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Pulmonary arterial hypertension associated with portal hypertension, known as portopul-
monary hypertension (PoPH) is one of the important and serious pulmonary complications
in patients with portal hypertension. Although there are a large number of patients with
portal hypertension due to mainly liver cirrhosis, the number of cases diagnosed with PoPH
are far fewer because the causes of dyspnea in patients with cirrhosis are diverse and the
disease entity of PoPH is poorly recognized by clinicians. We report here the case with PoPH
suggested and assessed comprehensively by dual energy computed tomography (CT) includ-
ing high-resolution pulmonary CT angiography, pulmonary perfusion imaging, myocardial
late iodine enhancement imaging, and myocardial extracellular volume analysis. This re-
fined CT imaging protocol can be used in conjunction with standard chest evaluation and
offers a practical and useful approach for the noninvasive “one-stop shop” evaluation of
PoPH.
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Introduction

Pulmonary arterial hypertension associated with portal hy-
pertension, known as portopulmonary hypertension (PoPH) is
classified as a type of pulmonary artery hypertension (PAH)
(subset of group 1 pulmonary hypertension [PH]). PoPH is one
of the important and serious pulmonary complications in pa-
tients with portal hypertension and occurs in 2%-10% of these
patients [1,2]. Although there are a large number of patients
with portal hypertension due to mainly liver cirrhosis, the
number of cases diagnosed with PoPH is far fewer because
the causes of dyspnea in patients with cirrhosis are diverse
and the disease entity of PoPH is poorly recognized by clini-
cians. Therefore, accurate assessment and suggestion of PoPH
with noninvasive imaging are crucial. We report here the case
with PoPH suggested and assessed comprehensively by dual
energy computed tomography (CT) including high-resolution
pulmonary CT angiography, pulmonary perfusion imaging,
myocardial late iodine enhancement (LIE) imaging, and my-
ocardial extracellular volume analysis (ECV).

Case report

A 72-year-old man presented with shortness of breath and
symptoms of World Health Organization functional class II.
His medical history included alcoholic cirrhosis and portal hy-
pertension (Figs. 1A and B). He had a low blood pressure of
93/74 mm Hg, a heart rate of 65 beats/min, and an oxygen sat-
uration of 92% with room air. Chest radiography showed en-
largement of the central pulmonary arteries, with an increase
in the hilar to thoracic ratio of 0.56. He had elevated levels of
plasma B-type natriuretic peptide (270.1 pg/mL). Echocardiog-
raphy showed findings, such as right ventricular enlargement,
right ventricular wall thickening, ventricular septal flattening,
and increased tricuspid regurgitation pressure gradient of 72.0
mm Hg, which suggested PH. A ventilation-perfusion (V/Q)

scan to differentiate chronic thromboembolic PH showed no
abnormal findings (Fig. 2A). He underwent CT imaging us-
ing a dual-layer spectral detector CT system (IQon Spectral
CT, Philips Healthcare, Best, The Netherlands). A scan pro-
tocol for comprehensive assessment consisting of 2 contrast
acquisitions (Supplementary Material) was used. This pro-
tocol included high-resolution pulmonary CT angiography,
pulmonary perfusion imaging, myocardial late enhancement
imaging, and extracellular volume analysis. CT showed di-
lation of the central pulmonary arteries, but no pulmonary
embolism or lung lesions were observed (Fig. 2B). Pulmonary
perfusion imaging revealed bilateral diffuse, inhomogeneous,
patchy, and nonsegmental hypoperfusion (Figs. 2C and D).
Delayed-phase cardiac CT revealed LIE at the right ventric-
ular insertion point (RVIP), which is indicative of focal my-
ocardial damage associated with right ventricular overload,
and myocardial ECV fraction elevation in the affected seg-
ments (41% [reference range: 23%-28%)]) (Figs. 2E and2F). Car-
diac magnetic resonance imaging (MRI) was performed using
a 3.0-T MRI scanner (Ingenia CX; Philips Healthcare) to con-
firm the severity of right ventricular dysfunction. Right ven-
tricular dilatation, hypertrophy, dysfunction (right ventricle:
end-diastolic volume, 162 mL; end-systolic volume, 134 mL;
ejection fraction, 17%), and abnormal septal bowing with a D-
shaped left ventricle were noted in cine images. In velocity-
encoded phase contrast images, low velocity (mean veloc-
ity, 7.26 cm/s) in the main pulmonary artery and a normal
pulmonary-to-systemic blood flow ratio (Qp/Qs, 1.0) were cal-
culated. Focal late gadolinium enhancement was noted at the
RVIP (Fig. 2G). The ECV calculated from T1 mapping before
and after gadolinium-based contrast administration for the
affected anterior RVIP was markedly elevated (46% [reference
range: 23%-28%]) (Fig. 2H). These cardiac MRI findings sug-
gested severe PH and were similar to the CT results. Right
heart catheterization (RHC) was performed and resulted in in-
creased mean pulmonary artery pressure (mPAP) of 45 mm Hg,
pulmonary vascular resistance (PVR) of 10.7 Wood units (WU),
hepatic venous pressure gradient of 15 mm Hg, decreased
cardiac output (CO) of 3.54 L/min and cardiac index (CI) of

