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aBstRaCt
Background Biliary reconstruction using a Roux-Y choledochojejunostomy has been 
suggested a risk factor for the development of non-anastomotic strictures (NAS) 
of the bile duct after liver transplantation. Roux-Y reconstruction, however, is 
preferentially used in patients transplanted for primary sclerosing cholangitis (PSC) 
and this disease itself is also associated with a higher incidence of NAS. Aim of this 
study was to determine whether Roux-Y reconstruction is really an independent risk 
factor for NAS. Methods A series of 486 consecutive adult liver transplantations were 
studied. Biliary reconstruction in patients transplanted for PSC was either by Roux-Y 
choledochojejunostomy or by duct-tot-duct anastomosis, depending on the quality of 
the recipient’s extrahepatic bile duct. Univariate and multivariate statistical analyses 
were used to identify risk factors for development of NAS. Results The overall incidence 
of NAS was 16.5% (80/486). In univariate analyses the following variables were 
significantly associated with NAS: PSC as the indication for transplantation, type of 
biliary reconstruction (Roux-Y versus duct-to-duct), and postoperative cytomegalovirus 
(CMV) infection. After multivariate logistic regression analysis, PSC as indication for 
transplantation (OR 2.813, 95% CI 1.624 to 4.875; P<0.001) and postoperative CMV 
infection (OR 2.098, 95% CI 1.266 to 3.477; P=0.004) remained as independent risk 
factors for NAS. Biliary reconstruction using a Roux-Y choledochojejunostomy was not 
identified as an independent risk factor for NAS. Conclusion The association between 
Roux-Y choledochojejunostomy and NAS observed in previous studies can be explained 
by the more frequent use of Roux-Y reconstruction in patients with PSC. Roux-Y 
reconstruction itself is not an independent risk factor for NAS.
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intRoduCtion
Non-anastomotic strictures (NAS) of the bile duct are a serious complication after 
orthotopic liver transplantation (OLT) and have been reported in up to 19% of the 
patients (1, 2). Knowledge about the pathogenesis of NAS is slowly emerging from 
clinical and experimental studies. Apart from overt biliary ischemia, i.e. hepatic artery 
thrombosis (HAT), three types of biliary injury have been identified as putative 
mechanisms in the development of NAS: preservation-related injury, immunological 
injury, and injury due to bile salt toxicity (3). In addition to these three types of risk 
factors, clinical studies have suggested that the type of biliary reconstruction is also 
associated with the development of NAS after liver transplantation (4, 5). Biliary 
reconstruction using a Roux-Y choledochojejunostomy has been associated with a 
significantly higher risk of NAS than a duct-to-duct bile duct anastomosis (4, 5). 
Roux-Y choledochojejunostomy results in an open connection between the intrahepatic 
bile ducts and the bowel lumen, which may result in ascending bacterial migration and 
(recurrent) cholangitis. Based on these observations it has been suggested that bacterial 
colonization of the intrahepatic bile ducts and recurrent (subclinical) cholangitis should 
be considered as putative mechanism underlying NAS (6). Biliary reconstructions using 
a Roux-Y choledochojejunostomy, however, are mainly used in patients in whom the 
native extrahepatic bile duct is not suitable for anastomosis with the bile duct of donor 
liver. The main indication for using a Roux-Y loop for biliary reconstruction is primary 
sclerosing cholangitis (PSC). PSC itself, however, has also been identified as a risk factor 
for NAS after liver transplantation and this introduces the possibility of a confounding 
factor (7, 8). When Roux-Y biliary reconstruction is routinely used in all patients 
transplanted for PSC, it is impossible to discriminate the relative contribution of PSC 
and Roux-Y biliary reconstruction as risk factors for NAS. 
In contrast to other centers, Roux-Y choledochojejunostomy is not routinely used 
for biliary reconstruction in patients undergoing liver transplantation for PSC in 
our center (9). In patients with PSC and relatively mild or no manifestations of 
the disease in the extrahepatic bile duct, a duct-to-duct type biliary anastomosis 
(choledochocholedochostomy) is performed, while Roux-Y choledochojejunostomy is 
preserved for patients with stricturing or dysplasia of the native extrahepatic bile duct. 
This decision is based on preoperative imaging studies of the bile ducts (no or only 
minimal strictures in the extrahepatic bile duct), as well as on intraoperative findings, 
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including frozen section histology of a biopsy of the extrahepatic bile duct and easy 
passage of a biliary probe through the extrahepatic bile duct into the duodenum (9). By 
applying a selective use of Roux-Y choledochojejunostomy, we and others have reported 
successful long-term results in patients transplanted for PSC (8-10). The use of both 
Roux-Y choledochojejunostomy and duct-to-duct biliary reconstruction in patients 
undergoing liver transplantation for PSC in our center enables us to discriminate 
PSC from Roux-Y choledochojejunostomy as possible risk factors for NAS after liver 
transplantation. We here report a study in a large cohort of adult liver transplant 
recipients, with the aim to define whether Roux-Y choledochojejunostomy is a risk 
factor for NAS independent from PSC. 

