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Low cardiac output syndrome; immediate post-operative period despite optimal medical therapy. With an incidence
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T?"‘P°rary mechanical utilization. This review explores the pathophysiology of PCCS while emphasizing
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systemic effects of extracorporeal circulation. It also discusses key diagnostic tools
for PCCS including echocardiography, pulmonary artery catheters, vasoactive
inotropic scores (VIS), and lactate clearance, which facilitate early recognition and
management. Treatment pathways centred on temporary mechanical circulatory
support (tMCS), tailored to clinical scenarios such as the inability to wean from
CPB or refractory LCOS. The pivotal role of the multi-disciplinary Heart Team in
decision-making, collaboration, and patient-centred care is highlighted. Finally,
weaning protocols and considerations for long-term outcomes are discussed,
underscoring the need for timely interventions and a personalized approach.
Advances in PCCS management continue to evolve, aiming to improve survival and
long-term outcomes for this high-risk population.
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Introduction

Post-cardiotomy heart failure, or post-cardiotomy
cardiogenic shock (PCCS), is a critical and potentially life
threatening condition characterized by persistent low
cardiac output syndrome (LCOS) that manifests either as
an inability to wean from cardiopulmonary bypass (CPB)
or as severe cardiac dysfunction in the immediate
post-operative period despite optimal medical therapy.'-?
Similar to classic heart failure, PCCS presents with
left, right, or bi-ventricular impairment and is often
accompanied by pulmonary congestion. The aetiology of
PCCS is multi-factorial and can stem from pre-existing
heart failure exacerbated by surgical trauma or can
develop acutely due to intra-operative factors such as
inadequate myocardial protection or iatrogenic induced
myocardial ischaemia, as well as to factors and conditions
protracting or occurring in the early post-operative phase
(uni- or bi-ventricular failure, tamponade, de novo
ischaemia, and others).?

Several predisposing factors contribute to the
development of PCCS, including advanced age, higher body
mass index, pre-operative ventricular dysfunction, recent
myocardial infarction, renal insufficiency, emergent or
re-operative procedures, and prolonged bypass or aortic
cross-clamp times.?® These factors highlight the intricate
inter-play between patient-specific vulnerabilities and
surgical complexities, making PCCS a challenging condition
to predict and manage.

The clinical and economic burden of PCCS is substantial.
It is associated with increased morbidity, high short- and
long-term mortality rates, and significant healthcare
resource utilization. Its incidence ranges from 2 to 20%,
depending on the underlying disease and the type of
surgery. Persistent LCOS carries a grim prognosis with
near-zero survival rates if not properly treated.
However, timely application of temporary mechanical
circulatory support (tMCS) has shown promise, improving
survival rates to between 25 and 42%.%48

Predicting outcomes for PCCS patients treated with
tMCS remains a complex task. Scoring systems, such as
the SAVE (survival after veno-arterial extracorporeal
membrane oxygenation) and REMEMBER (predicting
mortality in  patients undergoing veno-arterial
extracorporeal membrane oxygenation after coronary
artery bypass grafting) scores, have been developed to
aid in prognostication.”'" The SAVE score predicts
survival to hospital discharge of patients supported by
veno-arterial extracorporeal membrane oxygenation
(VA-ECMO). It assesses factors such as age, body weight,
shock aetiology, respiratory, and cardiac and organ
function pre-ECMO support. However, this score was not
meant to be specifically applied to PCCS.°"" Though the
REMEMBER score was also created to predict in-hospital
mortality of PCCS, it has only been validated for patients
undergoing CABG. This score is calculated based on
pre-ECMO parameters including age, type of coronary
artery disease, inotropic score, and laboratory values.
The REMEMBER score has demonstrated better predictive
performance compared with alternatives such as SAVE,
sequential organ failure assessment, ENCOURAGE, and
EuroSCORE. However, its limited validation restricts
its generalizability. Ultimately, the success of PCCS
management hinges on early recognition, appropriate

patient selection, and timely initiation as well as
selection of tMCS. These elements remain central to
improving outcomes and advancing care for this high-risk
patient population.

Clinical scenarios in post-cardiotomy
cardiogenic shock

Post-cardiotomy cardiogenic shock can manifest in
two distinct clinical scenarios: either as the inability to
wean from CPB or as refractory LCOS after CPB
(intra-operatively or post-operatively in the intensive
care unit). The central challenge in both cases is timely
identification of patients whose cardiac function is
unlikely to recover rapidly, necessitating prompt
escalation to tMCS. Both clinical scenarios are reviewed
in more detail below.

Scenario I: inability to wean from
cardiopulmonary bypass

When patients fail to wean from CPB, a systematic
re-assessment of potential contributing factors is
essential to optimize the clinical situation and guide
management decisions: "%

o Electrocardiography: Evaluate for arrhythmias,
ischaemic changes, or other abnormalities.

» Transoesophageal echocardiography: Assess valve
competence, ventricular function, and regional
movement disorders.

* Mechanical ventilation and bronchoscopy: Monitor tidal
volumes, lung compliance, and identify signs of
pulmonary congestion or atelectasis.

« Blood gas analysis: Identify metabolic derangements
and signs of impaired ventilation or oxygenation.

» Bleeding and coagulopathy: Address surgical bleeding
or coagulopathy through revision or supportive
measures.

» Reperfusion: Prolonged reperfusion time and strategies
to optimize cardiac unloading should be evaluated.

» Appropriateness of the surgical procedure: Evaluate
whether residual valve dysfunction, incomplete or
failing revascularization, or newly unfavourable
haemodynamic conditions secondary to the surgical
intervention might be responsible and amenable.

If repeated weaning attempts fail despite addressing
these factors and optimizing medical therapy, an
immediate transition to tMCS is warranted. These devices
can provide haemodynamic stabilization, facilitate
myocardial recovery, or serve as a bridge to permanent
support devices or heart transplantation.

Scenario ll: refractory low cardiac output
syndrome after cardiopulmonary bypass

For patients who develop LCOS after initial successful
weaning from CPB (either in the operating room or in the
intensive care unit), additional tools and considerations
are necessary to guide management:'>""”

« Invasive cardiac monitoring: Devices, like PiCCO or
Swan-Ganz catheters, provide detailed haemodynamic
data, including cardiac output, ventricular filling
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pressures, and pulmonary artery pressures. These
metrics are critical for tailoring therapeutic
interventions.

o Selection of tMCS: The choice of tMCS modality (left,
right, or bi-ventricular support) should be based on
the type and severity of ventricular dysfunction. If the
specific mechanism of pump failure cannot be
determined, starting with bi-ventricular support and
de-escalating to univentricular support should be
considered.

Timing and cannulation are key principles for tMCS
initiation in LCOS, which mirror those for other critical
conditions. As such, early initiation of tMCS, ideally
before significant end-organ injury or the onset of
anaerobic metabolism (lactate level <4 mmol/L), is
crucial. Moreover, central cannulation may be feasible in
the intra-operative setting, providing rapid access to
support, although it was shown to be associated with
higher peri-operative mortality due to higher extent of
post-operative bleeding.'®' Table 1 provides treatment
recommendations for high-risk patients with LCOS.
Additional fundamental concepts surrounding
pre-emptive tMCS in such conditions are addressed in a
specific paragraph below.

