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Abstract

Aims Therapy with phosphodiesterase-5 inhibitors (PDE5Is) after left ventricular assist device (LVAD) implantation has been
associated with lower mortality and device thrombosis but increased risk for post-operative and gastrointestinal bleeding. We
aimed to evaluate the impact of long-term PDE5Is on the overall bleeding risk after LVAD implantation.
Methods and results We retrospectively included patients who received a continuous-flow LVAD at our site and were
prescribed with long-term oral PDE5Is after discharge from the index hospitalization. The primary endpoint was the occur-
rence of bleeding at 12 month follow-up. Secondary endpoints were all-cause death and the combination of bleeding and
all-cause death. Our analysis included 109 patients of whom 75 (69%) received long-term PDE5Is. Mean age was 56 years,
and 85% were male. At 12 months, 19 (17%) patients experienced at least one bleeding event. Patients on PDE5Is had higher
bleeding rates (23% vs. 6%, P = 0.03) and more bleeding events per patient-year (0.32 vs. 0.06, P = 0.03) compared with
patients not on PDE5Is. While overall bleeding incidence was excessively higher in the PDE5I group, there were no significant
differences in the incidence of major bleeding (19% vs. 6%, P = 0.08) and gastrointestinal bleeding (11% vs. 3%, P = 0.18).
Kaplan–Meier analysis revealed higher cumulative incidence of bleeding for the PDE5I group (log rank = 0.04) with no
difference on all-cause death (log rank = 0.67) and the combination of bleeding and all-cause death (log rank = 0.13).
Hospitalizations for bleeding and their duration were numerically higher in the PDE5I group (0.28 vs. 0.03, P = 0.07 and 2.4
vs. 0.2, P = 0.07, respectively).
Conclusions Phosphodiesterase-5 inhibitor treatment after LVAD implantation is associated with increased bleeding risk
after LVAD implantation. The safety of long-term PDE5Is in LVAD patients remains unclear and needs to be further clarified
in prospective studies with randomized study design.
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Introduction

Left ventricular assist device (LVAD) therapy continues to
evolve towards a standard of care for a growing population
with advanced heart failure and refractory symptoms on
optimal medical and device therapy. With over 50% of all
patients being assigned to destination therapy and older
patients becoming eligible for LVAD, there is a growing need

to counteract device-related adverse events.1 While the
incidence of pump thrombosis declines with the last
generation devices, infections and bleeding continue to pose
significant treatment challenges.2,3 Oral phosphodiesterase-5
inhibitors (PDE5Is) are frequently implemented in the
perioperative setting of LVAD implantation in case of
imminent or manifested post-operative right ventricular
(RV) failure to achieve afterload reduction and facilitate
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weaning from inotropes and short-acting vasodilators. The
2013 International Society for Heart and Lung Transplanta-
tion guidelines for mechanical circulatory support recom-
mends the use of PDE5Is additionally to pharmacological or
device interventions for RV failure in the setting of persistent
pulmonary hypertension after LVAD implantation (Class IIb,
Level of Evidence C).4 This recommendation is based on ex-
pert opinions supported by exploratory studies that demon-
strated improvements in right heart haemodynamics weeks
to several months after LVAD implantation. No randomized
controlled studies have been published so far with PDE5Is
in long-term supported circulation.5–7 Despite the lack of ro-
bust evidence, it is common practice among institutions to
prescribe off-label oral PDE5Is as long-term therapy in LVAD
recipients aiming to optimize right heart haemodynamics,
prevent late-onset RV failure, or enable candidacy for
transplantation.8,9 Retrospective studies on adult patients
report 16–21% use of PDE5Is at 3–6 months after
implantation.10,11 The safety and efficacy of this practice have
recently been called into question, as a retrospective
Interagency Registry for Mechanically Assisted Circulatory
Support (INTERMACS) analysis of 12 144 patients showed
an increased risk of early post-operative RV failure in patients
pretreated with PDE5Is as well as a higher incidence of major
bleeding within the first week after implantation.12

Phosphodiesterase-5 is abundant in platelets and is a
major regulator of cellular cyclic guanosine monophosphate
(cGMP) level by catalyzing its hydrolysis. The major target
of cGMP is cGMP-dependent protein kinase I, which
phosphorylates multiple substrates involved in different
inhibitory pathways (adhesion, shape change, aggregation,
and secretion) in platelets.13 PDE5Is increase cGMP level
and have been shown to attenuate platelet aggregation in
previous studies.14–17 Higher plasma cGMP concentration
was also associated with gastrointestinal bleeding in patients
on continuous-flow LVAD support.18 Based on this
knowledge, we hypothesized that long-term oral PDE5I
therapy may be associated with an overall higher bleeding
risk in LVAD recipients.

