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Despite advances in early recognition, aetiology-directed therapy, intensive
cardiovascular care and short-term mechanical circulatory support (MCS),
cardiogenic shock (CS) remains associated with high mortality and morbidity.
MCS can restore systemic perfusion and stabilise patients as a bridge to
recovery or advanced heart failure therapies, or as a bridge-to-decision when
the final therapeutic destination remains uncertain. However, appropriate
patient and device selection remains challenging. The optimal timing of
support is uncertain, as both premature implantation and delayed use in
advanced shock may limit benefit while increasing complications. Device
selection should therefore be individualised according to the predominant
patient phenotype, including left ventricular, right ventricular or biventricular
failure, concomitant respiratory failure, vascular access and anatomical
considerations. Randomised trials have focused predominantly on acute
myocardial infarction-related CS, whereas data in heart failure-related and
acute-on-chronic CS remain limited. Recent trials have also shown that
greater haemodynamic support does not uniformly translate into improved
survival, highlighting the importance of matching device physiology to shock
phenotype and clinical trajectory. MCS is associated with clinically relevant
complications, including major bleeding, haemolysis, limb ischaemia, stroke,
thrombosis and vascular injury. Accordingly, its use should be considered
within a strategy integrating reversibility, neurological prognosis, recovery
potential, a realistic definitive therapeutic strategy, technical feasibility and
anticipated complication risk. This Mini Review summarises contemporary
indications, devices and complications of MCS in CS, with emphasis on
phenotype-guided selection, timing, intensive care management and current
evidence gaps.

KEYWORDS
cardiogenic shock, IABP, intensive cardiovascular care, mechanical circulatory support,
microaxial flow pump, VA-ECMO

1 Introduction

Cardiogenic shock (CS) remains associated with high short-term mortality despite
advances in revascularisation, critical care, pharmacological therapy and short-term
mechanical circulatory support (MCS) (1, 2). It is increasingly recognised as a
heterogeneous syndrome encompassing different aetiologies, severities, clinical
trajectories and patterns of ventricular involvement (1-3).
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This heterogeneity has major therapeutic implications, as
patients with acute myocardial infarction-related CS (AMI-CS),
de novo heart failure-related CS (HF-CS) and acute-on-chronic
HF-CS may differ in haemodynamic profile, recovery potential
and suitability for advanced heart replacement therapies (3, 4).
Epidemiological patterns vary across cohorts and healthcare
systems. HF-CS represented 69% of ventricular-failure CS in a
contemporary North American cardiac intensive care registry,
whereas AMI-CS accounted for 60.7% of all CS cases in the
Catalonian Shock-CAT cohort, reflecting differences in study
populations and case mix (5, 6).

MCS can augment systemic perfusion, unload the failing
ventricle or provide combined circulatory and respiratory
support. It may serve as a bridge to myocardial recovery or
advanced heart failure therapies, or as a bridge-to-decision when
the final therapeutic destination remains uncertain (4, 7).
However, improved haemodynamics do not necessarily translate
into better outcomes, and device-related complications may
offset benefit (3, 4, 7, 8).

The key questions are who is most likely to obtain clinical
benefit, when support should be initiated, and which device best
matches the underlying pathophysiology.

These decisions require integration of shock severity and
trajectory, ventricular and respiratory phenotype, vascular and
anatomical feasibility, comorbidity and frailty, recovery potential
and a realistic therapeutic strategy (2, 4, 7).

Evidence remains particularly limited in non-ischaemic and
HF-related CS (4, 9). This Mini Review complements recent
consensus documents by integrating dynamic shock phenotype,
clinical trajectory, therapeutic destination and complication risk
MCS
reassessment and de-escalation, while distinguishing physiological

into a practical bedside framework for selection,

rationale from the strength of available clinical evidence.

