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Summary

This meta-analysis aimed to compare outcomes following bile duct reconstruc-

tion in patients with primary sclerosing cholangitis (PSC) undergoing liver trans-

plantation depending on whether duct-to-duct or Roux-en-Y anastomosis was

utilized. An electronic search was performed of the MEDLINE, EMBASE, Pub-

Med databases using both subject headings (MeSH) and truncated word searches.

Pooled risk ratios and mean difference were calculated using the fixed-effects and

random-effects models for meta-analysis. Ten studies including 910 patients met

the inclusion criteria. There was no difference in the overall incidence of biliary

strictures between the two groups [odds ratio (OR) 1.06 (0.68, 1.66); (P = 0.80)].

The anastomotic stricture rate was similar, [OR 1.18 (0.56, 2.50); (P = 0.67)].

Ascending cholangitis was higher in the Roux–en-Y group [OR 2.91 (1.17, 7.23);

(P = 0.02)]. Anastomotic bile leak rates, graft survival, PSC recurrence and num-

ber of patients diagnosed with cholangiocarcinoma following transplantation

were comparable between both groups. Duct-to-duct and Roux-en-Y reconstruc-

tion had comparable outcomes. Both techniques are associated with similar inci-

dence of biliary stricture. The bilioenteric reconstruction was associated with a

higher risk of cholangitis. The incidence of de novo cholangiocarcinoma was sim-

ilar in both groups. Duct-to-duct reconstruction should be considered when fea-

sible in patients with PSC.

Introduction

Liver transplantation (LT) is the treatment of choice for

advanced primary sclerosing cholangitis (PSC) [1,2]. How-

ever, controversy still exists regarding the type of biliary

reconstruction, with Roux–en-Y hepaticojejunostomy (RY)

and a duct-to-duct (DD) anastomosis commonly being

used. RY reconstruction is often the preferred technique in

most centres as some studies have suggested reduced rates

of stricture formation and improved patient and graft

survival [3]. In addition, the RY reconstruction allows a

more extensive resection of the native bile duct reducing

the theoretical risk of recurrent PSC and/or de novo

cholangiocarcinoma [4]. Conversely, a duct-to-duct anas-

tomosis provides a more physiological reconstruction of

the biliary system, a shorter operating time [5–7] in addi-

tion to facilitating easier postoperative instrumentation of

the biliary tree [8]. Several studies have been published

recently with conflicting results, some favouring a RY

reconstruction, while others showed comparable results. In

this context, this systematic review and meta-analysis com-

pared DD and RY biliary reconstruction following LT for

PSC, focussing on perioperative and long-term outcomes.

Methods

A search for all randomized (RCT) and case-controlled

studies, irrespective of language, country of origin, hospital,
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blinding, sample size or publication status, comparing

duct-to-duct and RY biliary reconstruction following liver

transplantation for PSC was included in this review. The

Cochrane Colorectal Cancer Group Controlled Trials Reg-

ister, the Cochrane Central Register of Controlled Trials in

the Cochrane Library, MEDLINE, Embase and Science

Citation Index Expanded were searched for articles pub-

lished up to April 2014 using the medical subject headings

(MeSH) terms ‘duct to duct, Roux en Y, biliary reconstruc-

tion, hepaticojejunostomy, PSC, primary sclerosing cholan-

gitis, liver transplantation’. Equivalent free-text search

terms, such as ‘duct to duct and Roux en Y, were used in

combination with ‘liver transplantation’. The references

from the included studies were searched to identify addi-

tional studies comparing the two techniques. All patients

who underwent liver transplantation for PSC were

included. Inclusion criteria were as follows: studies evaluat-

ing the use of use of duct-to-duct biliary reconstruction

and Roux-en-Y biliary reconstruction following liver trans-

plantation for PSC. Our search strategy is summarized in

Fig. 1.

Types of outcome measures

The primary outcome measures were the incidence of post-

operative biliary stricture formation and anastomotic bili-

ary leaks. The overall incidence of strictures (including

anastomotic and nonanastomotic) was analysed separately

from anastomotic strictures. Secondary outcome measures

were episodes of cholangitis, morbidity, 1-year graft sur-

vival and the development of cholangiocarcinoma during

follow-up.