Methods

Study population and data collection

We retrospectively reviewed the database of our interdisci-
plinary heart failure unit to identify consecutive adult
patients who received a durable LVAD at our institution
from December 2010 through May 2019. Clinical data
regarding patient medical history and disease status in the
recent preoperative period were prospectively collected in
a digitalized database dedicated to clinical surveys.
Post-operative and follow-up data were extracted

retrospectively from the individual electronic health records.
Patients were included in the analysis if they received long-
term follow-up at our site after LVAD implantation. Patients
were excluded from analysis if they were on biventricular
support, in case of post-operative death during the index
hospitalization, and in case of follow-up interruption or
follow-up treatment in an affiliated hospital. Patients who
received PDE5Is due to early post-operative RV failure
according to the International Society for Heart and Lung
Transplantation recommendations4 and were thereafter
discharged on oral PDE5Is after the index hospitalization
comprised the PDE5I group. The decision to continue PDE5Is
in the long-term aimed to one of three goals, as reported
elsewhere: (i) reduction of persistently elevated pulmonary
artery pressures, (ii) reduction of pulmonary vascular resis-
tance to enable listing for transplantation, or (iii) prevention
of deterioration or recurrence of RV failure after initial
stabilization.9 Follow-up visits in the outpatient clinic were
prospectively scheduled at 3 month intervals after LVAD im-
plantation according to a standardized institutional protocol
(Supporting Information, Figure S1). Additional visits or in-
patient treatments were arranged depending on the clinical
course and the occurrence of adverse events. All patients
received pre-implant haemodynamic assessment by right
heart catheterization not longer than 1 month before LVAD
placement. Patients who were thereafter eligible for trans-
plant received regular haemodynamic follow-up by right
heart catheterization every 6 months, whereas patients in
the destination therapy group underwent haemodynamic
studies depending on the clinical course, that is, in case of
haemodynamic deterioration due to overt RV failure or
signs of pulmonary hypertension.

All study participants provided written consent to
anonymized data analysis for scientific purposes at
admission but no individual informed consent. The study
was conducted in accordance with the Declaration of
Helsinki on ethical principles for medical research and
received approval by the ethics committee of our institu-
tion (20-9282-BO).

Outcomes

The primary outcome of the study was the occurrence of
bleeding during ongoing LVAD support and documented oral
intake of PDE5Is at 12 months after implantation. Secondary
outcomes were all-cause death and the composite of bleed-
ing or all-cause death during the same period. Major bleeding
was defined as fatal bleeding, and/or symptomatic bleeding
in a critical area or organ, such as intracranial, intraspinal,
intraocular, retroperitoneal, intra-articular or pericardial, or
intramuscular with compartment syndrome, and/or bleeding
causing a fall in haemoglobin level of 2 g/dL (1.24 mmol/L) or
more, or leading to transfusion of two or more units of whole

2420 A.-M. Jakstaite et al.

ESC Heart Failure 2021; 8: 2419–2427
DOI: 10.1002/ehf2.13322



blood or red cells. All non-major bleedings were considered
as minor bleedings.19 Post-operative bleeding or bleeding be-
fore discharge from the index hospitalization was not in-
cluded in our analysis. Gastrointestinal bleeding was defined
as documented episode of bleeding in the medical record
confirmed by either a positive faecal occult blood test or en-
doscopic study.20

