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Abstract: Background: Despite the improvement in left ventricular assist device (LVAD) technology
and the advent of third-generation LVADs, hemocompatibility-related events remain a significant
issue. Therefore, new pharmacological treatments are necessary to optimize patient management and
to further reduce hemocompatibility-related events. The purpose of the present systematic review and
meta-analysis was to summarize the existing data regarding the safety and efficacy of post-implant
phosphodiesterase-5 inhibitors (PDE-5i) on hemocompatibility-related events. Methods: Among
the 258 articles in Pubmed, Scopus, and CENTRAL that were retrieved (1990–2022), 15 studies were
included in the qualitative synthesis, and 9 studies were included in the quantitative synthesis. The
fixed-effects model was used because it is statistically sound for combining a very small number
of studies. The primary endpoint of the study was all-cause mortality, whereas the secondary
endpoints were ischemic stroke, pump thrombosis, and gastrointestinal bleeding. Results: Mortality
was significantly lower in the PDE-5i group vs. the control group (OR: 0.92 [95% CI: 0.85, 0.98];
p = 0.02). The secondary endpoints ischemic stroke (OR: 0.87 [95% CI: 0.78, 0.98]; p = 0.02) and pump
thrombosis (OR: 0.90 [95% CI: 0.82, 0.99]; p = 0.04) were also lower in the PDE-5i group. The incidence
of gastrointestinal bleeding was significantly higher in patients with LVAD receiving PDE-5i (OR:
1.26 [95% CI: 1.11, 1.44]; p < 0.01). In the overall analysis, the heterogeneity of outcomes was low,
except for pump thrombosis. Conclusions: The use of PDE-5i post-implant was associated with lower
mortality and thrombotic events but with a higher risk of gastrointestinal bleeding.

Keywords: left ventricular assist devices; phosphodiesterase-5 inhibitors; mortality; hemocompatibility;
bleeding; thrombosis; meta-analysis

1. Introduction

Over the last 20 years, left ventricular assist devices (LVADs) have emerged as an
approved treatment option for patients with end-stage heart failure who are not eligible
for heart transplantation [1]. The advent of second-generation pumps with continuous
flow improved quality of life and survival compared to first-generation LVADs, but they
were associated with a high rate of hemocompatibility-related events, such as stroke,
pump thrombosis, and bleeding [2,3]. Third-generation (centrifugal-flow) LVADs reduced
the hemocompatibility-related events, but the stroke incidence remained high [4–7]. For
this reason, further improvements in LVAD technology, along with new pharmacolog-
ical treatments, are necessary to optimize patient management and to further reduce
hemocompatibility-related events [8].
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Phosphodiesterase type 5 inhibitors (PDE-5i) are known to enhance nitric oxide–mediated
vasodilation by inhibiting the degradation of cGMP and exhibit antiplatelet and antithrom-
botic effects, while their administration has been associated with favorable hemodynamic
effects on right ventricular (RV) function [9,10]. Recent large observational studies exam-
ining the use of PDE-5i post-implant have reported conflicting results [11–13]. Therefore,
the safety and efficacy of PDE-5i in patients with LVAD remain debatable. The purpose of
the present systematic review and meta-analysis is to summarize the existing data in the
literature regarding the effect of post-implant PDE-5i on hemocompatibility-related events,
such as pump thrombosis, stroke, gastrointestinal bleeding, and mortality in patients with
continuous-flow LVADs.

2. Materials and Methods
2.1. Search Strategy and Article Selection

The present study was conducted in accordance with a protocol agreed on by all
authors and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
2020 [14]. A thorough literature search in Pubmed (Medline), Scopus (ELSEVIER), and
the Cochrane Central Register of Controlled Studies (CENTRAL) (last search: 27 March
2022) was performed. The following terms were employed in every possible combi-
nation: “left-ventricular assist device”, “LVAD”, “sildenafil”, “tadalafil”, “vardenafil”,
“phosphodiesterase-5 inhibitor”, and “PDE5i”. Inclusion criteria were (1) original reports
with ≥10 patients, (2) written in English, (3) published from 1990 to 2022, (4) conducted on
human subjects, and (5) reporting comparative outcomes of patients with LVAD receiving
or not PDE-5i. Duplicate articles and articles without data on post-implant PDE-5i use
were excluded. The reference lists of all included articles were also reviewed for additional
studies. Two independent reviewers (AX and DEM) extracted data from the included
studies. Any discrepancies between the investigators about the inclusion or exclusion of
studies were discussed with the senior authors (FT and RCS) until a consensus was reached
to include articles that best matched the criteria. The authors had personal equipoise with
regard to the best intervention.

