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Abstract

Background: Injury to the peribiliary glands (PBGs) during static cold storage 
is associated with an increased risk for non-anastomotic biliary strictures (NAS) 
formation after liver transplantation. However, it is unknown if the PBGs are also 
injured in severe stages of NAS. The aim of this study was therefore to perform 
a systematic histological analysis of large bile ducts of the first liver allograft in 
patients with severe NAS. 

Methods: Large bile ducts of patients with severe NAS (n = 19) were compared 
with those of patients without NAS (n = 5) or any concomitant biliary pathology 
(control patients). Sections were obtained during retransplantation for end-stage 
NAS or for non-biliary causes, respectively. Sections were scored using a systematic 
histological grading system. Patients with primary sclerosing cholangitis were 
excluded from the analysis. 

Results: The degree of injury to the biliary epithelium or the PBGs, and the degree 
of inflammation were significantly higher in large bile duct sections of patients 
retransplanted for NAS compared to control patients. In addition, thrombosis 
and injury to the peribiliary vascular plexus were only minimally present in both 
groups. 

Conclusion: Our study indicates that injury to the peribiliary glands and biliary 
epithelium but not injury to the peribiliary vascular plexus is strongly associated 
with end-stage NAS. Our data suggest that ongoing injuries to the PBGs with a 
consequently insufficient regeneration of the biliary epithelium are important 
factors in the pathogenesis of NAS.
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Introduction

Non-anastomotic biliary strictures (NAS) are a common and often troublesome 
complication after liver transplantation. In severe stages of NAS, patients 
have fibrotic and necrotic bile ducts and may suffer from progressive jaundice, 
episodes of bacterial cholangitis and ultimately biliary cirrhosis. Unfortunately, 
retransplantation is currently the only curative treatment for patients with severe 
stages of NAS (1,2).

NAS comprises a heterogeneous group of bile duct strictures and equally 
variable presentations. A large variation is observed in the time interval between 
transplantation and the first presentation of NAS. Early NAS (presenting within 1 
year) is related to ischemia, such as a longer cold and warm ischemia time, whereas 
late NAS (presenting after 1 year) is related to immune-mediated mechanisms 
like blood group incompatibility and loss-of-function mutation in the chemokine 
receptor CCR5 (3,4). 

The perspective on the pathogenesis of NAS, especially for the ischemia-related 
NAS, has recently been changed. Three recent independent clinical studies have 
demonstrated that major epithelial cell loss in the extrahepatic bile ducts is 
observed in more than 90% of donor livers after static cold storage (SCS) (5-7). 
Nevertheless, only a minority of recipients of these livers develops NAS after 
transplantation. This observation has therefore led to the hypothesis that defective 
proliferation and regeneration of the biliary epithelium, rather than ischemic 
injury, are important factors in the pathogenesis of NAS (8). 

Compelling evidence has shown that the peribiliary glands (PBGs) function 
as a local reservoir for biliary stem cells (9-13). The PBGs are situated around 
the extrahepatic and intrahepatic larger bile ducts and drain directly into the 
ductal lumen (14). After injury, proliferating cells can migrate from the PBGs and 
differentiate to renew the biliary epithelium (15).

Recently, our group reported that injury to the PBGs after static cold storage was 
associated with the development of NAS after transplantation (7). We suggested 
that insufficient regeneration due to loss of PBGs during static cold storage is an 
important factor in the pathogenesis of NAS after transplantation. To support 
these earlier findings, we expect that in severe stages of NAS, the epithelial cells 
of the PBG remain severely injured. However, knowledge about the status of the 
PBGs and other aspects of the biliary wall in severe stages of NAS is limited. This 
study was therefore designed to perform a systematic histological analysis of bile 
ducts and PBGs of patients with severe stages of NAS. Bile ducts obtained during 
retransplantation of patients for end-stage NAS were compared with bile ducts 
obtained from patients retransplanted for non-biliary causes. Patients with 

8

Binnenwerk_Andrie_Final.indd   123 12/20/15   11:01 AM



124

underlying primary sclerosing cholangitis (PSC) were excluded from the analysis 
because of the higher risk of NAS and/or biliary injury in these patients. 