The Bleeding Academic Research Consortium (BARC)
classification was used to categorize the bleeding
complications21 after excluding Type 4 bleeding category
for non-applicability in the LVAD population (bleeding after
aortocoronary bypass grafting). In summary, the following
BARC categories of bleeding were derived: Type 0: no bleed-
ing; Type 1: bleeding that is not actionable and does not
cause the patient to seek unscheduled performance of stud-
ies, hospitalization, or treatment by a healthcare profes-
sional; Type 2: any overt, actionable sign of haemorrhage
that does not fit the criteria for Type 3, 4, or 5 but does
meet at least one of the following criteria: (i) requiring
non-surgical, medical intervention by a healthcare profes-
sional, (ii) leading to hospitalization or increased level of
care, or (iii) prompting evaluation; Type 3: Type 3a: overt
bleeding plus haemoglobin drop of 3 to <5 g/dL related to
bleeding and any transfusion with overt bleeding; Type 3b:
overt bleeding plus haemoglobin drop ≥5 g/dL related to
bleeding, cardiac tamponade, bleeding requiring surgical in-
tervention for control, and bleeding requiring intravenous
vasoactive agents; and Type 3c: intracranial haemorrhage,
subcategories confirmed by autopsy or imaging or lumbar
puncture, and intraocular bleed compromising vision; and
Type 5: fatal bleeding.

Late RV failure was defined by the presence of symptoms
of RV dysfunction (e.g. peripheral oedema and jugular venous
distention) requiring readmission more than 30 days after
discharge from the index hospitalization (LVAD
implantation).22

Statistical analysis

Continuous variables are summarized as means (standard
deviations) unless indicated otherwise and categorical
variables as counts (percentages). Continuous data were
evaluated for normality of distribution with the Shapiro–
Wilk test. The two-sided t-test was used for comparison of
continuous, normally distributed data, otherwise the non-
parametric Mann–Whitney U test. The χ2 test was used
for testing the association between categorical variables.
Kaplan–Meier analysis was performed to estimate differ-
ences in bleeding events among patients with and without
PDE5I therapy. For the primary endpoint analysis, patients
were censored in case of heart transplantation, device ex-
plantation, death, or discontinuation of PDE5Is. The
log-rank test was utilized to determine differences between

groups. The level of significance was set at 0.05. All analyses
were performed using SPSS (IBM Corp., SPSS Statistics,
Version 23.0, Armonk, NY).

Results

During the study period, 193 consecutive patients received
univentricular support with a durable continuous-flow LVAD
at our institution. We excluded 19 patients who received
follow-up in an affiliated hospital and 65 patients who died
post-operatively before hospital discharge. Our analysis
included 109 patients of whom 75 (69%) were on long-term
PDE5I therapy and 34 (31%) who did not receive PDE5Is or
any other pulmonary vasodilator at the time of discharge
from the index hospitalization (Figure 1). Sildenafil was
prescribed in 7 (6.4%) patients and tadalafil in 68 (62.4%)
patients. Two (1.8%) patients were on 20 mg sildenafil, 2
(1.8%) patients on 40 mg sildenafil, and 3 (2.8%) patients
on 60 mg sildenafil daily. Regarding tadalafil, 20 (18.3%)
patients received 20 mg and 48 (44%) patients 40 mg daily.
The mean duration of PDE5I therapy up to June 2020 was
794 days (inter-quartile range: 775 days), and all patients
received PDE5Is for at least 12 months. Baseline
characteristics of the study patients are summarized in
Table 1. Mean age was 56 years, and 85% were male. The
vast majority were on New York Heart Association IV
functional class. No significant differences in INTERMACS
profile categories were observed among patients with PDE5Is
vs. without PDE5Is. Nearly half of the patients were assigned
to destination therapy. In general, the two groups were
balanced regarding pre-implant haemodynamic parameters
and co-morbidities.

