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Even with improvements in device technology, patient
selection, implant techniques, and post-operative manage-
ment, right heart failure (RHF) remains common in patients
receiving continuous flow left ventricular assist devices
(cf-LVADs). RHF after cf-LVAD is associated with worse
survival, renal and hepatic dysfunction, impaired nutrition,
longer lengths of stay, and diminished quality of life and
functional status.1 In the USA, driven in part by the recent
changes to the heart allocation system, more patients are
receiving LVAD as destination therapy (DT), where mitigation
of RHF is critical as transplant is not a bailout option.2

While multiple factors may impact the development of
RHF, increased RV afterload is common and may persist for
months despite the reduction in left-sided filling pressures
with chronic mechanical unloading. Given the afterload sensi-
tivity of the RV, clinicians treating patients with cf-LVADs have
utilized agents developed for the treatment of pulmonary
arterial hypertension, particularly phosphodiesterase-5 inhib-
itors (PDE5is). A recent analysis of the Society for Thoracic
Surgery (STS)/Intermacs database highlights that PDE5i use
is common in the cf-LVAD population.3 Preoperatively, PDE5i
was utilized in about 10% of patients, and post-operatively,
approximately one in three patients were on PDE5i therapy.
While the use of PDE5i to ameliorate pulmonary hyperten-
sion, and thus RHF, after cf-LVAD is appealing, there is no
robust evidence to support its efficacy in this clinical context.
Further, uncertainty exists about which patients are mostly
likely to benefit, and the optimal timing, dosing, and duration
of therapy have not been established. Moreover, there are
minimal data on the long-term risks of PDE5i in cf-LVAD
patients.

The study by Jackstaite et al. in this issue of ESC Heart
Failure tries to address the question of long-term adverse
events with PDE5i therapy after cf-LVAD. Comparing 75 cf-
LVAD patients who received PDE5i with 34 patients who did
not, the authors assessed the incidence and types of bleeding,
RHF, and survival over the first 12 months of support. PDE5i
was initiated at the discretion of the treating physician due
to early post-operative RHF and was continued to lower

persistently elevated pulmonary arterial pressures, reduce
pulmonary vascular resistance to enable heart
transplantation, or prevent recurrent RHF. Bleeding events
occurring after the implant discharge were categorized ac-
cording to Bleeding Academic Research Consortium (BARC)
definitions.

All patients receiving PDE5i were treated for at least
12 months, and 91% received tadalafil with the majority
(74%) given 40 mg daily. Overall bleeding events were signif-
icantly higher in patients treated with PDE5i as were bleeding
events per patient. Surprisingly, those not on PDE5i therapy
did not receive a single transfusion for bleeding. The groups
had similar use of antiplatelet therapy, and there were no dif-
ferences in international normalized ratio (INR) values or in
the incidence of bleeding attributed to a high INR. The bleed-
ing events were predominantly BARC Type 2, defined as re-
quiring hospitalization for further evaluation or medical, but
not surgical, intervention. There were no significant differ-
ences in major bleeding or gastrointestinal bleeding. At 1 year,
there was no difference in all-cause death or the composite
of all-cause death or bleeding. Finally, the incidence of late
RHF was similar between groups.

This was a reasonably large group of patients followed
for 1 year with details on the type and dosing of PDE5i.
Bleeding was well characterized by use of standardized BARC
classifications, and transfusion requirements were quantified.
Further, the authors documented the intensity and type of
anticoagulation and antiplatelet therapy, providing some
reassurance that differences in bleeding complications were
not related to disparities in the concomitant anti-thrombotic
therapy.

One difficulty in contextualizing the results of this study
were the substantial baseline differences in the populations.
Notably, the PDE5i patients were more likely to be STS/
Intermacs Profiles 1 and 2, had a higher frequency of prior
bleeding, and, not surprisingly, had a higher incidence of
post-implant RHF. The analysis did not include propensity
matching, as nearly 70% were on a PDE5i, or a multivariable
adjustment for the differences in baseline characteristics.
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Therefore, there is uncertainty about whether PDE5i use truly
had an independent association with bleeding risk in this co-
hort. Post-implant haemodynamics were not reported,
preventing an assessment of the hemodynamic impact of
PDE5i or how haemodynamic profiles might influence bleed-
ing risk. The use of concomitant medications that may impact
the incidence of bleeding in cf-LVAD patients, such as angio-
tensin receptor blockers, was not described. While late RHF
was assessed and defined as the development of relevant
symptoms requiring readmission, the severity was not charac-
terized using the current STS/Intermacs or recently proposed
Academic Research Consortium definitions of late RHF.4

