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Abstract 

AIM: To establish the role of magnetic resonance cholangiography (MRC) in diagnosis of biliary anatomy in living-donor liver transplantation (LDLT) donor. 

METHODS: A systematic review was performed by searching electronic bibliographic databases prior to March 2013. Studies with diagnostic results and fulfilled inclusion criteria were included. The methodological quality of the studies was assessed. Sensitivity, specificity and other measures of the accuracy of MRC for diagnosis biliary anatomy in LDLT donor were summarized using a random-effects model or a fixed-effects model. Summary receiver operating characteristic (SROC) curves were used to summarize overall test performance. Publication bias was assessed used Deek’s funnel plot asymmetry test. Sensitivity analysis was adopted to explore the potential sources of heterogeneity.
RESULTS: Twelve studies involved in 869 subjects were eligible to the analysis. The scores of Quality Assessment of Diagnostic Accuracy Studies for the included studies were ranged 11 to 14 scores. The summary estimates of sensitivity, specificity, positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio of MRC in diagnosis of biliary anatomy in LDLT donor were 0.88 (95%CI: 0.84-0.92), 0.95 (95%CI: 0.93-0.97), 15.33 (95%CI: 10.70-21.95), 0.15 (95%CI: 0.11-0.20) and 130.77 (95%CI: 75.91-225.27), respectively. No significant heterogeneity was detected in all the above four measures. Area under SROC curve was 0.971. Little publication bias was noted across the studies (P = 0.557). Sensitivity analysis excluding a study with possible heterogeneity gets a similar overall result, which suggested the little influence of this study on the overall results.
CONCLUSION: Our results suggest that MRC is a high specificity but moderate sensitivity technique in diagnosis of biliary anatomy in LDLT donor.

© 2013 Baishideng. All rights reserved. 
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Core tip: The current findings on the value of magnetic resonance cholangiography (MRC) in diagnosis of biliary anatomy in living-donor liver transplantation (LDLT) donor are conflicting, this meta-analysis including 12 studies with 869 patients and their results suggested that MRC has a high specificity in diagnosis of biliary anatomy in LDLT donor, but the sensitivity is moderate. This is the first meta-analysis to investigate the diagnostic accuracy of MRC in the detection of biliary anatomy in LDLT donor; and these results will provide valuable information to the doctors when they make a decision for the living liver donors.
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INTRODUCTION 
Adult living-donor liver transplantation (LDLT) is an alternative for patients with end-stage liver disease. Some transplantation centers have reported high rates of biliary complications following LDLT[1-3]. Biliary complications after LDLT are closely related to the complex anatomy of the donor’s biliary tree. Therefore, preoperative knowledge of the donor’s aberrant biliary anatomy can minimize postoperative morbidity in the recipient and maximize safety for the donor. Several techniques are currently being used in this setting; however, they all have some limitations. For example, endoscopic retrograde cholangiography (ERC) and intraoperative cholangiography (IOC) are both invasive techniques that can result in serious complications[4,5], while the non-invasive multidetector CT (MDCT) technique exposes the potential donor to ionizing radiation and the risks associated with nephrotoxic contrast agents[6]. 

Magnetic resonance cholangiography (MRC) is a non-invasive imaging technique and has shown promise in the preoperative evaluation of the biliary anatomy of LDLT donors. Previously, two studies[7,8] reported meta-analyses on the value of MRC in the diagnosis of biliary complications after liver transplantation. However, neither evaluated the role of MRC in evaluating the biliary anatomy of LDLT donors. In addition, although some studies[9-12] reported a high diagnostic accuracy for MRC in the diagnosis of biliary anatomy, the sample sizes were small; thus, the results remained inconclusive. Given the importance of a preoperative evaluation of biliary anatomy and the uncertainty regarding the diagnostic accuracy of MRC, we performed a meta-analysis to determine the overall diagnostic accuracy of MRC in the evaluation of the biliary anatomy of LDLT donors.

