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Summary Cardiogenic shock is a complex clinical entity associated with very high mortal-
ity and intensive resource utilization. Despite the widespread use of timely reperfusion and
appropriate pharmacotherapy, the survival rate remains at around 50%. Recently, percutaneous
axial flow pumps have been integrated into the therapeutic spectrum of cardiogenic shock
management. However, most of the literature supporting their use stems from observational
studies. To date, attempts to perform randomized controlled trials with percutaneous axial flow
pumps have failed. This underlines the challenge of performing a well-conducted randomized
controlled trial that provides the highest level of evidence. Such a trial is warranted, because
percutaneous axial flow pumps are costly, and are associated with serious complications. The
major pitfalls of previous studies were lack of standardized cardiogenic shock definitions accord-
ing to clinical severity, inappropriate patient and device selection, lack of standardized trial
endpoints and high rates of crossovers; these issues must be carefully considered and evaluated.
In light of recent trial failures, we aim to summarize the challenges associated with performing
randomized controlled trials of percutaneous axial flow pumps in patients experiencing acute
myocardial infarction complicated by cardiogenic shock, and to suggest potential means of
overcoming them.

Résumé Le choc cardiogénique reste une entité clinique complexe associée avec une tres
haute mortalité et une utilisation intensive de ressource. Malgré la généralisation de la reper-
fusion précoce et un traitement adapté, le taux de mortalité reste élevée aux alentours de
50 %. Les pompes axiales percutanées ont été récemment intégrées dans U’arsenal thérapeu-
tique du choc cardiogénique. Cependant, la plupart des données de la littérature en faveur
de leur utilisation sont de natures observationnelles. A ce jour, les tentatives de réaliser les
études cliniques randomisées ont été des échecs. Cela souligne a quel point il reste compliqué
de réaliser une étude randomisée bien conduite afin de fournir un niveau de preuve suffisant.
Une telle étude est nécessaire car les pompes axiales sont coliteuses et associées avec des
complications sérieuses. L’absence de définition standardisée du choc cardiogénique en fonc-
tion de sa gravité, une mauvaise sélection des patients ou des interventions, |’absence de critére
de jugement validé et le fort taux de crossover sont parmi les écueils majeurs de la réalisation
des précédentes études et doivent &tre prise en compte pour la réalisation des prochaines. A
la lumiere des échecs récents, nous avons voulu résumer les écueils pour la réalisation d’une
étude randomisée utilisant les pompes microaxiales dans le choc cardiogénique secondaire a
un IDM et suggérer des voies potentielles de résolution.

attractive treatment option in CS, because of their ability to

Background

Cardiogenic shock (CS) is the leading cause of death in
patients experiencing acute myocardial infarction (AMI)
[1]. Despite the widespread use of early revasculariza-
tion, the prevalence is stable, and the associated mortality
rate remains high (30—50%), with little improvement in
recent years [1,2]. Therefore, there is an unmet need for
alternative strategies that could improve outcomes [3]. Per-
cutaneous axial flow pumps (pAFPs) have emerged as an

restore vital organ perfusion and prevent irreversible organ
damage. Thus, they have the potential to favour recov-
ery and lower mortality [4]. Whereas intra-aortic balloon
pumps (IABPs) failed to show a clinical benefit in patients
with acute myocardial infarction complicated by cardio-
genic shock (AMICS), new pAFPs, which provide superior
haemodynamic support, may represent a new opportunity
to tackle CS and improve outcomes [5,6]. These devices effi-
ciently decrease myocardial workload by unloading the left



Table 1 Challenges for randomized clinical trials in cardiogenic shock following acute myocardial infarction, and poten-
tial means of overcoming these challenges in future studies.