2 Cardiogenic shock phenotypes and
indications for MCS

Cardiogenic shock is a dynamic syndrome in which tissue
hypoperfusion cannot be inferred from arterial pressure alone.
Normotensive CS may occur when increased systemic vascular
resistance (SVR) preserves systolic blood pressure >90 mmHg
despite hypoperfusion, while inflammation, myocardial necrosis
or cardiac arrest may subsequently promote vasoplegia (1). Mixed
cardiogenic—vasodilatory shock is a haemodynamic phenotype
characterised by cardiac dysfunction with inadequate forward
flow, systemic hypoperfusion and an inappropriate vasodilatory
component, often reflected by reduced SVR (10). Recognition is
clinically relevant because restoring cardiac output alone may not
adequately correct systemic hypoperfusion (Figure 1).

Contemporary phenotyping should integrate aetiology,
pathophysiology, severity and clinical profile (3). Relevant
aetiological distinctions include AMI-CS, HF-CS, postcardiotomy
CS and non-myocardial causes of CS, including valvular,
pericardial, pulmonary vascular and arrhythmic causes (1). HF-
CS may be further classified as de novo or acute-on-chronic, while
ventricular involvement may be LV-, RV- or biventricular-
predominant. Phenotype is dynamic and should be refined as
additional invasive

echocardiographic, biochemical and
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haemodynamic data become available (3). At the bedside,
phenotyping  should
perfusion markers and, when available, invasive haemodynamics.

integrate echocardiography, systemic
LV-predominant shock is generally characterised by impaired LV
function, reduced cardiac output or cardiac power and elevated
PCWP; RV-predominant shock by RV dysfunction, elevated
RAP/CVP relative to PCWP and reduced pulmonary artery
pulsatility index. Biventricular shock combines both profiles.
Lactate trajectory, vasoactive requirements, SVR, congestion and
oxygenation should be interpreted serially rather than as isolated
MCS implantation thresholds (3, 10).

Severity should be assessed in parallel with phenotype. The
updated 2022 SCAI SHOCK classification provides a five-stage
framework from stage A (at risk) to stage E (extremis),
incorporating  hypotension,  hypoperfusion,  biochemical
abnormalities and treatment intensity (11). Serial reassessment is
essential because clinical trajectory may be more informative
than a single presentation stage.

Nevertheless, greater haemodynamic severity does not
necessarily imply greater potential benefit from MCS. Advanced
shock identifies patients with the greatest need for circulatory
support, but also those in whom irreversible neurological injury,
multiorgan failure, severe frailty or advanced comorbidity make
recovery unlikely despite restoration of systemic flow (1, 3, 4, 7).
Conversely, isolated thresholds for age, lactate concentration or
shock stage should not be regarded as absolute determinants
of candidacy.

CS is therefore most rational when circulatory support is
expected to contribute to a credible therapeutic destination,
such as myocardial recovery, surgical or percutaneous
correction of a reversible structural or ischaemic cause, durable
LVAD When the

definitive destination remains uncertain, MCS may instead

implantation or heart transplantation.

serve as a bridge-to-decision strategy (3, 4, 7). The probability
of myocardial recovery, reversibility of end-organ dysfunction
and eligibility for advanced heart replacement therapies should
be considered early rather than after prolonged support.
Neurological status after cardiac arrest, however, requires
particular caution because reliable prognostication may not be
possible during the early phase. In the absence of meaningful
recovery potential or a plausible definitive treatment strategy,
MCS is unlikely to improve long-term outcome.

Patients resuscitated after cardiac arrest are particularly
vasoplegia and
accumulation from preceding no-flow or low-flow intervals may

challenging. Myocardial ~stunning, lactate

exaggerate circulatory severity, whereas hypoxic-ischaemic brain
injury may determine prognosis independently of haemodynamic

recovery (1, 12). Sedation, temperature management and
metabolic  disturbances may confound early neurological
assessment. MCS candidacy should therefore distinguish

established irreversible neurological injury from uncertain early
neurological status and, when appropriate, allow time for
appropriately timed multimodal neurological prognostication (13).

