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Abbreviations

HPS - Hepatopulmonary Syndrome

1. Introduction

Hepatopulmonary syndrome (HPS) occurs in
approximately 4 to 29% of patients with liver
disease [1]. Intrapulmonary vascular dilata-
tion results in shunting and arterial hypox-
emia. Although multiple treatments have
been attempted with variable success, this is
the first report of the acute use of inhaled
epoprostenol to improve oxygenation in a
ventilated patient with HPS who remained
profoundly hypoxemic after liver transplanta-
tion.

2. Case Report

A 61 year old man presented to the emer-
gency room while on vacation. He had been
detained at a customs checkpoint with obvi-
ous dyspnea at rest and was found to be
markedly hypoxemic. Exertional dyspnea had
progressed over months, and he was subse-
quently diagnosed with end stage liver dis-
ease secondary to hepatitis C. Significant
physical findings included clubbing of the fin-
gers with nail bed cyanosis; he also had spi-
der nevi on his hands. At the time of his eval-
uation for liver transplantation, his room air
PaO2 was 37 mmHg and oxyhemoglobin sat-

uration was 74%; supplementation with 4L
oxygen by nasal cannula resulted in minimal
improvement to PaO2 39 mmHg and oxyhe-
moglobin saturation 77%. His chest radi-
ograph showed increased lower lobe intersti-
tial markings, and pulmonary function tests
revealed a mild restrictive defect and severe-
ly reduced diffusion capacity. On catheteri-
zation, the patient had a markedly elevated
cardiac output with low filling pressures. A
technetium lung perfusion scan confirmed a
large right-to-left shunt, but there was no in-
tracardiac defect on bubble contrasted trans-
esophageal echocardiography. Shunt fraction
was not formally measured. The patient did
not have any other complications of cirrhosis.
He was diagnosed with HPS, and he under-
went uncomplicated orthotopic liver trans-
plant.

Post-operatively, the patient remained on
100% inspired oxygen; he was easy to venti-
late but refractory to PEEP. The intensivist
started inhaled epoprostenol with a signifi-
cant improvement in the A-a gradient and
PaO2/FIO2 ratio (Table 1). The epoprostenol
was titrated off over three days and the pa-
tient was extubated. A significant shunt re-
mained, and refractory hypoxemia persisted
on the surgical floor two weeks after trans-
plantation. A computed tomography an-
giogram showed uniformly enlarged peripher-
al pulmonary arteries; branches of the right
lower lobe pulmonary artery were particular-
ly dilated. Inhaled epoprostenol was re-initiat-
ed, and pulmonary arterial branch emboliza-
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Table 1: Changes in oxygen A-a (Alveolar-arterial) gradient and PaO2/FIO2 ratio after initiating inha-
led epoprostenol at 01:00 on POD 1 (postoperative day 1) at 25 ng/kg/min.

Date/Time Epoprostenol Fl102 Pa0O2 A-a gradient PaO2/FIO2
ng/kg/min (%) (mm Hg) (mm Hg) (mm Hg)

POD 0 0 100 50 621 50
23:23

POD 1 25 100 181 498 181
01:47

POD 1 25 60 90 300 150
04:07

tion was performed to attenuate the largest
shunt. Over the remaining weeks of his hos-
pitalization, inhaled epoprostenol was
weaned. The patient was eventually dis-
charged to home with a resting oxyhemoglo-
bin saturation of 91% on 3 L/min oxygen. At
a follow-up visit nine months post-transplanta-
tion, he had a resting oxyhemoglobin satura-
tion of 88%; during a brief walk, he still had
desaturation to 70% while using supplemen-
tal oxygen at 4 L/min.

3. Discussion

This patient with liver disease had HPS as
demonstrated by hypoxemia, contrasted
echocardiography, and intrapulmonary vas-
cular dilatation. Post liver transplant, oxy-
genation remained inadequate despite 100%
inspired oxygen. Inhaled epoprostenol result-
ed in a significant increase in oxygenation as
demonstrated by a reduction in the alveolar-
arterial gradient and an increase in the
PaO2/FIO2 ratio. Although this is the first re-
port of the acute use of epoprostenol in a
ventilated patient to treat refractory hypo-
xemia in HPS, there is one previous report of
nebulized iloprost successfully improving hy-
poxemia in a patient with hepatopulmonary
syndrome prior to and post liver transplant
[2].  In that report, the patient had a signifi-
cant increase in exercise tolerance and de-
creased dyspnea as an outpatient.

Epoprostenol is a naturally occurring
prostaglandin (PGI2) and potent vasodilator
tonically produced in the pulmonary en-
dothelium. The synthetic form is adminis-
tered parenterally as a chronic outpatient
therapy for pulmonary arterial hypertension
[3,4]. When it is inhaled, adverse effects in-
cluding systemic hypotension and VQ mis-
match are attenuated. Inhaled epoprostenol
has also been beneficial in reducing shunt
and thus improving VQ matching and oxy-
genation in patients with ARDS [5]. The im-
provement in oxygenation in the HPS patient
is likely due to the delivery method. Since in-
haled epoprostenol will be best delivered to
well-ventilated regions of the lung, it will
cause selective vasodilation in well-oxygenat-
ed areas and draw perfusion away from poor-
ly ventilated areas. In our patient, the largest
of the dilated blood vessels was in the bases,
and drawing blood flow away from there
would improve oxygenation by reducing the
degree of shunt.

Liver transplant frequently cures HPS, but
this may take months to years [6,7]. The
cause of vascular dilation may be the accu-
mulation of vasoactive mediators, including
nitric oxide, which are released in response to
portal hypertension and poor bowel perfu-
sion (1). An understanding of this hypothesis
led to the use of intravenous methylene blue
to block the vasodilating effects of nitric ox-
ide [8, 9]; the strategy was successful in sev-
eral patients acutely, but longer term use has
not been reported. Garlic has been shown to
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be successful in an outpatient setting, possi-
bly by altering nitric oxide production. A ran-
domized controlled trial with garlic demon-
strated an improvement in oxygenation in
67% of patients taking garlic versus only one
in twenty taking placebo [10].

This case illustrates the acute improve-
ment in  oxygenation with inhaled
epoprostenol in a ventilated patient with he-
patopulmonary  syndrome. Inhaled
epoprostenol may have decreased shunting
by directing blood flow towards well ventilat-
ed areas. This strategy may improve the peri-
operative management of HPS patients with
refractory hypoxemia.
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