Limitation Challenge Potential means of overcoming the challenge
Definition of CS Various severity states ACC new definition
Severity of CS Wide CS spectrum, from Select patients with stage B to D; exclude

Timing of revascularization

Timing of MCS implantation
Cardiac arrest

MCS

Informed consent

Outcome variable

preshock to refractory CS

Heterogeneity in timing of
revascularization

When to intervene
Neurological outcome
unknown

MCS with best risk/benefit
ratio and widely available
Obtaining informed consent
in this critical setting with
patients intubated and
mechanically ventilated or
with altered mental status
Which outcome measure to
use and when to assess it

patients in refractory CS with multiorgan
dysfunction (stage E)
Exclude MI>12h and fibrinolysis

At the time of coronary angiography, before PCl
Exclude patients with long or refractory CA (NF
and LF > 5 min); prespecified subgroup analysis
of patients with previous CA

AFP (Impella CP®) for stage C to D; VA-ECMO
for stage E or failure of AFP

Dedicated informed consent process for
patients unable to consent: consent from
relatives or family members; patient’s will
assessed by two independent physicians in the
absence of family members

Mortality and need for VA-ECMO, LVAD or heart
transplant at 1 month

Control group Lack of gold standard

Large sample size

Difficulties in including a
large number of patients

A standardized protocol based on the
literature, including which drugs to use and
with what objective: SBP > 90 mmHg;

MBP > 65 mmHg; lactate clearance, ScVO; > 65%
Multicentre international effort and secured
resources; pragmatic trials; randomization by
centre cluster

ACC: American College of Cardiology; AFP: axial flow pump; CA: cardiac arrest; CS: cardiogenic shock; LF: low flow; LVAD: left ventricular
assist device; MBP: mean blood pressure; MCS: mechanical circulatory support; Ml: myocardial infarction; NF: no flow; PCl: percutaneous
coronary intervention; SBP: systolic blood pressure; ScVO,: central venous oxygen saturation; VA-ECMO: venoarterial extracorporeal

membrane oxygenation.

ventricle, and therefore may also favour recovery and
prevent remodelling [7,8]. Moreover, these devices can
be implanted quickly, and could be widely available in
catheterization laboratories, thus reducing time to support.
However, evidence for the use of pAFPs in AMICS from
randomized controlled trials (RCTs) is lacking [6]. Scarcity
of available data is a major obstacle to the implementa-
tion of new therapeutic strategies, which would include
PAFPs in this clinical setting. In addition, the high costs and
complication rates associated with pAFPs warrant appropri-
ate evaluation. Questions abound regarding the challenges
that limit the conduct of RCTs and the alternative sources
of clinical evidence that could be provided in AMICS. In the
present manuscript, we aim to summarize the main chal-
lenges facing successful RCTs of pAFPs in AMICS, and the
means to overcome them (Table 1).

Recent RCTs of mechanical circulatory
support in AMICS

In an evidence-based approach to evaluate medical inter-
ventions, RCTs are the gold standard. Whereas the
advantages of RCTs include quantitative and comparative

inferences of treatment efficacy with less bias, disad-
vantages include highly selective inclusion criteria and
standardized interventions [9]. However, conducting an RCT
in AMICS may be highly problematic, because of difficulties
in selecting, enrolling and randomizing these patients, as
discussed below [10]. However, considering the high inci-
dence of AMI and the high mortality of CS, any intervention
that reduces mortality is likely to have major public health
implications, and should be evaluated adequately. The large
number of attempts to perform such trials illustrates the
great-unmet clinical need (Table 2). To date, four RCTs
have aimed to compare the clinical outcome of patients
with AMICS with pAFPs or IABPs, but none was completed.
Only one trial investigating the haemodynamic properties
of pAFPs was performed successfully. The ISAR-SHOCK study
compared the haemodynamic effects of a pAFP and an IABP,
suggesting superiority of the pAFP [10]. The IMPELLA-STIC
randomized trial was discontinued after enrolment of only
15 patients out of 60 over 34 months [11]. The RECOVER
I trial, comparing the Impella 2.5° (Abiomed Inc., Danvers,
MA; USA) with an IABP in CS, was initially designed to include
384 patients, but was also discontinued after 18 months
because of slow inclusions and funding issues. Furthermore,
in the IMPRESS in Severe Shock trial, only 48 patients out



Table 2 Randomized clinical trials of Impella in chronological order.