At 12 month follow-up, 19 (17%) patients experienced cu-
mulatively 28 bleeding events (26 on PDE5Is vs. 2 not on
PDE5Is) leading to 27 red blood cell (RBC) unit transfusions
(27 on PDE5Is vs. 0 RBC units in the no PDE5I group). There
was a profound preponderance of patients on PDE5Is over
the occurrence of bleeding (23% vs. 6%, P = 0.03) and the fre-
quency of bleeding events per patient (0.32 vs. 0.06,
P = 0.03). Overall, four patients of the PDE5I group received
a total of 27 RBC units during the first year after implantation,
whereas no patient in the group without PDE5Is received
transfusion for bleeding. BARC Types 2, 3, and 5 of bleeding
were observed during the first year after LVAD implantation,
the majority being Type 2 bleedings. Patients on PDE5Is had
higher rates of BARC Type 2 bleedings (19% vs. 3%,
P = 0.03), and bleeding Types 3 and 5 were observed similarly
among the two groups. While bleeding incidence was exces-
sively higher in the PDE5I group, there were no significant dif-
ferences in the incidence of major bleeding (19% vs. 6%,
P = 0.08) and gastrointestinal bleeding (11% vs. 3%,
P = 0.18). At least 95% of all patients were on antiplatelet
therapy, this being acetylsalicylic acid in approximately 75%
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of all cases. There were no differences in frequency and phar-
macological category of antiplatelet therapy between the
two groups. All patients were on long-term oral vitamin K an-
tagonists with a target international normalized ratio (INR) of
2.2–2.8. Bleeding in the context of over-therapeutic
anticoagulation occurred rarely (4% vs. 3%, P = 0.79), and
the INR absolute values during bleeding episodes did not dif-
fer between the two groups. Cumulative hospitalizations for
bleeding per individual and the cumulative duration of hospi-
tal stay for bleeding complications were numerically higher in
the PDE5I group, but this difference did not reach statistical
significance (0.28 vs. 0.03, P = 0.07 and 2.4 vs. 0.2, P = 0.07,
respectively).

At the end of the first year, 23% of patients in the PDE5I
group and 6% of patients in the group without PDE5Is met
the primary endpoint of bleeding yielding a four-fold higher
risk for the PDE5I group. Kaplan–Meier analysis demon-
strates the higher bleeding rates with PDE5Is, as shown in
Figure 2A (log rank = 0.04). During the same period, 9% of
patients in the PDE5I group and 12% of those in the no
PDE5I group experienced death (log rank = 0.67), while
28% of patients in the PDE5I group and 15% of the no PDE5I
group met the secondary endpoint of bleeding or all-cause
death (log rank = 0.13). Figure 2B and 2C illustrates the
differences in the cumulative incidence of death and the
composite of all-cause death or bleeding, respectively,
through 12 months after LVAD implantation. The incidence
of late-onset RV failure did not differ between patients with
and without PDE5Is (8% vs. 12%, respectively, P = 0.26)
(Table 2).

Discussion

Non-surgical bleeding affects 20–40% of LVAD patients annu-
ally with the majority of initial cases occurring within the first
3 months of implantation.23,24 Most patients who present
with LVAD-related bleeding have a therapeutic or a subther-
apeutic INR and demonstrate even higher bleeding rates than
those who require dual or even triple therapy for other car-
diovascular conditions.25,26 Bleeding in the setting of LVAD
is multifactorial and has been linked to acquired von
Willebrand syndrome, angiodysplasia formation, impaired
platelet aggregation, and activation of fibrinolytic
pathways.27 The majority of studies have focused on gastro-
intestinal bleeding as it affects 20–25% of patients at
12 months after implantation.28 Despite this being the most
common bleeding site, sites other than the gastrointestinal
tract such as mucosal bleeding, intracranial bleeding, bladder,
or muscular bleeding account for considerable morbidity and
have a direct impact on the quality of life of LVAD recipients.

Our analysis demonstrates a four-fold increase in bleeding
incidence and significantly more bleeding events per patient
at 12 months after LVAD implantation in patients
treated with the PDE5Is sildenafil or tadalafil. Notably, BARC
Type 2 bleeding (actionable bleeding without significant
haemoglobin drop >3 g/dL) was observed much more fre-
quently in the PDE5I group and was the most dominant type
of bleeding in patients on PDE5Is as well as the overall pa-
tient cohort. Fatal bleeding was rare and was observed only
once in the PDE5I group. Furthermore, the incidence of major
bleeding was three-fold higher in the PDE5I group with this