Patients and methods
Patients 
Between May 1992 and June 2006, a total of 681 liver transplantations were performed 
at the University Medical Center Groningen. After exclusion of children (<18 years) 
and patients with NAS caused by HAT, 486 transplant procedures were included in this 
study. Follow-up was until July 1, 2008, which allowed a minimal follow-up time after 
transplantation of 2.1 years. Clinical information was obtained from a prospectively 
collected database. If necessary the original patient notes were reviewed for missing 
information. This study was conducted in compliance with national legislation and the 
guidelines of the ethical committee of our institution.

surgical technique and postoperative management
ABO blood group identical or compatible grafts from donation after brain death 
(DBD) and donation after cardiac death (DCD) donors were used for all patients. 
Organ procurement was performed according to standard techniques, using either 
University of Wisconsin (UW) preservation fluid or histidine-tryptophane-ketoglutarate 
(HTK) solution. On the back-table, bile ducts were thoroughly flushed with 
preservation solution. A standardized technique was used for implantation, as has been 
described previously (11). The cava-sparing piggyback technique was the preferred 
method for graft implantation, although the conventional technique was also used in 
some cases, usually because of a large caudate lobe encircling the inferior vena cava. 
A straight, open tip silicon drain was placed transanastomotically into the bile duct, 
independent from the type of bile duct anastomosis. 
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Until September 2000 infection prophylaxis was performed by selective bowel 
decontamination (colistin 25 mg, tobramycin 20 mg, amphotericin B 100 mg orally) 
with 48 hours perioperative parenteral antibiotics as described earlier (12, 13). 
Since September 2000 only parenteral antibiotic prophylaxis was given for 24 hours 
perioperatively (amoxicillin/clavulanic acid and ciprofloxacin) in all patients.
Doppler ultrasound was performed routinely at postoperative days 1, 3, and 7, and 
later on demand, to rule out vascular or biliary complications or parenchymal lesions. 
Cholangiography via the bile drain was routinely performed between postoperative day 
10-14 and later on demand (i.e. for rising cholestatic parameters or dilatation of bile 
ducts on ultrasound). The drain was clamped when no anastomotic leakage or biliary 
complications were found at cholangiography. The timing of bile drain removal has 
increased during the study period from one to six months after transplantation. When a 
biliary complication was suspected in the absence of a bile drain, the preferred method 
for imaging was ERCP. In case of a choledochojejunostomy, magnetic resonance 
cholangiography (MRC) or percutaneous transhepatic cholangiography (PTC) was used 
demonstrate biliary complications. 
The diagnosis of active cytomegalovirus (CMV) infection was made using the CMV 
pp65-antigenemia assay as described by Van der Bij et al. (14). The antigenemia assay 
was performed at least once weekly for 3 months after transplantation. Simultaneously, 
IgM and IgG CMV antibodies were measured quantitatively by ELISA using late-stage 
CMV-infected fibroblasts as antigens.

