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【 CASE REPORT 】

Hormone-replacement Therapy for Hepatopulmonary
Syndrome and NASH Associated with Hypopituitarism
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Abstract:
The patient was a 23-year-old man who was diagnosed with severe hypoxemia and liver dysfunction after

suffering from sudden difficulty breathing. At 2 years of age, he had been diagnosed with hypopituitarism,

and had received hormone-replacement until he was 18 years of age. Echocardiography using micro bubbles

and pulmonary scintigraphy indicated intrapulmonary shunt and a liver biopsy showed steatohepatitis. He was

diagnosed with hepatopulmonary syndrome associated with nonalcoholic steatohepatitis. Hormone-

replacement therapy was re-started. After 5 months, a second liver biopsy revealed the amelioration of nonal-

coholic steatohepatitis, which improved his respiratory condition. This case suggested that early effective

therapy for chronic liver diseases might improve the pathological and clinical conditions of hepatopulmonary

syndrome.
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Introduction

Hepatopulmonary syndrome (HPS) is defined as a defect

in arterial oxygenation induced by the intrapulmonary vas-

cular dilations associated with chronic liver disease (1). HPS

was observed in 4-32% of the adult patients with end-stage

liver disease (2). Previous studies have determined that HPS

is an independent risk factor for long-term mortality in pa-

tients with liver cirrhosis (3). Orthotopic liver transplantation

is the only successful treatment for patients with HPS. How-

ever, the postoperative mortality rate of patients with severe

hypoxemia before transplantation is high (4).

Nonalcoholic steatohepatitis (NASH) is an emerging pro-

gressive hepatic disease. Patients with NASH show demon-

strates steatosis, inflammation, and fibrosis; insulin resis-

tance is a common feature in its development (5). Interest-

ingly, NASH demonstrates a striking similarity to the pa-

thologic conditions observed in hypopituitarism, especially

adult growth hormone deficiency (AGHD) (6). Hypopituita-

rism is characterized by decreased lean body mass, in-

creased visceral adiposity, an abnormal lipid profile, and in-

sulin resistance. Moreover, liver dysfunction with hyperlipi-

demia and nonalcoholic fatty liver disease (NAFLD) is fre-

quently observed in patients with AGHD, and it is often ac-

companied by metabolic syndrome (7). Takahashi et al. (8)

reported that in a patient with AGHD-associated NASH, six

months of growth-hormone-replacement therapy drastically

ameliorated NASH and the abnormal lipid profile concomi-

tant with a marked reduction in oxidative stress.

We experienced the case of a patient hypopituitarism-

associated NASH combined with HPS. He was treated with

growth hormone, testosterone, thyroid hormone and corti-

costeroid replacement. introduce the effects of hormone-

replacement therapy as a treatment for NASH and HPS.

Case Report

A 23-year-old man entered our hospital with breathing

difficulty. At 2 years of age, he had been diagnosed with

functional pituitary hypopituitarism due to pituitary stalk

rupture. He received growth hormone and male hormone-

１Department of Internal Medicine and Gastroenterology, Tokyo Women’s Medical University, Japan and ２Department of Medicine II, Endocri-

nology and Hypertension, Tokyo Women’s Medical University, Japan

Received for publication August 4, 2017; Accepted for publication November 20, 2017

Correspondence to Dr. Katsutoshi Tokushige, tokushige.ige@twmu.ac.jp



Intern Med 57: 1741-1745, 2018 DOI: 10.2169/internalmedicine.0027-17

1742

Table　1.　Respiratory and Hormone Data.

Arterial blood gas (room air) Hormone data

pH 7.421 TSH 0.879 μIU/mL

PaCO2 39.5 mmHg Free T3 2.27 pg/mL

PaO2 49.8 mmHg Free T4 1.51 ng/dL

BE 0.7 mmol/L Prolactin 7.0 ng/mL

HCO3
- 25.1 mmol/L LH <0.2 mIU/mL

Respiratory Examination FSH 0.3 mIU/mL

FVC 3.90 L Testosterone <5.0 ng/mL

%VC 78.2 % ACTH <2.0 pg/mL

FEV1.0 3.49 L Cortisol 24.5 μg/dL

FEV1.0% 99.6 % GH 0.03 ng/mL

%DLCO 26.3 % IGF-1 <4 ng/mL

BE: base excess, FVC: forced vital capacity, VC: vital capacity, FEV: forced

expiratory volume, DLCO: diffusing capacity of the lung for carbon monox-

ide, TSH: thyroid stimulating hormone, LH: luteinizing hormone, FSH: follicle

stimulating hormone, ACTH: adrenocorticotropic hormone, GH: growth hor-

mone, IGF-1: insulin-like growth factors-1

Table　2.　Laboratory Data.

