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Abstract
Sinusoidal obstruction syndrome (SOS), previously known as hepatic veno-occlusive disease, is a rare disorder in solid organ transplant patients, and is an uncommon complication after liver transplantation. Severe SOS with hepatic failure causes considerable mortality. Tacrolimus has been reported to be an offending agent, which potentially plays a role in the pathophysiological process of SOS. SOS due to tacrolimus has been reported in lung and pancreatic transplantations, but has never been described in a liver transplant recipient. Herein, we present a case of SOS after liver transplantation, which was possibly related to tacrolimus. A 27-year-old man developed typical symptoms of SOS with painful hepatomegaly, ascites and jaundice after liver transplantation, which regressed following withdrawal of tacrolimus. By excluding other possible predisposing factors, we concluded that tacrolimus was the most likely cause of SOS.
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Core tip: We describe a rare case of sinusoidal obstruction syndrome following liver transplantation, which was possibly related to tacrolimus. We believe that this condition is uncommon and has rarely been reported in liver transplant recipients.
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INTRODUCTION
Sinusoidal obstruction syndrome (SOS), previously known as hepatic veno-occlusive disease, is a rare disorder with the unique etiopathogenesis of toxic injury to hepatic sinusoids, which induces progressive fibrotic obliteration of centrilobular veins. Painful hepatomegaly, ascites and jaundice are typical symptoms of SOS[1-3]. In general, SOS is a difficult condition, in which 16%-50% of patients are likely to develop irreversible illness, and have a fatal outcome due to hepatic failure. Severe SOS causes mortality in approximately 84%-90% of the patients[2,4].
SOS can occur in post-transplant patients, and the majority of research has been carried out in post-hematopoietic stem cell transplantation (HSCT) patients related to preconditioning treatment[1,2,4]. A limited number of cases of SOS have been reported after renal, lung, pancreatic and liver transplantations[5-8]. In liver transplantation, SOS is unusual, and azathioprine therapy or acute rejection is considered the most common etiology[8-10]. Tacrolimus may be another possible and rare pathogenic agent as it has potential cytotoxicity to endothelial cells and precipitates their dysregulation[11]. To the best of our knowledge, SOS due to tacrolimus has been reported in lung and pancreatic transplantations, but has never been described after liver transplantation[6,7]. Herein, we present a case of SOS following liver transplantation, who achieved complete clinical remission after discontinuation of tacrolimus.
CASE REPORT
A 27-year-old man underwent an ABO-identical liver transplantation for acute hepatic failure due to hepatitis B. The graft was obtained from a donor after cardiac death with a warm ischemia time of 5 min and cold ischemia time of 8 h. No specific pathology was observed on biopsy of the donated graft at the time of transplantation (Figure 1A). Operation time was 6 h with satisfactory reconstruction of vessels and biliary duct. Early post-operative recovery period was uneventful. Piperacillin-tazobactam, fluconazole and ganciclovir were administered as prophylaxis against infection. Entecavir and hepatitis B immunoglobulin were administered as prophylaxis against hepatitis B virus recurrence. A routine immunosuppressive regimen consisting of tapering prednisone, tacrolimus and mycophenolate mofetil was applied. Remission of hepatic function and coagulation was achieved one week after transplantation. The patient was discharged on normal graft function with excellent flow in the hepatic veins, portal vein and hepatic artery on day 20 (Figure 2A and B). 
The patient remained stable on tacrolimus (trough level 7-10 ng/mL), mycophenolate mofetil and entecavir for two months, but was hospitalized on day 80 due to anorexia, abdominal pain and polypnea. No natural remedies before the current admission were used. Physical examination revealed palpable liver 3 cm below the ribcage and positive shifting dullness. Serological tests, including liver function, renal function, routine blood examination, coagulation and tacrolimus concentration (trough level of tacrolimus was 8.9 ng/mL), were normal. Serological markers of viral infection such as hepatitis A, B, C, D and E, cytomegalovirus and Epstein-Barr virus were negative. Ultrasonography demonstrated ascites and enlarged liver with regular blood flow. Computed tomography (CT) showed enlarged liver with patchy enhancement, thin hepatic veins and massive ascites (Figure 2C and D). Initial medical treatment with a diuretic was ineffective. The patient’s condition continued to deteriorate, accompanied by weight gain of 3 kg above his baseline, obvious abdominal distention and high bilirubin (57 µmol/L on day 87). Faint yellow ascites and pleural effusion were drained to alleviate the symptoms. A percutaneous liver biopsy was obtained under ultrasound guidance after complete drainage of ascites on day 88, which showed the pathological findings of sinusoidal congestion and fibrosis of centrilobular veins (Figure 1B). Moreover, no evidence of acute rejection or viral hepatitis was found on pathology. All the findings supported the diagnosis of SOS, and excluded the possibility of chylous fistula, obstruction of outflow, hepatitis recurrence or rejection. He was started on a regimen of defibrotide for 2 wk, which was then stopped due to lack of efficacy, with increased bilirubin (76 µmol/L on day 104), rapidly expanding ascites and obvious weight gain. Tacrolimus concentration was controlled at 5-7 ng/mL and was subsequently discontinued as it was considered the only offending drug and was replaced by cyclosporine A at a concentration of 150 ng/mL. Complete resolution of clinical manifestations such as ascites and graft dysfunction was observed, with normalized radiologic presentations (Figure 2E and F) during the 2-wk period after tacrolimus discontinuation. The patient has remained asymptomatic on cyclosporine A, mycophenolate mofetil and entecavir for 6 mo. The clinical data including graft function, coagulation, immunosuppressant level and body weight are presented in Table 1.