MATERIALS AND METHODS

Search strategy and study selection 

We systematically searched the Cochrane clinical trials database, MEDLINE/ PubMed, and Embase to identify suitable studies prior to March 1, 2013. No starting date limit was applied. Articles were also identified using the related articles function in PubMed. References within the identified articles were also searched manually. The search terms included “magnetic resonance cholangiography” or “MRC,” “biliary anatomy,” and “donors.” The searches were limited to human studies. Potentially relevant articles were then screened by at least two independent reviewers. Disagreements were resolved by discussion or upon consensus from a third reviewer.

Inclusion and exclusion criteria

A study was included in the meta-analysis when it provided data on both the sensitivity and specificity of MRC for the diagnosis of the biliary anatomy of living donors, or when it provided values in a scatterplot form, allowing test results for individual study subjects to be extracted. Studies were excluded if they were review articles, case reports, or animal studies. In order to obtain a more reliable estimation of the accuracy of MRC, we only included studies that fulfilled at least nine items of the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) criteria. Two reviewers independently judged the eligibility of the studies. Disagreements between reviewers were resolved by consensus. The authors of some publications were contacted for clarifications and additional information. 

Data extraction and quality assessment 

The final set of articles was assessed independently by two reviewers. The data retrieved included the authors, publication year, the country where the study was conducted, the number of patients and their mean age, the reference standard (gold standard), true-positive, false-negative, false-positive, and true-negative values, and the quality of the methodology. The methodological quality of the studies was assessed using QUADAS, an evidence-based quality assessment tool developed for use in systematic reviews of studies of diagnostic accuracy and fully described by Whiting et al[13], with a maximum score of 14.

Statistical analysis 

Standard methods recommended for the meta-analysis of diagnostic test evaluations were used[14]. The following measurements of test accuracy were computed for each study: sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR). The analysis was based on a summary receiver operating characteristic curve (SROC); the results are described as the area under the curve (AUC) of the SROC, with its Q-point representing the maximal joint sensitivity and specificity[15,16]. The summary sensitivity, specificity, and other measures across MRC studies were calculated using a random-effects model and a fixed-effects model, respectively. A chi-squared test and an inconsistency index (I2) were used to detect statistically significant heterogeneity across studies. Publication bias was assessed using Deeks’ Funnel Plot Asymmetry Test[17]. Analyses was performed using Meta-DiSc version 1.4 (Unit of Clinical Biostatistics, the Ramón y Cajal Hospital, Madrid, Spain) and Stata 11.2 (Stata Corporation, College Station, TX, United States) software.

RESULTS 
Study selection 

The primary literature search retrieved 25 studies that were considered eligible for the analysis. After a detailed evaluation, 13 studies were excluded, as six were laboratory studies, three were reviews, three provided insufficient data for calculations[1,10,18], and one was irrelevant to the current analysis. Consequently, twelve studies[9,11,12,19-27] with 869 subjects were finally included in the present meta-analysis. 

Characteristics of the studies and quality assessment 

All included studies adequately described the MRC techniques used and the types of conventional and aberrant biliary anatomy; however, the screening techniques were different across the studies. All but one study were using IOC as the reference standard. Additional patient demographics from each of the included studies are listed in Table 1. The QUADAS scores for the included studies ranged from 11 to 14 (Table 2).

