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ABSTRACT Cardiogenic shock (CS) following acute myocardial infarction (AMI) is a major challenge in cardiovascular care.
Mortality remains high with 40%-50% after thirty days. Randomised controlled trials (RCTs) play a key role to generate evidence
on optimal care in this field. However, the number of completed or ongoing RCTs is still relatively low compared to the gaps in
evidence. Challenges in the conduct of these trials are in particular the selection of patients and ethical issues in the informed con-
sent process. When determining eligibility criteria, special attention should be paid to the severity of CS, to the inclusion of pa-
tients with cardiac arrest and to potential age limits. Median age of AMI-CS patients is increasing. Age limits are therefore contro-
versial as it is important to include elderly patients in RCTs in order to make the results generalisable and to address the special
needs of this group. As patients with AMI-CS are in most cases unable to provide informed consent themselves, a step-wise ap-
proach with acute consent by a legal representative or independent physicians and later informed consent by the patient if pos-
sible might be established depending on regularities of the respective ethical review board and country legislation. Multicenter

studies should be sought to generate adequate power.

ardiogenic shock (CS) following acute

myocardial infarction (AMI) remains a

major challenge in cardiovascular care.
Between 5% and 13% of patients with AMI develop
CS, resulting in 60,000 to 70,000 patients being af-
fected each year in Europe."* Despite major adva-
nces in interventional and intensive care treatment,
mortality of AMI-CS remains high, reaching 40%—
50% at thirty days after hospital admission.”® Short-
term mortality of elderly patients with AMI-CS is
particularly high with up to 79% in patients aged =
75 years.”! Clinical trials, especially in randomised
designs, play a key role to a better understanding
and treatment guidance in AMI-CS.

RANDOMISED CONTROLLED TRIALS IN
AMI-CS

Although there are numerous randomised con-
trolled trials (RCTs) in the field of acute cardiovas-
cular care and especially AMI, patients with CS
were generally excluded from the vast majorities of
these studies. The landmark SHOCK (Should We
Emergently Revascularize Occluded Coronaries for
Cardiogenic Shock) trial generated the first large
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randomised data in the field of AMI-CS.®! Including
a total of 302 patients, the study showed a signific-
ant medium- and long-term survival benefit of early
revascularization in patients with ST-segment elev-
ation myocardial infarction (STEMI) and CS. Many
subanalyses were derived from the dataset.

Several RCTs followed, rarely exceeding a study
population of 30-40 patients. Among the larger tri-
als were the TRIUMPH (Tilarginine Acetate Injec-
tion in a Randomized International Study in Un-
stable Myocardial Infarction Patients With Cardio-
genic Shock) trial (n = 398), showing no benefit of
treatment with the nitric oxide synthase inhibitor
tilarginine,"”’ the IABP-SHOCK II (Intraaortic Bal-
loon Pump in Cardiogenic Shock II) trial (n = 600),
demonstrating no clinically beneficial effect of
routine intraaortic balloon pumping use,” and the
CULPRIT-SHOCK (Culprit Lesion Only PCI Versus
Multivessel PCI in Cardiogenic Shock) trial (n =
706), showing superiority of culprit lesion only per-
cutaneous coronary intervention in multivessel dis-
ease compared to an immediate multivessel percu-
taneous coronary intervention approach.' These
studies resulted in substantial changes in American
and European guidelines over time."*"
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However, the amount of evidence derived from
RCTs in AMI-CS during the past decades cannot be
considered satisfactory and is even more insuffi-
cient in elderly patients as those were often ex-
cluded. For this reason, the American Heart Associ-
ation refrained from issuing guidelines on the treat-
ment of CS, but decided to publish a scientific state-
ment including a chapter highlighting the need
for research.™ According to this, current main re-
search questions for RCTs in AMI-CS are listed in
Table 1.

CHALLENGES WHEN CONDUCTING
RCTS IN AMI-CS

In 2015, van Diepen, et al™* analyzed the propor-
tion of RCTs in cardiovascular intensive care to
RCTs in intensive care overall: only about 5% of the
registered studies covered cardiovascular care. Fur-
ther the study showed exemplary for Canada, that
only 2% of intensive care studies funded by the Ca-
nadian Institutes for Health Research were cardiac.