Materials and methods

Study Population 
Between January 1990 and April 2015, a total of 1299 liver transplantations were 
performed at the University Medical Center Groningen (UMCG). In this cohort, 205 
patients underwent a retransplantation with a full-size graft. After exclusion of 
patients who were younger than 18 years at the time of their first transplantation, 
we identified 116 adult patients eligible for this study. Of these 116 patients, 28 
patients were excluded because of PSC, leaving 88 patients for further inclusion. 
The remaining group was subdivided based on the indication for retransplantation. 
Sixty-two patients were retransplanted for one of the following reasons: primary 
non-function (PNF), hepatic artery thrombosis (HAT), chronic rejection, and 
biliary leakage. These patients were excluded because next to their main reason for 
graft failure these patients also had a substantial risk for biliary pathology. Of the 
remaining 26 patients, 21 patients were retransplanted for severe NAS and five for 
other reasons (recurrent HBV or HCV cirrhosis (n = 4) and portal vein thrombosis 
(n = 1)). These causes of graft failure are all associated with a minimal risk for the 
development of concomitant biliary pathology, which made these patients suitable 
controls for the current study. Patients with severe NAS were further subdivided 
based on the time of occurrence of the disease: early NAS presenting within 1 
year (n = 19), and late NAS occurring after 1 year (n = 2). Patients with late NAS 
were excluded because late NAS is more related to immune-mediated mechanisms 
rather than ischemia-related factors, leading to the inclusion of 19 patients with 
early NAS for this study (Figure 1). 

Donor, recipient, and surgical characteristics were obtained from a prospectively 
maintained database. Missing information was obtained from the original patient 
files, when necessary. This retrospective analysis using fully anonymized data was 
performed according to the current guidelines of the Dutch legislation (Code Goed 
Gebruik, Federation of Medical Scientific Societies in the Netherlands, https://
www.federa.org/code-goed-gebruik).

Donor, Recipient Characteristics and Surgical Variables 
The European donor risk index (ET-DRI) was calculated according to Braat et 
al. (16). In addition, the following donor variables were collected and included 
in the analyses: gender, body mass index (BMI), causes of death, type of donor 
(donation after brain death [DBD] or donation after circulatory death [DCD]), first 
warm ischemia time in DCD donors, graft type (full size versus partial grafts), and 
type of organ perfusion fluid (histidine-tryptophane-ketoglutarate [HTK] versus 
University of Wisconsin [UW]). Recipient variables collected and included were: 
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age, gender, BMI, indication for transplantation, laboratory model for end-stage 
liver disease (MELD) score (calculated on the day of transplantation, disregarding 
extra points for standard or non-standard exceptions), and recipient status on the 
Eurotransplant waiting list (elective versus high urgency). With respect to the 
surgical variables, the following parameters were examined: graft implantation 
technique (conventional versus piggyback), cold ischemia time (CIT), warm 
ischemia time (WIT), type of bile duct anastomosis (duct-to-duct or Roux-en-Y 
hepatico-jejunostomy), and amount of total blood loss. 

Figure 1: Flowchart of patients who developed severe non-anastomotic biliary strictures (NAS) or 
another cause of graft failure after their first liver transplantation in a period of 25 years. Nineteen 
patients with severe NAS (NAS presentation within the first year postoperative) and 5 patients 
retransplanted for another cause without concomitant biliary injury were included in this study. 

Abbreviations used: OLT: orthotopic liver transplantation, ReOLT: re-orthotopic liver transplantation, PNF: 
primary non-function, HAT: hepatic artery thrombosis, NAS: non-anastomotic biliary strictures.

8
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Definition of Non-Anastomotic Biliary  Strictures
NAS were defined as strictures, dilatations, or irregularities of the intra- or 
extrahepatic bile ducts of the liver graft in the absence of hepatic artery thrombosis 
(17). Isolated strictures at the bile duct anastomosis (anastomotic strictures) were 
excluded. The diagnosis of NAS was based on adequate imaging study of the biliary 
tree, as diagnosed by endoscopic retrograde cholangiography, magnetic resonance 
imaging, or percutaneous transhepatic cholangiography. In most patients, imaging 
of the biliary tree was indicated based on clinical symptoms (i.e. fever, chills, 
jaundice) in combination with laboratory values indicating biliary pathology. The 
time of first presentation of NAS was recorded for all patients. 

