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This clinical consensus statement of the European Association of Percutaneous Cardiovascular Interventions was 
developed in association with the European Society of Cardiology Working Group on Cardiovascular Surgery. 
It aims to define procedural and contemporary technical requirements that may improve the efficacy and safety 
of percutaneous coronary intervention (PCI), both in the acute phase and at long-term follow-up, in a  high-risk 
cohort of patients on optimal medical therapy when clinical and anatomical high-risk criteria are present that entail 
unacceptable surgical risks, precluding the feasibility of coronary artery bypass grafting (CABG). This document 
pertains to patients with surgical contraindication according to the Heart Team, in whom medical therapy has failed 
(e.g., residual symptoms), and for whom the Heart Team estimates that revascularisation may have a  prognostic 
benefit (e.g., left main, last remaining vessel, multivessel disease with large areas of ischaemia); however, there is 
a lack of data regarding the size of this patient population. This document aims to guide interventional cardiologists 
on how to proceed with PCI in such high-risk patients with reduced left ventricular ejection fraction after the decision 
of the Heart Team is made that CABG − which overall is the guideline-recommended option for revascularisation 
in these patients − is not an option and that PCI may be beneficial for the patient. Importantly, when a high-risk 
PCI is planned, a multidisciplinary decision by interventional cardiologists, cardiac surgeons, anaesthetists and non-
invasive physicians with expertise in heart failure management and intensive care should be agreed upon after 
careful consideration of the possible undesirable consequences of PCI, including futility, similar to the approach for 
structural interventions.
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The incidences of complex coronary artery disease 
(CAD) and heart failure (HF) are growing in view 
of ageing populations and an increasing comorbidity 

burden1. Approximately 1-2% of hospitalisations in Europe 
and the United States are due to HF, and the treatment of 
patients suffering from CAD and reduced left ventricular 
ejection fraction (LVEF) represents a major clinical and public 
health challenge2,3. The European Society of Cardiology 
(ESC) 2018 guidelines on myocardial revascularisation 
recommend a  coronary artery bypass graft (CABG) as the 
primary revascularisation strategy for patients with CAD 
and reduced LVEF. This recommendation is based on studies 
in a patient population with low or intermediate surgical risk 
and chronic coronary syndrome. In clinical practice, there 
are an increasing number of patients with depressed LVEF 
and high-risk features of CAD, including stabilised acute 
coronary syndromes (ACS), for whom the Heart Team votes 
against CABG due to high, or even prohibitive, surgical risk. 
Data from real-world practice indicate that percutaneous 
coronary intervention (PCI) is preferred over CABG in 
approximately 50% of patients due to high surgical risk or 
excessive frailty features4-6. In addition, an unknown number 
of patients decide against CABG due to a personal decision-
making process after careful informed consent. Currently, 
given the absence of randomised controlled trials (RCTs), 
recommendations − weighing the efficacy and safety of PCI 
and CABG in the setting of left ventricular (LV) dysfunction 
in high-risk patients − are based on registries and secondary 
analyses of RCTs performed in the setting of stable CAD4,7-9. 
The results of these studies are prone to multiple confounders 
and selection bias, whereas reality leads to frequent 
performance of PCI in very high to prohibitive surgical risk 
patients, for whom medical management is believed not to 
be a  viable option5,10. This clinical consensus statement of 
the European Association of Percutaneous Cardiovascular 
Interventions (EAPCI) was developed in association with 
the European Society of Cardiology (ESC) Working Group 
on Cardiovascular Surgery; it aims to define procedural and 
contemporary technical requirements that may improve the 
efficacy and safety of PCI, both in the acute phase and at 
long-term follow-up, in this high-risk cohort of patients on 
optimal medical therapy (OMT) when clinical and anatomical 
high-risk criteria are present that entail unacceptable surgical 
risks, precluding the feasibility of CABG (Figure 1). 

This document pertains to patients in whom CABG, 
which is the overall guideline-recommended option for 
revascularisation in patients with complex CAD and reduced 

LVEF, is not an option according to the Heart Team, in whom 
medical therapy has failed (e.g., residual symptoms), and for 
whom the Heart Team estimates that revascularisation may 
have a  prognostic benefit (e.g., left main, last remaining 
vessel, multivessel disease with large areas of ischaemia). 

A multidisciplinary decision-making process by inter-
ventional cardiologists, cardiac surgeons, anaesthetists and 
non-invasive physicians with expertise in HF management 
and intensive care will be discussed within the consensus 
statement to evaluate the pros and cons of high-risk PCI. This 
is of high importance, since data are limited or non-existing 
on (1) any patient benefit from revascularisation, (2) patient 
benefit from additional mechanical circulatory support 
(MCS) during revascularisation, and (3) post-PCI care of this 
high-risk cohort. 

We provide a consensus for an interdisciplinary, case-by-
case decision-making process for patients with significantly 
impaired LVEF and complex CAD with high-risk features for 
whom the Heart Team has voted to carry out a high-risk PCI 
procedure due to risk of surgical futility (surgical turndown 
patients) or when the patient has decided against CABG 
(Central illustration). 

Revascularisation strategies in patients with 
severe LV dysfunction
Patients presenting with low LVEF and complex CAD 
potentially requiring revascularisation are discussed in the 
Heart Team with a comprehensive, multidisciplinary evaluation 
of risks and benefits including, but not limited to, anaesthesia, 
cross-clamping of the aorta, coronary artery disease pattern, 
concomitant valve disease or aortic dilatation, and degree of 
LV dysfunction4,11. Regarding the evidence for revascularisation 
from RCTs for this patient cohort, the extended observation, 
up to 10  years, of the Surgical Treatment for Ischemic Heart 
Failure (STICH) trial revealed that many patients with severely 
impaired LVEF can benefit from coronary revascularisation 
with CABG compared to OMT alone9,12, thereby driving the 
guideline recommendations for CABG in this patient cohort4. 

Comparisons between PCI and CABG are primarily limited to 
analyses of RCTs enrolling patients suitable for both CABG and 
PCI, in which the average LV function was normal in the majority 
of patients7,13-15. The eligibility criteria of these available RCTs 
led to the exclusion of most patients with very complex clinical 
and anatomical conditions as well as patients who would not 
accept a surgical option. While this may have excluded patients 
with higher probability of benefits by CABG, it also excluded 
inoperable patients potentially amenable to PCI15.

Abbreviations
CABG coronary artery bypass graft 

CAD coronary artery disease

CTO chronic total occlusion

EACTS European Association for Cardio-Thoracic Surgery

EAPCI  European Association of Percutaneous Cardiovascular 
Interventions

ESC European Society of Cardiology

HF heart failure

IABP intra-aortic balloon pump

LV left ventricular

LVEF left ventricular ejection fraction

MCS mechanical circulatory support

OMT optimal medical therapy

PCI percutaneous coronary intervention

RCT randomised controlled trial
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Regarding the comparison between PCI and OMT, 
the recent REvascularisation for Ischemic VEntricular 
Dysfunction-BCIS2 (REVIVED-BCIS2) trial investigated 
whether PCI in combination with OMT reduces mortality 
and HF hospitalisation compared to OMT alone. Most of 
these patients did not have angina or severe HF symptoms 
(New York Heart Association Class I-II). As such, the 
population included in the REVIVED-BCIS2 trial may not 
be representative of patients with ischaemic symptoms and 
impaired LVEF requiring recurrent HF hospitalisations. 
A  significant proportion of patients in the REVIVED-BCIS2 
trial had intermediate-complexity coronary artery disease with 
only half of the patients having either 3-vessel or left main 
CAD. The trial was powered for 700 patients with an expected 
overall event rate of 43%. Over a median of 41 months, the 
trial did not provide evidence of benefit of PCI over OMT16. 
The overall event rate was lower than anticipated, and many 
HF events occurred in patients who died during the follow-up 
period16. To observe a clinically relevant improvement in LV 
function and HF events in otherwise asymptomatic patients, 
one would assume the presence of rather extensive CAD 
causing the compromised LV function. Table 1 provides an 
overview of current data. 

Observational studies have demonstrated the feasibility of 
PCI in patients with severe LV dysfunction with acceptable 
rates of in-hospital and long-term mortality17-21. In the 
absence of RCTs, registry data suggest that PCI using modern 
drug-eluting stents (DES) may be an acceptable alternative to 
CABG in patients with multivessel disease and impaired LVEF 
when complete revascularisation can be achieved22. However, 
observational data indicate a  benefit of CABG over PCI in 
patients with impaired LVEF23-25. As such, a  comprehensive 
assessment of patients is advocated, and reduced LVEF needs 
to be considered along with other major comorbid conditions. 

CONSENSUS STATEMENT
OMT forms the foundation of all revascularisation strategies. 
In cases where patients meet the criteria observed in STICH 

patients, the Heart Team must reassess surgical strategies. For 
patients who have been declined surgical intervention and 
for those who refuse surgical options, PCI-based treatment 
strategies may present a viable alternative, despite the absence 
of randomised data.

Revascularisation based on the anatomical 
pattern of CAD
HF with reduced LVEF is associated with worse outcomes, 
both periprocedurally and long term, in patients treated with 
PCI26. However, robust prospective data with respect to the 
mode of revascularisation in patients with HF and reduced 
LVEF are still lacking16,27,28. 

Regarding coronary anatomy, a  thoughtful evaluation 
between safety and efficacy is of paramount importance, 
especially in a  high-risk population of patients with a  higher 
propensity for complications. If intraprocedural vessel occlusion 
or flow-limiting dissection occurs in patients with an impaired 
LVEF, further severe haemodynamic deterioration can ensue, 
with the potential to rapidly lead to shock or arrest. Several 
angiographic scoring systems that validly estimate plaque 
burden and coronary anatomy complexity are available, but 
they do not account for the reduced LVEF29. The SYNTAX score 
II includes LVEF as a variable, but patients with significantly 
impaired LVEF were significantly underrepresented in the score 
development cohort, accounting for only 2%.

Therefore, rather than relying on these scores, the 
anatomical complexity of high-risk PCI can be more 
pragmatically described by patterns that are encountered 
in clinical practice. These include the last remaining vessel, 
chronic total occlusions (CTOs), left main disease, and diffuse 
3-vessel CAD. Treatment of these high-risk patients should 
be limited to experienced operators with technical expertise 
and routine performance of such complex procedures. Similar 
cautioning applies to patients with severely depressed LVEF 
shortly after a myocardial infarction.

Multiple clinical studies and guidelines have addressed 
infrastructural and technical aspects of complex coronary 

• Comorbidities
• Frailty
• CAD complexity

Patient complexity

• Operator experience
• Surgical back-up
• ICU

Institutional capability

• Rehabilitation
• Optimal medical therapy
• Outpatient follow-up

Long-term care

PCI results and outcomes

Figure 1. Patient and institutional factors influencing PCI outcomes. In addition to reduced ejection fraction, patient complexity 
− such as the presence of other significant comorbidities, remaining myocardial viability and overall frailty − critically influences 
both surgical risk and PCI risk. Once patients are classified as having high perioperative risk, coronary artery disease (CAD) 
complexity together with coexistent peripheral and/or valvular disease increase the interventional challenge. This must be matched 
by general institutional capabilities, including the availability of mechanical circulatory support and intensive care unit (ICU) 
expertise, and individual levels of competence in procedural skills, including knowledge, behaviour and attitudes for adequate 
surgical back-up and bailout situations. For long-term care, cardiovascular rehabilitation, adherence to optimal medical therapy 
and dedicated follow-up in a specialised outpatient setting are required. PCI: percutaneous coronary intervention 
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interventions. This includes position statements on 
decision-making within the Heart Team for complex 
coronary anatomy30, strategies on bifurcation intervention 
including left main PCI31, the use of left ventricular assist 
devices in patients with an indication for complex PCI 
and reduced LVEF32, the use of intravascular imaging33,34, 
lesion preparation including rotational atherectomy35, and 
strategies to deal with revascularisation failure36. In addition, 
a  vast number of publications address treatment options in 
specific coronary anatomical challenges, e.g., ostial and long 
lesions, CTOs, calcified lesions, in-stent stenosis, bypass graft 
interventions and others, which are extensively reviewed 
and discussed in The PCR-EAPCI Textbook of Percutaneous 
Interventional Cardiovascular Medicine (www.pcronline.com/
eurointervention/textbook/pcr-textbook/table-of-contents/).

