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Abstract
Liver transplantation (LT) is the best treatment for end-
stage hepatic failure, with an excellent survival rates 
over the last decade. Biliary complications after LT pose 
a major challenge especially with the increasing number 
of procured organs after circulatory death. Ischaemic 
cholangiopathy (IC) is a set of disorders characterized 
by multiple diffuse strictures affecting the graft biliary 
system in the absence of hepatic artery thrombosis or 
stenosis. It commonly presents with cholestasis and 
cholangitis resulting in higher readmission rates, longer 
length of stay, repeated therapeutic interventions, and 
eventually re-transplantation with consequent effects 
on the patient’s quality of life and increased health care 
costs. The pathogenesis of IC is unclear and exhibits 
a higher prevalence with prolonged ischaemia time, 
donation after circulatory death (DCD), rejection, and 
cytomegalovirus infection. The majority of IC occurs 
within 12 mo after LT. Prolonged warm ischaemic times 
predispose to a profound injury with a subsequently 
higher prevalence of IC. Biliary complications and IC 
rates are between 16% and 29% in DCD grafts com-

pared to between 3% and 17% in donation after brain 
death (DBD) grafts. The majority of ischaemic biliary 
lesions occur within 30 d in DCD compared to 90 d in 
DBD grafts following transplantation. However, there 
are many other risk factors for IC that should be con-
sidered. The benefits of DCD in expanding the donor 
pool are hindered by the higher incidence of IC with 
increased rates of re-transplantation. Careful donor 
selection and procurement might help to optimize the 
utilization of DCD grafts.
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Core tip: Biliary complications after liver transplantation 
represent a major challenge. Ischaemic cholangiopathy 
is a set of disorders characterized by multiple diffuse 
intrahepatic strictures. Ischaemic cholangiopathy can 
cause a late graft loss. It becomes more evident after 
the widespread usage of grafts after circulatory deaths. 
Awareness of predisposing factors, presentation, diagno-
sis, and management is mandatory. Prophylaxis is essen-
tial by controlling risk factors. Management varies from 
simple radiological interventions to re-transplantation. 
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INTRODUCTION
Liver transplantation (LT) has achieved excellent 5-year 
survival rates in the last decade. One of  the current chal-
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lenges is the high incidence of  biliary complications after 
transplantation. Biliary complications after LT represent 
a major surgical problem with incidence of  up to 30%[1-3]. 
They include a variety of  functional and structural biliary 
abnormalities that alter the hepatic function and con-
tribute to graft dysfunction leading eventually to biliary 
reconstruction and/or re-transplantation[4,5]. The clas-
sification of  biliary complications should refer to their 
aetiology. Many factors are identified as predisposing 
to post-transplant biliary complications which include: 
hepatic artery thrombosis/stenosis, immunological disor-
ders, rejection, ischaemia-reperfusion injury (IR), and sur-
gical reconstructive technique[6,7]. These factors can lead 
to ischaemic-related biliary complications that are seen 
with the increased use of  donation after circulatory death 
(DCD) grafts[8,9].

Ischaemic cholangiopathy (IC) is a wide spectrum 
pathological entity characterized by multiple diffuse 
intra-hepatic strictures in the absence of  hepatic artery 
thrombosis or stenosis[10-12]. The identification of  fac-
tors associated with ischaemic biliary damage remains a 
challenge especially with increased the related-mortality 
by 8%-15%[1,13]. IC also impacts on the quality of  life 
and has as a significant economic effect. Patients with IC 
experience higher readmission rates, longer length of  stay 
(LOS), repeated radiologic-guided procedures and higher 
incidence of  re-transplantation as a final definite treat-
ment[14,15]. Jay et al[16] showed that, patients with IC receive 
a median of  12 invasive biliary procedures (range, 0-21) 
in the first 2 years following transplantation and this is 
associated with higher costs reaching around 54% over 
and above the first post-transplant year costs[17]. In ad-
dition, poor graft survival is significantly related to the 
development of  IC and this is evident among DCD re-
cipients[18,19].

We have reviewed the current literature on incidence, 
risk factors, and management of  ischaemic cholangi-
opathy after liver transplantation with attention to the 
proposed precautions that could be taken during the liver 
procurement and transplantation to decrease its occur-
rence.

