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Abstract
BACKGROUND 
Hepatic sinusoidal obstruction syndrome (HSOS) is a rare complication in solid 
organ transplant recipients, especially in liver transplantation recipients. 
However, the consequences of HSOS occurrence are pernicious, which could 
result in severe liver or renal failure, and even death. In addition to previously 
reported azathioprine and acute rejection, tacrolimus is also considered as one 
predisposing factor to induce HSOS after liver transplantation, although the 
underlying mechanism remains unclear.

CASE SUMMARY 
In this study, we reported three cases of tacrolimus-related HSOS after liver 
transplantation. The diagnosis of HSOS was firstly based on the typical symptoms 
including ascites, painful hepatomegaly and jaundice. Furthermore, the features 
of patchy enhancement on portal vein and delayed phase of abdominal enhanced 
computed tomography were suspected of HSOS and ultimately confirmed by 
liver biopsy and histological examination in two patients. A significant decrease 
in ascites and remission of clinical symptoms of abdominal distention and pain 
were observed after withdrawal of tacrolimus.

CONCLUSION 
Tacrolimus-induced HSOS is a scarce but severe complication after liver 
transplantation. It lacks specific symptoms and diagnostic criteria. Timely 
diagnosis of HSOS is based on clinical symptoms, radiological and histological 
examinations. Discontinuation of tacrolimus is the only effective treatment. 
Transplantation physicians should be aware of this rare complication potentially 
induced by tacrolimus.

https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v10.i36.13408
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Core Tip: Tacrolimus-induced hepatic sinusoidal obstruction syndrome (HSOS) is a scarce but severe 
complication after liver transplantation. It lacks specific symptoms and diagnostic criteria. Timely 
diagnosis of HSOS is based on clinical symptoms, radiological and histological examinations. Discon-
tinuation of tacrolimus is the only effective treatment. Transplantation physicians should be aware of this 
rare complication potentially induced by tacrolimus.

Citation: Jiang JY, Fu Y, Ou YJ, Zhang LD. Hepatic sinusoidal obstruction syndrome induced by tacrolimus 
following liver transplantation: Three case reports. World J Clin Cases 2022; 10(36): 13408-13417
URL: https://www.wjgnet.com/2307-8960/full/v10/i36/13408.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i36.13408

INTRODUCTION
Hepatic sinusoidal obstruction syndrome (HSOS), previously known as hepatic veno-occlusive disease 
(HVOD), is a rare disorder characterized by painful hepatomegaly, ascites, weight gain and jaundice[1]. 
The initial lesion of HSOS originated from the injury of hepatic sinusoidal endothelial cells, followed by 
the migration of damaged sinusoidal endothelial cells to the centrilobular veins, thus contributing to 
progressive fibrocystic occlusion of centrilobular veins and congestion of hepatic sinusoidal veins, and 
finally leads to intrahepatic post sinusoidal portal hypertension[2].

The diagnosis of HSOS is relatively difficult owing to the lack of specific symptoms. Although ascites, 
painful hepatomegaly and jaundice are identified as the most typical symptoms of HSOS, the clinical 
presentations are variable, from few symptoms to multi-organ failure and even death[3]. At present, the 
clinical suspicion of HSOS is based on the Baltimore and modified Seattle criteria which was actually 
formed for the diagnosis of HSOS in hematopoietic stem cell transplantation (HSCT) recipients[4]. In 
addition, no diagnostic criteria are available for HSOS after liver transplantation. Doppler ultrasound 
examination can present some non-specific signs of HSOS, including ascites, hepatomegaly and 
attenuated hepatic veins[5]. Moreover, enhanced computed tomography (CT) can further confirm the 
ultrasound findings. A flow obstruction is suspected if it shows patchy enhancement of the liver with 
unclear hepatic veins on the portal vein phase and delayed phase[6]. Additionally, magnetic resonance 
imaging (MRI) can monitor similar signs[7]. It also needs to exclude other diseases, such as Budd-Chiari 
syndrome, acute rejection, ischemic liver injury and biliary stricture. So, liver biopsy is recommended as 
the gold standard for the diagnosis of HSOS[8].