Complex anatomy often necessitates intracoronary imaging 
guidance during PCI, but the additive information obtained by 
intravascular ultrasound and optical coherence tomography 
should be weighed against the increased ischaemic and 
procedural times and amount of contrast media. Nevertheless, 
in complex CAD, it reduces the risk of postprocedural 
cardiovascular events37,38. When intravascular imaging is not 
feasible or the expected information is not relevant, stenting 
optimisation can be adequately assessed by stent enhancement 
using subtraction imaging algorithms39. Fractional flow 
reserve or instantaneous wave-free ratio, in principle, are 
other options to confirm acute PCI success40; however, these 
measurements are affected by intra-aortic balloon pump 
(IABP) use and are not clearly validated on LV support41-43. 
It remains unclear whether either anatomical or physiological 
lesion selection is beneficial to guide PCI in patients with LV 
dysfunction or those on MCS devices. 

CONSENSUS STATEMENT
State-of-the-art functional and imaging studies, along 
with advanced revascularisation techniques, are essential 
for complex PCI procedures. Intracoronary imaging has 
demonstrated its ability to enhance outcomes and is emerging 
as a necessary standard in high-risk, complex PCI procedures. 
In high-risk PCI, its use should be weighed against the 
increased ischaemic and procedural times and amount of 
contrast media.

Completeness of myocardial revascularisation
The strong relationship between the extent of ischaemia and 
clinical endpoints suggests that complete revascularisation 
is preferable in order to improve outcomes and quality of 
life. A  residual SYNTAX score indicative of incomplete 
revascularisation portends a  higher risk of mortality and 
major adverse cardiac events (MACE), irrespective of whether 
an anatomical or score‐based definition of incomplete 
revascularisation is employed44. The degree of risk correlates 
with the degree of incomplete revascularisation. In 2018, 
the ESC/European Association for Cardio-Thoracic Surgery 
(EACTS) guidelines on myocardial revascularisation stated 
that the ability to achieve complete revascularisation should 
be considered when choosing between revascularisation 
modalities4. This was re-emphasised in the 2019 ESC 
guidelines for the diagnosis and management of chronic 
coronary syndromes11. Nevertheless, since the decision on 
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revascularisation in ischaemic cardiomyopathy is complex 
(anatomical and/or functional incomplete/complete/extensive 
revascularisation), decision-making cannot be based solely on 
guidelines. 

A few non-randomised studies have evaluated completeness 
of revascularisation in high-risk PCI patients treated with 
MCS devices. These registries have shown that the extent 
of revascularisation in symptomatic patients with complex 
coronary anatomies, often unsuitable for surgical treatment, 
demonstrates improvement in LVEF (in segments correlating 
with severity of revascularisation scores) and outcomes18,20,45,46. 
The European best practice consortium suggests that decision-
making on revascularisation with MCS-facilitated PCI 
should be based on the capability to achieve complete and 
extensive revascularisation47. However, at present, the choice 
between the two types of intervention and the completeness 
of treatment is left to the clinician following an in-depth 
evaluation of patient comorbidities. Individualised therapy 
may include staged complete revascularisation supported by 
LV unloading. 

CONSENSUS STATEMENT
When undertaking revascularisation via PCI in critically 
ill patients with severe LV dysfunction and no surgical 
options, the procedure should strive for nearly complete 
revascularisation whenever feasible. Moreover, in situations 
where MCS is utilised to facilitate high-risk PCI, the stabilised 
haemodynamic environment should be leveraged to achieve as 
comprehensive a revascularisation as possible. This approach 
may enable the undertaking of more complex interventions, 
particularly in the left main or in patients with compromised 
LV function following recent myocardial infarction. In 
instances where the potential target lesion involves a  CTO, 
a specialised CTO operator should have assessed the patient’s 
angiogram beforehand and be readily available for that aspect 
of the procedure if warranted.

Extent of myocardial ischaemia and residual 
myocardial viability
The presence and extent of myocardial ischaemia has 
been strongly associated with poor patient prognosis and 

Table 1. Characteristics of STICH and REVIVED-BCIS2 trials.

Parameter STICH12,13 REVIVED-BCIS217

Patients enrolled 610 (CABG)/602 (OMT) 347 (PCI)/353 (OMT)

Inclusion criteria LVEF ≤35%, extensive CAD LVEF ≤35%, extensive CAD, myocardial viability

Mean age, years 60/59 70/69

Mean LVEF, % 27/28 27/27

Mean BMI, kg/m2 27/27 28/29

Diabetes 39/40 39/43

NYHA III-IV 37/37 23/29

Angina CCS III-IV 5/4 2/2

Previous MI 76/78 50/56

Previous PCI/CABG 17/14 22/28

Left main CAD 3/2 14/13

3-vessel CAD 62/59 38/42

Primary endpoint All-cause death Death or HF

Result CABG: 218 (36)
OMT: 244 (41)

HR 0.86 (95% CI: 0.72-1.04)

PCI: 129 (37.2)
OMT: 134 (38.0)

HR 0.99 (95% CI: 0.78-1.27)

Secondary endpoint Death or HF All-cause death

Result CABG: 290 (48)
OMT: 324 (54)

HR 0.84 (95% CI: 0.71-0.98)

PCI: 110 (31.7)
OMT: 115 (32.6)

HR 0.98 (95% CI: 0.75-1.27)

Median follow-up, months 56 (IQR 48-68) 41 (IQR 28-60)

Conclusions There was no significant difference between medical 
therapy alone and medical therapy plus CABG with 
respect to all-cause death. Lower rates of death from 
cardiovascular causes and of death from any cause or 
hospitalisation for cardiovascular causes were noted in 
those undergoing CABG plus OMT.

PCI in addition to OMT in patients with severe LV 
dysfunction & coronary artery disease with viable 
myocardium did not significantly improve overall 
mortality or rates of heart failure hospitalisation.
PCI with OMT was not superior to OMT alone in 
improving LV systolic function, NYHA Functional 
Class, or quality of life.

Limitations Younger cohort with a mean age 60 years; effect of 
CABG on all-cause mortality diminished with 
increasing age (p-interaction=0.062).

Older population not revascularised by CABG, 
introducing selection bias early on in patients with few 
symptoms of angina or HF.

Data are given as % or n (%), unless stated otherwise. Baseline characteristics and outcome parameters of the Surgical Treatment for Ischemic Heart 
Failure (STICH)12 and the Revascularisation for Ischaemic Ventricular Dysfunction-British Cardiovascular Intervention Society-2 (REVIVED-BCIS2)16 trials. 
BMI: body mass index; CABG: coronary artery bypass graft; CAD: coronary artery disease; CCS: Canadian Cardiovascular Society; CI: confidence interval; 
HF: heart failure; HR: hazard ratio; IQR: interquartile range; LV: left ventricular; LVEF: left ventricular ejection fraction; MI: myocardial infarction; 
NYHA: New York Heart Association; OMT: optimal medical therapy; PCI: percutaneous coronary intervention
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adverse events, especially in patients with HF and reduced 
LVEF. Several studies have demonstrated that significant 
myocardial ischaemia, as detected by perfusion imaging 
tests, is associated with unfavourable clinical outcomes at 
long-term follow-up48-50. Furthermore, residual ischaemia 
after treatment has been similarly associated with long-term 
mortality51. Consistently, a more complete revascularisation 
by a surgical approach has been shown to improve survival 
in stable patients with ischaemic HF and reduced LVEF, 
compared with OMT alone9. 

A controversial point is the evaluation of residual 
myocardial viability and, most importantly, its impact on 
clinical outcomes. Viability testing in revascularisation 
trials, including examples such as STICH or COURAGE, 
was not a  determinant of outcomes and hence limits the 
clinical importance of myocardial ischaemia assessment 
in influencing the decision-making for revascularisation. 
Of note, myocardial viability was a  part of the protocol 
design in REVIVED-BCIS2, in order to unequivocally 
confirm a  diagnosis of ischaemic cardiomyopathy. Previous 
registries have demonstrated favourable associations between 
myocardial viability, coronary revascularisation, and clinical 
outcomes52-55. On the contrary, a  post hoc analysis of the 
randomised STICH trial failed to find an impact of viability 
on all-cause mortality, regardless of revascularisation. 
Of note, the vast majority of the patients had evidence of 
myocardial viability on single-photon emission computed 
tomography/echo-dobutamine tests only but not on other 
validated modalities, such as cardiac magnetic resonance. 
Notwithstanding, myocardial viability was associated 
with a  significant improvement in LVEF. Interestingly, 
a  trend towards a  significant interaction between the 
presence of myocardial viability and the treatment arm was 
shown for long-term cardiovascular mortality, suggesting 
a  possible beneficial role of revascularisation of viable 
myocardium. Accordingly, current ESC/EACTS guidelines 
on myocardial revascularisation support the assessment of 
myocardial viability in patients with CAD and HF before 
revascularisation4. The recently published REVIVED-BCIS2 
trial did not show improvement in LV function in patients 
with low LVEF and CAD treated with PCI on top of OMT 
despite viable myocardium16. No data were provided on 
the anatomical location and extent of CAD nor the rate of 
appropriate complete revascularisation, as suggested before56. 
Patients with functional incomplete revascularisation had 
a  significantly higher rate of MACE compared with those 
with functional complete revascularisation. A  combined 
anatomical and physiological scoring system after PCI 
demonstrated a  higher discriminatory value for risk 
prediction57.

Currently, no subanalysis argues for a  PCI strategy in 
patients with similar characteristics of the REVIVED-BCIS2 
cohort. A strategy of initial OMT and postponing additional 
revascularisation therapies may help in the decision-making 
process. 

The latest guidelines give a  Class I recommendation for 
CABG in patients with an LVEF of 30% with multivessel 
disease and no diabetes4. Since severely reduced LV function 
remains a  leading reason for surgical turndown, a  first-
line strategy of OMT seems appropriate, bringing the 

patient to a  different risk class which may then argue for 
revascularisation. 

The ongoing PROTECT IV Trial (ClinicalTrials.gov: 
NCT04763200; described in more detail below) will provide 
new evidence in this field with a  prespecified analysis on 
the association between myocardial viability and post-
revascularisation outcomes in high-risk PCI patients. 

CONSENSUS STATEMENT
Patients classified as having low to intermediate surgical 
risk with complex CAD are considered suitable candidates 
for CABG, irrespective of their LVEF, per current guideline 
recommendations. Conversely, patients with high to 
prohibitive risk with complex CAD derive benefits from 
OMT, regardless of their LVEF. However, there is a  lack of 
randomised trial data providing guidance on revascularisation 
strategies for this patient cohort, particularly in cases of 
surgical turndown or high-risk patients declining CABG. 
For PCI, achieving functional complete revascularisation 
of all haemodynamically flow-limiting lesions, allowing 
for anatomically “incomplete” revascularisation of 
physiologically non-significant lesions and vessels, is 
the preferred approach, whereas anatomically complete 
revascularisation after CABG is the current standard 
of care58. It is anticipated that symptom improvement 
will occur in this group, although the debate on LVEF 
improvement persists, as demonstrated by REVIVED-BCIS2. 
In instances where LVEF improvement is observed, positive 
effects on outcomes may be expected. A  clear correlation 
between myocardial ischaemia and coronary artery stenosis 
in large and prognostically relevant coronaries, preferably 
measured with fractional flow reserve, serves as a treatment 
indication.

Expected benefit balanced with procedural risk
High-risk PCI aims primarily to improve symptoms and 
quality of life in patients with advanced CAD and reduced 
LVEF, whether in chronic or acute coronary syndromes. 
The potential benefits in quality of life have to be balanced 
against procedural risks such as target vessel failure, 
vascular complications, bleeding, renal impairment due to 
higher contrast volume, and potential ischaemia-related 
haemodynamic instability during or after the procedure.