DEFINITION, INCIDENCE, 
PATHOGENESIS, AND TYPES OF 
ISCHAEMIC CHOLANGIOPATHY
Post-transplant biliary strictures are classified into two 
types: (1) anastomotic strictures (AS) which are defined 
as strictures at the site of  bile duct anastomosis (choled-
ochocholedochostomy or choledochojejunostomy); and 
(2) non-anastomotic biliary strictures (NAS) which may 
be either extrahepatic or intrahepatic[20].

The incidence of  AS after LT is between 5% and 
10%[13]. They are often isolated, short in length, and are 
a result of  fibrotic healing at the site of  a biliary anas-
tomosis within the first year after transplantation[21,22]. 
The pathogenesis of  AS are attributed to many factors 
that appear early in the post-transplant period. Techni-

cal issues appear to be the most important factor which 
include: improper surgical technique, small calibre of  the 
bile ducts, a mismatch in size between the donor and re-
cipient bile ducts, inappropriate suture material, tension 
at the anastomosis, excessive use of  electrocauterization 
for control of  bile duct bleeding, and infection[13,23,24]. 
Management of  AS is mainly by endoscopic manage-
ment, percutaneous therapy, surgical revision which is 
now reserved for patients who have failed the previous 
modalities, and re-transplantation is the final option when 
all else fails[25,26].

The NAS are due to hepatic artery thrombosis, ste-
nosis, or IC which account for 10%-25% of  all stricture 
complications after LT[13,23,27-29]. The majority are due to 
hepatic artery thrombosis. The diffuse NAS after liver 
transplantation in the presence of  a patent hepatic ar-
tery have been termed ischaemic cholangiopathy, it ini-
tially described by Sanchez-Urdazpal et al[10] at the Mayo 
Clinic, and Li et al[30] at the University of  Nebraska. The 
incidence of  IC was noticed between 2% and 20% of  
patients, localizing proximal to the anastomotic site af-
fecting only the donor biliary tree. However, they were 
indistinguishable on cholangiography from strictures 
caused by hepatic artery thrombosis or stenosis[7,13]. The 
pathogenesis of  IC remains unclear. It occurs either sec-
ondary to microangiopathic injury (IR injury, prolonged 
cold and warm ischaemia times, DCD grafts, prolonged 
donor ITU stay and use of  dopamine), or secondary to 
immunological causes (ABO-incompatibility, rejection, 
and CMV infection)[26,31-33]. The majority of  IC occurs 
within 12 mo following transplantation, and their preva-
lence continues to increase with time after LT[5].

Based on prognostic and therapeutic implications, 
NAS were classified into extrahepatic lesions (type Ⅰ), 
intrahepatic (type Ⅱ) or a combination of  intrahepatic 
and extrahepatic abnormalities[34,35]. As the success of  
therapy in IC depends on the extent of  intrahepatic bili-
ary lesions, Buis et al[36] have suggested a classification 
of  the involved intrahepatic zones A to D. The extrahe-
patic common bile duct, including the hilar bifurcation 
(zone A), the bile ducts between first and second order 
branches (zone B), the bile ducts between second and 
third order branches (zone C), and bile ducts in the pe-
riphery of  the liver (zone D). In addition, the location of  
the strictures was categorized as left sided, right sided or 
bilateral. Involvement of  zone C seems to predict a more 
severe clinical course, because of  therapeutic difficulties. 
Zone D, representing the small peripheral ducts, is mainly 
involved in late forms of  NAS with an immunological 
pathogenesis.

CLINICAL PRESENTATION OF ISCHAEMIC 
CHOLANGIOPATHY
The majority of  IC manifests between 1 to 6 mo after 
LT with involvement of  both intrahepatic and extrahe-
patic bile ducts, while a few develop only extrahepatic or 
intrahepatic lesions[4,37]. Patients appear to present with 
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similar non-specific symptoms as patients with anasto-
motic strictures[5]. IC may be asymptomatic during the 
initial period of  the disease, the diagnosis being made 
when abnormal biochemical liver tests are discovered, 
usually elevated levels of  serum alkaline phosphatase and 
gamma-glutamyl transferase. Progressive cholestasis and 
cholangitis are the two major presenting features. Later 
presentation of  the disease includes itching, jaundice, and 
hepatocellular failure. However, some patients may have 
a very minor form of  the disease and will never develop 
such complications[38]. As a result of  cholestasis, forma-
tion of  gallstones, sludge, and casts in the biliary tree is 
common and predisposes to recurrent attacks of  cholan-
gitis[39]. These most likely arise from ongoing sloughing 
of  the biliary epithelium as a result of  the underlying 
ischaemic or immunologic injury[40]. Patients with IC may 
be admitted many times to manage acute cholangitis with 
twice as long hospital stay compared to non-sufferers[15]. 
IC may present as bile duct necrosis, bile leak, biloma, 
bile duct fibrosis or stenosis. Bile duct necrosis and bi-
lomas are rare with IC and occur predominantly when 
there is a sudden and complete interruption of  arterial 
blood supply as in hepatic artery thrombosis[41,42].

