
Liver Transplantation
Role of MRCP in Diagnosing Biliary Anastomotic
Strictures After Liver Transplantation: A Single
Tertiary Care Center Experience
Ali Akbar, MD,1 Quynh T. Tran, PhD,2 Satheesh P. Nair, MD,3 Salil Parikh, MD,4 Muhammad Bilal, MD,1

Mohammed Ismail, MD,1 Jason M. Vanatta, MD,3 James D. Eason, MD,3 and Sanjaya K. Satapathy, MD3

Background.Biliary strictures (BS) are common complication after liver transplantation.We aimed to determine the accuracy of
magnetic resonance cholagiopancreatography (MRCP) in diagnosing BS in liver transplant recipients (LTRs) when compared to
direct cholangiographic methods (endoscopic resonance cholagiopancreatography [ERCP] and/or percutaneous transhepatic
cholangiography [PTC]).Methods.Retrospective chart review of 910 LTRs (July 2008 to April 2015) was performed, and a total
of 39 patients with duct-to-duct anastomosis (22 males; 56.4%; mean age, 52.8 ± 8.3 years) were included who had an MRCP
followed by either ERCP and/or PTC within 4 weeks. A cholangiographic narrowing (on ERCP and/or PTC) that required balloon
dilation and/or stent placement was considered a BS and was considered clinically significant if the intervention resulted in at least
30% improvement of bilirubin within 2 weeks. Sensitivity, specificity, accuracy, positive predictive values and negative predictive
values of MRCP in diagnosing BS were calculated. Results. Magnetic resonance cholagiopancreatography showed anasto-
motic BS in 17 of 39 patients, and subsequent ERCP and/or PTC revealed a total of 25 BS (positive predictive value of 0.94). Nine
BS on cholangiography (ERCP, 8; PTC, 1) were not detected on earlier MRCP (sensitivity, 0.64; 95% CI, 0.45-0.82); 2 were clin-
ically significant BS and 6 of the remaining 7 had no improvement in their liver function test with biliary intervention. Thirteen LTRs
had no BS on either modality (specificity, 0.93; 95% CI, 0.66-0.99). The negative predictive value of MRCP was 0.59 for cholan-
giographic BS. The overall accuracy of MRCP is 0.74 (exact 95% CI, 0.58-0.87). Inclusion of age, race, and alanine aminotrans-
ferase level improved the predictive value of MRCP (area under the curve = 0.94, 95% CI: 0.86-1.00). Conclusions.Magnetic
resonance cholagiopancreatography has high specificity but low sensitivity in diagnosing cholangiographic BS in LTRs, although
the predictive value further improved with inclusion of age, race, and alanine aminotransferase. Clinical significance of BS in LTRs
not identified on MRCP is questionable because ERCP with intervention did not improve their liver function tests in the vast
majority.

(Transplantation Direct 2018;4:e347; doi: 10.1097/TXD.0000000000000789. Published online 23 April, 2018.)
B iliary strictures (BS) are an important complication en-
countered in the posttransplant setting. In fact, these

are the second leading cause of morbidity (after graft rejec-
tion) in the post-liver transplant (LT) setting with an esti-
mated incidence of 5% to 30% after orthotopic LT and a
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mortality rate of up to 10%.1 The incidence of biliary com-
plications does decrease after about a year of LT.2 Although
endoscopic retrograde cholangiography is the gold standard
test for diagnosis of BS and commonly performed in these pa-
tients but its invasive nature and adverse event profile (up to
10%3) have prompted increasing use of magnetic resonance
cholangiopancreatography (MRCP) in this setting.
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Magnetic resonance cholagiopancreatography has been
shown to have a sensitivity and specificity of 97% and 98%,
respectively, in identifying BS.4 However, this meta-analysis4

(67 studies) did not specifically evaluate post-LTstrictures. This
is important because upstream biliary dilation, if a distal
stricture is present, is almost always present in a native liver
(in the absence of parenchymal liver disease) but maybe ab-
sent in up to 50% of LT recipients (denervation and/or fibro-
sis of donor ducts).5

At our center, endoscopic resonance cholagiopancreato-
graphy (ERCP) and/or percutaneous transhepatic cholan-
giography (PTC) have been the mainstay of managing
suspected post-LT BS. With the advent and availability of
MRCP, the trend has shifted toward this noninvasive modal-
ity first, followed by ERCP or PTC, if ductal pathology is
found. Lack of adverse events, noninvasive and accurate na-
ture of MRCP is the basis of this trend change. What is not
clearly known is if these accurate results of MRCP reported
in literature hold true in the post-LT setting.

MATERIALS AND METHODS

This was a retrospective study, done to assess accuracy of
MRCP when compared with ERCP in diagnosing BS in
post-LT setting. Our center is a tertiary care liver transplant
center (with over one hundred LTs a year). Institutional re-
view board approval was obtained before the start of data
collection. We performed a retrospective chart review of all
LTs from July 2008 until April 2015.

