Name of Journal: World Journal of Gastroenterology
ESPS Manuscript NO: 22974
Manuscript Type: ORIGINAL ARTICLE
Retrospective study
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Risk factors of biliary intervention by imaging after living donor liver transplantation

Lee SK et al. MRCP findings for intervention after LDLT

[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK10][bookmark: OLE_LINK12]Soon Kyu Lee, Jong Young Choi, Dong Myung Yeo, Young Joon Lee, Seung Kew Yoon, Si Hyun Bae, Jeong Won Jang, Hee Yeon Kim, Dong Goo Kim, Young Kyoung You

Soon Kyu Lee, Jong Young Choi, Seung Kew Yoon, Si Hyun Bae, Jeong Won Jang, Hee Yeon Kim, Division of Hepatology, Department of Internal Medicine, College of Medicine, The Catholic University of Korea, Seoul 06591, South Korea

Dong Myung Yeo, Young Joon Lee, Department of Radiology, College of Medicine, The Catholic University of Korea, Seoul 06591, South Korea

Dong Goo Kim, Young Kyoung You, Department of Surgery, College of Medicine, The Catholic University of Korea, Seoul 06591, South Korea

Author contributions: Lee SK performed the study and wrote the paper; Choi JY designed the study; Yeo DM and Lee YJ performed the study; Yoon SK, Bae SH and Jang JW collected the data; Kim HY, Kim DG and You YK analyzed the data.

Institutional review board statement: Approval from the Institutional Review Board of Seoul St. Mary’s Hospital (KC13RISI0788).

Conflict-of-interest statement: The authors declare no conflicts of interest.

Data sharing statement: No additional data are available.

[bookmark: OLE_LINK441][bookmark: OLE_LINK442][bookmark: OLE_LINK1032][bookmark: OLE_LINK1232][bookmark: OLE_LINK1460][bookmark: OLE_LINK1568][bookmark: OLE_LINK1708][bookmark: OLE_LINK1435][bookmark: OLE_LINK1478][bookmark: OLE_LINK1428][bookmark: OLE_LINK1355][bookmark: OLE_LINK1425][bookmark: OLE_LINK1504][bookmark: OLE_LINK1544][bookmark: OLE_LINK1680][bookmark: OLE_LINK1710][bookmark: OLE_LINK3317][bookmark: OLE_LINK22][bookmark: OLE_LINK1818][bookmark: OLE_LINK1684][bookmark: OLE_LINK1885][bookmark: OLE_LINK1799][bookmark: OLE_LINK1894][bookmark: OLE_LINK27][bookmark: OLE_LINK732][bookmark: OLE_LINK2053][bookmark: OLE_LINK2096][bookmark: OLE_LINK2174][bookmark: OLE_LINK2108][bookmark: OLE_LINK2183][bookmark: OLE_LINK2328][bookmark: OLE_LINK766][bookmark: OLE_LINK2256][bookmark: OLE_LINK38][bookmark: OLE_LINK2368][bookmark: OLE_LINK2351][bookmark: OLE_LINK2446][bookmark: OLE_LINK2509][bookmark: OLE_LINK479][bookmark: OLE_LINK496][bookmark: OLE_LINK506][bookmark: OLE_LINK507]Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Correspondence to: Jong-Young Choi, MD, PhD, Professor, Liver Transplantation Clinic, Department of Internal Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul 06591, South Korea. jychoi@catholic.ac.kr
Telephone: +82-2-10-32714227 
Fax: +82-2-5993589

Received: October 8, 2015
Peer-review started: October 9, 2015
First decision: November 5, 2015
Revised: November 14, 2015
[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK104][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK129][bookmark: OLE_LINK132][bookmark: OLE_LINK134][bookmark: OLE_LINK135][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK138][bookmark: OLE_LINK139][bookmark: OLE_LINK141][bookmark: OLE_LINK142][bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: _GoBack]Accepted: December 12, 2015
Article in press:
Published online: 

Abstract
AIM: To determine the risk factors of biliary intervention using magnetic resonance cholangiopancreatography (MRCP) after living donor liver transplantation (LDLT).

METHODS: We retrospectively enrolled 196 patients who underwent right lobe LDLT between 2006 and 2010 at a single liver transplantation center. Direct duct-to-duct biliary anastomosis was performed in all 196 patients. MRCP images routinely taken 1 month after LDLT were analyzed to identify risk factors for biliary intervention during follow-up, such as retrograde cholangiopancreatography or percutaneous transhepatic biliary drainage. Two experienced radiologists evaluated the MRCP findings, including the anastomosis site angle on three-dimensional images, the length of the filling defect on maximum intensity projection (MIP), bile duct dilatation, biliary stricture, and leakage.