What Are The Challenges of RCTs in AMI-CS?

First, these come with challenges of RCTs in gen-
eral, which include funding, design and securing of
sufficient recruitment rates. Specifically in AMI-CS,
challenges involve: (1) the complexity and hetero-
geneity of patients together with an often necessary
multicentre approach to generate adequate power;
and (2) the frequent incapability of patients to
provide informed consent.

Challenges in design

Patient selection. When designing RCTs in AMI-

CS, there is tension between the applicability to a
large proportion of real-world patients in order to
fill gaps in evidence-based care and the heterogen-
eity of these patients.

A major source of heterogeneity comes from the
severity of CS. The classification by the Society for
Cardiovascular Angiography and Interventions may
help to illustrate the different stages of CS (Figure 1).
Individual systemic response, extent of intensive
care treatment and outcome reasonably differ bet-
ween the stages.>'

Patient selection is therefore a key design issue.
With regard to trials with highly invasive study in-
terventions such as the use of mechanical circulatory
support systems, the inclusion of patients in lower
shock stages might not be reasonable as potential
benefits outweigh the risks of the procedure. Conver-
sely, the inclusion of patients in very severe shock stages
with the need for resuscitation in trials on physiol-
ogic target parameters (e.g., blood pressure) may not
be reasonable.

A further challenge in patient selection is age re-
striction. The median age of AMI-CS patients is
about 69 years,[é'm
upcoming years as a result of demographic changes.
Patients aged = 75 years are significantly more
likely to be affected by AMI than younger patients
(15%—25% of STEMI admissions), even though this
age group represents less than 10% of the total pop-
ulation.”? Nevertheless, old or very old patients
were often excluded from RCTs, either by eligibil-
ity criteria or in practice by the individual investig-
ators. This was partly justified by the difficulty to
objectify a possible multimorbidity, as well as the

with a likely increase within the

Table1 Research needs in acute myocardial infarction complicated by cardiogenic shock which should be addressed by random-

ised controlled trials’.

Therapeutic target parameters (e.g., blood pressure, cardiac index, PaO,, PaCO,, body temperature)

Optimal fluid management
Optimal vasopressor and inotropic regimens

Antiplatelet and anticoagulant therapy

Access site for invasive angiography and percutaneous coronary intervention

Complication prevention in mechanical circulatory support

Utility and timing of percutaneous or durable mechanical support devices

Optimal mechanical ventilation modes and targets

Early versus late discussion of palliative care

"Adopted from van Diepen, et al."”
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Stage E: "Extremis" cardiogenic shock. Patients experiencing
cardiac arrest with on going cardiopulmonary resuscitation
and/ or extracorporeal membrane oxygenation.

Stage D: Cardiogenic shock signals deteriorating or "Doom".
Similar to stage C but getting worse and failing to respond to
initial interventions.

Stage C: Classic cardiogenic shock. Manifest cardiogenic
shock with hypoperfusion requiring intervention (inotropes,
vasopressors or mechanical circulatory support, excluding
extracorporeal membrane oxygenation) beyond volume
resuscitation to restore perfusion.

Stage B: Clinical evidence of relative hypotension
or tachycardia without hypoperfusion being at
"Beginning" of cardiogenic shock (pre-shock).

Stage A: Currently no signs/symptoms
of cardiogenic shock, but being "At risk"
for its development.

Figure1 Cardiogenic shock pyramid according to the classification proposed by the Society for Cardiovascular Angiography and
Interventions. By permission of Oxford University Press on behalf of the European Society of Cardiology.

(presumed) will of the patient and the individual
prognosis. However, there is an ongoing need to in-
clude these patients into RCTs. If necessary, dedica-
ted studies should be designed to address the needs
for this subset of patients. An exception, when age
restriction is reasonable, can be highly invasive
study interventions, such as the use of extracorpor-
eal life support. In this setting, the extent of age lim-
its is being extensively discussed, since retrospect-
ive studies have shown that mortality in case of ex-
tracorporeal life support therapy in old patients ap-
proaches 95%.""!