The search strategy was to identify patients who, in the
post-liver transplant period, had an MRCP followed by ei-
ther ERCP or PTC to evaluate a suspected anastomotic BS.
Furthermore, direct cholangiography had to be performed
within 28 days of MRCP for those patients to be included.
This inclusion criterion was used to minimize any bias that
may occur as a result of progression or regression of the bili-
ary pathology. We did not include patients with ERCP or
PTC performed without prior MRCP or if it occurred more
than 28 days after MRCP. Similarly, those patients in whom
MRCP was not followed by direct cholangiographic evalua-
tion were excluded. Because the main purpose of the study
was to compare the diagnostic accuracy (for anastomotic
BS) of MRCP and direct cholangiographic methods, we also
excluded those patients who underwent surgery directly after
an MRCP (even if a stricture was confirmed at surgery) or
had nonanastomotic BS.

A total of 910 charts were reviewed of which we identified
a total of 39 patients that fulfilled the inclusion criteria. We
collected demographic and clinical information that included
LT indication, type of immunosuppression and anastomosis,
indirect and direct cholangiographic information, liver func-
tion test (LFT) values, among others (Table 1).

MRCP Technique

Magnetic resonance examinations were performed on the
1.5 T General Electric magnet (GE, Boston, MA). Although
a few early studies were performed on a 3T General Electric
magnet. They were either MRCP studies dedicated to the bil-
iary tree or part of a complete MRI abdomen examination.
There were 4 sequences dedicated to the biliary tree.

On the 1.5Tmagnet, this consisted of the following: axial T2
single shot fast spin echowith fat saturation, 8mm thickness/
1mmgap; repetition time (TR), 550-635; echo time (TE), 88;
axial single shot fast spin echo without fat saturation, 8 mm
thickness/1 mm gap; TR, 550-635; TE, 88; coronal T2 single
shot fast spin echo with fat saturation, 4 mm thickness/0 mm
gap; TR, 850-113; TE, 201; and coronal 3D respiratory trig-
gered fast spin echo, 1.4 mm thickness/0 mm gap recon-
structed with 50% overlap; TR, 3750; TE, 505-515.

On the 3 T magnet, the series consisted of the following:
axial single shot fast spin echo without fat saturation, 6 mm
thickness/1 mm gap; TR, 1030-1125; TE, 139-141; coronal
single shot fast spin echo without fat saturation, 7 mm thickness/
2 mm gap; TR, 1472-1599; TE, 139; coronal thin single shot
fast spin echo, 4 mm thickness/0 gap; TR, 1472-1614; TE,
139-141; 3D fast recovery respiratory triggered fast spin
echo, 1.2 mm thickness/0 gap reconstructed with 50% over-
lap; TR, 4615-500; TE, 663-710.

All of the examinations were technically adequate except
for 2 examinations on the 3 T magnet for which the images
were somewhat compromised due to dielectric effect from
large volume ascites and patient motion.

Definition of Stricture

Anastomotic stricture was defined as a significant narrowing
of the biliary tree at the anastomotic site, with or without
upstream biliary dilation on MRCP per the judgement of
the radiologist interpreting the images. Narrowing at the
anastomosis seen on the direct cholangiographic methods
was considered a stricture only if it required either balloon di-
lation and/or stent placement (cholangiographic stricture).
Any narrowing at the anastomosis that did not require any
of these 2 interventions (irrespective of MRCP description)
was not considered a stricture for the purpose of analysis.
Once a stricture was defined cholangiographically, it was
considered clinically significant only if the intervention (dila-
tion or stent placement) resulted in at least 30% improve-
ment in bilirubin within the following 2-week period.

Immunosuppression Protocol

Routinely our center has been using a steroid free immu-
nosuppression protocol which consisted of induction immu-
nosuppression with rabbit antithymocyte globulin given at
3 mg/kg in 2 divided doses of 1.5 mg/kg; the first dose given
during the anhepatic phase, and the second dose given
on posttransplant day 2. A single dose of 500 mg intrave-
nous methylpredisolone is administered as premedication
before the first dose of rabbit antithymocyte globulin to
minimize cytokine release syndrome. Mycophenolate mofe-
til (MMF) is initiated on posttransplant day 1 at a dose of
1000 mg 2 times per day for a total of 3 months and then
discontinued unless the patient's primary disease was auto-
immune hepatitis, primary biliary cirrhosis, or primary scle-
rosing cholangitis. The MMF dose and administration
frequency adjustments are made for gastrointestinal side ef-
fects or the development of cytopenias. The initiation of ta-
crolimus is delayed for a minimum of 3 days and a
maximum of 7 days and started when the serum creatinine
is less than 2.0 mg/dL. Primary sirolimus is used in lieu of
tacrolimus if the recipient's creatinine level remained over
2.0 mg/dL beyond posttransplant day 7; patients receive an
initial dose of 5 mg daily with daily trough levels after the first
dose. Goal trough levels for tacrolimus and sirolimus during
the first 3 months postoperatively are 6 to 8 ng/dL and 5 to
8 ng/dL, respectively. Patients with biopsy-proven rejection
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TABLE 1.