State of the art
In general, the frequencies of HSOS are associated with large amounts of toxins or drugs during 
chemotherapies, immuno-suppressive therapies and irradiation. It was reported that the main causes of 
HSOS were highly related with high-dose chemotherapy regimens and irradiation in HSCT recipients, 
as well as in liver, lung, renal and pancreatic transplantation recipients in Western countries[2]. In 
contrast, HSOS is most frequently associated with oral intake of Chinese herbal medicines that contain 
pyrrolidine alkaloids in China[8]. As reported, the morbidity of HSOS after liver transplantation was 
rare, only ranging from 1.9% to 2.3%[9]. However, although rare, the mortality rate of severe HSOS is 
more than 90%[4].

For liver transplantation recipients, azathioprine and acute rejection were thought to be two main 
causes of HSOS[10]. Recently, several studies have reported that tacrolimus could cause HSOS and 
discontinuation of the drug may be the only effective treatment[5,10,11]. In this study, we present 3 
cases of HSOS related to tacrolimus after orthotopic liver transplantation. Among them, only one 
patient experienced acute rejection. All patients underwent orthotopic liver transplantation for hepatitis 
B virus (HBV)-associated hepatocellular carcinoma (HCC). Tacrolimus and mycophenolate mofetil were 
applied as the initial immunosuppressive therapy. Acute rejection occurred in one patient and was 
relieved after the application of corticosteroid. Also, the immunosuppressive treatments were converted 
to sirolimus after the diagnosis of HSOS. Eventually, two patients achieved clinical remission after the 
discontinuation of tacrolimus, while one patient died of gastrointestinal bleeding and acute renal 
failure. To the best of our knowledge, this is the first paper to present the dynamic course with clinical 
manifestation, radiological, pathological features and treatment for HSOS after liver transplantation.

https://www.wjgnet.com/2307-8960/full/v10/i36/13408.htm
https://dx.doi.org/10.12998/wjcc.v10.i36.13408
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CASE PRESENTATION
Chief complaints
Case 1: A 43-year-old man was hospitalized on POD (post-operative day) 14 after liver transplantation 
with chief complaints of abdominal pain and distension accompanied by poor appetite for 2 d.

Case 2: A 56-year-old man was readmitted on POD 50 after liver transplantation with chief complaints 
of fatigue and abdominal distension, accompanied by chest stuffiness for 10 d.

Case 3: A 57-year-old man went to the doctor with the chief complaints of abdominal pain and 
distention, accompanied by 850 mL of ascites and was hospitalized on POD 14 after liver transplan-
tation.

History of present illness
Case 1: The patient described that abdominal pain and distension occurred 2 d ago. These symptoms 
were particularly severe in the upper abdomen. Although diuretics were administrated, abdominal 
distention was not relieved and renal function deteriorated. He also suffered from poor appetite and 
hypourocrinia.

Case 2: The patient suffered from abdominal distension and paroxysmal upper abdominal pain without 
any obvious inducement 10 d ago, accompanied by chest stuffiness and oliguria. Although diuretics 
were applied, the symptoms did not relieve significantly.

Case 3: The patient described that abdominal pain and distention occurred on postoperative day (POD) 
14 after liver transplantation and this was accompanied by 850 mL of ascites. Diuretics were adminis-
trated but showed ineffective. The amount of ascites continued to increase, which peaked at 1050 mL on 
POD 16.

