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Abstract

We report a patient with refractory ascites because of por-
tal hypertension caused by hemochromatosis secondary to 
osteopetrosis. To our knowledge, this is the first well-docu-
mented case of this association. A 46-year-old male patient 
who was repeatedly infused with red blood cells for anemia 
secondary to osteopetrosis suffered from refractory ascites. 
The serum-ascites albumin gradient was 29.9 g/L. Abdomi-
nal computed tomography (CT) showed a large amount of 
ascites, hepatomegaly, and splenomegaly. Bone marrow bi-
opsy showed a small bone marrow cavity with no hematopoi-
etic tissue. A peripheral blood smear showed tear drop red 
blood cells and metarubricytes. Serum ferritin was 8,855.0 
ng/mL. Therefore, we considered that the ascites resulted 
from portal hypertension caused by hemochromatosis sec-
ondary to osteopetrosis. We simultaneously performed the 
transjungular intrahepatic portal-systemic shunt (TIPS) 
and obtained a transjungular liver biopsy. The portal pres-
sure gradient before TIPS was 28 mmHg, and iron staining 
was strongly positive on liver biopsy, which confirmed our 
diagnosis. After TIPS, both abdominal distention and ascites 
gradually resolved, and no recurrence as observed after the 
12-month postoperative follow-up was observed. This case 
indicated that regular monitoring of iron load is important 
for patients with osteopetrosis. TIPS is safe and effective for 
portal hypertension complications due to osteopetrosis.
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Case History
A 46-year-old male patient was admitted to the hospital in 
May 2021 due to recurrent abdominal distention and ascites 
that lasted for 1 year. One year ago, the patient experienced 

abdominal distention without an obvious cause, and upper 
abdominal pain. Then, the patient went to the nearby district 
hospital and underwent an abdominal ultrasound examina-
tion. The result showed that he had a large volume of ascites. 
Diuretic therapy was given first, but the effect was not obvi-
ous. Large volume paracentesis was performed repeatedly, 
and long-term treatment with furosemide and spironolactone 
was initiated. The dosage of furosemide was up to 120 mg/
day, and that of spironolactone was 300 mg/day. Ascites still 
recurred. The following results were obtained via physical ex-
amination upon admission: blood pressure, 90/50 mmHg; 
heart rate, 76 beats/min; and body mass index, 19.6 kg/m2. 
The patient presented with signs of anemia, pigmented and 
dark brown skin, emaciated body, pale conjunctiva, disten-
sion of abdomen, and shifting dullness. The liver was palpa-
ble 6 cm below the right costal margin, and the spleen was 
palpable 7 cm below the left costal margin. He had a history 
of osteopetrosis for more than 40 years and was treated with 
repeated infusion of washed red blood cells due to anemia.

After admission, chest radiography showed increased bone 
mineral density in the ribs, scapula and clavicle (Fig. 1A). Ab-
dominal computed tomography (CT) showed that the uniform 
density of the upper and lower margins of the vertebral body 
increased, while the density of the central part decreased rela-
tively, presenting a sandwich sign. The bone density of the 
iliac wing and acetabular margin increased, forming a typi-
cal appearance of bone within bone (Fig. 1B). CT plain scan 
showed increased liver density (Fig. 1C). Spiral enhanced CT 
with multiplanar reconstruction showed ascites, hepatomeg-
aly, and splenomegaly (Fig. 1D). The results of laboratory tests 
were WBC 3.75×109/L, RBC 1.50×1012/L, HGB 51 g/L, PLT 
45×109/L, RET% 5.09%, IRF 33.10%; albumin 34.2 g/L, urea 
17.64 mmol/L, creatinine 166 µmol/L; serum potassium 5.33 
mmol/L; and serum ferritin 8,855.0 ng/mL. The ascites was 
characterized by a clear appearance, specific gravity 1.010, 
cell count 72×106/L, and negative bacterial culture. The se-
rum-ascites albumin gradient (SAAG) was 29.9 g/L. Hepatitis 
B virus, hepatitis C virus, and ceruloplasmin were negative.