2.2. Definitions

Hemocompatibility refers to the consequences of either a harmonious relationship or
an adverse interaction between the artificial pump interface and the activation or destruc-
tion of circulating blood elements [15]. In this regard, hemocompatibility-related events
evaluated in the present meta-analysis included [15–18]:

A. Gastrointestinal bleeding, defined as bleeding from the upper gastrointestinal tract,
bleeding from the lower gastrointestinal tract, or bleeding of unknown origin but with
guaiac-positive stools.

B. Ischemic stroke, defined as the sudden onset of neurologic signs or symptoms fitting
a focal or multifocal vascular territory within the brain, spinal cord, or retina, with:

(1) Symptoms persisting for ≥24 h or until death, with pathology or neuroimaging ev-
idence that demonstrates either: (a) central nervous system infarction in the corresponding
vascular territory or (b) the absence of other apparent causes, even if no evidence of acute
ischemia in the corresponding vascular territory is detected;

or
(2) Symptoms lasting <24 h, with pathology or neuroimaging confirmation of central

nervous system infarction in the corresponding vascular territory that was diagnosed by
neurological experts using image studies.

C. Pump thrombosis, including (1) suspected device thrombosis, defined as a device-
related malfunction, with signs and symptoms to include at least 1 of the 3 following criteria:
(i) presence of major hemolysis, (ii) presence of heart failure not explained by structural
heart disease, or (iii) abnormal pump parameters consistent with diminished pump out-
put/pump efficiency/pump performance. Suspected device thrombosis is accompanied by
1 or more of the following events or interventions: death, stroke or transient ischemic attack,
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arterial non-central nervous system thromboembolism, de novo need for inotrope therapy,
treatment with intravenous anti-coagulants, intravenous thrombolytics, or intravenous an-
tiplatelet therapy, pump replacement, pump explantation with or without exchange, pump
deactivation without pump removal, operation to repair or replace any internal component
of the circulatory support system, or urgent transplantation listing; (2) confirmed device
thrombosis, defined as a device-related malfunction in which thrombus was confirmed
within the blood-contacting surfaces of device inflow cannula or outflow conduit or grafts.

2.3. Data Extraction

For each eligible study, data were extracted in relation to demographics (number
of patients, sex, mean age, LVAD model, and type of PDE-5i), along with complica-
tions and mortality. The outcome related to mortality was the primary endpoint, while
hemocompatibility-related complications were secondary endpoints. In addition, categori-
cal outcomes were 2 × 2 tabulated, referring patients presenting the outcome and patients
free of the outcome, separately for PDE-5i and control groups. Regarding continuous
outcomes, we extracted the mean, the standard deviation, and the number of patients. If
the standard deviation was not available, it was calculated using the available data. In
cases where Propensity-Score-Matched (PSM) analysis was performed, the data from only
PSM were included. The kappa coefficient test was applied as a measure of the level of
agreement between the reviewers.

2.4. Statistical Analysis

Regarding the categorical outcomes, the Odds Ratio (OR) and 95% confidence inter-
val (CI) were calculated based on the extracted data by means of a fixed-effects model
(Mantel–Haenszel statistical method). OR < 1 denotes that the outcome was more frequent
in the control group. Continuous outcomes were evaluated by means of the weighted mean
difference (WMD) with its 95% CI using fixed-effects (Inverse Variance statistical method)
models to calculate pooled effect estimates. In cases where WMD < 0, values in the control
group were higher. Although a random-effects model provides a greater scope of inference,
we chose the fixed-effects model because it is statistically sound for combining a very small
number of studies [19]. Inter-study heterogeneity was assessed through Cochran’s Q statistic
and by estimating I2 [20]. High heterogeneity renders the outcome less valid. A p-value of
less than 0.05 was set as the threshold indicating a statistically significant result. We also
performed a sensitivity analysis using the leave-one-out method to assess the quality of our
findings. Where multiple studies analyzed the same population, only the larger study or the
one with the longest follow-up was included in the qualitative and quantitative analyses.

