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Abstract
BACKGROUND
Use of liver allograft with hepatic hemangioma after in vivo resection of hemangioma in living donor liver transplantation (LDLT) has been previously reported. However, there are few reports describing ex vivo backtable resection of hemangioma from liver allografts in LDLT.

CASE SUMMARY
A 55-year-old male was evaluated as a donor for an 8-month-year old patient with acute hepatic failure due to biliary atresia. Pre-operative contrast enhanced computed tomography revealed a 9 cm hemangioma in segment 4 with vascular variations in the donor. During LDLT, an intra-operative intrahepatic cholangiography was performed to ensure no variation in the anatomy of the intrahepatic bile duct. After intra-operative pathological diagnosis, ex vivo backtable resection of the hemangioma was performed and the liver allograft was transplanted into the recipient. The donor’s and recipient’s post-operative course were uneventful. At the 2-year follow-up, the liver allograft showed good regeneration without any recurrence of hemangioma.

CONCLUSION
Liver allografts with hemangiomas are an acceptable alternative strategy for LDLT. Ex vivo backtable resection of hemangioma from the donor liver during pediatric LDLT is safe and feasible, and can effectively reduce the operative time and intra-operative bleeding for the donor. 
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Core Tip: It is of great significance to expand the liver donor pool due to the shortage of donor livers. In this paper, we describe how a discard left lobe of the liver with hemangioma after hepatectomy was fixed backtable to meet the criteria for transplantation. Subsequently, a successful liver transplantation was performed for a 2-year-old child with congenital biliary atresia by using this liver with satisfactory outcome. Two years of follow-up showed that the child recovered well with no significant complications.

INTRODUCTION
Liver transplantation has brought a paradigm shift in the management and outcomes of pediatric patients with liver failure. However, due to the shortage of donor livers, many children on organ transplant waiting lists die[1]. Use of marginal liver allografts to expand the donor pool can help reduce the waiting time[2]. One type of liver allograft from marginal donors includes the use of livers with benign tumors, such as hepatic hemangioma. Hepatic hemangiomas usually remain asymptomatic[3] and have a benign course[4]. According to previous reports, liver allograft with hepatic hemangioma or after resection of hemangioma can be safely transplanted[5-10]. Sanada et al[11] described the use of a living donor liver allograft after in vivo hemangioma resection. This case report indicates that the liver allograft can be safely used for liver transplantation after removal of the hemangioma. In pediatric patients, especially infants, a small liver allograft is required for liver transplantation. Thus, we proposed that we could use liver segments from patients with symptomatic hemangioma undergoing hepatectomy after backtable resection of the hemangioma for pediatric liver transplantation. 

Herein, we describe the first case of pediatric living donor liver transplantation (LDLT) using a liver allograft following backtable resection of hemangioma.

CASE PRESENTATION
Chief complaints
An 8-month-old female infant presented to the emergency department with jaundice and high-grade fever. At the same time, a 55-year-old male was admitted at our center due to discomfort in the right upper abdomen.

History of present illness
The pediatric patient had jaundice with high fever for 3 days.  The jaundice subsided after the Kasai operation and gradually worsened over a month, and by the time she was admitted to the hospital, she had altered sensorium.
The adult patient had discomfort in the right upper abdomen for one month. The upper abdominal discomfort was aggravated by heavy meals and relieved by fasting. He denied any recent fever, jaundice, allergy, chills, or changes in bowel habits.

History of past illness
The pediatric patient had undergone Kasai portoenterostomy at the age of one month. The adult patient denied any past illness.

Personal and family history
They both did not have any addictions or any significant family history.

Physical examination
On clinical examination, there was a 6-cm postoperative scar in the abdomen due to previous Kasai portoenterostomy of the pediatric patient. The adult patient’s abdominal examination was unremarkable with no organomegaly.

Laboratory examinations
The pediatric patient’s liver function tests at admission were as follows: Serum total bilirubin = 120.5 μmol/L, direct bilirubin = 78.8 μmol/L, international normalized ratio = 1.37, aspartate aminotransferase = 153.2 U/L, and alanine aminotransferase = 119.9 U/L. Pre-operative liver functions of the adult patient were within the normal range and there was no evidence of coagulopathy.

Imaging examinations
The CT of the pediatric patient showed dilated intrahepatic biliary system and diffuse hepatomegaly (Figure 1). Triple phase contrast enhanced computed tomography of the abdomen of the adult revealed a 9.0 cm × 5.8 cm hemangioma in segment 4 of the liver (Figure 1).