Histological Assessment of Large Bile Ducts in Resected Primary Transplants 
Large bile ducts in resected primary transplants were fixed with 10% formaldehyde 
and embedded with paraffin. Paraffin-embedded slides were stained with 
hematoxylin and eosin (H&E) staining, Periodic acid-Schiff-diastase (PAS diastase) 
staining, and Masson’s trichrome staining.

Bile duct injury of the larger bile ducts was semi-quantified using a histological 
systematic scoring system for H&E staining described by Hansen et al. (5) and Op 
den Dries et al. (7) with minor adjustments; each variable was assessed as being 
either present or absent (Table 1). With respect to injury to the PBGs, it was defined 
as detachment of the cells from the basement membrane and/or disappearance of 
epithelial cells from the glands. All bile duct sections were examined in a blinded 
fashion by two experienced liver pathologists (MCH and ASHG).

Statistical Analysis
Continuous data were presented as median and interquartile range (IQR). The 
Mann-Whitney U test was used to compare groups. Categorical data were expressed 

8

Table 1.  Scoring System for Histological Grading of Bile Duct Injury*

Bile Duct Wall Component Injury Score

Absent Present

Biliary epithelium No loss of the epithelial lining Presence of Epithelial loss 

Mural stroma No injury in stroma cells Presence of Necrotic stroma cells 

Peribiliary vascular plexus No vascular lesions Presence of Vascular injury 

Thrombosis No trombi Occurrence of thrombi

Intramural bleeding No bleeding in bile duct wall Presence of bleeding in bile duct wall 

PBG (periluminal & deep) No injury in PBG Presence of injury in PBG 

Inflammation No leucocyte infiltration At least 10 leukocytes / HPF

*) According to Hansen et al. (5) and to Op den Dries et al. (7) with minor adjustments. Each variable was assessed as being either present 
or absent.

Abbreviations used: PBG, peribiliary gland; HPF, high power field.  
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as numbers and percentage and groups were compared using Pearson chi-square 
test or Fischer’s exact test where appropriate. The level of significance was set at 
a p-value < 0.05. Analyses were performed using SPSS software version 22.0 for 
Windows (SPSS Inc., Chicago, IL, USA).

Results

Recipient, Donor, and Surgical Characteristics of Primary Liver Transplantation
Recipient, donor, and surgical characteristics of the primary liver transplantation 
in the group of patients retransplanted for severe NAS and the group of patients 
retransplanted for another reason are presented in Table 2 (next page). No 
statistical differences were observed in the recipient, donor, and surgical 
variables between the groups. In particular, the median laboratory MELD score 
was comparable between the group of patients retransplanted for severe NAS and 
the group of patients retransplanted for another reason (MELD score of 21 versus 
19, respectively). Moreover, the median ET-DRI score was also comparable (2.0 
versus 1.8, respectively) between both groups. Although there was no statistically 
significantly difference in the distribution of donor type (DBD versus DCD) between 
groups, it should be noticed that proportion of DCD donor livers used for the 
primary liver transplantation was higher in the group of patients retransplanted 
for severe NAS in comparison with the group of patients retransplanted for 
another reason. In addition, in both groups the majority of biliary reconstructions 
were performed with the duct-to-duct anastomosis technique, 95% in the group 
of patients retransplanted for severe NAS and 100% in the group of patients 
retransplanted for another reason. Furthermore, the median graft survival was 
not statistically different between the group of patients retransplanted for severe 
NAS (1190 days, IQR 14-2171 days) and in the group of patients retransplanted for 
another reason (361 days, IQR 138-2271 days) (p=0.68).  

Histological Grading of Large Bile Duct Injury in the First Liver Allograft
The results of the histological grading of large bile duct injury in the first allograft 
in patients retransplanted for severe NAS and for another reason are provided 
in Table 3. Figure 2 illustrates a large bile duct biopsy from a patient with severe 
NAS. In the group of patients retransplanted for severe NAS, a significantly 
increased proportion of patients had biliary epithelial injury compared to the 
group of patient retransplanted for another reason (p=0.037). In the majority of 
cases, mural stroma necrosis was absent in both groups. Similarly, vascular injury 
to the peribiliary vascular plexus, vascular thrombosis, and bleeding were also 
minimally observed in the group of patients retransplanted for severe NAS and 
retransplanted for another reason. See Figure 3 for an example of normal mural 
stroma without injury to the peribiliary plexus, vascular thrombosis, and bleeding. 
With respect to injury to epithelial cells of the PBGs, a significantly increased 
proportion of patients with severe NAS displayed injury to the PBGs compared to 
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Table 2. Demographics and Surgical Variables of the Primary Liver Transplantation in Patients Retransplanted for Severe Non-Anastomotic  
Biliary Strictures (NAS) versus Patients Retransplanted for Another Reason

