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Abstract

Objective: To determine the diagnostic performance of
imaging criteria for distinguishing Ig-G4-associated
autoimmune cholangiopathy (IAC) from primary scle-
rosing cholangitis (PSC) and bile duct malignancy.
Methods: A medical records search between January
2008 and October 2013 identified 10 patients (8 M, 2 F,
mean age 61 years, range 34–82) with a clinical diagnosis
of IAC. Fifteen cases of PSC (6 M, 9 F, mean age 50,
range 22–65) and 15 cases of biliary malignancy (7 M,
8 F, mean age 65, range 48–84) were randomly selected
for comparative analysis. Three abdominal radiologists
independently reviewed MRI with MRCP (n = 32) or
CT (n = 8) and ERCP (n = 8) for the following IAC
imaging predictors: single-wall bile duct thickness
>2.5 mm, continuous biliary involvement, gallbladder
involvement, liver disease, peribiliary mass, or pancreatic
and renal abnormalities. Each radiologist provided an
imaging-based diagnosis (IAC, PSC, or cancer). Imaging
predictor sensitivity, specificity, accuracy, and associa-
tion with IAC using Fisher’s exact test. Inter-reader
agreement determined using Fleiss’ kappa statistics.
Results: For diagnosis of IAC, sensitivities and specifici-
ties were high (70–93%). Pancreatic abnormality was
strongest predictor for distinguishing IAC from PSC and
cancer, with high diagnostic performance (70–80% sen-
sitivity, 87–97% specificity), significant association
(p < 0.01), and moderate inter-reader agreement
(j = 0.59). Continuous biliary involvement was moder-

ately predictive (50–100% sensitivity, 53–83% specificity)
and trended toward significant association in distin-
guishing from PSC (p = 0.01–0.19), but less from cancer
(p = 0.06–0.62).
Conclusion: It remains difficult to distinguish IAC from
PSC or bile duct malignancy based on imaging features
alone. The presence of pancreatic abnormalities, includ-
ing peripancreatic rind, atrophy, abnormal enhancement,
or T2 signal intensity, strongly favors a diagnosis of IAC.
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Autoimmune cholangiopathy or IgG4-associated autoim-
mune cholangiopathy (IAC) [1] is an emerging diagnosis
that can lead to significant morbidity if not recognized
and treated appropriately. Because this disease is a
relatively new clinical entity, consensus for defining
this condition is still being developed and often involves
a combination of clinical, pathologic, and imaging
features [2].

The patient presentation with IAC is variable, rang-
ing from asymptomatic to liver enzyme abnormalities,
jaundice, and weight loss. Generally, patients with this
disease have biliary strictures, and most, though not all,
have elevated serum IgG4 levels [1]. IAC is most com-
monly associated not only with autoimmune pancreatitis
(92–95%), but can also be seen alone or with involvement
of other organs, including the kidney (26%), retroperi-
toneum (9%), salivary gland (6%), lymph nodes (4%),
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and lung (4%) [3–6]. The biliary tree is in fact the most
common extrapancreatic site of IgG4-mediated disease
[7].

IAC almost universally involves the extrahepatic bile
ducts, which makes imaging a valuable tool in the
detection and evaluation of its progression [8]. However,
IAC shares some imaging characteristics with primary
sclerosing cholangitis (PSC) [9]. Distinguishing between
these two entities is important because IAC responds
well to corticosteroid therapy while PSC usually does not
[9]. A recent study by Tokala et al. [10] proposed specific
imaging criteria for differentiating IAC from primary
sclerosing cholangitis (PSC) or other autoimmune liver
diseases. One limitation of their study was the use of
consensus reader analysis in a non-independent popula-
tion, which led to observational results rather than an
evaluation of diagnostic accuracy and performance.

IAC can also be difficult to distinguish from central
bile duct malignancy. Bile duct wall thickening and
peribiliary inflammatory pseudomasses are two well-de-
scribed characteristics of IAC, which can simulate
cholangiocarcinoma or other bile duct malignancies [11,
12]. Thus, identifying imaging characteristics which dis-
tinguish IAC from biliary tract malignancy is important
in order to avoid making an incorrect diagnosis that
could lead to unnecessary surgery or other procedures.

