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Postimplant Phosphodiesterase Type 5
Inhibitors Use Is Associated With Lower
Rates of Thrombotic Events After Left
Ventricular Assist Device Implantation
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BACKGROUND: Left ventricular assist device (LVAD) thrombosis is clinically devastating and impacts the cost effectiveness of
LVVAD therapy for advanced heart failure. Anticoagulation and antiplatelet therapies represent the standard of care to mitigate
LVAD thrombosis. Phosphodiesterase type 5 inhibitors (PDE-5is) exhibit hemodynamic, antiplatelet, and antithrombotic ef-
fects. Using a national registry, we examined the relationship of PDE-5i use on thrombotic events in patients with continuous-
flow LVADs.

METHODS AND RESULTS: We obtained data from 13 772 patients with continuous flow LVADs participating in a national registry.
Patients implanted with primary LVADs from 2012 to 2017 were included in the analysis. The primary end point was a com-
posite of LVAD thrombosis and ischemic stroke. Patients were analyzed according to any use of PDE-5i after LVAD implanta-
tion (PDE-5i group) versus no use after LVAD implantation (no PDE-5i group). The primary end point was significantly lower
in the PDE-5i group compared with the no PDE-5i group (hazard ratio [HR], 0.84; 95% ClI, 0.77-0.91; P<0.001) at 48 months.
The components of the primary end point (LVAD thrombosis: HR, 0.82; 95% CI, 0.74-0.90; P<0.001; and ischemic stroke:
HR, 0.85; 95% Cl, 0.75-0.97; P=0.019), as well as the secondary end point all-cause mortality (HR, 0.86; 95% ClI, 0.79-0.93;
P<0.001) were lower in the PDE-5i group versus the no PDE-5i at 48 months post LVAD. The favorable results observed with
postimplant PDE-5i use were consistent with both axial and centrifugal flow devices.

CONCLUSIONS: The postimplant use of PDE-5i was associated with fewer thrombotic events and improved survival in LVAD
patients. A randomized clinical trial is warranted to confirm these findings.
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therapy was paradigm shifting in the man-
agement of patients with advanced heart fail-
ure.”"® However, device support remains fraught with
hemocompatibility-related adverse events including
thrombosis and bleeding, which account for nearly half

The advent of left ventricular assist device (LVAD)

of all adverse events.*® The introduction of an LVAD in
the circulatory system results in an altered hematologic
balance due to blood-pump interfaces and changes
in hemodynamics and rheology, necessitating the use
of anticoagulation.® Significant adverse events occur in
both centrifugal- and axial flow-type LVAD devices.
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CLINICAL PERSPECTIVE

What Is New?

e Postimplant use of phosphodiesterase 5 inhibitors
is associated with a lower incidence of thrombotic
events (device thrombosis or ischemic stroke) and
improved survival in patients with implanted con-
tinuous flow left ventricular assist devices.

e Phosphodiesterase 5 inhibitors seem to be ben-
eficial regardless of the continuous flow-left ven-
tricular assist device type (axial or centrifugal).

e Benefit with phosphodiesterase 5 inhibitor use
in patients with continuous flow—left ventricular
assist devices is obtained at the expense of an
increased risk for gastrointestinal bleeding.

What Are the Clinical Implications?

e Arandomized controlled trial is urgently needed
to confirm the apparent benefit with the use of
phosphodiesterase 5 inhibitors in the current
centrifugal left ventricular assist device era.

Nonstandard Abbreviations and Acronyms

HR hazard ratio

INTERMACS Interagency Registry for
Mechanically Assisted Circulatory
Support

LDH lactate dehydrogenase
LVAD left ventricular assist device
PDE-5i phosphodiesterase type 5 inhibitors

Pump thrombosis and stroke are major complications
following LVAD implantation previously reported in the
primary clinical trials.>3” Subsequently, an increase in the
rate of device thrombosis among patients who received
the HeartMate Il was observed in a study including 837
patients from 3 institutions.2 Hemocompatibility-related
complications remain, despite the improvements in the
design of the third-generation LVAD.?

Phosphodiesterase type 5 inhibitors (PDE-5is) are
known to enhance nitric oxide—mediated vasodilation
by inhibiting degradation of cGMP'® and exhibit anti-
platelet and antithrombotic effects.""* Hence, sildena-
fil, the prototypical agent in the class of PDE-5is, which
has been used frequently to unload the right ventricle
in patients with LVADs,'®'® may impact not only hemo-
dynamics but hemostasis as well.'%"* Recognizing the
potential favorable effects of PDE-5is on thrombotic
events in patients with LVAD, importantly to date, only
a few small single-center studies have examined this
association reporting conflicting results.'”°

In the present study, we examined whether the
postimplant use of a PDE-5i is associated with a lower
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incidence of thrombotic events in a population of
13 772 patients with implanted continuous-flow LVADs
included in a national registry.

METHODS

Primary LVAD from 2012 to 2017 were included in the
analysis.

Study Data

The authors declare that all supporting data are avail-
able within the article and its online supplementary files.
The INTERMACS (Interagency Registry for Mechanically
Assisted Circulatory Support) Data Access, Analysis, and
Publications Committee approved the investigational pro-
tocol. The INTERMACS Data and Clinical Coordinating
Center and each participating institution have received
Institutional Review Board/Ethics Review Board ap-
proval for active informed consent or a waiver of consent
to enroll participants, collect data, and perform analytic
studies. All procedures are Health Insurance Portability
and Accountability Act compliant, and INTERMACS
has received a Federal Certificate of Confidentiality and
other protection for the identities of patients and devices
identified within the registry. Patients were classified into
2 groups: those who received PDE-5i after implantation
(n=4950) and those who did not (n=8822). Baseline char-
acteristics of patients included in the study are presented
in Table 1.