RESULTS: Eighty-nine patients underwent biliary intervention during follow-up. The anastomosis site angle [hazard ratio (HR), 0.48; 95% confidence interval (CI), 0.30–0.75; P < 0.001], a filling defect in the anastomosis site (HR, 2.18; 95%CI: 1.41–3.38; P = 0.001), and biliary leakage (HR, 2.52; 95%CI: 1.02–6.20; P = 0.048) on MRCP were identified in the multivariate analysis as significant risk factors for biliary intervention during follow-up. Moreover, a narrower anastomosis site angle (i.e., below the median angle of 113.3°) was associated with earlier biliary intervention (38.5 ± 4.2 mo vs 62. 1 ± 4.1 mo, P < 0.001). Kaplan–Meier analysis comparing biliary intervention-free survival according to the anastomosis site angle revealed that lower survival was associated with a narrower anastomosis site angle (36.3% vs 62.0%, P < 0.001).

CONCLUSION: The biliary anastomosis site angle in MRCP after LDLT may be associated with the need for biliary intervention.
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Core tip: Biliary complications and interventions are common after living donor liver transplantation (LDLT). Identifying patients who are at high risk for biliary interventions early after LDLT could help clinicians with patient follow-up. Magnetic resonance cholangiopancreatography (MRCP) imaging was performed 1 mo after LDLT to determine risk factors for biliary intervention. The anastomosis site angle, a filling defect in the anastomosis site, and biliary leakage on MRCP were identified as significant risk factors. Moreover, a narrower anastomosis site angle was related to earlier biliary intervention. Here, for the first time, we have shown that the anastomosis site angle might be associated with the need for biliary intervention.
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INTRODUCTION
Biliary complications occur commonly after liver transplantation (LT)[1] and are the main cause of morbidity and mortality in LT recipients[2]. Magnetic resonance cholangiopancreatography (MRCP), a non-invasive tool used to visualize the biliary tract, has 88% sensitivity and 94% specificity for detecting biliary complications following LT[3]. Therefore, MRCP is the recommended diagnostic modality for detecting biliary complications after LT[3]. Biliary interventions, such as endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous transhepatic biliary drainage (PTBD) are generally used to manage these complications[4]. 
Several investigators have documented risk factors influencing the development of biliary complications. Perioperative risk factors include a Model for End-stage Liver Disease (MELD) score > 35, donor age > 60 years, and primary sclerosing cholangitis[5,6]. Intraoperative risk factors include cold ischemic time and anastomosis method (duct-to-duct vs hepaticojejunal methods)[5,6]. Cytomegalovirus infection and hepatic artery thrombosis have been reported as postoperative risk factors[5,6].
However, no study has investigated the risk factors associated with the future need for intervention based on MRCP findings shortly after living donor LT (LDLT). Identifying patients at high risk for biliary intervention by MRCP, a non-invasive and accurate tool, during the early post-transplant period would be clinically helpful for managing and following patients who have undergone LT. 
The purpose of this study was to determine factors, specifically the anastomosis site angle, that increase the requirement for biliary intervention during follow-up in LDLT recipients on MRCP images 1 mo after LT.

MATERIALS AND METHODS
Study population
We retrospectively reviewed the records of 270 patients who underwent LDLT at Seoul St. Mary’s Hospital between 2006 and 2010. Of these 270 patients, 74 patients were excluded for the following reasons: two subjects underwent ERCP or PTBD within 1 mo after LDLT, 38 had no MRCP images taken 1 month after LDLT, 13 had no three-dimensional (3D) reconstruction or maximum intensity projection (MIP) images or had poor quality images with severe artefacts, 3 underwent choledochojejunostomy as the biliary anastomosis method, and 18 died < 1 mo after LDLT (bleeding, 4; sepsis, 11; graft failure, 3). Finally, 196 consecutive LDLT recipients who underwent MRCP 1 mo after LT were included in this study. The present study was approved by the Institutional Review Board of Seoul St. Mary’s Hospital (KC13RISI0788).