The purpose of our study is to assess the diagnostic
performance of specific imaging criteria in differentiating
IAC from PSC and biliary duct malignancy. These
imaging criteria were derived from previous studies
which have indicated that they have the potential to be
strong predictors for IAC [10–12].

Materials and methods

Patients

This retrospective study was approved by the institu-
tional research board and the requirement for informed
consent was waived. Eligible subjects were identified by a
medical records database search of CT or MRI reports
between January 1, 2008 and October 31, 2013. The
initial medical records search used the key words ‘‘IgG4
cholangiopathy,’’ ‘‘IgG4,’’ ‘‘cholangiopathy,’’ and ‘‘au-
toimmune cholangiopathy.’’ Thirty-four imaging reports
(CT or MRI) were identified using these keywords and
ten patients (8 males, 2 females, mean age 61 years, range
34–82 years) were identified with a diagnosis of autoim-
mune cholangiopathy based on our reference standard
(below) who also had undergone either a contrast-en-
hanced MRI with magnetic resonance cholangiopancre-
atography (MRCP) n = 7, or a contrast-enhanced CT
and endoscopic retrograde cholangiopancreatiogram
(ERCP) n = 3.

For comparative analysis, two additional searches
were performed during the same time period to identify
patients with PSC and biliary malignancy. The second

search used the keywords ‘‘primary sclerosing cholangi-
tis’’ to identify patients with PSC. Three hundred and
twenty-five imaging reports (CT or MRI) were identified
using these keywords and fifteen patients (6 males, 9 fe-
males, mean age 50, range 22–65) with a diagnosis of
PSC (based on our reference standard, below) that met
our imaging requirements were randomly selected for
inclusion in our study. All PSC patients were required to
have a contrast-enhanced MRI with MRCP (n = 15) or
contrast-enhanced CT and ERCP (n = 0). Lastly, the
third search using keywords ‘‘cholangiocarcinoma’’ or
‘‘biliary tumor’’ was used to identify patients from a
radiology database, with pathologically proven biliary
malignancy. Nine hundred and forty-four patients were
identified using these keywords and fifteen patients (7
male, 8 females, mean age 65, range 48–84) with biliary
tract malignancy (based on our reference standard, be-
low) that met our imaging requirements were randomly
selected for inclusion in our study. Each of these patients
had either a contrast-enhanced MRI with MRCP
(n = 10) or a contrast-enhanced CT and an ERCP
(n = 5). The final study group consisted of 10 patients
with IAC, 15 patients with PSC, and 15 patients with
biliary tract malignancy.

Reference standard

Diagnostic criteria from The American Association for
the Study of Liver Diseases [13] were used for the diag-
nosis of PSC (n = 15). The diagnosis of IAC was made
by using the Mayo Clinic HISORt (histology, imaging
findings, serology, other organ involvement, and re-
sponse to steroid treatment) criteria and applying the
algorithm for diagnosis and management of IAC pro-
posed by Ghazale et al. [5, 14, 15]. Table 1 lists the ten
patients identified with IAC and the diagnostic criteria
used to confirm their diagnosis. The diagnosis of biliary
tract malignancy was established by surgical biopsy
(n = 4), liver biopsy (n = 7), endoscopic bile duct
biopsy (n = 2), and percutaneous hepatic hilar node
biopsy (n = 2). The final pathologic diagnoses for this
subgroup were cholangiocarcinoma (n = 11), diffuse
large B cell lymphoma involving the bile ducts (n = 1),
and biliary tract metastasis (colon, pulmonary and breast
primary, n = 3).

Imaging protocol

MRI examinations had been performed at either 1.5
Tesla (Magnetom Avanto, Siemens Healthcare USA,
n = 15; Signa HDx, GE Healthcare, n = 6) or 3.0 Tesla
(Magnetom Trio Tim, Siemens Healthcare USA, n = 3;
Magnetom Skyra, Siemens Healthcare USA, n = 7;
Magnetom Aero, Siemens Healthcare USA, n = 1). In
patients who had undergone MRI for their diagnostic
testing, the first standard pancreaticobiliary MRI that