End Points

The primary end point was the composite of pump
thrombosis or ischemic stroke. Secondary end points
were all-cause mortality and the composite of all-
cause mortality, pump thrombosis, or ischemic stroke,
during LVAD support. Patients not experiencing any
of these events were censored at device explant un-
related to either pump thrombosis or ischemic stroke,
transplantation, or end of follow-up on LVAD support.
The follow-up period was 48 months. Pump throm-
bosis was assigned as “definite or probable throm-
bosis”; all events were adjudicated and coded by the
INTERMACS registry data coordinating center.

Definitions

Pump thrombosis was identified at the time of inter-
vention or major outcome. The event of pump throm-
bosis was identified by the following definitions:

1. Pump exchange that was identified as being due
to pump thrombosis (specified in explant reason).
2. Pump thrombosis was identified (via the device mal-
function form) within 60 days before pump exchange.
3. Pump thrombosis was identified (via the device mal-
function form) within 60 days before death, where
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Table 1. Baseline Demographics and Patient Characteristics Pre-Implant

Overall (N=13 772) PDE-5 Inhibitor (N=4950) No PDE-5 Inhibitor (N=8822) P Value

Age,y 57+13 56+13 58+13 <0.001
Male, n (%) 10834 (78.7) 3887 (78.5) 6947 (78.7) <0.001
Black, n (%) 3347 (24.3) 1564 (31.6) 1783 (20.2) <0.001
Current smoker, n (%) 667 (4.8) 182 (3.7) 485 (5.5) <0.001
Body mass index, kg/m? 28.6+6.7 28.8+6.7 28.5+6.6 0.044

<35, n (%) 11 555 (84.6) 4101 (83.5) 7454 (85.2) 0.008

>35, n (%) 2100 (15.4) 809 (16.5) 1291 (14.8)
Profile at time of implant, n (%)

Critical cardiogenic shock 2069 (15.0) 672 (13.6) 1397 (15.8) <0.001

Progressive decline 4789 (34.8) 1924 (38.9) 2865 (32.5)

Stable but inotrope 4757 (34.5) 1717 (34.7) 3040 (34.5)

dependent

Resting symptoms 1765 (12.8) 515 (10.4) 1250 (14.2)

Exertion intolerant 272 (2.0) 84 (1.7) 188 (2.1)

Exertion limited 72 (0.5) 2 (0.4) 50 (0.6)

Advanced NYHA class Ill, 48 (0.9 ( 32(0.9)

n (%)
Continuous flow LVAD type, n (%)

Axial 10 183 (73.9) 3620 (73.1) 6563 (74.4) 0.105

Centrifugal 3589 (26.1) 1330 (26.9) 2259 (25.6)
Current device strategy, n (%)

Bridge to transplant 3444 (25.0) 1247 (25.2) 2197 (24.9) 0.708

Destination therapy 6491 (47.1) 2301 (46.5) 4190 (47.5)

Other 3837 (27.9) 1372 (27.7) 2435 (27.6)
Implant year, n (%)

2012 1827 (13.3) 655 (13.2) 1172 (13.3) <0.001

2013 2599 (18.9) 1012 (20.4) 1587 (18.0)

2014 2700 (19.6) 1012 (20.4) 1688 (19.1)

2015 2978 (21.6) 1084 (21.9) 1894 (21.5)

2016 2602 (18.9) 844 (17.1) 1758 (19.9)

2017 1066 (7.7) 343 (6.9) 723 (8.2)
Time on LVAD, mo 16.5+14.5 17.8+£14.7 15.8+14.4 <0.001
History of pulmonary 3065 (22.2) 1587 (32.1) 1478 (16.8) <0.001
hypertension, n (%)
History of renal disease, n (%) 3019 (21.9) 1317 (26.6) 1702 (19.3) <0.001
History of major stroke, n (%) 507 (3.7) 187 (3.8) 320 (3.6) 0.720
Preimplant inotropes, n (%) 11 367 (82.5) 4272 (86.3) 7095 (80.4) <0.001
Preimplant INR, n (%) 1.30+0.39 1.31+0.38 1.29+0.39 <0.001
Preimplant LDH >1000 (units 269/7874 (3.4) 90/2839 (3.2) 179/50835 (3.6) 0.367
per liter) , n (%)
Right heart failure, n (%) 6349/8093 (78.5) 2488/2912 (85.4) 3864/5181 (74.5) <0.002
PDE-5 inhibitor at baseline, 1375 (10.0) 952 (19.2) 423 (4.8) <0.001
n (%)

LDH indicates lactate dehydrogenase; LVAD, left ventricular assist device; INR, international normalized ratio; and NYHA, New York Heart Association; and
PDE-5, phosphodiesterase type 5.

the death form specified that the device was not 5. Pump thrombosis was identified (via the device mal-

functioning normally at the time of death. function form) within 60 days before pump explant
4. Pump thrombosis was identified (via the de- because of “recovery.”

vice malfunction form) within 60 days before 6. Cardiac transplantation with device removal in which

transplantation. pump thrombosis was identified.
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When device thrombosis was not specifically
identified at the time of intervention or major out-
come, all relevant forms at the time of intervention
or major outcome plus the relevant forms within the
preceding 60 days were reviewed by 3 INTERMACS
steering committee members and the assignment of
LVAD thrombosis was adjudicated. The INTERMACS
methodology was described for LVAD thrombosis
previously.?® A consensus was achieved to determine
whether the identified event was associated with no,
possible, probable, or definite pump thrombosis.
Those events determined to be probable or definite
pump thrombosis were coded as pump thrombo-
sis events by INTERMACS and included in the da-
tabase provided. Ischemic stroke and hemorrhagic
stroke were defined and reported separately in the
INTERMACS registry (Data S1).