Right ventricular support

Right ventricular (RV) function is governed by three key
factors: pre-load (volume status), contractility, and
afterload. Managing RV dysfunction requires careful
optimization of these parameters to stabilize
haemodynamics and prevent further deterioration.
Hypotension should be avoided, and inotropes,
inodilators, or vasodilators (although typically avoided
in patients with shock) should be used to support
contractility and reduce RV afterload. Initial treatment
of RV dysfunction or failure focuses on resolving the
underlying cause, such as RV ischaemia, left heart
failure, acute pulmonary embolism, pleural effusions,
or ascites, while optimizing RV pre-load.3¢3’

Adequate oxygenation and RV perfusion pressure
are essential for maintaining RV contractility. Inotropic
agents, including dobutamine, milrinone, and
epinephrine, are commonly used to support RV function.
To reduce RV afterload, it is important to correct
hypoxaemia, acidosis, hypercapnia, and hypothermia, as
well as to avoid elevated intra-thoracic pressures that
can increase pulmonary vascular resistance.3®3°
Pulmonary vasodilators, such as inhaled nitric oxide or
iloprost, intravenous epoprostenol or milrinone, and oral
agents like sildenafil or bosentan, can further reduce
pulmonary vascular resistance.*>*' However, their use
must be carefully considered in patients with pulmonary
hypertension due to left ventricular (LV) failure, as they
may exacerbate LV volume overload. In such cases,
bi-ventricular support should be considered.

For patients with ongoing RV failure despite maximal
medical therapy, temporary mechanical RV support may
be necessary. Right ventricular ventricular assist devices
(VADs), such as the extracorporeal life support with
pulmonary artery cannulation with single-lumen or
double-lumen (Protek Duo) cannula, Impella RP, or
surgically implanted RV assist device (RVAD) such as

Table 1 Approach recommendations for patients with
high-risk for peri-procedural low cardiac output syndrome?®

Class of
recommendation®

Recommendations

It is recommended that the type and |
modality of tMCS should be
discussed by an inter-disciplinary
team (Shock Team) based on
haemodynamic conditions, patient
characteristics, and prognosis?®-22
Significant comorbidities, advanced lla
age, elevated lactate levels, and
renal injury are risk factors
associated with death and should
be considered prior to initiation of
tMCSZO,23,Z4
In patients with structural cardiac lIb
anomalies (post-AMI VSD, papillary
muscle rupture, or ventricular wall
rupture) and haemodynamic,
respiratory, or metabolic
compromise, refractory to optimal
medical therapy, the implantation
of a pre-operative tMCS may be
considered as a bridge to
corrective procedure?>-28
In patients at high-risk of lla
post-procedural LCOS,
intra-operative implantation of
tMCS should be considered to
facilitate CPB weaning and the
peri-operative course as a bridge-
to-recovery?>2%-33
When the likelihood of myocardial |
recovery is low, post-procedural
tMCS is recommended in patients
eligible for HTx or dMCS2%:23
When experiencing difficulty in |
weaning from CPB, early
implementation of tMCS is
recommended?%-24:34
In patients in cardiogenic shock with IIb
irreversible cardiomyopathy, who
are candidates for HTx or dMCS,
tMCS may be considered as a
bridging strategy?®%

AMI, acute myocardial infarction; CPB, cardiopulmonary bypass; dMCS,
durable mechanical circulatory support; HTx, heart transplantation;
LCOS, low cardiac output syndrome; tMCS, temporary mechanical
circulatory support; VSD, ventricular septal defect.

2Adapted from the study by Lorusso et al.>®

b1, is recommended/is indicated; lla, should be considered; Ilb, may be
considered; lll, is not recommended.

TandemHeart (TH-RVAD), can provide effective support
by reducing the need for vasopressors and inotropes,
improving oxygen delivery, and lowering serum lactate
levels, which reflect better systemic perfusion.*3
Durable RVADs in these cases are not advisable, based on
the more complex patient management, higher costs,
and limited availability, making tMCS more suitable for
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Table 2 Recommendations for temporary mechanical
circulatory support implant for post-procedural low cardiac
output syndrome?

Class of
recommendation®

Recommendations

In patients with RV failure, intrinsic |
RV failure should be managed with
optimization of the patient’s heart
rate (ideally sinus rhythm)
optimizing volume status and
reducing RV afterload with the
pulmonary vasodilators and
inotropic agents

LV failure may lead to pulmonary |
hypertension, which should
initially be treated by LV support
and eventually RV support

In patients with post-procedural |
LCOS and potential for
haemodynamic recovery, tMCS is
recommended*¢-*°

In patients with post-procedural |
LCOS without potential for
haemodynamic recovery, but
eligible for dMCS/HTx, tMCS is
recommended?®:34

In patients with no likelihood of 1
myocardial recovery and not
eligible for dMCS/HTx, tMCS is not
recommended?®-3

For tMCS eligible patients who cannot |
be weaned from CPB despite
optimal therapeutic measures,
immediate transition to tMCS is
recommended?*47-4°

CPB, cardiopulmonary bypass; dMCS, durable mechanical circulatory
support; HTx, heart transplantation; LCOS, low cardiac output
syndrome; tMCS, temporary mechanical circulatory support.

2Adapted from the study by Lorusso et al.>®

b|, is recommended/is indicated; Ila, should be considered; lib, may
be considered; lll, is not recommended.

such situations. However, in cases of venous pulmonary
hypertension secondary to LV failure, cautious use of
pulmonary vasodilators and escalation to bi-ventricular
support may be required to avoid further deterioration
of LV haemodynamics.***> Table 2 provides treatment
recommendations for patients with post-procedural LCOS.

Post-cardiotomy cardiogenic
shock—pathophysiology

Post-cardiotomy cardiogenic shock, like other forms of
cardiogenic shock, is characterized by severe myocardial
contractile impairment leading to pre-cardiac blood
stasis and organ congestion, reduced organ and tissue
perfusion, and a mismatch between oxygen delivery
and demand (Figure 1).%° The extent of surgical damage
is influenced by the complexity of the procedure and the
patient’s pre-existing cardiac anatomy, function, and
comorbidities. These factors critically determine the
heart’s resilience to surgical stress.>! Cardioplegia,

intended to protect the heart during surgery, plays a
pivotal role in mitigating ischemia-reperfusion injury.
However, its efficacy can be compromised by conditions
such as cardiac hypertrophy or limited functional reserve,
potentially contributing to myocardial stunning.>'>3

Extracorporeal circulation (ECC) triggers an inflammatory
response proportional to its duration.>* This response
induces a cytokine-mediated myocardial hibernation
and stunning and is regularly accompanied by systemic
vasodilatation.  Unlike classical acute myocardial
infarction-related cardiogenic shock that typically presents
with elevated systemic vascular resistance, PCCS is often
associated with decreased systemic vascular resistance
due to increased vasodilatation. Moreover, up to 50% of
patients with PCCS experience vasodilatory shock,
characterized by the dual challenges of myocardial
stunning and systemic vasodilatation.>® This unique
haemodynamic profile underscores the critical role of tMCS
in managing PCCS.