Study Clinical trial Condition Number of Patients Patients Duration Status Reason for dis-
identifier sites required (n) enrolled (n) (months) continuation;
comment
FRENCH TRIAL NCT00314847 AMICS 13 200 19 52 Discontinued Low
(2006) enrolment;
not published
ISAR-SHOCK NCT00417378 AMICS 2 26 26 19 Completed Haemodynamic
(2006) assessment;
not
randomized
IMPRESS in STEMI NTR1079 STEMI; preCS 1 130 18 22 Discontinued Low
(2007) enrolment
RECOVER | FDA NCT00596726 PCCS 7 Up to 20 17 28 Completed Feasibility
(2008) study
RECOVER Il FDA NCT00972270 AMICS 11 384 1 18 Discontinued Low
(2009) enrolment: 11
active sites,
50 IRB
approved
RELIEF | (2010) NCT01185691 ADHF 1 20 1 33 Discontinued Low
enrolment
DANGERMANSHOCK NCT01633502 AMICS 3 360 ~100 78 Enrolling Ongoing
(2012)
IMPRESS Shock NTR3450 STEMI-CS; 1 >100 48 52 Discontinued® Low
(2004) mechanical enrolment
ventilation

ADHF: acute decompensated heart failure; AMICS: acute myocardial infarction complicated by cardiogenic shock; CS: cardiogenic shock; IRB: Institutional Review Board; PCCS:
postcardiotomy cardiogenic shock; STEMI: ST-segment elevation myocardial infarction.
2 Interim analysis found that the trial was underpowered because of higher than expected survival, therefore > 100 patients were needed to show a mortality difference between the two

groups; the trial was continued with 48 patients as an exploratory safety study only.




of the 130 previously planned were enrolled [12]. The DAN-
SHOCK trial is the fifth, and only currently ongoing, active
attempt to randomize patients in the AMICS setting to a
pAFP versus medical therapy, and has enrolled around 100
patients to date; this is far from the 360 planned patients,
despite more than 5 years of inclusions. The trial is currently
adding new centres in an attempt to prevent discontinua-
tion. The recurrent theme observed with RCTs evaluating
PAFPs in AMICS has been the low and slow enrolment rates
related to ethical, logistical and methodological challenges.
In addition, several other challenges need to be overcome
to prevent further failures, including costs.

Challenges for RCTs in CS

The main challenges to overcome are summarized in Table 1.

Patient selection

CS is a state of critical end-organ hypoperfusion caused
by reduced cardiac output, which is ill defined and chal-
lenging to diagnose. The European Society of Cardiology
proposes these diagnostic criteria: systolic blood pres-
sure <90 mmHg for > 30 min (or the need for vasopressors to
achieve SBP > 90 mmHg), together with pulmonary conges-
tion or elevated left ventricular filling pressures and signs of
impaired organ perfusion [13]. CS includes a large spectrum
of clinical settings that range from mild hypoperfusion to
profound refractory shock with multiorgan dysfunction. In
addition to the various severity states, some patients (such
as those with hypoperfusion, but without hypotension) have
a similar prognosis to those with CS [14]. Moreover, further
patients may have various delays to evolution: some present
crash-and-burn CS, whereas others show a slowly developing
low output state following acute heart failure, without ini-
tial shock. Overall, the lack of clear-cut criteria for CS and
the variable severity make it difficult to enrol a homogenous
population in an RCT [15].