Type of graft liver and anastomosis method
All 196 patients underwent right lobe living donor transplantation[7]. Biliary anastomosis was performed according to the anatomy of the hepatic duct: single duct-to-duct anastomosis for a single hepatic duct and double duct-to-duct anastomosis, or hepaticoplasty, for double hepatic ducts. Hepaticoplasty for double hepatic ducts was performed to create one lumen in cases of a short distance between the two hepatic ducts[8]. Alternatively, double duct-to-duct anastomosis was performed such that each duct was anastomosed to the left and right hepatic ducts individually.

Timing of biliary intervention during follow-up
Biliary intervention was defined as procedures involving ERCP and PTBD. During follow-up, these procedures were performed when the following criteria were met: (1) abnormal laboratory findings of biliary-associated factors, such as serum bilirubin, alkaline phosphatase and γ-glutamyl transferase; and (2) radiologically determined bile duct stricture with dilatation above the stricture site[9].

MRCP image analysis
MRCP was performed 1 month after LDLT. The anastomosis site angle was measured using 3D reconstruction imaging. The anastomosis site angle was defined as the angle between the donor hepatic duct and the recipient’s common hepatic duct (Figure 1A). If there were two anastomosis sites, the smaller one was chosen. To improve the accuracy of measurement of the anastomosis site, we checked the measurements on every 3D image rendered and chose the smallest site. We also identified the presence of a filling defect and the length of the filling defect on MIP images. Every image was reviewed, and the filling defect with the longest length was chosen (Figure 1B). The presence of bile duct dilatation, biliary stricture, and leakage was also verified. MRCP images were reviewed by two experienced radiologists (Lee YJ and Yeo DM) without knowledge of the patient’s clinical status, and the measurements were made in consensus.
 
Statistical analysis
The patient characteristics are expressed as the means ± standard deviations (range) or counts, as appropriate. The inter-observer correlation coefficient (ICC) was determined to evaluate agreement between the two radiologists for the anastomosis site angle and the length of the filling defects. The Cox proportional hazards model was used to determine risk factors for biliary intervention, such as ERCP or PTBD, after LDLT. Variables with P values < 0.2 in the univariate Cox regression analysis were considered potential variables for the multivariate Cox regression analysis. A forward selection method was adopted to identify significant risk factors with P values < 0.05. Kaplan-Meier analysis was also performed to estimate biliary intervention-free survival according to the anastomosis site angle. All statistical analyses were performed using SPSS ver. 15.0 (SPSS, Chicago, IL, USA).

RESULTS
Patient characteristics
Of the 196 patients, 136 (70.0%) were men, and the mean recipient age was 49.7 ± 10.1 years. The underlying causes for LT were hepatocellular carcinoma (n = 80, 40.8%), decompensated liver cirrhosis (LC) associated with hepatitis B (n = 51, 26.0%), alcoholic LC (n = 27, 13.8%), and hepatitis C-associated LC (n = 4, 2.0%). Eighty-nine patients (45.4%) underwent biliary intervention (Table 1). At the time of biliary intervention, jaundice (80.5%) and itching sensation (33.3%) were the main manifestations. In laboratory findings, mean total bilirubin was 5.2 (1.7-32.4); mean alkaline phosphatase was 433.1 (130-1465) and mean γ-glutamyl transpeptidase was 502.7 (92.9–2000.0).
Single duct-to-duct anastomosis was the most common anastomosis type (n = 145, 74.0%). Biliary stricture (n = 91, 46.4%) and a filling defect on an MIP image (n = 90, 45.9%) were the most common findings. Biloma and hematoma were noted in 13 (6.6%) and 10 (5.1%) patients, respectively (Table 2). 
The mean anastomosis site angles were 112.9° and 109.2° according to radiologists 1 and 2, respectively, and the ICC was 0.896 (P < 0.001). The lengths of the filling defects on the MIP images were 3.4 mm according to both radiologists, and the ICC was 0.921 (P < 0.001) (Table 3).

Factors predicting biliary intervention 
Factors with P values < 0.20 in the univariate analysis were the anastomosis site angle on a 3D image [hazard ratio (HR), 0.42; 95% confidence interval (CI), 0.27–0.65; P < 0.001], recipient age > 65 years (HR, 2.10; 95%CI: 0.85–5.20; P = 0.110), a filling defect on an MIP image (HR, 2.44; 95%CI: 1.58–3.75; P < 0.001), length of the filling defect on an MIP image (HR, 1.04; 95%CI: 1.01–1.06; P = 0.010), biliary leakage (HR, 2.49; 95%CI: 1.01–6.14; P = 0.049), hematoma (HR, 1.80; 95%CI: 0.78–4.10; P = 0.179), and diffuse bile duct dilatation (HR, 1.59; 95%CI: 0.93–2.70, P = 0.088) (Table 4).
The significant risk factors in the multivariate analysis were a filling defect on an MIP image (HR, 2.18; 95%CI: 1.41–3.38; P = 0.001), biliary leakage (HR, 2.52; 95%CI: 1.02–6.20; P = 0.048), and the anastomosis site angle (HR, 0.48; 95%CI: 0.30–0.75; P < 0.001) (Table 4).

