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Editor: José Maria Soares Junior

Keywords:
High-risk percutaneous coronary interventions
Impella
Mechanical circulatory support
Men
Women
Mortality

A B S T R A C T

Background: Impella (Abiomed, Danvers, MA, USA) is a mechanical circulatory support device to prevent hae-
modynamic compromise in selected patients undergoing high-risk percutaneous coronary interventions.
Objectives: Data on sex differences in the setting of Impella-assisted high-risk percutaneous coronary in-
terventions are limited. This analysis compared the characteristics and outcomes of women and men supported 
with Impella CP during high-risk percutaneous coronary interventions.
Methods: Consecutive patients enrolled in the IMPELLA-PL registry, undergoing high-risk percutaneous coronary 
interventions from January 2014 until December 2021, with 12-month follow-up until December 2022, were 
included in the analysis. The main endpoints included (i) In-hospital mortality, (ii) Periprocedural complications, 
(iii) 12-month mortality, and major adverse cardiovascular events following hospital discharge.
Results: Among 253 patients analyzed, women (12.6 %) were older (75.2 ± 7.7 years vs. 70.1 ± 10.0, p = 0.006), 
had more left main disease (81.2 % vs. 61.1 %, p = 0.043), and higher Syntax Score (46.0 vs. 42.5, p = 0.038). 
The in-hospital mortality rate was comparable between groups (9.4 % vs. 8.1 %, p = 0.736). Women experienced 
fewer device-related complications (6.3 % vs. 20.8 %, p = 0.049), but more systemic complications (68.8 % vs. 
35.7 %, p < 0.001). Women trended towards lower 12-month mortality (9.4 % vs. 19.4 %, p = 0.053), while post- 
discharge major adverse cardiovascular events (15.6 % vs. 23.5 %, p = 0.439) were comparable.
Conclusions: Women and men undergoing Impella-assisted high-risk percutaneous coronary interventions have 
comparable in-hospital mortality rates, but different complication profiles. Following hospital discharge, the 12- 
month survival rate appears to be higher in women, despite more advanced age and a greater complexity of 
coronary artery disease.

Introduction

An increasing number of patients with coronary artery disease re-
quires complex, high-risk revascularization procedures, posing a sig-
nificant challenge for the Heart Teams worldwide. Although the exact 
definition of High-Risk Percutaneous Coronary Interventions (HR-PCI) 
remains a matter of debate, it generally encompasses various patient 
clinical, anatomical, and procedural characteristics, including acute 

coronary syndrome presentation, elderly age, extensive comorbidities, 
low left ventricle ejection fraction, three-vessel or left main disease, 
highly calcified lesions, complex bifurcation, or complex chronic total 
occlusion stenting.1 Multiple studies have demonstrated a so-called 
‘risk-treatment paradox’ in patients, in which a higher risk of 
morbidity and mortality lowers the chance of receiving 
guideline-recommended care.2,3 This paradox is also observed in women 
and men undergoing HR-PCI.4 Women undergoing HR-PCI are older and 
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burdened by more comorbidities and more challenging coronary anat-
omy compared to men.5 In addition, historical reports showed increased 
rates of PCI-related complications, such as coronary perforation and 
vascular access-site complications in women.6 These factors are likely 
responsible for the fact that women receive less revascularization and 
mechanical circulatory support.7 In contrast, recent studies have 
demonstrated that gender is not an independent predictor of adverse 
outcomes after HR-PCI after adjusting for other clinical features, such as 
left main lesion, last patent conduit, pulmonary hypertension, atrial 
fibrillation, anemia or renal failure.8 Hence, the previous reports indi-
cating higher mortality in women undergoing HR PCI require 
re-evaluation.

Impella (Abiomed, Danvers, MA, USA) is a percutaneous mechanical 
circulatory support device recommended by the American College of 
Cardiology to prevent haemodynamic compromise in selected patients 
undergoing HR-PCI.9 Recent advancements in the Impella devices (e.g. 
introduction of Impella CP and Smart Assist System), increasing oper-
ator experience, and endorsement of standardized algorithms and 
institutional programs have contributed to improved outcomes after 
Impella-supported HR PCI procedures.1,10 Following the approval of 
Impella for clinical use in Europe in 2005, it has been adopted world-
wide, with over 210,000 devices implanted to date.

