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Abstract

AIM: To investigate the outcome of living donor liver transplantation (LDLT) recipients transplanted with grafts of an actuarial graft-to-recipient weight ratio (aGRWR) < 0.8% or small-for-size grafts. 
METHODS: Between November 2001 and December 2010, 196 patients underwent LDLT with right lobe liver grafts at our center. Recipients were divided into 2 treatment groups: group A with an actuarial graft-to-recipient weight ratio (aGRWR) < 0.8% (n = 45) and group B with an aGRWR ( 0.8% (n = 151). We evaluated the serum liver function markers within 4 wk after transplantation. We also retrospectively evaluated the outcomes of these patients for potential effects related to the recipients, the donors and the transplantation procedures based upon a review of their medical records. 
RESULTS: Small-for-size syndrome (SFSS) developed in 7 out of 45 patients (15.56%) in group A and 9 out of 151 patients (5.96%) in group B (P = 0.080). The levels of alanine aminotransferase and aspartate aminotransferase in group A were higher than those in group B during early period after transplantation, albeit not significantly. The cumulative 1-, 3- and 5-year liver graft survival rates were 82.22%, 71.11%, and 71.11% for group A and 81.46%, 76.82%, and 75.50% for group B patients, respectively (P = 0.623). However, univariate analysis of risk factors associated with graft survival within group A demonstrated that the occurrence of SFSS after LDLT was the only significant risk factor affecting graft survival (P < 0.001). Furthermore, multivariate analysis of our data did not identify any additional significant risk factors accounting for poor graft survival. 
CONCLUSION: Our study suggests that LDLT recipients with aGRWR < 0.8% may have liver graft outcomes comparable to those who received larger size grafts. Further studies are required to ascertain the safety of using small-for-size liver grafts. 
© 2013 Baishideng. All rights reserved.
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Core tip: The relative size of a liver graft is a determinant factor for successful adult-to-adult living donor liver transplantations. However, the long-term outcome and the risk factors associated with poor graft survival in recipients undergoing right lobe living donor liver transplantation using small-for-size grafts are poorly understood. In the present study, we compared the short-term and long-term outcome of living donor liver transplantation recipients transplanted with grafts of an actuarial graft-to-recipient weight ratio < 0.8% or ( 0.8% and analyzed potential risk factors associated with liver graft survival when small-for-size grafts were utilized.
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INTRODUCTION
Living donor liver transplantation (LDLT) is considered to be a valuable approach to the problem of the shortage of cadaveric donor organs. Liver graft size is a determinant factor of successful adult-to-adult LDLTs, in that graft size is known to impact patient survival post-transplant1-4


[ ADDIN EN.CITE ]
 and poor outcome has been associated with small-for-size grafts (SFSGs)1


[ ADDIN EN.CITE ,3,5,6]
 according to previous studies. SFSG has been tentatively described in retrospective studies as the liver graft weight relative to the recipient’s body weight or to the estimated whole liver weight and generally defined as a graft-to-recipient weight ratio (GRWR) < 0.8% or as a standard liver weight ratio < 40%. To meet the functional demands of the liver of the recipients and improve the recipient outcome in adult LDLT, a large graft size is recommended while maintaining the safety of the donor as the first priority. Based upon a worldwide systematic review, donor morbidity ranges from 0% to 100% with a median value of 16.1%7[]
. To strike a balance between the prevention of SFSG sequelae and donor safety, many surgical strategies have been introduced. Initial efforts were aimed at directly increasing the liver graft volume by auxiliary transplantation8[]
, dual grafts9-11


[ ADDIN EN.CITE ]
, conversion from left liver grafts to right liver grafts12[]
 and recently increasing the donor’s body weight13


[ ADDIN EN.CITE ,14]
. Subsequently, efforts attempted to maximize the graft blood outflow through the inclusion of the  middle hepatic vein (MHV) or reconstruction of the MHV tributaries15[]
 combined with various refinements of the anastomotic technique. The third approach, which is now flourishing in some adult LDLT programs, involves modulation of the portal inflow to graft, including splenic artery ligation or embolization16


