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Abstract

Aims Data on sex and left ventricular assist device (LVAD) utilization and outcomes have been conflicting and mostly con-
fined to US studies incorporating older devices. This study aimed to investigate sex-related differences in LVAD utilization
and outcomes in a contemporary European LVAD cohort.
Methods and results This analysis is part of the multicentre PCHF-VAD registry studying continuous-flow LVAD patients. The
primary outcome was all-cause mortality. Secondary outcomes included ventricular arrhythmias, right ventricular failure,
bleeding, thromboembolism, and the haemocompatibility score. Multivariable Cox regression models were used to assess as-
sociations between sex and outcomes. Overall, 457 men (81%) and 105 women (19%) were analysed. At LVAD implant,
women were more often in Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) profile 1 or 2
(55% vs. 41%, P = 0.009) and more often required temporary mechanical circulatory support (39% vs. 23%, P = 0.001). Mean
age was comparable (52.1 vs. 53.4 years, P = 0.33), and median follow-up duration was 344 [range 147–823] days for women
and 435 [range 190–816] days for men (P = 0.40). No significant sex-related differences were found in all-cause mortality (haz-
ard ratio [HR] 0.79 for female vs. male sex, 95% confidence interval [CI] [0.50–1.27]). Female LVAD patients had a lower risk of
ventricular arrhythmias (HR 0.56, 95% CI [0.33–0.95]) but more often experienced right ventricular failure. No significant
sex-related differences were found in other outcomes.
Conclusions In this contemporary European cohort of LVAD patients, far fewer women than men underwent LVAD implan-
tation despite similar clinical outcomes. This is important as the proportion of female LVAD patients (19%) was lower than the
proportion of females with advanced HF as reported in previous studies, suggesting underutilization. Also, female patients
were remarkably more often in INTERMACS profile 1 or 2, suggesting later referral for LVAD therapy. Additional research in
female patients is warranted.
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Introduction

Both men and women are frequently affected by heart failure
(HF), and in both sexes, HF is strongly associated with mor-
bidity and mortality.1,2 However, several sex-related differ-
ences exist, such as the distribution of HF phenotypes and
the aetiology of HF.2–4 Although the overall lifetime risk of de-
veloping HF is comparable between men and women, women
are underrepresented in HF trials.1,5-7 Additionally, women
are less likely to be treated with guideline-recommended
drugs. Reports on potential underutilization of device thera-
pies such as implantable cardioverter-defibrillator or cardiac
resynchronization therapy in women have been
inconsistent.7-14 Even though it is suggested that women
make up approximately one-third of the advanced HF popula-
tion, several studies have shown lower utilization of left ven-
tricular assist devices (LVADs) in women.15-18 Furthermore,
studies investigating sex-related differences in LVAD out-
comes provided conflicting results. Analyses of large US and
European LVAD registries demonstrated worse clinical out-
comes in women, whereas a smaller study and a
meta-analysis showed similar survival for women and
men.15,16,19-21 However, these previous studies contained only
a very small proportion of the newest and currently predom-
inant HeartMate 3 LVADs and primarily included data on US
patients. Improving our understanding of sex differences in
present-day European LVAD management is necessary to fur-
ther enhance LVAD care. Therefore, this analysis aimed to as-
sess sex-related differences in LVAD utilization and outcomes
in a contemporary European cohort of LVAD patients.

Methods

The methods of the observational PCHF-VAD registry have

been described previously.22 Briefly, continuous-flow LVAD

patients were included from 13 European HF tertiary referral

centres by HF specialists—alumni of the Postgraduate Course

in Heart Failure (PCHF) of the Heart Failure Association of the

European Society of Cardiology and the European Heart

Academy, forming the PCHF-VAD registry. All participating

centres acquired approval from the local ethics review boards

(predominantly, a waiver of informed consent was obtained

by the individual centres). The patient baseline (time of im-

plantation) and outcome data were recorded and managed

using REDCap (Research Electronic Data Capture) electronic

data capture tools—a secure, web-based application,23

hosted at the University of Zagreb School of Medicine, serv-

ing as the data-coordinating centre.
At the moment of this analysis, 583 patients implanted

with a durable ventricular assist device between December
2006 and January 2020 were included in the registry. Patients
with a pulsatile device (n = 4) or biventricular assist device
(n = 11), as well as patients aged <18 years (n = 6), were ex-
cluded from this analysis. In total, 562 patients were included
in this analysis.