C. S. Gardner et al.: Diagnostic performance of imaging criteria 3053



included MRCP and gadolinium-based contrast enhance-
ment was selected for review. Contrast agents used
included the following: 0.1 mL/kg gadobenate dimeglu-
mine (Multihance, Bracco Diagnostics, Inc., Princeton,
NJ), n = 17; or 10 mL dose of gadoxetate disodium
(Eovist, Bayer Healthcare, Inc., Wayne, NJ), n = 15. Note
that this dose of gadoxetate disodium is based on our
standard clinical practice and maximizes arterial enhance-
ment [16]. All MRI protocols included the following
pulse sequences: coronal T2-weighted half-Fourier
acquisition single-shot turbo spin echo (HASTE), axial
in-phase and opposed-phase gradient recalled echo, axial
respiratory triggered and fat-suppressed T2-weighted fast
spin echo, MRCP, axial T1-weighted 3D spoiled gradient
echo (precontrast and dynamic post-contrast including
triple phase arterial, portal venous, and equilibrium).

Additional 20 min delayed phase images were acquired
obtained with gadoxetate disodium only with axial and
coronal T1-weighted 3D spoiled gradient echo imaging
[16]. Protocol details for MRI pulse sequences used are
listed on Tables 2, 3.

CT was performed using 64-MDCT scanner (So-
matom Definition, Siemens Healthcare, Inc., Forchheim,
Germany, n = 4; or LightSpeed VCT, GE Healthcare,
Inc., Waukeshaw, Wisconsin, n = 3) or 16-MDCT
scanner (GE LightSpeed 16, n = 1). In patients who had
undergone CT for their diagnostic testing, the first
standard protocol abdomino–pelvic CT with intravenous
contrast material was selected for review and paired with
the first diagnostic ERCP. For all CT studies, 150 mL of
iopamidol (Isovue 300, 300 mgI/mL, Bracco Diagnostics
Inc), were injected intravenously at 3 mL/second via an

Table 1. Criteria for diagnosis of immunoglobulin G4-associated cholangitis (IAC) using Mayo HISORt criteria

Patient # Histologya Imagingb Serology mg/dLc Other organ
involvementd

Response to
steroidse

Meets
criteriaf

1 Surgical pancreas specimen positive Extrahepatic bile duct stricture 30 Pancreas Marked improvement Yes
2 Core ampullary biopsy negative Intra and extrahepatic

bile duct strictures
456 Pancreas Complete resolution Yes

3 Core pancreas biopsy negative Extrahepatic stricture 234 Pancreas Marked improvement Yes
4 Core liver biopsy positive Intra and extrahepatic strictures Negativeg Lymph node Marked improvement Yes
5 Core pancreas biopsy positive Extrahepatic stricture 195 Pancreas Complete resolution Yes
6 Core liver biopsy positive Intrahepatic strictures None None Complete resolution Yes
7 Core pancreas biopsy negative Extrahepatic stricture 508 Pancreas Complete resolution Yes
8 Core (atherectomy) bile

duct biopsy positive
Extrahepatic stricture 163 Pancreas Unknown, no follow-up Yes

9 Core liver biopsy positive Extrahepatic stricture 17 None Complete resolution Yes
10 Core ampullary biopsy positive Intra and Extrahepatic strictures 39.4 Pancreas Unknown, no follow-up Yes

a Histology shows periductal lymphoplasmacystic infiltrate with >10 IgG4-positive cells/hpf with associated obliterative phlebitis and storiform
fibrosis
b One or more strictures involving the intrahepatic, proximal extrahepatic, or intrapancreatic bile ducts; fleeting/migrating biliary strictures
c Increased levels of serum IgG4 (normal, 2.4–121 mg/dL)
d Evidence for IgG4-related systemic disease involving pancreas, retroperitoneal fibrosis, renal lesions, and/or salivary/lacrimal gland
e Normalization of liver enzyme levels or marked improvement or resolution of stricture
f Diagnosis of IAC based on algorithm published by Ghazale et al. [5] and Chari et al. [15]
g Serology results reported as negative in medical record for this patient but exact value is not available

Table 2. Sample MR pulse sequences at 1.5 and 3T

Parameter T1w dual echo T1w unenhanced T1w contrast enhanced T2w respiratory triggered