2.5. Quality and Publication Bias Assessment

The Newcastle–Ottawa Quality Assessment Scale (NOS) [21] was used as an assess-
ment tool to evaluate non-RCTs. The scale’s range varies from zero to nine stars, and
studies with a score equal to or higher than five were considered to have the adequate
methodological quality to be included. There were no RCTs in the literature to be included.
Two reviewers (AX and DEM) rated the studies independently, and a final decision was
reached by consensus. Visual inspection of funnel plot asymmetry was performed to
address possible small-study effects.

3. Results
3.1. Search Strategy and Patient Demographics

The flow diagram regarding the search strategy is shown in Figure 1, and the Prisma
2020 Checklist is provided in the Supplementary Table. The characteristics of the included
studies are summarized in Table 1. Among the 258 articles in Pubmed, Scopus, and CENTRAL
that were retrieved, 15 studies were included in the qualitative synthesis, and 9 studies were
included in the quantitative synthesis [11–13,22–27]. The level of agreement between the two
reviewers was “almost perfect” (kappa = 0.972; 95% CI: 0.917, 1.000). The study cohort was
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prospective in three studies [11–13] and retrospective in twelve studies [22–33]. The included
studies were conducted in Australia [28], the United States of America [7,11–13,23,25,26,28–31],
Lebanon [29], and Germany [22,27]. The total sample size was 25,599 patients. The baseline
characteristics of the studies are provided in Table 1, and the pooled estimates are presented
in Table 2. The Newcastle–Ottawa rating scale assessment for all studies is shown in Table 1.
Patients in the PDE5i group were associated with younger age (Table 1).
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Figure 1. PDE5i vs. control treatment for patients with LVAD: flow diagram.

Table 1. Characteristics of the studies that were finally included in the meta-analysis.

Study ID, Year Country Study
Design LVAD Model

Patients, n Female, n (%) Mean Age ± SD Type of
PDE5I NOS

PDE5i Control PDE5i Control PDE5i Control

Critoph et al.,
2016 [28] Australia R 52% HVAD 11%

HM2 4 61 ND ND ND ND Sildeanfil 5

Grandin et al.,
2022 [13]

United States
of America P CF-LVAD 1600 1600 334

(20.9)
345

(21.6) 56.3 ± 12.5 56.4 ± 12.7 ND 7

Hamdan et al.,
2014 [29] Lebanon R 71% HM2

29% HVAD 8 6 3
(37.5)

1
(16.7) 34.3 ± 14.1 36.5 ± 16.5 Sildenafil 6

Hassanein et al., 2017
(abstract) [30]

United States
of America R HM2/HVAD 59 14 10

(17)
4

(28.6) 57.0 ± 11.6 56.4 ± 11.3 Sildenafil/
Tadalafil 6

Jakstaite et al.,
2021 [22] Germany R 90% HVAD 10%

HM3 75 34 9 (12) 7 (21) 53 ± 13 57 ± 10 7 Sildenafil
68 Tadalafil 7

Mahankali et al., 2011
(abstract) [31]

United States
of America R CF-LVAD 29 23 ND ND ND ND Sildenafil 5

Raina et al., 2012
(abstract) [32]

United States
of America R CF-LVAD 80 16 ND ND ND ND Sildenafil 5

Ravichandran et al.,
2018 [23]

United States
of America R 82% HM2

8% HVAD 53 69 35
(51)

19
(35) 55.5 ± 12.3 54.4 ± 13.5 Sildenafil 6

Roberts et al.,
2019 [24]

United States
of America R 86% HM

2 14% HVAD 77 77 24
(31.2)

19
(24.7) 59.5 (51–64) 60.5 (53–66) Sildenafil/

Tadalafil 7

Rodriguez et al., 2018
(abstract) [25]

United States
of America R

76.5% HM2
19.7% HVAD

3.8% HM3
119 199 ND ND ND ND Sildenafil/

Tadalafil 5

Saeed et al., 2017 [26] United States
of America R HM2 37 107 ND ND ND ND Sildenafil 6

Solomon et al., 2019
(abstract) [33]

United States
of America R HM2 62 106 ND ND ND ND Sildenafil 5

Xanthopoulos et al.,
2020 [11]

United States
of America P CF-LVAD * 4950 8822 1063

(21.5)
1875
(21.3) 56 ± 13 58 ± 13 ND 8

Xanthopoulos et al.,
2022 [12]

United States
of America P 64% HM3

36% HVAD 2173 5056 514
(23.7)

1142
(22.6) 56.2 ± 13.0 57.6 ± 13.0 ND 8

Zayat et al., 2018 [27] Germany R HM2 56 27 ND ND ND ND Sildenafil 6

* 73.9% continuous-axial-flow LVAD and 26.1% continuous-centrifugal-flow LVAD.
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Table 2. Summary of the overall analysis of categorical and continuous outcomes.

