W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v20.i33.11856

World | Gastroenterol 2014 September 7; 20(33): 11856-11864
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

OBSERVATIONAL STUDY
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complications after liver transplantation

Xiao-Chun Meng, Wen-Sou Huang, Pei-Yi Xie, Xiu-Zhen Chen, Ming-Yue Cai, Hong Shan, Kang-Shun Zhu

Xiao-Chun Meng, Wen-Sou Huang, Pei-Yi Xie, Xiu-Zhen
Chen, Ming-Yue Cai, Hong Shan, Kang-Shun Zhu, Depart-
ment of Radiology, the Third Affiliated Hospital, Sun Yat-Sen
University, Guangzhou 510630, Guangdong Province, China
Author contributions: Meng XC, Shan H and Zhu KS designed
research; Meng XC, Huang WS, Xie PY, Chen XZ, Cai MY and
Zhu KS performed research; Xie PY and Cai MY performed sta-
tistical analysis; Meng XC and Zhu KS wrote the paper.
Supported by National Natural Science Foundation of China,
No. 81201090, No. 81371655; Guangdong Natural Science
Foundation, No. S2012010008367

Correspondence to: Kang-Shun Zhu, MD, Department of
Radiology, the Third Affiliated Hospital, Sun Yat-Sen University,
600 Tianhe Road, Guangzhou 510630, Guangdong Province,
China. zhksh010@163.com

Telephone: +86-20-85252066 Fax: +86-20-85252616
Received: February 19,2014 Revised: April 29,2014
Accepted: May 25,2014

Published online: September 7, 2014

Abstract

AIM: To investigate the diagnostic performance of
multi-detector computed tomography (MDCT) in de-
tecting biliary complications after orthotopic liver trans-
plantation (OLT).

METHODS: Eighty-three consecutive OLT recipients,
who presented with clinical or biochemical signs of
biliary complications, underwent MDCT examination.
Two experienced radiologists assessed MDCT images
in consensus to determine biliary complications. Final
confirmation was based on percutaneous transhepatic
cholangiography or endoscopic retrograde cholangiog-
raphy in 58 patients, surgery in four patients, liver bi-
opsy in 10, and clinical and sonography follow-up in 11
patients.

RESULTS: Biliary complications were eventually con-
firmed in 62 of 83 patients (74.7%), including anas-
tomotic biliary strictures in 32, nonanastomotic biliary
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strictures in 21, biliary stones in nine (5 with biliary
strictures), anastomotic bile leak in five, and biloma
in six (all with nonanastomotic strictures, and 2 with
biligenic hepatic abscess). Twenty-one patients had no
detection of biliary complications. The sensitivity, speci-
ficity, accuracy, positive predictive value and negative
predictive value of MDCT for detecting biliary strictures
were 90.6%, 86.7%, 89.2%, 92.3% and 83.9%, re-
spectively. For detecting biliary stones, anastomotic bile
leak and biloma, the sensitivity, specificity, accuracy,
positive predictive value and negative predictive value
of MDCT were all 100%.

CONCLUSION: MDCT is a useful screening tool for de-
tecting biliary complications after OLT.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The value of multi-detector computed tomog-
raphy (MDCT) in detecting biliary complications after
orthotopic liver transplantation (OLT) is conflicting.
This study, with 83 OLT recipients suspected of biliary
complications, suggests that MDCT is a useful screen-
ing tool for detecting biliary complications after OLT.
MDCT presented a sensitivity of 90.6% and specificity
of 86.7% for biliary strictures, and both sensitivity and
specificity of 100% for biliary stones, anastomotic bile
leak and biloma. So far, this is the largest sample popu-
lation to investigate the diagnostic accuracy of MDCT
for biliary complications after OLT, which will help us
make a treatment decision.
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INTRODUCTION

Orthotopic liver transplantation (OLT) is a widely ac-
cepted treatment for end-stage liver disease and selected

cases of hepatocellular carcinoma. Despite significant
improvements in surgical techniques, biliary complica-
tions after OLT are still associated with high morbidity
and mortality, and still constitute one of the main causes
of graft dysfunction or loss of recipients'". According to
available data, the reported rates of biliary complications
range from 5.8% to 30% of liver transplants”®, and early
detection of these complications and adequate manage-
ment are crucial for graft and patient survival.