The patient’s primary clinical problem at admission was 
ascites. In this patient, according to the classification of 
SAAG, ascites was considered to be related to portal hyper-
tension.1 We performed a bone marrow biopsy and examined 
a peripheral blood smear. The bone marrow biopsy showed a 
small bone marrow cavity with no hematopoietic tissue (Fig. 
2A), the peripheral blood smear showed tear drop red blood 
cells (Fig. 2B) and metarubricytes (Fig. 2C). The results sug-
gested that the hematopoietic ability of the bone marrow was 
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decreased. Because the bone marrow hematopoiesis capaci-
ty was reduced, the patient required repeated transfusions of 
red blood cells over a long period of time to treat his anemia. 
Repeated transfusions caused iron overload. Iron deposition 
in the liver led to an enlarged liver, increased liver circulation 
resistance, portal hypertension, and ultimately refractory as-
cites. Therefore, we thought the portal hypertension ascites 
in this patient was mainly caused by hemochromatosis sec-
ondary to osteopetrosis. Subsequently, a transjungular in-

trahepatic portal-systemic shunt (TIPS) was implemented at 
the same time as a transjugular liver biopsy was performed. 
Strong positive iron staining was seen on liver biopsy (Fig. 
2D), further confirming the diagnosis of hemochromatosis. 
The portal pressure gradient before TIPS was 28 mmHg (Fig. 
2E), further confirming the diagnosis of portal hypertension 
ascites. After TIPS, ascites gradually resolved, abdominal 
distention was relieved, and no recurrence had occurred at 
the 12-month postoperative follow-up.

Fig. 2.  Bone marrow, blood and liver biopsy specimens. (A) Bone marrow biopsy showed a small bone marrow cavity with no hematopoietic tissue. Left, 100×. Right, 
400×. (B and C) Wright’s staining of a peripheral blood smear found tear drop red blood cells and metarubricytes (red arrows). (D) Prussian blue staining of a liver biopsy 
demonstrated abundant blue iron particles in liver cells and stromal cells. (E) Angiography after stent implantation during transjugular intrahepatic portosystemic shunt.

Fig. 1.  X-ray and computed tomography examination. (A) Typical radiograph of osteopetrosis with extensive ossification in the ribs, scapula and clavicle. (B) 
Sandwich sign appearance in the vertebra and bone within bone sign in the iliac bone. (C) Spiral enhanced computed tomography examination with multiplanar re-
construction showed extraordinary hepatomegaly.
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Discussion
Osteopetrosis is a genetic metabolic bone disease character-
ized by impaired osteoclast function, resulting in excessive 
calcification of bone-like tissues and a lack of true ossifica-
tion, which makes bones abnormally brittle and susceptible to 
breaking. Because of the presence of a large amount of calci-
fied cartilage matrix, the bone marrow cavity is significantly 
reduced or occluded, leading to bone marrow failure and fre-
quent infections. It is usually accompanied by hepatomegaly 
and splenomegaly caused by extramedullary hematopoiesis. 
Previous gene sequencing results showed that the exon 5 
region of the CLCN7 gene was abnormal (NM_001287.5: 
c.480-482), and heterozygous mutations (NM_001287.5: c. 
746C>T) in the exon 9 region of the CLCN7 gene. Combined 
with typical imaging findings, the diagnosis of osteopetrosis 
is clear.