History of past illness
Case 1: The patient had a history of hepatitis B virus infection for more than 20 years and was diagnosed 
with HCC (BCLC stage A) at a local hospital about 8 mo ago. After the diagnosis of HCC, he received 
two radiofrequency ablations and one transcatheter arterial chemoembolization. However, the tumor 
was not completely necrotic and parts of it remained viable. At last, the patient underwent orthotopic 
liver transplantation. No specific pathology was observed in the graft liver at the time of 
transplantation. It took about 8 h for the operation, which was performed successfully with the 
satisfactory reconstruction of the vessels and biliary duct. The donated liver worked well after 
transplantation and the early recovery post-operative period was uneventful. The liver function and 
coagulation returned to normal 1 wk after transplantation. The portal venous phase of contrast-
enhanced CT on POD 10 showed the blood flow of hepatic veins were fluent. No stenosis was observed 
at the vascular anastomosis of hepatic veins or the suprahepatic inferior vena cava (Figure 1). The 
patient was discharged 12 d after transplantation and administered a routine immunosuppressive 
treatment consisting of tacrolimus (1.5 mg, twice daily) and mycophenolate mofetil (MMF).

Case 2: The patient was a hepatitis B virus carrier for more than 20 years and took entecavir regularly. 
He received orthotopic liver transplantation for HBV-related HCC 1.5 mo ago. The operation was 
successful and early recovery after transplantation was smooth. The liver function and coagulation 
function returned to normal 10 d after liver transplantation. The patient was discharged on POD 14 
following liver transplantation.

Case 3: The patient had a history of hepatitis B virus infection for 10 years. He was diagnosed with HCC 
2 mo ago and received transcatheter arterial chemoembolization therapy. But the tumor was not 
completely necrotic. At last, he underwent orthotopic liver transplantation for small HCC. The 
operation was successfully performed and the early recovery after transplantation was stable. Liver 
function returned to normal 1 wk after transplantation while it showed a little fluctuation on POD 8. It 
was suspected that the patient suffered from acute rejection after liver transplantation. So, methylpred-
nisolone was applied to enhance anti-immune rejection and the liver function soon returned to normal.

Personal and family history
Case 1: The patient had a history of hepatitis B virus infection for more than 20 years. There were no 
other special findings in his personal and family history.

Case 2: There were no other special findings in his personal and family history except for a history of 
hepatitis B virus.

Case 3: The patient had a history of hepatitis B virus infection for 10 years. There were no other special 
findings in his personal and family history.
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Figure 1 Typical abdominal contrast-enhanced computed tomography features of hepatic sinusoidal obstruction syndrome after liver 
transplantation. A: Portal venous phase computed tomography (CT) on postoperative day (POD) 10 showed the blood flow of hepatic veins were fluent. No 
stenosis was observed at the vascular anastomosis of hepatic veins and suprahepatic inferior vena cava; B: Portal venous phase CT on POD 14 showed hepatic 
veins were obscured, while no stenosis was observed at the vascular anastomosis of suprahepatic inferior vena; C, D: Plain scan and arterial phases CT on POD 14 
showed that liver parenchyma was heterogeneous low-density; E, F: Portal venous phase CT on POD 14 showed enlarged liver with patchy enhancement, massive 
ascites and unclear hepatic veins and these signs existed persistently to delayed phase.

Physical examination
Case 1: Physical examination revealed hepatomegaly and positive shifting dullness of the abdomen.

Case 2: Physical examination showed positive shifting dullness of the abdomen.

Case 3: Physical examination showed no positive signs.

Laboratory examinations
Case 1: Laboratory examinations showed a mildly abnormal liver function, severe renal insufficiency 
and hyperkalemia. Tests of viral infection of hepatitis A, B, C, D, E as well as cytomegalovirus and 
Epstein-Barr virus were all negative and the serum trough concentration of tacrolimus was 8.0 ng/mL. 
The clinical characteristics during the disease were shown in Table 1.

Case 2: Laboratory examinations showed liver function was a little increased, but renal function had 
continuously deteriorated. Blood routine examination was normal. Virus infections such as hepatitis A, 
B, C, D, E as well as cytomegalovirus and Epstein-Barr virus were all negative. The serum trough 
concentration of tacrolimus was higher than 30 ng/mL. The patient presented with 1200 mL of ascites 
drainage when admitted and it peaked at 2480 mL on POD 59. The clinical characteristics during the 
disease were shown in Table 1.