Recently, the DanGer Shock showed that the routine use of Impella 
improved survival in patients with ST-segment elevation myocardial 
infarction-related cardiogenic shock, compared to standard care alone, 
despite the higher incidence of adverse events.11 The currently ongoing 
PROTECT IV trial is expected to provide the answer to whether the 
prophylactic Impella use might improve outcomes in the HR PCI setting 
as well.12

Rationale

Despite the accumulating evidence on the efficacy and safety of 
Impella, data in various patient subpopulations, including men and 
women, are scarce. Hitherto, it has been shown that early mechanical 
circulatory support initiation may mitigate the excess mortality risk in 
female patients with cardiogenic shock.13,14 However, data on sex dif-
ferences in the Impella-assisted HR-PCI setting are limited and contro-
versial, showing comparable or higher rates of PCI-related 
complications in women, along with comparable or higher mortality 
rates.15–18 To address this knowledge gap, the authors conducted a 
comparative analysis of the characteristics and outcomes of women and 
men enrolled in the IMPELLA-PL registry.

Methods

Study design

The IMPELLA-PL registry is a multicentre, investigator-initiated, 
retrospective registry including consecutive patients treated with 
Impella in the setting of cardiogenic shock and HR PCI in all Polish 
interventional cardiology centres that implanted at least 3 Impella de-
vices between 2014 and December 2021. The study was conducted 
following the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) Statement. The 12-month follow-up ended in 
December 2022. All participating centres are public and most of them 
are academic. Since the introduction of the Impella device in Poland, it 
has been covered by the public healthcare system upon an individual’s 
request. Hence, all patients included in the registry received Impella free 
of charge. The rationale and design of the registry, the list of partici-
pating centers along with the number of patients enrolled per center, 
and the efficacy and safety outcomes in cardiogenic shock and HR PCI 
patients were published previously.19–21

Consent

The study protocol was approved by the Bioethical Committee of the 
Medical University of Warsaw (protocol number 1WR/5ABIOMED/2, 
version 1 from 4th January 2022).

Patient selection

The study cohort consisted of hemodynamically stable patients with 
severe coronary artery disease who qualified for elective or urgent 
Impella-assisted HR-PCI by the local Heart Team. Patients in cardiogenic 
shock were excluded. Data regarding baseline characteristics, comor-
bidities, laboratory values, echocardiographic characteristics, angio-
graphic and procedural characteristics, other cardiopulmonary support, 
the length of hospital stay, in-hospital and 12-month outcomes were 
collected based on the available medical records and inserted into 
dedicated, password-protected, web-based electronic case report forms, 
available via the dedicated study website (https://rejestrimpella.pl/). 
The electronic case report forms were designed and maintained by a 
dedicated IT specialist. At every site, 2 investigators were responsible for 
data collection (altogether 40 investigators) and follow-up. To ensure 
data completeness, the electronic case report forms did not allow the 
patient record to be saved unless all the required clinical data were filled 
in The follow-up regarding 12-month outcomes was conducted during 
the ambulatory visits or phone calls. In case the patient could not be 
contacted personally, the follow-up was completed based on the data 
from the national insurance database. Hence, there were no patients lost 
to follow-up.

Clinical endpoints

The endpoints included in-hospital mortality, in-hospital major 
adverse cardiovascular events (exacerbation of heart failure, inflam-
matory complications, acute kidney injury, major bleeding as per 
operator judgement), device-related complications (access site bleeding, 
haemolysis, limb ischaemia, aortic injury), and 12-month outcomes, 
including mortality after discharge, recurrent hospitalization for HF, 
myocardial infarction, need for urgent repeated revascularization, heart 
transplantation, left ventricle assist device implantation, and stroke. The 
prespecified endpoint definitions were previously published.19

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics, version 
24.0. Categorical variables were reported using rates and proportions 
and compared using the Chi-Square test or Fisher’s exact test for vari-
ables with fewer than five participants per category. Continuous vari-
ables were expressed as mean ± standard deviation or median 
(interquartile range) and compared using a t-test or a U-Mann-Whitney 
test, depending on the distribution. The long-term mortality rates were 
presented using Kaplan-Meier curves and compared using the log-rank 
test. All analyses were conducted by an independent statistician in a 
blinded manner. Statistical tests were two-sided, with a significance 
level of <0.05.

Results

Baseline characteristics

The study flow chart is shown in Fig. 1. Of 308 patients enrolled in 
the IMPELLA-PL registry in 20 Polish interventional cardiology centers, 
253 underwent HR-PCI, consisting of 221 men (87.4 %) and 32 women 
(12.6 %). The comparison of baseline characteristics between men and 
women is presented in Table 1. Compared to men, women were older 
(75.2 ± 7.7 vs. 70.1 ± 10.0, p = 0.006), had lower hemoglobin levels at 
admission (11.4 g/dL vs. 13.2 g/dL, p < 0.001), lower estimated 
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glomerular filtration rate (58 vs. 63, p = 0.053), and a trend towards 
higher risk of post-PCI contrast nephropathy according to the Mehran 
Score (13 vs. 10 points, p = 0.051). In turn, women had lower N-ter-
minal pro b-type natriuretic peptide (NT-proBNP) levels (1955 pg/mL 
vs. 4829 pg/mL, p = 0.022) and higher Left Ventricle Ejection Fraction 
(LVEF) (39.0 vs. 25.0, p < 0.001) compared to men. Acute coronary 
syndrome was the most common clinical presentation in women and 
men (56.3 % and 52.5 %, respectively). There were no differences in the 
rates of cardiovascular risk factors, comorbidities, and the median 
EuroSCORE between women and men.