It is challenging to differentiate patients with CS who
have not passed the window of opportunity for treatment
from those who have irreversible organ damage despite
normalization of haemodynamic variables [16]. In fact,
despite similar pathophysiology, there is wide heterogene-
ity in AMICS: patients may present an ST-segment elevation
or a non-ST-segment elevation myocardial infarction; they
may have had revascularization on time, outwith the 12-
hour deadline or not at all; and they may have mechanical
complications [15]. Obviously, the adequate choice of RCT
inclusion and exclusion criteria is the key to accurately
demonstrate the efficacy of an intervention. Therefore, in
order to select a homogenous and treatable study popula-
tion, future trials require highly selective inclusion criteria
based on clinical settings, age, co-morbidities, patient
history, timing of the AMI and the intervention and haemo-
dynamic and biological characteristics. This will insure a fair
evaluation of the intervention, and will prevent futility or
even harm.

Recently, Baran et al. proposed a new classification of CS
from stage A to stage E, depending on clinical findings and
evolution. This classification has subsequently been shown
to predict clinical outcome, and may be useful to guide

inclusion criteria [17]. The inclusion should target patients
in stage C or stage D (classic CS), excluding patients at lower
risk of mortality (stage A and stage B) or those who may
require a higher level of support (stage E) [17,18].

To prevent futility, further inclusions should be limited
to patients who have received revascularization with per-
cutaneous coronary intervention (PCl) within 12h of AMI
onset and have recovery potential or are eligible for a long-
term project. In Fig. 1, we propose a theoretical flowchart
for inclusions. Because the stringent inclusion criteria limit
the number of eligible patients, an international effort is
required, with high-volume centres.

The specific case of CS following cardiac arrest

CS following cardiac arrest is a specific issue. Because of the
difficulty in assessing neurological outcome, most of these
patients cannot be included in an RCT. In the IMPRESS in
Severe Shock trial, the investigators aimed to compare the
Impella CP® (Abiomed Inc., Danvers, MA, USA) with an IABP
in patients with ST-segment elevation myocardial infarc-
tion with severe CS and treated with primary PCl. In this
trial, 48 patients were enrolled in 40 months, with 85% of
them presenting AMI complicated by cardiac arrest. The
investigators found that implantation of the Impella device
did not induce a reduction in mortality. Nevertheless, this
result could have been related to a lack of study power (130
patients were initially planned for this trial) and the fact
that most deaths were related to anoxic encephalopathy,
resulting in a futile trial [12]. This underlines an additional
challenge in patients with CS with cardiac arrest for whom
neurological outcome comes first. However, to allow a suf-
ficient number of patients to be enrolled, patients with
cardiac arrest should not be excluded altogether. In fact,
in the recent Culprit-Shock study, 51% of patients had resus-
citation before randomization [19]. Overall, only patients
considered to have an optimal neurological prognosis (with
either a very short duration of slow flow [<5min] or a lack
of no flow) should be considered for an RCT [20] (Fig. 1).

How to choose the most promising assistance
device?

Because of the lack of randomized trials, no device can
yet be presented as the best or the ideal approach for
all patients. Among the available devices, pAFPs appear
appealing because of their wide availability and quick
insertion time. In addition, they provide superior haemo-
dynamic benefit compared with IABPs. For instance, in the
ISAR-SHOCK trial, the improvement in cardiac index was sig-
nificantly greater in the Impella group than in the IABP group
(+29% vs +6%; P=0.02) [10]. The haemodynamic support
offered by a pAFP was also studied in a retrospective analy-
sis of patients undergoing high-risk PCI, showing decreased
renal impairment with the device [21]. However, a meta-
analysis observed a modest haemodynamic effect with a
pPAFP, with improved mean arterial pressure and reduced
lactate concentration, but only a trend toward increased
cardiac index and decreased pulmonary capillary wedge
pressure (P=0.1 for both) [22]. Nevertheless, it is difficult
to accurately assess their haemodynamic properties, as the
output provided by the device substitutes for that of the
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Cardiogenic shock (CS) defined as :
e Systolic blood pressure < 90 mmHg for > 30 min or vasopressors
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Figure 1.

