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Abstract

Background: To investigate if acute pulmonary vasodilation by sildenafil improves right ventricular function in
patients with acute intermediate-high risk pulmonary embolism (PE).

Methods: Single center, explorative trial. Patients with PE were randomized to a single oral dose of sildenafil 50 mg
(n=10) or placebo (n=10) as add-on to conventional therapy. The time from hospital admission to study inclusion
was 2.3+ 0.7 days. Right ventricular function was evaluated immediately before and shortly after (0.5-1.5 h) randomi-
zation by right heart catheterization (RHC), trans-thoracic echocardiography (TTE), and cardiac magnetic resonance
(CMR). The primary efficacy endpoint was cardiac index measured by CMR.

Results: Patients had acute intermediate-high risk PE verified by computed tomography pulmonary angiography,
systolic blood pressure of 135+ 18 (mean & SD) mmHg, increased right ventricular/left ventricular ratio 1.1 +0.09
and increased troponin T 167 4= 144 ng/L. Sildenafil treatment did not improve cardiac index compared to baseline
(0.02+0.36 I/min/m2, p=0.89) and neither did placebo (0.00 4 0.34 I/min/m2, p=0.97). Sildenafil lowered mean
arterial blood pressure (— 194 10 mmHg, p <0.001) which was not observed in the placebo group (049 mmHg,
p=0.97).

Conclusion: A single oral dose of sildenafil 50 mg did not improve cardiac index but lowered systemic blood pres-
sure in patients with acute intermediate-high risk PE. The time from PE to intervention, a small patient sample size
and low pulmonary vascular resistance are limitations of this study that should be considered when interpreting the
results.

Trial Registration: The trial was retrospectively registered at www.clinicaltrials.gov (NCT04283240) February 2nd 2020,
https://clinicaltrials.gov/ct2/show/NCT042832407term=NCT04283240&draw=2&rank=1.
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Background

Acute pulmonary embolism (PE) is a potentially fatal

disease with a broad spectrum of clinical presentations.

It may vary from subtle changes in functional capacity
*Correspondence: asgerandersen@gmail.com to hemodynamic collapse and death depending on the
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pulmonary arteries. In patients with high risk PE, mortal-
ity ranges from 25 to 52% and in patients with interme-
diate-high risk PE, mortality ranges from 8 to 15% [1, 2].
The true incidence of PE is difficult to assess, but with an
estimated incidence of 6-20/10,000/year in Europe and
the United States [3-5] it is a common acute cardiovas-
cular disease.

The treatment of choice is based on the severity of
hemodynamic changes and the degree of right ventricu-
lar dysfunction. Cornerstones in the treatment of PE are
anticoagulation therapy in most patients and thromboly-
sis in hemodynamic unstable patients. Other treatment
options are surgical or catheter based embolectomy or
fragmentation of the thrombus mass [6—8]. Despite mod-
ern management, PE is still a fatal disease with a high risk
of death in patients with intermediate or high-risk PE [6].

The ultimate cause of death in PE is right heart failure
due to the acute increase in afterload [7]. This is not only
due to mechanical obstruction of the proximal pulmo-
nary arteries but also caused by active pulmonary vaso-
constriction mediated by hypoxemia, a neurogenic reflex
and the release of vasoconstrictors from activated lung
cells, endothelial cells, platelets, and leukocytes [8—-11].

As current therapies mainly focus on removing the
mechanical obstruction there may be a potential for
pulmonary vasodilators as add-on to current treatment
strategies. Inhaled nitric oxide (NO) has shown prom-
ising results in case reports [12] and the treatment was
found to be safe in a phase 1 clinical trial [13]. A recent
randomized clinical trial failed at meeting its primary
endpoint of normalization of echocardiogram and tro-
ponins, but there was improvement in RV function in PE
patients treated with NO [14]. Administration of NO is
by inhalation trough a nasal cannula or via mechanical
ventilation and long-term treatment is not feasible. Phar-
macological stimulation of the NO vasodilatory pathway
by the oral route may be an attractive alternative to NO
therapy.