Angiographic and procedural characteristics

Angiographic and procedural characteristics are shown in Table 2. 
There was a median of 3 vessels with significant stenosis in both groups, 
defined as > 50 % left main stem stenosis or >70 % stenosis in a coro-
nary vessel > 2.5 mm in coronary angiography or 30 % to 70 % stenosis 
with fractional flow reserve ≤ 0.8. Nearly all patients presented with 
multivessel disease, with a higher percentage of women having multi-
vessel disease, including left main (81.3 % vs. 61.1 %, p = 0.043). The 
median Syntax Score was higher in women (46.0 vs. 42.5, p = 0.038). All 
pre-planned lesions were successfully treated in 78.1 % of women and 
83.7 % of men, with a higher rate of left main PCI in women (84.4 % vs. 
67.0 %, p = 0.046). The contrast volume (190 vs. 250, p = 0.039) and 
radiation dose (952 vs. 1771, p = 0.010) were lower in women, 
compared to men.

All patients were treated with Impella CP. In the majority of cases, 
Impella was inserted before PCI (90.6 % of women and 80.5 % of men) 

Fig. 1. Study flow chart. Of 308 patients enrolled in the IMPELLA-PL registry, 
253 underwent HR-PCI: 221 men (87.4 %) and 32 women (12.6 %). The HR PCI 
cohort consisted of haemodynamically stable patients with severe CAD who 
qualified for elective or urgent Impella-assisted HR PCI. Patients in cardiogenic 
shock were excluded. In-hospital and 12-month mortality, as well as 12-month 
MACE rates were evaluated in these patients. HR-PCI, High-Risk Percutaneous 
Coronary Interventions; MACE, Major Adverse Cardiovascular and Cerebro-
vascular Events.

Table 1 
Baseline characteristics.

Women (n =
32)

Men (n = 221) p-value

Age (years) 75.2 ± 7.7 70.1 ± 10.0 0.006
BMI (kg/m2) 26.6 (24.1‒ 

31.2)
27.2 (24.5‒ 
30.5)

0.838

Clinical presentation, n ( %) ​ ​ 0.850
ACS 18 (56.3) 116 (52.5) ​
CCS 14 (43.8) 97 (43.9) ​

Comorbidities ​ ​ ​
Hypertension, n ( %) 27 (84.4) 172 (77.8) 0.539
Dyslipidemia, n ( %) 25 (78.1) 173 (78.3) 0.984
Diabetes mellitus, n ( %) 18 (56.3) 100 (45.2) 0.329
Prior myocardial infarction, n ( 

%)
16 (50.0) 116 (52.5) 0.792

Previous PCI, n ( %) 9 (28.1) 84 (38.0) 0.278
Previous CABG, n ( %) 1 (3.1) 26 (11.8) 0.219
Atrial fibrillation, n ( %) 8 (25.0) 67 (30.3) 0.538
Chronic heart failure, n ( %) 22 (68.8) 178 (80.5) 0.125
Previous stroke, n ( %) 2 (6.3) 22 (10.0) 0.749
Previous TIA, n ( %) 3 (9.4) 9 (4.1) 0.183
Chronic kidney disease, n ( %) 15 (46.9) 79 (35.7) 0.223
Dialysis, n ( %) 1 (3.1) 3 (1.4) 0.420
COPD, n ( %) 5 (15.6) 23 (10.4) 0.370
PAD, n ( %) 11 (34.4) 65 (29.4) 0.714
EuroSCORE, % 5.1 (2.7‒9.6) 5.0 (2.7‒9.1) 0.728
Mehran Risk Score, points 13 (8‒16) 10 (7‒14) 0.051
Cardiac arrest prior to admission, 

n ( %)
0 (0.0) 9 (4.1) 0.608

VF 0 (0.0) 4 (1.8) 1.000
VT 0 (0.0) 2 (0.9) 1.000
PEA 0 (0.0) 2 (0.9) 1.000
Asystole 0 (0.0) 1 (0.5) 1.000