WBC 4.85×103 /μL Cr 0.53 mg/dL HBsAg (-)

Hb 11.5 g/dL Na 143 mEq/L HBcAb (-)

Plt 13.0×104 /μL K 3.7 mEq/L HCVAb (-)

TP 6.9 g/dL Glu 82 mg/dL CMVIgM (-)

Alb 3.5 g/dL HbA1c 5.4 % EBV-VCAIgG 20

T-Bil 1.1 mg/dL CRP 0.26 mg/dL EBV-VCAIgM (-)

AST 78 U/L EBNA 40

ALT 42 U/L IgG 1,429 mg/dL

LDH 222 U/L IgA 239 mg/dL PT 52.6 %

γGTP 69 U/L IgM 89 mg/dL FDP 1.5> mg/mL

TCHO 153 mg/dL ANA ×320

TG 72 mg/dL AMA (-)

WBC: white blood cell, Hb: hemoglobin, Plt: platelet, TP: total protein, Alb: albumin, T-Bil: total bilirubin, 

AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lactase dehydrogenase, ALP: alkaline 

phosphatase, γ-GTP: gamma-glutamyltranspeptidase, TCHO: total cholesterol, TG: triglyceride, Cr: creatinine, 

Glu: glucose, HbA1c: hemoglobin A1c, CRP: C-reactive protein, ANA: antinuclear antibody, AMA: anti-mi-

tochondrial antibodies, HBsAg: hepatitis B surface antigen, HBcAb: hepatitis B core antibody, HCVAb: anti-

hepatitis C antibody, CMVIgM: cytomegalovirus IgM, EBV-VCA: Epstein-Barr virus-viral capsid antigen, 

EBNA: EBV nuclear antigen, PT: prothrombin time, FDP: fibrin degradation products

replacement therapy until he was 18 years of age (body

weight, 55 kg at 18 years of age). At 23 years of age, he

suffered sudden difficulty breathing when moving and a

medical examination was performed to determine the etiol-

ogy of this symptom.

The results of arterial blood gas analyses performed on

admission were as follows (on room air): pH, 7.421; PaO2,

49.8 mmHg; PaCO2, 39.5 mmHg; and HCO3
-, 25.1 mmol/L

(Table 1). A physical examination revealed clear bilateral

respiratory sounds, cyanotic lips, and clubbed fingers. He

was 172 cm tall and weighed 60 kg; he had no history of

pulmonary or hepatic disorders or alcohol intake. The medi-

cal examination revealed the absence of pubic hair and de-

layed secondary sexual development. His sexual and physi-

cal desire was decreased. His hepatic and renal profiles were

as follows (Table 2): total bilirubin, 1.1 mg/dL; albumin, 3.5

g/dL; aspartate aminotransferase (AST), 78 U/L; alanine

aminotransferase (ALT), 42 U/L; gamma-glutamyl-

transpeptidase (γ-GTP), 69 IU/L; prothrombin time (%),

52.6%; platelet count, 13.0×104/μL and creatinine, 0.53 mg/

dL (Table 2). The hormonal data were as follows: testoster-

one, <5.0 ng/mL; adrenocorticotropic hormone (ACTH),

<2.0 pg/mL; growth hormone (GH), 0.03 ng/mL; insulin-

like growth factors-1 (IGF-1), <4.0 ng/mL. A growth

hormone-releasing peptide 2 (GHRP-2) stimulating test

showed a low GH response (before 0.008 ng/mL, peak 0.38

ng/mL) and a TRH (thyrotropin-releasing hormone) stimu-

lating test showed a delayed response. We diagnosed the pa-

tient with severe adult GH deficiency based on his past his-

tory, physical features and the results of the hormone stimu-

lating test.