To diagnosis IC, patients need to have abnormal liver 
function tests and diffuse intrahepatic strictures on mag-
netic resonance imaging, endoscopic retrograde cholan-
giography or percutaneous transhepatic cholangiography. 
Cholangiographic findings include diffuse and multiple 
bile duct abnormalities (Figure 1). Bile ducts are affected 
in a pauci- or pluri-focal pattern. The middle third of  the 
common bile duct is most commonly affected, followed 
by the hepatic duct confluence[43]. Biopsy specimens tak-
en from patients with ischaemic cholangitis reveal biliary 
obstruction and ischaemic features in 90%, and occasion-
ally cellular rejection in 50%[44].

BLOOD SUPPLY OF THE BILIARY TREE
The human biliary system is composed of  extrahepatic 
and intrahepatic biliary systems. The latter includes two 
sets of  small and large size bile ducts. The bile ducts 
are lined by biliary epithelium consisting of  cholangio-

cytes[45,46]. Blood is supplied to the bile ducts through a 
network of  arterioles and capillaries, called the peribili-
ary vascular plexus (PBP), arising from hepatic arteries 
(HAs)[47]. The PBP is arranged around both the extra- 
and intra-hepatic bile ducts in the normal liver[46]. In con-
trast to the liver parenchyma, which has dual arterial and 
portal blood supply, the biliary epithelium depends solely 
on blood flow from the HAs[48]. Hepatic artery damage 
during procurement or reconstruction, and any variables 
causing interference of  the blood supply to biliary tract 
via the perivascular plexus or small arteries, can cause 
ischaemic-type biliary lesions  and segmental strictures[48]. 
However, many authors postulate that the biliary system 
receives blood from the portal vein as well as from the 
PBP[49]. This was supported by the occurrence of  IC in 
the absence of  hepatic artery thrombosis or in the he-
patic segments affected by partial portal vein thrombosis; 
hence the impact of  portal venous blood cannot be ig-
nored[50].

ISCHAEMIA REPERFUSION (IR) INJURY
During the liver procurement, the whole blood flow to 
the liver is completely interrupted and it is several hours 
before re-establishment of  circulation. Biliary ducts, 
especially cholangiocytes, seem to be more sensitive to 
ischaemia than hepatocytes or Kupffer cells. This has 
been observed in vitro studies which analyzed human 
graft specimens after LT where severe biochemical and 
histologic changes in the bile canaliculi associated with 
ischaemic injury were observed, indicating that the bili-
ary system is very sensitive to ischaemic reperfusion 
injury[49,51]. A high incidence of  the above complications 
is associated with prolonged cold ischaemic time[35,37], de-
layed re-arterialization of  the graft[52] or transplants from 
DCD[53] indicating that IR injury plays the key-role in 
the pathogenesis of  IC. IR injury during LT is mediated 
by thrombotic and ischaemic events due to endothelial 
activation[54-56] which include multiple pathophysiologic 
mechanisms such as impaired microcirculatory function, 
leukocyte adhesions, platelet aggregation, increased oxy-
gen free radical production, lipid peroxidation, and cel-
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Figure 1  Magnetic resonance cholangiopancreatography images of 60-year-old patient who received a donation after circulatory death liver graft. A: The 
patient developed ischaemic type intra-hepatic biliary strictures 8-mo post-transplant, confirmed to be of ischemic origin by liver biopsy; B: Dilated intra-hepatic ducts 
proximal to intra-hepatic biliary strictures.
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pand the organ donor pool[74]. The total number of  DCD 
transplants performed each year has increased more than 
10-fold over the past decade and this has contributed 
inexpanding the liver transplant activity in many coun-
tries[75]. However, serious concerns have emerged regard-
ing lower graft survival rates and higher biliary complica-
tion rates in comparison with DBD liver grafts[14,17]. As 
with all innovation in transplantation, there is a learning 
curve for the optimal utilization of  DCD organs. The 
central issue surrounding DCD organs is the prolonged 
WIT which affects the graft function and organ damage 
is more profound[76].