Effective management of PCCS requires not only
restoration of cardiac output but also maintenance of
adequate perfusion pressure to ensure end-organ
perfusion. Post-cardiotomy cardiogenic shock most
commonly arises after CABG or valve replacement
surgery.’® Importantly, the RV is implicated in most cases
with 47% involve LV failure, 13% isolated RV failure, and
40% bi-ventricular failure.®® These patterns are essential
considerations when selecting the appropriate tMCS
device for each patient.

Post-cardiotomy cardiogenic
shock—diagnostics, immediate monitoring

Patients with evolving or manifest PCCS require
meticulous monitoring to ensure timely diagnosis and
stage-dependent interventions, which are crucial for
patient survival. Four key pillars underpin the diagnosis
and monitoring of PCCS and will be described below:
echocardiography, pulmonary artery catheter (PAC)
data, vasoactive inotropic score (VIS), and serial lactate
measurements.

Echocardiography

Echocardiography is indispensable for diagnosing and
managing PCCS. It provides rapid, essential anatomical
and functional information, including assessment of LV
and RV function, filling pressures, and regional wall
motion abnormalities. Additionally, it identifies
potentially reversible causes of low cardiac output, such
as haematoma, pericardial effusion, or prosthetic valve
dysfunction, informing strategic management decisions.>”

Pulmonary artery catheter

Use of a PAC offers continuous, detailed haemodynamic
monitoring, providing information on cardiac output, RV
and LV filling pressures, pulmonary pressures, and mixed
venous oxygen saturation. Advanced PAC models with
rapid response thermistors provide additional insights
into RV end-diastolic volume and the ejection fraction.
These data are vital for identifying candidates for tMCS
escalation, guiding tMCS therapy, and managing weaning
strategies.®® Evidence indicates improved outcomes in
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Figure 1 Cardiogenic shock and organ failure. PCCS, post-cardiotomy cardiogenic shock; AMI, acute myocardial infarction; CS, cardiogenic shock.

cardiogenic shock patients managed with PAC,
underscoring its importance in both early diagnostic and
long-term PCCS management.>®

Vasoactive inotropic score

Vasoactive inotropic score quantifies inotropic and
vasoactive support, serving as a surrogate marker for
shock severity. While specific VIS cut-off values for
PCCS are not yet validated, incorporating VIS into
management algorithms has been associated with
better survival outcomes in both PCCS and non-PCCS
patients.>%-¢°

Lactate

Despite its limited specificity, lactate remains an invaluable
biomarker in PCCS management.?®%"%3 Absolute lactate
values and clearance rates at 12 and 24 hours (h) are
strongly correlated with mortality risk in PCCS patients
treated with veno-arterial extracorporeal life support
(ECLS).%*®* Serial lactate measurements also facilitate
prognostication and early decision-making. While specific
short-term lactate clearance thresholds for PCCS have yet
to be established (although the alerting threshold of
4mmol/L has been proposed),® evidence from patients
without PCCS suggests that 90-min lactate clearance is a
valuable prognostic parameter and may guide early
interventions.®®

Treatment options and decision-making

The treatment of PCCS requires a nuanced and vigilant
approach, as treatment strategies remain debated and
largely based on expert consensus. Post-cardiotomy
cardiogenic shock management is time sensitive and
should often start pre-operatively with thorough risk
assessment and close monitoring of systemic perfusion.
Preparing for the potential need for tMCS in high-risk
patients is critical, alongside intra-operative monitoring of
myocardial function post-CPB. Insights gained during the
procedure can help anticipate and mitigate the risk of PCCS.

Initial management often involves optimizing inotropic
and vasopressor therapy to stabilize cardiac function.
However, many patients fail to stabilize, necessitating
timely escalation to tMCS. Intra-operative transition
to tMCS from CPB is common, particularly in patients
unable to achieve adequate myocardial recovery. In
cases of post-CPB cardiac deterioration after initial
weaning, tMCS implantation is initiated post-operatively.
Importantly, tMCS should be introduced before severe
end-organ malperfusion, or ischaemia ensues, as these
conditions are key predictors of mortality in PCCS. Early
MCS initiation, however, has been associated with
markedly improved outcomes. 36567

Despite its debated efficacy, an intra-aortic balloon pump
(IABP) is often considered as an early intervention due to its
ease of use and favourable safety profile. However, the
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benefits of IABP remain controversial, and its limited
capacity to reverse shock often necessitates escalation to
more robust options like ECMO.%87° Veno-arterial ECMO is a
cornerstone treatment for PCCS, though the choice of
cannulation site remains a topic of debate. A recent
matched meta-analysis reported that central ECMO
cannulation was linked to higher in-hospital mortality
compared with peripheral cannulation (64.5 vs. 70.8%, P=
0.027)." Current consensus guidelines from the European
Association for Cardio-Thoracic Surgery, Extracorporeal
Life Organization, the Society of Thoracic Surgeons, and
the American Association for Thoracic Surgery recommend
peripheral cannulation as the preferred method for
initiating or transitioning to ECMO in PCCS patients.*
Furthermore, recent single-centre studies highlight the
benefits of combining ECMO with micro-axial pump devices
like the Impella for ventricular unloading in eligible
patients. This approach has been shown to significantly
reduce early mortality and is emerging as a promising
strategy for improving outcomes in these patients.>”"72

Effective PCCS management extends beyond tMCS
alone. It requires careful management of bleeding risks,
optimization of coagulation parameters, and proactive
mitigation of potential complications associated with
tMCS. A comprehensive, multi-disciplinary, and holistic
approach that integrates these considerations is
essential for improving outcomes in this high-risk patient
population (Figure 2).

Practicing a new concept of temporary
mechanical circulatory support in cardiac
surgery: prophylactic cardio-circulatory
assistance to reduce post-cardiotomy
cardiogenic shock

Current cardiac surgery practice is facing a substantial
change in the patient profile. Indeed, more urgent/
emergent cases, older patients, surgical candidate
with more pre-operative comorbidities, and more
complex procedures such as re-operations, multiple
interventions, patients with more compromised cardiac
function, and more frequent chronic cardiovascular
diseases are increasingly performed. As such, these
clinical scenarios are challenging for the surgical team
and the other professionals care takers in the
peri-operative phases. There is mounting evidence that
the concept consistently applied to high-risk patients
undergoing percutaneous coronary intervention (PCl),
known as protected PCl,”>”* may be beneficial in cardiac
surgery patients as well.

The prophylactic approach used in protected PCI might
be applied differently in the scenario of cardiac surgery.
Indeed, in interventional cardiology, this pre-emptive
cardio-circulatory approach is mainly used during the
planned PCl procedure to prevent or reduce
shortcomings, such as LCOS or even myocardial
ischaemia. In cardiac surgery, however, this prophylactic
approach might be extended from the immediate
pre-operative to the early post-operative phases.