[ ADDIN EN.CITE ,17]
, splenectomy18


[ ADDIN EN.CITE ]
, and partial portosystemic shunting19-23


[ ADDIN EN.CITE ]
. The incidence of small-for-size syndrome (SFSS) and early graft failure have been reported to be substantially reduced thanks to the techniques above.
In the present study, we compared the surgical outcomes of LDLT recipients who received grafts with an actuarial graft-to-recipient weight ratio (aGRWR) < 0.8% or ( 0.8% and analyzed the potential risk factors affecting liver graft survival when SFSGs were utilized. 
MATERIALS AND METHODS

Between January 2001 and December 2010, 196 patients underwent adult-to-adult living donor liver transplantation using right lobe liver grafts at West China Hospital, Sichuan University Medical School, Chengdu, China. Information concerning the transplant recipient [age, sex, Model for End-Stage Liver Disease (MELD) score, Child-Pugh score, hospitalization duration, aGRWR, ABO-compability, pre-transplant complications], the transplant donor [age, sex, body mass index (BMI)], the surgical procedure [ahepatic duration, MHV drainage, inflow modulation, type of biliary reconstruction], and the postoperative period (postoperative bleeding, acute rejection, vascular complications, biliary complications, SFSS) were gathered from the Chinese Liver Transplantation Registration for the analysis of potential risk factors associated with graft survival. Recipients were divided into two treatment groups: group A with an aGRWR < 0.8% (n = 45) and group B with an aGRWR ( 0.8% (n = 151). We also evaluated the serum liver function markers such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), international normalized ratio (INR) and total bilirubin (TB) within 4 weeks after transplantation (Figure 1).
Surgical procedure
Intraoperative ultrasonography was performed to confirm adequate hepatic venous anatomy of the donor and to verify the transection plane before donor hepatectomy. Intraoperative cholangiography was also performed before donor hepatectomy. Donor hepatectomy was carried out using a Cavitron ultrasonic surgical aspirator (CUSA System 200; Valleylab Inc., Boulder, CO) and bipolar electrocautery. After donor hepatectomy, grafts were flushed with 2 L of iced University of Wisconsin solution and actuarial graft weights were measured. MHV tributary reconstruction was performed with cryopreserved iliac vessels when the diameter of the MHV tributaries was > 5 mm or when dominant congestion of the right anterior segment was suggested by the clamping test. MHV tributary drainage was established in 124 recipients consisting of MHV tributary reconstruction (n = 110) and MHV trunk inclusion (n = 14). The surgical procedure and outflow reconstruction technique have been carefully described in our previous studies24


[ ADDIN EN.CITE ]
. After removing the recipient liver, grafts were orthotopically transplanted using a piggyback technique. End-to-end right portal vein anastomosis was made using 5-0 prolene continuous sutures. An allowance of 1 cm for growth was planned at the time of the knotting of sutures. Thereafter, hepatic artery anastomosis was performed using a micro-vascular technique with 9-0 prolene interrupted sutures. Bile duct reconstruction was performed by either duct-to-duct anastomosis (n = 180) or Roux-en-Y hepaticojejunostomy (n = 16). Concurrent splenectomy was indicated in 11 graft recipients when severe hypersplenism was observed based upon preoperative white blood cell (WBC) count < 2.00 × 109/L and platelet count < 30 × 109/L. 
Small-for-size syndrome
Small-for-Size Syndrome (SFSS) is generally characterized by the appearance of cholestasis, prolonged coagulopathy, intractable ascites and, in the worse cases, gastrointestinal bleeding or renal failure at the end of the first week post-transplantation2


[ ADDIN EN.CITE ,3]
. In clinical practice, SFSS has been defined by a total bilirubin value > 10 mg/dL with or without ascites formation of more than 1L/d on postoperative day 1425[]
. Patients identified with any graft dysfunction, such as biliary or vascular complications or rejection, were excluded from the study and not labeled as presenting with a small-for-size syndrome regardless of the GRWR values. All organ donors voluntarily donated part of their liver. This study was approved by the Ethics Committee of our hospital.
Statistical analysis