However, early detection of biliary complications
after OLT is challenging, Clinical manifestations (such as
fever, abdominal complaints, and signs of cholangitis) or
biochemical findings are often nonspeciﬁcm, which may
relate to a wide range of potential complications, includ-
ing graft rejection, hepatic arterial thrombosis or steno-
sis™ . Imaging techniques play a key role in differentiating
and evaluating biliary complications after OLT" ", Di-
rect cholangiographic procedures, including endoscopic
retrograde cholangiography (ERC) and percutancous
transhepatic cholangiography (PTC), are widely accepted
as the gold standards for the diagnosis of biliary compli-
cations, which could offer potential therapeutic options
simultaneously[g]. Howevet, they are both invasive and
carry potential risk of complications, such as bleeding,
perforation, sepsis, and even death”. Magnetic resonance
cholangiography (MRC) is a noninvasive imaging tech-
nique, which has been considered as an alternative to
invasive cholangiography in many clinical settings for its
detailed visualization of the bile duct tree without exog-
enous contrast” . However, in some cases, MRC cannot
be used for routine examination, especially for patients in
poor condition who need to carry monitoring equipment
or who cannot hold their breath well. Besides these, the
scanning techniques are also important factors that can
affect the imaging quality of MRC and the diagnostic ac-
cutracy of biliary strictures”. These limit the application
of MRC in the follow-up of OLT recipients.

With fast scanning speed and high imaging quality,
multi-detector computed tomography (MDCT) is consid-
ered as the main choice for detecting vascular complica-
tions after liver transplantation“1’14’15], which reveals the
biliary system at the same time. So, there is the potential
to detect biliary complications in one-step MDCT ex-
amination, which may help with early detection of biliary
complications. However, to the best of our knowledge,
there are only a few reports focusing on the role of
MDCT for biliary complications after liver transplanta-
tion"*"" and the number of patients was small. There-
fore, the aim of the present study was to evaluate MDCT
for detecting biliary complications following liver trans-
plantation and comparing findings with ERC and PTC.
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MATERIALS AND METHODS

Patients

Between October 2003 and October 2012, 83 consecu-
tive OLT recipients, who presented with clinical or
biological signs of biliary complications, underwent
contrast-enhancement MDCT examination at our institu-
tion. All patients presented with abnormal liver function
tests and a variety of clinical symptoms such as fever and
cholangitis. Among these 83 patients, 64 were men and
19 were women, with an age range of 27-63 years (mean,
46.2 years). This study was approved by out Institutional
Review Board. Informed consent was obtained from all
patients.

In liver transplantation procedures, bile duct continu-
ity was established in all cases by a primary duct-to-duct
anastomosis (choledocho-choledochostomy) without
T-tube stent. The interval between OLT and clinical on-
set of biliary complications ranged from 7 d to 68 mo
(mean, 13 mo). Indications for liver transplantation were
as follows: hepatitis B liver cirrhosis (# = 54), hepatitis C
liver cirrhosis (7 = 3), hepatocellular carcinoma (7 = 21),
sclerosing cholangitis (# = 2), idiopathic cirthosis (# = 2),
and Budd-Chiari syndrome (# = 1).

MDCT techniques

From October 2003 to December 2008, 46 patients un-
derwent CT scans on a GE LightSpeed Qx/I CT scanner
(General Electric Medical Systems, Milwaukee, W1, USA)
(eatly-stage MDCT). After December 2008, 37 patients
underwent CT on a Toshiba Aquilion ONE CT scan-
ner (Toshiba Medical Systems, Otawara, Tochigi, Japan)
(late-stage MDCT). Patients routinely received plain and
double-phase contrast-enhanced CT covering the entire
craniocaudal extent of the liver and all the vascular anas-
tomoses. After the plain scan, non-ionic iodinated con-
trast medium (iopromide, Ultravist 300; Schering, Berlin,
Germany) was injected zia an antecubital vein at a dose
of 2 mlL/kg at a rate of 4 mL/s through a power injec-
tor. Contrast-enhanced CT images were obtained during
the hepatic arterial phase with a 25-s delay and the portal
venous phase with a 65-s delay after initiation of contrast
injection.