Definitions

Unfortunately, no routine definition or classification of

type (i.e. intrahepatic or diffuse) PSC was given.

Biliary stricture was defined as a narrowing in the biliary

tree, evident on radiological investigations and associated

with biochemical abnormalities requiring intervention.

Nonanastomotic stricture was defined as any stricture,

dilatation or irregularity of the intra- or extrahepatic bile

duct, located at a site other than the anastomosis.

Records identified through
database searching

(n = 241)

Additional records identified
through other sources

(n = 3)

Records after duplicates removed
(n = 171)

Titles screened
(n = 171)

Papers excluded on title
(n = 149)

Abstracts reviewed
(n = 22)

Papers excluded based on
abstract
(n = 10)

Full text articles reviewed
(n = 12)

Studies included in meta-
analysis
(n = 10)

Full text articles excluded
(n = 2)

Figure 1 PRISMA flow diagram.
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Biliary leak was diagnosed when clinically or radiologi-

cally evident persistent drainage of bile was reported

requiring intervention.

Recurrent PSC was diagnosed based on liver biopsy and/

or radiological assessment in the absence of a dominant

anastomotic stricture.

Morbidity was defined as any complication within

30 days from the operation that required hospitalization,

surgical/radiological or endoscopic intervention. Unfortu-

nately, no classification, for example Clavien-Dindo, was

used to allow stratification.

Ascending cholangitis was diagnosed based on clinical

signs of biliary infection supported by laboratory blood

tests with or without imaging.

Data extraction and quality assessment

Studies were identified and data were extracted by two

authors independently (RB, SP). To our knowledge, and

not unsurprisingly, no RCT has been published comparing

the two techniques. The accuracy of the extracted data was

further adjudicated by a third author (EH). The quality

assessment of included studies was based on the Newcas-

tle–Ottawa score.

Statistical analysis

Statistical analysis was performed using Review Manager

version 5.2 software (Cochrane Collaboration, Copenha-

gen, Denmark). The risk ratio (RR) with 95% confidence

interval (CI) was calculated for binary data, and the mean

difference with 95% CI was calculated for continuous vari-

ables. When median and range were reported instead of

mean and variance, their mean and variance were calculated

based on the methods described by Hozo and colleagues

[9]. Random and fixed-effects models were used to calcu-

late the combined outcomes of both binary and continuous

data [10,11]. In cases of heterogeneity, only the results of

the random-effects model were reported. Heterogeneity

was explored using the v2 test, with significance set at

P < 0.05. Low heterogeneity was defined as an I2 value of

33% or less [12]. If the standard deviation was not avail-

able, it was calculated according to the method described in

the Cochrane Handbook [13]. This process involved

assumptions that both groups had the same variance, which

may not have been true, and variance was estimated either

from the range or from the P value. Forest plots were used

for graphical display of the results.

Results

Ten studies fully met the inclusion criteria and formed the

basis of this meta-analysis [3–7,14–18] (Fig. 1). All studies
were retrospective in nature. In total, 910 patients were

included of which 572 patients were in the RY group and

338 patients in the duct-to-duct group. The characteristics

and quality of the studies are included in Table 1. Pooled

data were analysed by combining the results of the 10 stud-

ies.

Primary outcome measures

Biliary stricture (anastomotic and nonanastomotic)

Nine studies including 850 patients were analysed with 123

events. There was no heterogeneity amongst the included

studies (v2 = 10.72, d.f. = 8 (P = 0.22); I2 = 25%. In a

random-effects model, there was no significant difference

in the incidence of biliary stricture between RY (13%) and

DD (16%) reconstruction with an OR 1.06 [0.68, 1.66]

Z = 0.26 (P = 0.80) Fig. 2.

Table 1. Characteristics of included studies.