Figure 1 Derivation of the analytic cohort of the study. LVAD, left ventricular assist device; PDE5I, phosphodiesterase-5 inhibitor.
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not reaching statistical significance (P = 0.08). Bleeding was of
gastrointestinal origin in nearly half of patients with similar
rates observed among patients with or without PDE5I ther-
apy. Only patients on PDE5Is needed RBC transfusions for
bleeding. There was only a small percentage of patients with
over-therapeutic anticoagulation during the bleeding events
(<5%), which was similar among the two groups. Absolute
INR values during the bleedings were similar too. Antiplatelet
therapy additional to anticoagulation was implemented in
94% of patients without overt differences regarding the
agent used. This is the first study to evaluate the long-term
effect of PDE5Is on the cumulative bleeding incidence
and subtype of bleeding. Our analysis encompasses
non-gastrointestinal bleeding, which was shown here to have
a similarly high incidence. Our findings corroborate those of

another study that analysed the impact of PDE5Is on
post-operative RV failure and bleeding during the first
month.12 This retrospective INTERMACS analysis reported
higher rates of post-operative RV failure in PDE5I-pretreated
patients and major bleeding during the first month after im-
plantation driven by higher bleeding rates during the first
week after surgery. The bleeding analysis did not include an
adjustment for INR and antiplatelet therapy and no further
analysis of the types and sites of bleeding. However, this
was the first study to highlight the lack of plausibility with
off-label PDE5Is after LVAD implantation.29 Another study
with perioperative epoprostenol inhalation has also demon-
strated higher perioperative blood loss after LVAD
implantation,30 and sildenafil was previously associated with
worse clinical outcome in patients with persistent pulmonary

Table 1 Baseline characteristics of the study patients

Variable Overall (n = 109) PDE5I (n = 75) No PDE5I (n = 34) P value

Age (years) 56 ± 11 53 ± 13 57 ± 10 0.08
Male, n (%) 93 (85) 66 (88) 27 (79) 0.24
NYHA class

III, n (%) 19 (17) 13 (17) 6 (18) 0.97
IV, n (%) 90 (83) 62 (83) 28 (82)

INTERMACS profile category
1, n (%) 23 (21) 14 (19) 9 (27) 0.36
2, n (%) 12 (11) 7 (9) 5 (15) 0.41
3, n (%) 22 (20) 16 (21) 6 (18) 0.66
4, n (%) 33 (30) 24 (22) 9 (27) 0.56
≥5, n (%) 19 (17) 14 (19) 5 (15) 0.70

Mean INTERMACS profile 3.2 ± 1.5 3.3 ± 1.5 2.9 ± 1.5 0.18
Indication

BTT/BTR, n (%) 57 (52) 39 (52) 18 (53) 0.93
DT, n (%) 52 (48) 36 (48) 16 (47)

HF aetiology
IHD, n (%) 55 (50) 42 (56) 13 (38) 0.09
Cardiomyopathy, n (%) 54 (50) 33 (44) 21 (62)

Device type
HeartWare HVAD 98 (90) 67 (89) 31 (91) 0.77
HeartMate 3 11 (10) 8 (11) 3 (9)

LVEF (%) 17.1 ± 6.2 17.5 ± 6.1 16 ± 6.5 0.24
BMI (kg/m2) 26.5 ± 5.6 27.2 ± 5.8 25.0 ± 4.9 0.08
BSA (m2) 2.0 ± 0.2 2.0 ± 0.2 1.9 ± 0.2 0.09
CI (L/min/m2) 1.9 ± 0.4 1.9 ± 0.4 1.9 ± 0.5 0.87
mPAP (mmHg) 31 ± 11 33 ± 11 29 ± 13 0.24
PVR (WU)a 3.3 (2.7) 3.4 (2.9) 3.2 (2.0) 0.67
ACEI/ARB, n (%) 65 (60) 46 (61) 19 (56) 0.59
Post-implant RVF, n (%) 74 (68) 53 (71) 21 (62) 0.36
Co-morbidities

CKD, n (%) 38 (35) 24 (32) 14 (41) 0.35
DM, n (%) 29 (27) 18 (24) 11 (32) 0.36
PAD, n (%) 9 (8) 6 (8) 3 (9) 0.89
COPD, n (%) 22 (20) 14 (19) 8 (24) 0.56
HTN, n (%) 65 (60) 45 (60) 20 (59) 0.91
AF, n (%) 44 (40) 31 (41) 13 (38) 0.76
Stroke, n (%) 23 (21) 17 (23) 6 (18) 0.55
Prior bleeding, n (%) 37 (34) 30 (40) 7 (21) 0.05