Theoretical flowchart for recruitment in randomized clinical trials of mechanical circulatory support. AMI: acute myocardial

infarction; CHF: congestive heart failure; CS: cardiogenic shock; LF: low flow; NF: no flow; OHCA: out-of-hospital cardiac arrest; pAFP:

percutaneous axial flow pump; RCT: randomized clinical trial.

native heart [23]. Although a pAFP is considered inferior
to extracorporeal membrane oxygenation (ECMO) regard-
ing blood flow, it possesses several advantages, such as its
wide availability and quick insertion, which reduces time
to support, provides anterograde flow and favours recov-
ery through left ventricle unloading [11]. Therefore, pAFPs
should be the focus of the next RCT in AMICS.

Assessing the risk-benefit ratio of mechanical
circulatory support

All forms of mechanical circulatory support are associated
with a wide range of potential side effects — particularly
vascular and bleeding complications; these are summarized
according to their incidence in Table 3. Some of these



Table 3 Adverse effects of short-term mechanical circulatory support [41].

IABP (7.5—9 Fr) Impella 2.5 and Impella 5.0 ECLS
Impella CP
Size of MCS 7.5—8 Fr Motor 12/14 Fr; Motor 21 Fr; Arterial catheter
catheter 9 Fr catheter 9 Fr 15—19 Fr; venous
catheter 23—29
Fr
Very frequent Thrombocytopaenia Severe access Severe access Severe access
(>10%) vascular vascular vascular
bleeding® bleeding? bleeding?; site
infection
Frequent (5—10%) Intravascular Limb ischaemia®; Limb ischaemia®
haemolysis; site site infection
infection

Non-exceptional
(1-5%)

Exceptional
(<1%)

Device malfunction;
severe limb
ischaemia®; severe
access vascular
bleeding®

Retroperitoneal
bleeding;
intravascular
haemolysis; aortic
complication;

Limb ischaemia®;
device
malfunction;
pump
displacement

Retroperitoneal
bleeding;
functional mitral
stenosis; mitral
regurgitation

Intravascular
haemolysis;
device
malfunction;
pump
displacement
Functional mitral
stenosis; mitral
regurgitation
(chordal
rupture); aortic
regurgitation; LV
wall perforation;
intraventricular
thrombosis

Intravascular
haemolysis;
pulmonary
haemorrhage

Aortic
complication;
device
malfunction

cerebral embolism; (chordal
paraplegia; site rupture); LV wall
infection; perforation;
mesenteric intraventricular
ischaemia; balloon thrombosis

leak

ECLS: extracorporeal life support; IABP: intra-aortic balloon pump; LV: left ventricular.

complications are not uncommon, and may reduce the abil-
ity of the pAFP to improve prognosis; they also represent an
additional challenge, as the selection of patients for implan-
tation is critical in order to prevent unnecessary harm. This
is of particular interest, as there is a learning curve with
pAFP use [24]. Further, recent registry data raised concerns
regarding costs and potential harm related to adverse events
associated with the use of pAFPs, further strengthening the
need to perform an RCT of pAFPs in AMICS [25]. Because of
the high risk of complications and the learning curve associ-
ated with device use, only centres with sufficient expertise
should be allowed to participate in the dedicated RCT.

Difficulty in obtaining informed consent

Given the time-sensitive and life-threatening nature of
AMICS, seeking informed consent from patients or their fam-
ilies can be difficult, and sometimes may not be possible.
Moreover, because of the need for immediate treatment
of AMICS, clinicians are faced with the ethical dilemma of
obtaining informed consent for inclusion into a clinical trial
versus providing the best treatment as soon as possible to
improve outcome. A ‘‘delayed consent’’ model was used
successfully in the setting of AMI in the HEAT-PPCI trial con-
ducted in the UK. In this trial, patients with AMI were treated

with either heparin or bivalirudin, based on randomization,
and the consent to use their data was obtained afterwards
[26]. In the CULPRIT-SHOCK study, a patient who was unable
to consent could be randomized by two independent physi-
cians who assessed their will (if possible by contacting their
relatives), which facilitated inclusions in countries allowing
this type of consent [19].