Variable Patients Retransplanted 
for NAS
(n = 19 )

Control group
Patients Retransplanted 

for Another Reason
(n = 5 )

p-value

Recipient variables

Median age (years) 47 (27-57) 41 (31-51) 0.45

Gender
- Male
- Female

8 (42%)
11 (33%)

2 (60%)
3 (40%)

0.93

BMI (kg/m2) 26 (23-27) 26 (24-27) 0.59

Indication for primary transplantation
- Postnecrotic cirrhosis
- Primairy biliary cirrhosis
- Metabolic disease
- Acute fulminant liver failure
- Miscellaneous

9 (49%)
4 (21%)
2 (10%)
2 (10%)
2 (10%)

4 (80%)
1 (20%)

0 
0 
0 

0.80

(Laboratory) MELD score 21 (15-24) 19 (15-23) 0.61

Serum creatinine before OLT (μmol/L)1 83 (57-122) 90 (69-116) 0.84

Serum total bilirubin before OLT (μmol/L)2 103 (40-384) 61 (44-293) 0.89

INR before LT 1.81 (1.3-2.3) 1.5 (1.2-1.6) 0.29

Status on waiting list
- Elective
- High urgency

17 (90%)
2 (10%)

5 (100%)
0

0.45

Days on the waiting list 140 (14-336) 286 (143-381) 0.25

Donor variables

Eurotransplant Donor Risk Index 2.0 (1.6-2.4) 1.8 (1.5-2.1) 0.58

Median age (years) 46 (39-55) 48 (39-61) 0.58

Gender
- Male
- Female

11 (58%)
8 (42%)

2 (40%)
3 (60%)

0.48

BMI (kg/m2) 25 (23-26) 23 (21-25) 0.60

Type of donor liver 
- DBD
- DCD

11 (58%)
8 (42%)

5 (100%)
0

0.08

Time between withdrawal of life support and 
circulatory arrest (min)3

22 (17-34) - NA

Time between circulatory arrest and cold flush in 
situ (min)3

15 (12-21) - NA

Cause of donor death
- Anoxia
- Cerebrovascular
- Other

2 (10%)
9 (48%)
8 (42%)

0 
4 (80%)
1 (20%)

0.19

Graft size
- Full size 19 (100%) 5 (100%)

1.00

Organ preservation fluid
- UW 
- HTK

13 (68%)
6 (32%)

5 (100%)
0

0.15

Surgical variables

Venous anastomosis
- Piggyback 
- Classic

16 (84%)
3 (16%)

4 (80%)
1 (20%)

0.66

Type bile duct anastomosis
- Duct-to-duct
- Hepatico-jejunostomy

18 (95%)
1 (5%)

     5 (100%)
     0

0.60

Cold ischemia time4 (hr:min) 8:42 (7:00 – 10:26) 10:10 (6:57-13:55) 0.45

Warm ischemia time5 (hr:min) 0:50 (0:37 – 1:02) 0:49 (0:45-0:55) 0.86

Blood loss (liter) 4.5 (2.5– 14) 3.0 (1.5-4.5) 0.29
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Table 3. Comparison of Histological Grading of Bile Duct Injury in First Liver Allografts in Patients Retransplanted for Severe Non-
Anastomotic Biliary Strictures (NAS) or Retransplanted for Another Reason

Bile Duct Wall Component
Injury Score

Retransplanted for NAS (n =19) Retransplanted for Another 
Reason (n =5)

p-value

Biliary epithelial injury
Absent
Present

1 (5%)
18 (95%)

2 (40%)
3 (60%)

0.037

Mural stroma necrosis
Absent
Present

11 (58%)
8 (42%)

4 (80%)
1 (20%)

0.36

Vascular injury
Absent
Present

18 (94%)
1 (6%)

5 (100%)
0

0.60

Thrombosis
Absent
Present

19 (100%)
0

4 (100%)
0

1.00

Intramural bleeding
Absent
Present

15 (79%)
4 (21%)

3 (60%)
2 (40%)

0.39

PBG injury1

Absent
Present

7 (39%)
11 (61%)

5 (100%)
0

0.016

Inflammation
Absent
Present

0
18 (100%)

2 (40%)
3 (60%)

0.005

Abbreviations used: PBG, peribiliary gland.

