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Radiological Classification of Distinct Patterns  
of Nonanastomotic Strictures: Can We Predict  
the Course of the Disease?
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Over the last 20 y, the utilization of organs from dona-
tion after circulatory death (DCD) is increasing in 

an attempt to reduce waiting list mortality due to donor 
organ scarcity. For liver transplantation (LT), this comes 
at a cost; the incidence of biliary nonanastomotic stric-
tures (NAS, also referred to as ischemic cholangiopathy) 
is significantly higher. DCD grafts have a NAS incidence 
ranging from 7% to 34% compared with 1% to 4% in 
grafts donated after brain death.1,2 Although the exact 
mechanism behind the pathophysiology of NAS still is 
unknown, the main risk factor of the development of NAS 
is the donor functional warm ischemia.3 Additional dam-
age may be inflicted by subsequent ischemia-reperfusion 
injury, immune-mediated processes, and cytotoxic injury 
from biliary salts.3,4

Patients with NAS display a wide range of clinical 
symptoms. Some patients only have abnormal labora-
tory values, others predominantly present with pruritus 
or jaundice, and other patients have severe scarring of the 
biliary tree with life-threatening episodes of cholangitis. 
The location of the strictures affects the effectiveness of 
the endoscopic treatment.5 In 2007, the first radiological 
classification for NAS was proposed by the Seoul National 
University College of Medicine and afterward validated 
by the Mayo Clinic,6,7 indicating the position and extend 
of the strictures. Extrahepatic strictures can be relatively 
easily treated endoscopically, whereas multifocal intrahe-
patic strictures are more difficult to treat with low success 
rates.5 The overall success rate of endoscopic treatment of 
biliary strictures in NAS patients varies between 50% and 
70%.5 Eventually, up to 50% of patients developing NAS 
will need a retransplantation.

In this issue of Transplantation, Croome et al8 provide a 
detailed analysis on the natural history and clinical course 
of 88 out of 770 DCD LT patients developing NAS, cat-
egorizing these patients into 4 subtypes with significantly 
different clinical outcomes. Patients with the minor form 
or confluence dominant subtype did have an 80% 5-y graft 
survival outcome, whereas this was 20% in the multifocal 
progressive subtype and 0% in the diffuse necrosis sub-
type. Overall, the 2 severe subtype categories affected 60% 
of the patients who developed NAS.

This is important new information, adding relevant clin-
ical outcomes to the previously proposed radiological clas-
sification, that may serve as a base to differentiate in the 
management of patients who develop NAS. Patients with 
the diffuse necrosis and multifocal progressive subtypes 
could be early relisted based on radiological appearance 
and prioritized with standard exception points to pro-
tect against multiple severe episodes of cholangitis before 
receiving a retransplantation. On the other hand, in 40% 
of the NAS patients, the graft can be rescued by (repeated) 
biliary interventions, saving precious donor livers for oth-
ers in need.

If radiological imaging is to become an important crit-
erium to predict eventual graft survival, it is important to 
know the interobserver variability in scoring the subtypes. 
The authors do not substantiate this with a kappa value 
but indicate good agreement when development of the bil-
iary stricture over time is analyzed. This may reduce the 
advantage of the new radiological classification as a single 
shot diagnostic procedure over the routine clinical follow-
up to serve as a decision-making tool for relisting.

In total, only 88 of 770 (11%) patients in this US cohort 
developed NAS, which is low compared with numbers 
reported in many European DCD programs. These excel-
lent results are probably due to vigorous donor selection, 
and it would be necessary to validate the applicability of 
subtyping NAS in transplant programs with up to 40% 
DCD contribution, like in many European countries, 
before it could be considered to shape policy there with 
regard to retransplantation for NAS.

Another important detail to take into consideration is 
to realize that in 2 of the 3 locations of the study, a routine 
cholangiogram was performed via a surgically placed bil-
iary catheter through the biliary anastomosis. At the third 
location, radiological imaging was performed if clinically 
indicated, for example, because of laboratory abnormali-
ties. Obviously, this will impact the pretest change to find 
abnormalities, and the authors do not indicate in detail if 
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there is a difference in subtypes diagnosed through rou-
tine or on-demand cholangiographies. Currently, many 
transplant programs will not routinely use a T-tube and 
have to rely on magnetic resonance cholangio pancrea-
ticography or endoscopy retrograde cholangio pancrea-
ticography. At the Venice 2020 consensus meeting, the 
International Liver Transplantation Society workgroup 
did not recommend routine biliary imaging after DCD LT, 
as it had few consequences, but given the impact of the 
new subtype classification on outcome, this may have to 
be reconsidered.

Finally, machine perfusion techniques are now rapidly 
emerging in an attempt to mitigate especially ischemic 
cholangiopathy and NAS. (Dual) hypothermic machine 
perfusion and normothermic regional perfusion have been 
shown to reduce NAS formation,9-11 whereas this has not 
been shown for normothermic machine perfusion.9-11 It 
would be interesting to analyze if these perfusion tech-
niques reduce the overall incidence of all types of NAS 
equally or transform the severe forms into the less severe 
forms that do not impact graft survival. An indication for 
the latter might be in the recent dual hypothermic oxygen-
ated perfusion study, where routine magnetic resonance 
cholangio pancreaticography was performed, and van Rijn 
et al9 showed biliary radiological abnormalities in 65% of 
asymptomatic patients.

Therefore, in the setting of machine perfusion trials, 
the radiological subtype classification now published in 
Transplantation may even become a surrogate endpoint 
for 5-y graft survival, as more relevant markers than 
transaminase levels are sought.

In summary, the new radiological classification of 
Croome et al8 could potentially develop into a decision-
making tool in the management of DCD LT recipients with 
NAS. Also, the classification may provide a new relevant 

surrogate endpoint for clinical trials looking into the pre-
vention of NAS.
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