Technical parameters for the CT examinations on GE
LightSpeed Qx/I were as follows: beam collimation 16
mm, high-speed scan mode (pitch, 6), 5.0-mm slice thick-
ness, 2.5-mm reconstruction slice thickness, and 1.0-mm
intervals. Technical parameters on the Toshiba Aquilion
ONE CT scanner wete as follows: beam collimation 16
mm, 0.5-mm slice thickness and intervals, 1.0-mm recon-
struction slice thickness, and 0.5-mm intervals. All CT
scanning was performed in the supine position at 240
mA and 120 kV with a standard algorithm.

Further data processing was performed on an Advan-
tage workstation 4.0 (General Electric Medical Systems)
or a prototype workstation (Toshiba) equipped with soft-
ware allowing generation of the oblique reformat. One
radiologist experienced in the oblique reformat processed
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Table 1 Multi-detector computed tomography and final

diagnosis in patients with orthotopic liver transplantation with
clinical or biochemical evidence of biliary complications

Diagnosis MDCT (83 patients) Final (83 patients)
Normal 21 7
Anastomotic strictures 34 32
Nonanastomotic strictures 18 21
Anastomotic bile leakage ) 5
Biliary stones 4 4
Other complications

Rejection of the 0 6

transplanted liver

Recurrent viral hepatitis 0 4

Transplantation-related 0 1

lymphoproliferation

Postoperative hilar and 0 2

portal fluid

Pancreatitis 1 1

MDCT: Multi-detector computed tomography.

all images to reveal the biliary system. All these images
wete stored on the hard disk memory of the workstation
for subsequent image analysis.

Image interpretation and analysis

The MDCT transverse images and the oblique reformat
images were interpreted in conference by two experi-
enced abdominal radiologists who were blinded to patient
identification and all the surgical, pathological and chol-
angiographic findings. All images were retrospectively
evaluated to detect the presence of biliary dilatation, bili-
ary strictures, intra- or extrahepatic fluid collection, and
biliary stones. Intrahepatic bile ducts were considered
dilated if the maximum diameter was > 3 mm"*"”, Ex-
trahepatic bile ducts (common hepatic and common bile
ducts) were considered dilated if measuring > 8 mm'""",
For biliary strictures, the site (anastomotic or nonanasto-
motic) was decided. A round or irregular slightly high or
high-density focus inside the bile duct was termed biliary
stones. In the case of inter-observer disagreement, a final
diagnosis was reached by consensus.

On the basis of MDCT findings, biliary complica-
tions were classified as biliary strictures, anastomotic bile
leakage, biloma, biliary stones, and other complications.
Biliary strictures were further subclassified as anasto-
motic and nonanastomotic. Anastomotic strictures were
defined as a focal stricture at the site of the biliary anas-
tomosis™'”, Nonanastomotic strictures were defined as
one or multiple strictures of the extrahepatic bile duct,
intrahepatic bile ducts (including the hepatic duct conflu-
ence), or both™”. Anastomotic bile leakage was defined
as a variable amount of pericholedochal fluid collection
having direct communication with biliary anastomosis.
Biloma was defined as an intrahepatic fluid collection
communicating with dilated intrahepatic bile ducts.

Diagnostic confirmation was obtained by direct chol-
angiography in 58 patients (PTC in 35 and ERC in 23);

surgery in four (retransplantation in 2 and hepaticojeju-
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nostomy in 2); liver biopsy in 10; and clinical and sonog-
raphy follow-up of at least 6 mo in 11 patients. The ERC
and PTC images were interpreted in conference by two
other observers (a radiologist and a surgeon), who used
all the clinical, laboratory, endoscopic and PTC imaging
data during the review.

Statistical analysis

The MDCT findings were compared with the PT'C, ERC,
surgical, liver biopsy or imaging follow-up results and de-
fined as true positives when they correctly detected biliary
complications confirmed by the final diagnosis reference
standards; false positives when they were not confirmed
by PTC, ERC, surgery, liver biopsy or imaging follow-
up; false negatives when complications were detected by
PTC, ERC, surgery, liver biopsy or imaging follow-up
were not detected by MDCT; or true negatives when the
absence of complications was confirmed by PTC, ERC,
surgery, liver biopsy or imaging follow-up. The sensitivity,
specificity, accuracy, positive predictive value and negative
predictive value of the MDCT findings were determined
by the reviewers.