3 Contemporary evidence for MCS

Randomised controlled trials for MCS remain largely confined
to acute myocardial infarction-related cardiogenic shock (AMI-
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Phenotype- and trajectory-guided approach to MCS in cardiogenic shock. MCS should be considered within a dynamic strategy integrating shock
severity and trajectory, reversibility, neurological prognosis and a realistic therapeutic destination. When support is considered appropriate, device
selection should address the predominant ventricular and respiratory phenotype while accounting for vascular and anatomical feasibility. Clinical,
haemodynamic and end-organ response, together with device-related complications, should be repeatedly reassessed to guide recovery and de-
escalation, escalation or transition to advanced heart replacement therapies. IABP, intra-aortic balloon pump; LV, left ventricular; LVAD, left
ventricular assist device; mAFP, microaxial flow pump; MCS, mechanical circulatory support; RV, right ventricular; RVAD, right ventricular assist
device; SCAI, Society for Cardiovascular Angiography and Interventions; VA-ECMO, veno-arterial extracorporeal membrane oxygenation.
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CS). In TABP-SHOCK 1II, 600 patients with AMI-CS undergoing
early revascularisation were randomised to intra-aortic balloon
pump (IABP) support or standard care. Routine IABP use did
not reduce 30-day mortality [39.7% vs. 41.3%; relative risk 0.96,
95% confidence interval (CI) 0.79-1.17], providing no evidence
for routine use in AMI-CS (14).

Randomised evidence for routine VA-ECMO in CS has been
neutral across EURO SHOCK (n =35), ECMO-CS (n=117) and
ECLS-SHOCK (n=420) (15-17). In the largest trial, ECLS-
SHOCK, early VA-ECMO did not reduce 30-day mortality
(47.8% vs. 49.0%; relative risk 0.98, 95% CI 0.80-1.19) and
increased moderate or severe bleeding (23.4% vs. 9.6%) and
peripheral vascular complications requiring intervention (11.0%
vs. 3.8%) (17). An individual-patient-data analysis of DanGer-
Shock-like patients similarly found no significant 6-month
mortality benefit with VA-ECMO (18).

In contrast, DanGer-Shock provided the first randomised
evidence of a survival benefit with active MCS in selected AMI-
CS. Between 2013 and 2023, 360 patients with STEMI-CS at 14
centres in Denmark, Germany and the United Kingdom were
randomised to Impella CP mAFP or standard care; 355 were
analysed. The Impella CP provides up to approximately 3.5-3.6
L/min in clinical use (4). At 180 days, all-cause mortality was
45.8% with mAFP support and 58.5% with standard care
(hazard ratio 0.74, 95% CI 0.55-0.99), although with more
device-related adverse events and longer intensive care and
hospital stay (19).

DanGer-Shock highly selected STEMI-CS
population. Preceding cardiac arrest occurred in approximately
20% of patients versus 78% in ECLS-SHOCK, but the trials also
differed in eligibility criteria, shock phenotype, competing

enrolled a

neurological risk, timing of randomisation and support, and
trial setting. Their contrasting results should therefore not be
interpreted as a direct comparison of mAFP and VA-ECMO
efficacy (17, 19).

An individual-patient-data meta-analysis of nine randomised
trials (n=1,059) found no significant reduction in overall
6-month mortality with MCS. In a prespecified selection
analysis of STEMI-CS with no or brief (<10 min) prior
resuscitation, used as a proxy for reduced hypoxic brain injury
risk, MCS was associated with lower 6-month mortality (hazard
ratio 0.77, 95% CI 0.61-0.97). However, the analysis did not
establish
prospectively defined shock phenotype and should be considered

treatment-effect  heterogeneity according to a
hypothesis-generating rather than validation of a phenotype-
guided MCS strategy (8).