DISCUSSION
Certain toxic drugs containing pyrrolizidine alkaloids, chemo-irradiation preconditioning regimens in stem cell transplantation and immunosuppressive therapy with azathioprine are common predisposing factors for SOS[4,5,12,13]. 
SOS is a rare finding after liver transplantation, but can be an infrequent cause of graft dysfunction. According to a review article, approximately 1.9% of cadaveric liver transplant recipients suffered from SOS after transplantation[10]. Another investigation of 1346 biopsy samples obtained after liver transplantation showed an SOS incidence of 2.3%[8]. Clinical manifestations such as body weight gain, ascites, hepatomegaly and jaundice are recognized as diagnostic clues for SOS[2]. It is important that common post-operative complications such as acute rejection, obstruction of outflow (anastomotic stenosis or twisting of the hepatic vein), biliary complications, and viral hepatitis should be excluded in post-liver transplant individuals. Unique pathologic findings characterized by fibrosis and obliteration of hepatic centrilobular veins, hemorrhagic centrilobular necrosis, and sinusoidal congestion are suggestive of the diagnosis of SOS, which ultimately result in outflow obstruction, portal hypertension and hepatic injury[1]. Enlarged liver with patchy enhancement, ascites, usually accompanied by pleural effusion, and obscure main hepatic veins due to congestive liver, are the most typical presentations on CT or magnetic resonance imaging. In particular, the area of the liver where veno-occlusion occurs may show relatively lower enhancement and form a patchy enhancement sign, which is rare in other liver disorders. Therefore, it is the most valuable radiologic feature in diagnosing SOS, and the grade of patchy enhancement is also associated with clinical severity[12]. Although the mortality rate for SOS is unclear, the deteriorating manifestations of ascites and graft failure could be a threat to survival, making re-transplantation inevitable[8]. 
Azathioprine was implicated as the main predisposing factor for onset of SOS in post-liver transplant patients when it was widely used in the last century, due to its vascular hepatotoxicity[9]. In addition, an immunological reaction has been proven to participate in the pathophysiological process of SOS after liver transplantation, and it is suggested that SOS is part of the presentation of rejection with endothelial predilection[8,10]. Therefore, the disease could be reversed by intensive immunosuppressive treatment with corticosteroids or intervention for antibody-mediated rejection in liver transplant recipients[14]. However, the exact causative factor is still undetermined[8]. It should be emphasized that the determination of SOS etiology is important as withdrawal of the offending drug plays a key role in the treatment of SOS following liver transplantation.
Tacrolimus, one of the most widely used calcineurin inhibitors, is safe and efficient in the prophylaxis and treatment of acute rejection in organ transplantation. However, as tacrolimus has potential cytotoxicity to endothelial cells and precipitates their dysregulation, it is suspected to contribute to the onset of SOS in some cases, although the pathogenic mechanism remains to be elucidated[11].
According to the published literature, there have only been two cases of SOS described after lung and pancreatic transplantation, which were clinically proven to be induced by tacrolimus[6,7]. The present case is the first to show a definite association between tacrolimus and SOS after liver transplantation. Our patient developed refractory ascites which was the most obvious complaint other than slightly increased jaundice. This probably indicated that sinusoidal injury had a significant effect on hepatic outflow and contributed to portal hypertension, but had a mild influence on hepatic metabolism of bilirubin in this case. Although recommended in reported guidelines[2], defibrotide therapy for this patient lacked efficacy. At the onset of the disease, it was difficult to confirm the predisposing factor. Considering that the patient had never been exposed to azathioprine or other specific suspicious drugs, with the exception of tacrolimus, and there was no evidence of acute rejection, tacrolimus was considered the offending drug, and was therefore discontinued. Clinical and radiological regression was observed following withdrawal of tacrolimus.
In conclusion, we describe a patient with SOS following liver transplantation. The possible causative drug was tacrolimus as complete recovery was observed after its withdrawal. Transplant surgeons should be aware of this rare condition following liver transplantation, and tacrolimus should be considered as a possible causative agent. 
COMMENTS
Case characteristics