The patient suffered from abdominal distension and refrac-
tory ascites that lasted for one year. Resolving ascites was the 
main purpose of his admission. Therefore, confirmation of the 
diagnosis was centered around the cause of the ascites. The 
SAAG1 and the biochemical examination of ascites indicated 
the presence of portal hypertension. The most common cause 
of portal hypertension is liver cirrhosis. A distinctive feature 
of this patient was refractory ascites with hepatosplenomeg-
aly, which was clearly not liver cirrhotic ascites. Based on the 
patient’s history, we wondered whether osteopetrosis could 
have caused noncirrhotic portal hypertension. Cases of por-
tal hypertension due to osteopetrosis are very rare, and only 
three cases have been reported thus far. In 1971, Denison et 
al.2 described the first case, a 56-year-old woman with os-
teopetrosis and portal hypertension complications. Abdominal 
varicose veins were the main clinical manifestations. Portal 
hypertension was primarily caused by osteopetrosis, which led 
to a decrease in bone marrow hematopoietic ability, followed 
by liver extramedullary hemopoiesis and an increase in intra-
hepatic resistance. In 2014, Katz et al.3 reported a 52-year-
old female osteopetrosis patient with portal hypertension who 
presented with ascites and esophageal variceal bleeding. The 
author believed that the cause of portal hypertension was the 
decreased hematopoiesis in the bone marrow caused by oste-
opetrosis, and the occurrence of extramedullary hemopoiesis 
in the spleen resulted in splenomegaly. Excessive splenic ve-
nous blood flow caused left portal hypertension. In 2015, Leb-
lebisatan et al.4 reported a 15-year-old girl with osteopetrosis 
who was diagnosed with portal hypertension and ascites. The 
author believed that the main cause of portal hypertension 
was spleen enlargement and excessive splenic venous blood 
flow. According to these previous reports, osteopetrosis can 
be complicated by portal hypertension complications because 
of extramedullary hematopoiesis of the liver and spleen. How-
ever, this patient was characterized by an abnormal increase 
in serum ferritin and a large deposition of iron particles in the 
liver and no evidence of extramedullary hepatic hematopoie-
sis. Therefore, we considered that portal hypertension in this 
patient was mainly caused by hemochromatosis secondary 
to osteopetrosis rather than extramedullary hematopoiesis of 
the liver. Osteopetrosis causes extensive osteosclerosis so that 
the bone marrow cavity was significantly reduced or occluded, 
resulting in severe anemia. To treat anemia, repeated blood 
transfusions are performed over a long period of time, which 
results in iron overload. In addition, ineffective hematopoiesis 
caused by osteopetrosis, which stimulates an increase in iron 
absorption in the intestinal tract and leads to iron utilization 
disorder, may also be one of the reasons for iron overload. 
Chronic iron overload caused secondary hemochromatosis. 
Increased portal vein blood flow resistance and splenic venous 
blood flow led to portal hypertension, which further led to re-

fractory ascites (Fig. 3). Therefore, regular monitoring of iron 
load in patients with benign autosomal dominant osteopetro-
sis is important. When serum ferritin is >1,000 ng/mL, iron 
removal therapy is needed.

The patient had refractory ascites due to portal hyperten-
sion caused by secondary hemochromatosis and had been 
treated with large volume paracentesis and diuretics for 1 
year, but the therapeutic effectiveness was poor. According 
to the guidelines for the management of ascites in patients 
with cirrhosis, TIPS is an effective treatment for refractory 
ascites.5,6 In fact, TIPS is an effective method of reducing 
portal pressure in both cirrhotic and noncirrhotic patients. 
Furthermore, TIPS has an advantage in the treatment of 
noncirrhotic portal hypertension complications compared 
with cirrhotic portal hypertension complications because of 
its capacity to maintain good liver function, which leads to 
reduced portal pressure while maintaining a low incidence 
of hepatic encephalopathy. Therefore, we treated refractory 
ascites with TIPS in this patient.

Portal hypertension due to osteopetrosis is very rare in the 
clinic. The main cause is extramedullary hematopoiesis of the 
liver and/or an increase in splenic venous blood flow. Here, 
we report for the first time hemochromatosis secondary to 
osteopetrosis and leading to portal hypertension complica-
tions. We also first used TIPS to treat refractory ascites that 
resulted from portal hypertension secondary to hemochro-
matosis caused by osteopetrosis.
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Fig. 3.  Diagram of the pathogenesis of refractory ascites in this patient. 
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