The primary outcome was all-cause mortality. Secondary
outcomes included heart transplantation, weaning from
LVAD support, hospitalization for HF, right ventricular (RV)
failure (acute and chronic), LVAD-related infection requiring
systemic antibiotics, non-fatal thromboembolic events, intra-
cranial bleeding, non-intracranial bleeding, LVAD exchange,
and the haemocompatibility score (HCS).

Haemocompatibility score

To analyse the aggregate burden of haemocompatibility-
related adverse events (HRAEs), the HCS was calculated
for all patients. Each HRAE received a points score, based
on its clinical relevance (Table S1). The HCS was calculated
for each patient by summing up all points associated with
all HRAEs experienced by the patient during the follow-up
period.24

Statistical analysis

Continuous data are expressed as mean ± standard deviation
or median and interquartile range (IQR) for non-normally dis-
tributed data and were compared between men and women
by the Student’s t-test or the Mann–Whitney U test. Categor-
ical data are expressed as counts and percentages and were
compared by the Pearson’s χ2 test.

Cumulative survival was assessed using the Kaplan–Meier
method and was compared between men and women using
the log-rank test. Cox proportional hazards models were used
to calculate hazard ratios (HRs) and corresponding 95% confi-
dence intervals (CIs) for female vs. male sex for the different
outcomes. For the survival analyses, the time of LVAD implan-
tation was considered as the index date. The follow-up dura-
tion was defined as time to last contact, heart transplanta-
tion, weaning from LVAD support, or death, whichever
occurred first.

For the main analysis, a multivariable Cox regression
model was used to test whether sex was associated with
the outcomes. The association between sex and outcomes
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was adjusted for age, Interagency Registry for Mechanically
Assisted Circulatory Support (INTERMACS) profile, baseline
creatinine serum levels, need for mechanical circulatory sup-
port prior to LVAD implantation, need for vasopressor use
prior to LVAD implantation, and the LVAD implant date
quartile.

Additionally, a sensitivity analysis was performed to adjust
the association between all-cause mortality and sex for base-
line covariates that were selected in a forward stepwise Cox
proportional hazards model. Age, cardiac implantable elec-
tronic devices (including implantable cardioverter-defibrilla-
tor or cardiac resynchronization therapy) status; heart rate,
LVAD type, LVAD intention, INTERMACS profile, aetiology of
HF, known history of chronic kidney disease, atrial fibrilla-
tion/flutter, or ventricular arrhythmias, significant ventricular
arrhythmias pre-LVAD surgery, prior cardiac surgery, concom-
itant procedure with LVAD implant, life support pre-LVAD
surgery, diuretic use, beta-blocker use, ivabradine use, miner-
alocorticoid receptor antagonist use, vasopressor use, ultrafil-
tration, mechanical ventilation, creatinine values, left ventric-
ular (LV) internal dimension at end-diastole, and LVAD
implant date quartile were assessed in a forward stepwise se-
lection process with a significance level of 0.05 and 0.10 for
entry and removal thresholds, respectively. Following this
process, the baseline covariates that came out significant
were used in a Cox proportional hazard model for the sec-
ondary outcomes.