In some cases, potential surgical candidates might
approach the surgical procedure in sub-optimal or
even critical haemodynamic, respiratory, and metabolic
conditions putting the intra-operative and post-operative

course for complication occurrence at greater risk. In such
situations, it has been shown that a prophylactic,
pre-conditioning approach, meant to stabilize and correct
haemodynamic organ function and metabolic impairment,
might favour the post-operative course.?”*° Following a
similar concept, patients undergoing cardiac surgical
procedures with a high-risk profile for peri-operative LCOS
might benefit from timely support beginning in the
operating room and a limited peri-operative time (usually
24-48 h) allowing a smoother recovery from the surgical
stress.>>* This is even more important in cases of
unexpected intra-operative cardiac dysfunction, in which
timely prophylactic support applied in a protected
environment, and avoidance of vasoactive drugs (inotropes
and vasoconstrictors) known to be associated with
unfavourable peri-operative events would be beneficial.®®
The patient selection, strategy planning, and
peri-operative management should account for a careful
and dedicated multi-disciplinary team discussion which, in
very complex and high-risk patients, should include also a
palliative team involvement to assess escalation or futility
in case of severe complications and need for more
advanced heart therapies.®®> Conditions related to
pre-emptive approach are shown in Tables 1 and 2.

Therole of the Heart Team in decision-making
for patients with post-cardiotomy
cardiogenic shock

Percutaneous insertion
The Impella CP device is normally inserted percutaneously
via the left or right femoral artery. As in elective
cases, careful planning of the access site is essential
even in emergencies to minimize complications. This can
be achieved using vascular ultrasound, computed
tomography (CT), or conventional angiography. While
pre-procedural CT is often not feasible in emergencies,
ultrasound-guided puncture of the femoral artery or
angiographically guided insertion is recommended.”® A
recent study comparing fluoroscopy-guided with
ultrasound-guided access for large-bore transfemoral
procedures found no significant reduction in clinically
relevant bleeding or vascular access site complications
with ultrasound-guided puncture.”® Limitations of
ultrasound include its unavailability in some
catheterization laboratories and reduced visualization in
patients with obesity. Therefore, combining ultrasound-
guided puncture with angiographic visualization is
recommended using a 4-6 Fr femoral sheath and
catheter to map the femoral bifurcation and iliac
arteries before inserting the Impella sheath. Following
femoral artery puncture, serial pre-dilation with dilators
from the Impella kit is recommended, followed by an
insertion of the 14 Fr Impella sheath over a stiff
guidewire. The device is then advanced over the
guidewire positioned in the left ventricle apex via a 5 Fr
pigtail catheter. In cases where femoral access is
unsuitable and for using Impella 5+, surgical trans-
axillary insertion of the Impella device is used.”” This
procedure requires surgical cutdown and fluoroscopic or
echocardiographic guidance (Figure 3A-C).

The management of acute and chronic heart failure,
particularly in patients with PCCS, remains a complex
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POST-CARDIOTOMY CARDIOGENIC SHOCK MANAGEMENT

TREATMENT
CONSIDERATIONS
FOR PCCS

Shock profile
(LV, RV, or Bi-V)

Presence of
mechanical
complications

Presence of
arrhythmias

PREOPERATIVE

Significant risk for PCS

Risk Factor:

Low LVEF

Prior cardiac surgery

Age <60

Acute onset cardiovascular disease
Acute endocarditis

Prior Ml/history of CAD

Acute renal insufficiency
Urgent/emergent operation

INTRAOPERATIVE

Difficulty weaning from CPB

SBP <%0
Lactate increase by 50% in 2 consecutive
measurements over 30 min or >72 mg/d|
VIS score >30
VIS score >20 and
Cl, 2.2 L/min/m?
PCWP >16 mmHg and/or CVP >20 mmHg
Pulmonary edema with PCWP >16 mmHg
>50% reduction of LV/RV EF compared to
preop
SVO, or ScvO, <50% in two consecutive
measurements over 30 min

POSTOPERATIVE

LV or RV or Bi-V dysfunction
cardiac arrest

Echo assessment: valve
function or WMA
Surgical correction/
revascularization
Tamponade assessment

Preoperative MCS
bridge to surgery:

Assess recovery of end organ
damage

VA-ECMO/Impella CP or 5.5

|IABP only if partial support
required

LV dysfunction:

VA-ECMO or Impella 5.5 or
ECMELLA

RV dysfunction:
VA-ECMO or ECMELLA or V-PA

Bi-V dysfunction:

VA-ECMO or Impella 5.5 or
BiPella* or ProPella"if no hypoxia

RV:

Dilation

Low Contractility
PAPi < 0.9

CVP > 15

TAPSE < 1.4

CentriMag or RVAD or Impella
RP-RPJ or ProtekDuo or
VA-ECMO if hypoxia

Low EF
Low contractility

Impella 5.5
ECMELLA if hypoxia

Figure 2 Post-cardiotomy cardiogenic shock management. PCCS, post-cardiotomy cardiogenic shock; LV, left ventricular; RV, right ventricular; Bi-V,
bi-ventricular; PCS, post-cardiotomy shock; LVEF, left ventricular ejection fraction; MI, myocardial infarction; CAD, coronary artery disease; SBP, systolic
blood pressure; VIS, vasoactive inotropic score; Cl, cardiac index; PCWP, pulmonary capillary wedge pressure; EF, ejection fraction; SVO,, mixed venous
oxygen saturation; ScvO,, central venous oxygen saturation; WMA, wall motion abnormality; MCS, mechanical circulatory support; VA-ECMO, veno-arterial
extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; ECMELLA, combined extracorporeal membrane oxygenation and Impella; V-PA,
venous pulmonary artery; PAPi, pulmonary artery pulsatility index; CVP, central venous pressure; TAPSE, tricuspid annular plane systolic excursion; RVAD,

right ventricular assist device; CBP, cardiopulmonary bypass.

and widely debated challenge. Advanced age and
comorbidities elevate the risk profiles of these patients,
pushing the boundaries of traditional treatment
paradigms. Over the past two decades, advancements in
treatment modalities such as ECLS for short-term
support and LV assist devices as destination therapy have
significantly improved patient outcomes. More recently,
micro-axial pump flow devices like the Impella have
demonstrated efficacy in providing haemodynamic
support for patients with severe LV dysfunction, enabling
timely interventions in critical care settings.

Given the multi-faceted nature of these cases, the
Heart Team model has become integral to modern cardiac

care. The multi-disciplinary approach, comprising of
cardiologists, cardiac surgeons, interventionalists, and
anaesthesiologists, facilitates comprehensive patient
assessments and consensus-driven decision-making. By
leveraging the collective expertise of multiple
specialities, the Heart Team enables personalized
treatment pathways tailored to each unique condition of
patients. This collaborative model is increasingly
recognized as best practice in managing complex cardiac
cases, including PCCS.