ICD, n ( %) 2 (6.3) 41 (18.6) 0.139
Pacemaker 1 (3.1) 9 (4.1) 1.000
ICD 1 (3.1) 27 (12.2) 0.222
CRT 1 (3.1) 11 (5.0) 1.000

Laboratory values ​ ​ ​
Haemoglobin (g/dL) 11.4 (9.8‒12.9) 13.2 (12.0‒ 

14.4)
<0.001

Platelets ( × 109/L) 242.0 (188.0‒ 
277.0)

208.0 (167.0‒ 
256.0)

0.089

eGFR (mL/min/1.73 m2) 58 (48‒67) 63 (49‒82) 0.053
CRP (mg/L) 10 (4‒26) 7 (2‒23) 0.449
NT-proBNP (pg/mL) 1955 (923‒ 

3871)
4829 (1982‒ 
10,383)

0.022

Troponin (ng/mL) 0.38 (0.03‒1.8) 0.31 (0.04‒3.5) 0.389
Echocardiographic 

characteristics
​ ​ ​

LVEDD (mm) 52.0 (47.0‒ 
57.8)

61.0 (54.8‒ 
67.0)

<0.001

LA (mm) 42.0 (38.0‒ 
45.0)

45.0 (42.0‒ 
51.0)

<0.001

EF ( %) 39.0 (30.0‒ 
50.0)

25.0 (20.0‒ 
35.0)

<0.001

RV dysfunction, n ( %) 6 (18.8) 39 (17.6) 0.879
Mitral regurgitation grade 3‒4, n 

( %)
5 (15.6) 38 (17.2) 1.000

Tricuspid regurgitation grade 3‒ 
4, n ( %)

4 (12.5) 32 (14.5) 1.000

Severe aortic stenosis, n ( %) 0 (0.0) 3 (1.4) 1.000
Data presented as n ( %), mean ± standard deviation or median (interquartile 
range). T-test or U-Mann-Whitney test was used for continuous variables and 
Chi-Square test for categorical variables. ACS, Acute Coronary Syndrome; CCS, 
Chronic Coronary Syndrome; PCI, Percutaneous Coronary Intervention; BMI, 
Body Mass Index; CABG, Coronary Artery Bypass Graft; TIA, Transient Ischaemic 
Attack; COPD, Chronic Obstructive Pulmonary Disease; PAD, Peripheral Arterial 
Disease; EuroSCORE, European System for Cardiac Operative Risk Evaluation; 
VF, Ventricular Fibrillation; VT, Ventricular Tachycardia; PEA, Pulseless Elec-
trical Activity; ICD, Implantable Cardioverter-Defibrillator; CRT, Cardiac 
Resynchronization Therapy; eGFR, Estimated Glomerular Filtration Rate; CRP, 
C-Reactive Protein; NT-proBNP, N-terminal pro B-type Natriuretic Peptide; 
LVEDD, Left Ventricular End-Diastolic Diameter; LA, Left Atrium; EF, Ejection 
Fraction; RV, Right Ventricle.
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and was explanted in the catheterization laboratory (90.6 % of women 
and 94.1 % of men). The most common vascular access for Impella was 
the femoral artery (90.6 % of women and 80.5 % of men). The median 
duration of Impella insertion was 25 min in both groups. The median 
duration of support was longer in women, compared to men (16.3 h vs. 
3.0 h), although the difference did not reach statistical significance. 
There were no differences in the use of catecholamines, mechanical 
ventilation, extracorporeal membrane oxygenation, and intra-aortic 
balloon pump between the groups. There was a trend towards longer 
stay in the intensive care unit in women, compared to men (5.5 days vs. 
3.0 days, p = 0.062), with similar overall length of hospital stay in both 
groups.

In-hospital and 12-month post-procedure outcomes

Comparison of in-hospital and 12-month outcomes is shown in Fig. 2
and Table 3. In-hospital mortality rate was comparable in women and 
men (9.4 % vs. 8.1 %). Women experienced more systemic complica-
tions, including inflammatory complications, acute kidney injury, and 
major bleeding, compared to men (68.8 % vs. 35.7 %, p < 0.001). In 
contrast, they experienced fewer device-related complications, 
including access site bleeding, hemolysis, limb ischemia, and aortic 
injury, compared to women (6.3 % vs. 20.8 %, p = 0.049). There was a 
trend towards a lower post-discharge mortality rate in women, 
compared to men, during the 12-month observation period (0.0 % vs. 
11.3 %, p = 0.053). Furthermore, the overall 12-month mortality fol-
lowed the same trend: 9.4 % in women vs. 19.4 % in men (p = 0.053) 
(Fig. 3). Comparison of the complication profile in men and women, 
shown as a percentage of all complications, is shown in Fig. 4.