The number of missing data in the variables mentioned
above is shown in Table S2. Variables with <30% missing
data were imputed using multiple imputation, whereas those
with a larger proportion of missing data were not included in
this analysis. If the missing variables showed a monotone pat-
tern of missing values, the monotone method was used. Oth-
erwise, an iterative Markov chain Monte Carlo method was
used with a number of 10 iterations. A total of five imputa-
tions was performed, and the pooled data were analysed.
The imputed data were only used for the multivariable anal-
ysis. A two-sided P-value of 0.05 or lower was considered sta-
tistically significant. All statistical analyses were performed
using Statistical Package for Social Sciences, Version 25.0
(SPSS Inc., Chicago, IL, USA).

Results

In this analysis, a total of 562 patients with a mean age of
53.1 ± 12.0 years were included. The cohort included 457
(81.3%) male and 105 (18.7%) female patients. The baseline
characteristics are shown in Table 1. A higher proportion of
women were critically ill at the time of LVAD implantation
as women were more often in INTERMACS profile 1 or 2
(55.3% vs. 41.2%, P = 0.009) and more often in need of me-

chanical circulatory support pre-LVAD implantation (39.2%
vs. 23.0%, P = 0.001). Serum creatinine levels were lower
and LV size was smaller in women. Additionally, women less
often had diabetes mellitus or atrial fibrillation or flutter at
baseline.

Survival

Women and men were followed for a median period of 344
[IQR 147–823] and 435 [IQR 190–816] days, respectively
(P = 0.40). No differences were observed in the crude
all-cause mortality between men and women, as shown in
Figure 1. During the entire follow-up period, 29% of the male
and 21% of the female patients died (P = 0.084). Female pa-
tients were numerically less likely to die during follow-up, but
this difference was not statistically significant after adjust-
ments for age, INTERMACS profile, creatinine serum levels,
preoperative need for mechanical circulatory support or va-
sodilator use, and the quartiles of date of LVAD implantation
(HR 0.79, 95% CI [0.50–1.27]; Table 2). The causes of death
were not different between men and women and are pre-
sented in Figure 2.

Secondary endpoints

No sex-related differences were observed in the proportion
of patients undergoing heart transplantation (HR 1.01, 95%
CI [0.70–1.46]; Figure 1). Numerically, women were signifi-
cantly more often weaned from LVAD support, but this was
not statistically significant after multivariable adjustments
(HR 3.10, 95% CI [0.68–14.1]; Table 2). Peripartum cardiomy-
opathy and dilated cardiomyopathy were the most frequent
causes of HF in women who recovered from LVAD support
(Table S3). The results from the competing outcome analysis
are shown in Figure 3.

Female sex was associated with a significantly lower crude
and adjusted risk of ventricular arrhythmias post-LVAD im-
plant (adjusted HR 0.56, 95% CI [0.33–0.95]; Table 2). Female
patients had a higher incidence of RV failure, although with-
out statistically significant increase in risk thereof (HR 1.57,
95% CI [1.00–2.49], P = 0.053).

No significant differences between men and women were
found in the occurrence of pump thrombosis, non-fatal
thromboembolic events, or bleeding (Table 2). A small, non-
significant difference between men and women was found
in the median HCS, as shown in Figure 4. Furthermore, the
risk of HF hospitalizations, new-onset atrial fibrillation or flut-
ter, and LVAD-related infections requiring antibiotics was sim-
ilar for men and women (Table 2).
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Table 1 Baseline characteristics

Overall population
(n = 562)

Men
(n = 457)

Women
(n = 105) P-value

Age, years 53 ± 12 53 ± 12 52 ± 12 0.33
Geographical area

Northwest Europe (the Netherlands, Belgium, and Germany) 373 (66.4) 292 (63.9) 81 (77.1) 0.01
Southeast Europe (Croatia, Poland, Lithuania, Italy, Spain, and

Greece)
189 (33.6) 165 (36.1) 24 (22.9)