NO exerts its vasodilator action by up-regulating intra-
cellular cyclic guanosine mono phosphate (cGMP) in
the smooth muscle cells of the pulmonary vasculature.
c¢GMP is converted to the inactive 5’GMP by phospho-
diesterase type 5 (PDE;). Hence, another strategy for pul-
monary vasodilation is inhibition of the breakdown of
c¢GMP by sildenafil, a specific PDE; inhibitor widely used
in the treatment of pulmonary arterial hypertension.
Supporting the biologic rationale for the use of sildenafil
in the treatment of PE is a series of pre-clinical studies
and few case reports of its efficacy [15-17]. Furthermore,
the ease of use and the low cost makes sildenafil an
attractive therapy as add-on to conventional therapy. The
aim of this trial was to test the acute effects on right ven-
tricular function of pulmonary vasodilation by sildenafil
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administered as a single oral dose 50 mg as add-on to
conventional therapy in patients with acute intermediate-
high risk PE.

Methods

Patients

Patients with acute pulmonary embolism confirmed by
contrast enhanced computed tomography (CT) were eli-
gible for inclusion if they had symptom duration of less
than 14 days, were older than 18 years and had a right
ventricular/left ventricular ratio (RV/LV)>1 measured
by trans-thoracic echocardiography (TTE, 1 cm above
the atrio-ventricular valves in the four-chamber view at
end-diastole). Patients were excluded if they were preg-
nant, had cardiac arrest that required cardiopulmonary
resuscitation, a life expectancy <120 days, systolic blood
pressure <90 mmHg, metal implants, obesity or claus-
trophobia that excluded the patient from cardiac mag-
netic resonance (CMR), altered mental status making the
patient unable to provide informed consent, recent use of
drugs with influence on the NO-cGMP pathway, known
or suspected chronic thromboembolic pulmonary hyper-
tension, inability to perform study protocol<72 h after
conventional PE treatment was instituted or active bleed-
ing after thrombolysis. Patients were screened for inclu-
sion at hospitals in the Central Region of Denmark.

Protocol

The study was designed as a single centre, prospective,
randomized, placebo-controlled, double-blind, explora-
tive trial. If eligible for inclusion, the patient was trans-
ferred to Aarhus University Hospital to complete the
study protocol. To characterize the patients, RV/LV
ratio was calculated from the CT scan and by TTE per-
formed at the local institution on the day of diagnosis.
Cardiac biomarkers [troponin T/I, N-terminal pro-brain
natriuretic peptide (NT-proBNP)], height, weight, res-
piratory frequency, peripheral saturation, and pulse were
measured at the local institution on the day of screening
and by the study site on the day of inclusion. A detailed
medical history was collected including duration of
symptoms, known active cancer, recent surgery/trauma,
chronic obstructive pulmonary disease, diabetes mellitus,
oestrogen therapy, and/or immobilisation.

During the study protocol (Fig. 1), right ventricu-
lar function was evaluated on the same day before and
shortly after (0.5-1.5 h) randomization to sildenafil 50
(n=10) mg or placebo (n=10) with CMR, TTE and
RHC. Primary efficacy endpoint was cardiac index (CI)
evaluated by CMR. Blood pressure was evaluated at
30, 45, 120 and 180 min after randomization as a safety
measure. Other hemodynamic parameters were ana-
lysed as exploratory endpoints. Exploratory endpoints
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Fig. 1 Study design. CMR cardiac magnetic resonance imaging. TTE trans-thoracic echocardiography. RCH right heart catheterization. R
randomisation sildenafil 50 mg or placebo. *Measurement of blood pressure