RESULTS

Final diagnostic confirmation

A total of 62 biliary complications were eventually con-
firmed in the 83 patients (74.7%) by PTC, ERC, surgery,
liver biopsy or clinical and sonography follow-up, includ-
ing anastomotic strictures in 32 patients (38.6%), non-
anastomotic strictures in 21 (25.3%), biliary stones in nine
(10.8%; 5 with biliary strictures), anastomotic bile leakage
in five (6.0%), and biloma in six (7.2%) (2 of the 6 pa-
tients with nonanastomotic strictures developed biligenic
hepatic abscess). Twenty-one patients had no detection
of OLT-related biliary complications: seven showed no
abnormality, and 14 had other clinical problems, which
raised clinical suspicion of a biliary condition, including
graft rejection (7 = 06), recurrent viral hepatitis (# = 4),
transplantation-related lymphoproliferation of hilar and
portal area (7 = 1), fluid collections in hepatic hilar and
portal area (# = 2), and pancreatitis (z = 1) (Table 1).

MDCT findings

Biliary strictures: In 32 patients with anastomotic
strictures, 30 were correctly detected by MDCT, who
presented with a short stricture at the anastomosis, with
notable biliary dilation above the stricture (Figure 1). The
site of the dilated bile duct was intrahepatic in 30 patients
(93.8%) and extrahepatic in 27 (84.4%). Two patients
with anastomotic strictures were missed at early-stage
MDCT (false-negative) due to the absence of biliary dila-
tion. However, ERC confirmed both of them. False-pos-
itive findings also occurred in two patients in eatly-stage
MDCT, who presented with mild intra- and extrahepatic
biliary dilation and fluid collection in the hilar and portal
area. Among 32 patients with anastomotic strictures, five
(15.6%) had biliary stones concomitantly, and three (9.4%)
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Figure 1 A 36-year-old man with obstructive jaundice due to anastomotic biliary strictures 5 mo after orthotopic liver transplantation. Computed tomogra-
phy oblique reformat images (A, B) display biliary dilation at the intrahepatic and hepatic hilar bile ducts, biliary stone (arrow) and anastomotic strictures (arrowhead);
C: Percutaneous transhepatic cholangiography demonstrates biliary dilation, anastomotic obstruction, and filling defect (arrow) in the common bile duct and the left

hepatic duct which caused by biliary stone or sludge.

were complicated with hepatic artery stenosis.

MDCT correctly identified 16 of the 21 cases with
nonanastomotic strictures (Figure 2) who presented with
one or multiple strictures at the extrahepatic bile duct,
the intrahepatic bile ducts (including hepatic confluence),
ot both. MDCT detected dilation of the intrahepatic bile
ducts in 18 patients (85.7%), extrahepatic bile ducts in
seven (33.3%), and none in three. Three patients without
dilatation were missed (false-negative) by MDCT (one of
them occurred in early-stage examination), whose stric-
tures only involved the confluence sites of bile ducts with
or without biliary sludge in ERC. Two patients with ex-
trahepatic nonanastomotic strictures were interpreted as
anastomotic strictures in early-stage MDCT. There were
two false-positive results in two patients with normal bile
ducts, who presented with slight intrahepatic biliary dila-
tion in eatly-stage MDCT. Of the 21 patients with non-
anastomotic strictures, 6 (28.6%) were complicated with
biloma, and 12 (57.1%) had hepatic artery stenosis.

Biliary stones: MDCT correctly detected all of the cases
with biliary stones (7 = 9). The stones were typically seen
as a round or irregular slightly high or high-density focus
inside the dilated bile ducts (Figure 3), and were identified
alone (# = 4) or associated with anastomotic strictures (#

=5).

Anastomotic bile leakage: In five patients with anasto-
motic bile leakage, the observers accurately described the

Baishidenge ~ WJG | www.wjgnet.com

11859

presence of fluid collection adjacent to the anastomotic
region (Figure 4), but could not demonstrate active leak-
age. Anastomotic bile leakage was eventually confirmed
by PTC in all five patients.

Biloma and biligenic hepatic abscess: Biloma was
found in six patients. It was an intrahepatic bile collec-
tion (bile lakes), which appeared as a well-circumscribed
rounded lesion with fluid-density of variable size on
MDCT. MDCT revealed the communication between the
biloma and the dilated bile ducts. Among the six patients
with biloma, two developed biligenic hepatic abscess due
to biliary infection (Figure 5). All six patients with biloma
had nonanastomotic biliary strictures and concomitant
hepatic arterial stenosis.