Case 3: Laboratory examinations revealed a mild elevation of total bilirubin, aminotransferase and the 
biliary enzyme spectrum. Virus infections such as hepatitis A, B, C, D, E as well as cytomegalovirus and 
Epstein-Barr virus were negative while renal function got worse and worse. The minimal serum concen-
tration of tacrolimus was 6.9 ng/mL. The clinical characteristics during the disease were shown in 
Table 1.

Imaging examinations
Case 1: Ultrasonography demonstrated that more than 2000 mL of ascites and an enlarged liver were 
present. Abdominal enhanced CT showed an enlarged liver with patchy enhancement and unclear 
hepatic veins with massive ascites (Figure 1).

Case 2: Ultrasonography showed large amount of ascites and an enlarged liver. Enhanced CT on POD 
57 showed the liver with patchy enhancement, indistinct hepatic veins, massive ascites and pleural 
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Table 1 Clinical characteristics of three presented cases during the disease course

No. Age 
(yr)/sex

Clinical 
course

POD 
(d)

Ascites 
(mL/d)

TBIL 
(μmol/L)

ALT 
(U/mL)

AST 
(U/mL)

GGT 
(U/mL)

ALP 
(U/mL)

Scr 
(μmol/L)

BUN 
(mmol/L)

GFR 
(mL/min/L)

Diagnosis of 
HSOS

13 4600 28.2 97.6 173.2 244.6 240 231 25.61 26.92

Tac → Siro 69 3250 48.4 273.6 210.7 113.1 153 379.9 40.11 15.16

1 43/M

Discharged 74 2150 23.5 12.2 25.8 72.6 123 679.1 53.97 7.76

Diagnosis of 
HSOS

50 1200 28.2 48.7 54.3 89.2 122 227.7 13.15 25.94

Tac → CsA + 
Siro

59 2480 20.4 39.2 38.3 50.7 94 702 18.33 7.08

2 56/M

Resolution 87 30 12.7 22.3 27.6 79.2 121 72 3.56 97.96

Diagnosis of 
HSOS

15 850 22.5 143.6 47.3 129.9 159 111.5 12.28 58.93

Tac → Siro 23 400 26.6 37.1 17.7 59.8 102 176.1 25.11 34.77

3 57/M

Resolution 37 50 13.6 37.2 27.3 26.8 81 66.9 10 106.25

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Blood urea nitrogen; GFR: Glomerular filtration rate; 
GGT: Gamma-glutamyl transpeptidase; HSOS: Hepatic sinusoidal obstruction syndrome; POD: Postoperative day; Scr: Serum creatinine; Siro: Sirolimus; 
Tac: Tacrolimus; TBIL: Total bilirubin.

effusion at the phases of portal vein and a delayed period (Figure 2).

Case 3: Ultrasonography revealed an enlarged liver with moderate ascites and reflux of the left portal 
vein. Enhanced abdominal CT showed an enlarged liver with patchy enhancement and moderate 
ascites.

FINAL DIAGNOSIS
Case 1
All these findings supported the diagnosis of a tacrolimus-related HSOS by excluding the possibilities of 
viral infection, chylous fistula, tumor recurrence or acute rejection.

Case 2
The patient was suspected of HSOS as acute rejection and viral infections were excluded. Liver biopsy 
was performed on POD 59 and the results showed hepatocyte edema, dilatation and congestion of 
hepatic sinusoidal with the formation of a local thrombosis (Figure 3). These results were in favor of the 
diagnosis of tacrolimus-related HSOS.

Case 3
The patient was suspected of HSOS based on the clinical symptoms and radiological examinations. To 
confirm the diagnosis of HSOS, he received a liver biopsy. The liver biopsy demonstrated dilatation and 
congestion of the hepatic sinusoidal with focal moderate edema of hepatocytes, enlarged portal area, 
lymphocytic infiltration, and venous endocarditis (Figure 3). The patient was finally diagnosed with 
HSOS by excluding acute rejection, obstruction of outflow, viral infection and biliary complications.