Choice of outcome variables

Conducting an RCT in CS requires a careful choice of pri-
mary endpoint. Not surprisingly, significant improvements
in haemodynamic variables with pAFPs have been reported
[27,28]. However, an improvement in haemodynamics with
drugs and active circulatory assist devices has not always
been associated with an effect on outcome [10,27]. Based
on the haemodynamic improvements with pAFPs, a clinical
benefit is expected in CS. Accordingly, the primary outcome
of RCTs with pAFPs has been long- or short-term mortality.
However, power calculations to detect significant differ-
ences in mortality outcomes require a large patient sample
size. Furthermore, survival may not accurately encompass
the overall benefit of a pAFP. In addition to mortality, the
need for a long-term left ventricular assist device or heart
transplant could be reduced, as the pAFP unloads the left



Table 4 Completed clinical trials of Impella in cardiogenic shock.

Study Type Patients Timing of Primary Conclusions
receiving Impella endpoint
Impella (n) placement

Flaherty et al.  Meta-analysis 379 Before versus  Mortality Impella before PCl in patients

[39] after PCI with AMICS decreased
in-hospital/30-day mortality by
48% compared with Impella
after PCI

IMPRESS in Randomized 24 After PCl in Mortality 30-day mortality of 46% in

Severe Shock trial 88% patients on mechanical

[12] ventilation with AMICS and
placement of Impella after PCI

ISAR-SHOCK Randomized 13 After PCI Haemodynamic Increase in Cl after 30 min of

[10] trial effect Impella support

EUROSHOCK Observational 120 During PCI Mortality 30-day mortality of 64.2%;

registry [42] significant decrease in lactate
concentrations at 48 h

Detroit CSI Observational 41 Before PCl in Mortality Survival to device explant in

[38] 66% 85%; survival to discharge in
76%; 67% increase in cardiac
power output after Impella
versus before Impella; 71% of
patients had reduction in
inotrope and vasopressor
support after Impella

IQ database Observational 15,259 Before PCl in Mortality Higher survival with: Impella use

[35] 59% of 5571 before PCI versus use as salvage

patients therapy (59% vs 52%; P<0.001);

haemodynamic monitoring using
PA catheters (63% vs 49%;
P<0.0001)

AMICS: acute myocardial infarction complicated by cardiogenic shock; Cl: cardiac index; PA: pulmonary artery; PCl: percutaneous

coronary intervention.

ventricle, promoting recovery. Based on previous trials in CS,
in order to evaluate the clinical benefit of a pAFP, an accu-
rate clinical endpoint should include mortality, escalation to
extracorporeal life support and need for heart transplant or
long-term left ventricular assist device at 1 month.

Lack of clinical equipoise (balance) and issues
with crossover

Because of the scarcity of available data, current thera-
pies in CS are based on a low level of evidence — mainly
expert consensus. In fact, the current standard therapy in
this clinical setting is based on a low scientific background.
Therefore, most centres have homemade care protocols,
and defining the gold standard therapy for the control group
is a challenge. IABP is the comparator that has been used
most widely in randomized trials of mechanical circulatory
support in CS. However, the failure of the IABP SHOCK 2 trial
suggests that it should no longer serve as a reference in the
control group of an RCT [6,29,30]. Because of its high rate of

complications, ECMO should also not be used as a reference
in the control group.

Therefore, the comparator arm should be a clinical proto-
col agreed by all centres, including the use of inotropes and
vasoconstrictors, with guidance for escalation steps, such
as the need for ECMO in cases of failure. In addition, only
high-volume centres with a dedicated shock team should
be involved in such RCTs, as they provide optimal care and
outcome [31—33].

An additional challenge with the management of patients
randomized to the ‘‘usual care’’ arm is the crossover of
patients that keep deteriorating clinically and haemody-
namically in this group. In the EOLIA trial, for instance, the
efficacy of ECMO was evaluated in patients with severe acute
respiratory distress syndrome [34]. Patients were randomly
assigned to immediate ECMO or conventional treatment, and
mortality at 60 days was similar in the two groups. However,
the crossover to ECMO in the control group occurred in 28% of
patients. In order to limit this issue, we propose to use ECMO
and not a pAFP when therapeutic escalation is required in
both arms.