Author Country Year

Patients per

group Biliary stricture (%) Biliary leak (%)
Newcastle

Ottawa scoreDD RY DD RY DD RY

Aljudaibi et al. Canada 2012 15 58 7 9 7 0 6

Damrah et al. UK 2011 63 28 10 7 8 14 7

Distante et al. UK 1996 16 10 19 10 6 20 7

Esfeh et al. USA 2011 18 28 11 11 0 0 7

Feith et al. The Netherlands 1997 13 21 15 5 15 14 7

Heffron et al. USA 2003 22 38 NS NS 9 5 7

Hoekstra et al. The Netherlands 2009 34 60 26 30 NS NS 6

Schmitz et al. Germany 2006 6 20 0 10 0 0 8

Sutton et al. The Netherlands 2014 45 53 44 66 6 4 8

Welsh et al. UK 2003 98 264 7 2 7 4 7

Total or mean (SD) 338 572 15 (13) 17 (20) 6 (5) 7 (7)
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Anastomotic biliary stricture

Four studies were included in the analysis with 261 patients

and 32 events. There was no heterogeneity amongst the

included studies (v2 = 1.68, d.f. = 3 (P = 0.64); I2 = 0%.

In a fixed-effects model, there was no significant difference

in the incidence of anastomotic stricture between RY

(13%) and DD (11%) reconstruction, OR 1.18 [0.56, 2.50]

Z = 0.43 (P = 0.67).

Anastomotic biliary leakage

Nine studies were included in the analysis with 816

patients. Forty-four events were observed. There was no

heterogeneity amongst the included studies (v2 = 5.73,

d.f. = 6 P = 0.45); I2 = 0%. In a fixed-effects model,

there was no significant difference in the incidence of

biliary leakage between RY (4%) and DD (7%) recon-

struction, OR 0.80 [0.43, 1.47] Z = 0.73 (P = 0.47)

Fig. 3.

Secondary outcome measures

Ascending cholangitis

Three studies were included in the analysis. One hundred

and fifty-eight patients and 35 events were encountered.

There was no heterogeneity amongst the included studies

(v2 = 2.05, d.f. = 2 (P = 0.36); I2 = 2%. In a fixed-effects

model, there was a significant difference in the incidence of

cholangitis between RY (30%) and DD (10%) reconstruc-

tion with an OR 2.91 [1.17, 7.23] Z = 2.30 (P = 0.02)

Fig. 4.

Figure 2 Forest plot comparing duct-to-duct versus Roux-en-Y reconstruction with regard to biliary stricture.

Figure 3 Forest plot comparing duct-to-duct versus Roux-en-Y reconstruction with regard to biliary leakage.
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Morbidity

Two studies were included in the analysis. There was no

heterogeneity amongst the included studies (v2 = 0.12,

d.f. = 1 (P = 0.73); I2 = 0%. In a fixed-effects model, there

was no significant difference in the postoperative morbidity

between RY and DD reconstruction, OR 0.87 [0.32, 2.33]

Z = 0.28 (P = 0.78).

One-year graft survival

Four studies were included in the analysis with 597

patients. Graft survival at one year was 77% in the Roux-

en-Y group and 83% in the duct-to-duct group. There was

no heterogeneity amongst the included studies (v2 = 0.45,

d.f. = 3 (P = 0.93); I2 = 0%. In a fixed-effects model, there

was no significant difference in the one-year graft survival

between RY and DD reconstruction, OR 0.89 [0.57, 1.41]

Z = 0.48 (P = 0.63).

Cholangiocarcinoma

Four studies were included in the analysis with 597 patients

and 9 events; those were patients diagnosed with cholangio-

carcinoma during their follow-up. There was heterogeneity

amongst the included studies (s2 = 1.51, v2 = 3.98,

d.f. = 2 (P = 0.14); I2 = 50%. In a random-effects model,

there was no significant difference in the incidence of cho-

langiocarcinoma between RY (1%) and DD (2%) recon-

struction OR 0.67 [0.09, 4.81] Z = 0.40 (P = 0.69). Three

of the five cases reported by Welsh in the DD group died

within 3 month suggesting recurrence rather than de novo

tumour.

Recurrent PSC

Three studies were included in the analysis representing

197 patients with 12 events. There was no heterogeneity

amongst the included studies (v2 = 0.67, d.f. = 2

(P = 0.71); I2 = 0%. In a fixed-effects model, there was no

significant difference in the incidence of recurrent PSC

between RY (7%) and DD (5%) reconstruction, OR 1.56

[0.49, 5.02], Z = 0.75 (P = 0.45).