evaluated by TTE were RV/LV ratio, fractional area
change (FAC), tricuspid annular plane excursion
(TAPSE), pulmonary artery acceleration time (PAAT)
and tricuspid regurgitation gradient (TI). Explora-
tory endpoints evaluated by CMR were heart rate
(HR), RV stroke volume (SV), RV end-diastolic volume
(EDV), RV end-systolic volume (ESV), right ventricu-
lar ejection fraction (EF), mean peak longitudinal strain
(MPLS). Exploratory endpoints evaluated by right heart
catheterization were mean pulmonary capillary wedge
pressure (mPCWP), diastolic-, systolic- and mean pul-
monary artery pressure (dPAP, sPAP, mPAP), mixed
venous oxygen saturation (SvO,) and pulmonary vas-
cular resistance (PVR). Detailed protocols for TTE,
CMR and RHC are available in the Additional file 1.
Study drugs (sildenafil or placebo) were prepared in
quickly absorbable gelatinous caps by the institutional
pharmacy to blind both patients and the physicians
to treatment. The dose of 50 mg sildenafil was chosen
based on previous case reports [16, 17] where sildena-
fil improved hemodynamics in patients with acute PE
and a study investigating acute hemodynamic effects
of sildenafil in patients with pulmonary hypertension
where an i.v. dose equivalent to 50 mg sildenafil effec-
tively lowered MPAP and PVR without any hemody-
namic compromise [18]. Patients were randomized
in blocks of 10 with sequentially randomly numbered
containers. The randomization key was disclosed by
the institutional pharmacy after data analysis was com-
plete. All analyses were performed with the observer
blinded to treatment. The study was performed and
data collected at Aarhus University Hospital, Denmark.
The study adheres to CONSORT guidelines.

Statistics

Sample size was calculated to be 10 patients in each treat-
ment group. The calculation was based on the assump-
tions of a power of 0.9 and a of 0.05 to detect a paired
difference of 29 mL/kg/min change in cardiac index with
standard deviation of the difference to be 25 mL. Nor-
mality testing was performed with the Shapiro—Wilk test.
Within-group comparison of continuous data was per-
formed using the two-sided paired ¢-test. Between-group
continuous data and baseline patient characteristics were
compared using the two-sided unpaired Students ¢-test
as an explorative analysis. Two-way ANOVA testing was
performed to test differences in systemic blood pressure
between groups. If data was not normally distributed,
non-parametric tests were used (Wilcoxon matched pairs
signed-rank or rank sum test) accordingly. All data are
presented as mean=standard deviation (SD). P<0.05
was considered statistically significant.

Results

Patients

We enrolled 21 patients from the 1st of march 2015
through 10th of September 2017 and randomly
assigned 20 patients to a single 50 mg dose of sildena-
fil (n=10) or placebo (n=10). All patients randomized
to treatment had acute PE verified by CT pulmonary
angiography, increased RV/LV ratio measured on CT
and TTE and increased cardiac biomarkers measured
by troponin T/I and/or NT-proBNP. More patients
had previous deep venous thromboses in the placebo
group. None of the patients were treated with throm-
bolysis. Other baseline characteristics were similar in
both groups (Table 1). Time from hospital admission
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Table 1 Baseline patient characteristics

Placebo (SD) Sildenafil (SD) p-value
n=10 n=10

Age (years) 729 63 (9) 0.09
Female (%) 50 30 0.51
Height (cm) 170 (10) 171.(7) 0.87
Weight (kg) 87(13) 86 (10) 0.83
BMI (kg/m?) 30 (3) 30 (4) 0.77
Known active cancer (%) 0 0 1.00
Immobilisation (%) 10 20 0.59
Recent surgery/trauma (%) 10 20 0.59
Previous VTE (%) 50 10 0.04
COPD (%) 0 20 0.17
DM (%) 30 10 0.17
Smoking (%) 10 10 1.00
Estrogen (%) 10 10 1.00
Duration of symptoms (d) 3.0(1.3) 27(013) 0.66
UFH/LMH/VKA/NOAK (n) 2/7/0/1 0/9/0/1 na

