensus of whether to include patients resuscitated from
cardiac arrest, would be of value. Furthermore, a relevant
measure to exclude patients in hypovolemic shock should
be determined. Assessing PCWP with an invasive approach
is one possibility, however, research in the acute setting
cannot wait for the insertion of a pulmonary artery cath-
eter, which is time-consuming and has not been shown
to improve outcomes in shock [48]. Signs of pulmonary
congestion, such as rales or a chest X-ray with pulmonary
edema could be alternatives, as well as echocardiographic
measures of elevated LV preload. Tissue hypoperfusion with
at least one of the following: altered mental status, cold,
clammy skin, or low urine output combined with increased
arterial lactate (possibly >2.5 mmol/I). Low blood pressure
can be used to raise suspicion of CS, but the optimal cut-off
has not been determined. Specific cut-off values should
be discussed internationally, and consensus guidelines
should be published in order to increase comparability
of future CS trials. The number of cardiac arrest patients
included should be reported, and subgroup analyses on
this group performed.

In septic shock, which is equally difficult to define, a da-
ta-driven approach has been undertaken and a possible
septic shock definition with clinical criteria was generated
through meetings, Delphi processes, and voting, followed
by feedback from international professional societies [49].
Inspired by the current septic shock definition, a more
pragmatic approach in CS RCTs could leave out invasive
signs of reduced cardiac function and include all patients
with AMI and signs of hypoperfusion (vasopressor require-
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ments and elevated lactate). In this case, it is assumed that
AMI-patients with shock most frequently have cardiogenic
shock, but this approach will likely result in the inclusion
of non-cardiogenic shock patients. However, a brief and
focused transthoracic echocardiographic examination
could quickly rule in or rule out a cardiac etiology and
should be mandatory in every case where acute heart
failure is suspected.

CONCLUSIONS

In conclusion, significant heterogeneity of inclusion criteria
exists between CS trials. Differences are mainly related to
objective measures of cardiac function such as LVEF or
cardiac index and whether to include comatose patients
after cardiac arrest. Uniform inclusion criteria in the future
would be beneficial for interstudy comparisons, and we
suggest an international consensus of overall CS enrolment
criteria for future trials.
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