definition of nas
NAS were identified by radiological imaging studies, as described previously (5). For the 
purpose of this study, NAS were defined as any stricture, dilatation or irregularity of the 
intra- or extrahepatic bile ducts of the liver graft, either with or without biliary sludge 
formation, after exclusion of hepatic artery thrombosis by either Doppler ultrasound 
or conventional angiography. Imaging studies of the arterial vasculature were repeated 
over time if no other explanation for the NAS was found and to confirm patency of 
the hepatic artery. Isolated strictures at the bile duct anastomosis were, by definition, 
excluded from this analysis and have been described elsewhere (6). 
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Risk factors for nas
A total of 20 potential risk factors for NAS were studied by comparing the group of 
patients with NAS with those who did not develop NAS. Risk factors were grouped as 
donor-related variables (age, gender, gender match, HLA crossmatch, donor/recipient 
CMV match, and type of donor), recipient-related variables (age, gender, indication 
for transplantation, Child-Pugh score, and retransplantation), surgical variables (type 
of graft, type preservation solution, ischemia time, type of bile duct reconstruction) 
and postoperative outcome variables (anastomotic bile duct leakage, serum aspartate 
aminotransferase (AST), length of intensive care unit stay, postoperative CMV 
infection, and acute rejection).

statistical methods
Continuous variables were presented as medians with IQR and categorical variables 
as numbers and percentages. Categorical variables were compared by the Pearson chi-
square test. Comparison of continuous variables was performed by the Mann-Whitney 
U test. All variables tested in the univariate analysis with a P-value < 0.10 were included 
in a multivariate logistic regression analysis in a backward likelihood manner. Data were 
analyzed by SPSS 16.0 software (SPSS, Chicago, IL). All P-values were two-tailed and 
considered statistically significant at a level of less than 0.05.

Results
Patients characteristics
Donor and patient characteristics, surgical variables as well as postoperative outcome are 
summarized in Table 1. Median postoperative follow-up was 5.6 years (IQR 2.2 - 9.8 
years). One- and 5-year patient survival rates (NAS versus non-NAS) were 96.2% versus 
83.3% (P=0.003) and 86.2% versus 75.4% (P=0.023), respectively. Graft survival 
rates at 1- and 5-year were also significantly different between the two groups (91.2% 
versus 78.1%, P=0.006 and 76.2% versus 67.7%, P=0.067, NAS versus non-NAS, 
respectively).
NAS were observed in 80 of the 486 (16.5%) transplanted livers at a median time 
interval of 4.1 months (IQR 1.2 - 24.7 months) after transplantation. Within the 
group of livers that developed NAS, 70 livers were first transplants and 10 livers were 
retransplants.
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Relationship between PsC or Roux-Y 
choledochojejunostomy and nas
In patients who were transplanted for PSC, the incidence of NAS was two-fold higher 
than in patients transplanted for other indications (Table 1). In addition, NAS were 
observed significantly more frequent when a Roux-Y choledochojejunostomy was 
used for biliary reconstruction, compared to patients with a duct-to-duct biliary 
reconstruction. However, when the interaction between the two variables was studied, 
it appeared that patients with PSC who received a duct-to-duct anastomosis had a 
similar high postoperative rate of NAS as patients transplanted for PSC receiving a 
Roux-Y choledochojejunostomy (Table 2). Alternatively, patients who were transplanted 
for another diagnosis than PSC, but still received a Roux-Y choledochojejunostomy, 
had a similar low postoperative rate of NAS as patients without PSC and receiving 
a duct-to-duct anastomosis. Together, these findings suggest that the increased rate 
of NAS in livers with a Roux-Y choledochojejunostomy is not caused by the type of 
bile duct reconstruction itself, but rather related to the more frequent use of Roux-Y 
choledochojejunostomy in patients with PSC. To confirm this observation, we next 
performed a multivariate logistic regression analysis.
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table 1. Comparison of donor, recipient, surgical and postoperative variables in patients with or 

without NAS after liver transplantation

Characteristic NAS (n = 80) non-NAS (n = 406) P-value          

donor Variables

Age (years) 42 (36 – 50) 43 (30 - 52) 0.816

Gender (male/female) 41/38 (51.9/48.1%) 180/196 (47.9/52.1%) 0.515

Gender match (donor/
recipient)