Oxygen therapy (1) 1.8(14) 19(1.9) 0.85
T (ng/l) 198 (131) 136 (150) 0.66
NT proBNP (ng/l) 6573 (8624) 1201 (113) 0.08
RF (/min) 18(3) 19(3) 0.19
Periferal saturation (%) 96 (2) 95 (2) 0.13
Pulse (BPM) 70(9) 85(12) 0.02
BPs (mmHg) 134 (10) 137 (24) 0.55
BPd (mmHg) 81(9) 88(12) 0.25
RV diameter* (cm) 54(0.5) 52(0.8) 0.70
LV diameter* (cm) 3.7 (0.5) 3.2(0.5) 0.06
RV/LV* 1.5(0.3) 1.7 (0.5) 0.23

BMI body mass index, VTE venous thrombus embolism, COPD chronic
obstructive pulmonary disease, DM diabetes mellitus, UFH unfractioned
heparin, LMH low molecular weight heparin, VKA vitamin-K antagonist, NOAK
non-vitamin-K oral anti-coagulation, TnT troponin-T, NT-proBNP N-terminal pro
brain natriuretic peptide, RF respiratory frequency, BPs systolic blood pressure,
BPd diastolic blood pressure, RV righ ventricle, LV left ventricle, RV/LV right
ventricular/left ventricular diameter ratio, *measured by computed tomography
at the day of screening for inclusion. Data is reported as mean 4 SD

and initiation of conventional therapy to study inclu-
sion were 2.3+0.7 days. Mean CI for all patients
included was 2.340.6 1/min/m? CMR was performed
in all patients. Inclusion rate was low initially as sev-
eral patients wanted to avoid right heart catheteriza-
tion (RHC). To improve inclusion rate, RHC was made
optional 4 months after initiation of the study. RHC
was performed in 16 patients (sildenafil n=28 and pla-
cebo n=8). TTE were performed in all patients, but the
results from 2 patients were excluded before unblind-
ing due to poor image quality (placebo n=2). One
patient did not have RV/LV>1 on TTE on the day of
inclusion and was excluded as screening failure before
randomization.
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Primary and explorative endpoints for right ventricular
function

Primary and explorative endpoints are summarized in
Fig. 2a and Table 2. Time from administration of study
drug to right ventricular evaluation were 32 £+ 5 min for
RHC, 74417 min for CMR, and 84 440 min for TTE.
Sildenafil did not improve cardiac index (primary end-
point) measured by CMR (Placebo baseline vs. follow
up 2.28£0.40 vs. 2.29+0.54, p=0.97; sildenafil base-
line vs. follow-up 2.37+0.70 vs. 2.38£0.61, p=0.89).
Exploratory endpoints measured by CMR revealed that
sildenafil significantly reduced end-diastolic and end-
systolic RV volume. mPCWP increased with placebo
but was unaltered by sildenafil. PAAT was shortened
after placebo treatment but was unaltered by sildena-
fil. Other exploratory endpoints were unaltered both by
sildenafil and placebo.

Safety

None of the patients reported adverse events. Blood
pressure was lower in sildenafil treated patients com-
pared to placebo (Fig. 2b). The maximal drop in blood
pressure was observed 120 min after administration of
study drug (sildenafil: -19£ 10, placebo: 0+9 mmHg,
p=0.0007) to a MAP of 91 + 14 mmHg in the sildenafil
and 104 £ 10 in the placebo treated patients. The largest
drop in systemic blood pressure in a single patient was
from 146/95 to 94/64 mmHg observed 180 min after
sildenafil treatment.

Discussion

Pulmonary vasodilation by sildenafil have shown ben-
efit in experimental models of acute pulmonary embo-
lism and in case reports. This is the first randomized
controlled trial to test sildenafil in patients with acute
intermediate-high risk pulmonary embolism.

