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Successful living donor liver transplantation with a graft-to-recipient weight ratio of 0.41 without portal flow modulation: A case report
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Abstract
BACKGROUND
There have been numerous efforts to lower the limit of minimum graft size to meet the metabolic demand of recipients in adult-to-adult living donor liver transplantation (LDLT). We experienced a successful case of LDLT using a very-small-for-size graft without portal flow modulation such as splenectomy or portocaval shunt. 

CASE SUMMARY
A 49-year-old man (weighing 91 kg) suffering hepatocellular carcinoma accompanied with hepatitis B virus related cirrhosis underwent LDLT. The one and only voluntary donor was his 17-year-old daughter whose body weight was 50 kg with a body mass index (BMI) of 18.3. The procured right liver graft was 411 g with a real graft-to-recipient weight ratio (GRWR) of 0.41%, the smallest to be reported in the literature. Both the recipient and donor had an uneventful recovery and were discharged on days 15 and 8, respectively, with normal liver function. The father and daughter have had no complication so far and are still in good health with normal liver function 81 mo after LDLT. 

CONCLUSION
Satisfactory outcomes can be achieved in LDLT with a GRWR as low as 0.41% even without using portal flow modulation in highly selected patients. 
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Core Tip: Satisfactory outcomes was achieved in living donor liver transplantation with a graft-to-recipient weight ratio as low as 0.41%, the smallest to be reported in the literature, even without using portal flow modulation in a highly selected patient.

INTRODUCTION
How small is too small in terms of a graft-to-recipient weight ratio (GRWR)? The graft size is one of the most critical factors to consider in adult-to-adult living donor liver transplantation (LDLT), and small-for-size syndrome can reportedly occur in patients receiving a small-for-size graft (SFSG) unless the grafts meet the metabolic demands of the recipients[1]. Traditionally, a GRWR ≥ 0.8% has been recommended to improve the graft survival and prevent the early graft dysfunction[2]. However, there is no clear evidence on whether SFSG (GRWR < 0.8) is dangerous for LDLT recipients. The minimum graft size still remains to be defined. In the current era of LDLT performed worldwide, selecting and making SFSGs suitable for recipients can be the last resort to the deteriorating patients who have no other donor candidate.
Herein described is a case of a 49-year-old man who showed long-term favorable clinical outcomes after LDLT using a right liver graft with a GRWR of 0.41. We present the case in accordance with the CARE reporting checklist.

CASE PRESENTATION
Chief complaints
A 49-year-old man was referred to the author’s institution for evaluation of LDLT for hepatocellular carcinoma (1 nodule, 2.5 cm in diameter) and hepatitis B virus-related liver cirrhosis. 

History of present illness
Hepatocellular carcinoma (1 nodule, 2.5 cm in diameter) and hepatitis B virus-related liver cirrhosis.

Personal and family history
There were no history of smoking or drinking, and no family history of cancers.

Physical examination
The patient’s height was 183 cm and his weight was 99 kg with a body mass index of 29.5. His body surface area was calculated to be 2.2 m2.

Laboratory examinations
The patient’s liver function was not severely impaired [Child-Pugh A class and model for end-stage liver disease (MELD) score 10]. The platelet count was reduced to 68 per microliter of blood. 

Imaging examinations
Preoperative computed tomographic (CT) volumetry showed the volume of this area to be 553.2 mL; expected graft-to-recipient weight ratio (GRWR) was 0.55; and expected graft-to-standard liver volume (GV/SLV) was 27.5%. 

FINAL DIAGNOSIS
Hepatocellular carcinoma (1 nodule, 2.5 cm in diameter) and hepatitis B virus-related liver cirrhosis.

TREATMENT
The only donor available for LDLT was his daughter. The donor and recipient had the same blood group and the LDLT were approved by KONOS (Korean Network for Organ Sharing). The LDLT was conducted on December 15, 2014. All the main procedures were performed by one surgeon (Seong Hoon Kim). He performed donor hepatectomy, bench procedure, recipient hepatectomy, and graft implantation. In recipient hepatectomy, a junior surgeon opened the abdomen and mobilized both lobes of the liver while the surgeon completed donor hepatectomy and bench procedure. Then he came over to the recipient operating room. He performed the hilar dissection and complete mobilization of the liver from the inferior vena cava. Donor surgery was performed as previously reported[5]. The intraoperative wedge biopsy specimen revealed 5% of macrovesicular steatosis. Operation time was 170 min with minimal blood loss. The real weight of the resected right liver was 411 g, which was much smaller than the preoperatively predicted value by CT volumetry. The real GRWR was 0.41 and GV/SLV was 20.4%, which surely implied a very-small-for-size graft.
During bench preparation, two sizable tributaries (V5 and V8) of the middle hepatic vein were reconstructed using a cryopreserved iliac vein graft. In the recipient, eversion thrombectomy was performed for partial bland thrombosis in the main portal vein following total hepatectomy. After the anastomoses of the hepatic vein and portal vein, the reperfusion revealed neither severe congestion of the small graft nor uncontrollable bleeding from the cut surface of the graft. So, no additional modulation was done intraoperatively. The donor’s single right hepatic artery 1.5 mm in diameter was anastomosed with the recipient’s right hepatic artery 2 mm in diameter. Doppler ultrasonography showed good vascular flows in all the vessels reconstructed in the graft. The graft was finally transplanted with a duct-to-duct biliary reconstruction. The cold ischemia time was 75 min; warm ischemia time was 25 min; and anhepatic stage was 102 min. Operation time was 8 h and 8 min. Blood loss was 4000 mL.