The Heart Team approach is instrumental in achieving
optimal possible outcomes for high-risk cardiac patients.
By fostering inter-disciplinary collaborations, it enables
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Figure 3 Surgical trans-axillary insertion of the Impella 5.5 device. Surgical trans-axillary Impella insertion by surgical cutdown (A) and fluoroscopy (B) and/

or echocardiographic (C) guidance.

the selection and implementation of the most appropriate
therapies, whether interventional, surgical, or hybrid. For
patients with advanced valvular or coronary disease with
impaired LV ejection fraction (LVEF), the Heart Team’s
input is crucial in refining treatment strategies and
aligning them with the latest advancements. This model
not only enhances survival rates but also aims to improve
the quality of life for patients by promoting precise,
innovative, and co-operative care planning.

Patients with complex coronary artery or valvular
diseases, particularly those with impaired LV function
undergoing elective, urgent, or emergent procedures,
represent a significant proportion of the global burden of
PCCS and heart failure. These conditions contribute to
millions of deaths annually, emphasizing the importance of
identifying optimal therapeutic strategies. However,
despite advancements, controversies persist regarding the
best approach for managing such high-risk cases.
Catheter-based interventions have emerged as a viable
alternative to traditional surgery for certain cardiac
pathologies, though their efficacy in complex cases
remains a topic of debate. To address these challenges,
the Heart Team approach must continue to evolve.
Supporting innovation, embracing emerging technologies,
and refining collaborative strategies are essential for
advancing patient care.

Weaning

Weaning from tMCS is a critical yet challenging step in
device management. Early explantation is preferred

when feasible, carefully balancing the risks of continued
tMCS support (e.g. limb ischaemia, stroke, haemolysis,
bleeding, and deconditioning) against its benefits.
However, only 30-70% of patients with cardiogenic shock
undergoing tMCS therapy can be successfully weaned.”®
This highlights the importance of a standardized weaning
protocol with criteria to predict successful weaning
outcomes. Unfortunately, data supporting such protocols
from large cohorts remain limited.”®

Except for specific scenarios like drug intoxication or
hypothermia, the first weaning attempt is generally
delayed until at least 72 h post-tMCS implantation. This
delay allows for recovery of end organs and the potentially
stunned myocardium. The underlying aetiology of
cardio-circulatory dysfunction must be compatible with
myocardial recovery (e.g. acute myocarditis or acute
myocardial infarction).

Step 1: assessing readiness to wean
Daily assessment of readiness to wean is essential to
determine whether patients are candidates for weaning.
Readiness is defined by clinical, haemodynamic, metabolic,
and imaging improvements resulting from tMCS-induced
perfusion support and ventricular unloading.”” While the
acceptable degree of pharmacological support during
weaning is debated, low levels of catecholamines,
indicative of improved intrinsic myocardial function, are
associated with improved outcomes.

Echocardiography input is indispensable during this
stage. Key parameters and thresholds for indicating
readiness for weaning include the following: aortic
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velocity time integral >10 cm, LVEF >20-25%, and lateral
mitral annulus peak systolic velocity >6 cm/s.%°

Step 2: weaning trials

Once readiness is established, the second step involves an
intentional and controlled reduction in blood flow
delivered by the tMCS device, referred to as a weaning
trial. This step evaluates the native heart’s ability to
maintain adequate circulatory support. Typically, a
weaning trial is deemed successful when a patient has
minimal tMCS support for greater than 8 h indicating
readiness for permanent device removal.

Step 3: optimizing weaning outcomes
Pharmacological agents like levosimendan have shown
potential to improve weaning success in patients with
ECMO, and their integration into weaning strategies is
under discussion.®" Invasive monitoring tools, such as the
Swan-Ganz catheter, may also offer valuable insights
into LV pre-load (pulmonary capillary wedge pressure)
and RV afterload (mean pulmonary artery pressure),
although more evidence is needed to establish their role
during weaning.

For patients deemed unsuitable for tMCS removal, a
multi-disciplinary team discussion is crucial to optimize
patient conditions and re-assess treatment strategies.
Repeating the weaning trial after 48 h should be
considered. When prospects for successful weaning are
poor, especially in patients on ECMO for more than
1-week, alternative pathways, such as palliation,
escalation or modification of support, or long-term VAD
or heart transplant should be considered.®?

Conclusions

Post-cardiotomy cardiogenic shock represents a significant
challenge in cardiac surgery, requiring prompt diagnosis
and tailored interventions. Effective management hinges
on understanding the multi-factorial pathophysiology,
employing advanced diagnostic tools, and initiating tMCS
to stabilize patients and prevent end-organ damage.
Multi-disciplinary collaboration via the Heart Team model
is critical for optimizing treatment pathways and
improving outcomes, while the advances in tMCS devices,
diagnostic modalities, and individualized weaning
protocols continue to refine care strategies, offering
improved survival and quality of life for patients with PCCS.

Acknowledgements

This manuscript is one of nine manuscripts published as a
Supplement to address Mechanical Circulatory Support in
Special Settings and the importance of the Heart Team
Approach. JetPub Scientific Communications, LLC,
provided editorial assistance to the authors during
preparation of this manuscript.

Funding

This paper was published as part of a supplement
financially supported by Abiomed Europe GmbH.

Conflict of interest: S.0. has received institutional research and
study funds from Novartis Pharma GmbH; educational grants,
speaker fees, travel cost re-imbursement, and advisory board
fees from Abiomed GmbH. A.H. has received honoraria for
presentations. J.L. has received grants or contracts and
payment or honoraria for lectures, presentations, speakers,
bureaus, manuscript writing, or educational events from
Abiomed (Johnson & Johnson), Boston Scientific, and
Shockwave Medical; support for attending meetings and/or
travel from Abiomed (Johnson & Johnson). K.P. has received
payment or honoraria for lectures and presentations from
Abiomed Europe GmbH and Getinge AB. S.-E.S. has received
payment or honoraria for lectures, presentations, and/or
speaker fees from Abiomed. R.L. has received research grant,
consulting fees paid to the university, and receipt of material
for animal experiments from Medtronic and LivaNova; speaker
fees from Abiomed and support for attending meetings and/or
travel as a part of the consulting contract from Medtronic;
participation on a Data Safety Monitoring Board or Advisory
Board (paid to the institution) from Eurosets and Xenios. The
remaining authors have no disclosures.

Data availability

No new data were generated or analysed in support of this
research.

References

1. Akbik B, Chou LCP, Gorthi J. Extracorporeal membrane oxygenation in
postcardiotomy cardiogenic shock. Methodist DeBakey Cardiovasc J
2023;19:66-73.

2. Hall EJ, Papolos Al, Miller PE, Barnett CF, Kenigsberg BB. Management
of post-cardiotomy shock. US Cardiol 2024;18:e11.

3. Guihaire J, Dang Van S, Rouze S, Rosier S, Roisne A, Langanay T et al.
Clinical outcomes in patients after extracorporeal membrane
oxygenation support for post-cardiotomy cardiogenic shock: a
single-centre experience of 92 cases. Interact Cardiovasc Thorac
Surg 2017;25:363-369.