1.5 T
Repetition time (ms) 5.2–7.5 3.2–5.1 3.2–5.1 6800–12,900
Echo time (ms) 2.2–2.4/4.4–4.8 1.5–2.3 1.5–2.3 87–90
Flip angle (�) 10–12 10–12 10–12 90–150
Slice thickness (mm) 3–4 mm 4–7 4–7 5
Reconstruction interval (mm) 2–3 mm 3.5–4 3.5–4 6–7
Acquisition matrix 256 9 192 256 9 192 256 9 192 256–384 9 179–224
Acceleration factor 2 2 2 2
Signal averages 2

3.0 T
Repetition time (ms) 3.9–4.5 3.9–4.5 3.9–4.5 7100–10,900
Echo time (ms) 1.2–1.3/ 2.4–2.6 1.2–1.3 1.2–1.3 89–102
Flip angle (degrees) 9–12 9–12 9–12 90–140
Slice thickness (mm) 2–4 2–4 2–4 5
Reconstruction interval (mm) 2 2 2 6–7
Acquisition matrix 256–320 9 192 256–320 9 192 256–320 9 192 320–384 9 224–320
Acceleration factor 2 2 2 2
Signal averages 2

3054 C. S. Gardner et al.: Diagnostic performance of imaging criteria



arm vein. All CT scans were performed using a two-
phase liver protocol which included a late hepatic arterial
phase (based on bolus tracking software from the su-
praceliac abdominal aorta), and portal venous phase
(obtained 40 s after the end of the hepatic arterial phase).
Images were acquired using the following technique: 120

kVp, variable mA (noise index of 15 HU on the GE
systems, Care Dose 4d with references mA of 250 mA on
Siemens systems) and 0.5 s gantry rotation time. Con-
tiguous images were reconstructed in the axial plane at
5 mm thickness in the hepatic arterial and portal venous
phases. Contiguous images were also reconstructed in the

Table 3. Sample MRCP protocols for 1.5 T and 3.0 T

Parameter 2D thick slab MRCP 3D thin slice MRCP

Relaxation time (ms) 2800–4500 3700–6300
Echo time (ms) 496–762 668–710
Flip angle (�) 90 90
Slice thickness (mm) 5–6 cm 1 mm
Slices/volume 1 60
Matrix 384 9 384 384 9 384
Resolution (mm 9 mm) 0.8–0.9 9 0.8–0.9 0.8–1.0 9 0.8–1.0
Parallel acceleration factor 3 3
Signal averages 1 2
Bandwidth (Hz/px) 150–385 320–362

Table 4. Summary of autoimmune cholangiopathy imaging predictors

Predictor of Autoimmune Cholangiopathy Description

1. Single bile duct wall thickness >2.5 mm (Outer–inner diameter)/2; Assessed on contrast-enhanced MR images acquired
during equilibrium or portal venous phase or on contrast-enhanced CT during
portal phase imaging

2. Continuous biliary involvement Long segment stricture with undulating thickened wall and/or abnormally enhancing wall
(i.e., no normal intervening bile duct)

3. Gallbladder involvement Enhancing or thickened wall
4. Absence of liver abnormality Absence of lobar atrophy or hypertrophy, absence of cirrhosis, no portal vein thrombosis
5. Peribiliary mass Focal or diffuse mass next to biliary duct
6. Pancreatic abnormality MRI: abnormal signal intensity on T1 or T2-weighted images; focal or diffuse atrophy; areas

of abnormal enhancement, peripancreatic rind of tissue (halo)
7. Renal abnormalities Cortical nodules; wedge-shaped cortical lesions, peri-renal fibrosis

Table 5. Sensitivity, specificity, and accuracy for diagnosis of autoimmune cholangiopathy

Radiologist IAC vs. PSC or Cancer Sensitivity Specificity Accuracy

R1 Overall 70% (7/10) 86% (26/30) 83% (33/40)
R2 Overall 70% (7/10) 93% (23/30) 88% (35/40)
R3 Overall 90% (9/10) 77% (23/30) 80% (32/40)
R1 PSC 70% (7/10) 87% (13/15) 80% (20/25)
R2 PSC 70% (7/10) 100% (15/15) 88% (22/25)
R3 PSC 90% (9/10) 80% (12/15) 84% (21/25)
R1 CA 70% (7/10) 87% (13/15) 80% (20/25)
R2 CA 70% (7/10) 87% (13/15) 80% (20/25)
R3 CA 90% (9/10) 73% (11/15) 80% (20/25)