Chest X-ray and computed tomography (CT) showed

clear lung fields (Fig. 1). A pulmonary function test revealed

that the patient’s percent vital capacity (%VC) and forced

expiratory volume in 1 second (FEV1.0%) were 78.2% and

99.6%, respectively (Table 1). The percentage diffusing ca-

pacity of the lung for carbon monoxide (%DLCO) was de-

creased to 26.3%. This finding suggested a decrease in the

extent to which oxygen passed from the air sacs of the

lungs into the blood. There was no evidence of an intracar-

diac shunt on echocardiography; left ventricle (LV) contrac-

tion, normal, ejection fraction (EF) 52%, right ventricle sys-

tolic pressure (RVSP) 29.4 mmHg. When intravenous micro

bubbles were created by the agitation of saline solution, they

appeared on the right side of the heart first, then after a few

seconds they appeared on the left side of the heart, suggest-

ing right-to-left side intrapulmonary shunting. 99mTc macro-

aggregated albumin (99mTc MAA) pulmonary scintigraphy

showed the intrapulmonary shunt (shunt ratio, 45.5%) (Ta-



Intern Med 57: 1741-1745, 2018 DOI: 10.2169/internalmedicine.0027-17

1743

Figure　1.　Chest X ray and CT. No abnormalities were found in the lung field or heart.

A) B)

Figure　2.　Abdominal CT. Splenomegaly and atrophy of the 
left lobe were observed.

Table　3.　99mTc-MAA Perfusion Lung Scan, O2 Saturation and FIB4 Index.

99mTc-MAA perfusion lung scan Shunt ratio 45.5% Shunt ratio 21.9% Shunt ratio 6.0%

O2 saturation 74% (93.9% at O2 6 L) 84% (93.0% at O2 3 L) 98% (room air)

Fibrosis 4 index (FIB4 index) 2.13 1.06 0.76

Date XXX2/Jun. XXX2/Nov. XXX3/Jun.

ble 3).

Splenomegaly and atrophy of the left lobe were observed

on an abdominal CT scan (Fig. 2). His visceral fat area was

60 cm2 and his subcutaneous fat area was 154 cm2. Liver bi-

opsy indicated stage 3-4 steatohepatitis; grade 1 according

to Brunt’s classification (Fig. 3A and B). Based on these

data, the patient was diagnosed with NASH associated with

hypopituitarism combined with HPS.

Growth hormone (somatropin, 5 mg), testosterone (testos-

terone enanthate, 62.5 mg/month), thyroid hormone

(levothyroxine Sodium Hydrate, 100 μg/day) and corticoster-

oid (hydrocortisone, 15 mg/day) replacement therapy were

re-started (Fig. 4). The serum AST and ALT levels gradually

decreased, and the platelet count increased to 16-20×104/μL

(Fig. 4). A second liver biopsy performed at 5 months after

re-starting hormone therapy showed the amelioration of

NASH (stage 2-3). No steatosis or ballooning hepatocytes

were observed (Fig. 3C and D). The fibrosis 4 index (FIB4

index) decreased from 2.1 to 0.76. The intrapulmonary shunt

ratio was also decreased from 45.5% to 6.0%, and the O2

saturation was markedly improved to 98% on room air (Ta-

ble 3). He became able to move without oxygen. His body

weight decreased -2 kg after therapy. Before therapy he had

left his job and hated being physically active; however,

physical activity became much easier and he returned to his

desk job.

Discussion

HPS is a pulmonary gas exchange disorder complicated

by advanced chronic liver diseases, and characterized by se-

vere hypoxemia and pulmonary vascular dilatation. The hy-

poxemia is caused by intrapulmonary vascular dilatation,

which increases the alveolar-arterial pressure gradient for

oxygen (1, 2). The diagnostic criteria for HPS are as fol-

lows: chronic liver disease with or without portal hyperten-

sion; an alveolar-arterial difference in the partial pressure of

oxygen of 20 mmHg and/or a partial pressure of oxygen in

arterial blood (PaO2 ) of <70 mmHg; intrapulmonary vascu-

lar dilatation; and no primary cardiac or lung disease. Our

patient met these criteria, confirming a diagnosis of HPS.

