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 Patient: Male, 56
 Final Diagnosis: Right heart failure due to pulmonary embolism
 Symptoms: Syncope
 Medication: —
 Clinical Procedure: —
 Specialty: Cardiology

 Objective: Unusual clinical course
 Background: Sildenafil is a pulmonary vasodilator and its efficacy has been well established in patients with group 1 pulmo-

nary hypertension. There are no established guidelines regarding its use in acute right ventricle failure. In our 
experience, it can be used as an adjunctive therapy in acute right ventricle failure due to pulmonary embolism, 
to reduce right ventricle afterload and hence improve size and function of the right ventricle.

 Case Report: This is a case report where sildenafil was used as a rescue agent to achieve improvement in the right ventri-
cle size and function in a case of acute onset massive pulmonary embolism with acute right ventricle failure 
in the scenario where systemic thrombolytic therapy was contraindicated.

 Conclusions: Improvement of right ventricle size and function was achieved using phosphodiesterase-5 Inhibitors in a case 
of acute right ventricle failure due to acute massive pulmonary embolism. There are no established guidelines 
regarding this clinical approach, however, given its efficacy in this case as adjunctive therapy in treatment of 
acute right ventricle, larger studies are needed to further establish its utility.
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Background

Phosphodiesterase-5 (PDE5) inhibitors are potent pulmonary 
vasodilators and are used frequently in patients with group 1 
pulmonary hypertension [1]. They inhibit the metabolism of 
cyclic guanosine monophosphate (cGMP) and potentiate va-
sodilatory effects of natriuretic peptides and nitric oxide. Their 
role is well established in hypertrophied right ventricles but 
there are no established guidelines regarding their use in new 
onset acute right ventricle failure [2,3]. We present a case of 
saddle pulmonary embolism with acute right ventricle failure 
in a patient who underwent surgery recently and thus could 
not receive thrombolytic therapy. Sildenafil (a PDE inhibitor) 
was used as a rescue agent to achieve improvement of right 
ventricular size and function.

Case Report

A 56-year-old male presented to the emergency department 
of our hospital due to sudden onset shortness of breath and 
an episode of syncope while walking around inside his house. 
He underwent robotic assisted laparoscopic prostatectomy for 
prostate carcinoma, 5 days prior to his presentation to the 
Emergency Department. His post-operative course in the hos-
pital was uneventful. In the emergency department, his blood 
pressure was 94/54 mmHg, heart rate 121 beats per min-
ute, respiratory rate 20 breathes per minute, he was afebrile, 
and his oxygen saturation was 92% on 6 L per minute of ox-
ygen via nasal cannula. Cardiac examination revealed S1S2, 
regular, tachycardic, no murmur/gallops/rubs. Respiratory ex-
amination revealed normal vesicular breath sounds bilater-
ally. He was noted to have asymmetrical left lower extremity 
edema. Electrocardiogram (ECG) revealed sinus tachycardia, 
no ST-T wave changes (Figure 1). Troponin was mildly elevated 
at 0.120 ng/mL (reference range: 0 to 0.020). Computed to-
mography angiography (CTA) of chest showed extensive bilat-
eral pulmonary emboli, with a large clot burden in both main 
pulmonary arteries, evidence of acute right ventricular failure 
(Figure 2). Duplex venous scan showed acute left infra-popliteal 

deep vein thrombosis. Echocardiogram showed normal left ven-
tricular ejection fraction of 60% to 65%, abnormal septal mo-
tion and flattening of interventricular septum, right ventricu-
lar systolic pressure of 49.7 mmHg, moderately dilated right 
ventricle, decreased right ventricle function, Tricuspid annu-
lar plane systolic excursion of 12.1 mm (normal 15 to 20 mm) 
(Figure 3A, 3B). As the majority of the clot burden was distal, 
it was not deemed amenable to surgical extraction as re-
cent surgery was a major contraindication for thrombolysis. 
The patient was started on a heparin drip and inhaled nitric 
oxide at 20 ppm along with oral sildenafil 40 mg every 8 hours. 
The next day, the patient was stable hemodynamically and his 
inhaled nitric oxide was tapered off. Repeat echocardiogram 
48 hours from initial presentation showed improved right 
ventricle size and function (Figure 4A, 4B). His right ventricu-
lar systolic pressure decreased to 22.4 mmHg and his tricus-
pid annular plane systolic excursion improved to 17.8 mm. We 
recommended that he continue sildenafil for the next month 
after discharge along with oral anticoagulation with a plan 
to follow-up as an outpatient. The patient gave written con-
sent to treatment during his hospitalization. The patient and 
his family members were well-informed regarding the entire 
plan of care, and they were in agreement with the care plan.

Figure 1.  Electrocardiogram showing sinus 
tachycardia and left ventricular 
hypertrophy.