Table 6. Imaging predictor sensitivity and specificity for autoimmune cholangiopathy

Predictors Sensitivity Specificity

R1 R2 R3 R1 R2 R3

CBD >2.5 mm 80% (8/10) 60% (6/10) 90% (9/10) 43% (13/30) 50% (15/30) 57% (17/30)
Continuous biliary involvement 90% (9/10) 100% (10/10) 50% (5/10) 53% (16/30) 60% (18/30) 83% (25/30)
Gallbladder involvement 38% (3/8) 40% (4/10) 25% (2/8) 73% (16/22) 81% (18/22) 63% (14/22)
Absence of liver disease 90% (9/10) 90% (9/10) 60% (6/10) 23% (7/30) 33% (10/30) 43% (13/30)
Peribiliary mass 60% (6/10) 10% (1/10) 20% (2/10) 63% (19/30) 67% (20/30) 63% (19/30)
Pancreas abnormality 80% (8/10) 70% (7/10) 70% (7/10) 87% (26/30) 93% (28/30) 97% (29/30)
Renal abnormality 0% (0/10) 10% (1/10) 0% (0/10) 100% (30/30) 100% (30/30) 97% (29/30)
Multivariate (Tree) analysis 80% (8/10) 70% (7/10) 70% (7/10) 87% (26/30) 93% (28/30) 97% (29/30)
Linear discriminant analysis 70% (7/10) 80% (8/10) 70% (7/10) 87% (26/30) 90% (18/30) 93% (28/30)
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coronal plane in the portal venous phase data sets at
3 mm thickness.

Review of imaging

All studies of IAC, PSC, and biliary malignancy were
randomized. Three fellowship-trained abdominal radi-
ologists, (experience 5, 7, and 29 years) reviewed the
imaging studies independently and blinded to any clinical
data. MRI with MRCP (n = 22) and CT paired with
ERCP (n = 8) were scored for the presence or the ab-
sence of the following imaging predictors of IAC [10]: (1)
single-wall bile duct thickness >2.5 mm; (2) continuous
biliary involvement, (3) gallbladder involvement, (4)
absence of chronic liver disease, (5) peribiliary mass, (6)
pancreatic abnormalities, and (7) renal abnormalities.
Detailed descriptions of each imaging predictor were
provided to the readers prior to image review and are
presented in Table 4.

Each radiologist provided a final imaging-based
diagnosis of IAC, PSC, or biliary tract malignancy and a
confidence level, 1–5, for that diagnosis (1 = unsure, low
confidence <10%, 2 = slightly favor one diagnosis, 10–
39% confidence, 3 = moderately favor one diagnosis,
40–59% confidence, 4 = strongly favor one diagnosis,
60–90% confidence, 5 = almost certain of diagnosis,
>90% confidence).

Statistical analysis

Diagnostic performance, including sensitivity, specificity,
and accuracy for distinguishing IAC from PSC or biliary

Fig. 1. 56-year-old man with IAC. A Coronal contrast-en-
hanced CT demonstrates a dilated and thick-walled common
bile duct (arrow) and mild intrahepatic biliary ductal dilation.
Pancreatic head and body appear diffusely enlarged with
surrounding inflammatory change. B Axial contrast-enhanced
CT in the same patient demonstrates diffusely enlarged and
hypo-enhancing pancreas body and tail with peripancreatic
rim of low attenuation (arrow) consistent with diagnosis of
autoimmune pancreatitis. Also note, diffuse thickening of the
gallbladder wall (arrowhead).

Table 7. Association of imaging predictor for autoimmune cholangiopathy (IAC) vs. non-IAC (primary sclerosing cholangitis or biliary tract
malignancy)

Reader (R) IAC
vs. PSC or CA

CBD >2.5 mm Continuous
biliary involvement

GB involve-ment Absence
of liver abnormality

Peribiliary
mass

Panc
abnormality

Renal abnormality

R1 PSC 0.23 0.01 0.62 0.09 0.01 0.01 1.00
R2 PSC 0.12 0.01 0.03 0.02 0.40 0.01 0.40
R3 PSC 0.01 0.19 0.21 0.24 0.15 0.01 1.00
R1 CA 1.00 0.62 1.00 0.40 0.67 0.01 1.00
R2 CA 0.67 0.06 0.34 1.00 0.01a 0.01 0.40
R3 CA 0.18 0.08 0.17 0.38 0.01a 0.01 1.00