Discussion

The main findings of this study are that women and men undergoing 
Impella-assisted HR PCI have comparable in-hospital mortality, but 
different complication profiles, with more device-related complications 
in men and more systemic complications in women, and there is a trend 
towards lower 12-month mortality in women, despite more advanced 
age and higher complexity of coronary artery disease.

Sex differences in the setting of Impella-assisted HR PCI

Data regarding sex differences in the setting of Impella-assisted HR 
PCI are limited and controversial. In the sub-analysis of the prospective, 
multicentre, observational PROTECT III study, including 1237 patients 
undergoing HR-PCI supported with Impella 2.5 or Impella CP, female 
patients were older, more often anemic, and had worse renal function, 
but higher LVEF compared to male patients,7 which is in line with these 
results. Female patients had a higher rate of immediate PCI-related 
coronary complications, but there were no sex differences regarding 
90-day mortality and major adverse cardiovascular events (all-cause 
death, myocardial infarction, stroke/transient ischemic attack, and 
repeat revascularization). Similarly, in the subanalysis of the global 
Catheter-based Ventricular Assist Devices registry, which included 1053 
patients who underwent HR-PCI using Impella 2.5 or Impella CP, 
women were older and had more comorbidities (diabetes, renal insuf-
ficiency, and peripheral vascular disease), compared to men.16

Following PCI, women had a higher rate of bleeding requiring trans-
fusion, but there were no differences in 30-day mortality and major 
adverse cardiovascular events (stroke, MI, need for recurrent revascu-
larization) between the groups. A propensity-score matching analysis of 
4381 HR-PCI patients from the United States National Readmission 
Database also showed a higher rate of major bleeding in women, but a 
similar rate of vascular complications and in-hospital mortality.18 In a 
sub-analysis of the Impella Italian registry examining sex-dependent 
differences in clinical outcomes, women undergoing Impella-assisted 
HR-PCI had a higher burden of coronary anatomical complexity (left 

Table 2 
Angiographic and procedural characteristics.

Women (n =
32)

Men (n = 221) p- 
value

Angiographic characteristics ​ ​ ​
Number of vessels with significant 

stenosis
3.0 (3.0‒4.0) 3.0 (3.0‒4.0) 0.517

Severe calcifications, n ( %) 18 (56.3) 122 (55.2) 0.911
Chronic total occlusions, n ( %) 15 (46.9) 122 (55.2) 0.377
In-stent restenosis, n ( %) 0 (0.0) 17 (7.7) 0.140
In-stent thrombosis, n ( %) 0 (0.0) 1 (0.5) 1.000
Intravascular imaging, n ( %) 11 (34.4) 93 (42.1) 0.448

IVUS 11 (34.4) 91 (41.2) 0.464
OCT 0 (0.0) 2 (0.9) 1.000

Functional assessment, n ( %) 1 (3.1) 8 (3.6) 1.000
Extent of the disease, n ( %) ​ ​ ​

One-vessel 0 (0.0) 1 (0.5) 1.000
Multi-vessel (except for LM) 3 (9.4) 58 (26.2) 0.062
Multi-vessel (including LM) 26 (81.3) 135 (61.1) 0.043
Missing data 3 (9.4) 27 (12.2) 0.778

Syntax Score 46.0 (36.0‒ 
69.0)

42.5 (30.9‒ 
52.8)

0.038

Procedural characteristics, n ( %) ​ ​ ​
Vascular access for PCI, n ( %) ​ ​ ​

Femoral artery 18 (56.3) 132 (59.7) 0.705
Radial artery 13 (40.6) 90 (40.7) 1.000
Brachial artery 1 (3.1) 6 (2.7) 1.000

Sheat size (French) 7 (6‒7) 7 (6‒7) 0.219
PCI via Impella sheath 6 (18.8) 39 (17.6) 0.879
Successful PCI in all lesions 25 (78.1) 185 (83.7) 0.515
Vessel treated: ​ ​ ​

LM 27 (84.4) 148 (67.0) 0.046
LAD 29 (90.6) 169 (76.5) 0.070
CX 17 (53.1) 123 (55.7) 0.788
RCA 3 (9.4) 45 (20.4) 0.138

Contrast volume, mL 190 (120‒ 
290)

250 (180‒ 
350)

0.039

Radiation dose, mGy 952 (871‒ 
2635)

1771 (518‒ 
1863)

0.010

Impella characteristics ​ ​ ​
Impella CP 31 (100.0) 221 (100.0) 1.000
Impella insertion, n ( %) ​ ​ ​

Before PCI 29 (90.6) 178 (80.5) 0.303
During PCI 3 (9.4) 41 (18.6) 0.201
After PCI 0 (0.0) 0 (0.0) 1.000
Missing data 0 (0.0) 2 (0.9) 1.000