If the Heart Team decides to use MCS to prevent 
haemodynamic instability, the increased risks of vascular 
complications and bleeding associated with MCS have to be 
weighed against the potential benefit of more successful and/
or more complete revascularisation. This balance is crucial 
when discussing the use of MCS in high-risk PCI patients. 
Even in cardiogenic shock, this issue remains unresolved: 
MCS use is linked to more complications and, in some 
analyses, higher mortality rates, though these patients 
were generally sicker59. The Heart Team needs to evaluate 
whether the potential revascularisation benefit justifies the 
use of large-bore access to stabilise the patient for procedural 
success. Lessons learned from MCS use in shock indicate 
that improved outcomes can be achieved despite bleeding 
and vascular complications60, highlighting the importance 
of thorough preprocedural planning. This includes selecting 
the appropriate MCS device and optimising vascular access, 
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similar to structural interventions, where complications have 
been reduced over time. 

The following section covers the available data and 
provides the consensus. For detailed guidance on planning 
and procedure to minimise risk and improve success, please 
refer to Supplementary Appendix 1-Supplementary Appendix 3.

MCS in high-risk PCI
The use of MCS devices is an option in high-risk PCI patients 
with severely depressed LV function but should not be assumed 
as the default treatment strategy. There are three categories 
of MCS: IABP, microaxial flow pumps, and venoarterial 
extracorporeal membrane oxygenation (VA-ECMO)61,62. While 
traditionally used in patients with cardiogenic shock60,63,64, 
their use in high-risk PCI has increased, particularly in elderly 
patients with multiple comorbidities65,66. However, there are 
limited supportive outcome data, compared to OMT alone, 
and no clear evidence on the superiority of one device over 
another or their cost-effectiveness in high-risk PCI67-70.

 Regarding RCTs in this field, two larger studies have been 
conducted but have provided limited supportive data:
 1. Balloon Pump Assisted Coronary Intervention Study 

(BCIS-1) investigated elective IABP support in patients 
with LVEF <30% and severe CAD. The trial did not show 
a reduction in composite endpoints (death, acute myocardial 
infarction, cerebrovascular event, or revascularisation) at 
discharge, suggesting no benefit for routine IABP placement 
before PCI in severe LV dysfunction71,72. However, an 
extended assessment indicated a 33% reduction in all-cause 
mortality with IABP support during high-risk PCI, though 
this trial was not designed to address mortality outcomes 
specifically73.

 2. PROTECT II Trial evaluated the Impella 2.5 (Abiomed) 
in high-risk PCI patients with impaired LVEF ≤35% and 
severe CAD. The trial was halted early due to assumed 
futility, and the primary endpoint (composite of all-cause 
death, myocardial infarction, stroke or transient ischaemic 
attack, any repeat revascularisation by PCI or CABG, 
need for a  cardiac or vascular operation, acute renal 
insufficiency, severe intraprocedural hypotension requiring 
therapy, cardiopulmonary resuscitation or ventricular 
tachycardia requiring cardioversion, aortic insufficiency and 
angiographic failure of PCI) was not significantly reduced19. 
Although exploratory analyses suggested symptom reduction 
and improved LVEF at 90  days, there was no significant 
reduction in the composite endpoint (death, myocardial 
infarction, stroke). Real-world data indicate a sicker patient 
cohort undergoing PCI with microaxial flow pump support 
compared to the trial population21,74.

Current use and future research
Despite a  lack of prospective data showing clinical 
improvement, the prophylactic use of MCS, especially 
microaxial flow pumps, has increased. The ongoing PROTECT 
IV Trial aims to determine if PCI with a  microaxial flow 
pump is superior to PCI without it in reducing composite 
rates of adverse outcomes at 3-year follow-up in high-risk 
patients with complex CAD and reduced LVEF ≤40%.

In summary, the interventional community faces neutral 
or inconclusive trial results, yet MCS devices, particularly 

microaxial flow pumps, continue to be used broadly in 
complex PCI procedures75. While some experts question their 
cost-effectiveness, others favour their use due to anticipated 
haemodynamic benefits during complex PCI. The existing 
lack of definitive evidence underscores the need for further 
trials, although conducting such trials is challenging because 
of the perceived high risk in standard-care groups.

CONSENSUS STATEMENT
The pathophysiological effects of MCS devices can bring 
safety to the procedure and reduce the consequences 
of complications during complex PCI. However, severe 
complications, particularly related to access site, may impact 
outcomes, and recent studies have not clearly established 
a  morbidity or mortality benefit. Until the randomised 
PROTECT  IV study is published, careful patient selection, 
personal preference, and active prevention and surveillance of 
vascular complications are essential for safe MCS device use.

Therefore, MCS should not be used as the default strategy 
for high-risk PCI in patients with severely depressed LVEF. 
The potential benefit of haemodynamic stability must be 
weighed against the risks of bleeding, vascular complications 
and increased contrast exposure. The selected MCS device 
should represent the least invasive yet haemodynamically 
adequate device. Retrospective analyses suggest that 
VA-ECMO is extremely invasive, while IABP may not provide 
sufficient haemodynamic stability in some cases, making 
microaxial pumps a suitable choice in most situations. MCS 
devices should be used for the shortest time necessary. For 
most patients, the duration is purely periprocedural, with 
explantation and access closure performed in the cath lab. 
However, in some cases, extended MCS use for several hours 
post-procedure will be required, necessitating intensive care 
unit capabilities familiar with managing MCS patients. 

Postprocedural management
ANTITHROMBOTIC THERAPY
Periprocedural intravenous anticoagulation and antiplatelet 
therapy should, in general, follow the current ESC/EACTS 
guidelines4. While PCI is possible in patients on oral 
anticoagulants in principle, in high-risk PCI, an interruption 
of these is commonly required based on the individual 
risk, use of large-bore access, and intensive intravenous 
anticoagulation during PCI76. Dual antiplatelet therapy is 
loaded before elective stenting4 and, after high-risk PCI, is 
prescribed for the usually recommended duration77. Patients 
with substantial individual ischaemic risk, particularly after 
extensive stent implantation, may benefit from more intense 
and/or prolonged antithrombotic strategies11. 

OPTIMAL MEDICAL THERAPY
Optimal medical therapy of CAD is important for symptom 
control and prevention of associated events11. This comprises 
antianginal medications, if indicated, and secondary prevention 
pharmacotherapy in accordance with clinical practice 
guidelines11,78. Medication adherence is paramount to ensure 
maximal efficacy. HF therapy should be optimised according 
to guideline recommendations, ideally in consultation with an 
HF specialist79. The aim is to reduce mortality; improve clinical 
status, functional capacity and quality of life; and prevent 
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hospitalisation79. Unless contraindicated or not tolerated, the use 
of inhibitors of the renin-angiotensin-aldosterone system, beta 
blockers, mineralocorticoid-receptor antagonists and sodium 
glucose transporter 2-inhibitors are indicated in all patients with 
HF and reduced LVEF, with additional pharmacological and/
or implantable device therapies when indicated79. Since medical 
therapy is continuously developing, not all drugs considered 
to be part of optimal medical therapy today were used in the 
revascularisation and device trials mentioned before.

Follow-up and heart failure specialist 
consultation
OMT and lifestyle modification, with smoking cessation 
and dietary adaptations, are paramount for risk reduction 
and prevention of future cardiovascular events78. HF is 
the most common reason for hospital readmission after 
PCI46,80. Cardiac rehabilitation is recommended by current 
ESC guidelines for all patients after PCI for acute infarction4. 
However, patients with reduced LVEF deemed ineligible for 
surgery who have undergone high-risk PCI are more likely to 
present with coexisting conditions, such as severe lung disease, 
liver dysfunction, chronic kidney disease, peripheral vascular 
disease, and cerebrovascular disease. In these circumstances, 
rehabilitation may need to be realistically adapted to meet 
individual needs5. Careful discharge planning is essential, 
with planned early review. Despite a  successful procedure, 
impaired LVEF is likely to persist in this high-risk patient 
group and HF therapy should be adapted79. Long-term 
follow-up requires cardiac services with referral to specialist 
teams, such as HF services and cardiac device specialists. 

Training and protocols
To optimise patient care, multidisciplinary and interprofessional 
institutional protocols for patients with reduced LVEF 
undergoing invasive cardiac procedures and/or requiring 
MCS support should be established, as has been described for 
cardiogenic shock in the acute setting81-83. Similar to the 2020 
EAPCI Core Curriculum for Percutaneous Cardiovascular 
Interventions, we suggest a  defined minimum qualification 
for operators performing high-risk PCI with or without 
MCS support, which requires a  higher level of competence 
in several techniques. Operators should be experienced in 
techniques such as radial access in general; femoral access 
with devices ≥10 Fr; rescue pericardiocentesis; right and left 
haemodynamic assessment; PCI in all cases of ACS including 
multivessel disease, bypass grafts, bifurcation lesions and left 
main disease; lesion preparation including rotational, laser 
and orbital atherectomy, as well as shockwave lithotripsy; 
invasive physiology and intracoronary imaging; strategies to 
manage revascularisation failure or complications; and, in 
particular, the use of percutaneous MCS devices84.

Gaps in knowledge
The proportion of high-risk procedures in elderly populations 
with complex disease, reduced LVEF causing HF, and 
comorbidities precluding surgical revascularisation is steadily 
growing. The prognostic impact of high-risk PCI in this 
setting of patients still warrants high-quality data. Generally, 
the evidence on MCS devices for elective procedures in 
patients with impaired LV function is controversial, with 

underpowered trials assessing a  wide spectrum of patients19. 
While registries support the idea of MCS support in certain 
disease constellations20,46,85, it still remains unknown whether 
interventional, surgical or medical treatment is the best 
modality. In case of circulatory support, it remains unclear 
whether the different types of MCS used in HF patients with 
high surgical risk are equivalent in terms of cardioprotection 
or do themselves impose negative effects. Last but not least, 
we do not know whether extensive revascularisation improves 
outcomes regarding mortality or quality of life in these 
patients. Based on this lack of prospective data, current ESC 
guidelines on myocardial revascularisation and heart failure do 
not provide any recommendations regarding the use of MCS 
when discussing revascularisation in heart failure patients4,79. 

Conclusions
High-risk PCI in patients with reduced LVEF deemed 
unsuitable for surgical revascularisation is growing. 
Percutaneous options often entail complex revascularisation 
strategies requiring plaque debulking, multistent procedures, 
and circulatory support during extended revascularisation 
procedures. It is critical for an early Heart Team discussion 
to take place during risk stratification and management 
planning that extends beyond the PCI and includes 
optimising guideline-directed medical therapy and treating 
concomitant valvular heart disease. As such, establishing 
a more comprehensive treatment plan − assessing individual 
risk, identifying viable myocardium, offering complete 
revascularisation, determining the need for circulatory support 
and providing cardiac rehabilitation − is necessary for these 
patients (Table 2, Figure 2). Discussion by two experienced 
operators suggesting alternative treatment options might be 
helpful early in the patient assessment.

Randomised trials have often excluded these patients, 
making real-world registries important in capturing short-
term outcomes. In the future, developing predictive risk scores 
will permit a more tailored and individualised patient-centred 
approach.
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Table 2. Appropriate approach to the patient and consensus on 
the management plan.