Fisher’s exact test, all values in table represent p values with p < 0.05 indicating a statistically significant association
a These results reflect a significant association of peribiliary mass with bile duct malignancy compared with IAC

Table 8. Inter-reader agreement for predictors

Predictors j

CBD >2.5 mm 0.19
Continuous biliary involvement 0.19
Gallbladder involvement 0.26
Liver abnormality 0.48
Peribiliary mass 0.52
Pancreatic abnormality 0.59

Table 9. Reader confidence level by diagnosis accuracy

Diagnosis accuracy Confidence value Std. Error p value

Incorrect 3.22 0.23 n/a
Correct 3.92 0.22 0.002
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malignancy, was determined for each radiologist. Sensi-
tivity and specificity were determined for the seven
imaging predictors for each of the three radiologists. In
addition, a multivariate tree analysis and linear dis-
criminant analysis were performed to determine if a
combination of predictors performed more strongly than
individual predictors. The association of each imaging
predictor for IAC compared with PSC or biliary tract
malignancy was determined by using Fisher’s exact test,
p < 0.05 to indicate a significant association. Inter-
reader agreement was determined using Fleiss’s kappa
statistics, with less than 0 equal to poor agreement, 0.00–
0.40 slight to fair agreement, 0.4–0.6 moderate agree-

ment, 0.61–0.8 substantial agreement, and 0.81–1.0 al-
most perfect agreement. Mean radiologist confidence
levels were compared between correct and incorrect
diagnoses using a linear mixed model with reader-specific
random effects and a fixed effect for correctness of
diagnosis.

Results

The overall sensitivity and specificity for establishing a
diagnosis of IAC vs. PSC or biliary malignancy was
moderate to high, with percent sensitivities of 70%, 70%,
and 90% and percent specificities of 86%, 93%, and 77%,
for radiologists 1, 2, and 3, respectively (Table 5).

Fig. 2. Comparison of PSC and IAC. A 29-year-old man
with PSC. MRCP demonstrates multiple short segment
strictures of the intrahepatic (arrow) and extrahepatic (ar-
rowhead) bile ducts. B 60-year-old man with IAC. MRCP
demonstrates long segment distal biliary stricture (arrow)

without skip areas (continuous biliary involvement) which is
characteristic of IAC. C 6 months later, following a course of
steroids, endoscopic retrograde cholangiopancreatogram of
same patient (B) demonstrates resolution of the common
bile duct stricture.
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Diagnostic accuracy was moderate, with percentage
values of 83%, 88%, and 80%, for radiologists 1, 2, and 3,
respectively. Higher diagnostic performance was
demonstrated for distinguishing IAC from PSC, with
specificity values of 87%, 100%, and 80% for radiologists
1, 2, and 3, respectively. By comparison, lower specificity
was seen for distinguishing IAC from bile duct malig-
nancy with values of 87%, 87%, and 73% for radiologists
1, 2, and 3, respectively.

Each imaging predictor was then assessed for its
individual sensitivity and specificity for diagnosing IAC,
as shown in Table 6. A pancreatic abnormality was the
only imaging predictor with both high sensitivity (80%,
70%, 70%) and specificity (87%, 90%, 97%) for all radi-
ologists 1, 2, and 3, respectively (Table 6, bold values).
Multivariate analysis was performed by grouping indi-
vidual imaging predictors using various combinations in
an attempt to achieve increased sensitivity or specificity.
No combination of imaging predictors, however, had
higher performance than the presence of pancreatic
abnormalities alone for the diagnosis of IAC. Common
bile duct single-wall thickness greater than 2.5 mm had
moderate-to-high sensitivity (80%, 60%, 90%) but only
moderate specificity (43%, 50%, 57%), for radiologists 1,
2, and 3, respectively. Continuous biliary involvement
had a wide range of sensitivities (90%, 100%, 50%) and
specificities (53%, 60%, 83%) for radiologists 1, 2, and 3,
respectively.