Statistical Analysis

Baseline characteristics are presented as meanz
standard deviation for continuous variables or count
(percent of total patients) for categorical variables.
Differences between PDE-5i and no PDE-5i groups
were assessed via 2-tailed t test or chi-square test,
as appropriate. To adjust for differences between
patients taking PDE-5i or not, propensity scores for
PDE-5i treatment and corresponding stabilized in-
verse probability of treatment weights were calculated
using a binary logistic regression model including
significant baseline characteristics as covariates
(Tables S1 and S2). Improvement in the balance of
baseline characteristics was assessed by evaluating
a plot of the absolute standardized differences with
and without inverse probability of treatment weights
(Figure S1). An absolute value in standardized differ-
ences of <10% for each variable served to determine
adequate covariate balance. Absolute standardized
differences close to 0% after weighting indicate ex-
cellent covariate balance.

Cox proportional hazards analysis was performed
for each outcome and the model weighted by the
inverse probability of treatment weights. The pro-
portional hazards assumption for use of PDE-5i was
examined by plotting the Schoenfeld residuals against
time and testing the interaction of log-transformed
time with treatment group in the model. Models not
meeting the proportional hazards assumption re-
tained the interaction term for log of time and treat-
ment. Multivariable model selection was conducted
through the stepwise selection method, incorporat-
ing normalization of stabilized inverse probability of
treatment weights. All variables collected at baseline
(Table S1) were considered for each model, and vari-
ables with a P<0.05 were retained in the final model
(Table S3). Since the use of PDE-5i could vary across
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the 48-month follow-up period, with patients coming
off treatment or starting treatment throughout the fol-
low-up period, an additional sensitivity analysis con-
sidered PDE-5i as a time-dependent covariate in a
Cox’s model. The relationship between use of PDE-5i
(yes or no) and outcome (yes or no) were examined
for each discrete visit interval (1 month, 3 months,
6 months, and every 6 months thereafter until month
48). Cumulative incidence curves graphically present
outcomes over time between patients taking a PDE-5i
and those not taking a PDE-5i. A forest plot for the
primary outcome was used to examine predefined
subgroups. The relationship between timing of PDE-5i
use (preoperatively or postoperatively) was examined
using dummy variables for each timing category com-
pared with no PDE-5i use as the reference group in
a multivariable model. The frequency of aspirin use
and all antiplatelet medications were plotted over time
by visit interval. A Breslow-Day test for homogeneity
was used to examine differences in treatment group
by visit. Mixed models for repeated measurements
were used to test for differences in international nor-
malized ratio and lactate dehydrogenase (LDH) values
between treatment groups over time. A spline trans-
formation was used for values of LDH at 1 month after
implantation to assess the relationship with probability
of the primary end point.

All estimates are presented along with 95% Cls and
P values. All reported P values are 2-sided, and a P
value of <0.05 was considered to indicate statistical
significance. All analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC).

RESULTS

Study Cohort

Baseline characteristics of the study population are re-
ported in Table 1. Patients on PDE-5is were younger
and more frequently women and black compared with
those not on a PDE-5i. PDE-5i use after implantation
was associated with higher body mass index and more
frequent use of preoperative inotropes as well as a his-
tory of pulmonary hypertension and renal disease.
On the contrary, patients not receiving a PDE-5i were
more often smokers, with less frequent right heart fail-
ure and lower preimplant international normalized ratio.
Overall median follow-up (median [interquartile range])
for the entire population was 9.2 months (3.2-19.8);
no PDE-5i group: 7.0 months (3.0-18.6) and PDE-5i
group: 11.3 months (4.2-23.3).

Antithrombotic Treatment

The frequency of aspirin (Figure S2) and antiplatelet
agents (including aspirin) use (Figure S3) as well as
the international normalized ratio values (Figure S4)
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with time were not statistically different between the 2
groups after implantation.

Primary End Point—Composite Pump
Thrombosis or Ischemic Stroke
The results at 48 months are shown in Table 2. PDE-5i
use was associated with a reduction in the event rate (ad-
justed hazard ratio [HR], 0.84; 95% ClI, 0.77-0.91; P<0.001;
Figure 1A). The components pump thrombosis (adjusted
HR, 0.82; 95% Cl, 0.74-0.90; P<0.001; Figure 1B) and
ischemic stroke (adjusted HR, 0.85; 95% Cl, 0.75-0.97;
P=0.019; Figure 1C) both were significantly reduced in
the PDE-5i cohort. Figure S5 depicts centrifugal and axial
flow LVAD demonstrating a reduction in events with both
pump types with PDE-5i use. Table S4 provides an analy-
sis of the end points based on “use” or “no use” of PDE-5i
based on exposure <6 months after implantation and
>6 months after implantation. The median percentage of
reported PDE-5i use out of the total number of visits at-
tended was 75% (interquartile range, 33%-100%).
Exploration of the relationship between the timing of
PDE-5i use (preimplant, postimplant) and the primary
end point demonstrated that the benefit was evident
only in patients taking a PDE-5i after implantation. There
was no association between the preimplant PDE-5i use
and the primary outcome (P=0.478; Table S5).

