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Abstract

Hepatopulmonary syndrome (HPS) is a severe complication of end-stage hepatic disease. However,
the majority of HPS patients present with non-specific clinical manifestations and imaging fea-
tures. They are constantly misdiagnosed as interstitial pneumonia, pulmonary infection or heart
failure and appropriate treatment is thus delayed. In this report, clinical manifestations, diagnosis
and treatment of one case of HPS were retrospectively analyzed and literature review was con-
ducted. When the heapatic failure liver disease patients present with hypoxemia, pulmonary an-
giography, contrast echocardiography for right-sided heart (contrast enhanced echocardiogram)
and lung perfusion scan (99mTc-MAA) should be done to exclude HPS. Orthotopic liver transplan-
tation serves as the unique effective therapy of HPS.
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1. Introduction

Hepatopulmonary syndrome (HPS) is a triad of advanced liver disease, intrapulmonary vasodilatation (IPVD),
and arterial hypoxemia. The incidence of HPS in patients diagnosed with cirrhosis ranges from 10% to 30% [1],
and HPS is occasionally noted in non-cirrhosis patients with portal hypertension. At present, there has been no
consensus on diagnostic criteria. No effective therapy has been available. Consequently, HPS patients suffer
from poor prognosis and high mortality rate. Early diagnosis and treatment contribute to improving clinical
prognosis. The objectives of this article are to improve the early diagnosis of HPS and improve its prognosis by
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studying one case of HPS.

2. Case Report

A 35-year-old man, had lip and extremity cyanosis for 1 year and presented with shortness of breath and cough
after physical activity for 6 months. He was diagnosed with hepatitis B with jaundice at the age of 19. Physical
examination at age of 20 revealed leukopenia and thrombocytopenia, splenomegaly and was left untreated. Dur-
ing that period, he could still take intense sports activities. He had hemoptysis at age of 33 and was diagnosed
with secondary hypersplenism, pulmonary capillarity angiorrhexis and hemorrhage, and chronic hepatitis B with
cirrhosis. Then, he underwent splenectomy. Physical examination: body temperature 36.7°C, respiration rate 29
breaths/minute, lip and extremity cyanosis, nevus araneus noted in the prothorax and hand back. The breath
sound of bilateral lungs was coarse and slight moist rale was heard at the base of bilateral lungs. Liver function:
AST 43 U/L, ALT 33 U/L, ALB 28 g/L and positive for hepatitis B surface antigen. Routine blood test: PT 25.8
s, INR 2.14 and APTT 48.0 s. Blood gas analysis (without oxygen inhalation): when he was lay in a supine posi-
tion, pH 7.48, PaCO, 29 mmHg, PaO, 44 mmHg, Pa,0, 18 mmHg, HCO; 21.6 mmol/L, BE —0.8 mmol/L
and Sa0, 83%. When the patient was in an upright position, pH 7.48, PaCO, 26 mmHg, PaO, 35 mmHg, PA.,0,
25 mmHg, HCO; 19.4 mmol/L, BE-2.5 mmol/L and SaO, 73% were obtained. Intraoperative selective bila-
teral pulmonary angiography found no direct large shunt between the pulmonary artery and vein. The venogra-
phy was relatively rapid and diffuse small arteriovenous shunt was considered. No explicit pulmonary arteri-
ovenous fistula was observed. Chest CT with intravenous contrast showed: increases in bilateral lung markings
and lattice changes were noted at the periphery with blurry margins, especially apparent in the bilateral lung
apex and subpleura area. Gastroscope: substantial quantity of tortuous and dilated vessels was noted in the eso-
phageal lower segment and surrounding the stomach. The shadow of vascular dilation was observed. Contrast
echocardiography for right-sided heart: ultrasound contrast agent (SonoVue) was injected via the left upper vein.
The atrium dextrum was first visualized and then the right ventricle. The left atrium was immediately visualized
after three cycles of heart heat and then the left ventricle. The diagnosis of pulmonary arteriovenous fistula was
considered. Lung function: 1) Normal lung ventilation; 2) Sharp decline in lung diffusion and the DLCO ac-
counted for 21% of the estimated value. The diagnosis of HPS was confirmed. The patient underwent orthotopic
liver transplantation. Postoperatively, the symptoms of short breath and lip cyanosis were equally significantly
alleviated. Reexamination of blood gas analysis: pH 7.40, PaCO, 29 mmHg, PaO, 81 mmHg, Pa..0, 13 mmHg,
HCO, 19.4 mmol/L, BE —2.5 mmol/L, SaO, 95% and FiO, 21%.

3. Discussion
3.1. Diagnosis

The reference diagnostic criteria of HPS: 1) Chronic liver disease, persistent hepatic injury, especially portal
hypertension, nevus araneus, liver palm or drumstick finger (toe). 2) Hypoxemia and orthostatic hypoxia unre-
lated to heart and lung diseases are pivotal characteristics of HPS. 3) Gas exchange abnormalities: Pa 0, > 15
mmHg or PaO, < 80 mmHg [2].