Imaging predictors were assessed for their ability to
distinguish IAC vs. non-IAC (PSC or bile duct malig-

nancy), summarized in Table 7. The presence of pan-
creatic abnormalities was significantly associated with
IAC over both PSC and bile duct malignancy for all
three readers (p < 0.01). Continuous biliary involve-
ment rather than skip lesions was significantly associated
with IAC over PSC for two out of three readers (reader 1
and 2, p < 0.01; reader 3, p = 0.19), but less helpful in
predicting IAC over cancer for all three readers
(p > 0.06; see Fig. 1). Bile duct single-wall thickness
>2.5 mm was significant in one reader for IAC over
PSC (p < 0.01), but not the other two readers
(p > 0.12). Moreover, bile duct wall thickness was not
helpful at all for distinguishing IAC over cancer for all
readers (p > 0.18). The absence of liver abnormalities
was significant or approached significance in predicting
IAC over PSC in two out three readers (p = 0.02 and

Fig. 3. 62-year-old woman with cholangiocarcinoma. Cor-
onal contrast-enhanced CT demonstrates long segment
common bile duct stricture with thickened and enhancing
walls (arrow). The appearance of this malignant stricture is
similar to the appearance of biliary strictures in autoimmune
cholangiopathy.

Fig. 4. 59-year-old woman with IAC and peribiliary pseu-
domass. A Axial contrast-enhanced CT shows an ill-defined
mass (arrow) within the central liver, mimicking a cholangio-
carcinoma. B Following a course of steroid therapy, the mass
resolved on subsequent MR obtained 5 months later. Noted
incidentally, interval portal vein thrombosis with cavernous
transformation.
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0.09), but was not helpful in distinguishing IAC from bile
duct malignancy (p > 0.38). The presence of a peribil-
iary mass was more significantly associated with cancer
than IAC in two out of three readers (p = 0.01, 0.01,
and 0.67).

Moderate inter-reader agreement was demonstrated
for identifying the presence of pancreatic abnormalities
(0.59), liver abnormalities (0.48), and peribiliary mass
(0.52) (Table 8). The remaining predictors demonstrated
only slight-to-fair inter-reader agreement (0.19–0.26).

A statistically significant increase in mean confidence
level of the three radiologists was demonstrated with
correct diagnoses compared with incorrect diagnoses
(Table 9, p = 0.002).

Discussion

In patients with biliary stricturing disease, the presence
of concomitant pancreatic abnormalities favors a diag-

nosis of IAC over both PSC and biliary malignancy. Our
results showed that pancreatic abnormalities, including
focal and diffuse enlargement, T1-weighted signal
hypointensity on MRI, severe atrophy, and a peripan-
creatic rind, demonstrated both moderately high sensi-
tivity (70–80%) and specificity (87–97%) in diagnosing
IAC (Fig. 1). This is in keeping with previous studies
having large sample sizes, which found 92–95% associa-
tion of IAC with autoimmune pancreatitis [11, 12]. In
our study, we found that the presence of pancreatic
abnormalities performed well for the diagnosis of IAC
and were well agreed upon by readers. This reinforces its
use as a reliable and generalizable imaging predictor.

Contiguous biliary involvement and bile duct wall
thickening have been described in IAC, distinct from the
skip lesions characterized by intervening segments of
normal bile duct in PSC [17] (Fig. 2). This was confirmed
in the recent Tokala study based on MRI examinations
[10]. Our study, however, showed that although these

Fig. 5. Comparison of IAC and PSC. A 58-year-old man with
IAC. MRCP demonstrates tight stricture in the mid to distal
common bile duct (arrow). Note the mild narrowing and
irregularity of the pancreatic duct (arrowheads) related to
autoimmune pancreatitis. B Same patient as in A. Axial T1-
weighted image of the liver during portal venous phase of
contrast enhancement shows normal contour of the non-cir-