Secondary End Points

There was a reduction in all-cause mortality with PDE-5i
use (HR, 0.86; 95% ClI, 0.79-0.93; P<0.001). However,
the benefit appeared to be greatest within the first
6 months (Table S4 and Figure S6). Similar were the
results of the PDE-5i use regarding the combined sec-
ondary end point of all-cause mortality, pump throm-
bosis, or ischemic stroke (Table S4 and Figure S7).

Adjustments and Sensitivity Analyses

Table 3 shows the impact of PDE-5i use as a time-
varying covariate with adjustments for the variables in
Table S8. Since the use of PDE-5i could vary across

Table 2. End Points Through 48 Months

Phosphodiesterase Inhibitors and Thrombotic Events

the follow-up period with patients coming off treatment
or starting treatment throughout the follow-up period,
an additional sensitivity analysis considered PDE-5i as
a time-dependent covariate in a Cox’s model. The rela-
tionship between use of PDE-5i (yes or no) and outcome
(yes or no) was examined for each discrete visit interval
(1 month, 3 months, 6 months, and every 6 months
thereafter until month 48). The prespecified primary and
secondary end points all demonstrated a significant and
more pronounced reduction in hazard with PDE-5i.

Heterogeneity of the Primary End Point

Based on the existing literature,"'® we specifically
analyzed the LDH level <400, 400 to 700, and >700
(Figure 2) to examine the impact of hemolysis and use
of PDE-5i and thrombotic events. Sixty-eight percent
of patients had LDH data available at 1 month. The
effect of PDE-5i on outcome appeared to vary de-
pending on the LDH level. In those with LDH <400,
PDE-5i significantly lowered thrombotic events, while
the risk remained neutral for patients with LDH >400.
Interestingly, patients on a PDE-5i exhibited lower
levels of LDH with time than those not on the drug
(Figures S8 and S9). The timing of occurrence of the
primary end point to both groups stratified by LDH at 1
month after LVAD implantation is depicted in Table S6.

Hemorrhagic Adverse Events

No significant difference was observed between the 2
groups (PDE-5i versus no PDE-5i) regarding the rates of
hemorrhagic stroke (adjusted HR, 0.89; 95% ClI, 0.78—
1.02; P=0.09; Figure S10). However, the use of a PDE-5i
was associated with 14% increased risk for gastrointes-
tinal bleeding compared with those not on a PDE-5i (ad-
justed HR, 1.14; 95% Cl, 1.06-1.23; P<0.01; Figure S11).

DISCUSSION

The principle observation from this INTERMACS
registry analysis is a reduction in thrombotic events

No PDE-5 Inhibitor,

PDE-5 Inhibitor vs No PDE-5
Inhibitor

Adjusted Hazard Ratio*

or ischemic stroke

End Point PDE-5 Inhibitor, n (%) n (%) (95% Cl) P Value
Primary end point 921 (18.6) 1750 (20.5) 0.84 (0.77-0.91) <0.001
Pump thrombosis 652 (13.2) 1260 (14.8) 0.82 (0.74-0.90) <0.001
Ischemic stroke 349 (7.1) 645 (7.6) 0.85 (0.75-0.97) 0.019
All-cause mortality 1066 (21.5) 1943 (22.4) 0.86 (0.79-0.93) <0.001
All-cause mortality, pump thrombosis, 1770 (35.8) 3308 (38.1) 0.84 (0.79-0.89) <0.001

PDE-5 indicates phosphodiesterase type 5.

*Each end point model is adjusted for the significant variables listed in Table S3.
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A Pump Thrombosis or Ischemic Stroke (Primary)

B Pump Thrombosis
0.5

C Ischemic Stroke

—— No PDE-5 Inhibitor
—— PDE-5 Inhibitor

—— No PDE-5 Inhibitor
04 —— PDE-5 Inhibitor

Adjusted Hazard Ratio 0.84
0314 (95% C1,0.77-0.91)
P<0.001

0.3 (95% Cl, 0.74-0.90)

P<0.001

Cumulative Incidence (%)
Cumulative Incidence (%)

Adjusted Hazard Ratio 0.82

0.5

—— No PDE-5 Inhibitor
044 —— PDE-5 Inhibitor

Adjusted Hazard Ratio
0.3 0.85 (95% Cl, 0.75-0.97)
P=0.019

0.2

01 }ﬁ
0.0 T T T T T

Cumulative Incidence (%)

Months after LVAD
No. At Risk
No PDE-5i 8822
PDE-5i 4950

No. At Risk
No PDE-5i 8822 5364 3591
4950 3406 2396

5194 3443 2348 1626 1075 682 412 215
3282 2284 1620 1121 734 484 300 163 PDE-5i

4 6 12 18 24 30 36 42 48 0 6 12 18
Months after LVAD

2472 1712 1135
1705 1177 775

24 30 36 42 48 0 6 12 18 24 30 36 42 48
Months after LVAD

No. At Risk
719 437 228  NoPDE-Si 8822 5207 3480
506 310 174  PDESi 4950 3291 2310

2381 1651 1092 699 417 221
1656 1145 750 493 311 167

Figure 1. Cumulative incidence curves through 48 months.

A, Primary end point. B, Pump thrombosis. C, Ischemic stroke. LVAD indicates left ventricular assist device.