There is no effective therapy for HPS other than liver trans-

plantation (4). However, liver transplantation for HPS is as-

sociated with a high degree of risk. In addition, a donor and

immunosuppressants are needed. In our case, we considered

liver transplantation but selected hormone-replacement ther-

apy and expected the patient’s liver dysfunction and respira-

tory condition to improve. His steatohepatitis was not de-

compensated liver cirrhosis, which suggested the possibility

of improvement with hormone therapy.
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Figure　3.　Liver biopsy. First biopsy (A) (B) showed steatohepatitis, which was classified as stage 
3-4; grade 1 according to Brunt’s classification. The arrow indicates expanded fibrosis. The triangle 
indicates steatosis. After 6 months, a second biopsy was performed (C) (D). The fibrosis stage was 
found to have decreased to stage 2-3, and the steatosis and ballooning hepatocytes were diminished. 
(A) and (C), Mallory Azan staining. (B) and (D), Hematoxylin and Eosin staining.

Figure　4.　The clinical course. Growth hormone, testosterone, thyroid hormone and corticosteroid 
replacement therapy were re-started. The serum AST and ALT levels gradually decreased, and the 
platelet count increased to 16-20×104/μL.
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In our case, hormone-replacement therapy improved the

FIB-4 index and liver histological change, including the fi-

brosis grade and the number of ballooning hepatocytes.

Takahashi et al. (8) also reported the amelioration of NASH-
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associated histological changes. In addition, the improve-

ment of hepatic fibrosis led to the amelioration of the in-

trapulmonary shunt ratio and O2 saturation, as shown in Ta-

ble 3. It was reported that pulmonary vascular remodeling

induced by circulating mediators, which could not be re-

moved from circulation due to liver cirrhosis, plays an im-

portant role in the pathogenesis of HPS (9). The ameliora-

tion of the liver condition might remove vasoactive media-

tors such as tumor necrosis factor-alpha (TNF-α), heme

oxygenase-derived carbon monoxide and nitric ox-

ide (10-12). The present case demonstrated that the early di-

agnosis of HPS and effective therapy for chronic liver dis-

ease might improve the pathological and clinical conditions

of HPS.

Recently, two cases of HPS were reported in Japan. The

first case was a 65-year-old woman who was diagnosed with

NASH combined with HPS. Body weight loss and home

oxygen therapy improved her FIB4 index, which was linked

to the improvement of the HPS-associated respiratory condi-

tion (13). The other case was a 69-year-old man who was

diagnosed with alcoholic liver cirrhosis with HPS. Discon-

tinuing the patient’s alcohol intake and O2 admission im-

proved the liver failure, which led to the amelioration of the

patient’s respiratory condition, including his O2 satura-

tion (14). These two cases also indicated the possibility that

effective therapy for chronic liver disease may improve

HPS. However in these of cases, the histological changes

were not confirmed by repeated liver biopsy and intrapul-

monary shunt was not confirmed by 99Tc MCAA. In our

case, we could confirmed the improvement of the liver his-

tology and intrapulmonary shunt by performing these impor-

tant examinations.

Recently, direct antiviral agents (DAA) were found to

cure hepatitis C virus (HCV) and even liver cirrhosis (15). If

HPS combined with liver cirrhosis due to HCV can be diag-

nosed at an early stage, DAA might improve not only liver

function but also HPS.

Several papers have reported that HPS is not associated

with the severity of liver cirrhosis as reflected by the Child-

Pugh score or the model for end-stage liver disease (MELD)

scoring system (1, 3). Thus, we should consider the possibil-

ity of HPS, even in patients with compensated cirrhosis. In

this case, not only liver dysfunction but also a hormone im-

balance might have influenced the occurrence of HPS.

In conclusion, it is important to diagnose HPS at an early

stage. If liver cirrhosis combined with HPS is diagnosed, ef-

fective treatments for chronic liver diseases should be ad-

ministered before liver transplantation is considered.
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