Categorical Outcomes n OR (95% CI) p
Heterogeneity

I2 p

PDE5I vs. Control

Female ratio 6 1.03 [0.97, 1.10] 0.34 74% <0.01

Gastrointestinal bleeding 8 1.26 [1.11, 1.44] <0.01 0% 0.93

Pump thrombosis 4 0.90 [0.82, 0.99] 0.04 71% 0.02

Ischemic stroke 5 0.87 [0.78, 0.98] 0.02 0% 0.42

Mortality 6 0.92 [0.85, 0.98] 0.02 0% 0.42

PDE5I vs. Control

Continuous Outcomes n WMD (95% CI) p I2 p

Mean age 6 −1.44 [−1.74, −1.13] <0.01 74% <0.01
OR = Odds Ratio; WMD = weighted mean difference; CI = confidence interval; PDE5I = phosphodiesterase-5 inhibitor.

The Newcastle–Ottawa Scale (NOS) was used to assess the quality of non-randomized
studies. Every study was judged from three perspectives: selection, comparability, and the
ascertainment of the exposure of the study groups. The highest-quality studies are awarded
up to nine stars. Abbreviations: R = retrospective; P = prospective; ND = non-defined; CF-
LVAD = continuous-flow LVAD; LVAD = left ventricular assist device; PDE5I = phosphodiest-
erase-5 inhibitors; HM2 = HeartMate II; HVAD = HeartWare VAD; HM3 = HeartMate 3;
NOS = Newcastle–Ottawa Scale.

3.2. Primary Endpoint: Mortality

Mortality was assessed by a six-arm analysis. Mortality was significantly higher in
patients in the control group (OR: 0.92 [95% CI: 0.85, 0.98]; p = 0.02) (Figure 2).
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3.3. Secondary Endpoints: Complications

According to a five-arm analysis, the incidence of ischemic stroke (OR: 0.87 [95% CI:
0.78, 0.98]; p = 0.02) (Figure 3) was lower in the PDE-5i group compared to the control
group. Similarly, the incidence of pump thrombosis (OR: 0.90 [95% CI: 0.82, 0.99]; p = 0.04)
(Figure 4) was lower in the PDE-5i group. On the other hand, according to an eight-arm
analysis, the incidence of gastrointestinal bleeding was significantly higher in patients with
LVAD receiving PDE-5i (OR: 1.26 [95% CI: 1.11, 1.44]; p < 0.01) (Figure 5).
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Figure 4. (A) Forest plot describing the differences in pump thrombosis between the 2 groups (PDE-5i
vs. control); (B) funnel plot assessing the publication bias for pump thrombosis.
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3.4. Sensitivity Analysis

In the current meta-analysis, similar to the previous study by Kittipibul et al. [34], a
conference abstract was included in the analysis of gastrointestinal bleeding [25]. Neverthe-
less, the results were similar after excluding this study from the analysis (Supplementary
Figure S1).

No single study was found to affect our pooled outcomes regarding the primary
and secondary endpoints or the level of heterogeneity when we performed the sensitivity
analysis. The results of the meta-analysis regarding mortality and thrombotic events were
reanalyzed following the exclusion of our two recent observational studies [11,12]. Mortal-
ity, although numerically lower in the PDE-5i group, was not significantly different between
the two groups, whereas ischemic stroke and pump thrombosis endpoints did not reach
statistical significance, but there was a trend favoring the use of PDE-5i (Supplementary
Figures S2 and S3). It should be noted, however, that when our two studies were excluded
from the meta-analysis, the number of patients was significantly lower (24,586 vs. 3585
for mortality; 21,350 vs. 349 for ischemic stroke; and 21,228 vs. 227 for pump thrombo-
sis). Lastly, a sub-meta-analysis of the studies that reported the inclusion of patients with
HeartMate 3 is listed in the Supplementary Material (Supplementary Figures S4 and S5).