Logistics prior to high-risk PCI in patients with severely 
compromised LV function not suitable for surgery

Obtain proper patient consent after ensuring that the patient is 
fully informed about the substantial risk and probable benefit of 
the procedure

Offer a second opinion

Preload the patient with acetylsalicylic acid and a P2Y12 inhibitor 
prior to PCI

Assess kidney function and hydrate as much as possible

Assess access site with ultrasound

Assess the potential need for MCS and, if necessary, decide on 
timing (upfront or as bailout) and type of MCS (IABP, ECMO or 
microaxial flow pump)

Ensure availability of ICU bed in case of need for postprocedural 
circulatory support

Formally assess bleeding and ischaemic risks

Provide a stepwise plan for the intervention including bailout 
procedures

Logistics to be resolved prior to high-risk PCI in patients with severely 
compromised LV function who are not suitable for surgery. 
ECMO: extracorporeal membrane oxygenation; IABP: intra-aortic balloon 
pump; ICU: intensive care unit; LV: left ventricular; MCS: mechanical 
circulatory support; PCI: percutaneous coronary intervention

Patient evaluation

1. Check for OMT

2. Assess PCI/surgical risk

3. Assess CAD characteristics
     and complexity

4. Evaluate myocardial viability

Procedural strategy

1. Choose antithrombotic
     treatment

2. Intracoronary imaging
     evaluation

3. MCS use and choice

4. Target of complete
     revascularisation

Figure 2. Stepwise clinical decision-making for high-risk PCI 
in patients with reduced left ventricular ejection fraction. 
Decision-making includes patient evaluation and procedural 
strategies in heart failure patients with reduced left 
ventricular function requiring revascularisation while being 
at increased risk for bypass surgery. CAD: coronary artery 
disease; MCS: mechanical circulatory support; 
OMT: optimal medical therapy; PCI: percutaneous coronary 
intervention 



EuroIntervention 2025;21:22-34 • Andreas Schäfer et al. 31

High-risk PCI in surgically ineligible patients

from Bayer, AstraZeneca, Amgen, Daiichi Sankyo, Boehringer 
Ingelheim, Biotronik, Medtronic, and Menarini; he is a minor 
shareholder with CERC. R. Al-Lamee received honoraria from 
Abbott, Menarini, and Philips. A. Banning received honoraria 
from Miracor, Boston Scientific, Shockwave Medical, and 
Abbott. P. MacCarthy received research grants from Boston 
Scientific; and honoraria from Edwards Lifesciences. R. 
Gottardi is a minor shareholder with Tevar Ltd. F.S. Schoenhoff 
received a research grant from Three Hearts Foundation; and 
honoraria from Vascular International. M. Czerny received 
honoraria from Terumo Aortic, Medtronic, and Endospan; and 
is a  shareholder with TEVAR Ltd and Ascense Medical. M. 
Thielmann received honoraria from Cytosorbents. N. Werner 
received honoraria from AstraZeneca, Bayer, Boehringer 
Ingelheim, Bristol-Myers Squibb, Boston Scientific, Abiomed, 
Daiichi Sankyo, and Shockwave Medical; as well as research 
grants from Shockwave Medical and Abiomed. G. Tarantini 
received honoraria from Abbott, Abiomed, Medtronic, Boston 
Scientific, Edwards Lifesciences, MicroPort, and GADA. The 
other authors have no conflicts of interest to declare. The Guest 
Editor reports consultancy fees from Novartis and Meril Life 
Sciences; speaker honoraria from Boston Scientific, Amgen, 
Daiichi Sankyo, and Meril Life Sciences; speaker honoraria 
paid to his institution from BMS/Pfizer, Daiichi Sankyo, 
Boston Scientific, Siemens, and Amgen; and research grants 
paid to his institution from Boston Scientific and Abbott.

References 
 1.    Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, 

de Ferranti S, Després JP, Fullerton HJ, Howard VJ, Huffman MD, 
Judd SE, Kissela BM, Lackland DT, Lichtman JH, Lisabeth LD, Liu S, 
Mackey RH, Matchar DB, McGuire DK, Mohler ER 3rd, Moy CS, 
Muntner P, Mussolino ME, Nasir K, Neumar RW, Nichol G, Palaniappan L, 
Pandey DK, Reeves MJ, Rodriguez CJ, Sorlie PD, Stein J, Towfighi A, 
Turan TN, Virani SS, Willey JZ, Woo D, Yeh RW, Turner MB; American 
Heart Association Statistics Committee and Stroke Statistics Subcommittee. 
Heart disease and stroke statistics--2015 update: a  report from the 
American Heart Association. Circulation. 2015;131:e29-322.

 2.    Ambrosy AP, Fonarow GC, Butler J, Chioncel O, Greene SJ, 
Vaduganathan M, Nodari S, Lam CSP, Sato N, Shah AN, Gheorghiade M. 
The global health and economic burden of hospitalizations for heart fail-
ure: lessons learned from hospitalized heart failure registries. J Am Coll 
Cardiol. 2014;63:1123-33.

 3.    Barasa A, Schaufelberger M, Lappas G, Swedberg K, Dellborg M, 
Rosengren A. Heart failure in young adults: 20-year trends in hospitaliza-
tion, aetiology, and case fatality in Sweden. Eur Heart J. 2014;35:25-32.

 4.    Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto U, 
Byrne RA, Collet JP, Falk V, Head SJ, Jüni P, Kastrati A, Koller A, 
Kristensen SD, Niebauer J, Richter DJ, Seferović PM, Sibbing D, 
Stefanini GG, Windecker S, Yadav R, Zembala MO. 2018 ESC/EACTS 
Guidelines on myocardial revascularization. EuroIntervention. 2019;14: 
1435-534.

 5.    Shields MC, Ouellette M, Kiefer N, Kohan L, Taylor AM, Ailawadi G, 
Ragosta M. Characteristics and outcomes of surgically ineligible patients 
with multivessel disease treated with percutaneous coronary intervention. 
Catheter Cardiovasc Interv. 2021;98:1223-9.

 6.    Yamamoto K, Matsumura-Nakano Y, Shiomi H, Natsuaki M, Morimoto T, 
Kadota K, Tada T, Takeji Y, Yoshikawa Y, Imada K, Domei T, Kaneda K, 
Taniguchi R, Ehara N, Nawada R, Yamaji K, Kato E, Toyofuku M, 
Kanemitsu N, Shinoda E, Suwa S, Iwakura A, Tamura T, Soga Y, Inada T, 
Matsuda M, Koyama T, Aoyama T, Sato Y, Furukawa Y, Ando K, 
Yamazaki F, Komiya T, Minatoya K, Nakagawa Y, Kimura T; CREDO‐
Kyoto PCI/CABG Registry Cohort‐3 Investigators. Effect of Heart Failure 
on Long-Term Clinical Outcomes After Percutaneous Coronary 
Intervention Versus Coronary Artery Bypass Grafting in Patients With 
Severe Coronary Artery Disease. J Am Heart Assoc. 2021;10:e021257.

 7.    Thuijs DJFM, Kappetein AP, Serruys PW, Mohr FW, Morice MC, Mack MJ, 
Holmes DR Jr, Curzen N, Davierwala P, Noack T, Milojevic M, 
Dawkins KD, da Costa BR, Jüni P, Head SJ; SYNTAX Extended Survival 
Investigators. Percutaneous coronary intervention versus coronary artery 
bypass grafting in patients with three-vessel or left main coronary artery 
disease: 10-year follow-up of the multicentre randomised controlled 
SYNTAX trial. Lancet. 2019;394:1325-34.

 8.    Sun LY, Gaudino M, Chen RJ, Bader Eddeen A, Ruel M. Long-term 
Outcomes in Patients With Severely Reduced Left Ventricular Ejection 
Fraction Undergoing Percutaneous Coronary Intervention vs Coronary 
Artery Bypass Grafting. JAMA Cardiol. 2020;5:631-41.

 9.    Velazquez EJ, Lee KL, Jones RH, Al-Khalidi HR, Hill JA, Panza JA, 
Michler RE, Bonow RO, Doenst T, Petrie MC, Oh JK, She L, Moore VL, 
Desvigne-Nickens P, Sopko G, Rouleau JL; STICHES Investigators. 
Coronary-Artery Bypass Surgery in Patients with Ischemic Cardiomyopathy. 
N Engl J Med. 2016;374:1511-20.

 10.    McNulty EJ, Ng W, Spertus JA, Zaroff JG, Yeh RW, Ren XM, Lundstrom RJ. 
Surgical candidacy and selection biases in nonemergent left main stenting: 
implications for observational studies. JACC Cardiovasc Interv. 2011;4: 
1020-7.

 11.    Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, 
Prescott E, Storey RF, Deaton C, Cuisset T, Agewall S, Dickstein K, 
Edvardsen T, Escaned J, Gersh BJ, Svitil P, Gilard M, Hasdai D, Hatala R, 
Mahfoud F, Masip J, Muneretto C, Valgimigli M, Achenbach S, Bax JJ; 
ESC Scientific Document Group. 2019 ESC Guidelines for the diagnosis 
and management of chronic coronary syndromes. Eur Heart J. 2020;41: 
407-77.

 12.    Velazquez EJ, Lee KL, Deja MA, Jain A, Sopko G, Marchenko A, Ali IS, 
Pohost G, Gradinac S, Abraham WT, Yii M, Prabhakaran D, Szwed H, 
Ferrazzi P, Petrie MC, O’Connor CM, Panchavinnin P, She L, Bonow RO, 
Rankin GR, Jones RH, Rouleau JL; STICH Investigators. Coronary-artery 
bypass surgery in patients with left ventricular dysfunction. N Engl J Med. 
2011;364:1607-16.

 13.    Stone GW, Kappetein AP, Sabik JF, Pocock SJ, Morice MC, Puskas J, 
Kandzari DE, Karmpaliotis D, Brown WM 3rd, Lembo NJ, Banning A, 
Merkely B, Horkay F, Boonstra PW, van Boven AJ, Ungi I, Bogáts G, 
Mansour S, Noiseux N, Sabaté M, Pomar J, Hickey M, Gershlick A, 
Buszman PE, Bochenek A, Schampaert E, Pagé P, Modolo R, Gregson J, 
Simonton CA, Mehran R, Kosmidou I, Généreux P, Crowley A, Dressler O, 
Serruys PW; EXCEL Trial Investigators. Five-Year Outcomes after PCI or 
CABG for Left Main Coronary Disease. N Engl J Med. 2019;381: 
1820-30.

 14.    Holm NR, Mäkikallio T, Lindsay MM, Spence MS, Erglis A, Menown IBA, 
Trovik T, Kellerth T, Kalinauskas G, Mogensen LJH, Nielsen PH, 
Niemelä M, Lassen JF, Oldroyd K, Berg G, Stradins P, Walsh SJ, 
Graham ANJ, Endresen PC, Fröbert O, Trivedi U, Anttila V, Hildick-
Smith D, Thuesen L, Christiansen EH; NOBLE investigators. Percutaneous 
coronary angioplasty versus coronary artery bypass grafting in the treat-
ment of unprotected left main stenosis: updated 5-year outcomes from the 
randomised, non-inferiority NOBLE trial. Lancet. 2020;395:191-9.

 15.    Giacoppo D, Colleran R, Cassese S, Frangieh AH, Wiebe J, Joner M, 
Schunkert H, Kastrati A, Byrne RA. Percutaneous Coronary Intervention 
vs Coronary Artery Bypass Grafting in Patients With Left Main Coronary 
Artery Stenosis: A Systematic Review and Meta-analysis. JAMA Cardiol. 
2017;2:1079-88.

 16.    Perera D, Clayton T, O’Kane PD, Greenwood JP, Weerackody R, Ryan M, 
Morgan HP, Dodd M, Evans R, Canter R, Arnold S, Dixon LJ, Edwards RJ, 
De Silva K, Spratt JC, Conway D, Cotton J, McEntegart M, Chiribiri A, 
Saramago P, Gershlick A, Shah AM, Clark AL, Petrie MC; REVIVED-
BCIS2 Investigators. Percutaneous Revascularization for Ischemic Left 
Ventricular Dysfunction. N Engl J Med. 2022;387:1351-60.

 17.    Parikh PB, Bhatt DL, Bhasin V, Anker SD, Skopicki HA, Claessen BE, 
Fonarow GC, Hernandez AF, Mehran R, Petrie MC, Butler J. Impact of 
Percutaneous Coronary Intervention on Outcomes in Patients With 
Heart Failure: JACC State-of-the-Art Review. J Am Coll Cardiol. 2021;77: 
2432-47.

 18.    O’Neill WW, Anderson M, Burkhoff D, Grines CL, Kapur NK, Lansky AJ, 
Mannino S, McCabe JM, Alaswad K, Daggubati R, Wohns D, Meraj PM, 
Pinto DS, Popma JJ, Moses JW, Schreiber TL, Magnus Ohman E. Improved 
outcomes in patients with severely depressed LVEF undergoing percutane-
ous coronary intervention with contemporary practices. Am Heart J. 
2022;248:139-49.



EuroIntervention 2025;21:22-34 • Andreas Schäfer et al.32

 19.    O’Neill WW, Kleiman NS, Moses J, Henriques JP, Dixon S, Massaro J, 
Palacios I, Maini B, Mulukutla S, Dzavík V, Popma J, Douglas PS, 
Ohman M. A prospective, randomized clinical trial of hemodynamic sup-
port with Impella 2.5 versus intra-aortic balloon pump in patients under-
going high-risk percutaneous coronary intervention: the PROTECT II 
study. Circulation. 2012;126:1717-27.