Quartiles of date of LVAD implant
1st quartile (6 Dec 2006–29 Oct 2012) 143 (25.4) 110 (24.1) 33 (31.4) 0.41
2nd quartile (30 Oct 2012–4 Aug 2015) 143 (25.4) 121 (26.5) 22 (21.0)
3rd quartile (5 Aug 2015–16 Apr 2017) 139 (24.7) 114 (24.9) 25 (23.8)
4th quartile (17 Apr 2017–28 Jan 2020) 137 (24.4) 112 (24.5) 25 (23.8)

ICD status 0.34
No ICD 294 (53.3) 235 (52.2) 59 (57.8)
Primary prevention 180 (32.6) 147 (32.7) 33 (32.4)
Secondary prevention 78 (14.1) 68 (15.1) 10 (9.8)

CRT status
No CRT 406 (74.1) 325 (72.9) 81 (79.4) 0.12
CRT-P carrier 14 (2.6) 14 (3.1) 0 (0.0)
CRT-D carrier 128 (23.4) 107 (24.0) 21 (20.6)

Heart rate, b.p.m. 83.3 ± 19.0 82.5 ± 17.8 87.1 ± 23.3 0.072
SBP, mmHg 99.5 ± 13.9 100.0 ± 14.1 97.7 ± 13.0 0.16
DBP, mmHg 64.2 ± 10.9 64.4 ± 10.5 63.2 ± 12.2 0.32
BMI, kg/m2 25.9 ± 4.6 26.1 ± 4.5 24.9 ± 5.3 0.025
LVAD type

HeartMate 2 265 (47.2) 215 (47.0) 50 (47.6) 0.82
HeartWare HVAD 119 (21.2) 94 (20.6) 25 (23.8)
HeartMate 3 157 (27.9) 130 (28.4) 27 (25.7)
Other 21 (3.7) 18 (3.9) 3 (2.9)

LVAD destination
BTT 356 (66.8) 292 (67.1) 64 (65.3) 0.081
BTD 90 (16.9) 67 (15.4) 23 (23.5)
DT 87 (16.3) 76 (17.5) 11 (11.2)

INTERMACS profile
1 90 (16.5) 61 (13.7) 29 (28.2) 0.004
2 150 (27.4) 122 (27.5) 28 (27.2)
3 176 (32.2) 149 (33.6) 27 (26.2)
4–7 131 (23.9) 112 (25.2) 19 (18.4)

Aetiology of heart failure
Dilated cardiomyopathy 247 (44.0) 204 (44.6) 43 (41.0) <0.001
Ischaemic cardiomyopathy 256 (45.6) 211 (46.2) 45 (42.9)
Hypertrophic cardiomyopathy 9 (1.6) 7 (1.5) 2 (1.9)
Toxic cardiomyopathy 15 (2.7) 6 (1.3) 9 (8.6)
Non-compaction cardiomyopathy 3 (0.5) 3 (0.7) 0 (0.0)
Valvular disease 6 (1.1) 6 (1.3) 0 (0.0)
Myocarditis 12 (2.1) 9 (2.0) 3 (2.9)
Peripartum cardiomyopathy 2 (0.4) 0 (0.0) 2 (1.9)
Congenital/genetic 6 (1.1) 6 (1.3) 0 (0.0)
Other 6 (1.1) 42 (9.2) 17 (16.2)

Comorbidities
Arterial hypertension 128 (22.8) 105 (23.0) 23 (21.9) 0.81
Diabetes mellitus 114 (20.3) 100 (21.9) 14 (13.3) 0.049
Chronic kidney disease 137 (24.4) 117 (25.6) 20 (19.0) 0.16
Coronary artery disease 139 (24.7) 120 (26.3) 19 (18.1) 0.080
Prior MI 211 (37.5) 178 (38.9) 33 (31.4) 0.15
Prior coronary revascularization 170 (30.2) 141 (30.9) 29 (27.6) 0.52
COPD 44 (7.8) 40 (8.8) 4 (3.8) 0.089
Atrial fibrillation/flutter 173 (30.8) 155 (33.9) 18 (17.1) 0.001
Ventricular arrhythmias 153 (27.2) 127 (27.8) 26 (24.8) 0.53
Cerebrovascular events 41 (7.3) 34 (7.4) 7 (6.7) 0.78