Table 5 Ongoing trials?®.

Clinical trial Study Intervention Primary Number of Patients CS aetiologies
identifier endpoints centres included (n)
Observational
trials
NCT03528291 Transient Circulatory Support in Cardiogenic Observational In-hospital ? 240 Ischaemic and
Shock (ALLOASSIST) mortality non-ischaemic
NCT02790242 Registry for Cardiogenic Shock: Utility and Observational 1-year survival 7 200,000 Ischaemic and
Efficacy of Device Therapy (RESCUE) after MCS device non-ischaemic
implantation
NCT02697006 Synchronized Cardiac Assist for Cardiogenic Observational Safety and 1 48 Ischaemic = ACS
Shock: The SynCor trial efficacy of
i-cor® device
implantation
NCT02985008 SMart Angioplasty Research Team: A Observational In-hospital ? 1000 Ischaemic and
Multi-center, Open, REtrospective and mortality non-ischaemic
Prospective Observational Study to
Investigate Clinical oUtcomes and Efficacy
of Left Ventricular Assist Device for Korean
Patients With Cardiogenic Shock (RESCUE)
NCT03378739 Implementation of a Cardiogenic Shock Observational 1-year mortality 1 400 Ischaemic and
Team and Clinical Outcomes (INOVA-SHOCK non-ischaemic
Registry)
RCTs
NCT03635840 The Effects of IABP Prior to Randomized 30-day mortality 1 92 Ischaemic = ACS
Revascularization on Mortality of ACS trial; parallel
Patients Complicated With Cardiogenic assignment
Shock
NCT03431467 Impella CP With VA ECMO for Cardiogenic Randomized Survival free 1 96 Ischaemic and
Shock (REVERSE) trial; parallel from HTx, LVAD non-ischaemic
assignment or inotropes at 30

days



Table 5 (Continued)

Clinical trial Study Intervention Primary Number of Patients CS aetiologies
identifier endpoints centres included (n)
NCT02301819 ExtraCorporeal Membrane Oxygenation in Randomized Death from any 3 120 Ischaemic and
the Therapy of Cardiogenic Shock (ECMO-CS) trial; parallel cause, non-ischaemic
assignment resuscitated
circulatory arrest
and implantation
of another MCS
device at 30 days
NCT02544594 Clinical Study of Extra-Corporeal Life Randomized LVEF at 30 days 1 42 Ischaemic = ACS
Support in Cardiogenic Shock Complicating trial; parallel
Acute Myocardial Infarction (ECLS-SHOCK) assignment
NCT02870946 The Effect of Simultaneous Renal Randomized 30-daysmortality 1 262 Ischaemic and
Replacement Therapy on Extracorporeal trial; parallel non-ischaemic
Membrane Oxygenation Support for assignment
Cardiogenic Shock Patients
NCTO01633502 Effects of Advanced Mechanical Circulatory Randomized 6-month 7 360 Ischaemic =
Support in Patients With ST Segment trial; parallel mortality ACS/only
Elevation Myocardial Infarction Complicated assignment STEMI
by Cardiogenic Shock: The Danish
Cardiogenic Shock Trial
NCT03637205 Extracorporeal Life Support in Cardiogenic Randomized 30-day mortality ? 420 Ischaemic = ACS
Shock (ECLS-SHOCK) trial; parallel
assignment

ACS: acute coronary syndrome; CS: cardiogenic shock; ECMO: extracorporeal membrane oxygenation; HTx: heart transplant; IABP: intra-aortic balloon pump; LVAD: left ventricular assist
device; LVEF: left ventricular ejection fraction; MCS: mechanical circulatory support; RCT: randomized clinical trial; STEMI: ST-segment elevation myocardial infarction; VA: venoarterial.
2 Sixty-six studies were found to be registered on clinicaltrials.gov in September 2018 using the keyword ‘‘cardiogenic shock’’. Studies were deleted if they had been terminated or
completed (n=26), if they did not concern patients with CS exclusively (n=7), if they had been withdrawn or if their status was unknown (n=4) and if they had a retrospective design
(n=4). Only trials including patients with CS exclusively are presented: for instance, patients benefiting from percutaneous coronary intervention at high risk are not presented. Only
studies concerning MCS support are presented (n=12).
b Xenios AG, Heilbronn, Germany.