FINAL DIAGNOSIS
On the second day of hospitalization, the pediatric patient was diagnosed to have Child-Pugh grade C hepatic failure due to congenital biliary atresia with grade 2 hepatic encephalopathy. The adult was diagnosed as hemangioma in segment 4 of the liver.

TREATMENT
The pediatric patient was listed for emergency liver transplantation. There was a strong possibility that the adult patient would develop ischemic necrosis of segments 2 and 3 if simple enucleation of the hemangioma was performed. We therefore performed a left hepatic lobectomy[6]. Since the liver parenchyma was normal and soft in consistency, we considered using segments 2 and 3 after excising the hemangioma of the resected left lobe as an allograft for the pediatric patient with acute liver failure presented above. After consulting the adult patient and his family, we obtained informed consent to donate the left hepatic lobe as an allograft. The therapeutic decision was approved by the Ethical Committee of the First Hospital of Jilin University.
The left hepatic lobe was resected using the standard technique described previously[12]. We found a 9 cm diameter mass in the left hepatic lobe. Intra-operative ultrasonography and pathological examination confirmed the diagnosis of hemangioma. Intrahepatic cholangiography was conducted, and no intrahepatic bile duct anomaly was detected (Figure 2). After harvest of the left hepatic lobe, ex vivo resection of segment 4 of the graft and hepatic vein reconstruction was performed (Figure 3). The left hepatic vein of the donor liver and the left lateral marginal vein of the left lobe were opened and reconstructed to obtain a width of approximately 2.5 cm in order to avoid venous outflow obstruction[13]. The cold ischemic time was 4 h 17 minutes, and the estimated blood loss during the donor operation was 210 mL. 
The liver allograft and recipient weighed 190 g and 8.7 kg, respectively, with a graft-to-recipient weight ratio (GRWR) of 2.1%. The liver allograft was implanted into the recipient using a piggyback orthotopic liver transplant procedure. Intra-operatively, the native liver was cirrhotic, 12 cm × 10 cm × 8 cm in size, yellow-green in color, and firm in consistency. There were multiple nodules of different sizes on the liver surface. There were no palpable emboli in the main portal vein and no obvious masses in the abdominal organs. The liver allograft was placed on the right side in the abdominal cavity of the recipient (Figure 2). First, the inferior vena cava of the recipient was anastomosed to the left hepatic vein of the donor liver by continuous suture in an inverted triangle pattern. Then, the donor and recipient portal veins were anastomosed with continuous valgus suture followed by anastomosis between the left hepatic artery of the donor and the recipient. After reperfusion, there was no bleeding from the resection site. Roux-en-Y hepaticojejunostomy was performed by anastomosing the left hepatic duct of the donor liver to the recipient Roux-en-Y jejunal limb in an end-to-side fashion under magnification. Intra-operative ultrasound revealed satisfactory blood flow of the liver allograft and no constriction of the hepatic vein (Figure 2). The operation time was 8 h, the warm ischemic time was 35 min, and the estimated blood loss was 150 mL.

OUTCOME AND FOLLOW-UP
The post-operative course of the donor and the recipient was uneventful, and both were discharged from the hospital on post-operative days 12 and 35, respectively. Tacrolimus was used as an immunosuppressant up to two years after surgery. The follow-up of the recipient two years after the liver transplantation showed good liver function without any bile duct strictures (Figure 4). Abdominal CT of the donor at six months after surgery (Figure 1C) and that of the recipient at two years after surgery (Figure 1D) showed good regeneration of the liver without any recurrence of hemangioma.