Significant ventricular arrhythmias pre-LVAD implant
None 308 (65.5) 242 (63.2) 66 (75.9) 0.093
1 episode 78 (16.6) 64 (16.7) 14 (16.1)
2 episodes 34 (7.2) 30 (7.8) 4 (4.6)
3 episodes 18 (3.8) 17 (4.4) 1 (1.1)
≥4 episodes 32 (6.8) 30 (7.8) 2 (2.3)

Prior cardiac surgery 75 (13.3) 65 (14.2) 10 (9.5) 0.20

(Continues)
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Sensitivity analysis

The results of the sensitivity analysis, in which the association
between sex and the primary and secondary outcomes was
adjusted using a forward stepwise Cox regression model,
are shown in Table S4. Similar to the main analysis, there
was no significant difference in all-cause mortality. However,
female sex was significantly associated with RV failure post-
LVAD implantation and weaning from LVAD support.

Discussion

In this contemporary European LVAD registry reflecting
real-world clinical practice at multiple HF tertiary referral
centres, we demonstrated that fewer women than men
underwent LVAD implantation (19% vs. 81%, respectively).
Also, women were implanted at a more advanced stage and
were more critically ill pre-LVAD surgery; nevertheless, no
significant survival differences were observed between men
and women. Furthermore, only minor sex-related differences
in LVAD-related outcomes were observed, with women less
often at risk of ventricular arrhythmias, more often suffering
from RV failure, and more often having explant for recovery
(albeit rarely altogether).

Previous studies have investigated sex differences in the
utilization and outcomes of LVAD therapy. However, most of
these studies have been performed in the United States,
reflected an earlier period, and included almost exclusively
HeartWare HVAD or HeartMate 2 devices.15,16,19-21 As op-
posed to these earlier studies, the current study included a
relatively large number of patients with a HeartMate 3 de-
vice, and this registry therefore provides unique insights into
the contemporary LVAD management at European tertiary
referral centres using state-of-the-art LVADs.25,26,27

Potential left ventricular assist device
underutilization

Women remain underrepresented in large pharmacological
clinical HF trials, as well as in LVAD clinical trials.7,25 Currently,
less women than men receive an LVAD, as demonstrated in
this registry as well as in other studies, with the proportion
of female patients spanning from 20.8% to 23.2%.15–17 De-
spite several large registries showing that women make up
approximately one-third of the advanced and worsening HF
populations, only 19% of our cohort were female, suggesting
potential LVAD underutilization in female patients.18,28 Sev-
eral reasons might contribute to the lower utilization of
LVADs in women. Firstly, women are more frequently diag-

Table 1 (continued)

Overall population
(n = 562)

Men
(n = 457)

Women
(n = 105) P-value

Concomitant procedure with LVAD implant 99 (17.6) 82 (17.9) 17 (16.2) 0.67
Mechanical circulatory support pre-LVAD implant

None 401 (74.0) 339 (77.0) 62 (60.8) 0.007
ECMO 40 (7.4) 30 (6.8) 10 (9.8)
Temporary LVAD 5 (0.9) 5 (1.1) 0 (0.0)
Temporary RVAD 1 (0.2) 1 (0.2) 0 (0.0)
Temporary BiVAD 2 (0.4) 2 (0.5) 0 (0.0)
IABP 73 (13.5) 51 (11.6) 22 (21.6)
Other 20 (3.7) 12 (2.7) 8 (7.8)

Medications
Diuretic 454 (91.0) 374 (91.7) 80 (87.9) 0.26
Beta-blocker 299 (64.4) 252 (65.5) 47 (59.5) 0.31
ACEi/ARB 213 (44.9) 176 (44.8) 37 (45.7) 0.88
MRA 315 (72.1) 265 (73.8) 50 (64.1) 0.08
Ivabradine 45 (10.9) 38 (11.1) 7 (9.7) 0.73
Inotrope 305 (66.6) 243 (65.1) 62 (72.9) 0.17