(LVAD thrombosis and or ischemic stroke) associated
with the postimplant use of a PDE-5i. The reduction
in thrombotic events was present with both axial and
centrifugal-flow LVAD. Importantly, the association of
PDE-5i use with the reduction in thrombotic events
occurred in the setting of similar and conventional an-
tithrombotic treatment (antiplatelets, warfarin) between
the 2 groups (PDE-5i versus no PDE-5i). The secondary
end point all-cause mortality was significantly reduced
in patients with a continuous-flow LVAD with PDE-5i
use. The reduction in mortality was primarily in the early
(<6 months after implantation) period (Table S4).

There is a plausible theoretical framework to support
the PDE-5i—-induced reduction of thrombotic events in
patients with LVADs."*2!" The nitric oxide/cGMP sig-
naling cascade participates in the inhibition of platelet
adhesion and aggregation. In platelets, cGMP synthe-
sis is catalyzed by soluble guanylyl cyclase, whereas
several phosphodiesterases are responsible for cGMP
degradation.??> PDE-5is potentiate nitric oxide—medi-
ated inhibition of platelet aggregation through block-
ade of cGMP degradation."-1423

Table 3. Sensitivity Analysis Using PDE-5 Inhibitor as a
Time-Varying Covariate

PDE-5 Inhibitor vs No
PDE-5 Inhibitor

Adjusted Hazard

End Point Ratio* (95% CI) P Value
Pump thrombosis or ischemic 0.54 (0.45-0.66) <0.001
stroke (primary end point)

Pump thrombosis 0.45 (0.35-0.57) <0.001
Ischemic stroke 0.70 (0.51-0.96) 0.028
All-cause mortality 0.43 (0.35-0.53) <0.001
All-cause mortality, pump 0.50 (0.44-0.58) <0.001

thrombosis, or ischemic stroke

PDE-5 indicates phosphodiesterase type 5.
*Each end point model is adjusted for the significant variables listed in
Table S83.
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Two recent, retrospective, single-center studies re-
ported that sildenafil was associated with a reduced
risk of thrombosis in Heart Mate Il axial flow LVAD
recipients with LDH indicative of low-level hemolysis
(ie, LDH 400-700).""'® The investigators hypothesized
that under these conditions, plasma free hemoglobin
acts as a nitric oxide scavenger, potentially promoting
a prothrombotic state'"®2* and that sildenafil, by in-
hibiting phosphodiesterase-5 may prevent the break-
down of cGMP reactivating the preceding inhibitory
pathway for platelet activation and aggregation.'”” We
have previously reported the importance of monitoring
LLDH as a harbinger of LVAD thrombosis.® However, the
present analysis does not confirm that PDE-5i use is
associated with reduced thrombotic events in patients
with LDH in the previously reported range (ie, LDH
400-700). We observed that PDE-5is were effective in
patients with LDH <400 both in centrifugal and axial
flow LVADs (Figure 2). The 1-month LDH was reported
in only 68% of patients, and because of differing plat-
forms for the LDH assay, we were unable to convert
the reported LDH levels to equivalent values.

The 2 previous single-center studies used the dis-
charge LDH values to define the presence or absence
of hemolysis differing from the current analysis, which
utilized the LDH values 1 month after implantation.
It is known that LDH levels obtained <30 days after
HeartMate Il implantation may be affected by numer-
ous postimplant variables.?® Our observation that the
use of a PDE-5i after implantation may be associated
with the reduction of thrombotic events in the group
of patients with LDH <400 U/L suggests that PDE-5i
exposure may be most beneficial before thrombus for-
mation, when the levels of hemolysis are low. As shown
in Table SB6, LDH >700 at 1 month after implantation is
associated with the shortest time to occurrence of the
primary end point.

An alternative hypothesis is that the PDE-5i an-
tithrombotic effects may be attributable to the
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Adjusted HR Interaction
Subgroups (N) (95% CI) P value P value
Type of LVAD 0.724
Centrifugal 3589 —— 0.79 (0.66, 0.95) 0.010
Axial 10183 HH 0.85 (0.76, 0.94) 0.002
Sex 0.394
Female 2938 - 0.92 (0.77, 1.09) 0.322
Male 10834 HH 0.81 (0.74, 0.90) <0.001
Race 0.837
African American 3347 —4— 0.83 (0.70, 0.98) 0.032
White/Other 10425 HH 0.84 (0.76, 0.93) 0.001
Age, years 0.087
<60 6907 HH 0.86 (0.77, 0.97) 0.012
260 6864 4 0.76 (0.66, 0.86) <0.001
History of Pulmonary Hypertension 0.355
Yes 3065 —+ 0.85 (0.73, 0.99) 0.049
No 10388 HH 0.80 (0.73, 0.89) <0.001
Device Strategy 0.262
Bridge to transplant 3444 —— 0.87 (0.73, 1.03) 0.110
Destination therapy 6491 —H 0.85 (0.75, 0.96) 0.007
Other 3837 —+— 0.75 (0.63, 0.88) 0.007
INTERMACS profile 0.796
1 2069 —— 0.81 (0.64, 1.03) 0.082
2to3 9546 ] 0.81 (0.73, 0.89) <0.001
24 2157 31— 0.94 (0.76, 1.16) 0.551
LDH 1 month post-implant 0.077
<400 6693 HH 0.78 (0.69, 0.89) <0.001
400 - 700 1936 FH+— 1.10(0.91, 1.33) 0.345
>700 767 1 0.89 (0.66, 1.19) 0.413
| . . I
0.1 PDE-5 Inhibitors Better 1.0 PDE-5 Inhibitors Worse 10
-l A -
) Ig