3.5. Publication Bias

In the overall analysis, heterogeneity was low regarding the outcomes, except for
pump thrombosis. Funnel plots that were produced to assess publication bias are shown in
Figures 2–5. Asymmetries that were found are mainly attributed to the small number of
included studies and the bias regarding the selection of patients, the different LVAD models
used, and the different protocols followed among different institutions, thus indicating that
randomized control trials (RCTs) are necessary to fully eliminate publication bias.
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4. Discussion

This systematic review and meta-analysis identified fifteen articles describing the im-
pact of PDE-5i on mortality and hemocompatibility-related events (ischemic stroke, pump
thrombosis, and gastrointestinal bleeding) in patients with implanted LVADs, published
between 1990 and 2022. In this meta-analysis of observational studies, the administration
of PDE-5i was associated with improved survival and fewer thrombotic events but with a
higher risk of gastrointestinal bleeding.

Despite the improvement in LVAD technology, hemocompatibility-related events, es-
pecially ischemic stroke, remain an unresolved issue [6,7]. Therefore, new pharmacological
approaches are needed, along with device progress, to optimize patient management. The
implantation of an LVAD per se may exacerbate, via several mechanisms, pre-existing
RV dysfunction in patients with advanced heart failure and lead to adverse outcomes,
including death [35]. These observations have led to growing interest in the use of pul-
monary vasodilators to treat pulmonary hypertension and prevent RV failure among
LVAD-supported patients (see below) [35]. The 2013 International Society for Heart and
Lung Transplantation guidelines state that PDE-5i “may be considered for management of
RV dysfunction in the setting of pulmonary hypertension after mechanical circulatory sup-
port” (class of recommendation IIb, level of evidence C) [36]. Interestingly, data from large
registries show that up to approximately 30% of LVAD patients receive off-label PDE-5i
post-implant [11–13]. However, the safety and efficacy of this practice remain unclear [35].

Saeed et al. were the first to examine the relation between the administration of
sildenafil and thrombotic events in a single-center study of 144 patients with implanted
HeartMate II [26]. The authors reported an association between sildenafil administration
and a lower risk of device thrombosis or ischemic stroke in patients with low-level hemoly-
sis (defined as serum lactate dehydrogenase of 400 to 700 U/L). Consequently, few small
studies have examined the association between PDE-5i administration and thrombotic
events in LVAD patients, with conflicting results [24,27]. A propensity-matched analy-
sis investigated the relationship between pre-implant PDE-5i administration and severe
early right heart failure, defined as the composite of death from right heart failure within
30 days, the need for right ventricular assist device support within 30 days, or the use of
inotropes beyond 14 days [37]. Higher rates of post-LVAD RV failure were observed in the
pre-implant PDE-5i group, driven mainly by prolonged inotropic support. In addition, the
cumulative incidence of major bleeding events at 1 month was higher in the PDE-5i group
compared to controls (24.5% versus 17.9%) [37]. Interestingly, pre-implant PDE-5i use has
not been associated with thrombotic risk reduction or increased survival [11,37]. Several
mechanisms may explain adverse PDE-5i outcomes when administered before LVAD im-
plantation, such as the development of hypotension and vasoplegia, a rise in pulmonary
capillary wedge pressure from increased pulmonary blood flow directed towards a dilated,
noncompliant left heart, and increased bleeding risk. In summary, the aforementioned
analyses do not support the use of pre-implant PDE-5i therapy in LVAD candidates.