Characteristics of the 39 patients included in the study

All patients Presence of BS found by ERCP/PTC

Variables N = 39 No (N = 14) Yes (N = 25) Pa

Recipient demographics
Sex, n (%)
Male 22 (56.4%) 7 (50%) 15 (60%) 0.738b

Female 17 (43.6%) 7 (50%) 10 (40%)
Age (mean ± SD), y 52.8 ± 8.3 55.29 ± 7.42 51.44 ± 8. 0.121
Race, n (%)
White 18 (46.1%) 4 (28.57%) 14 (56%) 0.109b

African American 17 (43.6%) 7 (50.00%) 10 (49%)
Otherc 4 (10.3%) 3 (21.43%) 1 (4%)

BMI (mean ± SD), kg/m2 26.4 ± 6.2 27.3 ± 5.7 25.9 ± 6.5 0.486
BMI: n (%), kg/m2

Underweight (<18.5) 3 (7.7%) 0 (0%) 3 (12%) 0.684b

Normal (18.5-24.9) 15 (38.5%) 6 (42.9%) 9 (36%)
Overweight (24.9-29.9) 12 (30.8%) 4 (28.6%) 8 (32%)
Obese (>30) 9 (23.1%) 4 (28.6%) 5 (20%)

Donor demographics
Age (mean ± SD), y 42.7 ± 14.4 41.1 ± 16.2 43.7 ± 13.6 0.852
BMI (mean ± SD), kg/m2 28.2 ± 7 27.4 ± 6 28.7 ± 7.7 0.932

Reason for transplantation, n (%)
Viral hepatitis (HBV, HCV) 20 (50.3%) 9 (64.3%) 11 (44%) 0.231b

Alcoholic cirrhosis 5 (12.8%) 0 (0 %) 5 (20%)
Nonalcoholic steatohepatitis/cirrhosis 2 (5.1%) 0 (0%) 2 (8%)
Others 12 (30.8%) 5 (35.7%) 7 (28%)

LFTs pre-MRCP (mean ± SD)
AST, IU/L 239 ± 230 205 ± 171 259 ± 259 0.591
ALT, IU/L 232 ± 296 126 ± 82 292 ± 354 0.025
AP, IU/L 659 ± 525 541 ± 316 725 ± 609 0.695
Bilirubin, total mg/dL 8.5 ± 8.3 8.6 ± 7.5 8.4 ± 8.9 0.749

Time from transplantation to MRCP: median (min-max), d 522 (35-2285) 451.5 (130-2285) 341 (35-1799) 0.409
Time from MRCP to ERCP/PTC: median (min-max), d 5.5 (1-27) 7.5 (1-25) 4.5 (1-27) 0.951
Total strictures (on ERCP/PTC)
ERCP 21 (84%) 0 (0%) 21 (84%)
PTC 4 (16%) 0 (0%) 4 (16%)

Clinical significance
Yes 9 (23.1%) 1 (7.1) 8 (32%) 0.119b

No 30 (76.9%) 13 (92.9%) 17 (68%)
a Wilcoxon-rank sum test was used unless cited differently.
b Fisher exact test.
c Others: Primary biliary cirrhosis, alpha one antitrypsin deficiency, sarcoidosis, autoimmune hepatitis, hepatoportal sclerosis, and inferior vena cava stenosis/outflow obstruction.

HCV, hepatitis C virus; HBV, hepatitis B virus; min, minimum; max, maximum; PBC, primary biliary cirrhosis.

© 2018 Wolters Kluwer Akbar et al 3
are initially treated with increasing doses of tacrolimus
with a goal trough level of 10 to 12 ng/dL. Second-line
therapy include the addition of sirolimus or restarting
MMF. Steroid treatment is reserved for those patients with
rejection resistant to this protocol or those who can't tolerate
increased tacrolimus doses. In the current analysis, 35 patients
(89.7%) were on tacrolimus, 3 (7.7%) on mycophenolate,
8 (20%) on rapamycin, 2 (5%) on everolimus, and 1 (2.5%)
on cyclosporine at the time of MRCP.

Statistical Analysis

Descriptive statistics were performed for all of the key vari-
ables. Frequencies and percentages were measured for categor-
ical variables; mean and standard deviation were calculated
for continuous variables. Comparison of categorical variables
were made using Fisher exact test or χ2 test; Student t test or
Wilcoxon Rank-Sum tests were applied for comparison of
continuous variables. Wilcoxon-signed rank tests were used
to compare between matched data points, for example,
preintervention and postintervention measures on liver func-
tion panel. Sensitivity, specificity, positive predictive values
(PPV) and negative predictive values (NPV) of MRCP in di-
agnosing BS were calculated. Relationship between diagnos-
ing accuracy of MRCP and the predictor variables were
investigated through multivariable logistic regression model.
Statistical analyses were performed using statistical analysis
software (SAS) version 9.3 (SAS Institute Inc., Cary, NC). The
level of statistical significance for analyses was set at P less than
0.05 unless otherwise stated. Multiple hypothesis testing was
adjusted using the false discovery rate method (proc multtest
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in SAS). Sensitivity, specificity, accuracy, PPV, and NPV are
described in terms of true positives (TP), true negatives (TN),
false negatives (FN) and false positives (FP) (Table 1), and
Accuracy defined as (TN + TP)/(TN + TP + FN + FP).
RESULTS