In a previous trial, epoprostenol failed to show benefit
on the RV in patients with acute PE. However, patients
in that trial had only slight RV dysfunction making it dif-
ficult to demonstrate a hemodynamic benefit of pulmo-
nary vasodilatation [24]. In the current trial, all patients
had an increased RV/LV ratio and an increase in car-
diac biomarkers. With a blood pressure>90 mmHg the
patients are characterized as intermediate-high risk PE
according to current guidelines from the European Soci-
ety of Cardiology [20]. Cardiac index measured by CMR
was lower than healthy individuals and similar to patients
with congestive heart failure in NYHA class III-1V [21].
Also, mPAP was increased compared to healthy indi-
viduals [22]. Therefore, it is unlikely that patient selection
with regards to the severity of the disease can explain the
overall neutral result of this trial.
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Table 2 Exploratory endpoints

Placebo Sildenafil

Baseline Follow Up p-value Baseline Follow up p-value
HR (BPM) 69 (9) 68 (7) 0.49 84(12) 85(12) 0.58
Cardiac magnetic resonance imaging derived parameters
RV SV (mL) 68 (19) 68 (18) 0.96 57 (19) 58(22) 0.84
CO (I/min) 4.53(0.94) 454 (1.14) 0.97 471 (144) 476 (1.34) 0.89
RV EDV (mL) 222 ( 9) 222(12) 1.00 193 (73) 184 (76) 0.05
RV ESV (mL) 2(18) 153 (15) 0.77 135 (62) 125 (62) 0.04
RV EF (%) ( ) 318 0.50 31(8) 349) 0.14
MPLS (%) —123((34) —13.1(34) 0.17 —1294.1) — 13.1(4.0) 0.89
Right heart catheterization derived parameters
mPCWP (mmHg) 11.1(4.5) 124 (4.4) 0.02 17.0 (4.9) 15.0(3.7) 0.14
PAPd (mmHg) 15.7 (3.2) 176 (2.6) 0.31 17.1(3.1) 17.0(6.7) 0.96
PAPs (mmHg) 47.0 (6.6) 474 (4.8) 092 47.0(7.7) 429(5.3) 0.21
mPAP (mmHg) 27.0(2.9) 27.6 (2.4) 0.66 27.3(3.7) 253(34) 0.30
PVR (wood) 35(1.0) 35(14) 0.86 23(1.0) 20(1) 043
SVO, (%) 62.6 (6.7) 64.4 (8.5) 0.29 65.9 (8.5) 65.2 (7.3) 0.67
Trans thoracic echocardiography derived parameters
RV/LV 1.10 (0.05) 1.12(0.19) 0.39 1.12(0.11) 1.08 (0.21) 047
RV FAC (%) 0.30 (0.14) 0.30(0.11) 0.98 0.34 (0.15) 0.37 (0.14) 0.28
TAPSE (cm) 1.79 (0.44) 1.78 (O 56) 0.86 1.69 (0.36) 1.79 (0.44) 033
PAAT (ms) 64 (12) 4(12) 0.02 61 (8) 64 (13) 040
Tl (mmHg) 36 (8) ( 0) 0.81 33(8) 3103) 0.52

Exploratory endpoints assesed by heartrate (HR), cardiac magnetic resonance derived paramters, right heart catheterization derived parameters and transthoracic
echocardiograhy derived parameters. RV SV right ventricular stroke volume, CO cardiac output, RV EDV right ventricular end diastolic volume, RV ESV right
ventricular end systolic volume, RV EF right ventricular ejection fraction, MPLS mean peak longitudinal strain, mPCWP mean pulmonary capillary wedge pressure, PAPd
diastolic pulmonary artery pressure, PAPs systolic pulmonary artery pressure, mPAP mean pulmonary artery pressure, PVR pulmonary vascular resistance, SVO, mixed
venous oxygen saturation, RV/LV right ventricular/left ventricular diameter ratio, RV FAC right ventricular fractional area change, TAPSE tricuspid annular plane systolic
excursion, PAAT pulmonary artery acceleration time. Tl tricuspid regurgitation gradient. Data is reported as mean & SD

We used several independent methods to evaluate topic have used RV/LV ratio measured by echo as a pri-
RV function. Previous and ongoing studies on a similar ~ mary endpoint [22, 23]. By the use of a more elaborate
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RV evaluation in this study we could potentially meas-
ure subtle hemodynamic changes even with a low num-
ber of patients. In the exploratory endpoints, we did
find a reduction in EDV and ESV. With an unaltered
PVR, these changes could simply be secondary to the
observed lower systemic blood pressure which empha-
sizes the accuracy of the hemodynamic evaluation.