The significance of the difference between the two treatment groups was assessed by Student’s t-test, the Mann-Whitney U-test, and the Chi-square test. The Kaplan-Meier method and Cox’s regression test were used to calculate the probability of graft survival after LDLT. Intergroup differences in graft survival rates were compared using the log-rank test. Univariate analysis of potential risk factors for graft survival was performed using the log-rank test for categorical variables and Cox’s regression model for continuous variables. Multivariate analysis of potential risk factors for graft survival was performed using the Cox proportional hazards model. Statistical significance was accepted for a P value < 0.05. Statistical analysis was carried out using SPSS version 17.0.
RESULTS
Demographic characteristics of the recipient, donor, and surgical procedure factors in LDLT patients 
The demographic characteristics of the recipient and donor and the surgical procedure factors in LDLT patients are summarized in Table 1. With respect to recipient factors, no differences were observed between the treatment groups in terms of age, sex, Child-Pugh scores, pre-transplant complications, ABO-compability, ICU stay and hospitalization time after LDLT. The mean MELD scores and median follow-up time were significantly lower in group A (13.87 ± 9.09 vs 17.19 ± 9.97, P = 0.012 and 48.8 mo vs 57.8 mo, P = 0.033, respectively). The mean aGRWR values were also significantly lower in group A (0.71% ± 0.07% vs 0.99% ± 0.15%, P = 0.033). Five patients received liver grafts with an aGRWR value under 0.60%, with the lowest aGRWR value being 0.51%. Liver malignancy was the most common indication for transplantation in group A, while viral cirrhosis was the main etiology in group B. No differences were identified between the two treatment groups regarding the operative time, intraoperative blood loss, ahepatic duration, outflow and inflow modulation as well as biliary reconstruction techniques. 
The mean age of the donors was 34.97 ± 10.20 years, and 121 (61.73%) of them were males. The 165 donations from blood relatives were from offspring-to-parent (n = 40), sibling-to-sibling (n = 61), parent-to-offspring (n = 13), and others (n= 42). Non-related donors were spouses (n = 35), in-laws (n = 2), and altruistic volunteers (n = 3). All organ donors were ABO compatible with their recipients. The mean donor BMI was 23.00 ± 2.55.

Postoperative complications and graft survival rates
Postoperative complications are listed in Table 1. No differences were identified with regard to postoperative bleeding, acute rejection, vascular complications, and biliary complications. Recipients with SFSGs appear to be more susceptible to SFSS after LDLT than those with larger grafts (15.56% vs 5.96%, P = 0.080), although not significantly. The postoperative serum TB, ALT, AST and INR in all patients gradually returned to the normal range during the hospital stay. The levels of ALT and AST in group A were higher than those in group B during early period after transplantation, albeit not significantly. The cumulative 1-, 3-, and 5-year graft survival rates were 82.22%, 71.11%, and 71.11% in group A and 81.46%, 76.82%, and 75.50% in group B, respectively (P = 0.623, Figure 2). 
Risk factors for graft survival in recipients with SFSGs

Factors associated with liver graft survival in patients with SFSGs were also analyzed. The following deceased patients were excluded from further analysis due to causes unrelated to the graft function: one death by suicide, one death from an intestinal fistula, one from pneumonia, one from respiratory failure, one from intracranial bleeding and four deaths from recurrence of hepatocellular carcinoma. Graft failure occurred in four patients at 0-13 mo. Variables related to graft survival were evaluated by univariate analysis, and the results are summarized in Table 2. The occurrence of SFSS after LDLT was a significant risk factor for graft survival by univariate analysis in group A (P < 0.001) Patients with SFSS after LDLT have significantly lower graft survival rates than those without (33.3% vs 100%, P < 0.001). Recipients who had prolonged ICU stay after LDLT tended to have shorter graft survival than those did not (HR 1.002, 95%CI: 1.000-1.003, P = 0.065). Patients with MHV drainage appeared to have better graft survival than those without (95.8% vs 75.0%, P = 0.064). These risk factors were further assessed by multivariate analysis, however, none of the differences were found to be significant.
DISCUSSION
Along with the increased utilization of right lobe LDLT, controversy regarding the pathogenesis, clinical manifestations and management of small-for-size graft syndrome has been rising in recent years2[]
. Early evidence indicated that liver graft size is an independent predictor of mortality5