Meta-analysis 

The overall analysis of the 12 studies showed that the summary sensitivity, specificity, PLR, NLR, and DOR were 0.88 (95%CI: 0.84–0.92), 0.95 (95%CI: 0.93–0.97), 15.33 (95%CI: 10.70–21.95), 0.15 (95%CI: 0.11–0.20), and 130.77 (95%CI: 75.91–225.27), respectively; no significant heterogeneity was detected in any of the above four measures (all P > 0.05). The AUC of the SROC was 0.971, suggesting a high diagnostic accuracy (Figures 1–2). The moderate sensitivity indicates that 12% of the cases with aberrant biliary anatomy could be missed, and the high specificity indicates a small probability of the presence of aberrant biliary anatomy when the MRC diagnosis is normal. A PLR of 15.33 suggests that patients with aberrant biliary anatomy have about a 15-fold higher chance of a positive test than those without. An NLR of 0.15 suggests that if the MRC result is negative, the probability of the patient having aberrant biliary anatomy is 15%.
Sensitivity analysis

Because one of the studies[27] used surgery as the reference, we excluded it from the sensitivity analysis. The results were similar to the overall results; the summary sensitivity, specificity, PLR, NLR, DOR, and AUC of the SROC were 0.88 (95%CI: 0.84–0.92), 0.96 (95%CI: 0.93–0.97), 15.41 (95%CI: 10.69–22.22), 0.148 (95%CI: 0.11–0.20), 132.19 (95%CI: 75.72–230.76), and 0.972, respectively, which suggested that the excluded study had little influence on the overall results. 
Publication bias

Deeks’ Funnel Plot Asymmetry Test for the overall analysis showed that no significant publication bias was found (P = 0.557; Figure 3). 

DISCUSSION 

Generally, ERC, IOC, MRC, and MDCT cholangiography have been used to evaluate the biliary anatomy of liver donors. However, these techniques all have their inherent strengths and weaknesses. Although ERC is an accurate method to identify biliary anatomy, the high incidence of serious complications caused by the invasiveness of the procedure makes it excessively risky to perform on healthy donors. IOC is considered the gold standard for the imaging the biliary anatomy; however, because it does not allow a three-dimensional (3D) view, this technique may not be helpful in obtaining a single bile duct orifice in some cases with anatomical variations. MDCT or MDCT cholangiography are both non-invasive techniques, and they have been shown promise in delineating biliary anatomy in potential right lobe living donors[28,29]. However, compared with MRC, the obvious disadvantages of CT are the exposure to ionizing radiation and nephrotoxic contrast agents; especially, the intravenous contrast agent iodipamide meglumine is associated with poor patient tolerance and adverse reactions[6]. Several studies showed that MRC has a strong correlation with IOC in delineating the intrahepatic biliary anatomy. In addition to biliary anatomy imaging, MRC is also able to assess other aspects of a potential donor’s liver anatomy. It can perform an assessment of the vascular and biliary anatomy and provide an assessment of iron and fat depositions in the liver in a single examination[23]. 

One of the obvious advantages of the MRC technique is the elimination of the need for an invasive procedure, thus considerably reducing the cost and associated complications. However, this technique also has limitations. For example, MRC is more limited in temporal and spatial resolution than direct digital subtraction angiography and IOC. In addition, the conventional MRC technique (half-Fourier acquisition) provides a depiction of the biliary anatomy with limited detail, especially of non-dilated ducts. However, recent progress in MRC techniques seems to have overcome some of these limitations. Mangafodipir trisodium-enhanced 3D T1-weighted MRC is reported to provide an increased signal-to-noise ratio and a greater visualization rate of the ductal anatomy than reported than with T2-weighted MRC or two-dimensional (2D) gradient-echo images[30,31]. Gadobenate dimeglumine-enhanced T1-weighted MRC can provide information about the differentiation of cystic structures near bile ducts and the bile duct lumen[12]. In addition, gadobenate dimeglumine is easier to use and less expensive than mangafodipir trisodium. 

The present meta-analysis suggests that MRC has a high diagnostic specificity and moderate sensitivity for biliary anatomy in LDLT donors. Likelihood ratios > 10 or < 0.1 generate large and often conclusive shifts from the pre-test to post-test probability[32,33]. DOR is a single indicator of test accuracy that combines the sensitivity and specificity data into a single number[34]. The SROC curve presents a global summary of test performance and shows the tradeoff between sensitivity and specificity[35]. The summary DOR and the AUC of the SROC were 130.77 and 0.971, respectively, indicating that the overall accuracy was as high as expected, and that MRC is helpful in the diagnosis of aberrant biliary anatomy. 