A significant association between post-LVAD-implant PDE-5i use and reduced throm-
botic events, as well as improved survival, was reported in two observational studies [11,12].
The first included a cohort of 13,772 patients with continuous-flow LVADs participating
in the Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS)
between 2012 and 2017 [11]. Interestingly, the vast majority of those patients (~74%) were
on a second-generation axial-flow LVAD, HeartMate II®. The primary endpoint (a com-
posite of LVAD thrombosis and ischemic stroke) was significantly lower in the PDE-5i
group compared with the no-PDE-5i group (hazard ratio (HR), 0.84; 95% CI, 0.77–0.91;
p < 0.001) at 48 months. The secondary endpoint, all-cause mortality (HR, 0.86; 95% CI,
0.79–0.93; p < 0.001), was lower in the PDE-5i group versus the no-PDE-5i group during the
study follow-up. The second study [12] investigated the association between post-implant
PDE-5i use and outcomes in patients with implanted third-generation centrifugal-flow
LVADs HeartMate 3 (n = 4628) and HVAD® (n = 2601). The mean duration of follow-up
was 11.94 ± 8.65 months. The primary composite endpoint (all-cause mortality, ischemic
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stroke, and pump thrombosis) was lower in the PDE-5i group (adjusted HR: 0.77; 95%
CI: 0.69–0.86; p < 0.0001). In the present meta-analysis, the use of PDE-5i was associated
with an 8% lower risk of all-cause mortality, a 13% lower risk of ischemic stroke, and a
10% lower risk of pump thrombosis. Interestingly, the observed heterogeneity regarding
the outcomes was low (with the exception of pump thrombosis), making the possibility of
publication bias unlikely.

PDE-5i exhibit several pleiotropic effects (cardiovascular and non-cardiovascular) that
may explain the favorable outcomes observed in LVAD patients receiving the drug [38].
For example, PDE-5i have been shown to decrease pulmonary artery pressure, reverse
RV remodeling, enhance RV–pulmonary artery coupling, and decrease diastolic leftward
septal shift. PDE-5i also exhibit antiplatelet and antithrombotic actions. In this regard, not
surprisingly, several studies have reported an association between PDE-5i and gastrointesti-
nal bleeding [11,12,22–25,27,37]. This might be explained by the fact that PDE-5i exhibit
antiplatelet and antithrombotic actions by potentiating the nitric oxide–mediated inhibition
of platelet aggregation through the blockade of cGMP degradation [39–41]. Furthermore,
despite the fact that in the studies by Xanthopoulos et al. [11,12], the frequencies of aspirin
and antiplatelet agent (including aspirin) use, as well as the international normalized ratio
(INR) values over time, were not significantly different between PDE-5i and non-PDE-5i
groups, the possibility that the interaction of PDE-5i with coumadin or antiplatelets may
lead to increased gastrointestinal bleeding, as reported in this meta-analysis, cannot be
excluded. Nevertheless, the mechanisms of gastrointestinal bleeding in LVAD patients are
multifactorial [42,43]. In this regard, RV failure has been shown to be a major risk factor for
gastrointestinal bleeding in numerous previous studies [44,45]. Therefore, the association of
PDE-5i with bleeding could be partially explained via “confounding by indication” [13]. In
the present meta-analysis, patients on PDE-5i exhibited a 26% higher risk of gastrointestinal
bleeding compared to the control group.

Grandin et al., utilizing a propensity-matched analysis from the INTERMACS Registry,
reported similar rates of the primary endpoint, late right heart failure (HR, 1.14; 95% CI,
0.99–1.32; p = 0.07), and the secondary endpoint, mortality (HR, 0.99; 95% CI, 0.86–1.15;
p = 0.93), in patients receiving early post-implant (i.e., 1 month) PDE-5i vs. the control
group [13]. Nevertheless, the use of right heart failure as a study endpoint in LVAD
patients is challenging [46]. First of all, the complex nature of right-sided heart failure,
diverse pathways, and multispecialty involvement among distinct clinicians has led to the
development of varying definitions over the last decade [47,48]. Secondly, those definitions
often change with time, making the interpretation and comparison of right heart failure (as
an outcome) among different studies difficult [13]. Thirdly, right heart dysfunction may be
aggravated during exercise or periods of increased physiological needs [48]. Therefore, not
surprisingly, there is currently no consensus on how to best measure RV function in clinical
trials [49].

The timing of PDE-5i administration (pre- vs. post-LVAD implant) may explain the
discrepancies observed between the study by Gulati et al. [37] and our studies [11,12].
In particular, when PDE-5i are given pre-LVAD implant [37], they may cause selective
pulmonary vasodilation, resulting in an increase in RV output. The increased RV output
cannot be accommodated by the dilated LV (exhaustion of the preload reserve), leading
to the further deterioration of LV function and causing RV dysfunction due to ventricular
interdependence (shift of the interventricular septum towards the RV) [50]. When treatment
with PDE-5i is initiated post-LVAD implant [11,12], the increase in RV output induced by
these agents may improve the filling of the supported LV and optimize cardiac output. The
optimized hemodynamics resulting from the post-implant use of PDE-5i, along with the
other pleiotropic effects of these agents, including their antiplatelet and antithrombotic
effects, contribute to the reported reduction in the risk of ischemic strokes and all-cause
mortality in LVAD patients [50].