Figure 2. Adjusted hazard ratios and 95% Cls comparing use of phosphodiesterase type 5 inhibitors (vs no use) for the
primary end point of pump thrombosis or ischemic stroke, by various subgroups.
INTERMACS indicates Interagency Registry for Mechanically Assisted Circulatory Support; LDH, lactate dehydrogenase; and LVAD,

left ventricular assist device.

improvement of hemodynamics in continuous-flow
LVAD recipients.'® Experimental evidence shows that
PDE-5i has the capacity to improve right ventricu-
lar contractile function in human and sheep myocar-
dium.?®27 Theoretically, PDE-5is may have the ability
to augment right ventricular function and improve filling
of the left ventricle in patients after LVAD implantation.

It is noteworthy that in the present study the pre-
implant PDE-5i use was not associated with throm-
botic risk reduction. A retrospective analysis of 11 544
continuous-flow LVAD recipients from the INTERMACS

J Am Heart Assoc. 2020;9:e015897. DOI: 10.1161/JAHA.119.015897

registry by Gulati et al’® revealed that preimplant
PDE-5i use was associated with a higher incidence
of prolonged inotropic support after LVAD implanta-
tion, resulting in an increased incidence of severe early
right heart failure within 30 days after implantation.
In summary, the present and published INTERMACS
analyses do not support the use of preimplant PDE-5i
therapy in LVAD candidates.

The time-related effect of PDE-5i use may relate to
the fact that the risk of pump thrombosis is not con-
stant but changes with time after LVAD implantation.
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We have previously shown that the hazard of thrombo-
sis is higher early after Heart Mate Il LVAD implantation
(early risk 3—6 months after implantation) and then fol-
lows a descending trajectory with time until it reaches
a plateau (later risk) for the duration of LVAD support.?®
Accordingly, the benefit from PDE-5i use appears most
impactful early after LVAD (<6 months; Table S4).

Early reports indicate that the rates of thrombotic
events are declining with the newest LVAD that is
commercially available (HeartMate 3). Despite the
significant reduction in pump thrombosis, stroke re-
mains a serious adverse event (9.9% at 2 years after
implantation with HeartMate 3).° The current analysis
showed no interaction between the favorable effects
of PDE-5i and the type of LVAD (axial versus centrif-
ugal), denoting a possible beneficial effect of PDE-5is
even in patients on HeartMate 3. Potentially, any cur-
rent or future LVAD with inherent thrombotic events
might benefit from the use of a PDE-5i. Additionally,
the role of PDE-5is to improve right ventricular function
and hence impact the physiology of a continuous-flow
LVAD remains an important adjunctive hypothesis in
addition to antiplatelet effects. The pathophysiology of
gastrointestinal bleeding in continuous flow LVAD pa-
tients is not well established but clearly more prevalent
in patients with right ventricular failure.° Interestingly,
digoxin has been reported to reduce gastrointestinal
bleeding events in LVAD patients.®' Both digoxin and
PDE-5i may enhance right ventricular contractility.

Although the rates of hemorrhagic strokes were sim-
ilar between the 2 groups (PDE-5i versus no PDE-5i),
patients’ use of PDE-bis after implantation exhibited
significantly higher risk of gastrointestinal bleeding,
which is a major source of LVAD-associated morbidity,
up to 48 months despite being on the same antiplatelet
and antithrombotic treatment as those not on PDE-5i.
The exact mechanism of gastrointestinal bleeding in
continuous-flow LVAD patients is unknown; however,
any antiplatelet or anticoagulant drug may potentially
augment bleeding from arteriovenous malformations
developing as a result of the continuous-flow LVADs.%?
The reduced gastrointestinal bleeding observed with
the HeartMate 3 could be related to multiple fac-
tors including enhanced pulsatility and the fact that
HeartMate 3 patients have more intact high-molecular-
weight multimers and a higher von Willebrand factor
activity during support.3® It is, therefore, anticipated
that gastrointestinal bleeding possibly related to PDE-
Bis will be significantly lower with the HeartMate 3
LVAD. The HeartMate 3 LVAD, which is not well rep-
resented in this analysis, has a lower rate of bleeding
as reported in the MOMENTUM (Multicenter Study of
MagLev Technology in Patients Undergoing Mechanical
Circulatory Suppport Therapy with HeartMate3) trial
final analysis compared with the HeartMate Il (24.5%
versus 30.9% at 24 months, respectively).? Interestingly,

J Am Heart Assoc. 2020;9:e015897. DOI: 10.1161/JAHA.119.015897
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a higher incidence of major bleeding in the first 30 days
after LVAD implant was reported in patients receiving
a preimplant PDE-5i in the published INTERMACS
study by Gulati et al.?® The net impact of PDE-5i use
after implantation on hemocompatibility in LVAD pa-
tients should be carefully evaluated for risk-benefit in a
randomized clinical trial.