Laboratory values
Creatinine, μmol/L 127.1 ± 56.0 131.4 ± 55.2 108.1 ± 55.8 <0.001
Bilirubin, μmol/L 24.3 ± 20.5 24.8 ± 21.0 22.2 ± 18.5 0.30

Echocardiographic data
LVIDd, mm 70.7 ± 12.5 72.3 ± 12.3 63.9 ± 11.3 <0.001
LVIDd/BSA ratio 36.5 ± 6.8 36.4 ± 6.9 36.9 ± 6.6 0.61
LVEF, % 19.4 ± 7.5 19.2 ± 7.6 20.3 ± 6.8 0.24

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; b.p.m., beats per minute; BiVAD, biventricular assist
device; BMI, body mass index; BSA, body surface area; BTD, bridge to decision; BTT, bridge to transplant; COPD, chronic obstructive pul-
monary disease; CRT, cardiac resynchronization therapy; CRT-D, CRT-defibrillator; CRT-P, CRT-pacing; DBP, diastolic blood pressure; DT,
destination therapy; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; ICD, implantable cardioverter-defi-
brillator; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; LVAD, left ventricular assist device; LVEF, left
ventricular ejection fraction; LVIDd, left ventricular internal dimension at end-diastole; MI, myocardial infarction; MRA, mineralocorticoid
receptor antagonist; RVAD, right ventricular assist device; SBP, systolic blood pressure.
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Figure 1 Kaplan–Meier plots of time to (A) all-cause mortality, (B) heart transplantation (censored for death), and (C) weaning from left ventricular
assist device (LVAD) (censored for death) according to sex.
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nosed with HF with preserved ejection fraction, in whom
LVAD support is not indicated.29 Secondly, the lower inclusion
rate of women in LVAD trials has led to a gap of evidence in
the effectiveness of LVAD support in women, which might

have caused a difference in the utilization of LVAD therapy.
Additionally, in the pulsatile-flow device era, female patients
were deemed less suited for implantation of the larger
pumps due to their smaller intrathoracic volume.15,20 Thus,

Table 2 Frequency (proportion) and hazard ratios for the studied endpoints

Overall population
(n = 562)

Men
(n = 457)

Women
(n = 105)

P-
value

Unadjusted HR
[95% CI]

Adjusted HR
[95% CI]a

All-cause mortality 156 (27.8) 134 (29.3) 22 (21.0) 0.084 0.75 [0.48–1.18] 0.79 [0.50–1.27]
HF hospitalization 108 (20.8) 85 (20.1) 23 (24.0) 0.41 1.16 [0.73–1.86] 1.27 [0.78–2.06]
RV failure 116 (21.4) 87 (19.7) 29 (29.0) 0.041 1.52 [0.98–2.35] 1.57 [1.00–2.49]
Atrial fibrillation/flutter 79 (14.8) 66 (15.2) 13 (13.0) 0.57 0.83 [0.45–1.54] 0.98 [0.52–1.86]
Ventricular arrhythmia 155 (28.4) 137 (30.9) 18 (17.6) 0.008 0.50 [0.30–0.85] 0.56 [0.33–0.95]
LVAD-related infections
requiring AB

188 (34.6) 156 (35.4) 32 (31.4) 0.44 0.84 [0.56–1.25] 0.76 [0.50–1.14]

Non-intracranial bleeding 118 (22.1) 99 (22.7) 19 (19.6) 0.51 0.88 [0.54–1.45] 0.88 [0.53–1.46]
Intracranial bleeding 46 (8.6) 39 (8.9) 7 (7.1) 0.56 0.87 [0.39–1.94] 0.78 [0.32–1.89]
Pump thrombosis 41 (7.6) 38 (8.6) 3 (3.1) 0.06 0.35 [0.11–1.15] 0.38 [0.12–1.26]
Non-fatal thromboembolic
events