In terms of the contradictory results observed in the studies by Xanthopoulos et al. [11,12]
and Grandin et al. [13], these can be attributed to differences in study entry criteria. For
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example, the study by Grandin et al. [13] enrolled patients receiving a primary continuous-
flow LVAD and surviving at least 30 days after discharge from the index hospitalization.
In contrast, both of our studies [11,12] included patients who received PDE-5i early after
LVAD implantation, and our findings (early separation of relevant curves, please see
Supplementary Figures S6 and S7) strongly suggest that in the study of Grandin et al. [13],
the early beneficial effect of PDE-5i post-LVAD implantation was probably missed.

Our study incorporates certain strengths compared to the previous meta-analysis
by Kittipibul et al. [34]. First of all, we searched three databases compared with the two
used in the previous meta-analysis. This led to a higher number of assessed articles
included in the final analysis. Secondly, we used the fixed-effects model, given that it
is more statistically sound for combining a small number of studies. Furthermore, the
previous meta-analysis performed only three-arm analyses regarding hemocompatibility-
related outcomes, while we performed five-arm analyses (for ischemic stroke), four-arm
analyses (for pump thrombosis), and eight-arm analyses (for gastrointestinal bleeding),
thus providing a significantly higher level of evidence. Lastly, the present meta-analysis
included “hard endpoints” (i.e., mortality) that were not investigated in the meta-analysis
by Kittipibul et al. [34].

Strengths and Limitations

The limitations of the current meta-analysis reflect the limitations of the studies
included. Most of the studies were retrospective, and no randomized controlled studies
were identified. Furthermore, the differences among institutions regarding the selection
criteria, the LVAD device, and the type of administered PDE-5i, along with postoperative
management, should be acknowledged. Unfortunately, the studies with the largest number
of patients [11–13] do not provide information about the type of PDE-5i used. Most of the
studies refer to results obtained with LVADs that are no longer used and/or left the market
due to evident thrombotic problems. Additionally, the difference between the two groups
(PDE-5i vs. control group) regarding age represents another potential bias. Lastly, the
weight of the studies by Xanthopoulos et al. [11,12] is relevant, although the heterogeneity
is not significant.

On the other hand, the strengths of this study include (a) the clear data extraction
protocol, (b) the well-specified inclusion/exclusion criteria, (c) a literature search performed
in three databases, (d) the quality assessment of the included studies, (e) the detailed
presentation of the results of data extraction and analysis, and (f) the performance of a
sensitivity analysis.

5. Conclusions

The present meta-analysis of observational studies demonstrated an association be-
tween the post-implant use of PDE-5i and lower mortality as well as thrombotic events in
LAVD patients. The risk of gastrointestinal bleeding was higher in the PDE-5i group. The
current best available evidence favors the postoperative use of PDE-5i in LVAD patients;
however, an RCT is needed to provide definite answers.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11205988/s1, Figure S1: (A) Forest plot describing the differ-
ences in gastrointestinal bleeding between the 2 groups (PDE-5i vs. control); (B) funnel plot assessing
the publication bias for gastrointestinal bleeding. The conference abstract by Rodrigue et al. [25] was
not included in the analysis; Figure S2: Forest plot describing the differences in mortality between the
2 groups (PDE-5i vs. control). The 2 large observational analyses by Xanthopoulos et al. [11,12] were
not included in the analysis; Figure S3: Forest plot describing the differences between the 2 groups
(PDE-5i vs. control): (A) in ischemic stroke and (B) in pump thrombosis. The 2 large observational
analyses by Xanthopoulos et al. [11,12] were not included in the analysis; Figure S4: Sub-meta-analysis
of studies with HeartMate 3 reporting all-cause mortality; Figure S5: Sub-meta-analysis of studies
with HeartMate 3 reporting gastrointestinal bleeding; Figure S6: Cumulative incidence curves for
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all-cause mortality [11]; Figure S7: Cumulative incidence curves for all-cause mortality [12]; Prisma
2020 Checklist.
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