[ ADDIN EN.CITE ,26,27]
. While an increasing number of successful transplantation cases with SFSGs have been reported in recent years2


[ ADDIN EN.CITE ,28]
, their results demonstrate statistically significant differences, hence it is needed to reevaluate the incidence and clinical relevance of SFSGs-related issues. 

In the present study, we compared the surgical outcomes of patients transplanted using grafts with aGRWR < 0.8% and those using grafts with aGRWR ( 0.8%. The cumulative 1-, 3- and 5-year graft survival rates were 82.22%, 71.11% and 71.11% in group A and 81.46%, 76.82% and 75.50% in group B, respectively. Moreover, the incidence of postoperative complications was similar between the two groups. We found no evidence of inferior outcomes with smaller size grafts compared to larger size living donor grafts. Although some centers reported that the graft survival rates after LDLT with a right lobe graft range from 83% to 88%29


[ ADDIN EN.CITE ,30]
 of controls, evidence from Moon et al28


[ ADDIN EN.CITE ]
 and Seizner et al31


[ ADDIN EN.CITE ]
 have showed that the outcomes with smaller size grafts were not inferior to larger size living donor grafts or even full-size deceased donor grafts. Nevertheless, our findings with SFSGs with an aGRWR < 0.8% were found to be inferior to the above results. Potential explanations include the following: (1) a majority of our transplant recipients received LDLT for liver cancer (Table 1), which lead to early cancer recurrence and patient death; (2) patients with liver cancer usually exhibit normal liver function based on serological testing before LDLT and hence are assigned a low MELD score; and (3) full-size deceased donor liver transplantation was considered first instead of LDLT for those in critical condition at our center. 
Some studies have demonstrated that a high MELD score was not a predictor of graft survival in recipients with SFSGs28


[ ADDIN EN.CITE ,32]
, while others found that patients with low MELD score33


[ ADDIN EN.CITE ]
 or Child class A patients34[]
 are associated with reduced mortality in patients who received either SFSGs or large grafts. However, in the present study, transplant recipients with smaller liver grafts were found to have low MELD scores but reduced survival rates. Thus, we were unable to draw the conclusion that a high MELD score is a potential risk factor for survival of those with SFSGs although no statistical significance was reached. We attribute this result to a high proportion of patients with liver cancer but normal organ function indicated for transplantation. 
According to Kiuchi et al2[]
 and Moon et al28


[ ADDIN EN.CITE ]
, donor age > 50 years and ( 44 years was associated with poorer graft survival in patients with SFSGs. The advantages of selecting a young donor have been described in many studies, which include the non-impaired regenerative potential of both the donated liver graft and the donor liver remnant35-38


[ ADDIN EN.CITE ]
, which facilitates antiviral treatment39


[ ADDIN EN.CITE ]
 as well as the rapid convalescence of both the recipient and the donor. Therefore, the selection of younger donors is still favored in our practice although donor age was not found to be a risk factor in the present study.
Liver graft sinusoidal pressure is the major determinant of clinically evident SFSS, as reviewed by Ikegami et al40[]
. SFSG would be jeopardized and clinically evident SFSS would ensue under such circumstances as graft congestion or absence of inflow modulation. SFSG is already at risk of developing elevated sinusoidal pressure due to over-regeneration of the graft and excessive portal flow/graft volume ratio2[]
. As a result, either inflow or outflow modulation to relieve portal hyperperfusion and graft congestion is paramount in LDLT with SFSGs. MHV tributary reconstruction or inclusion of the MHV trunk25