To our knowledge, this is the first meta-analysis exploring the value of MRC in the detection of biliary anatomy of LDLT donors. Our study included more published articles with more subjects, which can provide a more reliable statistical power. In addition, the quality of the selected studies was higher, as all had QUADAS scores over 10. Furthermore, the negligible heterogeneity and publication bias suggest the robustness of the results. In the present study, although several MRC techniques were used and the diagnostic accuracy was varied across the studies (the sensitivity ranged from 0.71 to 1.00), the screening techniques were not a significant factor contributing to differences in diagnosis. Even though both were using a conventional MRC technique, Limanond et al[11] reported the lowest sensitivity of 0.71, while Song et al[26] reported a higher sensitivity of 0.95. Likewise, Kim et al[23] and Chiang et al[20] both used GD-DTPA MRC techniques, and their diagnostic sensitivities were not similar, reporting 0.92 and 0.86, respectively. These differences suggest that there were other factors, such as sample size, imaging treatment technique (2D, 3D, or maximum intensity projection), or the variability among different imaging readers. These factors may have led to the differing levels of diagnostic accuracy. 

There were several limitations to the present meta-analysis. First, the MRC screening techniques were heterogeneous across the studies, although the techniques are all considered good enough to make a correct diagnosis by our contributing radiologists (Min ZG and Zeng ZY). However, the heterogeneity of the MRC techniques across the studies may have led to a differential verification bias and could have falsely elevated the reported sensitivities. Second, five of the included studies[9,19,23,26,27] did not specifically state that the readers were blinded to the results of the MRC, thus, it might raise the possibility of a review bias. Third, five of the included studies[11,20-22,25] were retrospective in design; thus, the biases of retrospective design studies, such as selection bias and recall bias[36], should not be neglected. Fourth, although there were 12 studies included, the number of subjects was relatively small; a larger sample size of subjects is warranted to obtain more reliable results. Fifth, the eligible studies for the present study were all English publications, which may have led to the observed publication bias. Sixth, although all the included studies stated that the results of the MRC were evaluated by experienced radiologists, a reviewer bias caused by inter-observer variability among different readers should not be neglected. 

In summary, this meta-analysis demonstrates that MRC is a diagnostic technique with high specificity, but moderate sensitivity, in the diagnosis of biliary anatomy in LDLT donors. Therefore, other techniques such as MDCT may be complementary methods to enhance the sensitivity of the evaluation. 
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Chi-square = 13.03; df = 11 (p = 0.2913)
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— Artioli D 0.13 (0.03-0.47)
—=— Kim SY 0.18 (0.06 - 0.52)
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-@- Chiang HJ 0.15 (0.08-0.27)
o Random Effects Model
Pooled Negative LR = 0.15 (0.11 to 0.20)
Cochran-Q =6.97; df = 11 (p = 0.8014)
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Figure 1 Forest plot of summary results of magnetic resonance cholangiography in the diagnosis of biliary anatomy in living-donor liver transplantation. A: Sensitivity; B: Specificity; C: Positive likelihood ratio; D: Negative likelihood ratio.
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Figure 2 Summary receiver-operating characteristic curve of biliary anatomy in living-donor liver transplantation. SROC: Summary receiver-operating characteristic curve; AUC: Area under the curve.
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Figure 3 Deek’s funnel plot asymmetry test for identifying publication bias in the diagnosis of biliary anatomy in living-donor liver transplantation.