TREATMENT
Case 1
Although diuretics were administrated on admission, abdominal distention was not relieved and the 
renal function deteriorated. Ascites and pleural effusion were drained to alleviate the symptoms. The 
serum trough concentration of tacrolimus was 9 ng/mL on POD 20. Upon the diagnosis of HSOS, 
tacrolimus was switched to sirolimus with MMF being continued and enoxaparin was applied to 
improve the congestion of small hepatic veins.
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Figure 2 Contrast-enhanced computed tomography images of Case 2 before and after switching tacrolimus to sirolimus. A, B, C: Before 
changing tacrolimus to sirolimus, portal venous phase computed tomography (CT) showed enlarged liver with patchy enhancement, moderate to massive ascites and 
obscured hepatic veins on postoperative day (POD) 59 after liver transplantation; D, E, F: After switching tacrolimus to sirolimus, portal venous phase CT showed 
normal liver with resolved patchy enhancement and disappeared ascites, and clear hepatic veins on POD 175.

Case 2
Diuretics were applied but proved to be ineffective. Ascites and pleural effusion were drained to relieve 
the symptoms of abdominal distention. The patient was finally diagnosed with HSOS, tacrolimus was 
replaced by sirolimus, and enoxaparin was used for antithrombotic therapy.

Case 3
At first, it was suspected that the patient suffered from acute rejection after liver transplantation. So, 
methylprednisolone was applied to enhance anti-immune rejection, and liver function soon returned to 
normal after that. Diuretics were also applied to relieve the clinical symptoms. But the amount of ascites 
continued to increase where diuretics were ineffective, which peaked at 1050 mL on POD 16. As 
tacrolimus was thought to be the most predisposing factor for HSOS. Upon the diagnosis of HSOS, 
tacrolimus was replaced by a sirolimus-based regimen and the MMF continued.

OUTCOME AND FOLLOW-UP
Case 1
After the adjustment of immunosuppressant, the amount of ascites reduced and the symptoms were 
alleviated but then deteriorated from an upper gastrointestinal hemorrhage. The patient ultimately died 
of upper gastrointestinal hemorrhage and acute renal failure.

Case 2
As tacrolimus was replaced by sirolimus, the amount of ascites and plural effusion was significantly 
reduced and the symptoms of abdominal distention were also relieved after these treatments. After liver 
and renal function returned to normal, the patient was discharged on POD 87. Two months later, the 
abdomen enhanced CT showed normal morphology of liver, homogenous enhancement and clear 
hepatic veins without ascites (Figure 2). And the patient remained asymptomatic during the last follow-
up.

Case 3
The levels of liver enzymes and total bilirubin decreased continuously and returned to normal after 
discontinuation of tacrolimus. The ascites reduced to 50 mL on POD 34. The liver function and renal 
function recovered to normal. The patient was discharged on POD 36 and remained asymptomatic on 
immuno-suppressive treatment of sirolimus and MMF in the last follow-up.
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Figure 3 Typical pathological features of hepatic sinusoidal obstruction syndrome after liver transplantation. A and C: Histopathologic 
examination of Case 2 showed congestion of hepatic sinusoids, fibrosis of centrilobular veins and edema in portal areas; B and D: Histopathologic examination of 
Case 3 showed significant dilation and congestion of sinusoids, regional hepatocytes necrosis, infiltration of red blood cells in the space of Disse, and fibroplasias in 
the portal areas (A, B magnification, × 100; C, D magnification, × 200).