OUTCOME AND FOLLOW-UP
After LDLT, the patient recovered with improving laboratory findings with time. On the day before LDLT, the AST level was 50 U/L and the ALT level was 46 U/L. On postoperative day (POD) 1, these levels were 68 U/L and 76 U/L, respectively; on POD 3, 33 U/L and 41 U/L, respectively; on POD 15, 28 U/L and 27 U/L, respectively. The serum total bilirubin level that had been 1.4 mg/dL just before LDLT was elevated to 6.7 mg/dL on POD 1 but gradually decreased to 1.6 mg/dL on POD 7, and then was 0.4 mg/dL on POD 15 at discharge. The international normalized ratio was 1.19 before LDLT, but it increased to 2.32 on POD 1. The ratio was 1.68 on POD 3 and 1.43 on POD 7. The ratio recovered to 1.01 on POD 15. 
Routine follow-up computerized tomography (CT) on POD 9 showed no abnormal findings except for V8 occlusion and slight right pleural effusion. The postoperative course was not eventful. There had been no signs of small-for-size syndrome such as prolonged ascites, jaundice, and hyperammonemia. The recipient was discharged without complications with normal liver function from the hospital on POD 15, and the donor checked out on day 8 safe and sound. 
A follow-up CT scan showed sufficient liver regeneration in the recipient (Figure 1). It has been 6 years and 9 mo since the LDLT and both the donor and recipient are still in good conditions with normal liver function, having full satisfaction with the outcomes that they got from this LDLT.

DISCUSSION
This is the smallest GRWR ever reported in LDLT even without portal flow modulation. And it had shown favorable long-term clinical outcomes. Actually, the patient was recommended to receive dual liver grafts at another hospital due to a low GRWR. There have been many efforts made to use the SFSG that was defined as having a GRWR < 0.8. A decade ago, there was a report that the lower limit of GRWR can be safely reduced to 0.6% in adult-to-adult LDLT in combination with portal inflow modulation[6]. The threshold of GRWR was further reduced to 0.58 with hemi-portocaval shunt[7]. Furthermore, the record had already been broken so that a successful LDLT using a right lateral segment with a GRWR of 0.47 was reported by virtue of splenectomy and mesocaval shunt[8]. There was an interesting report that a 60-year-old woman received a whole liver graft with an estimated GRWR of 0.46% from a 10-year-old child deceased donor with splenectomy in order to prevent the potential risk of developing small-for-size syndrome. However, the actual GRWR was 0.8[9].
On the contrary, there were also several studies without portal inflow modulation, suggesting that it would be difﬁcult to deny a living donor candidate the opportunity to donate one’s partial liver solely based on the graft size in terms of GRWR. Two retrospective studies found no significant differences in both the incidence of SFSS and graft survival between GRWR < 0.8% and GRWR ≥ 0.8%[10,11]. 
All the previous reports had it that the GRWR could be lowered to below 0.8%. However, the lower limit still remains unanswered as of now. The safety limit of SFSG can be closely related to the factors of the donor, recipient, and surgical technique[12]. Therefore, the good outcomes of this LDLT with a GRWR of 0.41 could be attributed to the following reasons: (1) The donor was young without significant hepatic steatosis or other parenchymal disease; (2) The patient’s condition was not so bad at the time of LDLT, being reflected by a low MELD score. And he had no other underlying disease except for liver cirrhosis of Child-Pugh A class; (3) The graft had no long ischemic time, and the graft implantation resulted in no derangements in the vascular inflow and outflow, which could be corroborated by the observation that the AST and ALT levels were maintained at less than 100 U/L throughout hospital stay; and (4) The patient had no postoperative morbidity such as infection, rejection, and vascular or biliary complication. Any complication may tip the balance of patient recovery especially in patients with SFSG.
On the other hand, if serious liver congestion or cut surface bleeding had developed after reperfusion or the small-for-size syndrome had happened postoperatively and the liver function had become worse, portal flow modulation would have been considered to reduce the graft damage. Portal flow modulation is not without untoward events. Portocaval shunt may lead to excessive diversion of portal flow, leading to graft failure. Splenic artery embolization or ligation could cause a massive splenic colliquation. Further experiences and studies might be needed to determine the indication and optimal time. Therefore, we do not do portal flow modulation routinely during operation just solely in terms of GRWR.
Although this very small graft has not sufficiently been corroborated in many patients, at least it could be used as an example of extending the indication in patients awaiting transplant. The major concern is what the selection criteria are, therefore further refined studies need to be done. In clinical practice, selection of patients eligible for SFSG LDLT to achieve the best outcome and survival should be evaluated by close integration with surgical expertise, clinical (age, performance status, and MELD score) parameters, and careful patient monitoring on an individual basis.

CONCLUSION
In conclusion, satisfactory outcomes can be achieved in LDLT with a GRWR as low as 0.41% even without using portal flow modulation in highly selected patients. 
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Figure Legends
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Figure 1 Computed tomography images. A: Pretransplant day 3; B: Postoperative day 9; C: Postoperative month 3; D: Postoperative month 15; E: Postoperative month 35; and F: Postoperative month 76.
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