Pooled United Network for Organ Sharing data 
and several single-institution experiences have shown 
inferior graft survival in DCD liver transplant[15,17,77]. 
This is mostly related to IC which is the leading cause 
of  graft loss and the complications that have prevented 
the widespread acceptance of  DCD graft use by many 
transplant centres[78]. Livers from DCD have a second 
period of  warm ischaemia when compared with DBD 
livers. This period of  WIT results from the time from 
circulatory arrest until start of  preservation, and results 
in, more ischaemic injury with subsequent high preva-
lence of  IC[8]. Also the incidence of  acute and chronic 
rejection, primary non-function and re-transplantation is 
higher with DCD livers[16,18,19,79]. The overall rate of  bili-
ary complications is 29% (range: 11%-53%) for DCD 
and 17% (9%-22%) for DBD recipients after LT[16]. D’
Alessandro et al[80] from the University of  Wisconsin have 
published 36 LTs after DCD, and also noted a higher 
rate of  biliary complications after DBD (13.9% vs 8%, 
respectively). The IC rate is 16% (8%-38%) for DCD 
recipients and 3% (0%-8%) for DBD recipients (Figure 
3)[8,15,16,81]. Chan et al[19] have shown that, the rate of  IC in 
the DCD population compared to the DBD group was 
significantly higher (13.7% vs 1%) with 3-year follow-up, 
and all patients who developed IC did so in 120 d. Simi-
larly, a retrospective case series by Abt et al[8] revealed that 
4 out of  the 15 patients receiving a DCD liver transplant 
developed IC. Ischaemic biliary lesions occur within 30 d 
in DCD compared to about 3 mo after transplantation in 
DBD grafts[4].

In our experience, since we started using livers from 
DCD in late 2004 (only small numbers until January 
2007), the overall rate of  biliary complications is 21% for 
DCD and 13% for DBD recipients after LT (P = NS). 
The IC rate is 8.3% for DCD recipients and 1.7% for 
DBD recipients (P = 0.001).

Many authors assume that, donor-warm ischaemia 
time (DWIT) which is the time between the asystole-to 
cross clamp was a risk factor for the development of  IC. 
This leads the American Society of  Transplant Surgeons 
to recommend a limit of  the DWIT between 20 to 30 
min[18,29,82]. It has been calculated that each minute of  
additional WIT increases the odds ratio for the develop-
ment of  ischemic cholangiopathy or hepatic necrosis by 
16%[29]. Also, the donor haemodynamic status between 
the withdrawal of  cardiopulmonary support and asystole 

lular hypoxia[57,58].
Chan et al[19] found that a CIT exceeding 9 h was asso-

ciated with increased incidence of  IC (RR = 2.7; 95%CI: 
2.6-2.8, P = 0.013). Dubbeld et al[59] found that an in-
creasing cold ischaemia time (CIT) correlated with worse 
outcomes and this may be attributed to IC. However, 
ischaemia that lasts less than 90 min can still lead to some 
degree of  liver injury, during the ischaemia, and more 
extensive lesions during the reperfusion[60,61]. The biliary 
epithelium is exposed to pro-inflammatory mediators 
derived not only from intrahepatic sources, but also from 
extrahepatic sources via arterial circulation[12,62]. Desqua-
mated ductal cells together with polymorphonuclear leu-
kocytes (PMNs) are discovered in the lumen of  bile ducts 
and they appear in bile during the first few days after 
LT[63,64].

During cold ischaemia, rapid loss of  high-energy 
molecules such as adenosine triphosphate (ATP) was 
observed due to mitochondrial dysfunction leading to 
cellular membrane damage manifested by loss of  intra-
cellular ions and intracellular accumulation of  calcium 
and sodium[65,66]. In addition, this energy depletion leads 
to activation of  proteolytic enzymes (proteases, phos-
pholipases, and endonucleases), leading to production of  
xanthine oxidase from xanthine dehydrogenase and sub-
sequent degradation of  ATP to hypoxanthine[67]. During 
ischaemic cellular anoxia, cholangiocytes are significantly 
more resistant to cell death than hepatocytes[68]. The op-
posite occurs after reperfusion and re-oxygenation of  the 
liver, when hepatocytes are more resistant to cell death 
than cholangiocytes. 