Of the 910 liver transplant recipients (LTRs), 39 patients
were included in the study who met the inclusion criteria.
Among those, 25 patients had cholangiographic BS as found
by ERCP/PTC. They were majority male (56.4%), white
(46.1%), normal or overweight (53.9% combined), and
about 53 years old (Table 1).Age, race, alanine aminotrans-
ferase (ALT) (pre-MRCP), and etiology of liver disease lead-
ing to LT showed a potential association with BS (P < 0.2,
Table 1); however, sex (P = 0.738), BMI (P = 0.684), aspar-
tate aminotransferase (AST) (P = 0.591), alkaline phospha-
tase (AP) (P = 0.695), and total bilirubin (P = 0.749) did
not predict the presence of BS.

In the included cohort of patients, hepatitis B and C virus–
related cirrhosis were the leading underlying etiology for LT
(50.3%), followed by alcohol related disease (12.8%) and
nonalcoholic steatohepatitis (5.1%) (Table 1).Other etiologies
(30.8% combined) included primary biliary cirrhosis, alpha
one antitrypsin deficiency, sarcoidosis, autoimmune hepati-
tis, hepatoportal sclerosis, and inferior vena cava stenosis/
outflow obstruction. For those that had anastomotic BS, hep-
atitis B and C related cirrhosis were the underlying etiology
for LT in 44%. Reason for transplantation did not predict
the presence of BS (P = 0.231).

Endoscopic resonance cholagiopancreatography and PTC
revealed a total of 25 BS (ERCP, 21; PTC, 4). Type of anasto-
mosis was duct-to-duct in all patients, as we did not include
any with bilio-digestive anastomosis. All patients had MRCP
followed by either ERCP or PTCwithin 4 weeks. None of the
included patients had any ERCP and PTC performed before
the MRCP. The median time from LT to MRCP was not sig-
nificantly different between the stricture and nonstricture
groups (P = 0.409). Patients with BS had MRCP performed
at a median of 341 days after LTwith the minimum and max-
imum of 35 and 1799 days, respectively. Among the 25 BS
that ERCP/PTC identified, 8 of them were clinically signifi-
cant, that is, these patients had their bilirubin level decreased
more than 30%compared to their pre-MRCP levels (Table 1).

All measurements of LFTs such as AST, ALT, AP and biliru-
bin were all elevated before MRCP (Table 1). After ERCP/
PTC intervention, there was a significant reduction in the
levels of AST (P adjust = 0.012), and a trend for overall im-
provement in the ALT (P adjust = 0.084), and AP (P adjust =
0.058) after adjusting for multiple hypothesis testing using
the false discovery rate method; but not bilirubin (P =
0.414). These improvements were indeed pertained to those
that had strictures (Table 2). Among those that did not have
strictures, post-ERCP/PTC intervention, a lower AST, ALT,
and AP levels were noted, but these reductions did not reach
statistically significant.

MRCP Had Low Sensitivity, But High PPV

Magnetic resonance cholagiopancreatography showed
anastomotic BS in 17 of 39 patients. Among these 17 cases,
16 were confirmed by ERCP/PTC. However, it failed to
identify 9 other patients with anastomotic BS, which were
subsequently found by ERCP, leading to a sensitivity of
0.64 for cholangiographic BS with 95% confidence interval
(CI) (0.45, 0.82) (Table 3). However, only 2 of those 9 FN
cases (MRCP negative but ERCP/PTC positive) were clini-
cally significant (Table 4). Of those two, 1 had cirrhosis,
1 had resolving acute cellular rejection (ACR) (treated 3
weeks earlier) (Table 4). In the rest 7 patients, no clinical im-
provement in LFTs (Bilirubin reduction > 30% postinterven-
tion) was noted. Additionally, 6 out of the 7 patients had
alternate explanations for elevated LFTs; recurrent hepatitis
C (n = 1), acute cellular rejection (n = 3; 1 also concurrent
hepatitis C virus), severe cholestasis of unclear etiology (n =
1), graft cirrhosis (n = 1). Of the 8 patients with anastomotic
BS who had clinical response to ERCP/PTC (30% reduction
in total bilirubin), only 2 (25%) patients had BS noted be-
yond 1 year (397, 419 days). In contrast, 8 (47%) of 17 pa-
tients with BS who did not respond to ERCP/PTC had BS
beyond 1 year.

Magnetic resonance cholagiopancreatography also falsely
identified a stricture, yielding the PPV of 94% (95% CI,
0.71-0.99) (patient had a possible bile leak and bile duct
opacification could not be performed at ERCP; however,
surgery performed on the very next day revealed common
bile duct stricture requiring revision of the anastomosis).
There were 13 LTRs that had no BS on either modality,
yielding a specificity of 0.93 (95% CI, 0.66-0.99) (Table 3)
and anNPVof 0.59 for cholangiographic BS. The overall ac-
curacy of MRCP is 0.74 (95% CI, 0.58-0.87). The area un-
der the receiver operating characteristic curve (ROC) curve
was 0.78 (95% CI, 0.67-0.90) (Figure 1).