 20.    Aurigemma C, Burzotta F, Chieffo A, Briguori C, Piva T, De Marco F, Di 
Biasi M, Pagnotta P, Casu G, Garbo R, Trani C, Tarantini G; IMP-IT 
Investigators. Clinical Impact of Revascularization Extent in Patients 
Undergoing Impella-Protected PCI Enrolled in a  Nationwide Registry. 
JACC Cardiovasc Interv. 2021;14:717-9.

 21.    Baumann S, Werner N, Ibrahim K, Westenfeld R, Al-Rashid F, Sinning JM, 
Westermann D, Schäfer A, Karatolios K, Bauer T, Becher T, Akin I. 
Indication and short-term clinical outcomes of high-risk percutaneous 
coronary intervention with microaxial Impella® pump: results from the 
German Impella® registry. Clin Res Cardiol. 2018;107:653-7.

 22.    Bangalore S, Guo Y, Samadashvili Z, Blecker S, Hannan EL. 
Revascularization in Patients With Multivessel Coronary Artery Disease 
and Severe Left Ventricular Systolic Dysfunction: Everolimus-Eluting 
Stents Versus Coronary Artery Bypass Graft Surgery. Circulation. 2016; 
133:2132-40.

 23.    Wolff G, Dimitroulis D, Andreotti F, Kołodziejczak M, Jung C, 
Scicchitano P, Devito F, Zito A, Occhipinti M, Castiglioni B, Calveri G, 
Maisano F, Ciccone MM, De Servi S, Navarese EP. Survival Benefits of 
Invasive Versus Conservative Strategies in Heart Failure in Patients With 
Reduced Ejection Fraction and Coronary Artery Disease: A Meta-Analysis. 
Circ Heart Fail. 2017;10:e003255.

 24.    Wang K, Wang L, Cong H, Zhang J, Hu Y, Zhang Y, Zhang R, Li W, Qi W. 
A comparison of drug-eluting stent and coronary artery bypass grafting in 
mildly to moderately ischemic heart failure. ESC Heart Fail. 2022;9: 
1749-55.

 25.    Nagendran J, Bozso SJ, Norris CM, McAlister FA, Appoo JJ, Moon MC, 
Freed DH, Nagendran J. Coronary Artery Bypass Surgery Improves 
Outcomes in Patients With Diabetes and Left  Ventricular Dysfunction. 
J Am Coll Cardiol. 2018;71:819-27.

 26.    Anderson RD, Ohman EM, Holmes DR Jr, Harrington RA, Barsness GW, 
Wildermann NM, Phillips HR, Topol EJ, Califf RM. Prognostic value of 
congestive heart failure history in patients undergoing percutaneous coro-
nary interventions. J Am Coll Cardiol. 1998;32:936-41.

 27.    Cleland JG, Calvert M, Freemantle N, Arrow Y, Ball SG, Bonser RS, 
Chattopadhyay S, Norell MS, Pennell DJ, Senior R. The Heart Failure 
Revascularisation Trial (HEART). Eur J Heart Fail. 2011;13:227-33.

 28.    Gaudino M, Hameed I, Khan FM, Tam DY, Rahouma M, Yongle R, 
Naik A, Di Franco A, Demetres M, Petrie MC, Jolicoeur EM, Girardi LN, 
Fremes SE. Treatment strategies in ischaemic left ventricular dysfunction: 
a network meta-analysis. Eur J Cardiothorac Surg. 2021;59:293-301. 

 29.    Neeland IJ, Patel RS, Eshtehardi P, Dhawan S, McDaniel MC, Rab ST, 
Vaccarino V, Zafari AM, Samady H, Quyyumi AA. Coronary angiographic 
scoring systems: an evaluation of their equivalence and validity. Am 
Heart J. 2012;164:547-52.e1.

 30.    Leonardi S, Capodanno D, Sousa-Uva M, Vrints C, Rex S, Guarracino F, 
Bueno H, Lettino M, Price S, Valgimigli M, Jeppsson A. Composition, 
structure, and function of heart teams: a  joint position paper of 
the ACVC, EAPCI, EACTS, and EACTA focused on the management of 
patients with complex coronary artery disease requiring myocardial revas-
cularization. Eur Heart J Acute Cardiovasc Care. 2021;10:83-93.

 31.    Burzotta F, Lassen JF, Lefèvre T, Banning AP, Chatzizisis YS, Johnson TW, 
Ferenc M, Rathore S, Albiero R, Pan M, Darremont O, Hildick-Smith D, 
Chieffo A, Zimarino M, Louvard Y, Stankovic G. Percutaneous coronary 
intervention for bifurcation coronary lesions: the 15th consensus document 
from the European Bifurcation Club. EuroIntervention. 2021;16: 1307-17.

 32.    Chieffo A, Dudek D, Hassager C, Combes A, Gramegna M, Halvorsen S, 
Huber K, Kunadian V, Maly J, Møller JE, Pappalardo F, Tarantini G, 
Tavazzi G, Thiele H, Vandenbriele C, Van Mieghem N, Vranckx P, 
Werner N, Price S. Joint EAPCI/ACVC expert consensus document on per-
cutaneous ventricular assist devices. EuroIntervention. 2021;17:e274-86.

 33.    Räber L, Mintz GS, Koskinas KC, Johnson TW, Holm NR, Onuma Y, 
Radu MD, Joner M, Yu B, Jia H, Meneveau N, de la Torre Hernandez JM, 
Escaned J, Hill J, Prati F, Colombo A, Di Mario C, Regar E, Capodanno D, 
Wijns W, Byrne RA, Guagliumi G. Clinical use of intracoronary imaging. 
Part 1: guidance and optimization of coronary interventions. An expert 
consensus document of the European Association of Percutaneous 
Cardiovascular Interventions. EuroIntervention. 2018;14:656-77.

 34.    Johnson TW, Räber L, Di Mario C, Bourantas CV, Jia H, Mattesini A, 
Gonzalo N, de la Torre Hernandez JM, Prati F, Koskinas KC, Joner M, 
Radu MD, Erlinge D, Regar E, Kunadian V, Maehara A, Byrne RA, 
Capodanno D, Akasaka T, Wijns W, Mintz GS, Guagliumi G. Clinical use 
of intracoronary imaging. Part 2: acute coronary syndromes, ambiguous 
coronary angiography findings, and guiding interventional decision-mak-
ing: an expert consensus document of the European Association of 
Percutaneous Cardiovascular Interventions. EuroIntervention. 2019;15: 
434-51.

 35.    Barbato E, Carrié D, Dardas P, Fajadet J, Gaul G, Haude M, Khashaba A, 
Koch K, Meyer-Gessner M, Palazuelos J, Reczuch K, Ribichini FL, 
Sharma S, Sipötz J, Sjögren I, Suetsch G, Szabó G, Valdés-Chávarri M, 
Vaquerizo B, Wijns W, Windecker S, de Belder A, Valgimigli M, Byrne RA, 
Colombo A, Di Mario C, Latib A, Hamm C; European Association of 
Percutaneous Cardiovascular Interventions. European expert consensus on 
rotational atherectomy. EuroIntervention. 2015;11:30-6.

 36.    Stefanini GG, Alfonso F, Barbato E, Byrne RA, Capodanno D, Colleran R, 
Escaned J, Giacoppo D, Kunadian V, Lansky A, Mehilli J, Neumann FJ, 
Regazzoli D, Sanz-Sanchez J, Wijns W, Baumbach A. Management of myo-
cardial revascularisation failure: an expert consensus document of 
the EAPCI. EuroIntervention. 2020;16:e875-90.

 37.    Lee JM, Choi KH, Song YB, Lee JY, Lee SJ, Lee SY, Kim SM, Yun KH, 
Cho JY, Kim CJ, Ahn HS, Nam CW, Yoon HJ, Park YH, Lee WS, Jeong JO, 
Song PS, Doh JH, Jo SH, Yoon CH, Kang MG, Koh JS, Lee KY, Lim YH, 
Cho YH, Cho JM, Jang WJ, Chun KJ, Hong D, Park TK, Yang JH, 
Choi SH, Gwon HC, Hahn JY; RENOVATE-COMPLEX-PCI Investigators. 
Intravascular Imaging-Guided or Angiography-Guided Complex PCI. 
N Engl J Med. 2023;388:1668-79.

 38.    Truesdell AG, Alasnag MA, Kaul P, Rab ST, Riley RF, Young MN, 
Batchelor WB, Maehara A, Welt FG, Kirtane AJ; ACC Interventional 
Council. Intravascular Imaging During Percutaneous Coronary Intervention: 
JACC State-of-the-Art Review. J Am Coll Cardiol. 2023;81:590-605.

 39.    Sanidas EA, Maehara A, Barkama R, Mintz GS, Singh V, Hidalgo A, 
Hakim D, Leon MB, Moses JW, Weisz G. Enhanced stent imaging improves 
the diagnosis of stent underexpansion and optimizes stent deployment. 
Catheter Cardiovasc Interv. 2013;81:438-45.

 40.    Hakeem A, Uretsky BF. Role of Postintervention Fractional Flow Reserve 
to Improve Procedural and Clinical Outcomes. Circulation. 2019;139: 
694-706.

 41.    Kern MJ, Aguirre FV, Tatineni S, Penick D, Serota H, Donohue T, Walter K. 
Enhanced coronary blood flow velocity during intraaortic balloon counter-
pulsation in critically ill patients. J Am Coll Cardiol. 1993;21:359-68.

 42.    Seto AH, Yu J, Iwaz J, Kern MJ. Effects of intraaortic balloon counterpul-
sation on translesional coronary hemodynamics. Catheter Cardiovasc 
Interv. 2020;96:871-7.

 43.    Remmelink M, Sjauw KD, Henriques JP, de Winter RJ, Koch KT, van der 
Schaaf RJ, Vis MM, Tijssen JG, Piek JJ, Baan J Jr. Effects of left ventricular 
unloading by Impella recover LP2.5 on coronary hemodynamics. Catheter 
Cardiovasc Interv. 2007;70:532-7.

 44.    Nagaraja V, Ooi SY, Nolan J, Large A, De Belder M, Ludman P, Bagur R, 
Curzen N, Matsukage T, Yoshimachi F, Kwok CS, Berry C, Mamas MA. 
Impact of Incomplete Percutaneous Revascularization in Patients With 
Multivessel Coronary Artery Disease: A  Systematic Review and Meta-
Analysis. J Am Heart Assoc. 2016;5:e004598.

 45.    Marin F, Pighi M, Zucchelli F, Ruzzarin A, Russo G, Aurigemma C, 
Romagnoli E, Ferrero V, Piccoli A, Scarsini R, Pesarini G, Trani C, Burzotta F, 
Ribichini FL. Predictors and Prognostic Impact of Left Ventricular Ejection 
Fraction Recovery after Impella-Supported Percutaneous Coronary 
Interventions in Acute Myocardial Infarction. J Pers Med. 2022;12:1576.

 46.    Burzotta F, Russo G, Ribichini F, Piccoli A, D’Amario D, Paraggio L, 
Previ L, Pesarini G, Porto I, Leone AM, Niccoli G, Aurigemma C, 
Verdirosi D, Crea F, Trani C. Long-Term Outcomes of Extent of 
Revascularization in Complex High Risk and Indicated Patients Undergoing 
Impella-Protected Percutaneous Coronary Intervention: Report from the 
Roma-Verona Registry. J Interv Cardiol. 2019;2019:5243913.

 47.    Sinning JM, Al-Rashid F, Ibrahim K, Aurigemma C, Chieffo A. Defining 
the optimal revascularization strategy during protected high-risk proce-
dures with Impella. Eur Heart J Suppl. 2022;24:J25-9.

 48.    Patel KK, Spertus JA, Arnold SV, Chan PS, Kennedy KF, Jones PG, Al 
Badarin F, Case JA, Courter S, McGhie AI, Bateman TM. Ischemia on PET 
MPI May Identify Patients With Improvement in Angina and Health Status 
Post-Revascularization. J Am Coll Cardiol. 2019;74:1734-6.



EuroIntervention 2025;21:22-34 • Andreas Schäfer et al. 33

High-risk PCI in surgically ineligible patients

 49.    Cortigiani L, Borelli L, Raciti M, Bovenzi F, Picano E, Molinaro S, Sicari R. 
Prediction of mortality by stress echocardiography in 2835 diabetic and 
11 305 nondiabetic patients. Circ Cardiovasc Imaging. 2015;8:e002757.