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin II receptor blocker; BMI, body mass index; BSA,
body surface area; BTR, bridge to recovery; BTT, bridge to transplant; CI, cardiac index; CKD, chronic kidney disease; COPD, chronic ob-
structive pulmonary disease; DM, diabetes mellitus; DT, destination therapy; HF, heart failure; HTN, hypertension; IHD, ischaemic heart dis-
ease; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; LVEF, left ventricular ejection fraction; mPAP, mean
pulmonary artery pressure; NYHA, New York Heart Association; PAD, peripheral arterial disease; PDE5I, phosphodiesterase-5 inhibitor;
PVR, pulmonary vascular resistance; RVF, right ventricular failure; WU, Wood units.
aThe values presented indicate mean (inter-quartile range).
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Figure 2 Kaplan–Meier analysis depicting cumulative incidence of (A) bleeding (log rank = 0.04), (B) all-cause death (log rank = 0.67), and (C) the com-
bination of bleeding and all-cause death (log rank = 0.13) through the first year after left ventricular assist device (LVAD) implantation. PDE5I,
phosphodiesterase-5 inhibitor.
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hypertension after valve surgery.31 A recent meta-analysis of
non-randomized studies demonstrated no significant associa-
tion between PDE5I and post-LVAD RV failure. In accordance
with this and previous studies, our analysis demonstrated
similar rates of post-operative and late RV failure up to
12 months after implantation among patients with and with-
out PDE5Is.22,32 Also, in this meta-analysis, there was no sig-
nificant association between PDE5I and gastrointestinal
bleeding, overall stroke, ischaemic stroke, or pump
thrombosis.33

Overall, there is considerable uncertainty regarding the
safety of PDE5Is for pulmonary vasodilation in left heart
disease and after LVAD implantation. Recently, a large retro-
spective study examined the impact of PDE5Is on thrombosis
and ischaemic stroke after LVAD implantation in >13 000
patients from the INTERMACS. PDE5I therapy was associated
with lower rates of LVAD thrombosis or ischaemic stroke at
48 months.34 Secondary endpoint analysis revealed lower
all-cause mortality with PDE5Is but 14% increased risk for
gastrointestinal bleeding compared with patients not on
PDE5Is. These findings dictate the need for randomized
clinical studies. As in our study, HeartMate 3 was
under-represented in this study, which would have possibly
led to lower rates of gastrointestinal bleeding and LVAD
thrombosis according to the outcome of the MOMENTUM
trial.2

We observed a high prescription frequency of PDE5Is in
our cohort, which is similar to that reported from other
single-centre reports5,35 and much higher than that of the
INTERMACS cohorts.10,12 This reflects the lack of

international consensus regarding the duration of therapy
and is also possibly related to insurance policies in different
healthcare systems and the specific treatment goals (destina-
tion or bridging). A rational approach is to commence
long-term therapy only in case of persistently elevated pul-
monary artery pressures and pulmonary arterial resistance
under regular follow-up haemodynamic assessments and vig-
ilance for PDE5I-related adverse outcomes.9

Phosphodiesterase-5 inhibitor use was not associated with
all-cause death and the composite of bleeding or all-cause
death at 12 months. However, the study has no sufficient
power to drive a safe conclusion regarding these endpoints.
The incidence and duration of hospitalizations for bleeding
were higher in the PDE5I group but not statistically relevant
(P = 0.07). It is possible that longer follow-up would have pro-
vided more clarity regarding hospitalization outcomes. On
the other hand, with longer follow-up, potential confounders
such as low-level haemolysis and angiodysplasia formation in
the gastrointestinal tract may gain importance, which cannot
be easily adjusted outside the context of a prospective study.
Additionally, low-intensity anticoagulation with last genera-
tion devices may change the landscape of current
haemocompatibility issues. The MAGENTUM 1 study demon-
strated the safety of low-intensity anticoagulation in
HeartMate 3 patients.36 Consequently, it is crucial to estimate
the net impact of add-on PDE5Is on thrombosis and bleeding
in the contemporary device era and across the spectrum of
background anticoagulation and antiplatelet treatments.