Fig. 1 - Abdominal contrast-enhanced CT. Irregular liver margins and splenomegaly suggestive of cirrhosis and portal
hypertension (A), as well as development of collateral circulation (B) (arrows).
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Fig. 2 - Noninvasive diagnostic imaging of pulmonary arterial hypertension associated with portal hypertension. (A) Normal
ventilation-perfusion scan. (B) Pulmonary CT angiography shows no pulmonary embolism. (C and D) Pulmonary perfusion
imaging reveals bilateral diffuse, inhomogeneous, patchy, and nonsegmental hypoperfusion. (E and F) Delayed-phase CT
reveals LIE at the RVIP (arrows) and ECV elevation (arrow heads). (G and H) On MR, focal late gadolinium enhancement is
noted at the RVIP (arrows), and the ECV is markedly elevated (arrow heads).

1.98 L/min/m?, and normal pulmonary arterial wedge pres-
sure (PAWP) of 7 mm Hg. According to these examination find-
ings and a history of cirrhosis and portal hypertension, and
ruling out other causative conditions such as collagen vas-
cular diseases, he was eventually diagnosed with PoPH. He
started PAH-targeted treatment with macitentan (endothelin
receptor antagonist). His symptoms improved, and a check-up
RHC showed improvement with a mPAP of 32 mm Hg, a PVR
of 6.0 WU., CO of 4.67 L/min, and CI of 2.86 L/min/m?2.

Discussion

The diagnosis of PoPH requires demonstration of portal hy-
pertension and precapillary PH with exclusion of other PH
groups. Precapillary PH is defined as a resting mPAP of >20
mm Hg with a PAWP of <15 mm Hg and a PVR of >3 WU mea-
sured by RHC. The definitive diagnosis of portal hypertension
is based on mainly noninvasive imaging findings (presence of
splenomegaly, gastroesophageal varices, and a portosystemic
shunt).

The CT scan protocol reported here, including high-
resolution pulmonary CT angiography, pulmonary perfusion
imaging, myocardial LIE imaging, and ECV analysis, enables
comprehensive evaluation of patients with PH [3]. This refined
CT imaging protocol can be used in conjunction with standard
chest evaluation and offers a practical and useful approach for
the noninvasive “one-stop shop” evaluation of PH.

This case had diffuse inhomogeneous pulmonary hypoper-
fusion despite a normal V/Q scan. An inhomogeneous patchy
pulmonary hypoperfusion pattern in PAH has been reported
on pulmonary perfusion scintigraphy and CT, and has been

found to be associated with disease severity and to be a poor
prognostic factor [4,5]. These studies focused on idiopathic
PAH, and CT pulmonary perfusion and V/Q scan findings in
PoPH have not been previously reported. CT pulmonary per-
fusion may be more sensitive than a V/Q scan for detecting
pulmonary hypoperfusion in PoPH.

Conclusion

This comprehensive CT imaging protocol can support appro-
priate and effective diagnostic strategies for PoPH. Diffuse in-
homogeneous pulmonary hypoperfusion detected by CT pul-
monary perfusion imaging may be the diagnostic key for PoPH.

Patient consent

Written informed consent was obtained from the patient’s
parents for anonymized patient information to be published
in this article.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.radcr.2023.11.013.
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