Anastomosis site angle and biliary intervention
Two groups were created according to the median value of the anastomosis site angle (median angle = 113.3°): group 1, angle > 113.3° and group 2, angle ≤ 113.3°. The biliary intervention rate was significantly lower in group 1 (30.6% vs 60.2% in group 2, P < 0.001), and the mean time to biliary intervention was longer in group 1 (62.1 ± 4.1 vs 38.5 ± 4.2 in group 2, P < 0.001) (Table 5). Kaplan-Meier analysis comparing biliary intervention-free survival between groups 1 and 2 revealed higher survival in group 1 (Figure 2).

DISCUSSION
Biliary complications after LDLT are an important cause of morbidity and mortality; however, the risk factors for biliary complications that can be determined from an MRCP image after LT have yet to be determined. In the present study, we identified biliary leakage, the presence of a filling defect on an MIP image, and the anastomosis site angle as significant risk factors on MRCP images associated with future biliary intervention.
In our analysis, neither the anastomosis method nor the presence of a T-tube was a risk factor for biliary intervention. Consistent with our results, several studies have demonstrated that the presence of a T-tube is not a risk factor for biliary complications[10,11]; however, some have argued the opposite[2]. Because it is widely accepted to be more physiologically appropriate and has a therapeutic advantage over Roux-en-Y choledochojejunostomy, duct-to-duct anastomosis was performed in our study[12]. We investigated the relationship between increases in the number of duct-to-duct anastomoses and increases in biliary intervention rate. Our findings agree with those of Tsui et al[13-15]; however, they differ from the results of other studies.
Our results demonstrate that biliary leakage on MRCP was predictive of biliary intervention after LDLT. Biliary leakage can cause complications, such as infection or biliary stricture[16]. Moreover, ERCP and PTBD are the mainstays for managing biliary leakage[17]. Therefore, our result that biliary leakage was a risk factor for biliary intervention is in accordance with previous findings.
A filling defect on MIP images was also a risk factor for biliary intervention. Several studies have indicated the significance of a filling defect detected on MRCP and have suggested that a filling defect could be a sign of bile duct carcinoma or papillomatosis[18-20]. In addition, intra-ductal debris, sludge, and stones could be causes of a filling defect after LT[21]. For these reasons, a filling defect on MIP images should be considered a risk factor for biliary intervention.
However, donor age > 60 years and a MELD score > 35 were not determined to be significant predictors of biliary intervention. Some studies have shown that these are risk factors for biliary complications[5,6]. These inconsistencies could be due to the lower proportion of patients with a donor age > 60 years or a high MELD score (> 35) in our study.
Finally, the anastomosis site angle on a 3D image was shown to be a risk factor for biliary intervention. We demonstrated that a wider anastomosis site angle (i.e., above the median angle of 113.3°) resulted in a lower and delayed incidence of biliary intervention. No study has investigated the relationship between the anastomosis site angle and biliary complications or interventions after LDLT. Thus, we documented, for the first time, that a decrease in the anastomosis site angle on MRCP after LT could be a risk factor for biliary intervention during the follow-up period. 
Several limitations of our study should be discussed. First, the design was retrospective. To improve the accuracy of the results, we reviewed every possible factor blinded to biliary outcome. Further prospective studies are warranted to confirm these results. Second, we could not obtain data on patient cold ischemic time, which is a well-known risk factor for biliary complications in deceased donor liver transplantation (DDLT). Generally, however, cold ischemic time is very short during LDLT. Third, the biliary intervention rate we observed in our study was slightly higher than that reported by previous studies. Unfortunately, the reason for the observed high biliary intervention rate remains unknown. 
Biliary complications after LDLT are commonly compared with those following DDLT[5]. Thus, predicting a future need for biliary intervention using a non-invasive method, such as MRCP, could be useful for hepatologists and liver transplant surgeons.
In summary, we suggest that MRCP findings of a filling defect on MIP images, biliary leakage, and anastomosis site angle results 1 mo after LDLT can be used to determine the need for future biliary intervention. A further prospective clinical study will be needed to confirm the clinical implications of MRCP 1 month after LDLT.