Explantation in cath lab, n ( %) 29 (90.6) 208 (94.1) 0.436
Duration of insertion (minutes) 25.0 (17.5‒ 

41.0)
25.0 (15.0‒ 
40.0)

0.934

Duration of support (hours) 16.3 (2.0‒ 
100.0)

3.0 (2.0‒73.0) 0.358

Vascular access for Impella, n ( %) ​ ​ ​
Femoral artery 29 (90.6) 178 (80.5) 0.303
Subclavian artery 1 (3.1) 13 (5.9) 1.000
Ultrasound-guided puncture 9 (28.1) 61 (27.6) 0.951
Surgical access 7 (21.9) 31 (14.0) 0.287

Contralateral safety access 2 (6.3 %) 20 (9.0 %) 1.000
Other cardiopulmonary support ​ ​ ​
Use of catecholamines, n ( %) 4 (12.5) 43 (19.4) 0.482
Use of mechanical ventilation, n ( %) 1 (3.1) 9 (4.1) 1.000
Need for renal replacement therapy 1 (3.1) 3 (1.4) 0.420
Use of ECMO, n ( %) 1 (3.1) 4 (1.8) 0.560
Use of IABP, n ( %) 1 (3.1) 26 (11.8) 0.494
Intensive care stay, days 5.5 (2.5‒13.8) 3.0 (2.0‒8.0) 0.062
Hospital stay, days 12.0 (9.0‒ 

17.0)
11.0 (7.0‒ 
18.8)

0.601

Data presented as n ( %) and median (interquartile range). t-test or U-Mann- 
Whitney test was used for continuous variables and chi-square test for cate-
gorical variables. IVUS, Intravascular Ultrasound; OCT, Optical Coherence To-
mography; PCI, Percutaneous Coronary Intervention; LM, Left Main coronary 
artery; LAD, Left Anterior Descending artery; CX, Circumflex Artery; RCA, Right 
Coronary Artery; cath lab, Catheterization laboratory; ECMO, Extracorporeal 
Membrane Oxygenation; IABP, Intra-Aortic Balloon Pump.
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main disease and severely calcified lesions), received pre-PCI support 
less frequently, and required peri‑procedural resuscitation.17 The rates 
of in-hospital mortality and device-related complications were similar in 
both groups. However, women had higher 12-month mortality, 
compared to men, with a similar rate of 12-month major adverse car-
diovascular events (heart failure rehospitalization, LVAD implantation, 
heart transplantation).

Complications in women undergoing Impella-assisted HR PCI

Similar to previous studies, results from the registry population show 
that women undergoing Impella-assisted HR-PCI have more complica-
tions in general, which is driven by a higher number of inflammatory 
complications, acute kidney injury, and major bleeding. Inflammatory 
complications in the IMPELLA-PL registry were defined as infections 

Fig. 2. Comparison of in-hospital (A) and 12-month outcomes (B) in women and men undergoing Impella-supported high-risk percutaneous coronary interventions. 
Data presented as n ( %) and compared using chi-square test. Systemic complications are defined as inflammatory complications, acute kidney injury and major 
bleeding. Device-related complications are defined as access site bleeding, haemolysis, limb ischemia and aortic injury.
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accompanied by pain, fever, and/or leucocytosis, treated with antimi-
crobial agents, confirmed by the presence of positive culture test or 
strong clinical evidence despite negative cultures. The higher rate of 
inflammatory complications registered in women in the IMPELLA-PL 
registry might be due to the pro-inflammatory effect of estradiol, 
which leads to stronger immune responses than men experience, but 
better outcomes following bacterial infections.22,23 Hence, while women 
might have more pronounced inflammatory responses than men, they 
are able to combat infections more efficiently, which could help explain 
the comparable mortality in both groups. The higher rate of acute kid-
ney injury in women despite the lower contrast volume might be 

explained by the female sex, older age, lower baseline haemoglobin and 
eGFR, and higher Mehran Score risk for post-PCI contrast nephropathy, 
which were all shown to predict post-PCI acute kidney injury.24–26 More 
incidence of major bleeding in women in the IMPELLA-PL registry is also 
in accordance with the previous mechanical circulatory support 
studies.16,18 However, whether female sex is an independent predictor of 
complications remains disputable, with contemporary evidence sug-
gesting that the increased risk of post-PCI bleeding in women is rather 
associated with older age, lower hemoglobin, and comorbidities.27,28

Women undergoing Impella-assisted HR PCI have fewer device-related 
complications

In contrast to historic studies,6 the authors observed fewer 
device-related complications in women, compared to men. These find-
ings were despite a similar rate of femoral artery access, 
ultrasound-guided puncture, and contralateral safety access for Impella, 
and despite a similar rate of radial and femoral access for PCI, along with 
the median sheath size of 7F in both groups. Surgical access occurred 
more frequently in women (21.9 % vs. 14.0 %), which might have 
contributed to more conscious vascular access management, but also to 
more inflammatory complications. In addition, Impella explantation 
occurred in the catheterization laboratory for the majority of patients, 
which likely prevented complications associated with long-term Impella 
support in both groups.