Evidence in HF-CS remains substantially weaker. Altshock-2,
a multicentre randomised controlled trial, enrolled 101 patients
with SCAI stage B-D HF-CS considered suitable for heart
replacement therapy and compared early IABP implantation
with standard care. The trial was stopped for futility at the
prespecified interim analysis, with no significant improvement
in 60-day survival or successful bridging to heart replacement
therapy (81% vs. 75%; hazard ratio 0.72, 95% CI 0.31-1.68) (9).
Whether other devices or selected HF-CS phenotypes may
derive benefit remains uncertain.

Timing may also influence the clinical effect of MCS. Earlier
restoration of cardiac reduce catecholamine

output may

requirements, improve oxygen delivery and limit progression to
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multiorgan dysfunction (3, 4), although no major randomised
trial has specifically compared early versus delayed implantation.
An observational meta-analysis of 13 studies including 6,810
patients with AMI-CS reported lower short-term mortality when
Impella support was initiated before rather than during or after
PCI (37.2% vs. 53.6%; relative risk 0.70, 95% CI 0.56-0.88).
However, the observational nature of the included studies leaves
these findings susceptible to selection bias and residual
confounding (20).

Generating high-quality randomised evidence in CS is
inherently challenging because of the time-critical nature and
severity of the condition, difficulties surrounding recruitment
and randomisation, and marked heterogeneity in aetiology,
phenotype and clinical trajectory. DanGer-Shock itself required
approximately 10 years of recruitment and expansion from
Denmark to Germany and the United Kingdom to achieve
target enrolment (19).

Taken together, contemporary evidence supports selective
rather than routine use of MCS. Matching device physiology to
shock phenotype is physiologically compelling, but remains a
strategy informed by haemodynamic principles, subgroup
observations and indirect evidence rather than one prospectively
validated in randomised trials.

4 Types of MCS devices and
phenotype-guided selection

MCS devices differ substantially in mechanism of action,
vascular access, degree and duration of circulatory support,
effects on ventricular loading and ability to provide respiratory
support. should reflect the
predominant pathophysiological disturbance and anticipated

Device selection therefore
clinical trajectory rather than achievable flow alone (4). Their
main characteristics are summarised in Table 1.

The IABP augments diastolic coronary perfusion and reduces
LV afterload, but provides only modest circulatory support
dependent on native cardiac function and pulsatility. Femoral
access is most common, whereas axillary placement may
facilitate prolonged support and mobilisation (4). Accordingly,
IABP may be considered in selected LV-predominant CS when
modest support is sufficient or as a bridge to definitive
treatment in post-AMI mechanical complications, particularly
ventricular septal rupture or acute severe mitral regurgitation.

The mAFPs provide active LV support by aspirating blood
directly from the LV and expelling it into the ascending aorta.
By increasing systemic flow while unloading the LV, they reduce
LV end-diastolic pressure, ventricular wall stress and myocardial
oxygen demand (4). The Impella CP provides percutaneous
short-term support through large-bore arterial access, with flow
in clinical use typically up to approximately 3.5-3.6 L/min,
whereas the Impella 5.5 can provide flow up to 5.5 L/min and is
suitable for longer support, usually through a surgically
implanted axillary graft (4). In LV-predominant CS with
adequate RV function and oxygenation, mAFP support may
therefore be considered when substantial circulatory support and
LV unloading are required. However, adequate RV output is
necessary to maintain LV preload, and isolated LV mAFP
support does not provide oxygenation. LV thrombus and a
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TABLE 1 Main characteristics of short-term mechanical circulatory support devices in cardiogenic shock.

Technique/usual

access

Main haemodynamic
effect

Respiratory
support

Clinical scenario
in which it may
be considered

10.3389/fcvm.2026.1994496

Main limitations and
complications

Impella CP/
5.5)

pump from the LV to the
ascending aorta. Impella
CP: percutaneous large-
bore arterial access;
Impella 5.5: surgical graft,
usually axillary.

unloading; increases systemic
flow and reduces LV filling
pressure, wall stress and
myocardial oxygen demand.
Impella CP: flow typically up to
3.6 L/min; short-term support
(days). Impella 5.5: flow up to
5.5 L/min; suitable for longer

support (weeks).

adequate RV function
and oxygenation when
substantial circulatory
support and LV

unloading are required.