COMMENTS
Background
Biliary complications commonly occur after liver transplantation (LT) and are the main cause of morbidity and mortality in LT recipients. Magnetic resonance cholangiopancreatography (MRCP), a non-invasive and accurate tool, is the recommended diagnostic modality for detecting biliary complications after LT. Biliary interventions, such as endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous transhepatic biliary drainage (PTBD), are generally used to manage these complications. Several investigators have documented risk factors influencing the development of biliary complications. However, no study has investigated the risk factors associated with the future need for intervention based on MRCP findings shortly after living donor LT (LDLT). The purpose of this study was to determine factors, specifically the anastomosis site angle, that increase the requirement for biliary intervention during follow-up in LDLT recipients on MRCP images 1 mo after LT.

Research frontiers
In this study, the authors documented several risk factors for biliary complication by MRCP. They suggest that MRCP findings of a filling defect on maximum intensity projection (MIP) images, biliary leakage, and anastomosis site angle results 1 mo after LDLT can be used to determine the need for future biliary intervention.

Innovations and breakthroughs
No study has investigated the relationship between the anastomosis site angle and biliary complications or interventions after LDLT. Thus, current study documented, for the first time, that a decrease in the anastomosis site angle on MRCP after LT could be a risk factor for biliary intervention during the follow-up period. 
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Biliary complications after LDLT are an important cause of morbidity and mortality. Thus, predicting a future biliary intervention using a non-invasive method, such as MRCP, could be useful for hepatologists and liver transplant surgeons.

Terminology
MRCP: A non–invasive magnetic resonance imaging tool used to visualize the biliary tract with high sensitivity and specificity. ERCP: An endoscopic procedure specialized for viewing the biliary system and treating biliary complications such as stone and stricture. PTBD: An invasive procedure used to approach the biliary system and treat biliary complications via a percutaneous route. 
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Lee et al analyzed MRCP imaging performed 1 mo after LDLT to determine risk factors for biliary intervention. The anastomosis site angle, a filling defect in the anastomosis site, and biliary leakage on MRCP were identified as significant risk factors. Moreover, a narrower anastomosis site angle was related to earlier biliary intervention. For the first time, they showed that the anastomosis site angle may be associated with the need for biliary intervention. A further prospective clinical study will be needed to confirm the clinical implications of MRCP mo month after LDLT.
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Figure 1 Representative magnetic resonance cholangiopancreatographic image showing the anastomosis site angle (A) and the filling defect (B). 
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Figure 2 Kaplan-Meier curves for all biliary interventions according to the anastomosis site angle1. The Kaplan–Meier curves show that group 1 had a significant survival advantage without biliary intervention compared with group 2 (62.0% vs 36.3%, P < 0.001). 1The groups were categorized according to the anastomosis site angle (median angle = 113.3°); group 1, angle > 113.3°; group 2, angle ≤ 113.3°.

Table 1 Baseline characteristics of the patients n (%)
	Variable
	

	Recipient age (yr)1
	49.7 ± 10.1 (13–68)

	 Older age patients (> 65 yr)
	6 (3.1)

	Recipient sex (M/F)
	138 (70.0)/58 (30.0)

	Donor age (yr)1
	34.0 ± 10.9 (16–64)

	 Older donor age (> 60 yr)
	2 (1.0)

	Donor sex (M/F)
	114 (58.2) /82 (41.8)

	Age difference (recipient age – donor age)
	15.7 ± 14.4 (-22 to 42)

	MELD score
	17.4 ± 10.4 (2.1 to 58.1)

	 High score patients (> 35)
	13 (6.6)

	Cause
	

	LC-B
	51 (26.0)

	LC-C
	4 (2.0)

	Alcohol
	27 (13.8)

	Hepatocellular carcinoma
	80 (40.8)

	Combined
	5 (2.6)

	Hepatitis A
	9 (4.6)

	Other (drug, autoimmune, unknown)
	20 (10.2)

	Total ischemic time
	91.5 ± 16.0 (60–145)

	 Group 12
	93.7 ± 17.9

	 Group 22
	88.8 ± 15.1

	Number of patients with biliary intervention 
	89 (45.4)

	 ERCP
	38

	 PTBD
	12

	 Both (ERCP and PTBD)
	38

	 Re-operative intervention
	0

	Mean duration without biliary intervention (mo)
	33.5 ± 28.6 (1–89)

	1Mean age; 2The groups were categorized according to the anastomosis site angle (median angle = 113.3°); group 1, angle > 113.3°; group 2, angle ≤ 113.3. MELD: Model for end-stage liver disease; ERCP: Endoscopic retrograde cholangiopancreatography; PTBD: Percutaneous transhepatic biliary drainage; LC: Liver cirrhosis.