Mortality in women undergoing Impella-supported HR PCI

Regarding long-term mortality, the present study is the first to show 
a trend towards improved 12-month survival in women undergoing 
Impella-supported HR PCI. The discrepant results between this study 
and previous studies might be due to differences in baseline character-
istics and different follow-up durations. These aspects, along with the 
potential influence of ethnic or genetic factors on the Impella-supported 
HR PCI results, should be further explored. Interestingly, similar results 
were found in a retrospective analysis of 4510 patients with aortic ste-
nosis undergoing isolated surgical aortic valve replacement, where 
women were older, displayed more non-cardiac comorbidities, and 
faced a higher operative risk, but had better 5-year survival than men 
upon adjustment for baseline characteristics.8 Still, the observed mor-
tality benefit in the present study should be interpreted with caution, 
considering the large underrepresentation of women in the registry 
(12.6 %). The latter is a caveat of all contemporary sex-based sub-
analyses regarding Impella in the HR-PCI setting, with 26.8 % women in 
the PROTECT III study, 24.8 % in the Catheter-based Ventricular Assist 
Devices registry and 22.4 % in the Impella Italian registry.15–17 Further 
analyses with larger number of women are crucial to provide statisti-
cally relevant and clinically valuable insights into the observed sex 
differences.

Clinical implications

The present results support the adoption of Impella during HR-PCI 
procedures regardless of sex, showing that women experience compa-
rable clinical outcomes from Impella support as men, despite more 
advanced age and greater complexity of coronary artery disease. This 
fact should be taken into account during the qualification of patients for 
Impella-supported HR-CI by the Heart Teams, especially considering the 
strikingly higher prevalence of Impella-assisted HR-PCI in men. At the 
same time, the operators and intensivists should be aware of the 
generally higher risk of complications in women, requiring meticulous 
preprocedural planning and postprocedural management to ensure the 
best possible outcomes.

Table 3 
In-hospital and 12-month outcomes.

Women (n =
32)

Men (n =
221)

p-value

In-hospital outcomes, n ( %) ​ ​ ​
Mortality 3 (9.4) 18 (8.1) 0.736
Exacerbation of heart failure 2 (6.3) 10 (4.5) 0.184
Systemic complications (number of 

patients)
14 (40.6) 62 (28.1) 0.097

Systemic complications (numeric) 22 (68.8) 79 (35.7) <0.001
Inflammatory complications 8 (25.0) 27 (12.2) 0.050
Acute kidney injury 7 (21.9) 25 (11.3 0.149
Major bleeding 7 (21.9) 27 (12.2) 0.149

Device-related complications (number 
of patients)

2 (6.3) 39 (17.6) 0.126

Device-related complications 
(numeric)

2 (6.3) 46 (20.8) 0.049

Access site bleeding 2 (6.3) 35 (15.8) 0.188
Haemolysis 0 (0.0) 4 (1.8) 1.000
Limb ischaemia 0 (0.0) 6 (2.7) 1.000
Aortic injury 0 (0.0) 1 (0.5) 1.000

All complications (number of patients) 16 (50.0) 101 (45.7) 0.706
All complications (numeric) 24 (75.0) 125 (56.6) 0.048
12-month outcomes, n ( %) ​ ​ ​
Mortality after discharge 0 (0.0) 25 (11.3) 0.053
Hospitalization due to HF worsening 4 (12.5) 21 (9.5) 0.535
Myocardial infarction 0 (0.0) 3 (1.4) 1.000
Repeated revascularization 0 (0.0) 8 (3.6) 0.601

PCI 0 (0.0) 8 (3.6) ​
CABG 0 (0.0) 0 (0.0) ​

Heart transplantation 0 (0.0) 3 (1.4) 1.000
LVAD 1 (3.1) 0 (0.0) 0.126
Stroke 1 (3.1) 3 (1.4) 0.420
Total mortality 3 (9.4) 43 (19.4) 0.053

Data presented as n ( %). Chi-Square test for categorical variables. HF, Heart 
Failure; PCI, Percutaneous Coronary Intervention; CABG, Coronary Artery 
Bypass Graft; LVAD, Left Ventricle Assist Device.