0.682

    male/male 26 (32.9%) 100 (26.6%)

    female/female 19 (24.1%) 105 (27.9%)

    male/female 15 (19.0%) 81 (21.5%)

    female/male 19 (24.1%) 90 (23.9%)

HLA crossmatch (negative/
positive)

73/4 (94.8/5.2%) 360/22 (94.2/5.8%) 0.845

High risk CMV match 
(positive donor/negative 
recipient)

4 (40.0%)  38 (13.3%) 0.017

Type of Donor 0.896

    Deceased Brain-death   
    Death (DBD)

77 (96.2%) 391 (96.5%)

    Donation after Cardiac  
    Death (DCD)

3 (3.8%) 14 (3.5%)

Recipient Variables

Age (years) 49 (38 - 55) 46 (34 - 54) 0.118

Gender (male/female) 46/34 (57.5/42.5%) 209/197 (51.5/48.5%) 0.324

Disease

    PSC 27 (33.8%) 67 (16.5%) <0.001   

    PBC + SBC 11 (13.8%) 41 (10.1%) 0.334

    Postviral Cirrhosis 9 (11.2%) 73 (18.0%) 0.142

    Autoimmunne Hepatitis 8 (10.0%) 37 (9.1%) 0.803

    Alcoholic Cirrhosis 5 (6.2%) 37 (9.1%) 0.405

    Cryptogenic Cirrhosis 6 (7.5%) 46 (11.3%) 0.311

    Other 14 (17.5%) 105 (25.9%) 0.112

Child-Pugh Classification 
(A/B/C)

16/39/24 (20.3/49.4/30.4%) 67/181/153 (16.7/45.1/38.2%) 0.403

Retransplantation 10 (12.5%) 58 (14.3%) 0.524

surgical Variables

Type of Graft 0.324

   Whole 79 (98.8%) 389 (95.8%)

   Reduced 1 (1.2%) 6 (1.5%)

   Reduced Split 0 11 (2.7%)
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Type of Preservation 
Solution

0.195

   Low Viscosity (HTK) 3 (3.8%) 31 (7.8%)

   High Viscosity (UW) 77 (96.2%) 364 (92.2%)

Ischemia Time (minutes)

   Cold Ischemia 561 (441 - 720) 535 (435 - 702) 0.435

   Warm Ischemia 54 (45 - 64) 52 (44 - 63) 0.436

   Revascularization Time 97 (78 - 118) 98 (79 - 116) 0.927

Type of Bile Duct 
Reconstruction

0.012

   Roux-Y 22(27.5%) 63 (15.8%)

   Duct-to-Duct 58 (72.5%) 337 (84.2%)

Postoperative Variables

Anastomotic Bile Leakage 5 (6.2%) 23 (5.7%) 0.837

Serum AST 2 days 
postoperative (U/L)

360 (181 - 778) 346 (166 - 831) 0.953

Length of ICU stay (days) 3 (2 - 7) 4 (2 - 8) 0.244

CMV Infection 47 (58.8%) 164 (42.1%) 0.004

Acute Rejection 28 (35.0%) 153 (37.7%) 0.650

abbreviations: HLA, human leucocyte antigen; CMV, cytomegalovirus; PSC, primary 

sclerosing cholangitis; PBC, primary biliary cirrhosis; SBC, secondary biliary cirrhosis; 

HTK, histidine-tryptophan-ketoglutarate; UW, University of Wisconsin; AST, aspartate 

aminotransferase; ICU, intensive care unit. Continuous variables are presented as median and 

interquartile range, categorical variables as numbers and percentages.

table 2. Relationship between PSC, type of bile duct reconstruction, and NAS

Characteristic NAS (n = 79) Non-NAS (n = 400) P-value

PSC / Reconstruction type 0.716

    Roux –Y 18 (30.0%) 42 (70.0%)

    Duct-to-Duct 9 (26.5%) 25 (73.5%)

non-PSC / Reconstruction type 0.733

    Roux –Y 4 (16.0%) 21 (84.0%)

    Duct-to-Duct 49 (13.6.%) 312 (86.4%)

abbreviations: NAS, non-anastomotic strictures; PSC, primary sclerosing cholangitis.