Of the 16 patients with BS defined by both by MRCP and
ERCP, clinically significant anastomotic biliary stricture was
noted in 6 patients (30% reduction in total bilirubin within
2 weeks). In 5 patients, concomitant acute cellular rejection
(4 mild, and 1 with moderate ACR) was noted that was
treated concurrently post-ERCP/PTC intervention (Table 5).
Five patients had BS without any other concurrent medical
condition to explain their elevated LFTs, and all had im-
provement in LFTs, 4 had at least 30% improvement in both
bilirubin and AP postintervention, and 1 had significant im-
provement in bilirubin by more than 70%, but AP reduction
was less than 30%. The remaining 6 patients had concurrent
underlying liver disease in addition to a BS as defined by
MRCP and ERCP; these included chronic rejection with ad-
vanced fibrosis (n = 1), sickle cell hepatopathy (n = 1),
marked hepatic steatosis (n = 1), recurrent hepatitis C on
antiviral treatment with pegylated interferon and ribavirin
(n = 1), ischemic intrahepatic stricture (n = 1), and advanced
fibrosis (n = 1). Liver function tests either did not improve or
worsen in these patients except for one who had concurrent
diagnosis of sickle cell hepatopathy. This resulted in an over-
all sensitivity of 0.67 (95%CI, 0.36-0.97), specificity of 0.63
(95% CI, 0.46-0.81), PPVof 0.35 (95% CI, 0.13-0.58), and
NPVof 0.86 (95%CI, 0.72-1.00) in diagnosing clinically sig-
nificant cholangiographic anastomotic biliary stricture by
MRCP (Table 6).

Predictive Models for BS Using MRCP Together With
Clinical Variables and Laboratory Tests

The performance of the 5 progressivemodels for predicting
the presence of BS is shown in Table 7 and Figure 2. Results
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TABLE 2.

LFTs measures before and after ERCP/PTC intervention between stricture and nonstricture patients

Liver panel

No stricture

P value 1a

(P-adjustedb)
P value 2a

(P-adjustedb)
Pre-MRCP mean ± SD
median (min-max)

Pre-ERCP mean ± SD
median (min-max)

Post-ERCP/PTC mean ± SD
median (min-max)

AST, IU/L 205 ± 171 123 ± 110 102 ± 70 0.101 0.904
150.0 93 95 (0.404) (0.981)
(31-645) (6-414) (11-222)

ALT, IU/L 126 ± 82 117 ± 100 125 ± 111 0.503 0.847
110.5 84 70 (0.670) (0.981)

(22–343) (18–348) (22–376)
AP, IU/L 541 ± 316 431 ± 257 400 ± 242 0.209 0.755

512 393.5 344 (0.418) (0.981)
(81–1177) (67–923) (114–819)

Bilirubin, mg/dL 8.6 ± 7.5 8.8 ± 8.9 9.9 ± 9.1 0.923 0.981
7.35 7.45 7.8 (0.923) (0.981)

(1.1-23) (0.6-31.6) (0.5-24.5)

Stricture

AST, IU/L 259 ± 259 158 ± 131 148 ± 115 0.016 0.342
206 126 87 (0.064) (0.519_

(49–1254) (22–548) (13–424)
ALT, IU/L 292 ± 354 180 ± 145 122 ± 102 0.057 0.402

184 146.5 108 (0.093) (0.519)
(18–1768) (9–621) (11–443)

AP, IU/L 725 ± 609 584 ± 516 513 ± 559 0.070 0.419
440 367 264 (0.093) (0.519)

(103–2225) (72–2036) (85–2666)
Bilirubin, mg/dL 8.4 ± 8.9 8.6 ± 9.5 7.9 ± 9.8 0.272 0.515

4.6 3.05 3.1 (0.272) (0.519)
(0.7-32.5) (0.5-31) (0.5-30.7)

a Wilcoxon-signed rank test, 2-tailed test, P value 1 compares pre-MRCP and post-ERCP liver panel, and P value 2 compares pre-ERCP and post-ERCP liver panel.
b These P values were adjusted using the False Discovery Rate method.
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from MRCP performed modestly for predicting the presence
of BS (area under the curve [AUC], 0.78; 95% CI, 0.67-
0.90). Addition of clinical variables (age and race) and labora-
tory test (pre-ALT) improved the performance of the MRCP
alone model (Table 7). These variables were selected because
theywere shown to be associated (P < 0.05) or had a potential
to be associatedwith BS (P < 0.2, Table 1). Specifically, adding
ALT levels before ERCP/PTC intervention increased the AUC
to 0.90 (95% CI, 0.80-0.99; P-adjust = 0.017). When race or
age was additionally included in the model, the AUC further
increased to 0.92 (95% CI, 0.84-1.000; P-adjust = 0.001) or
0.91 (95% CI, 0.83-1.000; P-adjust = 0.017), respectively.
The AUC of the full model was 0.94 (95% CI, 0.86-1.000),
and this curve was significantly different from the AUC of
TABLE 3.