Figure 2.  Computed tomography (CT) angiogram of the chest 
showing bilateral pulmonary embolism.
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Discussion

Acute pulmonary embolism is a potentially fatal condition and 
timely therapy is warranted to prevent recurrence and mortal-
ity [4]. Pulmonary embolism with sustained hypotension (sys-
tolic blood pressure <90 mmHg) for more than 15 minutes or 
evidence of shock is termed as massive pulmonary embolism 
while those with right ventricle dysfunction and borderline 
blood pressure are termed as sub-massive pulmonary embo-
lism. Hemodynamically unstable/massive pulmonary embo-
lism is an indication for systemic or catheter-based throm-
bolysis. Patients with sub-massive pulmonary embolism with 
a large clot burden, significant right ventricle enlargement 
and dysfunction; high requirement of oxygen, and persis-
tent severe tachycardia can also be candidates for thrombo-
lytic therapy [5]. In our case, the patient was not a candidate 
for thrombolytic therapy due to surgery just 5 days prior to 

presentation with pulmonary embolism. Risk of major bleed-
ing is more than 50% in patients receiving thrombolysis within 
a week of surgery while it is up to 20% within 1 to 2 weeks 
after surgery [6]. Although surgical embolectomy is an alter-
native treatment modality in patients in whom thrombolytic 
have failed or contraindicated, the distal nature of the throm-
bus is not amenable to surgery, [7], and hence, it was not con-
templated in our patient.

Right ventricle failure can occur due to increased preload, 
increased afterload, or reduced myocardial contractility. Sudden 
increase in right ventricle afterload is the primary cause of right 
ventricle failure in acute pulmonary embolism with a large 
clot burden [2]. Hence, measures to decrease afterload are 
the most effective strategies to improve right ventricle func-
tion and size. PDE5 inhibitors like sildenafil are well known to 
reduce pulmonary vascular resistance leading to better right 

Figure 3.  (A) Tissue Doppler images of the right ventricle showing decreased right ventricular function. (B) Echocardiogram showing 
tricuspid annular plan systolic excursion of 13.4 mm reflecting decreased right ventricle function.

A B

Figure 4.  (A) Tissue Doppler images of the right ventricle showing decreased right ventricular function. (B) Follow-up Transthoracic 
echocardiogram showing tricuspid annular plane systolic excursion of 17.8 mm reflecting improved right ventricle function.

A B
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ventricle contractility in patients with pulmonary hyperten-
sion [2]. In a study which included surgical specimens of 9 
patients, it was concluded that PDE5 is not expressed in nor-
mal human right ventricles tissue but by virtue of upregulated 
mRNA and protein, contractility is increased in hypertrophied 
right ventricles. The role of increased cGMP and a decrease in 
right ventricle afterload was also been seen in cases of only 
hypertrophied right ventricles [3]. In another study, contrast-
ing results were obtained in terms of favorable hemodynamic 
changes in anesthetized dogs (n=3) and rats with isolated 
perfused lung preparation. Intravenous sildenafil at a dose of 
0.25 mg/kg or 1 mg/kg were found to reduce mean pulmo-
nary artery pressure by 8 to 16 mmHg (P<0.05) in normal pre-
existing right ventricles [8]. In a case series (n=20) of patients 
with acute pulmonary embolism and right ventricle failure that 
were treated with sildenafil at 25 mg, 3 times a day as an ad-
junct to oral anticoagulation, it was found that there was no 
mortality in the median 9-month follow-up; and 65.2% of pa-
tients had no evidence of right heart strain after a median 101 
days follow-up [9]. There have also been case reports describ-
ing improvement in hemodynamics with sildenafil in acute pul-
monary embolism who had failed to improve with systemic or 
catheter directed thrombolytic therapy [10–12].

Our patient was not given any thrombolytic agent that would 
immediately dissolve the thrombus. He was given a heparin 
drip which helped to prevent further expansion, propagation, 
and recurrence of thrombus. We did use inhaled nitric oxide, 
a short-acting potent vasodilator, which has been shown to 
unload right ventricles in a critical care setting. It has been 

shown to improve pulmonary pressure and right ventricle con-
tractility in acute right ventricle failure [13]. But we tapered 
off the inhaled nitric oxide rapidly in less than 24 hours, and 
it is known to have an extremely short half-life to have any 
kind of sustained effect. The only agent that was used contin-
uously to reduce afterload was sildenafil. However, we should 
consider the very brief use of inhaled nitric oxide and possi-
bly natural fibrinolysis as limiting factors. We did not consider 
using endothelin receptor inhibitors or the soluble guanylate 
cyclase stimulator riociguat, as they have not been proven to 
be safe in acute right ventricle dysfunction [2].

Conclusions

Sildenafil, a PDE5 inhibitor, is a potent pulmonary vasodila-
tor and its efficacy has been well established in patients with 
group 1 pulmonary hypertension. In our experience, it can be 
used as an adjunctive therapy in acute right ventricle failure 
due to pulmonary embolism to reduce right ventricle after-
load, and hence improve size and function of the right ven-
tricle. There are animal studies, case series, and isolated case 
reports regarding the use of sildenafil in acute pulmonary em-
bolism. Larger systematic studies are needed to further estab-
lish its role in acute right ventricle failure.
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