IABP Intra-aortic balloon Modest circulatory support; No Selected LV- Limited haemodynamic
counterpulsation; usually diastolic augmentation of predominant CS when support in severe CS; vascular
femoral arterial access. coronary perfusion and modest support may be injury, bleeding and limb
Axillary access may reduction in LV afterload; sufficient; bridge to ischaemia.
facilitate prolonged dependent on native cardiac definitive repair in
support and mobilisation. function and pulsatility. selected post-AMI

mechanical
complications,
particularly VSR or acute
severe MR; LV
unloading.
LV Mafp (e.g., | Transvalvular axial-flow Active LV support and No LV-predominant CS with | Requires adequate RV output

to maintain LV preload;
bleeding, vascular injury,
limb ischaemia, haemolysis,
device malposition and
thrombosis. LV thrombus
and a mechanical aortic valve
preclude transvalvular LV

mAFP support.

RV support
(e.g., Impella
RP or
centrifugal-
flow RVAD
with
ProtekDuo)

Impella RP: percutaneous
axial-flow RV support,
usually via femoral venous
access. ProtekDuo: dual-
lumen cannula, usually via
the right internal jugular
vein, connected to an

extracorporeal centrifugal

pump.

Active RV bypass/ unloading
with increased pulmonary blood

flow and LV preload.

Impella RP: no
ProtekDuo-based
RVAD: possible when
an oxygenator is
incorporated into the

extracorporeal circuit

Predominant RV failure
refractory to medical
therapy when isolated LV
support would be

inadequate.

Device- and configuration-
dependent; bleeding, vascular
complications, haemolysis,
thrombosis and cannula/
device malposition; requires
appropriate anatomy and

expertise.

Peripheral VA-
ECMO

Venous drainage and
arterial return through an
extracorporeal centrifugal
pump and membrane
oxygenator; peripheral
femoral cannulation is

most common.

High-flow circulatory support
with right-heart unloading and
systemic perfusion; retrograde
arterial flow may increase LV

afterload.

Refractory or profound
circulatory failure
requiring high-flow
support, particularly
when accompanied by
biventricular dysfunction
and/or severe respiratory
failure, after considering
trajectory, reversibility
and therapeutic

destination.

Bleeding, vascular injury and
limb ischaemia, stroke,
thrombosis, infection and
haemolysis; increased LV
afterload may cause LV
distension and pulmonary
oedema; differential
hypoxaemia may occur with

peripheral support.

CS, cardiogenic shock; IABP, intra-aortic balloon pump; LV, left ventricular; VSR, ventricular septal rupture; MR, mitral regurgitation; mAFP, microaxial flow pump; MCS, mechanical
circulatory support; RV, right ventricular; RVAD, right ventricular assist device; VA-ECMO, veno-arterial extracorporeal membrane oxygenation. Device selection should integrate shock
phenotype and trajectory, anticipated degree and duration of support, oxygenation requirements, vascular and anatomical feasibility, local expertise, recovery potential and therapeutic
destination. Technical characteristics are summarised from references 4 and 21 of the manuscript.

mechanical aortic valve prosthesis preclude transvalvular LV output. Dedicated RV support may be provided using an axial-
mAFP support, while vascular anatomy and bleeding risk may
further limit feasibility (4, 7).

Predominant RV failure requires a different support strategy

flow device such as the Impella RP or a centrifugal-flow RV
assist configuration with a dual-lumen ProtekDuo® cannula
(21). These devices bypass or unload the failing RV and increase

because isolated LV mAFP support relies on adequate RV ~ pulmonary blood flow and LV preload; an oxygenator may be
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incorporated into selected centrifugal circuits when additional
respiratory support is required.