A 27-year-old man presented with anorexia, abdominal pain, jaundice and body weight gain after liver transplantation. 
Clinical diagnosis

Sinusoidal obstruction syndrome which led to ascites, hepatomegaly and graft dysfunction.
Differential diagnosis

Acute rejection, hepatitis B recurrence, anastomotic stenosis of the hepatic vein.
Laboratory diagnosis

Alanine aminotransferase (43 U/L), total bilirubin (76 µmol/L), tacrolimus (5.6 ng/mL), platelet count (175 × 109/mL), D-dimer (0.41 mg/L), hepatitis B surface antigen, hepatitis B virus - DNA, anti- hepatitis a virus IgM/IgG, hepatitis c virus - RNA, hepatitis d virus - RNA, anti- hepatitis e virus IgM/IgG, cytomegalovirus pp65 and epstein-Barr virus - DNA were all negative.
Imaging diagnosis
computed tomography showed enlarged liver with patchy enhancement, thin hepatic veins and massive ascites.
Pathological diagnosis

Biopsy of the graft revealed the pathological findings of sinusoidal congestion and fibrosis of centrilobular veins.
Treatment

Tacrolimus was discontinued as the only suspicious offending drug and replaced by cyclosporine A.
Related reports

Sinusoidal obstruction syndrome (SOS) due to tacrolimus has been reported in lung and pancreatic transplantations, but has never been described after liver transplantation. 
Term explanation 

SOS is an unusual clinical syndrome characterized by hepatomegaly, ascites, and jaundice, with the unique pathological findings of fibrosis and obliteration of hepatic centrilobular veins, hemorrhagic centrilobular necrosis, and sinusoidal congestion, due to injury of sinusoidal endothelial cells.
Experiences and lessons

Transplant surgeons should be aware of this rare condition following liver transplantation, and tacrolimus should be considered as a possible causative agent. 

Peer-review
The authors report a case of patient with sinusoidal obstruction syndrome following liver transplantation due to hepatitis B-related acute hepatic failure. It is the first reported case of tacrolimus-related sinusoidal obstruction syndrome in liver transplant recipient. The paper is well structured and except some minor language issues well written.
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Figure 1 Biopsy of the donated graft at the time of transplantation was normal (HE, × 200) (A) and liver biopsy showed sinusoidal congestion and fibrosis of centrilobular veins at 88 days after transplantation (HE, × 200) (B).[image: image8.jpg]
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Figure 2 computed tomography revealed excellent reconstructed blood flow in the hepatic veins, portal vein and hepatic artery at 14 d after transplantation (A, B), enlarged liver with patchy enhancement, obscure hepatic veins and massive ascites at 80 d (C, D), and normal radiologic presentations with resolved ascites and patchy enhancement, and recovered hepatic vein flow at 120 d (E, F).
Table 1 Clinical characteristics during disease course
	Days after LT
	50
	80
	87
	104
	111
	118

	Clinical course
	
	Current admission
	Before defibrotide
	After defibrotide/ TAC withdrawal
	
	resolution

	ALT (U/L)
	17
	35
	39
	43
	26
	23

	TB (µmol/L)
	16
	20
	57
	76
	42
	13

	Platelet (109/mL)
	156
	171
	183
	175
	158
	173

	PT (s)
	11.5
	11.3
	12.5
	12.7
	11.5
	12.2

	D-dimer (mg/L)
	0.27
	0.34
	0.52
	0.41
	0.32
	0.33

	TAC (ng/mL)
	7.9
	8.9
	7.2
	5.6
	
	

	CSA (ng/mL)
	
	
	
	
	126
	165

	Wt (kg)
	64.5
	66.0
	67.9
	69.5
	67.5
	64.8


LT: Liver transplantation; ALT: Alanine aminotransferase; TB: Total bilirubin; PT: Prothrombin time; TAC: Tacrolimus; CSA: Cyclosporine A; Wt: Body weight.
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