Global results

Of the 53 patients with biliary strictures, 48 were cor-
rectly identified by MDCT (sensitivity, 90.6%) and 5 were
missed (false-negative). MDCT correctly identified the
absence of biliary strictures in 26/30 patients (specific-
ity, 86.7%) and 4 were misdiagnosed (false-positive). The
accuracy, positive predictive value and negative predic-
tive value of MDCT in detecting biliary strictures were
89.2%, 92.3% and 83.9%, respectively. In differentiating
anastomotic from nonanastomotic strictures, 46 of 53
patients (86.8%) with biliary strictures were correctly
identified by MDCT. Missed diagnosis occurred in 5
patients. The other 2 patients with nonanastomotic stric-
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Figure 2 A 66-year-old women with obstructive jaundice due to nonanastomotic biliary strictures 11 mo after orthotopic liver transplantation. A: Transverse
computed tomography (CT) image on the portal venous phase shows marked stenosis of the hepatic hilar bile duct (arrow) and dilation of the intrahepatic bile ducts; B,C:
CT oblique reformat image shows biliary stenosis at the hepatic bifurcation (black arrow) and the donor common duct (white arrow); D: Percutaneous transhepatic
cholangiography demonstrates the stenosis of intrahepatic bile duct and hepatic bifurcation (white arrow), and complete occlusion of the donor common duct (black
arrow).

[ —

Figure 3 A 57-year-old man with jaundice due to biliary stones and anastomotic biliary strictures 13 mo after orthotopic liver transplantation. A: Transverse
plain computed tomography image shows a high-density focus at the hepatic hilar region (arrow); B: Percutaneous transhepatic cholangiography demonstrates filling

defect (arrow) caused by biliary stone or sludge in the hepatic hilar bile ducts, and anastomotic biliary strictures (arrowhead).

tures were misdiagnosed as anastomotic strictures by
MDCT. In evaluating other biliary complications, includ-
ing biliary stones, anastomotic bile leak and biloma, the
sensitivity, specificity, accuracy, positive predictive value
and negative predictive value of MDCT were all 100%.
The value of MDCT in detecting biliary complications in
OLT patients is shown in Table 2.

DISCUSSION

Biliary strictures are the most common type of late biliary
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complications after transplantation, which account for
85.5% (53/62) of biliary complications in our study. El-
evation of liver enzymes and hyperbilirubinemia in OLT
recipients may be caused by a variety of reasons, such
as graft rejection, recurrence of underlying liver disease,
biliaty strictures and/or biliary stones. Imaging evaluation
is always necessary to rule out biliary strictures in these
patients. Usually, biliary strictutes occur from 3 to 5 mo
after transplantation, so direct cholangiography via post-
surgical T-tube is always impossible. Although sonogra-
phy is a simple method for noninvasive screening test,
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Figure 4 A 32-year-old man with fever due to anastomotic bile leakage 12 d after orthotopic liver transplantation. A: Transverse computed tomography image
in the portal venous phase shows a bulk of fluid collection at the hepatic hilar region (arrow); B: Percutaneous transhepatic cholangiography demonstrates anasto-
motic bile leakage.

Figure 5 A 46-year-old man with jaundice and fever due to biloma or biligenic hepatic abscess 4 mo after orthotopic liver transplantation. Transverse com-
puted tomography (CT) image in the portal venous phase (A) and oblique reformat image (B) show multiple biloma or biligenic hepatic abscess (white arrow) commu-
nicating with the dilated bile ducts (black arrow), and stenosis of the hepatic hilar bile duct (arrowhead); C: Percutaneous transhepatic cholangiography demonstrates

biliary dilation, necrosis, and abscess cavity (contrast medium pool) (arrow); D: CT angiography shows hepatic arterial anastomotic stenosis (arrow).

its low sensitivity and high rate of false-negative results
in detecting biliary strictures* " limit its usefulness in
evaluating biliary complications for OLT recipients. Sen-
sitivity and specificity of MRC for post-transplant biliary
complications atre reported to be high, however, its diag-
nostic performance in detecting biliary strictures is often
affected by the technique and patients’ conditions™ ",
It has been reported that MDCT can demonstrate bili-
ary complications after liver transplantation, however,
the detailed results are not available"'". To the best of
our knowledge, only one study reported the diagnostic
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value of CT on biliary strictures after liver transplanta-
tion, however, the small study population could not suf-
ficiently illuminate the potential role of CT"". Therefore,
the performance of MDCT in detecting biliary strictures
needs to be further established.