Another special group of interest when design-
ing RCTs are patients with cardiac arrest (CA). Up
to 50% of AMI-CS patients experience CA.>" At the
same time, two thirds of CA patients experience CS
with the need for vasopressor therapy.""® Outcome
of AMI-CS with CA is significantly worse com-
pared to those without CA." The prognosis of pa-
tients with CA is often determined by the extent of
anoxic brain injury. This aspect should be con-
sidered in the early phase of trial planning as the
outcome of CA patients with relevant anoxic brain
injury will likely oftentimes not be dependent on
the study intervention. This might partly explain
neutral trial results.”” During analyses the dicho-
tomization into the presence or absence of CA
might also be not sufficient, as patients with CA dif-
fer significantly, especially when accounting for the
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duration of no-flow/low-flow time and the extent
of post-CA syndrome including multi-organ failure.
Primary endpoint definition. The choice of the
primary endpoint is crucial, as the results should
lead to recommendations in clinical practice or for
future trials. However, the target sample size is in-
versely proportional to the expected difference in
the primary endpoint. Primary endpoints such as
mortality are desirable, but may not be useful if the
recruitment rate in the planned time window is not
realistic according to the case number calculation.
Combined or surrogate endpoints might be con-
sidered in this case. In combined endpoints, it is de-
sirable that the primary outcome is not strongly
driven by the ‘weakest’ endpoint component.”"! As
an alternative, pilot phases of trials can be imple-
mented. Sample size calculation also depends on the
choice for a superiority or non-inferiority design.”
Multicenter design. For hard clinical endpoints,
a multicenter design is almost always necessary in
AMI-CS to ensure sufficient recruitment. However,
the organizational and financial effort should not be
underestimated. Further, the recruitment effort is
then distributed among many investigators and
needs often continuous encouragement. This can be
promoted by a pragmatic design where possible
and a manageable scope of documentation. It is im-
portant that the potential study centres have suffi-
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cient experience in the treatment of CS patients, as
this is known to be a significant predictor of out-
come.?*¥

Internal and external validity. 1In all RCTs, in-
ternal validity should be maximized by keeping bi-
ases to a minimum. However, particularly in AMI-CS
RCTs, blinding of investigators is often not possible
due to the nature of the respective study interven-
tion. Attrition bias should be diminished by ensur-
ing seamless follow-up of the individual patient
during the whole study period. The choice to per-
form the analysis between groups as intention-to-
treat or per-protocol has impact on internal validity,
but also on applicability of the trial results in clinical
routine.

The lack of generalisability (also external validity)
is often a major point of criticism in RCTs.”"*! Next
to the choice of statistical analyses, eligibility criteria
has significant impact on generalisability, as men-
tioned above. Analyses with retrospective or pro-
spective application of eligibility criteria on registry
all-comers data can give impressions on the prop-
ortion of AMI-CS patients covered before planning
RCTs. Multicentre design, including different health-
care systems might enhance generalisability. Sur-
rogate outcomes should be used with caution, as
the correlation with clinical outcomes might be

overestimated and external validity can be dimin-
ished.”"

Challenges in informed consent

Approximately 80%-90% of AMI-CS patients
present comatose/sedated or with impaired mental
status, impeding the capability to provide infor-
med consent.'**” Studies showed that even in fully
oriented patients on intensive care units only 30%
were able to recall their given consent and the pur-
pose of the trial 10-12 days after study inclusion.””
Providing consent is therefore a complex ethical is-
sue in this field, enhanced by the acuity of potential
study interventions.*

Ethical regularities vary significantly between
countries and institutional review boards. Some
countries do not allow the inclusion of non-consent-
ing patients at all. This has to be kept in mind in the
setting of international multicenter RCTs. In other
countries, each study centre or region has its own
ethical review board, which is entrusted with the
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individual review of the studies. This might result
into a large number of differing consent forms within
one trial. When the inclusion of non-conscious pa-
tients is possible, a step-wise consent model is of-
ten used. This includes an initial consent by either a
legal representative or independent physicians and
a subsequent informed consent given by the pati-
ent as soon as he gains the capability to do so.

CONCLUSIONS

RCTs in AMI-CS are feasible and the number of
adequately powered trials is increasing. However,
the need for trials currently exceeds the planned
and ongoing RCTs. The challenges of conducting
these RCTs are manifold. In particular, patient se-
lection and ethical issues pose special challenges.
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