Veno-arterial extracorporeal membrane oxygenation (VA-
ECMO) provides
exchange and may therefore be considered in refractory or

high-flow circulatory support and gas

profound circulatory failure requiring high-flow support,
particularly when accompanied by biventricular dysfunction or
severe respiratory failure (4, 7). VA-ECMO can be established
centrally or peripherally, although peripheral femoral venous
and arterial cannulation is most common. Venous drainage
unloads the right heart, whereas arterial return restores systemic
perfusion. With peripheral VA-ECMO, however, retrograde
aortic flow may increase LV afterload, resulting in LV
distension, elevated filling pressures, pulmonary congestion and
impaired aortic valve opening (3, 4). Selected patients may
consequently require additional LV unloading.

LV unloading may be considered in the presence of
progressive LV distension, persistent aortic valve closure,
pulmonary oedema, elevated filling pressures or intracardiac/
aortic-root stasis. Unloading may be instituted upfront or as a
these Available

approaches include IABP, which provides modest indirect

rescue strategy when features develop.
unloading; mAFP, which provides active LV unloading; and
transseptal left-atrial drainage or surgical LV venting. Device
choice should balance the required degree of unloading against
procedural complexity and the additional bleeding and vascular
risks of combined-device support. Importantly, evidence
supporting routine LV unloading during VA-ECMO remains
limited, and a universal survival benefit has not been established
(4, 21, 22).

Large-bore arterial cannulation also necessitates careful
assessment of distal limb perfusion, and placement of a distal
perfusion cannula should be considered to reduce limb ischaemia.

Device choice is particularly complex in mixed or evolving
shock phenotypes. In mixed cardiogenic—vasodilatory shock,
increasing mechanical flow alone may not correct hypoperfusion
when reduced systemic vascular resistance remains important
(10). Technical feasibility may further limit the physiologically
preferred device: peripheral arterial disease, aortic pathology, LV
thrombus, mechanical aortic valve prostheses, coagulopathy or
limited vascular access may preclude specific strategies (4, 7).
Final selection should integrate ventricular and respiratory
phenotype, required duration of support, anatomical feasibility,

local expertise and therapeutic destination.

5 Complications in the intensive care
unit

Contemporary randomised controlled trials illustrate the
complication burden of MCS. In DanGer-Shock, moderate or
severe bleeding occurred in 21.8% of patients receiving mAFP
support compared with 11.9% of controls, while limb ischaemia
occurred in 5.6% and 1.1%, respectively (19).

Haemostatic disturbances during MCS are multifactorial and
may promote both bleeding and thrombosis. Contact between
blood and non-endothelialised artificial surfaces activates the
contact coagulation pathway,
promoting thrombin generation and

platelets and complement,

inflammation (23).
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Conversely, prolonged device exposure may result in
consumption of platelets and coagulation factors (4). High shear
stress can additionally impair platelet function and induce an
acquired von Willebrand syndrome through loss of high-
molecular-weight von Willebrand factor multimers (24). In VA-
ECMO, exposure to the oxygenator may promote fibrinolysis,
further contributing to the haemorrhagic phenotype (23).

These device-related mechanisms interact with systemic
inflammation, therapeutic anticoagulation and critical-illness-
related organ dysfunction, including impaired hepatic synthesis
of coagulation factors (21, 23). Consequently, anticoagulation
must be individualised and repeatedly reassessed according to
both thrombotic and haemorrhagic risk (4, 21, 23).

Thrombotic and ischaemic complications result from a
similarly complex interaction between patient- and device-
related factors. Artificial surfaces and abnormal flow patterns
promote coagulation, whereas inadequate flow or blood stasis
may favour intracardiac or circuit thrombosis. Large-bore
arterial access can cause limb ischaemia and vascular injury,
requiring continuous assessment of distal limb perfusion;
antegrade distal perfusion cannula placement should be
considered at peripheral VA-ECMO implantation (4, 21).
Thromboembolic events may also involve the cerebral or
mesenteric circulation. During VA-ECMO, inadequate LV
gjection may result in progressive LV distension and
intracavitary blood stasis, increasing the risk of LV or aortic-
root thrombosis in addition to pulmonary congestion. Selected
patients with LV distension, pulmonary congestion or blood
stasis may consequently require LV unloading (4, 21).