In our study, MDCT presented a sensitivity of 90.6%,
specificity of 86.7%, accuracy of 89.2%, positive predic-
tive value of 92.3%, and negative predictive value of
83.9% for the detection of biliary strictures in 83 post-
OLT recipients who received MDCT examination. Com-
pared with Zoepf ez al'”, our study revealed a higher
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Table 2 Value of multi-detector computed tomography in detecting biliary complications for orthotopic liver transplantation

recipients

Biliary True-positive True-negative False-positive False-negative Sensitivity Specificity Accuracy Positive predictive Negative predictive
complications (n) (n) (n) (n) value value
Biliary 48 26 4 5 90.6% 86.7% 89.2% 92.3% 83.9%
strictures

Biliary stones 9 74 0 0 100% 100% 100% 100% 100%
Anastomotic 5 78 0 0 100% 100% 100% 100% 100%

bile leakage

Biloma 6 77 0 0 100% 100% 100% 100% 100%

The reference standards used for the final diagnosis are given in the text.

sensitivity and specificity. This may be attributed to the
improvements of MDCT techniques, which allow the
thinner scans and post-processing of bile ducts in any de-
sired planar with oblique reformat. The combination of
the transverse MDCT images and oblique reformat im-
ages can help to visualize the bile duct tree and the sites
of biliary strictures.

Suprastenotic dilation of the bile ducts is an impor-
tant sign for the detection of biliary strictures on MDCT.
In this study, among the 53 patients with biliary strictures,
48 (90.6%) presented with suprastenotic biliary dilatation
with a variable degree on MDCT. However, the absence
of dilatation on MDCT could not completely deny the
existence of biliary strictures. All five patients who were
missed (false-negative) by MDCT in this study did not
present with biliary dilation. This may have been due to
the fact that the marked thickened bile duct wall limited
its dilation, or that a denervated donor liver that devel-
oped reperfusion or ischemic injury during preservation
may show no physiological response to the intraductal
pressure” *Y. Some recipients with biliary strictures do
not develop bile duct dilation even in high-grade stenosis
after OLT™\. Therefore, if biliary strictures are highly
suspected and MDCT does not provide any evidence of
biliary dilation, direct cholangiography (ERC or PTC)
should be performed to rule out biliary strictures. It is
worth noting that, in some patients, slight biliary dilation
is not associated with biliary obstruction. In our study,
four patients with slight biliary dilation on MDCT were
misdiagnosed as biliary strictures. Fluid collection in the
hilar area may be attributed to two of them, which affect-
ed the visualization of biliary anastomosis. The cause of
biliary dilatation in the other two cases was unclear. Some
researchers presumed that this might result from papillary
dyskinesia due to devascularization or denervation of the
papilla of Vater during transplantationmj.

Biliary strictures are classified as anastomotic or non-
anastomotic strictures according to their site. The identi-
fication of the type of biliary strictures can help us deter-
mine the therapeutic schedule. For the patients only with
anastomotic strictures, balloon dilation or stent place-
ment through endoscopic or percutaneous transhepatic
methods often can bring good therapeutic results™?,
However, for most of the patients with nonanastomotic
strictures, endoscopic and/or percutaneous transhepatic
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biliary drainage or balloon dilation may not reverse the
bile duct injuries, and retransplantation may be eventually
required for a large portion of them™. In our study,
MDCT could correctly identify the type of strictures in
46 of 53 patients (86.8%), including 30 patients with anas-
tomotic strictures and 16 with nonanastomotic strictutes,
which provided useful information for the treatment.

Our study further demonstrated that hepatic artery
stenosis was an important cause of biliary strictures. In
our series, MDCT found hepatic artery stenosis in 57.1%
of patients with nonanastomotic strictures, and in 15.6%
of patients with anastomotic strictures. MDCT can accu-
rately detect hepatic artery complications, with a sensitiv-
ity of 100%, specificity of 89%, and accuracy of 930/,
Early diagnosis of hepatic artery stenosis by MDCT may
allow successful treatment, with urgent surgical revascu-
larization of the graft or with percutaneous angioplasty,
and avoid retransplantation before the development of
severe hepatic failure™ .

Biliary stones are another important complication
after OLT, which usually occur with biliary strictures.
MDCT was effective in detecting biliary stones, whose
sensitivity, specificity and accuracy were all 100% in our
study.