DISCUSSION
HSOS is a rare complication after liver transplantation, which ranges from 1.9% to 2.3% according to the 
literature[9,10]. Although the incidences are quite low, HSOS can cause graft failure and even death in 
liver transplant recipients[2]. So, it’s of great importance to recognize the clinical characteristics of HSOS 
in liver transplantation recipients. HSOS is associated with injury of hepatic sinusoidal endothelial cells, 
which might be induced by many toxic agents, such as chemotherapeutic drugs, immunosuppressants, 
and Chinese herbal medicines containing pyrrolizidine alkaloids[1,8]. Azathioprine and acute rejection 
are considered as two main predisposing factors to induce HSOS after liver transplantation. In fact, 
azathioprine is rarely used nowadays due to its vascular hepatotoxicity. Although the incidences of 
acute rejection decreased due to the applications of new immunosuppressants, the morbidity of HSOS 
after liver transplantation remained unimproved. Therefore, we reviewed the literature on HSOS after 
liver transplantation[5,9-14], and recent progress in the early diagnosis and treatment of HSOS after 
liver transplantation were presented in Table 2. Several recent studies showed that tacrolimus was the 
most possible predisposing factor to induce HSOS and withdrawal of the drug may be the only effective 
treatment. Recently, some research also reported tacrolimus-related HSOS in renal, pancreas and lung 
transplantations[5,15-17]. However, the mechanism of tacrolimus-related HSOS still remains unclear. 
One possible explanation is that the genetic polymorphisms of cytochrome P450 and glutathione-S-
transferase influence the metabolism of tacrolimus, thus resulting in hepatoxicity[2,18]. In this study, we 
describe 3 patients suffering from HSOS after liver transplantation, among which one experienced acute 
rejection. Two patients were relieved of symptoms after switching from tacrolimus to sirolimus, 
indicating that tacrolimus might be the most relevant predisposing factor. However, this study was a 
single center retrospective case report and the sample size was small. The evidence may not be 
convincing. In the future, multicenter large sample retrospective case-control studies and randomized 
controlled studies are needed to verify these results.

Although the typical symptoms of HSOS are painful hepatomegaly, ascites and jaundice, the clinical 
manifestations of HSOS after liver transplantation are not specific. Thus, early diagnosis of HSOS is 
difficult, which may lead to a missed diagnosis or misdiagnosis. Besides, pathology is the gold standard 
for diagnosing HSOS and liver biopsy is difficult to achieve in most patients because of various reasons, 
such as severe coagulation disorders, massive ascites, patient refusal of an invasive examination and so 
on. It was reported that reversed blood flow in the branch of the portal vein may be the positive sign of 
HSOS[19]. In fact, we found reversed blood flow in the left branch of the portal vein and an ultimately 
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Table 2 Literature review of recent progresses in the diagnosis and treatment of hepatic sinusoidal obstruction syndrome after liver 
transplantations

Ref.
Number 
of 
patients

Etiology of 
HSOS

Time 
after 
OLT

Symptoms of 
HSOS

Screening 
method of HSOS

Final diagnosis method of 
HSOS Treatments

Li et al
[5], 2022

1 Tacrolimus 4 mo Abdominal 
distention, 
enlarged graft, and 
ascites

Doppler 
ultrasound and 
Contrast-enhanced 
CT

Liver biopsy: sinusoidal 
congestion and fibrosis of 
centrilobular veins

Withdraw tacrolimus and 
switch to CsA and MMF

Zhou et 
al[14], 
2021

1 Tacrolimus 36 d Abdominal 
distension, weight 
gain, ascites and 
positive shifting 
dullness

Abdominal CT Liver biopsy: sinusoidal 
dilation, congestion, and 
fibrosis of centrilobular veins

Switch from tacrolimus to 
CsA and MMF

Li et al
[11], 2020

5 Tacrolimus, 
acute rejection

6 to 183 d Hepatomegaly, 
jaundice and ascites

Ultrasonography 
and CT

Liver biopsy: sinusoidal 
dilation, congestion, 
fibroplasias in portal areas, 
acute rejection, fibrous 
obliteration and edema in 
portal area.