Data are presented as numbers and percentage.



44

uni- and multivariate analysis of risk factors for nas
A univariate comparison of demographic and clinical variables between liver grafts 
with or without NAS is presented in Table 1. The only significantly different variables 
between the two groups were PSC as the indication for transplantation, the type 
of bile duct reconstruction (Roux-Y choledochojejunostomy versus duct-to-duct 
anastomosis), postoperative CMV infection and high risk CMV match (positive donor/
negative recipient). However, the latter was strongly correlated with postoperative 
CMV infection (CMV infection occurred in 67% of the patients with a positive donor/
negative recipient CMV match, compared to 36% in the remaining patients; P<0.001). 
Therefore, based on the biological relevance, only postoperative CMV infection was 
included in a multivariate logistic regression model, together with PSC as indication 
for transplantation and the type of bile duct reconstruction. In addition, we included 
the following variables, which were previously reported in other studies as imported 
risk factors for the development of NAS: type of donor (deceased brain death versus 
donation after cardiac death liver grafts), type of preservation solution (high-viscosity 
UW-solution versus low-viscosity HTK solution) and warm and cold ischemia times (4, 
5, 15). 
After multivariate regression analysis, two variables remained as independent risk factors 
for the development of NAS: PSC (OR 2.813, 95% CI 1.624 to 4.875; P<0.001) 
and postoperative CMV infection (OR 2.098, 95% CI 1.266 to 3.477; P=0.004). In 
accordance with the findings mentioned above, Roux-Y choledochojejunostomy was 
again not identified as an independent risk factor for NAS (Table 3).

table 3. Results of Multivariate Analysis of Risk Factors for NAS

Characteristic P-value odds ratio 95% confidence interval

lower upper

PSC < 0.001 2.803 1.617 4.858

CMV infection 0.004 2.108 1.272 3.495

Preservation solution 0.334 0,545 0.159 1.866

Donor type (DCD versus DBD) 0.295 0.456 0.105 1.982

Warm ischemia 0.664 0.996 0.979 1.014

Bile duct reconstruction type 0.688 0.858 0.406 1.812

Cold ischemia time 0.844 1.000 0.998 1.001

abbreviations: CMV, cytomegalovirus; DBD, deceased brain-death donor; DCD, donation after 