After reperfusion in LT, re-oxygenation activates 
Kupffer cells and PMN, and produces microvascular 
disturbances, three processes collectively termed oxida-
tive stress as shown in Figure 2[69]. Oxidative stress and 
production of  free radicals lead to a biphasic pattern of  
reperfusion injury[70]. This is composed of: (1) an early 
phase (1-3 h) of  activation of  Kupffer cells with mild 
initial injury; and (2) a late phase (6-24 h) with more seri-
ous injury initiated by PMN activation. The severity of  
the liver IR is related to the length of  CIT even more so 
than donor age[71]. Recently, Heidenhain et al[72] have shown 
that, CIT < 13 h is associated with only 7% risk of  IC inci-
dence; this percentage increases to 52% when the CIT was 
longer than 13 h, rising to 69% if  it was longer than 15 h.

Additionally, experimental evidence in animals links 
irreversible intrahepatic strictures to the length of  warm 
ischaemia time (WIT). This has been evidenced by the low 
incidence of  intrahepatic biliary strictures when simulta-
neous hepatic artery and portal vein reperfusion is per-
formed as compared to sequential vein followed by arte-
rial reperfusion[53]. In animal models of  DCD, irreversible 
biliary tract damage has been observed after 40 min of  
WIT, despite preservation of  hepatocellular function[73].

DCD AND ISCHAEMIC 
CHOLANGIOPATHY
Interest in DCD increased in late 1980s in order to ex-
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in DCD is used to predict graft function after transplan-
tation[83].

DONOR, GRAFT CHARACTERISTICS, 
PROCUREMENT AND PRESERVATION 
PROCESS AND ISCAEMIC 
CHOLANGIOPATHY
The identification ofthe risk factors of  IC is important 
to optimize the greater use of  different liver grafts, it is 
important for an experienced transplant surgeon to per-
form the procurement of  DCD livers[29]. Donor age is a 
risk factor for the development of  IC after LT[73,84]. Liv-
ers from older donors are more susceptible to warm and 
cold IR injury than young livers[85,86]. Aging may directly 
affect Kupffer cells resulting in tumour necrosis factor-α 
release and apoptosis[87]. Chan et al[19] have shown that, 
donor weight plays an important role in the development 

of  IC. This may be explained by inadequate perfusion 
of  preservation solution through the smaller arterioles 
that feed the biliary tree in a larger donor body weight. 
They also noticed that, donor body weight and age > 50 
years appeared to be a strong predictors for the develop-
ment of  IC. In addition a female to male donor/recipient 
match is associated with late development of  IC[36].

Development of  early biliary complications is corre-
lated with moderate macrovesicular steatosis[88]. Macrove-
sicular steatosis of  the graft exceeding 25% is a signifi-
cant predisposition for biliary complications[89,90].

Few preservation solutions have gotten widespread 
clinical use, such as Euro-Collins, Histidine-Tryptophan-
Ketoglutarate (HTK), University of  Wisconsin (UW) 
and Celsior solutions[91]. Euro-Collins has almost been 
abandoned because of  the glucose disadvantage, and 
currently, Celsior is mainly used for cardiac preservation. 
HTK and UW are still being used for multiorgan pres-
ervation[92]. Despite trends were documented in some 

Study name Events/Total Odds ratio and 95%CI

Odds ratio P  value DCD DBD Total Weight (fixed) Relative weight

Abt et al  2003   15.709 0.000   4/15    5/221   9/236 1.83 9.08
Chan et al 2008   13.125 0.000   7/51    4/334   11/385 2.39  11.83
De vera et al 2009   27.288 0.000   23/141    2/282   25/423 1.80 8.92
Dezza et al 2007   14.400 0.005   3/13    2/98   5/111 1.06 5.25
Foley et al 2005 1.866 0.219   5/36    44/553   49/589 3.89  19.28
Grewal et al 2009 4.738 0.000   9/108    25/1328   34/1436 6.17  30.58
Pine et al 2009   21.317 0.038   8/39    0/39   8/78 0.46 2.28
Skaro et al 2009   34.950 0.000   12/32    4/237   16/269 2.58   12.78

Heterogeneity: χ 2 = 20.47, df = 7, P  = 0.005, I 2 = 66%
Test for overall effect: P  = 0.0001