4. Alba AC, Foroutan F, Buchan TA, Alvarez J, Kinsella A, Clark K et al.
Mortality in patients with cardiogenic shock supported with VA
ECMO: a systematic review and meta-analysis evaluating the impact
of etiology on 29,289 patients. J Heart Lung Transplant 2021;40:
260-268.

5. Nersesian G, Ott S, Fardman A, Lanmueller P, Lewin D, Bernhardt A
et al. Temporary mechanical circulatory support in cardiogenic
shock patients after cardiac procedures: selection algorithm and
weaning strategies. Life (Basel) 2023;13:2045.

6. Schlapbach LJ, Kelly-Geyer JF, Moynihan K, Schoonen A. Definitions of
low cardiac output syndrome after cardiac surgery and their effect on
the incidence of intraoperative LCOS: a literature review and cohort
study. Front Cardiovasc Med 2022;9:926957.

7. Khorsandi M, Shaikhrezai K, Prasad S, Pessotto R, Walker W, Berg G
et al. Advanced mechanical circulatory support for post-cardiotomy
cardiogenic shock: a 20-year outcome analysis in a non-transplant
unit. J Cardiothorac Surg 2016;11:29.

8. Corujo Rodriguez A, Richter E, Ibekwe SO, Shah T, Faloye AO.
Postcardiotomy shock syndrome: a narrative review of perioperative
diagnosis and management. J Cardiothorac Vasc Anesthes 2023;37:
2621-2633.

9. Chen W-C, Huang K-Y, Yao C-W, Wu C-F, Liang S-J, Li C-H et al. The
modified SAVE score: predicting survival using urgent veno-arterial
extracorporeal membrane oxygenation within 24 hours of arrival at
the emergency department. Crit Care 2016;20:664-673.

10. Sudarsanan S, Sivadasan P, Chandra P, Omar AS, Gaviola Atuel KL, Ulla
Lone H et al. Comparison of four intensive care scores in predicting
outcomes after venoarterial extracorporeal membrane oxygenation:
a single-center retrospective study. J Cardiothorac Vasc Anesth
2025;39:131-142.



Current insights on tMCS in adults

iv21

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Wang L, Yang F, Wang X, Xie H, Fan E, Ogino M et al. Predicting
mortality in patients undergoing VA-ECMO after coronary artery
bypass grafting: the REMEMBER score. Crit Care 2019;23:11.
Vakamudi M. Weaning from cardiopulmonary bypass: problems and
remedies. Ann Card Anaesth 2004;7:178-185.

Baran DA, Jaiswal A, Hennig F, Potapov E. Temporary mechanical
circulatory support: devices, outcomes, and future directions.
J Heart Lung Transplant 2022;41:678-691.

Randhawa VK, Al-Fares A, Tong MZY, Soltesz EG, Hernandez-Montfort
J, Taimeh Z et al. A pragmatic approach to weaning temporary
mechanical circulatory support. JACC Heart Fail 2021;9:664-673.
Nakata J, Yamamoto T, Saku K, Ikeda Y, Unoki T, Asai K et al.
Mechanical circulatory support in cardiogenic shock. J Intensive Care
2023;11:64.

Rali AS, Butcher A, Tedford RJ, Sinha SS, Mekki P, Van Spall HG et al.
Contemporary review of hemodynamic monitoring in the critical
care setting. US Cardiol 2022;16:e12.

Keller SP, Whitman GJR, Grant MC. Temporary mechanical circulatory
support after cardiac surgery. J Cardiothora Vasc Anesth 2024;38:
2080-2088.

Kowalewski M, Zielinski K, Maria Raffa G, Meani P, Lo Coco V, Jiritano F
et al. Mortality predictors in elderly patients with cardiogenic shock on
venoarterial extracorporeal life support. Analysis from the
Extracorporeal Life Support Organization Registryx. Crit Care Med
2021;49:7-18.

Biancari F, Kaserer A, Perrotti A, Ruggieri VG, Cho S-M, Kang JK et al.
Central  versus peripheral postcardiotomy  veno-arterial
extracorporeal membrane oxygenation: systematic review and
individual patient data meta-analysis. J Clin Med 2022;11:7406.
Lorusso R, Raffa GM, Alenizy K, Sluijpers N, Makhoul M, Brodie D et al.
Structured review of post-cardiotomy extracorporeal membrane
oxygenation: part 1—adult patients. J Heart Lung Transplant 2019;
38:1125-1143.

Papolos Al, Kenigsberg BB, Berg DD, Alviar CL, Bohula E, Burke JA et al.
Management and outcomes of cardiogenic shock in cardiac ICUs with
versus without shock teams. J Am Coll Cardiol 2021;78:1309-1317.
Taleb |, Koliopoulou AG, Tandar A, McKellar SH, Tonna JE,
Nativi-Nicolau J et al. Shock team approach in refractory
cardiogenic shock requiring short-term mechanical circulatory
support: a proof of concept. Circulation 2019;140:98-100.

Mariani S, van Bussel BCT, Ravaux JM, Roefs MM, De Piero ME, Di Mauro
M et al. Variables associated with in-hospital and postdischarge
outcomes  after postcardiotomy extracorporeal membrane
oxygenation: Netherlands Heart Registration Cohort. J Thorac
Cardiovasc Surg 2023;165:1127-37.e14.

Mariani S, Heuts S, Van Bussel BCT, Di Mauro M, Wiedemann D, Saeed D
et al. Patient and management variables associated with survival after
postcardiotomy extracorporeal membrane oxygenation in adults: the
PELS-1 multicenter cohort study. J Am Heart Assoc 2023;12:e029609.
Raffa GM, Kowalewski M, Brodie D, Ogino M, Whitman G, Meani P et al.
Meta-analysis of peripheral or central extracorporeal membrane
oxygenation in postcardiotomy and non-postcardiotomy shock. Ann
Thorac Surg 2019;107:311-321.

Wang L, Wang H, Hou X. Clinical outcomes of adult patients who
receive extracorporeal membrane oxygenation for postcardiotomy
cardiogenic shock: a systematic review and meta-analysis.
J Cardiothora Vasc Anesthes 2018;32:2087-2093.

Ronco D, Matteucci M, Ravaux JM, Marra S, Torchio F, Corazzari C et al.
Mechanical circulatory support as a bridge to definitive treatment in
post-infarction ventricular septal rupture. JACC Cardiovasc Interv
2021;14:1053-1066.

Bhardwaj A, Kumar S, Salas de Armas IA, Nascimbene A, Nathan S, Kar B
et al. Pre and post-operative mechanical circulatory support in
surgical repair of post-acute myocardial infarction mechanical
complications. Ann Cardiothorac Surg 2022;11:304-309.

Watkins AC, Maassel NL, Ghoreishi M, Dawood MY, Pham SM, Kon ZN
et al. Preoperative venoarterial extracorporeal membrane
oxygenation slashes risk score in advanced structural heart disease.
Ann Thorac Surg 2018;106:1709-1715.