Fig. 3. Kaplan-Meier survival curves of 12-month all-cause mortality post- 
discharge for men and women undergoing Impella-supported high-risk percu-
taneous coronary interventions, compared using the log-rank test. HR, Hazard 
Ratio; CI, Confidence Interval.
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Strengths and limitations of the study

The present study has multiple strengths, including the multicenter 
design, the participation of public and mostly academic research centers 
with the full reimbursement of Impella for the study participants, the 
standardized way of data collection, the complete follow-up, and the 
first time ever observed trend towards the improved 12-month survival 
in women undergoing Impella-supported HR-PCI. It also has several 
limitations, including the underrepresentation of women, registry-based 
design limited by the completeness of medical data, lack of an inde-
pendent event adjudication committee, definition of bleeding compli-
cations according to the operator’s judgement, and implantation and 
removal of Impella during the same procedure in most patients, 
reflecting the overall clinical stability of the HR-PCI cohort. In addition, 
the marginal p-values, such as for lower estimated glomerular filtration 
rate (p = 0.053) and fewer device-related complications (p = 0.049) in 
women, should be interpreted cautiously. Importantly, the present re-
sults do not refer to the Impella use in the cardiogenic shock setting, 
since patients with cardiogenic shock were excluded from the analysis 
due to substantial differences in the baseline characteristics and out-
comes between the cardiogenic shock and HR-PCI subpopulations. In 
addition, the small sample size of the cardiogenic shock patients 
included in the registry (n = 55, including 13-women) would make the 
gender-subgroup analysis statistically not reliable.19

Conclusions

Women and men undergoing Impella-assisted HR PCI had compa-
rable in-hospital mortality rates, but different complication profiles, 
with more device-related complications in men and more systemic 
complications in women. Following hospital discharge, the 12-month 
survival rate tends to be higher in women, despite their more 
advanced age and greater complexity of coronary artery disease.
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Glossary of field-specific terms

Risk-Treatment Paradox: A phenomenon where patients with a higher risk of morbidity and 
mortality receive less aggressive or guideline-recommended care than lower-risk 
patients.

Percutaneous Coronary Intervention (PCI): A non-surgical procedure to open narrowed or 
blocked coronary arteries, often involving stent placement to improve blood flow to 
the heart.

High-Risk PCI (HR PCI): A PCI procedure performed on patients with complex clinical, 
anatomical, or procedural challenges, such as severe coronary artery disease, low 
ejection fraction, or significant comorbidities, which increase the risk of 
complications.

Mechanical Circulatory Support (MCS): Devices, like Impella, are used to assist the heart’s 
pumping function, especially during high-risk procedures or heart failure, to maintain 
stable blood circulation.

Impella: A catheter-based percutaneous device that provides temporary mechanical sup-
port to the heart’s left ventricle, used during high-risk PCI to maintain hemodynamic 
stability.

Cardiogenic Shock (CS): A life-threatening condition where the heart suddenly fails to 
pump enough blood to meet the body’s needs, often requiring emergency mechanical 
support.

Left Ventricle Ejection Fraction (LVEF): The percentage of blood pumped out of the left 
ventricle with each heartbeat, used to assess heart function; a lower LVEF indicates 
weakened heart performance.

Systemic Complications: Adverse events affecting multiple organs or systems, such as 
infection or kidney injury, which can arise during or after medical procedures.

Device-Related Complications: Adverse events directly associated with the mechanical 
support device, such as vascular access issues or bleeding.

Major Adverse Cardiac Events (MACE): Serious heart-related complications that can occur 
during or after treatment, including heart attack, stroke, or need for repeat 
revascularization.

Mehran Score: A risk assessment tool used to predict the likelihood of contrast-induced 
nephropathy following PCI, particularly in high-risk patients.

Syntax Score: A scoring system used to assess the severity and complexity of coronary 
artery disease based on angiography findings.

Multivessel Disease: A condition in which multiple coronary arteries are affected by sig-
nificant stenosis, increasing the complexity of treatment and procedural risk.

Fractional Flow Reserve (FFR): A technique that measures pressure differences across a 
coronary artery stenosis to assess the significance of the blockage, guiding the need for 
intervention.

Extracorporeal Membrane Oxygenation (ECMO): A temporary life-support machine that 
oxygenates blood outside the body, often used for patients with severe heart or lung 
failure.

Intra-Aortic Balloon Pump (IABP): A mechanical device inserted into the aorta to improve 
heart function and blood flow, often used as a bridge during cardiac procedures.

EuroSCORE: A scoring system used to estimate the risk of mortality from cardiac surgery 
based on patient characteristics and comorbidities.
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