0.01          0.1             1             10            100

Liver
transplantation

Cold/warrn liver ischaernia reperfusion

ROS generation
MPT induction
ATP depletion
Bile canaliculi cytoskeleton changes

Bile salttoxicity, biliary stasis
     During cold ischaemia
     After transplantation
Alteration of bile compostion
Microcircilatory disturbances

Apoptosis of epithelial biliary cells

IC

Figure 2  Cold and warm liver ischaemia-reperfusion lead-
ing to ischaemic cholangiopathy following liver transplan-
tation. Drawing illustrates the pathogenesis of IC after OLT[12]. 
ROS: Reactive oxygen species; MPT: Mitochondrial perme-
ability transition; ATP: Adenosine triphosphate; DCD: Donation 
after circulatory death; IC: Ischaemic cholangiopathy; OLT: 
Orthotopic liver transplantation.

Figure 3  Ischaemic cholangiopathy for donation after circulatory death and donation after brain death liver recipients. A meta-analysis: Eight studies re-
ported IC rates for both DCD and DBD cohorts. These studies demonstrated an IC rate of 16% (8%-38%) for DCD recipients compared with 3% (0%-8%) of DBD 
recipients. DCD recipients had a 10.8 times increased odds of IC (95%CI: 4.8-24.2)[16]. DCD: Donation after circulatory death; DBD: Donation after brain death; IC: 
Ischaemic cholangiopathy.

Favours DCD Favours DBD

Mourad MM et al . Ischaemic cholangiopathy after liver transplantation



6164 May 28, 2014|Volume 20|Issue 20|WJG|www.wjgnet.com

studies for the superiority of  low viscosity HTK in biliary 
tract flush, prevention of  biliary complications, and cost 
savings[2,93-95], many recent studies revealed no difference 
of  effects between HTK and UW (high viscosity) regard-
ing the incidence of  post-transplant IC or survival[96-99]. 

Routine flushing of  the donor biliary tree to remove 
stagnant bile salts is performed by most procurement 
surgeons, as bile can be cytotoxic to the ductal epithelium 
of  allografts with long preservation times, resulting in 
intrahepatic stricture formation[10]. 

OTHER RISK FACTORS
Immunologically related IC comprises injury to the bili-
ary epithelium and/or vascular endothelium in the course 
of  chronic rejection, CMV infection, recurrent sclerosing 
cholangitis and ABO-incompatible transplantation[6,100]. 
Although some studies did not show that graft rejec-
tion was a risk factor for development of  IC following 
LT[101,102], others demonstrated that bile ducts are involved 
in acute and chronic rejection[103,104]. Two mechanisms 
have been suggested to cause bile duct loss (vanishing bile 
duct syndrome): (1) a direct immunological destruction 
of  the biliary epithelium, the histologic appearance of  
cellular rejection is characterized by lymphocytic invasion 
and evidence of  degenerative changes in the biliary epi-
thelium[105]. Biliary inflammation is less severe in chronic 
rejection[106]. Lymphocyte cultures generated from liver 
allograft tissue undergoing rejection have demonstrated 
cytotoxic activity directed at donor major histocompat-
ibility complex (MHC) antigens[107]. These MHC antigens 
are expressed strongly on bile ducts particularly during a 
rejection reaction[108]; and (2) an indirect, ischaemic dam-
age through a process of  chronic obliterative arteriopathy 
which is indicated by the absence of  bile ducts in con-
junction with arterial loss in specimens from chronically 
rejected human liver allografts[109,110]. The incidence of  IC 
after ABO-incompatible LT in adults is much higher than 
in ABO-compatible LT[111]. Primary sclerosing cholangitis 
and autoimmune hepatitis as indications for LT are also 
associated with a higher incidence of  IC[36,112].

CMV infection can damage the bile duct cells and 
this damage may be mediated by CMV infection of  small 
arteries[113]. CMV infection mediates injury of  endothelial 
cells of  the PBP, with subsequent microthrombi forma-
tion and anoxic damage of  the biliary epithelium, which 
causes ischaemic injury to the bile duct and development 
of  IC[114,115]. Also this can be indirectly induced by an 
immune attack of  the infected biliary epithelial cells as 
CMV infection is associated with rejection[114].

Baccarani et al[89] have shown that, the interval be-
tween portal and arterial reperfusion of  the liver greatly 
affects the development of  IC in case of  sequential 
revascularization in LT. The delay of  re-arterialization 
in sequential revascularization is associated with more 
pronounced microvascular disturbances, with subsequent 
graft dysfunction and a higher incidence of  biliary com-
plications following LT[116]. Dubbeld et al[59] found that 
sclerosing cholangitis (PSC) as underlying liver disease, 

and a trend for MELD-score were risk factors for non-
anastomotic biliary strictures either in DBD or DCD.