Most anastomotic bile leakages occur in the eatly pe-
riod after OLT, and > 70% occur within the first month.
In our study, all the anastomotic bile leakage appeared
as pericholedochal circumscribed fluid collections on
MDCT. It was difficult to distinguish a circumscribed
perianastomotic ascitic or postoperative fluid from bile
leakage. However, if a fluid collection adjacent to the
anastomotic region is detected, anastomotic bile leakage
should be considered and ERC or PTC performed for
the straight demonstration of active leakagels’loj. In our
study, five patients with anastomotic bile leakage were
eventually confirmed by PTC.

Biloma mainly relates to the necrosis of bile duct wall
due to hepatic arterial insufficiency, which usually occurs
with biliary strictures. In this study, MDCT correctly re-
vealed all six patients with biloma and their complicated
nonanastomotic strictures and hepatic arterial stenosis.
Two of them presented with biligenic hepatic abscesses
due to secondary infection of biloma, and both received
retransplantation after CT.

The major drawback of MDCT is that MDCT cannot
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directly display the bile duct tree and the sites of biliary
strictures, as MRC, ERC or PTC can. Howevet, this does
not affect the ability of MDCT in the diagnosis of biliary
strictures, especially for a CT scanner with 0.5-mm quan-
tum detector, which can achieve 0.35 mm X 0.35 mm X
0.35 mm isotropic voxel size for fine-detail imaging. In
our study, for all patients who received late-stage MDCT,
raw data were acquired with 0.5-mm slice thickness and
intervals. Based on those, bile duct reconstruction on any
desired planar with oblique reformat could cleatly visual-
ize the bile duct tree and the sites of biliary strictures, al-
though they are not as intuitive as those on MRC images.
This might be the reason why false-positive and false-
negative cases of biliary strictures were fewer in late-
stage than early-stage MDCT (7 patients »s 2 patients).
Similar to MRC, it is still difficult to measure precisely the
length and degree of strictures based on MDCT images.
In contrast, ERC and PTC demonstrate more advantages
in showing the site, length and grade of the biliary stric-
tures. Besides these, the inherent drawbacks of MDCT
are the applied radiation dose and intravenous application
of iodinated contrast medium, which are harmful to the
recipients, especially in those with graft or renal dysfunc-
tion after transplantation.

In conclusion, MDCT is a useful imaging procedure
in the detection of biliary complications after liver trans-
plantation. Biliary dilation is an important sign for the
detection of biliary strictures on MDCT, but the absence
of dilation cannot rule out biliary strictures. For those who
present with symptoms of biliary obstruction but with-
out evidence of biliary dilation on MDCT, ERC or PTC
should be considered as eatly as possible. Fluid collection
of bile leakage, biliary stones and biloma can be cleatly de-
tected by MDCT, but it is difficult to reveal active leakage.

COMMENTS

Background

Multi-detector computed tomography (MDCT) is considered as the main choice
for detecting vascular complications after orthotopic liver transplantation (OLT),
which also demonstrates biliary complications in one-step examination. How-
ever, the value of MDCT in the detection of biliary complications after OLT is
conflicting.

Research frontiers

Early detection of biliary complications after OLT is challenging. Clinical mani-
festations or biochemical findings are often nonspecific. This study suggests
that MDCT is a useful screening tool for detecting biliary complications after
OLT, with high rates of sensitivity and specificity.

Innovations and breakthroughs

This is the largest sample population to investigate the diagnostic accuracy of
MDCT for biliary complications after OLT.

Applications

This study suggests the performance of MDCT in detecting biliary complications
after OLT, which will provide useful information for guiding the treatment of bili-
ary complications.

Terminology

Biliary complications after OLT usually are classified as biliary strictures, anas-
tomotic bile leakage, biliary stones, biloma, biligenic hepatic abscess, and other
complications. The incidence ranges from 5.8% to 30% of liver transplants, and
early detection of these complications and adequate management are crucial
for graft and patient survival.
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Peer review

This was a retrospective study regarding the value of MDCT for the detection
of post-OLT biliary complications in 83 OLT recipients. The main value of this
study is its large sample population and the point that MDCT can reveal biliary
complications with high rates of sensitivity and specificity. The images are also
educational even for clinicians not directly involved in liver transplantation.
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