The severity of HPS hypoxemia is not significantly correlated with liver function test [3]. Orthostatic hypoxia
is the unique manifestation of HPS. The level of PaO, decreased by 5% or by over 4 mmHg in an upright posi-
tion. The changes in the P5_,0, level are more sensitive compared with those of PaO,. P ,0, level has become a
major factor for HPS diagnosis. If the patients with liver diseases had P,.,0, > 15 mmHg, then the diagnosis of
IPVD and HPS can be confirmed. PaO, serves as a classification index for the severity of HPS: PaO, > 80
mmHg for mild HPS, 60 mmHg < PaO, < 80 mmHg for moderate PaO,, PaO, < 60 mmHg or >50 mmHg for
severe PaO, and PaO, < 50 mmHg for extremely severe HPS [2].

Digital subtraction angiography of the lung is regarded as an approach for confirming diagnosis of lung vas-
cular abnormalities and provides imaging basis for the classification of HPS. Typical manifestations of HPS an-
giography are divided into two types [4]: for type | (84%), no abnormality or diffuse lung telangiectasis was
noted, manifested as lung spider- or sponginess-shaped shadow, suitable for liver transplantation; for type Il pa-
tients, interrupted arteriovenous communicating branch was seen as solitary earthworm- or slump-shaped sha-
dow. Pulmonary embolism surgery is considered for type 1l patients. Digital subtraction angiography of the lung
confirmed that the specificity of lung vasodilatation is high. However, HPS dilation mainly involves with capillary
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vessels and adjacent mild arteriovenous malformation. Several HPS patients are merely manifested as capillary
vessel dilation under microscope. Consequently, pulmonary angiography has a low sensitivity for the diagnosis
of HPS and tends to yield false negative outcomes. At present, pulmonary angiography is mainly applied to se-
lect the treatment plans for HPS patients who are scheduled for surgery.

Currently, two approaches are commonly employed to confirm the diagnosis of IPVD: 1) Contrast enhanced
echocardiogram (CEE) is a sensitive, qualitative non-traumatic examination tool of intrapulmonary shunt. It is
considered as the most reliable approach for the diagnosis of HPS and negative outcomes can exclude the possi-
bility of HPS. It has been reported that the positive rate of CEE is 11% to 47% in patients diagnosed with cirr-
hosis. A large proportion of them have normal blood oxygen. 2) Lung perfusion scan: systemic scan was per-
formed after intravenous bolus injection of macro-aggregated albumin labeled with technetium 99 m (99mTc-
MAA). The advantage of lung perfusion scan is quantitative analysis of intrapulmonary shunt volume. It has
been widely recognized that intrapulmonary arteriovenous shunt occurs when the radioactive intake of brain tis-
sue and liver > 6% [4]. The complication of basic lung diseases also prompts the percentage of oxygenation dis-
orders induced by intrapulmonary shunt. This examination also contributes to evaluate the prognosis of HPS pa-
tients. One prospective study demonstrated that extrapulmonary intake of MAA > 20% can enhance the mortal-
ity of liver transplantation. However, it fails to distinguish intracardiac from intrapulmonary shunt and the sensi-
tivity is lower compared with that of CEE. Negative outcomes can not fully exclude the possibility of HPS.

In this case, the diagnosis of HPS was fully validated by history of chronic liver disease, orthostatic hypoxia
and positive results of contrast enhanced echocardiogram. Selective digital subtraction angiography of pulmo-
nary artery hinted the existence of diffuse small arteriovenous shunt.

3.2. Treatment

Besides symptomatic supportive therapies including treatment of primary disease and oxygen supplementation,
lung angiotonics and NO inhibitor are mainly used in clinical practice. However, the clinical efficacy of medical
therapy is not satisfactory. Transjugular intrahepatic portosystemic shunt (TIPS) yields insignificant efficacy in
treating HPS. Application of potential arteriovenous shunt serves as a successful treatment of embolization [6].
Orthotopic liver transplantation is regarded as the unique effective treatment for HPS. In this case, the symptom
of hypoxemia was completely alleviated after orthotopic liver transplantation. The long-term mortality of HPS
patients is significantly higher compared with that of non-HPS counterparts [5] [6].

A case-control clinical study [6] analyzed the effect of liver transplantation upon the prognosis of HPS pa-
tients and demonstrated that the mortality of HPS patients undergoing liver transplantation was 21%, signifi-
cantly lower than 78% of those not receiving liver transplantation. The median survival of HPS patients was 24
month, significantly shorter than 87 months of non-HPS patients with chronic liver disease. The 5-year survival
of HPS patients was 23%, considerably lower compared with 63% of non-HPS counterparts (P = 0.0003). Fol-
lowing orthotopic liver transplantation, the saturation oxygen of HPS patients was significantly improved. The
reliance on oxygen was completely corrected. Meantime, HPS and non-HPS patients shared similar long-term
survival rates.

4. Conclusion

HPS is commonly misdiagnosed, mainly due to insidious onset, non-specific clinical manifestations and non-
specific imaging characteristics. Contrast echocardiography for right-sided heart and lung perfusion scan
through 99mTc-MAA are difficult to be widely applied in primary care settings. Consequently, HPS should be
highly suspected at the presence of hypoxemia in patients with hepatic diseases. The performance of pulmonary
angiography, contrast echocardiography for right-sided heart (contrast enhanced echocardiogram) and lung per-
fusion scan (99mTc-MAA) should be further enhanced. At present, orthotopic liver transplantation serves as the
unique effective therapy of HPS. But the mortality of HPS patients after liver transplantation is still as high as
33%, future studies are warranted to develop definitive effective therapies.
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