1 In one patient no peribiliary glands were present in the large bile duct specimen in the group of patients retransplanted for early NAS. 

◀ Table 2
Data represent median with interquartile ranges (IQR) for continuous variables or numbers (percentages) for categorical variables.

Abbreviations used: BMI: body mass index, MELD: model for end-stage liver disease, INR: international normalized ratio, DBD: donation after 
brain death, DCD: donation after circulatory death, UW: University of Wisconsin, HTK: histidine-tryptophane-ketoglutarate. OLT: orthotopic 
liver transplantation, NA: not applicable.

1 Normal < 110 μmol/L, to convert the value for creatinine to mg/dL, divide by 88.4.
2 Normal 0-17 μmol/L, to convert the value for bilirubin to mg/dL, divide by 17.1.
3 The total of both time periods can be defined as the total donor warm ischemia time during DCD donation.
4 Time from in situ flushing of the donor organ until the liver is removed from ice for implantation.
5 Time from removal of liver from ice until reperfusion via portal vein, hepatic artery or both.
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Figure 2: Histological overview (H&E staining) of a bile duct from a patient with severe  non-anastomotic 
biliary strictures (NAS). The biliary epithelial layer is absent due to massive necrosis and inflammation 
(curly bracket). The cells in the periluminal PBGs were detached from their basement membrane or even 
absent (dashed circle). The bile duct lumen is marked with an asterisk. In the bile duct lumen cellular debris 
and bile residues are observed. Scale bar indicates 300 μm.

Figure 3: PAS diastase staining of a bile duct wall injured by severe non-anastomotic biliary strictures 
(NAS). The biliary epithelial layer is absent (curly bracket). No mural stroma necrosis is observed (white 
arrow points to a vital stroma cell). Additionally, no injury to the peribiliary vascular plexus or thrombosis is 
observed in this case (black arrows). Scale bar indicates 100 μm.

Binnenwerk_Andrie_Final.indd   130 12/20/15   11:01 AM



131

8

Figure 4: Masson’s trichrome staining of peribiliary glands of a bile duct from a patient with severe 
non-anastomotic biliary strictures (NAS). Panel A: Detachment of epithelial cells from the basement 
membrane. Panel B: Disappearance of epithelial cells from the glands. Scale bar indicate 50 μm. 
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the proportion of control patients (p=0.016) (Figure 4). Similarly, a significantly 
higher percentage of inflammation was observed in biopsies of the first allograft 
in patients retransplanted for severe NAS compared to patients retransplanted for 
another reason (p=0.005). 

Discussion    

This study demonstrates that in the histological sections of the larger bile ducts 
of patients retransplanted for severe NAS, significantly more biliary epithelial 
detachment and loss of epithelium cells was present in comparison to (control) 
patients retransplanted for reasons without concomitant biliary injury. In 
addition, in the larger bile ducts of patients retransplanted for severe NAS, a 
higher degree of PBG injury and inflammation was observed compared to control 
patients. Interestingly, we did not find an association between vascular injury and/
or the presence of microthrombi in the peribiliary vascular plexus and end-stage 
NAS. 

The relation between either formation of microthrombi in the peribiliary 
vascular plexus and/or peribiliary vascular injury in bile ducts during SCS and 
the occurrence of NAS or ischemic cholangiopathy has been described previously 
(5,7,18-21). Injury to the peribiliary vascular plexus and/or thrombosis may cause 
interruption of blood supply to bile ducts and subsequent (local) ischemia. After 
a certain time period, the effects of ischemia are not reversible and cellular 
injury occurs. Cellular injury may take the form of bile duct necrosis or fibrosis 
depending on the severity of vascular occlusion (22). In our study, we did not 
observe injury to the peribiliary vascular plexus and/or thrombosis in the larger 
bile duct of patients retransplanted for severe NAS. Hence, our data do not support 
the concept of ongoing injury to the peribiliary vascular plexus as a contributive 
factor for the further progression of severe NAS after transplantation. 