 50.    Dorbala S, Di Carli MF, Beanlands RS, Merhige ME, Williams BA, 
Veledar E, Chow BJ, Min JK, Pencina MJ, Berman DS, Shaw LJ. Prognostic 
value of stress myocardial perfusion positron emission tomography: results 
from a  multicenter observational registry. J Am Coll Cardiol. 2013;61: 
176-84.

 51.    Shaw LJ, Berman DS, Maron DJ, Mancini GB, Hayes SW, Hartigan PM, 
Weintraub WS, O’Rourke RA, Dada M, Spertus JA, Chaitman BR, 
Friedman J, Slomka P, Heller GV, Germano G, Gosselin G, Berger P, 
Kostuk WJ, Schwartz RG, Knudtson M, Veledar E, Bates ER, McCallister B, 
Teo KK, Boden WE; COURAGE Investigators. Optimal medical therapy 
with or without percutaneous coronary intervention to reduce ischemic 
burden: results from the Clinical Outcomes Utilizing Revascularization and 
Aggressive Drug Evaluation (COURAGE) trial nuclear substudy. 
Circulation. 2008;117:1283-91.

 52.    Tarantini G, Razzolini R, Cacciavillani L, Bilato C, Sarais C, Corbetti F, 
Marra MP, Napodano M, Ramondo A, Iliceto S. Influence of transmural-
ity, infarct size, and severe microvascular obstruction on left ventricular 
remodeling and function after primary coronary angioplasty. Am J Cardiol. 
2006;98:1033-40.

 53.    Camici PG, Prasad SK, Rimoldi OE. Stunning, hibernation, and assessment 
of myocardial viability. Circulation. 2008;117:103-14.

 54.    Bourque JM, Hasselblad V, Velazquez EJ, Borges-Neto S, O’connor CM. 
Revascularization in patients with coronary artery disease, left ventricular 
dysfunction, and viability: a meta-analysis. Am Heart J. 2003;146:621-7.

 55.    Allman KC, Shaw LJ, Hachamovitch R, Udelson JE. Myocardial viability 
testing and impact of revascularization on prognosis in patients with coro-
nary artery disease and left ventricular dysfunction: a meta-analysis. J Am 
Coll Cardiol. 2002;39:1151-8.

 56.    Ali ZA, Horst J, Gaba P, Shaw LJ, Bangalore S, Hochman JS, Maron DJ, 
Moses JW, Alfonso MA, Madhavan MV, Dressler O, Reynolds H, 
Stone GW. Standardizing the Definition and Analysis Methodology for 
Complete Coronary Artery Revascularization. J Am Heart Assoc. 
2021;10:e020110.

 57.    Choi KH, Lee JM, Koo BK, Nam CW, Shin ES, Doh JH, Rhee TM, 
Hwang D, Park J, Zhang J, Kim KJ, Hu X, Wang J, Ye F, Chen S, Yang J, 
Chen J, Tanaka N, Yokoi H, Matsuo H, Takashima H, Shiono Y, 
Akasaka T. Prognostic Implication of Functional Incomplete 
Revascularization and Residual  Functional SYNTAX Score in Patients 
With Coronary Artery Disease. JACC Cardiovasc Interv. 2018;11:237-45.

 58.    Gaba P, Gersh BJ, Ali ZA, Moses JW, Stone GW. Complete versus incom-
plete coronary revascularization: definitions, assessment and outcomes. 
Nat Rev Cardiol. 2021;18:155-68.

 59.    Almarzooq ZI, Song Y, Dahabreh IJ, Kochar A, Ferro EG, Secemsky EA, 
Major JM, Farb A, Wu C, Zuckerman B, Yeh RW. Comparative 
Effectiveness of Percutaneous Microaxial Left Ventricular Assist Device vs 
Intra-Aortic Balloon Pump or No Mechanical Circulatory Support in 
Patients With Cardiogenic Shock. JAMA Cardiol. 2023;8:744-54.

 60.    Møller JE, Engstrøm T, Jensen LO, Eiskjær H, Mangner N, Polzin A, 
Schulze PC, Skurk C, Nordbeck P, Clemmensen P, Panoulas V, Zimmer S, 
Schäfer A, Werner N, Frydland M, Holmvang L, Kjærgaard J, Sørensen R, 
Lønborg J, Lindholm MG, Udesen NLJ, Junker A, Schmidt H, Terkelsen CJ, 
Christensen S, Christiansen EH, Linke A, Woitek FJ, Westenfeld R, 
Möbius-Winkler S, Wachtell K, Ravn HB, Lassen JF, Boesgaard S, Gerke O, 
Hassager C; DanGer Shock Investigators. Microaxial Flow Pump or 
Standard Care in Infarct-Related Cardiogenic Shock. N Engl J Med. 
2024;390:1382-93.

 61.    Napp LC, Kühn C, Hoeper MM, Vogel-Claussen J, Haverich A, Schäfer A, 
Bauersachs J. Cannulation strategies for percutaneous extracorporeal 
membrane oxygenation in adults. Clin Res Cardiol. 2016;105:283-96.

 62.    Burkhoff D, Sayer G, Doshi D, Uriel N. Hemodynamics of Mechanical 
Circulatory Support. J Am Coll Cardiol. 2015;66:2663-74.

 63.    Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter J, de 
Waha A, Richardt G, Hennersdorf M, Empen K, Fuernau G, Desch S, 
Eitel I, Hambrecht R, Lauer B, Böhm M, Ebelt H, Schneider S, Werdan K, 
Schuler G; Intraaortic Balloon Pump in cardiogenic shock II (IABP-SHOCK 
II) trial investigators. Intra-aortic balloon counterpulsation in acute myo-
cardial infarction complicated by cardiogenic shock (IABP-SHOCK II): 
final 12  month results of a  randomised, open-label trial. Lancet. 
2013;382:1638-45.

 64.    Unverzagt S, Buerke M, de Waha A, Haerting J, Pietzner D, Seyfarth M, 
Thiele H, Werdan K, Zeymer U, Prondzinsky R. Intra-aortic balloon pump 
counterpulsation (IABP) for myocardial infarction complicated by cardio-
genic shock. Cochrane Database Syst Rev. 2015;2015:CD007398.

 65.    Khera R, Cram P, Lu X, Vyas A, Gerke A, Rosenthal GE, Horwitz PA, 
Girotra S. Trends in the use of percutaneous ventricular assist devices: 
analysis of national inpatient sample data, 2007 through 2012. JAMA 
Intern Med. 2015;175:941-50.

 66.    Sandhu A, McCoy LA, Negi SI, Hameed I, Atri P, Al’Aref SJ, Curtis J, 
McNulty E, Anderson HV, Shroff A, Menegus M, Swaminathan RV, 
Gurm H, Messenger J, Wang T, Bradley SM. Use of mechanical circulatory 
support in patients undergoing percutaneous coronary intervention: 
insights from the National Cardiovascular Data Registry. Circulation. 
2015;132:1243-51.

 67.    Weil BR, Konecny F, Suzuki G, Iyer V, Canty JM Jr. Comparative 
Hemodynamic Effects of Contemporary Percutaneous Mechanical 
Circulatory Support Devices in a  Porcine Model of Acute Myocardial 
Infarction. JACC Cardiovasc Interv. 2016;9:2292-303.

 68.    Russo G, Burzotta F, Aurigemma C, Pedicino D, Romagnoli E, Trani C. 
Can we have a rationalized selection of intra-aortic balloon pump, Impella, 
and extracorporeal membrane oxygenation in the catheterization labora-
tory? Cardiol J. 2022;29:115-32.

 69.    Lemor A, Hosseini Dehkordi SH, Basir MB, Villablanca PA, Jain T, 
Koenig GC, Alaswad K, Moses JW, Kapur NK, O’Neill W. Impella Versus 
Extracorporeal Membrane Oxygenation for Acute Myocardial Infarction 
Cardiogenic Shock. Cardiovasc Revasc Med. 2020;21:1465-71.

 70.    Lüsebrink E, Kellnar A, Krieg K, Binzenhöfer L, Scherer C, Zimmer S, 
Schrage B, Fichtner S, Petzold T, Braun D, Peterss S, Brunner S, Hagl C, 
Westermann D, Hausleiter J, Massberg S, Thiele H, Schäfer A, Orban M. 
Percutaneous Transvalvular Microaxial Flow Pump Support in Cardiology. 
Circulation. 2022;145:1254-84.

 71.    Perera D, Stables R, Thomas M, Booth J, Pitt M, Blackman D, de Belder A, 
Redwood S; BCIS-1 Investigators. Elective intra-aortic balloon counterpul-
sation during high-risk percutaneous coronary intervention: a randomized 
controlled trial. JAMA. 2010;304:867-74.

 72.    Perera D, Stables R, Booth J, Thomas M, Redwood S; BCIS-1 Investigators. 
The balloon pump-assisted coronary intervention study (BCIS-1): rationale 
and design. Am Heart J. 2009;158:910-6.e2.

 73.    Perera D, Stables R, Clayton T, De Silva K, Lumley M, Clack L, Thomas M, 
Redwood S; BCIS-1 Investigators. Long-term mortality data from the bal-
loon pump-assisted coronary intervention study (BCIS-1): a randomized, 
controlled trial of elective balloon counterpulsation during high-risk percu-
taneous coronary intervention. Circulation. 2013;127:207-12.

 74.    Dangas GD, Kini AS, Sharma SK, Henriques JP, Claessen BE, Dixon SR, 
Massaro JM, Palacios I, Popma JJ, Ohman M, Stone GW, O’Neill WW. 
Impact of hemodynamic support with Impella 2.5 versus intra-aortic bal-
loon pump on prognostically important clinical outcomes in patients 
undergoing high-risk percutaneous coronary intervention (from the 
PROTECT II randomized trial). Am J Cardiol. 2014;113:222-8.

 75.    Zeitouni M, Marquis-Gravel G, Smilowitz NR, Zakroysky P, Wojdyla DM, 
Amit AP, Rao SV, Wang TY. Prophylactic Mechanical Circulatory Support 
Use in Elective Percutaneous Coronary Intervention for Patients With 
Stable Coronary Artery Disease. Circ Cardiovasc Interv. 2022;15:e011534.

 76.    Steffel J, Collins R, Antz M, Cornu P, Desteghe L, Haeusler KG, Oldgren J, 
Reinecke H, Roldan-Schilling V, Rowell N, Sinnaeve P, Vanassche T, 
Potpara T, Camm AJ, Heidbüchel H; External reviewers. 2021 European 
Heart Rhythm Association Practical Guide on the Use of Non-Vitamin K 
Antagonist Oral Anticoagulants in Patients with Atrial Fibrillation. 
Europace. 2021;23:1612-76.

 77.    Valgimigli M, Bueno H, Byrne RA, Collet JP, Costa F, Jeppsson A, Jüni P, 
Kastrati A, Kolh P, Mauri L, Montalescot G, Neumann FJ, Petricevic M, 
Roffi M, Steg PG, Windecker S, Zamorano JL, Levine GN; ESC Scientific 
Document Group; ESC Committee for Practice Guidelines (CPG); ESC 
National Cardiac Societies. 2017 ESC focused update on dual antiplatelet 
therapy in coronary artery disease developed in collaboration with EACTS: 
The Task Force for dual antiplatelet therapy in coronary artery disease of 
the European Society of Cardiology (ESC) and of the European Association 
for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2018;39:213-60.

 78.    Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, 
Benetos A, Biffi A, Boavida JM, Capodanno D, Cosyns B, Crawford C, 
Davos CH, Desormais I, Di Angelantonio E, Franco OH, Halvorsen S, 
Hobbs FDR, Hollander M, Jankowska EA, Michal M, Sacco S, Sattar N, 
Tokgozoglu L, Tonstad S, Tsioufis KP, van Dis I, van Gelder IC, Wanner C, 



EuroIntervention 2025;21:22-34 • Andreas Schäfer et al.34

Williams B; ESC National Cardiac Societies; ESC Scientific Document 
Group. 2021 ESC Guidelines on cardiovascular disease prevention in clini-
cal practice. Eur Heart J. 2021;42:3227-337.