Our study has several limitations. This is a registry-
based, nonrandomized, observational study. Despite
using robust statistical methods adjusting for >40 vari-
ables, residual confounding exists, as it is not possible
to adjust for unmeasured variables. Nevertheless, the
INTERMACS registry represents the largest database
of continuous-flow LVADs characterized by rigorous
data entry, high-quality monitoring of data, internal
adjudication, and quality control. We did not analyze
the device variables; pump flow, or pump speed,;
however, LVAD thrombosis events were defined, ad-
judicated, and coded by the INTERMACS database
physicians. The use of a PDE-5i was not based on the
intention to reduce the risk of thrombotic events but
for “right ventricular failure and or pulmonary hyper-
tension.” Dosage, class effect of phosphodiesterase
type 5 inhibition, and duration of therapy are important
and unanswered by this investigation. The reduction in
thrombotic events including ischemic stroke and im-
proved survival observed suggests incremental bene-
fit with PDE-5i use may apply to all LVAD technology.

The use of a PDE-5i after LVAD implantation was as-
sociated with fewer occurrences of thrombotic events
and improved survival in patients with continuous-flow
LVADs in this INTERMACS registry study. The addition of
PDE-5i to the medical regimen of LVAD recipients should
be further evaluated in a randomized controlled trial.
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Data S1.

Supplemental Methods

INTERMACS Definitions

- Ischemic stroke is defined as a new acute neurologic deficit of any duration associated

with acute infarction on imaging corresponding anatomically to the clinical deficit.

- Hemorrhagic stroke (acute symptomatic intracranial hemorrhage) is defined as new acute

neurologic deficit attributable to intracranial hemorrhage.



Table S1. Variables considered for inclusion into all endpoint models.

Demographics

Age
Body Mass Index (BMI)
Sex

Race

Medical History

Smoking status

History of non-compliance

History of alcoholism

History of drug abuse

History of arrhythmia

History of atrial fibrillation

History of cancer

History of chronic coagulopathy

History of pulmonary disease

History of pulmonary hypertension

History of Peripheral Vascular Disease

History of renal disease

History of stroke

Diabetes

Current Implantable Cardioverter Defibrillator (ICD)
New York Heart Association classification (NYHA)
Blood pressure

INTERMACS profile




Type of LVAD (axial or centrifugal)
Destination therapy

Year of implant

Laboratory Measurements

Hemaoglobin

Sodium

Platelets

White Blood Cells

Blood Urea Nitrogen (BUN)
Bilirubin

Creatinine

Lactate Dehydrogenase (LDH)

International Normalized Ratio (INR)

Medications

Antiplatelet therapy
Warfarin
Inotropes

Baseline use of PDE-5 inhibitors

Interventions within 48 hours of implant

Ventilator
Intra-Aortic Balloon Pump (IABP)
Extracorporeal Membrane Oxygenation (ECMO)

Dialysis

LVAD: Left Ventricular Assist Device, INTERMACS: Interagency Registry for Mechanically

Assisted Circulatory Support



Table S2. Significant variables included in logistic model for administration of PDE-5

inhibitors (Propensity score model)*

Demographics

Age
Sex

Race

Medical History

Smoking status
History of non-compliance

History of chronic coagulopathy
History of pulmonary disease
History of pulmonary hypertension
History of renal disease

Current Implantable Cardioverter Defibrillator (ICD)
New York Heart Association classification (NYHA)

Type of LVAD (axial or centrifugal)

Laboratory Measurements

Hemaoglobin

Bilirubin

Medications

Antiplatelet therapy

Warfarin

Interventions within 48 hours of implant

Ventilator

LVAD: Left Ventricular Assist Device

* All variables listed in Table S1 were considered and variables with a P<0.05 were included in logistic

model.



Table S3. Significant variables included in final adjusted models for each endpoint.

Endpoint Variables included in final adjusted model*
Pump thrombosis or ischemic stroke Age
Sex

Body Mass Index (BMI)

Race

Smoking status

History of non-compliance

History of pulmonary disease
History of pulmonary hypertension
Pre-implant hemoglobin
Pre-implant bilirubin

Patient INTERMACS profile

Year of implant

Pump thrombosis Age

Sex

Body Mass Index (BMI)

Race

History of non-compliance

History of pulmonary disease

Pre-implant hemoglobin

Type of continuous flow LVAD (centrifugal,

axial)

Ischemic stroke Age

Smoking status




History of pulmonary disease

Type of continuous flow LVAD (centrifugal,
axial)

Dialysis within last 48 hours

Systolic blood pressure

Pre-implant antiplatelet therapy

Pre-implant creatinine

History of diabetes

History of arrhythmia

All-cause mortality, pump thrombosis or

ischemic stroke

Age

Body Mass Index (BMI)

Sex

Race

Smoking status

History of non-compliance
Log (Blood Urea Nitrogen)
History of pulmonary disease
Type of continuous flow LVAD (centrifugal,
axial)

LVAD as destination therapy
History of cancer

Patient INTERMACS profile

Dialysis within last 48 hours




Table S3. Significant variables included in final adjusted models for each endpoint

(Continued)

Endpoint

Variables included in final adjusted model*

All-cause Mortality

Age

Smoking status

Hemaoglobin, g/dL

Log (Blood Urea Nitrogen)

Platelets (x10/L)

History of pulmonary disease

Type of continuous flow LVAD (centrifugal,
axial)

LVAD as destination therapy

History of cancer

History of Peripheral Vascular Disease
Patient INTERMACS profile

Systolic Blood Pressure

Dialysis within last 48 hours

Race

Hemorrhagic stroke

Type of continuous flow LVAD (centrifugal,
axial)

Sex

Patient INTERMACS profile

Body Mass Index (BMI)

Intra-Aortic Balloon Pump (IABP) within last 48

hours




Log (creatinine)

Hemaoglobin, g/dL

Gastrointestinal bleeding Age

Hemaoglobin

History of pulmonary disease
Race

Log (Blood Urea Nitrogen)
Dialysis within last 48 hours
History of Peripheral Vascular Disease
Smoking status

History of cancer

Body Mass Index (BMI)
Antiplatelet therapy

History of atrial fibrillation

* All variables listed in Table S1 were considered for each endpoint and variables with a P<0.05 were

retained in the final adjusted model

LVAD: Left Ventricular Assist Device, INTERMACS: Interagency Registry for Mechanically Assisted

Circulatory Support



Table S4. Risk estimates for PDE-5 inhibitor within six months post-implant and after six

months post-implant.