Sensitivity, specificity, accuracy, PPV, and NPV of MRCP using E

Stricture condition as determ

Stricture

MRCP outcome Positive (stricture) 16 (TP)
Negative (no stricture) 9 (FN)

Sensitivity = TP/(TP + FN) = 16/(16 + 9) = 0.64 Spec
the MRCP only model (P-adjusted = 0.012). Addition of eti-
ology of LT (viral vs nonviral), did not increase the AUC sig-
nificantly, hence this was not further considered in the model
building (AUC, 83; 95% CI, 0.70-0.95; P = 0.285). Figure 2
shows the different ROC curves and the AUCs for eachmodel
shown in Table 7.
DISCUSSION

Early diagnosis and subsequent timely management of a
postliver transplant BS is of paramount importance for en-
suring graft and patient survival. Need for an early diagno-
sis in this setting has prompted various studies looking at
available diagnostic modalities for such evaluation. Direct
RCP/PTC as the gold standard

ined by ERCP/PTC

No stricture

1 (FP) PPV = TP/(TP + FP) = 16/(16 + 1) = 0.94
13 (TN) NPV = TN/(FN + TN) = 13/(9 + 13) = 0.59

ificity = TN/(FP + TN) = 13/(1 + 13) = 0.93



TABLE 4.

Outcomes of LT recipients with BS diagnosed on ERCP/PTC but was negative on MRCP following biliary intervention

Case no.
Pre-MRCP
bilirubin

Pre-MRCP
AP

Pre-ERCP
bilirubin

Pre-ERCP
AP

Post-ERCP
bilirubin

Post-ERCP
AP

Clinically
significant stricture

Any other
diagnosis

Outcome
after ERCP

1 2 1357 0.9 567 1.1 584 No ACR - Rx LFT improved
15 4.6 440 1.9 306 3.1 362 No HCV/ACR HJ needed
18 10.1 278 16.9 262 22.1 224 No HCV Re-OLT
22 32.5 819 31.4 729 22.4 470 No Cirrhosis LFTs improved
29 27.7 787 27.6 637 26.2 611 No ACR-Rx LFTs remained elevated
32 10.8 553 7.4 253 6.1 243 No Resolving ACR LFTs improved
34 12.6 318 21.6 194 11.8 234 Yes Cholestasis LFTs remained

elevateda-noncompliant
35 2.1 1007 2.6 962 1.3 716 Yes ACR-Rx LFTs improved
36 3.5 1895 1.8 2036 1.4 1416 No None AP remains elevated

although improved
a Patient expired after 1 month of ERCP.

OLT, orthotropic liver transplant; Rx, treated; IFN + Rib Rx, interferon and ribavirin treatment; HJ, hepaticojejunostomy; IS, immunosuppression; STX, stricture; HCV, hepatitis C virus.

FIGURE 1. ROC curve for MRCP for the diagnosis of BS. ROC was
performed for LTRs (n = 39; 25 strictures and 14 nonstrictures as
found by ERCP/PTC). AUC forMRCP is 0.78with 95%CI, 0.67-0.90.
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cholangiographic methods (ERCP and PTC) are widely
considered as gold standard for diagnosing BS. A meta-
analysis of 67 studies published in 2003 includingmore than
4000 patients (all pretransplant) showed a high overall
pooled sensitivity (95% [±1.96 SD, spread of SD, 75% to
99%]) and specificity (97% [spread of SD, 86% to 99%])
of MRCP in diagnosing BS.4 Also, because of the reported
high accuracy of MRCP in diagnosing biliary pathology
and its noninvasive nature, there has been an interest, over
the years, to compare its accuracy with direct cholangio-
graphic methods in post-LT settings.6-23 However, most of
the earlier studies have included a heterogeneous group of pa-
tients, which for example have included bile leak, anasto-
motic as well as non-anastomotic BS including ischemic BS,
and/or included small number of patients precluding any def-
inite conclusions.9-11,14-23 Furthermore, the vast majority of
the published studies did not use the ideal reference standard of
ERCP consistently when assessing MRCP accuracy.9-11,14-23

An updated meta-analysis that was published in 2013 have
notedmost of the studies have used clinical follow-up, surgery
and other imaging modalities when reporting results of
MRCP accuracy.7 Some did not use the same reference stan-
dard for positive and negative MRCP results.7 Even when
ERCP was used as the gold standard test for such a compari-
son, its performance protocols were not the same across those
studies, for example, patients with ERCPperformed before or
even months after MRCP were included.7 The duration of
clinical follow-upwas also varied across the studies. Reported
sensitivities and specificities hence could be subject to various
types of bias. A study published in 2010 included 27 patients
(post-LT) with MRCP (18 abnormal) however only 14 of
the 27 had follow up ERCP and/or PTC.9 Differing follow
up methods were used on the remainder of the patients.9 In
a meta-analysis, 10 of the included studies did not report
the time interval betweenMRCP and the reference standard,
thus raising the possibility of disease progression (in this case
strictures) or regression and its related bias.7 Another meta-
analysis was done looking specifically at studies that have
reported accuracy of MRCP when compared to ERCP in di-
agnosing BS in posttransplant setting.24 It included 9 studies
from 1998 to 2008. Interestingly, 8 of the 9 included studies
did not use ideal reference standard (ie, ERCP) after MRCP
was performed and only one study used it (but had less than
10 patients).24