Other complications are device specific. Haemolysis is
particularly relevant with high-speed mAFPs because of shear
stress and may be aggravated by malposition or suction events
(4). Surveillance should include device position and function
together with haemoglobin, lactate dehydrogenase, plasma-free
haemoglobin or haptoglobin when haemolysis is suspected.
Bedside echocardiography is particularly useful for identifying
mAFP malposition and assessing LV distension, thrombus
formation and aortic valve opening during VA-ECMO (21).
Peripheral VA-ECMO may additionally cause differential
hypoxaemia, also known as Harlequin syndrome, when poorly
oxygenated native LV output supplies the upper body whereas
oxygenated extracorporeal flow preferentially perfuses the lower
body.
mechanical injury related to cannula or device malposition

Pump thrombosis, oxygenator dysfunction and
should also be actively considered.

Infectious complications become increasingly relevant with
prolonged intravascular support and are influenced by support
duration and vascular access site rather than by the pump alone
(21). In DanGer-Shock, sepsis with a positive blood culture
11.7% support

compared with 4.5% of controls (19). Strict aseptic management

occurred in of patients receiving mAFP
of cannulation and vascular access sites and a low threshold for
investigation of suspected infection are therefore important,
although routine prophylactic antibiotics are not recommended
for most MCS configurations (21).

Complication prevention and surveillance should begin before
implantation with assessment of vascular anatomy, haemostatic
status, anticoagulation requirements and anticipated duration of
support. should be justified by

Continued  exposure
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haemodynamic benefit or a defined bridge strategy, with daily
reassessment of myocardial recovery, end-organ perfusion,
device-related complications and readiness for de-escalation.
Concomitant use of more than one MCS device may provide
additional haemodynamic benefit but further increases bleeding
and vascular risk (4). When adequate recovery has been
achieved, support should be reduced in a device-specific,
stepwise manner and explantation pursued as soon as clinically
appropriate (21).

6 Evidence gaps and future directions

Important evidence gaps remain regarding MCS in non-AMI
and HF-related CS, optimal timing of implantation, phenotype-
specific device selection and strategies for escalation and de-
escalation. High-quality evidence remains dominated by AMI-
CS, whereas the role of MCS across the heterogeneous spectrum
of HF-CS and other non-ischaemic aetiologies is substantially
less well defined (1, 4). Future studies should therefore avoid
considering CS as a single therapeutic entity and instead identify
populations in whom the physiological effect of a specific device
is most likely to translate into meaningful clinical benefit.

Future clinical trials should move beyond traditional device-
versus-control comparisons towards phenotype- and strategy-
based designs accounting for aetiology, SCAI stage and
trajectory, ventricular and respiratory phenotype, cardiac-arrest
status, neurological prognosis, recovery potential, vascular

feasibility and therapeutic destination, with prespecified
operational haemodynamic and echocardiographic criteria rather
than broad clinical labels.

Relevant questions include when support should be initiated,
when escalation or combined-device support is justified, how
should be and whether

improved device design and complication-prevention strategies

and when support de-escalated,
can reduce bleeding, vascular injury, thrombosis, haemolysis and
infection. Outcomes should extend beyond short-term mortality
to include successful bridging to recovery or advanced heart
replacement therapies, neurological and functional recovery, and
resource use.

Progress will also depend on systems of care capable of
delivering complex decisions rapidly. Multidisciplinary shock
teams and regionalised networks may facilitate early
phenotyping, referral to experienced centres, appropriate device
selection, complication management and transition to advanced
heart failure therapies, although the evidence supporting these
organisational strategies remains predominantly observational (1,
21, 25). MCS should therefore be regarded not as an isolated

procedure but as one component of a coordinated and
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