Our study has the inherent limitations of a retrospective
unmatched cohort study. Because of the small size of the

Table 2 Bleeding, hospitalization, and right ventricular failure at 12 months after implantation

Overall (n = 109) PDE5I (n = 75) No PDE5I (n = 34) P value

Bleeding, n (%) 19 (17) 17 (23) 2 (6) 0.03
No. of bleeding events per patienta 0.24 (0–3) 0.32 (0–3) 0.06 (0–1) 0.03
RBC transfusion, n (%) 4 (4) 4 (5) 0 (0) 0.31
RBC units per patienta 0.36 (0–10) 0.36 (0–10) 0 (0–0) 0.22
Major bleeding 16 (15) 14 (19) 2 (6) 0.08
Gastrointestinal bleeding 9 (8) 8 (11) 1 (3) 0.18
BARC type, n (%)

1 0 (0) 0 (0) 0 (0) —

2 15 (14) 14 (19) 1 (3) 0.03
3 4 (4) 3 (4) 1 (3) 0.79
4 — — — —

5 1 (1) 1 (1) 0 (0) 0.50
ASS, 100 mg daily 83 (76) 58 (77) 25 (74) 0.67
Clopidogrel, 75 mg daily 19 (17) 13 (17) 6 (18) 0.97
Prasugrel, 10 mg daily 2 (2) 0 (0) 2 (6) 0.10
Over-therapeutic INR, n (%)b 4 (4) 3 (4) 1 (3) 0.79
INR value 2.10 ± 0.77 2.09 ± 0.78 2.21 ± 0.91 0.84
Haemoglobin drop (g/dL)a 0.9 (0–2.8) 0.7 (0–2.8) 2.3 (2.2–2.4) 0.09
No. of hospitalizations/patient, n (%)a 0.20 (0–7) 0.28 (0–7) 0.03 (0–1) 0.07
Cumulative hospital stay (days)a 1.7 (0–34) 2.4 (0–34) 0.2 (0–7) 0.07
Late RVF, n (%) 10 (9) 6 (8) 4 (12) 0.26

ASS, acetylsalicylic acid; BARC, Bleeding Academic Research Consortium; INR, international normalized ratio; PDE5I, phosphodiesterase-5
inhibitor; RBC, red blood cell; RVF, right ventricular failure.
aValues in brackets refer to median (range: min–max).
bOver-therapeutic INR refers to INR > 2.8.
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group without PDE5Is, propensity matching was not
implemented for analysis. However, the two groups were
balanced regarding demographics, haemodynamics, and co-
morbidities. It is possible that despite a standardized
follow-up protocol, minor bleedings were not consistently
reported during follow-up. Because of the numerically un-
even groups and the low event rates in the group of pa-
tients without PDE5Is, multivariate and subgroup analysis
was not feasible. Event analysis was limited to the first year
after LVAD implantation to account for potential con-
founders with longer device support, which may significantly
contribute to increased bleeding risk. Consequently, our re-
sults should be considered hypothesis generating and will
need confirmation by prospective trials with randomized
study design.

Use of long-term PDE5Is after LVAD implantation was asso-
ciated with a higher incidence of bleeding at 12 months,
which may be attributed to the antiplatelet activity of PDE5Is.
Non-gastrointestinal bleeding has the potential to enlighten
the pathophysiological background of haemocompatibility in
this growing population and should be included as an end-
point in future studies. As device technology continues to
evolve, it is anticipated that established pharmacological
therapies will need to be redefined in order to improve out-
comes. Considering the questionable role of long-term PDE5I
therapy in LVAD recipients and the safety concerns, off-label
prescription beyond the early post-operative period should
be critically scrutinized.
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Figure S1. Schematic representation of all scheduled
in-person and remote follow-up visits in case of uncompli-
cated disease course after LVAD implantation. After 6 months,
LVAD recipients who were transplant candidates received
an inpatient heart transplant screening including right
heart catheterization (RHC), whereas non-candidates
received hemodynamic testing only in case of right ventricu-
lar failure or signs of pulmonary hypertension. BTT = Bridge-
to-transplant, DT = Destination Therapy. HFU = Heart Failure
Unit.
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