Based on paucity of prior good quality comparative stud-
ies we have undertaken this study in an attempt to address
majority of these issues. First, we have included a uniform
group of LTRs who were investigated with MRCP for a pos-
sible BS followed by ERCP within an interval of 4 weeks,
thereby obviating possible disease progression or regression.
ERCP and/or PTC were used in our series of patients as the
reference standard, and patients undergoing surgery with-
out confirmation of BS were excluded. Additionally, we de-
fined stricture noted in ERCP or PTC as cholangiographic
if any intervention was done (dilation or stent placement)
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TABLE 5.

Outcomes of LT recipients with BS diagnosed on MRCP and ERCP/PTC post-biliary intervention

Case
no.

Pre-MRCP
bilirubin

Pre- RCP
AP

Pre-ERCP
bilirubin

Pre-ERCP
AP

Post-ERCP
bilirubin

Post-ERCP
AP

Clinically significant
stricture

Any other
diagnosis Outcome

2 0.7 357 0.9 376 0.7 264 No Mild ACR-Rx LFT improved
3 9.2 370 9.3 171 7.2 149 No Chronic rejection/

advanced
fibrosis

Re OLT needed

4 3.4 388 4.1 356 3 479 No ACR-Rx STX resolved on f/u ERCP
6 6.8 491 8.8 415 7.7 244 No ACR-Rx STX resolved on f/u ERCP
8 5.9 311 5.8 290 4.2 176 No ACR-RX STX resolved on last PTC
9 4 1777 2.5 1504 1.7 935 Yes None HJ required
11 5.2 701 4.4 409 1.4 326 Yes Sickle hepatopathy LFTs improved
19 1.1 208 0.7 164 0.8 157 No Mild ACR-Rx LFTs improved

w/IS adjustment
21 1 1821 0.8 1203 0.5 985 Yes None LFTs improved
24 27 103 24.5 72 26.2 85 Marked Steatosis Required HJ
26 4.2 399 — — 4.1 376 No Recurrent HCV LFTs improved
28 18.6 2225 18.4 1580 30.7 2666 No Ischemic

intrahepatic
stricture

Re-OLT 4 months
after PTC

31 10.3 238 10 223 6.5 323 Yes None Required HJ 3 months
after ERCP

37 1.2 351 1.2 358 1 254 No None LFTs improved
after ERCP

38 0.8 217 0.9 222 0.6 200 Yes Stage 3 fibrosis LFTs improved
40 3.1 720 3.1 720 0.9 209 Yes None LFTs improved
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and they were considered clinically significant only if a
30% reduction in total bilirubin was noted postintervention
within 2 weeks, thereby obviating any false interpretation by
the endoscopist or concomitant liver disease to account for
the elevated LFTs.

On the basis of our data, MRCP predicted cholangio-
graphic biliary stricture in 94%, and excluded cholangio-
graphic biliary stricture in 59% of cases. The high PPV of
MRCP in the current study (94%) in LTRs reaffirms a contin-
ued role of MRCP as diagnostic tool before therapeutic inter-
vention with ERCP. In the current analysis, MRCP failed to
identify 9 BS, 2 of them were clinically significant. Six of the
rest 7 had concurrent explanation for elevated LFTs, and bil-
iary intervention did not improve their LFTs, raising questions
about the clinical significance of these cholangiographically
defined BS in the setting of a negative MRCP diagnosis of
anastomotic BS. This further validates the diagnostic role of
MRCP in identifying clinically significant strictures. Pecchi
et al16 have reported sensitivity, specificity, PPVs and NPVs,
TABLE 6.

Sensitivity, specificity, accuracy, PPV, and NPV of MRCP in pre
(>30% reduction in total bilirubin in 2 weeks postintervention)

Stricture condition as determined by

Yes

MRCP outcome Positive (stricture) 6 (TP)
Negative (No Stricture) 3 (FN)

Sensitivity = TP/(TP + FN) = 6/(6 + 3) = 0.67 Specif
and accuracy of MRCP to detect BS as 96%, 96%, 95%,
97%, and 96%, respectively in 121 postliver transplant pa-
tients (53 confirmedwith direct cholangiography). Its diagnos-
tic yield may be lower in the presence of fluid collection of any
etiology around biliary tract in a recent study based on single-
center experience and raised questions about sensitivity of
MRCP.25 Magnetic resonance cholagiopancreatography can
accurately show the site of strictures, one of its advantages being
the visualization of the bile ducts above and below the stricture
or obstruction, which is also very important when planning
possible interventional treatment. Despite overall relatively
low accuracy of MRCP (74%) to predict cholangiograhic bili-
ary stricture, MRCP overestimated a stricture only in a single
patient in the current study. AlthoughMRCP could potentially
overestimate BS at the anastomotic site (only single FP case in
the current study), this drawback can be reduced by ensuring
a preliminary knowledge of the biliary anatomy of donor and
recipient and carefully examining MRCP source images and
subsequent MR examinations. In the current study, this
dicting ERCP/PTC defined but clinically significant stricture

clinically significant stricture

No

11 (FP) PPV = TP/(TP + FP) = 6/(6 + 11) = 0.35
19 (TN) NPV = TN/(FN + TN) = 19/(3 + 19) = 0.86

icity = TN/(FP + TN) = 19/(11 + 19) = 0.63



FIGURE 2. ROC curves for MRCP for the diagnosis of BS with or
without adding clinical variables and laboratory test. ROC was per-
formed for all LTRs.