Discussion

This present meta-analysis includes 10 studies with 910

patients, comparing duct-to-duct (338) versus Roux-en-Y

(572) reconstruction in PSC during liver transplantation.

No differences were observed between both techniques

when the incidence of biliary stricture and anastomotic bile

leak was compared. In addition, it would appear that post-

operative morbidity (defined by the authors as ‘complica-

tions’) was not different. However, RY reconstruction was

associated with higher rates of cholangitis. As far as poten-

tial longer-term complications are concerned, 1-year graft

survival, recurrence of PSC and development of cholangio-

carcinoma were comparable between the two techniques.

This study has a significant number of limitations due to

the nature of the primary studies included in the meta-

analysis. The studies were retrospective, and some of them

were single centre audits (Table 1). The definitions of some

outcomes were not consistently reported hence the number

of papers and abstracts that were excluded. Unfortunately,

preoperative liver function was not documented and the

disease type ratio (mainly intra- versus diffuse PSC) was

not described in the included studies. However, the deci-

sion to perform either a DD or RY biliary reconstruction

was based on the following factors in the majority of stud-

ies: (i) normal appearances of the common bile duct on

preoperative cholangiography, (ii) nonmalignant brushings

or cytology when available, (iii) normal appearing distal

bile on intraoperative assessment and (iv) normal histology

on frozen section when appropriate. It is therefore likely

that there is a selection bias with more extensive cases of

PSC receiving a RY reconstruction, although interestingly

this did not translate to increased disease recurrence and

cholangiocarcinoma in the RY group. Finally, the length of

the follow-up might not be enough to detect long-term rel-

evant differences, such as the rate of recurrent PSC or cho-

langiocarcinoma. A similar meta-analysis was published

recently by Wells et al. [19]. The authors analysed a smaller

cohort of patients, reporting fewer outcome measurements

Figure 4 Forest plot comparing duct-to-duct versus Roux-en-Y reconstruction with regard to episodes of cholangitis.
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and reached comparable conclusions to the present study.

Notwithstanding the paucity and quality of data available

in the literature comparing the two techniques, this present

study amounts for a substantial collective experience and is

likely to be more useful than any pre-existing dogmatic

view.

The overall incidence of biliary complications following

duct-to-duct anastomosis in LT ranges between 5% and

30%, with biliary stricture being the most frequently

encountered [20,21]. Both, anastomotic and nonanasto-

motic strictures are reported in the literature with an inci-

dence between 4–9% and 10–25%, respectively, with some

series showing a higher rate of stricturing formation after

hepaticojejunostomy [22–24]. The very nature of the PSC

poses a theoretical risk of increased anastomotic stricture

rate in those patients with extensive extrahepatic bile duct

disease. A relatively large multicentric and retrospective

database analysis published by Welsh et al. [3] in 2004

found that RY reconstruction was associated with lower

stricture formation and better graft and recipient survival

compared with duct-to-duct anastomosis reconstruction.

The biliary leak incidence was not different amongst these

two groups. In that study, seven patients of 98 developed

anastomotic stricture when DD anastomosis was used vs. 6

of 264 in RY. The data were collected from 1994 until 2003

although the majority of DD anastomoses collected for this

comparison were performed from 1994 to 1995. It is con-

ceivable therefore that there is an historical bias as well as a

centre-specific influence. Nevertheless, the potential con-

cern exists, and it is probably related to the fact that if the

extrahepatic bile duct in patients with PSC is abnormal,

then there is an increased risk of biliary complications. The

alleged increased risk to graft and patient survival is more

complex to analyse as the majority of losses were due to

sepsis/multiorgan failure, and is not clear whether were

related to the type of biliary reconstruction. In addition,

beyond a year, both curves were similar. More recent publi-

cations have continued to question the need for systemati-

cally performing a RY anastomosis, with series of DD

anastomosis in patients with PSC showing similar results.