Alternative sources of clinical evidence
for mechanical circulatory support, and
the need for new therapeutic strategies

Taking all these challenges together, it appears that it is
complex to identify and evaluate the ‘‘right patient at the
right time with the right device’’ in the setting of an RCT.
Given the difficulties in conducting large RCTs in CS, inves-
tigators will be left with alternative sources of evidence
to answer questions related to the risks and benefits of
mechanical circulatory support, until the barriers to RCT
design and resources are overcome (Table A1).

Real-world evidence can bridge the gap, because of the
large sample size and the ability to include critically ill
patients who are typically under-represented in RCTs. These
data provide valuable clinical evidence on the effectiveness
of therapies in routine clinical settings [31]. For example,
regarding pAFPs, clinical outcomes in AMICS have been anal-
ysed in the real world global Catheter-based Ventricular
Assist Device (cVAD) registry and the Impella Quality (IQ)
database [35]. The results from the cVAD registry suggest
that the benefit of pAFP in CS is time dependent. In fact,
early initiation of haemodynamic support with a pAFP within
90 min of shock onset, before escalating doses of inotropes
and PCl, was associated with improved survival [36]. Simi-
larly, results from the IQ database suggest improved survival
in AMICS with pAFP use before PCI and haemodynamic mon-
itoring by pulmonary arterial catheters [37]. In accordance
with the available clinical evidence, four centres in Detroit
collaborated to determine if following a uniform protocol,
incorporating haemodynamic monitoring and early initiation
of pAFP, would improve clinical outcomes in AMICS. Interest-
ingly, the survival rate in this cohort was 76%, representing
a significant improvement from institutional historical con-
trol rates of 50% [38]. These encouraging trends in survival
in CS underscore the value of incremental care changes
based on actionable research findings from real-world stud-
ies (Table 4) [38,39].

Until new evidence is available, these findings may
encourage the implementation of new therapeutic strate-
gies in a CS bundle, including the use of pAFPs in selected
patients with CS. These observational data are critical in
showing that not only a device, but a new therapeutic strat-
egy, including early pAFP implantation, should be tested
in future RCTs. In particular, it suggests that pAFPs must
be inserted early in the therapeutic strategy, before PCI
[34,40].

Although there is great interest in RCTs in CS, as evi-
denced by the numbers of trials currently enrolling patients,
none of them has the ability to adequately address the chal-
lenges described above (Table 5).

Conclusions

CS represents a continuum of conditions, with variable aeti-
ologies, severities and rates of progression. Hence, once
identified, prompt therapeutic care and a strategy adapted
to the severity of the shock are the keys to improving prog-
nosis. Currently there is no evidence-based therapeutic gold
standard. Therefore, although it is challenging to design and

perform an RCT in AMICS, the clinical need is high. Whereas
it is acceptable to allow an innovative approach, such as
the use of mechanical circulatory support, in a deadly dis-
ease like CS, the ultimate goal of an RCT is to confirm the
validity of new therapeutic strategies with strong scien-
tific evidence, and to appropriately assess the associated
risk/benefit ratio. To succeed, it is extremely important
to select the patients accurately. We have proposed sev-
eral means to overcome the main challenges faced in such
an endeavour: the choice of stringent inclusion criteria; an
innovative approach to informed consent; randomization to
an up-to-date medical therapy versus a strategy using early
pAFP implantation; and a meaningful clinical endpoint not
restricted to mortality. These are key features of an optimal
RCT.
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