rhotic liver. C 57-year-old man with a history of PSC. MRCP
image demonstrates multiple intrahepatic bile duct strictures
(arrow) with skip areas. Note the normal appearance of the
pancreatic duct (arrowhead). D Same patient as in image C.
Axial T1-weighted image of the liver during the portal venous
phase of contrast enhancement shows the lobulated contour
of the cirrhotic liver (arrowheads).
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imaging features may be helpful in favoring IAC over
PSC, they have a lesser role in differentiating IAC from
malignancy. Both IAC and bile duct malignancy can
have continuous biliary involvement and bile duct wall
thickening (Fig. 3). The periductal and infiltrating nature
of primary biliary malignancy and diffuse biliary
involvement by metastatic disease and even lymphoma
or leukemia [18, 19] may mimic the contiguous undu-
lating involvement described as typical of IAC [20–26].
This observation has previously been made in a study by
Kim et al. [25], who found that smooth margins and
gradual undulating involvement were not specific for
IAC, and were seen in up to 58% of patients with biliary
malignancy. Periductal cholangiocarcinoma infiltrates
along the bile duct wall and is associated with exuberant
fibrosis [23, 24, 27], which may explain the similar
imaging appearance. Moreover, a peribiliary mass can be
seen in both biliary malignancy and IAC (Fig. 4) and is
thus not a reliable imaging biomarker. In fact, for two of
the three radiologists, the presence of a peribiliary mass
was significantly associated with bile duct cancer rather
than IAC, likely reflecting the potential nature of
malignancy to invade adjacent structures. Misdiagnosis
of biliary malignancy as IAC may lead to delayed or
incorrect treatment. Furthermore, in our study, we found
lower specificity and diagnostic accuracy for distin-
guishing IAC from bile duct malignancy compared with
the relatively better diagnostic performance of distin-
guishing IAC from PSC.

The presence of liver abnormalities such as cirrhosis
has also been suggested to support a diagnosis of PSC
over IAC in patients with biliary strictures [10] (Fig. 5).
Although a trend toward such an association was ob-
served with our study, this finding was statistically sig-
nificant for only one of three readers (p = 0.02, 0.09,
and 0.24). This may be because the presence of lobar
redistribution and cirrhosis is only seen in 55–68% [28] of
patients with PSC and is only typically seen in the later
stages of the disease [29].

We acknowledge several limitations in our study.
First, we had a small sample size of IAC patients. IAC is
uncommon and the proportion of IAC patients was
matched with an similar number of patients with PSC
and biliary malignancy for comparative analysis, allow-
ing for optimal assessment of potential imaging criteria
of a rare though emerging disease. However, by limiting
our study population in this way, the results may not
reflect prevalence of disease or whether the diagnostic
features can lead to false positive diagnoses in patients
without disease. Second, the imaging techniques in our
study varied. The majority of patients had an MRI with
MRCP while others had CT with ERCP, and only about
2/3 of the MRIs included contrast-enhanced hepatobil-
iary phase imaging. Nonetheless, the combined imaging
modalities allow for accurate diagnosis of the evaluated
imaging features. Furthermore, this approach more clo-

sely reflects imaging variation in the real world and
everyday imaging practice. Useful imaging predictors for
IAC should be generalizable not only across disease
entities but across imaging modalities. Another limita-
tion of this study is the use of a hepatocellular contrast
agent in five of the ten cases of patients with IAC. He-
patic uptake in the venous and delayed phases may mask
enhancement of the bile duct wall and as a result the use
of this agent may limit the ability for detection of find-
ings specific to IAC, such as bile duct wall enhancement
and thickening, continuous biliary involvement, and
gallbladder wall abnormalities. The use of this agent may
have contributed to the decreased statistical significance
when comparing IAC with the other two disease pro-
cesses. Another limitation of this study is the potential
for selection bias. Because the IAC cases have been se-
lected from a group of patients with the imaging reports
suggesting IAC as a differential, these cases likely had
imaging features in favor of IAC. The lack of inclusion
of atypical cases of IAC may have altered the results of
the study. Lastly, we did not factor in the presence or
absence of other potential areas of IgG4-associated dis-
ease outside of the upper abdomen. For example, it is
known that patients with IAC can also have involvement
of the salivary glands and retroperitoneal fibrosis.
Detecting disease in these areas may also contribute to
the accuracy of diagnosis in clinical practice, but these
areas of the body were not included in our study. Nev-
ertheless, these sites of IgG4-associated disease are usu-
ally found in patients who already have pancreatic
involvement, which was included in our study [1].

Conclusion

In conclusion, our study evaluates the diagnostic per-
formance of the most useful imaging criteria for distin-
guishing IAC from PSC and biliary malignancy. In
patients with a biliary stricture, it remains difficult to
distinguish IAC from PSC or biliary malignancy based
on imaging features alone. However, the presence of
pancreatic abnormalities strongly favors a diagnosis of
IAC.
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