Endpoint PDE-5 Inhibitor vs
No PDE-5 Inhibitor
Adjusted Hazard Ratio P Value
(95% CI)*
Pump thrombosis or ischemic
stroke (primary endpoint)
< 6 months post-implant 0.81 (0.72-0.91) 0.003
> 6 months post-implant 0.88 (0.78-0.99) 0.042
Pump thrombosis
< 6 months post-implant 0.70 (0.61-0.81) <0.001
> 6 months post-implant 0.93 (0.81-1.06) 0.258
Ischemic stroke
< 6 months post-implant 0.94 (0.79-1.12) 0.458
> 6 months post-implant 0.72 (0.57-0.90) 0.003
All-cause mortality
<6 month post-implant 0.73 (0.65-0.82) <0.001
> 6 month post-implant 0.98 (0.88-1.10) 0.755
All-cause mortality, pump
thrombosis or ischemic stroke
<6 month post-implant 0.76 (0.70-83) <0.001
> 6 month post-implant 0.95 (0.87-1.04) 0.247




“Each model weighted by the inverse probability of treatment and adjusted for the variables listed in
Table S3. Dummy variables were created to represent PDE-5i use prior to 6 months and PDE-5i use after

6 months.



Table S5. Relationship between the timing of use of PDE-5 inhibitor (pre-implant, post-

implant) and the primary endpoint.

Variable Adjusted Hazard Ratio* P Value
(95% CI)
No PDE-5i (n=8399) ref N/A
Pre-implant PDE-5i 0.92 (0.72-1.16) 0.478
(n=423)
Post-implant PDE-5i 0.82 (0.75-0.90) <0.001
(n=3998)

“Adjusted for the variables listed in Table S3 for the primary endpoint.



Table S6. Time to occurrence (months) of the primary endpoint to both groups stratified

by LDH at 1-month post LVAD implant.

LDH (U/L)
Any PDE-5 inhibitor Number of Mean Median
1-month post
use post-implant observations (months) (months)
implant
No <400 762 10.49 7.00
400-700 285 7.55 3.00
>700 174 491 2.00
Yes <400 388 10.32 7.00
400-700 196 0.88 5.00
>700 73 5.82 2.00

LDH: Lactate Dehydrogenase




Figure S1. Symbols indicate the absolute standardized differences for each variable.
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Absolute standardized differences are the absolute value of the difference in mean values

between treatments groups divided by the square root of [(standard deviation of meanl +

standard deviation of mean2) +2]. Larger standardized difference indicates greater imbalance

40

between treatment groups. IPTW: inverse probability treatment weighting; ICD: Implantable

Cardioverter Defibrillator; NYHA: New York Heart Association; BMI: Body Mass Index;

LVAD: Left Ventricular Assist Device



Figure S2. Comparison of the frequency of aspirin use with time post-LVAD implantation between
PDE-5 and no-PDE-5 inhibitor group.
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No difference was observed (p=0.78).



Figure S3. Comparison of the frequency of antiplatelet treatment use (including aspirin)
with time post-LVVAD implantation between PDE-5 and no-PDE-5 inhibitor group.

Antiplatelet Use over Time
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No difference was observed (p=0.57).



Figure S4. Comparison of the INR values post-LVVAD implantation with time between

PDE-5 and no-PDE-5 inhibitor group.
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3.0

—&@— No PDE-5 Inhibitor
—de— PDE-5 Inhibitor

2.5 4

2.0 4

INR value

0 3 12 18 24
Months after LVAD

No difference was observed (p=0.33).



Figure S5. Cumulative incidence curves for the primary endpoint by LVAD type.
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Patients on PDE-5 inhibitors (both with axial and centrifugal LVADSs) exhibit significantly lower

risk compared with those not on PDE-5 inhibitors at 48 months.



Figure S6. Cumulative incidence curves for all-cause mortality.
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Patients on PDE-5 inhibitors have 14% lower risk for all-cause mortality compared to those not

on PDE-5 inhibitors at 48 months.



Figure S7. Cumulative incidence curves for all-cause mortality, pump thrombosis or
ischemic stroke.
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The use of PDE-5 inhibitors is associated with 16% lower risk for adverse events.



Figure S8. Comparison of LDH values with time between the PDE-5 and no-PDE-5 inhibitor

groups.
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Patients on PDE-5 inhibitors exhibited significantly lower LDH values



Figure S9. Comparison of LDH as a continuous variable 1-month post LVAD implantation

between PDE-5 and no-PDE-5 inhibitors.
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Figure S10. Cumulative incidence curves for hemorrhagic stroke.
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There was no significant difference between the 2 groups (PDE-5 inhibitor versus no PDE-5

inhibitor).



Figure S11. Cumulative incidence curves for gastrointestinal bleeding.
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Patients on PDE-5 inhibitors had 14% increased risk for gastrointestinal bleeding compared to

those not on PDE-5 inhibitors