 79.    McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, 
Burri H, Butler J, Čelutkienė J, Chioncel O, Cleland JGF, Coats AJS, 
Crespo-Leiro MG, Farmakis D, Gilard M, Heymans S, Hoes AW, 
Jaarsma T, Jankowska EA, Lainscak M, Lam CSP, Lyon AR, McMurray JJV, 
Mebazaa A, Mindham R, Muneretto C, Francesco Piepoli M, Price S, 
Rosano GMC, Ruschitzka F, Kathrine Skibelund A; ESC Scientific 
Document Group. 2021 ESC Guidelines for the diagnosis and treatment of 
acute and chronic heart failure. Eur Heart J. 2021;42:3599-726.

 80.    Virk HUH, Tripathi B, Gupta S, Agrawal A, Dayanand S, Inayat F, 
Krittanawong C, Ghani AR, Zabad MN, Krishnamoorthy PM, 
Amanullah A, Pressman G, Witzke C, Janzer S, George J, Kalra S, 
Figueredo V. Trends, etiologies, and predictors of 90-day readmission after 
percutaneous ventricular assist device implantation: A  national popula-
tion-based cohort study. Clin Cardiol. 2018;41:561-8.

 81.    Schäfer A, Werner N, Westenfeld R, Møller JE, Schulze PC, Karatolios K, 
Pappalardo F, Maly J, Staudacher D, Lebreton G, Delmas C, Hunziker P, 
Fritzenwanger M, Napp LC, Ferrari M, Tarantini G. Clinical scenarios for 
use of transvalvular microaxial pumps in acute heart failure and cardio-
genic shock - A European experienced users working group opinion. Int J 
Cardiol. 2019;291:96-104.

 82.    Akin M, Sieweke JT, Zauner F, Garcheva V, Tongers J, Napp LC, 
Friedrich L, Treptau J, Bahntje MU, Flierl U, Sedding DG, Bauersachs J, 
Schäfer A. Mortality in Patients With Out-of-Hospital Cardiac Arrest 
Undergoing a Standardized Protocol Including Therapeutic Hypothermia 
and Routine  Coronary Angiography: Experience From the HACORE 
Registry. JACC Cardiovasc Interv. 2018;11:1811-20.

 83.    Sieweke JT, Berliner D, Tongers J, Napp LC, Flierl U, Zauner F, 
Bauersachs J, Schäfer A. Mortality in patients with cardiogenic shock 
treated with the Impella CP microaxial pump for isolated left ventricular 
failure. Eur Heart J Acute Cardiovasc Care. 2020;9:138-48.

 84.    Van Belle E, Teles RC, Pyxaras SA, Kalpak O, Johnson TW, Barbash IM, 
De Luca G, Kostov J, Parma R, Vincent F, Brugaletta S, Debry N, Toth GG, 
Ghazzal Z, Deharo P, Milasinovic D, Kaspar K, Saia F, Mauri Ferre J, 
Kammler J, Muir DF, O’Connor S, Mehilli J, Thiele H, Weilenmann D, 
Witt N, Joshi F, Kharbanda RK, Piroth Z, Wojakowski W, Geppert A, Di 
Gioia G, Pires-Morais G, Petronio AS, Estevez-Loureiro R, Ruzsa Z, 
Kefer J, Kunadian V, Van Mieghem N, Windecker S, Baumbach A, 
Haude M, Dudek D. EAPCI Core Curriculum for Percutaneous 
Cardiovascular Interventions (2020): Committee for Education and 
Training European Association of Percutaneous Cardiovascular 
Interventions (EAPCI). A branch of the European Society of Cardiology. 
EuroIntervention. 2021;17:23-31.

 85.    Meraj PM, Doshi R, Schreiber T, Maini B, O’Neill WW. Impella 2.5 initi-
ated prior to unprotected left main PCI in acute myocardial infarction com-
plicated by cardiogenic shock improves early survival. J Interv Cardiol. 
2017;30:256-63.

 86.    Dhruva SS, Mortazavi BJ, Desai NR. Intravascular Microaxial Left 
Ventricular Assist Device vs Intra-aortic Balloon Pump for Cardiogenic 
Shock-Reply. JAMA. 2020;324:303-4.

 87.    Schäfer A, Burkhoff D, Bauersachs J. Haemodynamic simulation and the 
effect of early left ventricular unloading in pre-shock acute coronary syn-
drome. ESC Heart Fail. 2019;6:457-63.

 88.    Flaherty MP, Moses JW, Westenfeld R, Palacios I, O’Neill WW, 
Schreiber TL, Lim MJ, Kaki A, Ghiu I, Mehran R. Impella support and 
acute kidney injury during high-risk percutaneous coronary intervention: 
The Global cVAD Renal Protection Study. Catheter Cardiovasc Interv. 
2020;95:1111-21.

 89.    Goel SS, Agarwal S, Tuzcu EM, Ellis SG, Svensson LG, Zaman T, Bajaj N, 
Joseph L, Patel NS, Aksoy O, Stewart WJ, Griffin BP, Kapadia SR. 
Percutaneous coronary intervention in patients with severe aortic stenosis: 
implications for transcatheter aortic valve replacement. Circulation. 
2012;125:1005-13.

 90.    Diaz Quintero L, Gajo E, Guerrero M, Feldman T, Levisay J. Balloon 
Aortic Valvuloplasty Followed by Impella®-Assisted Left Main Coronary 
Artery Percutaneous Coronary Intervention in Patients With Severe Aortic 
Stenosis as a Bridge to Transcatheter Aortic Valve Replacement. Cardiovasc 
Revasc Med. 2021;22:16-21.

 91.    Spiro J, Venugopal V, Raja Y, Ludman PF, Townend JN, Doshi SN. 
Feasibility and efficacy of the 2.5 L and 3.8 L impella percutaneous left 
ventricular support device during high-risk, percutaneous coronary 

intervention in patients with severe aortic stenosis. Catheter Cardiovasc 
Interv. 2015;85:981-9.

 92.    Patel KP, Michail M, Treibel TA, Rathod K, Jones DA, Ozkor M, Kennon S, 
Forrest JK, Mathur A, Mullen MJ, Lansky A, Baumbach A. Coronary 
Revascularization in Patients Undergoing Aortic Valve Replacement for 
Severe Aortic Stenosis. JACC Cardiovasc Interv. 2021;14:2083-96.

 93.    Toggweiler S, Leipsic J, Binder RK, Freeman M, Barbanti M, Heijmen RH, 
Wood DA, Webb JG. Management of vascular access in transcatheter aor-
tic valve replacement: part 1: basic anatomy, imaging, sheaths, wires, and 
access routes. JACC Cardiovasc Interv. 2013;6:643-53.

 94.    Wollmuth J, Korngold E, Croce K, Pinto DS. The Single-access for Hi-risk 
PCI (SHiP) technique. Catheter Cardiovasc Interv. 2020;96:114-6.

 95.    Burzotta F, Russo G, Previ L, Bruno P, Aurigemma C, Trani C. Impella: 
pumps overview and access site management. Minerva Cardioangiol. 
2018;66:606-11.

 96.    Mathur M, Hira RS, Smith BM, Lombardi WL, McCabe JM. Fully 
Percutaneous Technique for Transaxillary Implantation of the Impella CP. 
JACC Cardiovasc Interv. 2016;9:1196-8.

 97.    Wood DA, Krajcer Z, Sathananthan J, Strickman N, Metzger C, Fearon W, 
Aziz M, Satler LF, Waksman R, Eng M, Kapadia S, Greenbaum A, 
Szerlip M, Heimansohn D, Sampson A, Coady P, Rodriguez R, 
Krishnaswamy A, Lee JT, Ben-Dor I, Moainie S, Kodali S, Chhatriwalla AK, 
Yadav P, O’Neill B, Kozak M, Bacharach JM, Feldman T, Guerrero M, 
Nanjundappa A, Bersin R, Zhang M, Potluri S, Barker C, Bernardo N, 
Lumsden A, Barleben A, Campbell J, Cohen DJ, Dake M, Brown D, 
Maor N, Nardone S, Lauck S, O’Neill WW, Webb JG; SAFE MANTA 
Study Investigators. Pivotal Clinical Study to Evaluate the Safety and 
Effectiveness of the MANTA Percutaneous Vascular Closure Device. Circ 
Cardiovasc Interv. 2019;12:e007258.

 98.    Abdel-Wahab M, Hartung P, Dumpies O, Obradovic D, Wilde J, 
Majunke N, Boekstegers P, Müller R, Seyfarth M, Vorpahl M, Kiefer P, 
Noack T, Leontyev S, Sandri M, Rotta Detto Loria J, Kitamura M, 
Borger MA, Funkat AK, Hohenstein S, Desch S, Holzhey D, Thiele H; 
CHOICE-CLOSURE Investigators. Comparison of a  Pure Plug-Based 
Versus a  Primary Suture-Based Vascular Closure Device Strategy for 
Transfemoral Transcatheter Aortic Valve Replacement: The CHOICE-
CLOSURE Randomized Clinical Trial. Circulation. 2022;145:170-83.

 99.    Tepe G, Brodmann M, Werner M, Bachinsky W, Holden A, Zeller T, 
Mangalmurti S, Nolte-Ernsting C, Bertolet B, Scheinert D, Gray WA; 
Disrupt PAD III Investigators. Intravascular Lithotripsy for Peripheral 
Artery Calcification: 30-Day Outcomes From the Randomized Disrupt 
PAD III Trial. JACC Cardiovasc Interv. 2021;14:1352-61.

 100.    Giacoppo D, Cassese S, Harada Y, Colleran R, Michel J, Fusaro M, 
Kastrati A, Byrne RA. Drug-Coated Balloon Versus Plain 
Balloon Angioplasty for the Treatment of Femoropopliteal Artery Disease: 
An Updated Systematic Review and Meta-Analysis of Randomized Clinical 
Trials. JACC Cardiovasc Interv. 2016;9:1731-42.

 101.    Cassese S, Ndrepepa G, Kufner S, Byrne RA, Giacoppo D, Ott I, 
Laugwitz KL, Schunkert H, Kastrati A, Fusaro M. Drug-coated balloon 
angioplasty for in-stent restenosis of femoropopliteal arteries: a meta-ana-
lysis. EuroIntervention. 2017;13:483-9.

 102.    Schillinger M, Sabeti S, Loewe C, Dick P, Amighi J, Mlekusch W, 
Schlager O, Cejna M, Lammer J, Minar E. Balloon angioplasty versus 
implantation of nitinol stents in the superficial femoral artery. N Engl J 
Med. 2006;354:1879-88.

 103.    Burzotta F, Trani C, Doshi SN, Townend J, van Geuns RJ, Hunziker P, 
Schieffer B, Karatolios K, Møller JE, Ribichini FL, Schäfer A, Henriques JP. 
Impella ventricular support in clinical practice: Collaborative viewpoint 
from a European expert user group. Int J Cardiol. 2015;201:684-91.

Supplementary data
Supplementary Appendix 1. Periprocedural aspects on the use 
of MCS in high-risk PCI.
Supplementary Appendix 2. MCS periprocedural aspects.
Supplementary Appendix 3. Postprocedural management.

The supplementary data are published online at:  
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-23-01100 



Supplementary data 

Supplementary Appendix 1. Periprocedural aspects on the use of MCS in high-risk PCI. 

High-risk PCI aims primarily to improve symptoms and quality of life in patients with 

advanced CAD and reduced LVEF in the context of either chronic or acute coronary 

syndromes. Therefore, the potential benefit in quality of life has to balance with the potential 

procedural risk including target vessel failure, vascular complications, bleeding, renal 

impairment due to higher contrast volume, and potential ischaemia-related haemodynamic 

instability during or after the procedure. 

When -during the planning phase for the procedure- it is decided to perform PCI facilitated by 

the use of MCS in order to prevent hemodynamic instability, the increased risk for vascular 

complications and bleeding owing to MCS has to be counterbalanced with the potential 

benefit assumed of more successful and/or more complete revascularisation prior to the 

procedure when the Heart Team decides about the case. Balancing potential outcome benefits 

to increased rates of vascular complications and bleeding is the crucial point when discussing 

the use of MCS in patients undergoing high-risk PCI. Even in the context of cardiogenic 

shock, this issue is still unresolved: the use of MCS devices is associated with more 

complications, in some recent analyses mortality was even higher, but patients on MCS were 

sicker59. Therefore, the Heart Team needs to decide whether the potential benefit in 

revascularisation is so large that it justifies potential large bore access, if required to stabilise 

the patient for safe procedural success. The lessons learned from MCS use in shock 

potentially improving outcome despite bleeding and vascular complications60 underline the 

importance of adequate pre-procedural planning including selection from the different devices 

for MCS support and optimised vascular access like in structural interventions, where 

complications have been dramatically reduced over time by such an approach. The following 

section of this manuscript is intended to provide step-by-step guidance through the planning 

process in order to minimize risk exposure and improve procedural success.   