MANAGEMENT
IC does not appear to increase the risk of  death, but 
leads to a significant increase in the morbidity associated 
with multiple dilatation procedures and hospitalizations 
from recurrent cholangitis[19]. IC is not reversible, and 
the management options are limited. Early recognition 
and the timely treatment of  cholangitis, which is some-
times associated with intrahepatic bile duct necrosis, can 
save the graft function and prevent graft loss. IC tend 
to be diffuse and difficult to manage and may require 
endoscopic (ERCP) or percutaneous management with 
stricture dilatation and stent insertion, hepaticojejunos-
tomy, or a permanent indwelling percutaneous transhe-
patic cholangiography-guided drainage in up to 50% of  
cases[40,101]. 

ERCP consists of  removing biliary sludge and casts 
from the bile ducts, this followed by balloon dilation of  
all accessible strictures and placement of  plastic stents 
with replacement every 3 mo[4]. In IC, strictures are less 
amenable to balloon dilation as they are diffuse, bilobar, 
and with high predilection for the smaller intrahepatic 
ducts. In addition, with recurrent cholangitis, rapid fre-
quent stent occlusion is another challenge for physicians 
who need repeated admissions and management. Endo-
scopic therapy is the first line therapy for IC strictures 
and may occasionally be a definite solution, but appears 
to play a more prominent role as a bridge to liver re-
transplantation[28,117].

Prophylaxis of  IC might be valuable due to the com-
plex nature of  the disease and the high cost and high rate 
of  readmissions with ultimately re-grafting in an era of  
donor pool shortage. Establishment of  a sufficient biliary 
microcirculation during organ procurement is mandatory 
by arterial pressure perfusion[73,118], and also additional 
arterial back-table pressure perfusion has been suggest-
ed[31]. CIT should be kept ≤ 10 h. Bile salt residues are a 
further factor, which may potentiate the IR injury[119,120]. 
Thorough retrograde flushing of  the bile ducts is there-
fore recommended. Also recipient characteristics like a 
Child-Pugh status C have been reported to significantly 
increase the incidence of  NAS[72]. Simultaneous arterial 
and portal reperfusion reduced the biliary ischaemic time 
and subsequently also NAS as it decreases the WIT of  
the arterially perfused bile ducts[121]. The overall risk of  
IC might be balanced by matching of  donor and recipi-
ent characteristics and avoidance of  accumulation of  risk 
factors. In the case of  very high risk, e.g., after DCD, so-
meauthors recommend additional secondary prophylaxis 
of  NAS by insertion of  a T-tube for earlier diagnosis and 
intervention[83].

Some pharmacological materials can be used to de-
crease the incidence of  IC. The Wisconsin group showed 
that, administration of  vitamin E, prostaglandin E1, 
and N-acetylcysteine to their DCD grafted patients has 
some experimental evidence to support this practice[74]. 
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Similarly, researchers from Okayama, Japan have shown a 
protective effect of  a vitamin E derivative in their DCD 
grafted patients which were indicated by rapid improve-
ment of  LFT after LT[122]. Others suggested a protective 
effect of  platelet activating factor and some immunosup-
pressants like tacrolimus in preventing the IC[74].

The use of  ischaemic preconditioning, during the 
procurement has shown a beneficial and protective effect 
especially with prolonged warm and cold ischaemia in 
experimental models[123]. This is carried out through 10 
min portal vein clamping followed by 10 min reperfusion 
before starting the liver procurement. Cameron et al[74] 
showed excellent results using this protocol. 

Uchiyama et al[124] and the Tokyo Medical College pre-
served the liver using machine perfusion through the he-
patic artery with the use of  pentoxifylline. This is particu-
larly effective for graft conditioning in liver transplantation 
from a DCD, decreases the ischaemia time and therefore 
reduces the incidence of  IC.

CONCLUSION
The widespread and successful use of  DCD grafts has 
contributed to increased transplant activity. Ischaemic 
cholangiopathy is attributed to numerous causes, the 
incidence is high among DCD, and this can be managed 
by optimizing the utilization of  this type of  donors with 
proper donor selection and well trained procurement sur-
geons. 
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