With respect to proliferation and regeneration of the biliary epithelium, the 
PBGs have been identified as reservoir from which biliary epithelial cells of the 
larger bile ducts can regenerate (9-15). Our group recently demonstrated that 
in donor bile ducts, injury to the PBGs during transplantation is associated with 
the occurrence of NAS (7). The current study illustrates that in the end-stages 
of NAS, the PBGs are injured as well. As a result, our data support our earlier 
findings that the injury to the PBGs during organ preservation is related to NAS 
formation. Data from both studies suggest that PBG injury developed during organ 
preservation is an ongoing process, resulting in insufficient capacity of the PBGs 
to replenish new cholangiocytes of the damaged bile ducts. It is therefore likely 
that between transplantation and NAS formation the defective regeneration of the 
lining epithelium of the larger bile ducts results in inappropriate luminal lining 
of the bile ducts. As a consequence, the bile duct wall is inadequately protected 
against the toxic effects of bile salts. Bile salts are toxic due to their properties 
to solubilize membrane-bound lipids. Inside the cell, bile salts are harmful for 

8

Binnenwerk_Andrie_Final.indd   132 12/20/15   11:02 AM



133

mitochondria and are able to trigger necrosis or apoptosis (23). Normally, biliary 
epithelial cells form a protective barrier against the toxic effects of bile salts (24). 
Next to their barrier function, the cholangiocytes actively secrete bicarbonate to 
neutralize the effects of the toxic bile salts (25,26). In addition, it has been shown 
that bile is even more toxic during NAS formation (17). Normally, the effects of the 
toxic bile salts are counteracted by phospholipids and mixed micelles formation. 
However, NAS formation is associated with a higher bile salt phospholipid ratio 
(17). Given the knowledge that the protective cholangiocyte layer is almost absent 
in cases of severe NAS, we hypothesize that the combination of the absence of a 
cholangiocyte protective layer and increased effect of toxic bile acids, are both 
important factors for inflammation of the bile duct wall and further progression 
of NAS after transplantation. 

A limitation of our study is the relative small number of control patients. However, 
patients retransplanted with a minimal risk for the development of biliary 
pathology are available in limited numbers in our cohort over 25 years. Due to 
optimal care after transplantation for hepatitis B or C cirrhosis, retransplantation 
for recurrent hepatitis related graft cirrhosis is not common in our center.

Further studies regarding the capacity of PBGs in regeneration of the biliary 
epithelium after SCS would be worthwhile. Recently, a proof-of-principle study 
in two patients with advanced cirrhosis has shown the beneficial effects of 
stem cell therapy with human fetal biliary tree stem/progenitor cells (hBTSCs) 
harvested from the PBGs (27). These hBTSCs are able to differentiate into mature 
cholangiocytes, hepatocytes and pancreatic β-cells (10,28,29). After 6 months 
follow-up, both patients had a reduction of approximately 4 points in their MELD 
score, suggesting a better hepatic function in these patients (27). In addition, 
studies with ex vivo normothermic machine perfusion of the donor livers after SCS 
have demonstrated its potential role to serve as a vehicle for the delivery of stem 
cells (30-32). Therefore, it is plausible that the combination of stem cell therapy 
and normothermic machine perfusion has potential in revitalizing injured bile 
ducts before transplantation.  

In conclusion, our study demonstrates that injury to the peribiliary glands and 
biliary epithelium but not injury to the vascular plexus is strongly associated 
with end-stage NAS. In addition, our data suggest that ongoing injuries to the 
PBGs with a consequently insufficient regeneration of the biliary epithelium are 
important factors in the pathogenesis of NAS. Furthermore, we postulate that 
the combination of the loss of the protective cholangiocyte layer and effects of 
the toxic bile salts are important factors for the further progression of NAS. The 
pivotal role of PBG as a source for cholangiocyte replenishment following injury 
has been substantiated by stem cell therapy with PBG derived progenitors cells. 
Therefore, stem cell therapy together with normothermic machine perfusion may 
have potential to reduce biliary injury during organ preservation. 
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