Some studies favour a DD reconstruction [17], while others

show comparable results [4,7,14]. In this meta-analysis,

pooled data from 10 studies including 910 patients did not

show any difference with respect to biliary complications,

other than cholangitis, or graft survival when both tech-

niques were compared. The overall incidence of biliary

strictures and anastomotic leaks in DD reconstruction was

15% and 6%, respectively. This is similar to the overall

population of patients having LT and not different from

the RY subset in PSC [25]. Some authors have even sug-

gested that the incidence of late nonanastomotic stricture

(NAS) after RY reconstruction continued to rise more than

5 years after transplantation [17]. This increase in the

cumulative incidence of NAS was not observed after duct-

to-duct anastomosis, and the authors speculate that it

might be secondary to recurrent episodes of ascending cho-

langitis associated with a RY reconstruction shown by this

meta-analysis. There was no comparable long-term data

available in the included studies to assess NAS formation.

Another significant concern when choosing DD anasto-

mosis is the risk of developing de novo cholangiocarcinoma

in the remnant native common bile duct, probably related

to dysplasia of bile duct epithelium from PSC. It is, how-

ever, unclear the mechanism of carcinogenesis and even

whether the removal of the majority of the recipient’s bile

duct reduces the risk of de novo cholangiocarcinoma after

transplantation. On the other hand, unless liver transplan-

tation is routinely combined with pancreaticoduodenecto-

my, a portion of the native bile duct will always be left even

with RY reconstruction. In this meta-analysis, only 4 papers

included data on cholangiocarcinoma. A total of nine cho-

langiocarcinomas were diagnosed during follow-up. Of

note, Welsh et al. identified three patients in DD group

(3%) who died within 3 months after LT because of cho-

langiocarcinoma, and these may have been due to recurrent

rather than de novo cholangiocarcinoma. The review was

able to identify only two true de novo cholangiocarcinomas

developing in 224 patients with PSC who had DD anasto-

mosis. This suggests that the risk of de novo cholangiocar-

cinoma in the recipient bile duct remnant is very low

irrespective of the type of reconstruction. This is clearly

lower than the annual incidence (1.5%) estimated for

patients with PSC after diagnosis [26].

Despite the limitations inherent to this meta-analysis, we

believe it might help clinicians to expand their options in

selected patients. We did not document any disadvantage

when duct-to-duct anastomosis was performed in patients

with PSC undergoing LT. It is evident that there is selection

bias when it comes to decide which patients can have a DD

reconstruction. Cholangiography is routinely included in

the assessment of candidates for LT with PSC. If the extra-

hepatic bile duct appears normal and the intraoperative

findings support it, it is a reasonable alternative to perform

a DD anastomosis. In addition, there might be some post-

operative advantages, including easier endoscopic access to

the biliary tree and a possibly lower risk of cholangitis.

Authorship

SP and RB: wrote the paper. EH: conceived the idea and

critically appraised the manuscript. AB and JM: critically

appraised the manuscript.

Funding

None.

490 © 2015 Steunstichting ESOT 28 (2015) 485–491

Duct to Duct versus Roux en Y for PSC Pandanaboyana et al.



References

1. Carbone M, Neuberger J. Liver transplantation in PBC and

PSC: indications and disease recurrence. Clin Res Hepatol

Gastroenterol 2011; 35: 446.

2. Farges O, Malassagne B, Sebagh M, Bismuth H. Primary

sclerosing cholangitis: liver transplantation or biliary sur-

gery. Surgery 1995; 117: 146.

3. Welsh FKS, Wigmore SJ. Roux-en-Y choledochojejunosto-

my is the method of choice for biliary reconstruction in

liver transplantation for primary sclerosing cholangitis.

Transplantation 2004; 77: 602.

4. Esfeh JM, Eghtesad B, Hodgkinson P, et al. Duct-to-duct

biliary reconstruction in patients with primary sclerosing

cholangitis undergoing liver transplantation. HPB 2011; 13:

651.

5. Distante V, Farouk M, Kurzawinski TR, et al. Duct-to-duct

biliary reconstruction following liver transplantation for pri-

mary sclerosing cholangitis. Transplant Int 1996; 9: 126.

6. Feith MP, Klompmaker IJ, Maring JK, et al. Biliary recon-

struction during liver transplantation in patients with pri-

mary sclerosing cholangitis. Transplant Proc 1997; 29: 560.

7. Heffron TG, Smallwood GA, Ramcharan T, et al. Duct-to-

duct biliary anastomosis for patients with sclerosing cholan-

gitis undergoing liver transplantation. Transplant Proc 2003;

35: 3006.