Table 1 Characteristics of included studies

	Study
	Country/years
	No. of

patients
	Mean

age
	Study design
	MRCP

technique
	Reference

standard
	QUA

DAS
	TP
	FP
	FN
	TN

	Ayuso et al[9]
	Spain/2004
	25
	NS
	Prospective
	MnDPDP-enhanced, MIP
	IOC
	12
	15
	0
	1
	9

	Limanond et al[11]
	United States/2004
	26
	37
	Retrospective
	T2 single-shot fast spin-echo, T2 HASTE
	IOC
	13
	5
	2
	2
	17

	Kim et al [23]
	Canada/2005
	30
	36
	Prospective
	T2 weighted SSFSE, Mn-DPDP
	IOC
	12
	12
	0
	1
	17

	An et al[12]
	South Korea/2006
	24
	29
	Prospective
	Gadobenate dimeglumine–enhanced T1- and T2-weighted, MIP
	IOC
	14
	13
	1
	1
	9

	Sirvanci M et al[25]
	Turkey/2007
	62
	42
	Retrospective
	RARE, HASTE, 3D TSE
	IOC
	13
	16
	0
	3
	43

	Song et al[26]
	South Korea/2007
	111
	29
	Prospective
	Single-slab RARE or multislice HASTE
	IOC
	12
	42
	3
	2
	64

	Basaran et al[19]
	Turkey/2008
	40
	35
	Prospective
	T2-weighted PACE turbo spin-echo
	IOC
	12
	13
	3
	0
	24

	Kashyap et al[22]
	United States/2008
	36
	38
	Retrospective
	Thick and thin slab heavily T2 weighted
	IOC
	14
	16
	0
	3
	17

	Artioli et al[27]
	Italy/2010
	32
	38
	Prospective
	T2-weighted
	Surgery
	11
	15
	1
	2
	14

	Kim et al[24]
	South Korea/2010
	52
	33
	Prospective
	RARE, 3D SE T2-weighted sequences.
	IOC
	14
	15
	3
	3
	31

	Hsu et al[21]
	Taiwan/2011
	203
	32
	Retrospective
	RARE thin-slab
	IOC
	13
	45
	6
	8
	144

	Chiang et al[20]
	Taiwan/2012
	228
	30
	Retrospective
	T2-weighted GD-DTPA
	IOC
	13
	55
	7
	9
	157


SSFSE: Single shot fast spin echo; RARE: Rapid acquisition with relaxation enhancement; SE: Spin-echo; Mn-DPDP: Mangafodipir trisodium; GD-DTPA: Diethylenetri aminepentaacetic acid; MIP: Maximum intensity projection; PACE: Prospective acquisition correction; SSD: Shaded surface display; HASTE: Half-Fourier Acquisition Single-Shot Turbo Spin-Echo.
Table 2 Quality assessment tool for diagnostic accuracy systematic review of quality criteria of included studies

	
	Ayuso et al[9]
	Limanond et al[11]
	Kim et al[23]
	An et al[12]
	Sirvanci et al[25]
	Song et al[26]
	Basaran et al[19]
	Kashyap et al[22]
	Artioli et al[27]
	Kim et al[24]
	Hsu et al[21]
	Chiang et al[20]

	Patient spectrum representative
	Yes
	NA
	Yes
	Yes
	NA
	Yes
	Yes
	Yes
	NA
	Yes
	NA
	NA

	Selection criteria described
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Reference standard appropriate
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Time between tests appropriate
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Uniform verification by reference standard
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Same reference test used
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Reference standard independent
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Reference standard described adequately
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Blinding to reference standard results
	NA
	Yes
	NA
	Yes
	Yes
	NA
	NA
	Yes
	NA
	Yes
	Yes
	Yes

	Blinding to index test results
	NA
	Yes
	NA
	Yes
	Yes
	NA
	NA
	Yes
	NA
	Yes
	Yes
	Yes

	Appropriate clinical data available
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Uninterpretable data reported
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Withdrawals explained
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	No. of criteria met out of 14
	12
	13
	13
	14
	13
	12
	12
	14
	11
	14
	13
	13


NA: Not available.
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