8 Transplantation DIRECT ■ 2018 www.transplantationdirect.com
particular transplant recipient in whom this “misdiagnosis”
was made, had a biliary leak as noted on subsequent ERCP
which most likely resulted in our inability to identify the stric-
ture cholangiographically (subsequent surgery confirmed anas-
tomotic stricture).

Of the 9 cases with BS which were missed by MRCP and
were later identified by ERCP and/or PTC, only 2 were clin-
ically significant, the rest despite being identified as stricture
by the endoscopist, did not show clinical improvement with
intervention, and likely has alternate etiology to explain
their cholestatic liver dysfunction. Hence, MRCP was more
accurate in ruling out clinically significant cholangiographic
biliary stricture which is defined as greater than 30% im-
provement in bilirubin within 2-week period following en-
doscopic intervention. Specifically, the NPV of MRCP for
identifying clinically significant cholangiographic biliary
stricture was 0.86, while the PPV was only 0.35 (Table 6).
TABLE 7.

Areas under the ROC curves (AUC) for diagnostic BS of LTRs us

AUC (95% CI)
BS found by

ERCP/PTC
Model 1: MRCP Model 2: MRCP + pre-ALT Model 3: MRCP + pre-ALT + race Model 4: MRCP + pre-

Presence of
stricture
(yes vs no)

0.78 (0.67-0.90) 0.90 (0.80-0.99) 0.92 (0.84-1.000) 0.91 (0.83-1.0

a These P-values were adjusted using False Discovery Rate method.
The accuracy of MRCP for predicting cholangiographic
biliary stricture can be substantially increased by adding
clinical and laboratory variables, such as pre-ERCP
ALT, age, and race (Table 7). Of note, accuracy of ERCP
in identifying the BS as gold standard was reinforced by
the fact that overall LFTs (AST, ALT, bilirubin, and AP)
were improved post-ERCP intervention in patients diag-
nosed with BS. Off note, patients with cholangiographic
BS in whom no significant improvement in LFTs were noted
(Bil > 30% reduction postintervention), concurrent expla-
nation for elevated LFTs were noted (Table 4 and 5) raising
questions about the clinical significance of these BS. Pa-
tients in whom no stricture was noted by ERCP, no signifi-
cant improvement in LFTs were noted suggesting alternate
etiology for elevated LFTs. Additionally, interpretation of
anastomotic stricture in the postliver transplant setting
could be quite challenging due to edema at the anastomosis
site early after surgery, donor duct recipient duct mismatch,
and also probable reduced likely hood biliary dilatation
in the LTRs.

The limitations of the current study are those inherent to
any retrospective, single-center study. First, MRCP has been
read by multiple radiologists potentially leading to interob-
server variations in interpretation. Second, ERCP and PTC
have been performed by several gastroenterologists and inter-
ventional radiologists, respectively, and their interpretation of
BS could be different.We have tried to address these issues by
using a strict clinical response definition (30% improvement
of bilirubin within 2 weeks) to define the stricture. Third,
the study included subjects with anastomotic BS only, and
as such not generalizable to patients with nonanastomotic
BS. Lastly, the number patients included overall are small,
and as such prospective, larger, multicenter study focusing
on these variables as identified in the current study might be
able to further clarify the role ofMRCP as a diagnostic inves-
tigation pre-ERCP in LT recipients.

In summary, this study demonstrates that MRCP has a
low sensitivity, but high specificity and accuracy for diag-
nosis of cholangiographic BS. Additionally, clinically sig-
nificant BS are missed less often in patients who have
undergone orthotropic liver transplant with MRCP guided
approach. The difficulty related to the differential diagnosis,
and concurrent explanations for elevated LFTs in post-LT
setting, and the potential risks with ERCP first approach,
we recommend MRCP guided approach in all LTRs investi-
gated for BS due to its high specificity along with high PPV.
A negative MRCP does not rule out anastomotic BS, ERCP
is warranted in such cases, if supported by appropriate clini-
cal, biochemical, and/or histological evidence in a small sub-
set of patients.
ing MRCP along with clinical features and laboratory tests

P (P-adjusted)a

ALT + age Model 5: MRCP + pre-ALT + race + age Model 1 vs 2 Model 1 vs 3 Model 1 vs 4 Model 1 vs 5

00) 0.94 (0.86-1.000) 0.017 (0.017) 0.003 (0.001) 0.015 (0.017) 0.006 (0.012)
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