Table 2 Clinical profiles of the patients analyzed n (%)
	Variable
	Number of patients

	Using T-tube
	13 (6.6)

	Anastomosis method
	

	Type 11
	145 (74.0)

	Type 22
	51 (26.0)

	MRI findings
	

	Filling defect on MIP image
	90 (45.9)

	Diffuse bile duct dilatation
	29 (14.8)

	Biliary stricture
	91 (46.4)

	Biliary leakage
	6 (3.1)

	Biloma
	13 (6.6)

	Hematoma
	10 (5.1)

	Thrombus, infarct
	3 (1.5)

	Common bile duct stone
	2 (1.0)

	1Type 1, single duct-to-duct anastomosis; 2Type 2, double duct-to-duct anastomosis including hepaticoplasty. MRI: Magnetic resonance imaging; MIP: Maximum intensity projection.
	     








Table 3 Patient characteristics and inter-observer agreement
	　
	Radiologist 1
	Radiologist 2
	Inter-observer agreement

	Anastomosis site angle (o)
	112.9 (32.5–168.4)
	109.2 (31–173)
	0.896 (P < 0.001)

	Length of filling defect (mm)
	3.4 (0–33.9)
	3.4 (0–33)
	0.921 (P < 0.001)






















Table 4 Cox regression model for factors predicting biliary intervention
	Variable
	Univariate
	Multivariate

	
	Exp (B)
	95%CI
	Exp (B)
	95%CI

	Recipient age
	1.01
	0.99–1.04
	
	

	 Older age (> 65 yr)
	2.10
	0.85–5.20
	
	

	Recipient sex
	1.11
	0.69–1.70
	
	

	Donor age
	1.00
	0.98–1.02
	
	

	 Older donor age (> 60 yr)
	0.92
	0.13–6.51
	
	

	Donor sex
	0.84
	0.55–1.28
	
	

	Age difference1
	1.01
	0.99–1.02
	
	

	MELD score2
	1.00
	0.99–1.02
	
	

	 High MELD score (> 35)2
	0.97
	0.42–2.22
	
	

	Anastomosis method3
	
	
	
	

	Type 2 vs 1
	1.14
	0.72-1.80
	
	

	T-tube
	0.98
	0.43-2.24
	
	

	MRI findings
	
	
	
	

	Anastomosis site angle4
	
	
	
	

	Group 2 vs group 14
	0.42
	0.27-0.65
	0.48
	0.30-0.75

	Filling defect5 
	2.44
	1.58-3.75
	2.18
	1.41-3.38

	Length of filling defect5
	1.04
	1.01-1.06
	
	

	Diffuse bile duct dilatation
	1.59
	0.93-2.70
	
	

	Biliary stricture
	1.03
	0.68-1.56
	
	

	Biliary leakage
	2.49
	1.01-6.14
	2.52
	1.02-6.20

	Biloma 
	1.54
	0.74-3.19
	
	

	Hematoma
	1.80
	0.78-4.10
	
	

	Thrombus, infarct
	0.64
	0.09-4.59
	
	

	1Recipient age–donor age; 2MELD, model for end-stage liver disease; 3Type 1, single duct-to-duct anastomosis; type 2, double duct-to-duct anastomosis; 4Checked on the three-dimensional image; the groups were categorized according to the anastomosis site angle (median angle = 113.3°); group 1, angle > 113.3°; group 2, angle ≤ 113.3°; 5Checked on the maximum intensity projection image. MRI: Magnetic resonance imaging.




















Table 5 Biliary intervention rate by anastomosis site angle1
	Variable
	Total number
	Number of events
	Rate of events (%)
	P value
	Mean time interval to events (mo)
	P value

	Group 1
	98
	30
	30.6
	P < 0.001
	62.1 ± 4.1
	P < 0.001

	Group 2
	98
	59
	60.2
	
	38.5 ± 4.2
	

	1The groups were categorized according to the anastomosis site angle (median angle = 113.3°); group 1, angle > 113.3°; group 2, angle ≤ 113.3°.
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