Withdraw tacrolimusand 
switch to CsA-based 
regimen

Hosseini 
et al[13], 
2018

1 Tacrolimus 10 d Massive ascites Color doppler 
ultrasonography

Liver biopsy: no significant 
abnormality

Convert tacrolimus to 
sirolimus

Shen et al
[10], 2015

1 Tacrolimus 80 d Anorexia, 
abdominal pain, 
polypnea, hepato-
megaly, ascites and 
positive shifting 
dullness

Ultrasonography 
and CT

Liver biopsy: sinusoidal 
congestion and fibrosis of 
centrilobular veins

Switch from tacrolimus to 
CsA and MMF

Sebagh et 
al[12], 
2011

31 of 1364 Acute 
rejection, 
tacrolimus, 
CsA and 
oxaliplatin

9 to 7378 
d 
(median, 
230 d)

Hepatomegaly, 
ascites, pleural 
effusion, pruritus 
or jaundice

Doppler 
ultrasound

Liver biopsy: fibrous 
obliteration of centrilobular 
veins, centrilobular 
hemorrhagic necrosis, 
sinusoidal dilatation and 
congestion, peliosis, and 
nodular regenerative 
hyperplasia

Withdraw hepatic toxic 
drugs, change the 
immunosuppression 
regimen, anticoagulation 
therapy, TIPS and re-
transplantation

Sebagh et 
al[9], 
1999

19 of 1023 Azathioprine 
and acute 
rejection

8 to 3972 
d 
(median, 
15 d)

Jaundice, painful 
hepatomegaly, 
ascites

Doppler 
ultrasound

Liver biopsy: sinusoid-
aldilatation, centrilobular 
congestion and acute 
rejection

Withdraw Azathioprine, 
convert to tacrolimus, TIPS 
and re-transplantation

CT: Computed tomography; CsA: Cyclosporine A; HSOS: Hepatic sinusoidal obstruction syndrome; MMF: Mycophenolate mofetil; OLT: Orthotopic liver 
transplantation; TIPS: Transjugular intrahepatic portosystemic shunt.

formed thrombus in Case 3. Some studies analyzed the radiologic characteristics of HSOS and they 
found that an enlarged liver with patchy enhancement, massive ascites and pleural effusion 
accompanied by slender hepatic veins due to congestion of sinusoidal were the common features of 
abdominal enhanced CT and MRI of HSOS. The patchy enhancement of liver on abdominal enhanced 
CT and MRI is rarely presented in other liver diseases[6,7]. Therefore, the radiologic features are of great 
value in the diagnosis of HSOS and the extent of liver patchy enhancement might be highly associated 
with the prognosis of HSOS.

In fact, it still lacks an evidence-based treatment for HSOS after liver transplantation at present. 
Though defibrotide was recommended for HSOS treatment after HSCT, it was proven ineffective on 
patients with HSOS after liver transplantation[8]. All three patients in our study were not exposed to 
azathioprine or other hepatoxicity drugs except tacrolimus and tacrolimus was recognized as the 
potentially offending drug, so it was discontinued thereafter .The immunosuppressant therapy was 
replaced by sirolimus, where mycophenolate mofetil was continued. A significant decrease in ascites 
and remission of clinical symptoms of abdominal distention and pain were achieved following the 
discontinuation of tacrolimus, which further verified the suspicion that HSOS was triggered by 
tacrolimus. Although we and other researchers speculated tacrolimus may be the most possible predis-
posing factor for inducing HSOS after liver transplantation, the mechanism remains unclear. Further 
basic studies are needed to clarify the underlying mechanism.
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CONCLUSION
In conclusion, we present three cases of HSOS after liver transplantation. The diagnosis of HSOS was 
first based on the typical symptoms including ascites, painful hepatomegaly and jaundice. Furthermore, 
the features of patchy enhancement on portal vein and delayed phase of abdominal enhanced CT were 
suspected of HSOS and ultimately confirmed by liver biopsy in two patients. Clinical and radiologic 
remissions were observed after withdrawal of tacrolimus. Transplantation physicians should be aware 
of this rare complication that might be caused by tacrolimus.
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