8. Arain MA, Attam R, Freeman ML. Advances in endoscopic

management of biliary tract complications after liver trans-

plantation. Liver Transpl 2013; 19: 48.

9. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and

variance from the median, range and the size of a sample.

BMC Med Res Methodol 2005; 5: 13.

10. DerSimonian R, Laird N. Meta-analysis in clinical trials.

Control Clin Trials 1986; 7: 177.

11. Demets D. Methods for combining randomized clinical tri-

als: strengths and limitations. Stat Med 1987; 6: 341.

12. Higgins JP, Thompson SG. Quantifying heterogeneity in a

meta-analysis. Stat Med 2002; 21: 1539.

13. Higgins J, Green S. Handbook for systematic reviews of

interventions version 5.1.0 (updated March 2011). http://

www.cochrane-handbook.org (accessed 08.02.2014)

14. Damrah O, Sharma D, Burroughs A, et al. Duct-to-duct bil-

iary reconstruction in orthotopic liver transplantation for

primary sclerosing cholangitis: a viable and safe alternative.

Transplant Int 2012; 25: 64.

15. Hoekstra H, Buis CI, Verdonk RC, et al. Is Roux-en-Y chol-

edochojejunostomy an independent risk factor for nonanas-

tomotic biliary strictures after liver transplantation? Liver

Transpl 2009; 15: 924.

16. Schmitz V, Neumann UP, Puhl G, Tran ZV, Neuhaus P,

Langrehr JM. Surgical complications and long-term out-

come of different biliary reconstructions in liver transplanta-

tion for primary sclerosing cholangitis—
choledochoduodenostomy versus choledochojejunostomy.

Am J Transplant 2006; 6: 379.

17. Sutton ME, Bense RD, Lisman T, van der Jagt EJ, van den

Berg AP, Porte RJ. Duct-to-Duct reconstruction in liver

transplantation for primary sclerosing cholangitis is associ-

ated with fewer biliary complications in comparison with

hepaticojejunostomy. Liver Transpl 2014; 20: 457.

18. Aljudaibi B, Wall W, Uhanova J, et al. The influence of bili-

ary reconstruction on outcomes of liver transplantation for

primary sclerosing cholangitis. Am Transplant Cong 2012;

12(s3): 257.

19. Wells MM, Croome KP, Boyce E, Chandok N. Roux-en-Y

choledochojejunostomy versus duct-to-duct biliary anasto-

mosis in liver transplantation for primary sclerosing cholan-

gitis: a metaanalysis. Transplant Proc 2013; 45: 2263.

20. Testa G, Malag�o M, Broelseh CE. Complications of biliary

tract in liver transplantation. World J Surg 2001; 25: 1296.

21. Chang JH, Lee IS, Choi JY, et al. Biliary stricture after adult

right-lobe living-donor liver transplantation with duct-to-

duct anastomosis: long-term outcome and its related factors

after endoscopic treatment. Gut Liv 2010; 4: 226.

22. Colonna JO II, Shaked A, Gomes AS, et al. Biliary strictures

complicating liver transplantation. Incidence, pathogenesis,

management, and outcome. Ann Surg 1992; 216: 344.

23. O’Connor TP, Lewis WD, Jenkins RL. Biliary tract compli-

cations after liver transplantation. Arch Surg 1995; 130: 312–
317.

24. Greif F, Bronsther OL, van Thiel DH, et al. The incidence,

timing, and management of biliary tract complications after

orthotopic liver transplantation. Ann Surg 1994; 219: 40.

25. Sharma S, Gurakar A, Jabbour N. Biliary strictures following

liver transplantation: past, present and preventive strategies.

Liver Transpl 2008; 14: 759.

26. Bergquist A, Ekbom A, Olsson R, et al. Hepatic and extrahe-

patic malignancies in primary sclerosing cholangitis. J Hepa-

tol 2002; 36: 321.

© 2015 Steunstichting ESOT 28 (2015) 485–491 491

Pandanaboyana et al. Duct to Duct versus Roux en Y for PSC

http://www.cochrane-handbook.org
http://www.cochrane-handbook.org