cardiac death; NAS, non-anastomotic strictures; PSC, primary sclerosing cholangitis.
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disCussion
NAS are considered as one of the most troublesome biliary complication after OLT. 
Strictures may present at multiple locations in the biliary tree and are frequently 
resistant to therapy (3, 6). In previous studies, several clinical risk factors for the 
development of NAS have been identified, including Roux-Y choledochojejunostomy. 
Roux-Y choledochojejunostomy results in an open connection between the intrahepatic 
bile ducts and the bowel lumen, which may facilitate ascending bacterial migration 
and (recurrent) cholangitis. It has been suggested that bacterial colonization of the 
intrahepatic bile ducts and recurrent (subclinical) cholangitis may ultimately lead to the 
development and progression of NAS (6). We and others have previously demonstrated 
that the use of a Roux-Y choledochojejunostomy is indeed associated with an increased 
incidence of recurrent cholangitis (6, 10). In the current study, however, we have shown 
that Roux-Y choledochojejunostomy itself is not an independent risk factor for the 
development of NAS. The strong association between Roux-Y choledochojejunostomy 
and NAS observed in the current and in previous studies can be entirely explained by 
the more frequent use of Roux-Y reconstruction in patients with PSC. Although the 
current findings indicate that bacterial migration and ascending cholangitis does not 
play a role in the pathogenesis of NAS, this does not mean that progression of the 
severity of NAS over time is also independent from the type of biliary reconstruction. In 
a previous study we have shown that in patients with NAS in the presence of a Roux-Y 
choledochojejunostomy, the biliary abnormalities and clinical symptoms may be more 
serious and progressive over time than in patients who develop NAS in the presence of a 
duct-to-duct anastomosis (6).
Our data are in accordance with the study performed by Schmitz et al., who found 
an equal distribution of NAS in patients transplanted for PSC using a Roux-Y 
choledochojejunostomy or a duct-to-duct anastomosis (10). This previous study, 
however, included only a small number of patients. A duct-to-duct anastomosis was 
used in only 6 of the 51 patients, compared the use of this type of biliary reconstruction 
in 34 of the 94 patients transplanted for PSC in our series.
We have observed a two-fold higher rate of NAS in patients transplanted for PSC, 
compared to patients who underwent transplantation for another indication. This 
finding is in accordance with previous studies (7, 10). PSC is a chronic hepatobiliary 
disease of unknown aetiology, characterized by diffuse fibrosing inflammation of the 
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intra- and extrahepatic bile ducts (16). The biliary abnormalities that can be found 
on cholangiography in patients with PSC are very similar to the biliary abnormalities 
in patients with NAS (17). Although, the recognition of recurrent PSC is firmly 
established, there is no consensus on which is the best method to detect it. Graziadei 
et al. have proposed a set of criteria which have been increasingly used as the standard 
tool for diagnosis of recurrent PSC (18, 19). However, cholangiographic features of 
recurrent PSC are not correlated with biochemical indices and underestimate the extent 
of the problem (19). Liver histology may be helpful in making the diagnosis recurrent 
PSC in some patients, but the histological findings often remain not specific (20, 21). 
In the current study we did not perform liver biopsies in all patients who developed 
NAS after liver transplantation and we cannot exclude that recurrent PSC may have 
been accountable for the occurrence of NAS in some of our patients. However, it was 
not our aim to investigate whether or not PSC may recur after liver transplantation
The overall incidence of NAS in our study was 16.5%. Although similar rates have been 
reported in most previous studies about NAS, lower rates have also been reported in 
some series (4, 22, 23). Differences between studies may be explained by differences in 
the definition and diagnostics used, as well as differences in duration of follow-up (24, 
25).
Apart from PSC, postoperative CMV infection was also identified as an independent 
risk factor for NAS in the current study. Based on anecdotal observations, CMV 
infection has been suggested as a possible cause of NAS previously (26, 27). CMV 
inclusions have been identified in a histopathologic specimen of a bile duct stricture 
from a liver transplant patient, suggesting that CMV infection of the bile ducts may 
result in fibrosing and stricturing (26). However, many patients who have had CMV 
infection after liver transplantation do not develop NAS and the exact mechanisms 
through which CMV can cause NAS remain to be established. 
Several studies have shown a higher incidence of NAS after DCD liver transplantation 
compared to DBD liver transplantation (15, 28). Nevertheless, in our series we did not 
find a higher rate of NAS after DCD liver transplantation. The total number of DCD 
liver transplants, however, was only 17 and this number may have been too small to 
find a small difference. Interestingly, the length of warm and cold ischemia times was 
also not identified as risk factors for NAS in the current study. This is in contrast with 
several earlier studies (1, 4, 15). During the last decade it has been our policy to try to 
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keep the ischemia times as short as possible and the cold ischemia time rarely exceeds 
more than 10 hours. This may explain the lack of association between ischemia time 
and NAS in the current series. 
In conclusion, this study indicates that the use of a Roux-Y choledochojejunostomy 
for biliary reconstruction during liver transplantation is not an independent risk factor 
for the development of NAS. The association between Roux-Y choledochojejunostomy 
and NAS that has been observed in previous studies can be explained entirely by the 
more frequent use of Roux-Y reconstruction in patients with PSC. The current findings 
indicate that bacterial migration and (recurrent) ascending cholangitis does not play a 
role in the pathogenesis of NAS after transplantation.
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