 

  



Supplementary Appendix 2. MCS periprocedural aspects. 

The use of MCS devices is an option in high-risk PCI patients with severely depressed LV 

function but should not be taken for granted when discussing treatment strategies. Currently 

three categories of MCS are available: IABP, microaxial flow pumps, and va-ECMO61,62. 

IABP requires forward blood-flow and an LV capable of increasing stroke volume upon 

minor afterload reduction along with increased coronary perfusion. Its efficacy is limited by 

tachycardia and arrhythmia, and IABP is inefficient in circulatory arrest, when it occurs 

during high-risk PCI. Microaxial flow pumps require sufficient LV filling to avoid suction, 

and have limitations when LV preload is decreased or LV cavity size is small (e.g. due to 

hypertrophy, septum shift or compression).  va-ECMO requires sufficient venous filling and 

volume return to avoid suction, and increases LV afterload. Both microaxial flow pumps and 

va-ECMO can provide sufficient support in cases of transient loss of pulsatility during high-

risk PCI81, however, extracorporeal devices such as Tandem Heart and va-ECMO are mostly 

reserved for cardiogenic shock. 

MCS devices have conventionally been used in the setting of cardiogenic shock60,63,64. 

However, over the course of the last decade, there has been increased uptake for PCI in high-

risk elderly populations with multiple comorbidities65,66. Despite the expanding use of MCS, 

there is paucity of supportive outcomes data compared to OMT alone, comparative data 

determining superiority of one device over the other, or the cost efficiency of such devices 

particularly in the setting of high-risk PCI67-70. Each device is unique in terms of profile, level 

of support and potential complications86. Such factors influence device selection in addition to 

availability, expertise and cost. Commonly used devices for high-risk PCI include IABP and 

microaxial systems.  

In patients with severe LVEF reduction, MCS can provide haemodynamic stability in 

procedural settings that would otherwise rapidly lead to haemodynamic deterioration in those 

patients such as the treatment of the left main and major bifurcations, atherectomy techniques 

employment, and coronary artery stenting optimisation by using intracoronary imaging, in 

particular when PCI in severely reduced LVEF is performed on the last patent vessel or in 

patients with already critically elevated left-ventricular end-diastolic pressure87. Whether 

proper conductance of these interventions under MCS in patients with severe LVEF reduction 

translates into clinical benefit, however, has not yet been sufficiently demonstrated.  

The first trial investigating a potential benefit of MCS was the Balloon Pump–Assisted 

Coronary Intervention Study (BCIS)-1 trial investigating whether elective IABP support in 

301 patients with LVEF <30% and severe CAD (defined by a BCIS-1 jeopardy score ≥8) 



undergoing PCI reduces the composite endpoint of death, acute myocardial infarction, 

cerebrovascular event, or further revascularisation at hospital discharge (within 28 days). 

Elective IABP insertion did not reduce this endpoint, thereby not supporting a strategy of 

routine IABP placement before PCI in patients with severe LV dysfunction71. While the 

primary study design included an exploratory 6-months mortality analysis72, which showed no 

significant effect, an extended assessment indicated that all-cause mortality was significantly 

reduced by 33% in patients supported with IABP during high-risk PCI. However, the trial was 

not prospectively designed to address all-cause mortality73. Nevertheless, the trial’s mortality 

data generated the hypothesis of a potential long-term benefit of circulatory support in high-

risk PCI procedures. 

The trial that was meant to investigate a potential benefit of Impella® 2.5 in patients with 

impaired LV function was the PROTECT II trial. The PROTECT II study investigated non-

emergent PCI in high-risk adult patients (defined by LVEF ≤35% undergoing PCI on an 

unprotected left main or last patent coronary vessel, or LVEF ≤30% undergoing multivessel 

PCI in patients with 3-vessel disease). The trial had been designed and powered for 654 

patients, but the data safety monitoring board stopped the trial prematurely because of futility 

when only 448 patients had been randomised. The primary end-point (composite of all-cause 

death, myocardial infarction, stroke or transient ischaemic attack, any repeat revascularisation 

by PCI or CABG, need for a cardiac or vascular operation, acute renal insufficiency, severe 

intra-procedural hypotension requiring therapy, cardiopulmonary resuscitation or ventricular 

tachycardia requiring cardioversion, aortic insufficiency and angiographic failure of PCI) at 

30 days was not significantly reduced. Therefore, the trial did not provide evidence for routine 

use of microaxial flow pumps in high-risk PCI in patients with impaired LVEF. An 

exploratory per-protocol analysis suggested that at 90 days use of microaxial flow pumps was 

associated with a reduction of symptoms and improved LVEF, however, there was no 

indication that a hard composite end-point consisting of death, myocardial infarction and 

stroke was significantly reduced19. The incidence of acute kidney injury in those undergoing 

microaxial flow pump-supported high-risk PCI was lowered88. Real-life data, e.g. from 

Europe, indicate a quite different and much sicker patient cohort undergoing high-risk PCI on 

microaxial flow pump support compared to those initially investigated in the Protect-II 

trial21,74. 

In summary, the interventional community is confronted with an overall neutral randomised-

controlled and prematurely halted trial that showed no benefit of microaxial flow pump-



assisted PCI, but based on selective post-hoc analyses generated the hypothesis of potential 

functional improvement and reduced demand for repeat revascularisations in high-risk 

patients with protected-PCI19. Despite the lack of prospective data showing improvement, in 

real life the prophylactic use of MCS in patients partly not even fitting the BCIS-1 or 

PROTECT II studies inclusion criteria increased over time75. The ongoing PROTECT-IV trial 

investigates whether PCI with a microaxial flow pump is superior to PCI without it in 

reducing the composite rate of all-cause death, stroke, durable LVAD implant or heart 

transplant, myocardial infarction or hospitalisation for cardiovascular causes at 3-year follow-

up in high-risk patients with complex CAD and reduced LVEF. The trial will randomize 1252 

patients to Impella® CP or 2.5 compared to standard treatment with or without IABP. Patients 

must have impaired LVEF ≤40% when undergoing complex PCI including complex multi-

vessel, last-vessel or left-main disease. The still existing lack of evidence raises a quest for 

new trials in the field, but conducting them is made difficult by the perceived high risk in the 

standard care group in case of elective procedures. Despite the fact that clinical data 

concerning MCS devices did not show an advantage in terms of clinical endpoints, MCS 

devices and especially microaxial flow pumps are broadly used during complex PCI 

procedures. While some experts call a microaxial flow pump the most expensive device, 

which is not supported by evidence from RCTs, others favour its use due to the anticipated 

positive effects on haemodynamics during complex PCI.  

Planning of high-risk PCI procedures gets more complicated and challenging once there is 

accompanying severe aortic stenosis also requiring an intervention (e.g. TAVR). At present, a 

combined approach including both CAD and valvular disease treatment may be reasonable in 

patients with impaired LVEF, particularly in the presence of proximal and/or severely 

symptomatic CAD. Complexity is added by these accompanying disease as those patients are 

less tolerant to haemodynamic compromise but also provide limitations in case of considered 

MCS use. Anecdotal reports have described MCS use as a technically feasible option to 

reduce procedural and peri-procedural haemodynamic instability89. The use of an MCS is 

possible in the presence of aortic stenosis, but may require balloon aortic valvuloplasty in case 

of a microaxial flow pump or delicate programming in case of va-ECMO, which further 

increases procedural complexity90,91. With borderline CAD and concomitant valvular heart 

disease, invasive functional tests may be helpful to clarify relevance of CAD, although a 

standardised approach in this setting has not been established yet92. 

Vascular complications and bleeding are the major downsides of routine MCS use. Computed 

tomography or invasive angiography identifies whether vasculature diameters and paths are 



sufficient for placement, while ultrasound alone can reduce the risk of bleeding and visualise 

the optimal point of anterior puncture, but may be insufficient for a complete assessment of 

the vasculature93.  

While va-ECMO requires extensive vascular access including large-bore venous, large-bore 

arterial and eventually antegrade arterial perfusion in addition to the usual sheath for PCI,  

microaxial flow pumps allow single-access insertion of a guiding catheter through the MCS 

sheath94. Vessel diameters >5 mm are suitable for support95. Technical aspects should be 

tailored according to the case-specific clinical presentation and, alternative access sites 

availability (e.g., subclavian, axillary, etc.)95,96. Pre-closure with a suture device limits 

vascular complications and a 4F sheath dilator can be safely introduced via the remaining 

wire for micro-angiography to exclude vascular access complications. Pre-closure devices are 

highly effective and large experience has accrued. Large bore post-closure devices are 

emerging technical options that have generally shown initial favourable results97, but a recent 

RCT in patients with transcatheter aortic valve replacement showed a higher rate of access-

related vascular complications with post- compared to pre-procedural devices98. We highly 

discourage to routinely use manual compression to achieve haemostasis after sheath removal 

for large-bore access sites. 

Systematic assessment for peripheral artery disease is advisable before elective high-risk PCI 

as placement of long-sheaths able to cross diseased vessel segments and/or arterial lumen 

preparation by plain balloon and/or intravascular lithotripsy may be required99-102. When 

feasible, percutaneous insertion and early sheath removal should be pursued. Systematic post-

PCI arterial angiography helps to rapidly recognise and manage vascular complications, 

especially in case of large bore access.  

Consensus statement: 

The pathophysiological effects of MCS devices are capable of bringing safety to the 

procedure. However, severe complications especially associated with access site may 

influence outcomes, and a morbidity and mortality benefit has not been clearly established by 

recent studies. Until the randomised PROTECT IV study will have been published, personal 

preference, careful patient selection, and active prevention and surveillance of vascular 

complications is needed to ensure a safe procedure using MCS devices. 

 

  



Supplementary Appendix 3. Postprocedural management. 

MCS-devices 

In case of high-risk PCI, MCS intended to provide haemodynamic stability during the 

procedure is usually only required peri-interventional and, therefore, mainly limited to the 

catheterisation laboratory. However, haemodynamic instability may persist in patients with 

severely impaired LVEF and it is sometimes necessary to transfer patients on MCS to an 

Intensive Care Unit (ICU). It is advisable that non-interventional physicians and nurses on 

ICU are trained in the management of MCS-supported patients. ICU staff has to ensure proper 

positioning of the MCS system and optimise device settings for haemodynamic support and 

weaning81,103. 

Handling of MCS in the ICU requires certain standards of operation. Anticoagulation to avoid 

clotting during device function and dual anti-platelet therapy following extensive or complex 

PCI procedures are required. However, this unavoidably increases the risk of bleeding. In case 

of microaxial flow pumps, local sutures around the access channel are helpful to reduce 

bleeding alongside the channel70. Ipsilateral extremity perfusion remains an often disregarded 

issue and selective lower limb perfusion is preferred in all cases where MCS is needed beyond 

the index procedure and limits antegrade perfusion. While this is often considered as 

mandatory in case of va-ECMO due to almost complete occlusion of the femoral artery by the 

arterial ECMO cannula, this is not so obvious in case of femoral microaxial flow pumps. If a 

14F device is inserted and used along the 9F replacement sheath, the smaller diameter may 

allow for adequate and sustained lower leg perfusion in most cases. Nevertheless, once a 

microaxial flow pump remains in place for longer durations than the original PCI procedure, 

adequate antegrade leg perfusion needs to be monitored. Commonly used approaches are 

Doppler-ultrasound measurements or near-infrared spectroscopy to monitor distal oxygen 

supply. 

Peri-procedural intravenous anticoagulation and antiplatelet therapy should follow the current 

ESC/EACTS guidelines in general4. While PCI is possible in patients on oral anticoagulants 

in principle, although an interruption in high-risk PCI is commonly required based on the 

individual risk, use of large-bore access, and intensive intravenous anticoagulation when 

using MCS76. High-risk PCI on MCS requires sufficient anticoagulation with an activated 

clotting time >160 seconds81. 