56 (10.4) 44 (10.0) 12 (12.2) 0.51 1.21 [0.64–2.29] 1.31 [0.68–2.54]

Weaning from LVAD 9 (1.6) 4 (0.9) 5 (4.8) 0.004 6.07 [1.63–22.62] 3.10 [0.68–14.07]
LVAD exchange 22 (4.1) 18 (4.1) 4 (4.1) 0.98 0.93 [0.31–2.75] 0.85 [0.28–2.61]
Heart transplantation 218 (38.8) 175 (38.3) 43 (41.0) 0.61 1.11 [0.79–1.55] 1.01 [0.70–1.46]

AB, antibiotics; CI, confidence interval; HF, heart failure; HR, hazard ratio; LVAD, left ventricular assist device; RV, right ventricular.
aAdjusted for age, Interagency Registry for Mechanically Assisted Circulatory Support profile, creatinine serum levels at baseline, preoper-
ative need for life support, preoperative vasodilator use, and quartiles of date of LVAD implantation.

Figure 2 Detailed causes of death stratified by sex. CV, cardiovascular.
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for this and potentially other reasons, LVAD therapy may be
less often utilized in women. Furthermore, it has been sug-
gested that women are more likely to decline LVAD support
than men.30,31 In a multinational European screening study,
women were somewhat less likely to be eligible for LVAD
and/or heart transplantation but considerably less likely to ac-
cept LVAD and/or transplantation if indicated.32 Additionally,
it could be that physicians and patients wait too long with
the decision to proceed towards LVAD implantation, as
reflected by the strikingly high proportion of women in the
worst INTERMACS profile and the higher need for mechanical
circulatory support in women.20 Another explanation for the
worse INTERMACS profile and high need for mechanical circu-
latory support in women might be that they are more often

affected by acute disease, which possibly explains their better
renal function, lower prevalence of atrial fibrillation and ven-
tricular arrhythmias prior to LVAD implantation, and smaller
LV size, which possibly reflects less time for remodelling due
to acuteness of disease. Finally, the inconsistencies in current
literature on sex-related differences in LVAD outcomes might
have influenced LVAD implantation rates in women.15,16,19–21

Outcomes after left ventricular assist device
implantation

Survival differences between male and female LVAD patients
have previously been investigated and inconsistent results

Figure 3 Competing event analysis in (A) men and (B) women. HTx, heart transplantation; LVAD, left ventricular assist device.

Figure 4 Haemocompatibility score according to sex.
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have been reported.15,16,19–21 The two largest databases, the
United Network for Organ Sharing (UNOS) and INTERMACS
registry, included a combined total of 32 173 LVAD patients,
and both studies demonstrated a higher adjusted mortality
risk for women.15,16 A smaller European sex-specific analysis
from the European Registry for Patients with Mechanical Cir-
culatory Support (EUROMACS) also demonstrated worse sur-
vival in women.20 Conversely, a sub-analysis from the Me-
chanical Circulatory Support Research Network as well as a
recently published meta-analysis did not show survival differ-
ences between male and female LVAD recipients.19,21

In contrast to most of the earlier studies, survival for
women in our study was at least as good as for men despite
a more critically ill state prior to LVAD implantation. This was
reflected by lower INTERMACS profile and higher need for
mechanical circulatory support, which have been associated
with worse outcome.33,34 The observed discrepancy regard-
ing survival differences may partially be attributed to differ-
ences in the devices studied. Earlier studies including
pulsatile-flow LVADs predominantly demonstrated worse sur-
vival in women.17 Later studies on sex differences in the
continuous-flow LVAD era mainly incorporated older devices,
whereas 28% of our overall study population had a
HeartMate 3 device implanted. This is a relatively large pro-
portion compared with the UNOS and EUROMACS studies
in which 2.7% and 0.1% of the overall population received a
HeartMate 3, respectively, while the INTERMACS study did
not incorporate any data from HeartMate 3 LVADs.15,16,20