Hembree A, Lawlor M, Nemeth S, Mark SR, Kaku Y, Spellman J et al.
Effect of venoarterial extracorporeal membrane oxygenation
initiation timing on tricuspid valve surgery outcomes. JTCVS Open
2023;14:171-181.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Dobrilovic N, Lateef O, Michalak L, Delibasic M, Raman J.
Extracorporeal membrane oxygenation bridges inoperable patients
to definitive cardiac operation. ASAIO J 2019;65:43-48.

Jaidka A, De S, Nagpal AD, Chu MWA. Prophylactic right ventricular
assist device for high-risk patients undergoing valve corrective
surgery. CJC Open 2019;1:19-27.

Osswald A, Shehada S-E, Zubarevich A, Kamler M, Thielmann M,
Sommer W et al. Short-term mechanical support with the Impella
5.x for mitral valve surgery in advanced heart failure—protected
cardiac surgery. Front Cardiovasc Med 2023;10:1-8.

Khorsandi M, Dougherty S, Bouamra O, Pai V, Curry P, Tsui S et al.
Extra-corporeal membrane oxygenation for refractory cardiogenic
shock after adult cardiac surgery: a systematic review and
meta-analysis. J Cardiothorac Surg 2017;12:55.

Lorusso R, Whitman G, Milojevic M, Raffa G, McMullan DM, Boeken U
et al. 2020 EACTS/ELSO/STS/AATS expert consensus on
post-cardiotomy extracorporeal life support in adult patients. Eur J
Cardiothorac Surg 2021;59:12-53.

Lescroart M, Pequignot B, Janah D, Levy B. The medical treatment of
cardiogenic shock. J Intensive Med 2023;3:114-123.

Arrigo M, Huber LC, Winnik S, Mikulicic F, Guidetti F, Frank M et al.
Right ventricular failure: pathophysiology, diagnosis and treatment.
Card Fail Review 2019;5:140-146.

Murphy E, Shelley B. Clinical presentation and management of right
ventricular dysfunction. BJA Educ 2019;19:183-190.

Price LC, Wort SJ, Finney SJ, Marino PS, Brett SJ. Pulmonary vascular
and right ventricular dysfunction in adult critical care: current and
emerging options for management: a systematic literature review.
Crit Care 2010;14:R169.

McLaughlin VWV, Langer A, Tan M, Clements PJ, Oudiz RJ, Tapson VF
et al. Contemporary trends in the diagnosis and management of
pulmonary arterial hypertension: an initiative to close the care gap.
Chest 2013;143:324-332.

Gorter TM, van Veldhuisen DJ, Bauersachs J, Borlaug BA, Celutkiene J,
Coats AJS et al. Right heart dysfunction and failure in heart failure
with preserved ejection fraction: mechanisms and management.
Position statement on behalf of the Heart Failure Association of the
European Society of Cardiology. Eur J Heart Fail 2018;20:16-37.
DeFilippis EM, Topkara VK, Kirtane AJ, Takeda K, Naka Y, Garan AR
et al. Mechanical circulatory support for right ventricular failure.
Card Fail Rev 2022;8:e14.

Kapur NK, Esposito ML, Bader Y, Morine KJ, Kiernan MS, Pham DT et al.
Mechanical circulatory support devices for acute right ventricular
failure. Circulation 2017;136:314-326.

Shehab S, Hayward CS. Choosing between left ventricular assist
devices and biventricular assist devices. Card Fail Rev 2019;5:19-23.
Akhmerov A, Kearns M, Chou L, Aguillon M, Megna D, Emerson D et al.
Outcomes of temporary percutaneous right ventricular assist devices
in right ventricular failure. J Heart Lung Transplant 2021;40:5401.
Mariani S, Wang I-W, van Bussel BCT, Heuts S, Wiedemann D, Saeed D
et al. The importance of timing in postcardiotomy venoarterial
extracorporeal membrane oxygenation: a descriptive multicenter
observational study. J Thorac Cardiovasc Surg 2023;166:1670-82.e33.
Mariscalco G, El-Dean Z, Yusuff H, Fux T, Dell’Aquila AM, Jonsson K
et al. Duration of venoarterial extracorporeal membrane
oxygenation and mortality in postcardiotomy cardiogenic shock.
J Cardiol Vasc Anesth 2021;35:2662-2668.

Alhijab FA, Tantawy TM, Ismail HH, AlBarrak M, Adam Al, Belghith M
et al. Venoarterial extracorporeal membrane oxygenation for
postcardiotomy cardiogenic shock: the impact of cannulation
strategy on survival. Perfusion 2023;38:1444-1452.

Benseghir Y, Sebestyan A, Durand M, Bennani F, Bédague D, Chavanon
0. ECMO pour choc cardiogénique réfractaire post cardiotomie:
expérience du service de chirurgie cardiaque du CHU de Grenoble
Alpes. Ann Cardiol d’Angéiologie 2021;70:63-67.

Roy S, Chakrabortti SC. The national programme and the IMA. J Indian
Med Assoc 2000;98:2.

Javorski MJ, Bauza K, Xiang F, Soltesz E, Chen L, Bakaeen FG et al.
Identifying and mitigating risk of postcardiotomy cardiogenic shock
in patients with ischemic and nonischemic cardiomyopathy. J Thorac
Cardiovasc Surg 2024;168:1489-99.e6.

Turer AT, Hill JA. Pathogenesis of myocardial ischemia-reperfusion
injury and rationale for therapy. Am J Cardiol 2010;106:360-368.



iv22 A. Mahajna et al.

53. Bradic J, Andji¢ M, Novakovi¢ J, Jeremi¢ N, Jakovljevi¢ V. Cardioplegia peripheral extracorporeal membrane oxygenation. Eur J
in open heart surgery: age matters. J Clin Med 2023;12:1698. Cardiothorac Surg 2024;66:ezae321.

54. Laffey JG, Boylan JF, Cheng DCH. The systemic inflammatory response 69. Huang D, Xu A, Guan QC, Qin J, Zhang C. Venoarterial extracorporeal
to cardiac surgery: implications for the anesthesiologist. membrane oxygenation with intra-aortic balloon pump for
Anesthesiology 2002;97:215-252. postcardiotomy cardiogenic shock: a systematic review and

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Busse LW, Barker N, Petersen C. Vasoplegic syndrome following
cardiothoracic surgery-review of pathophysiology and update of
treatment options. Crit Care 2020;24:36.

Mehta SM, Aufiero TX, Pae WE Jr, Miller CA, Pierce WS.. Results of
mechanical ventricular assistance for the treatment of post
cardiotomy cardiogenic shock. ASAIO J 1996;42:211-218.

Chioncel O, Parissis J, Mebazaa A, Thiele H, Desch S, Bauersachs J
et al. Epidemiology, pathophysiology and contemporary
management of cardiogenic shock—a position statement from the
Heart Failure Association of the European Society of Cardiology. Eur
J Heart Fail 2020;22:1315-1341.