[ ADDIN EN.CITE ,40-43]
 is also essential to improve venous drainage of the right anterior segment of the liver and hence relieve congestion and reduce graft loss. In the present study, greater than half of the transplant recipients with smaller size grafts received MHV tributary drainage. Their graft survival rates tended to be higher than those without in group A (P = 0.064), albeit not significantly. We hypothesize that other factors such imbalance among portal vein inflow, hepatic vein outflow and functional liver mass, donor age, parenchymal factors and the indication for the LDLT procedure may influence graft survival of patients with SFSGs undergoing MHV tributary reconstruction. 
Additionally, splenectomy, splenic arterial modulation and portocaval shunt have been shown to benefit LDLT patients with SFSGs in overcoming SFSS by decreasing portal vein pressure17


[ ADDIN EN.CITE ,18,21,22,25,40,44]
. Only a small proportion of our recipients underwent concurrent splenectomy, based upon the severity of hypersplenism rather than the portal pressure as adopted by many other centers17


[ ADDIN EN.CITE ,18,45]
. We did not evaluate the portal vein pressure or the portal vein flow rate in our study, and our study population was small. Therefore, we cannot draw any conclusion regarding the benefit of splenectomy in this study. Further study is warranted at our center to clarify the effect of concurrent splenectomy on the outcome of patients with SFSGs. More effort in inflow modulation research is also needed at our center. 
Interestingly, 9 out of 16 recipients who developed SFSS in our series had an aGRWR ( 0.8%. These data suggest that factors other than liver graft size contribute significantly to the development of SFSS and that an aGRWR ( 0.8% is not always a prerequisite to achieving excellent outcomes. However, it is worth noting that the incidence of SFSS (15.56%) in group A was much higher than that reported by other centers28


[ ADDIN EN.CITE ,31]
. We believe that the explanation is most likely multifactorial and that aggressive reconstruction of the MHV tributaries including those under diameter < 5 mm, the use of extended right lobe liver, the selection of younger donors when possible, the development of an inflow modulation program and prompt effective treatment to SFSS would be beneficial. Attenuation of portal hyperperfusion is generally recommended for the treatment of SFSS because it can be achieved without performing another laparotomy. Delayed splenic artery occlusion or embolization46-49


[ ADDIN EN.CITE ]
 and intravenous somatostatin combined with oral propranolol50[]
 have also been reported to effectively treat SFSS after LDLT with SFSGs.
We conclude that LDLT recipients with smaller graft size may yield comparable outcomes to those with larger graft size. However, multivariate analysis did not identify any significant risk factors associated with graft survival in transplant recipients with SFSGs. Further studies are required to ascertain the safety of using small-for-size grafts.
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Background

Liver graft size is considered to be a determinant factor for successful adult-to-adult living donor liver transplantation (LDLT) in that inadequate graft size is thought to be associated with small-for-size syndrome (SFSS). Early evidence has also showed that graft size was a predictor of post-transplant mortality. Thus, a larger graft size is favored at the risk of compromising donor safety.
Research frontiers

The problem of liver graft size is one of the major factors limiting the expansion of the use of adult-to-adult LDLT. SFSS often develops when the graft-to-recipient weight ratio (GRWR) < 0.8%. The research focus is to develop surgical strategies capable of achieving favorable outcomes in recipients with small-for-size grafts (SFSGs) while ensuring donor safety.
Innovations and breakthroughs

Problems such as SFSS often occur in LDLT recipients receiving grafts with a GRWR < 0.8% because the grafts cannot meet the functional demands of the recipients. An increasing number of successful transplantation cases with SFSGs have been reported in recent years as a result of technical innovations. However, the issue of sufficient graft volume remains contentious in LDLT; in particular, the factors that affect graft survival after LDLT with an SFSG with a GRWR < 0.8% are poorly understood. Therefore, authors compared the outcomes of adult-to-adult LDLT patients who were transplanted with right lobe grafts of an actuarial GRWR < 0.8% and those using right lobe grafts with an actuarial GRWR ( 0.8%. Authors also attempted to uncover the risk factors that may influence graft survival after adult-to-adult LDLT with SFSGs.
Applications

This study results suggest that an SFSG can be safely used in adult-to-adult right lobe LDLT under some circumstances.
Terminology