We chose to test the acute effects of pulmonary vaso-
dilation after administration of a single dose of sildenafil
50 mg as this design has previously proven to be effective
in PAH patients [23] and in preclinical studies of PE [19].
The observation of a lowered MAP at several independ-
ent timepoints after administration similar to previous
observations [23] confirm that sildenafil was adminis-
tered in an effective dose and that the effect was evalu-
ated at relevant timepoints after administration.

The magnitude of MAP lowering together with the
observation that none of the patients reported adverse
events suggest that sildenafil was safe in our patients. It
should however be emphasized that data is limited and
we cannot conclude that sildenafil is generally safe in
acute PE based on our data alone.

Limitations

There are some limitations to our study. One is the delay
of 2.3 days from initiation of conventional therapy to
study inclusion. It has been suggested that vasoconstric-
tion is more pronounced in the early phase after PE and
not so much in the later phase [24, 25]. Hence, the poten-
tial effect of pulmonary vasodilation in acute PE would be
blunted at study inclusion more than 2.3 days after hos-
pital admission. There are limited clinical data support-
ing this speculation but as experimental data suggest, the
efficacy of pulmonary vasodilation is attenuated during
the first 12 h in the initial phase after PE [26] which could
explain the discrepancy between the positive experimen-
tal studies that initiate pulmonary vasodilation shortly
after PE and the few, but all neutral clinical studies where
onset of treatment is delayed.

We observed a higher than expected left atrial pressure
yielding a near-normal PVR. This finding could explain
the overall neutral result of this trial, as sildenafil is most
effective in treating pre-capillary pulmonary vasocon-
striction [27]. It should, however be taken into considera-
tion that the patients did have a high thrombus burden
increasing the risk of over-wedging and a possible false
high wedged pressure.

Another limitation is the low number of patients
included in the trial. Being an exploratory study, we
choose an elaborate hemodynamic evaluation of the
patients to identify possible hemodynamic changes.
Post-hoc power calculation revealed that 3924 patients
should be included to show a significant difference with
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a power of 0.8 and « of 0.05 to detect a paired differ-
ence of the observed 17 mL/m?/min change in cardiac
index using the observed standard deviation of 380 mL/
m?/min. Looking at Fig. 2 however, there is one sildena-
fil treated patient with a CI of 3.8 L/m?/min at baseline
and as discussed previously there would be rationale
behind excluding patients with a high cardiac output in
future trials. If this was done in this trial with a cut-off
of CI<3 L/m*/min, a non-significant improvement of
112 mL/m?*/min was observed (p=0.2). Although spec-
ulative, this observation could be of use in future trials.
A post hoc power calculation for the more widely used
RV/LV ratio as primary endpoint using the observed 0.04
change in RV/LV ratio with SD of 0.16 reveals that 128
patients should be included to show an effect in the treat-
ment arm with a power of 0.8 and « of 0.05 suggesting
that RV/LV ratio may be a more robust primary endpoint
in future trials. The calculations above discuss statisti-
cal effect. Whether or not these small improvements in
hemodynamics would translate into a clinical effect is
unknown.

The limitations in this trial should be taken into consid-
eration in the interpretation of the data. There is substan-
tial experimental evidence in a wide range of PE models
that pulmonary vasodilation improve hemodynamics in
acute PE(10) but still, there are only a very limited num-
ber of small clinical trials. Therefore, it would still be
relevant to explore the clinical potential of pulmonary
vasodilation in acute PE. Patient selection with regards to
high RV/LV ratio, high PVR, low CI and timing will prob-
ably be key to success in future trials.

Conclusion

In conclusion we found that a single dose of sildena-
fil 50 mg lowered systemic blood pressure but did not
improve cardiac index in patients with acute intermedi-
ate-high risk pulmonary embolism. The time from PE to
intervention, a small patient sample size and low pulmo-
nary vascular resistance are limitations of this study that
should be considered when interpreting the results.
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