DISCUSSION
Liver transplantation is the most effective treatment for end-stage liver disease[14]. The reported 1-year and 5-year survival rates are more than 90% and 70%, respectively[15]. However, organ scarcity is still the greatest limitation for patients in need of liver transplantation. Therefore, marginal liver allograft in liver transplantation, particularly in cases of benign tumors, has become an accepted alternative[16]. Use of liver allograft with hemangioma for liver transplantation has been previously reported[5-10]. In some cases, hemangiomas were not resected due to the risk of small-for-size syndrome, and follow-up of such cases showed that the volume of hepatic hemangioma decreased and the normal parenchymal volume increased with time, without the appearance of new hemangiomas. However, long-term follow-up of such cases has not been carried out. However, a small volume of liver allograft after hemangioma excision is sufficient for pediatric liver transplant and it can effectively avoid the possibility of lethal changes[11]. Thus, we propose that for pediatric patients, large hemangiomas in the liver allograft should be resected prior to transplantation. 
Two surgical procedures for the resection of hemangiomas can be adopted, namely in vivo resection and backable resection during LDLT. In previous reports, in vivo resection was performed and found to be feasible, as it avoided intra-operative bleeding, bile leakage, and limited cold ischemic time compared to backtable resection[11]. However, in vivo resection prolongs the operative time and increases the risk of bleeding in donors, which can be potentially harmful. Backtable resection of hemangioma has only been reported in deceased donor livers[10,17]. With the advancements in liver transplantation techniques, complications of backtable liver resection, such as intra-operative bleeding, bile leakage, and prolonged cold ischemic time, can successfully be avoided[18]. Some of the important points for backtable resection include the use of an electric knife, electric bipolar, or ultrasonic knife during resection, and closure of all the orifices at the cut surface using hemo-lok clips and/or sutures. In the case presented here, we performed backtable resection, as in vivo resection of segment IV hemangioma was technically difficult and could have compromised donor safety.
Anatomical lobectomy is one of the most common operative approaches for the treatment of liver hemangioma[19]. After appropriate pre-operative evaluation, selected livers after hepatic lobectomy can be used for pediatric liver transplantation after the backtable resection of hemangioma and reconstruction of the liver allograft, as shown in the case presented here. This offers a novel strategy for enlarging the donor pool. Sanada et al[11] proposed a strategy to use liver allograft with hemangiomas in pediatric LDLT. If the estimated graft liver volume to standard liver volume (GV/SLV) ratio after the tumor resection is more than 40%, then the remnant liver after resection of the hemangioma can be used for transplantation. GRWR is also an important factor for pediatric LDLT, which should be more than 0.8%[20,21]. In the present case, the GV/SLV ratio was 76.84% and GRWR was 2.1%, which were safe and sufficient indicators for LDLT. In the follow-up period, the patient recovered well without any complications with good liver function at two years after the operation.

CONCLUSION
Liver allografts with hemangiomas can be used in LDLT. Ex vivo backtable resection of hemangioma during pediatric LDLT is a safe and feasible alternative to in vivo resection. Moreover, backtable resection can effectively shorten the operative time of the donor and reduce the risk of intra-operative bleeding during donor operation. Nevertheless, more cases are needed to confirm this method. 
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Figure Legends
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Figure 1 Preoperative contrast-enhanced abdominal computed tomography and postoperative abdominal computed tomography of the donor and recipient liver. A: Hemangioma was indicated by orange arrow; B: Dilated intrahepatic bile duct showed by orange arrow, and diffuse hepatomegaly could be seen; C: The liver  of the donor was regenerated half a year after the operation without hemangioma recurrence; D: The liver allograft transplanted to the recipient was regenerated 2 years after the operation without hemangioma recurrence.
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Figure 2 Intraoperative intrahepatic cholangiography and reperfusion of the liver allograft, postoperative blood flow of portal vein and hepatic vein. A: Intraoperative intrahepatic cholangiography indicate the common bile duct (white arrow) and left hepatic bile duct was clipped, and no variation was observed; B: Intraoperative liver allograft reperfusion; C: Portal vein blood flow after reperfusion was 22 cm/s; D: Hepatic venous blood flow after reperfusion was satisfactory without constriction.
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Figure 3 Preoperative contrast-enhanced abdominal computed tomography and reconstruction of the donor liver allograft vessels. A: Orange arrows indicate the left hepatic artery supplying the segment 2 and 3 of the liver which is not big enough to be clearly seen in reconstruction figure; B: Hepatic artery reconstruction of the liver allograft (white arrow indicate right hepatic artery supplying right lobe of the liver; yellow arrow indicate middle hepatic artery supplying segment 4 of the liver; orange arrows indicate the left hepatic artery supplying the segment 2 and 3 of the liver); C: Portal vein reconstruction of the liver allograft (white arrow indicate right portal vein; yellow arrow indicate left portal vein); D: Hepatic vein reconstruction of the live allograft (white arrow indicate right hepatic vein; yellow arrow indicate middle hepatic vein; orange arrows indicate the left hepatic vein).
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Figure 4 Course of alanine aminotransferase, aspartate aminotransferase, total bilirubin, and direct bilirubin during the perioperative period. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; DBIL: Direct bilirubin; POM: Postoperative month; TBIL: Total bilirubin.
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