SFSS is generally characterized by the appearance of cholestasis, prolonged coagulopathy, and intractable ascites and, in the worse cases, gastrointestinal bleeding or renal failure at the end of the first week post-transplantation without any identified causes of graft dysfunction. An SFSG has been described tentatively in retrospective studies as the liver graft weight relative to the recipient body weight or to the estimated whole liver weight and is generally defined as a GRWR < 0.8% or as a standard liver volume < 40%.
Peer review

The outcome of patients undergoing right lobe living donor liver transplantation with small-for-size grafts is a good study.
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Figure 1 Serial change of liver function markers (total bilirubin, alanine aminotransferase, aspartate aminotransferase, international normalized ratio) in all patients after living donor liver transplantation. A: TB; B: ALT; C: AST; D: INR. No intergroup difference regarding postoperative levels of TB, ALT, AST and INR was obtained (P = 0.739, P = 0.631, P = 0.853, P = 0.570, respectively). TB: total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; INR: International normalized ratio.
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Figure 2 Cumulative 1-, 3- and 5-year graft survival rates. The cumulative graft survival rates were 82.22%, 71.11% and 71.11% in group A and 81.46%, 76.82% and 75.50% in group B, respectively (P = 0.623).
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Table 1 Clinical features of the recipients of liver grafts with an actuarial graft-to-recipient weight ratio < 0.8% and those with an actuarial graft-to-recipient weight ratio ( 0.8% n (%)
	Variable
	Total (n = 196)
	Group A (n = 45)
	Group B(n = 151)
	P Value

	Recipient factors
	
	
	
	

	Age (yr)
	42.60 ± 9.05
	42.60 ± 8.90
	42.60 ± 9.13
	0.673

	Sex (male/female)
	171/25
	40/5
	131/20
	0.706

	MELD score
	16.42 ± 9.86
	13.87 ± 9.09
	17.19 ± 9.97
	0.012a

	Child-Pugh score
	7.71 ± 2.12
	7.27 ± 2.08
	7.85 ± 2.20
	0.118

	aGRWR (%)
	0.93 ± 0.18
	0.71 ± 0.07
	0.99 ± 0.15
	<0.001a

	ABO-compability (yes/no)
	161/35
	36/9
	125/26
	0.669

	Median follow-up (mo)
	54.3
	48.8
	57.8
	0.033a

	2001-2005/2006-2010
	22/174
	2/43
	20/131
	0.101

	ICU stay (h)
	307.32 ± 305.86
	277.07 ± 270.91
	316.34 ± 315.81
	0.189

	Hospitalization time (d)
	39.45 ± 25.21
	38.84 ± 22.49
	39.64 ± 26.03
	0.970

	Pre-transplant complications
	
	
	
	

	Encephalopathy
	21 (10.71)
	4 (8.89)
	17 (11.26)
	0.860

	GI bleeding
	12 (6.12)
	4 (8.89)
	8 (5.30)
	0.598

	Peritonitis
	8 (4.08)
	0
	8 (5.30)
	0.251

	Uncontrolled ascites
	37 (18.88)
	7 (15.56)
	30 (19.87)
	0.516

	Renal insufficiency
	7 (3.57)
	0
	7 (4.64)
	0.311

	Etiology
	
	
	
	< 0.001a

	Hepatic malignancy 
	89 (45.41)
	28 (62.22)
	61 (40.40)
	0.010

	Viral cirrhosis
	66 (33.67)
	7 (15.56)
	59 (39.07)
	0.003

	Non-viral cirrhosis
	11 (5.61)
	4 (8.89)
	7 (4.64)
	0.472

	Cholestasis
	12 (6.12)
	1 (2.22)
	11 (7.28)
	0.374

	Acute liver failure
	11 (5.61)
	4 (8.89)
	8 (5.30)
	0.598

	Other
	6 (3.06)
	1 (2.22)
	5 (3.31)
	0.710

	Donor factors
	
	
	
	