This is important as the MOMENTUM 3 trial demonstrated
superiority of the HeartMate 3 LVAD in terms of a lower risk
of disabling stroke or reoperation for replacement or removal
due to malfunction and is considered the most contemporary
LVAD in Europe.25 An additional subgroup analysis of the MO-
MENTUM 3 trial showed comparably favourable outcomes
for men and women, both on the short and long terms.35,36

The higher proportion of HeartMate 3 devices in our study
may further explain why the risk of bleeding and thromboem-
bolic events was comparable for men and women in our
study as opposed to earlier studies reporting an increased
risk of major bleeding events.16,20 The HVAD and HeartMate
2 have been associated with higher stroke, pump thrombosis,
and major bleeding rates, which may translate into a higher
mortality risk, as bleeding events and pump thrombosis have
been associated with higher risk of mortality.20,25,37,38 Several
studies did not find a difference in bleeding risk, and inconsis-
tent results have been reported on whether women are at an
increased risk for thromboembolic events.16,20,21,39,40 To the
best of our knowledge, we are the first to investigate sex dif-
ferences with regard to HRAE by using the HCS and found no
significant differences between men and women in our
cohort.

In very carefully selected patients with cardiac recovery af-
ter LVAD surgery, weaning from LVAD support can be a viable
option.41 Similar to a recent INTERMACS registry analysis, our

results demonstrate that women were more likely to recover
from LVAD support.16 This might be explained by the ob-
served difference in the aetiology of HF, especially due to
the (partial) reversibility of peripartum cardiomyopathy.42

Additionally, it has been demonstrated that women have
more favourable reverse remodelling on LVAD support com-
pared with men.43

In line with earlier studies, female LVAD patients showed a
trend towards increased risk of RV failure.19,20 It has been
suggested that ventricular arrhythmias might explain the in-
creased risk of RV failure in women, but in our study, women
were less often affected by ventricular arrhythmias post-
LVAD implant.20,44 However, a higher proportion of women
were in INTERMACS profile 1 (28.2% of female vs. 13.7% of
male patients) and supported with extracorporeal membrane
oxygenation (ECMO), which may explain the higher incidence
of RV failure. Furthermore, the smaller LV size of women has
been associated with RV failure through leftward shifting of
the interventricular septum, which increases RV wall stress
and reduces RV contractility, and may therefore also have
contributed to the increased risk of RV failure.45,46

Limitations

This study has some limitations. Firstly, data missing not at
random might have introduced bias to our results, although
we have used the multiple imputation method to account
for this in the multivariable Cox proportional hazard models.
Secondly, due to its retrospective design, causality could not
be investigated. Thirdly, due to the small number of patients
weaned from LVAD support, our findings on recovery from
LVAD support should be interpreted with caution. Finally, se-
lection bias or misclassification of data might have occurred.

Conclusions

In this cohort of contemporary LVAD patients from multiple
European HF tertiary referral centres, fewer women
underwent LVAD implantation as compared to men. This is
important as the proportion of female LVAD patients was
lower than the proportion of females with advanced HF as re-
ported in previous studies, suggesting underutilization. Fur-
thermore, female patients were referred for LVAD implanta-
tion in an inferior INTERMACS profile, suggesting later
referral for LVAD therapy. Despite a more critically ill state
prior to implantation, LVAD therapy appears at least as ben-
eficial in terms of survival and clinical outcomes in women
as in men. This should reduce the hesitance of referring fe-
male patients for LVAD implantation, thus providing opportu-
nities for improved outcome similar to male patients. Addi-
tional research is needed to investigate whether LVAD
utilization in women is lower than required, why it occurs,
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and whether this trend can be diverted to a more upstream
use of LVAD therapy in women.
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