Garan AR, Kanwar M, Thayer KL, Whitehead E, Zweck E,
Hernandez-Montfort J et al. Complete hemodynamic profiling with
pulmonary artery catheters in cardiogenic shock is associated with
lower in-hospital mortality. JACC Heart Fail 2020;8:903-913.

Hu Y, Wang L, Yang F, Wang X, Zhang S, Hao X et al. Prognostic
implication of Vasoactive Inotropic Score in adult patients with
cardiogenic shock on veno-arterial extracorporeal membrane
oxygenation. J Thorac Dis 2024;16:1097-1107.

Belletti A, Lerose CC, Zangrillo A, Landoni G. Vasoactive-Inotropic
Score: evolution, clinical utility, and pitfalls. J Cardiothoracic Vasc
Anesth 2021;35:3067-3077.

Klemm G, Markart S, Hermann A, Staudinger T, Hengstenberg C, Heinz
G etal. Lactate as a predictor of 30-day mortality in cardiogenic shock.
J Clin Med 2024;13:1932.

Laimoud M, Machado P, Lo MG, Maghirang MJ, Hakami E, Qureshi R.
The absolute lactate levels versus clearance for prognostication of
post-cardiotomy patients on veno-arterial ECMO. ESC Heart Fail
2024;11:3511-3522.

Fuernau G, Desch S, de Waha-Thiele S, Eitel I, Neumann F-J,
Hennersdorf M et al. Arterial lactate in cardiogenic shock:
prognostic value of clearance versus single values. JACC Cardiovasc
Interv 2020;13:2208-2216.

Hu RTC, Broad JD, Osawa EA, Ancona P, Iguchi Y, Miles LF et al. 30-day
outcomes post veno-arterial extra corporeal membrane oxygenation
(VA-ECMO) after cardiac surgery and predictors of survival. Heart
Lung Circ 2020;29:1217-1225.

Sundermeyer J, Dabboura S, Weimann J, Beer BN, Becher PM, Seiffert
Met al. Short-term lactate kinetics in patients with cardiogenic shock.
JACC Heart Fail 2023;11:481-483.

Hanuna M, Herz G, Stanzl AL, Li Y, Mueller CS, Kamla CE et al. Mid-term
outcome after extracorporeal life support in postcardiotomy
cardiogenic shock: recovery and quality of life. J Clin Med 2024;13:
2254.

Stein LH, Silvestry SC. Algorithmic management of postcardiotomy
shock with mechanical support: bring a map, a plan, and your
parachute—and know how to use all three. JTCVS Open 2021;8:55-65.
Danial P, Zamorano C, Carillion A, Barreda E, Laali M, Demondion P
et al. Incidence and outcomes of prosthetic valve thrombosis during

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

meta-analysis. Perfusion 2023;38:142-149.

Arafat AA, Almedimigh AA, Algarni KD, Ismail HH, Pragliola C, Adam Al
et al. Concomitant intra-aortic balloon pump and veno-arterial
extracorporeal membrane oxygenation for postcardiotomy
cardiogenic shock. Int J Artif Organs 2023;46:384-389.

Sommer W, Arif R, Kremer J, Al Maisary S, Verch M, Tochtermann U
et al. Temporary circulatory support with surgically implanted
microaxial pumps in postcardiotomy cardiogenic shock following
coronary artery bypass surgery. JTCVS Open 2023;15:252-260.
Sugimura Y, Immohr MB, Mehdiani A, Boeken U, Aubin H, Lichtenberg A
et al. Impact of Impella support on clinical outcomes in patients with
postcardiotomy cardiogenic shock. Ann Thorac Cardiovasc Surg 2024;
30:23-00076.

Wilkinson SE, Berkompas DC, Fanning JS, Park HS. Supporting high-risk
percutaneous coronary interventions with mechanical devices. JACC
Case Rep 2020;2:702-704.

Sandhu A, McCoy LA, Negi SI, Hameed |, Atri P, AUAref SJ et al. Use of
mechanical circulatory support in patients undergoing percutaneous
coronary intervention insights from the national cardiovascular data
registry. Circulation 2015;132:1243-1251.

Al-Rashid F, Van Mieghem NM, Bonello L, Oreglia J, Romagnoli E.
Standardized pre-procedural clinical workup for protected
percutaneous coronary intervention. Eur Heart J Suppl 2022;24:
J11-J16.

Meijers TA, Nap A, Aminian A et al. Ultrasound-guided versus
fluoroscopy-guided large-bore femoral access in PCl of complex
coronary lesions: the international, multicentre, randomised
ULTRACOLOR Trial. Eurolntervention 2024;20:e876-e886.

Bertoglio L, Katsarou M, Scandroglio M et al. Surgical transaxillary
placement of the Impella 5.0 ventricular assist device. J Card Surg
2019;34:92-98.

Zhao Y, Wang H, Cheng Y, Zhang J, Zhao L. Factors influencing
successful weaning from venoarterial extracorporeal membrane
oxygenation: a systematic review. J Cardiothorac Vasc Anesth 2024;
38:2446-2458.

Liisebrink E, Stremmel C, Stark K, Joskowiak D, Czermak T, Born F
et al. Update on weaning from veno-arterial extracorporeal
membrane oxygenation. J Clin Med 2020;9:992.

Zhang Z. Echocardiography for patients undergoing extracorporeal
cardiopulmonary resuscitation: a primer for intensive care
physicians. J Intensive Care 2017;5:15.

LiuY, ZhangL, Yao Y, LiY, Qin W, Li Y et al. Effects of levosimendan on
the outcome of veno-arterial extracorporeal membrane oxygenation:
a systematic review and meta-analysis. Clin Res Cardiol 2024;113:
509-521.

. Suzuki S, Ito K, Teraoka N, Okuma Y, Kimura K, Minamisawa M et al.

Treatment time limit for successful weaning from veno-arterial
extracorporeal membrane oxygenation in cardiogenic shock. ESC
Heart Fail 2024;11:3767-3774.



	Current insights on temporary mechanical circulatory support in adults with post-cardiotomy cardiogenic shock
	Introduction
	Clinical scenarios in post-cardiotomy cardiogenic shock
	Scenario I: inability to wean from cardiopulmonary bypass
	Scenario II: refractory low cardiac output syndrome after cardiopulmonary bypass

	Right ventricular support
	Post-cardiotomy cardiogenic shock—pathophysiology
	Post-cardiotomy cardiogenic shock—diagnostics, immediate monitoring
	Echocardiography
	Pulmonary artery catheter
	Vasoactive inotropic score
	Lactate

	Treatment options and decision-making
	Practicing a new concept of temporary mechanical circulatory support in cardiac surgery: prophylactic cardio-circulatory assistance to reduce post-cardiotomy cardiogenic shock
	The role of the Heart Team in decision-making for patients with post-cardiotomy cardiogenic shock
	Percutaneous insertion

	Weaning
	Step 1: assessing readiness to wean
	Step 2: weaning trials
	Step 3: optimizing weaning outcomes

	Conclusions
	Acknowledgements
	Funding
	References