	Age (yr)
	34.97 ± 10.20
	34.29 ± 9.97
	35.18 ± 10.30
	0.727

	Sex (male/female)
	121/75
	32/13
	89/62
	0.140

	Body mass index
	23.00 ± 2.55
	22.96 ± 3.15
	23.01 ± 2.36
	0.654

	Relationship (blood-related/non-blood-related)
	20.41%/79.59%

40/156
	13.33%/86.67%

6/39
	22.52%/77.48%

34/117
	0.180

	Operative factors
	
	
	
	

	Operative time (min)
	659.02 ± 132.78
	662.24 ± 113.65
	658.05 ± 138.30
	0.472

	Blood loss (mL)
	2183.93±2022.02
	2014.44±1765.92
	2234.44±2095.04
	0.444

	Ahepatic duration (min)
	93.36 ± 41.82
	87.47 ± 30.94
	95.11 ± 44.49
	0.412

	MHV tributary drainage1
	124 (63.27)
	31 (68.89)
	93 (61.69)
	0.373

	Concurrent splenectomy
	11 (5.61)
	3 (6.67)
	8 (5.30)
	0.726

	Types of biliary reconstruction2
	180/16
	44/1
	136/15
	0.178

	Complications after LDLT
	
	
	
	

	Postoperative bleeding
	8 (4.08)
	1 (2.22)
	7 (4.64)
	0.773

	Acute rejection
	9 (4.59)
	2 (4.44)
	7 (4.64)
	0.957

	Vascular complications
	7 (3.57)
	1 (2.22)
	6 (3.97)
	0.922

	Biliary complications
	21 (10.71)
	5 (11.11)
	16 (10.60)
	0.922

	SFSS
	16 (8.16)
	7 (15.56)
	9 (5.96)
	0.080


1MHV tributary drainage includes MHV tributary reconstruction and MHV trunk inclusion; 2Types of biliary reconstruction type includes duct-to-duct anastomosis and Roux-en-Y hepaticojejunostomy. GI: Gastrointestinal; MELD: Model for End-Stage Liver Disease; aGRWR: Actuarial graft-to-recipient weight ratio. MHV: Middle hepatic vein; LDLT: Living donor liver transplantation; SFSS: Small-for-size syndrome.aP < 0.05 .
Table 2 Risk factors for graft survival in patients undergoing living donor liver transplantation with small-for-size graft, results of the univariate analysis
	Variable
	P Value

	Recipient factors
	

	Age (yr)
	0.942

	Sex (male/female)
	0.410

	MELD score
	0.150

	Child-Pugh score
	0.754

	GRWR (%)
	0.545

	ABO-compability
	0.185

	2001-2005/2006-2010
	0.634

	ICU stay (h)
	0.065

	Hospitalization time (d)
	0.868

	Pre-transplant complications
	

	Encephalopathy
	0.688

	GI bleeding
	0.688

	Peritonitis
	-

	Uncontrolled ascites
	0.563

	Renal insufficiency
	-

	Etiology
	

	Hepatic malignancy 
	-

	Viral cirrhosis
	-

	Non-viral cirrhosis
	-

	Cholestasis
	-

	Acute liver failure
	-

	Other
	-

	Donor factors
	

	Age (yr)
	0.094

	Sex (male/female)
	0.201

	Body mass index
	0.253

	Relationship
	0.537

	Operative factors
	

	Operative time (min)
	0.245

	Blood loss (mL)
	0.310

	Ahepatic duration (min)
	0.605

	MHV tributary drainage1
	0.064

	Concurrent splenectomy
	0.358

	Types of biliary reconstruction2
	0.730

	Complications after LDLT
	

	Postoperative bleeding
	0.730

	Acute rejection
	0.730

	Vascular complications
	0.730

	Biliary complications
	0.469

	SFSS
	< 0.001a


1MHV tributary drainage includes MHV tributary reconstruction and MHV trunk inclusion; 2Types of biliary reconstruction type includes duct-to-duct anastomosis and Roux-en-Y hepaticojejunostomy. LDLT: Living donor liver transplantation; MELD: Model for End-Stage Liver Disease; GRWR: Graft-to-recipient weight ratio; GI: Gastrointestinal.  aP < 0.05.
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