When considering the results of this study, we must ask if
there is any biological basis for PDE5i to contribute to the risk
of bleeding. Prior studies suggest that PDE5i could inhibit
platelet function through down-regulation of intracellular
pathways. Inhibition of PDE5 results in increased levels of cy-
clic guanosine monophosphate (cGMP), a second messenger
operating through a series of signalling cascades to produce
different physiologic effects according to the tissue distribu-
tion of PDE5. In vascular smooth muscle cells, cGMP stimu-
lates vasorelaxation, particularly in the pulmonary vascular
bed, resulting in decreased resistance to pulmonary blood
flow. PDE5 is also abundant in platelets5 where increased
cGMP levels act predominantly via protein kinase G and re-
duced calcium release from the sarcoplasmic reticulum to
blunt platelet activation and adhesion. The administration
of the PDE5i sildenafil to healthy volunteers resulted in
prolonged bleeding times and decreased ex vivo platelet ag-
gregation as induced by collagen.6 In patients with coronary
artery disease, sildenafil similarly blunted platelet activation
as evidenced by decreased surface expression of glycoprotein
IIb/IIIa receptors.7 Notably, some studies have suggested that
sildenafil may only have a substantial anti-platelet effect at
high doses (e.g. 100 mg)6 or when administered alongside a
nitric oxide donor (e.g. sodium nitroprusside).8,9

In addition to these plausible biological mechanisms for an
antiplatelet effect, a series of published studies support a clin-
ically relevant anti-thrombotic effect of PDE5i. Single-centre
studies from Saeed et al. and Zayat et al. have shown that
among patients with a HeartMate2 (Abbott) LVAD and
low-level haemolysis, those receiving PDE5i had significantly
lower rates of subsequent thromboembolic events, including
pump thrombosis and ischaemic stroke.10,11 These findings
were recently corroborated in a large STS/Intermacs analysis
of more than 13 000 cf-LVAD patients where the use of PDE5i
at any time after implantation was associated with a lower risk
of pump thrombosis and ischaemic stroke.12 Those findings
were similar in patients with the axial-flow HeartMate2 and
centrifugal-flow HVAD (Medtronic) devices. Importantly,
that study also demonstrated a significantly increased risk of
gastrointestinal bleeding with PDE5i. Other recent STS/
Intermacs analyses have linked both pre-implant3 and
post-implant (Grandin personal communication, manuscript

under review) PDE5i use with a higher risk of major bleeding
complications after LVAD. Taken together with the current
single-centre analysis from Jakstaite et al., the evidence in-
creasingly suggests a modest but clinically meaningful
anti-thrombotic effect of PDE5i therapy.

The magnitude and impact of an anti-thrombotic effect
with PDE5i may vary considerably based on dose, concomi-
tant medications, and other clinical factors that can influence
the overall tendency towards thrombosis or bleeding, such as
the presence of gastrointestinal arteriovenous malformations.
For example, haemolysis liberates plasma free haemoglobin,
which can subsequently scavenge nitric oxide, ultimately lead-
ing to enhanced platelet activation.13 In that setting, PDE5i
could help restore a more normal balance of cGMP signalling
and blunt excess platelet activity.

In the absence of robust data from a randomized clinical
trial of PDE5i in LVAD recipients, clinicians must weigh the
potential benefits and risks associated with this therapy for
each patient. For LVAD recipients with substantial persistent
pulmonary hypertension and associated post-implant RHF or
potentially with chronic low-level haemolysis, there may be
a role for PDE5i. In these higher-risk patients, the potential
benefits likely outweigh higher rates of bleeding, particularly
if the increased risk is predominantly less severe BARC Type 2
bleeding events. However, in patients with mild RHF, RHF not
attributable to increased afterload, a significant history of
bleeding, or newer generation devices (HeartMate3,
Abbott) with lower risks of both bleeding and pump throm-
bosis, the risk of PDE5i may outweigh the potential benefits.
Although the field of mechanical support has much to learn
about the management of chronic RHF and the role of PDE5i
therapy for RHF, the results from Jakstaite et al. shed some
much needed light on the potential risks of PDE5i with cf-
LVADs. The information to date on PDE5i should give
clinicians pause when initiating PDE5i or at least prompt
reassessment of its use in the face of recurrent bleeding
events. Even in those high-risk patients treated with PDE5i
for significant residual pulmonary hypertension and/or RHF,
it may be prudent to perform intermittent haemodynamic
surveillance to determine the ongoing need for treatment.
While we await more data on the efficacy of PDE5i after cf-
LVAD, the findings by Jakstaite et al. emphasize the need to
better characterize the risks of therapy. Unfortunately, with
PDE5i use after cf-LVAD, there is no such thing as a free
lunch.
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