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Abstract

Background: In the diagnosis of IgG4-related sclerosing cholangitis (IgG4-SC), differentiation from extrahepatic
cholangiocarcinoma (ECC) is extremely important but is still a clinical challenge. This study aimed to elucidate the
usefulness of peroral cholangioscopy (POCS) for the differential diagnosis between IgG4-SC and ECC.

Methods: POCS findings for bile duct stricture were retrospectively evaluated in 17 patients with IgG4-SC
diagnosed at the Hiroshima University Hospital and 53 patients with surgically resected infiltrating ECC. Mucosal
surface, dilated vessels (tortuosity, caliber alteration, and disruption), and easily bleeding were compared between
the groups.

Results: The stricture sites of IgG4-SC evaluated by POCS were 10 extrapancreatic bile ducts and 9 intrapancreatic
bile ducts. In patients with IgG4-SC, smooth mucosal surface was observed in 89% (17/19), dilated vessels in 58%
(11/19) [tortuosity 82% (9/11), caliber alteration 18% (2/11), and disruption 9% (1/11)], and easily bleeding in 0%.
Irregular mucosal surface and easily bleeding were observed significantly more frequently in ECC (both P < 0.001).
The frequency of caliber alteration and disruption of dilated vessels was significantly less in IgG4-SC (P < 0.001 and
0.005, respectively). The sensitivity and specificity of POCS in the diagnosis of ECC were 96 and 89%, respectively.
Dilated vessels in IgG4-SC were observed significantly more frequently in the extrapancreatic bile duct, especially
the hilar bile duct (P = 0.006). Concerning image evaluation, the interobserver agreement was κ = 0.719, and the
intraobserver agreement was κ = 0.768 and 0.754.

Conclusions: Characteristic POCS findings of the stricture sites in IgG4-SC were smooth mucosal surface, dilated
vessels without caliber alteration and disruption, and lack of easily bleeding. These POCS findings are extremely
useful for distinguishing between IgG4-SC and ECC.
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Background
IgG4-related sclerosing cholangitis (IgG4-SC) is characterized
by elevation of serum IgG4 levels, and dense infiltration of
IgG4-positive plasma cells with extensive fibrosis in the bile
duct wall. Similar to autoimmune pancreatitis (AIP), IgG4-SC
is recognized as a biliary manifestation of a systemic disorder
termed IgG4-related disease [1]. Since it responds well to ster-
oid therapy, the autoimmune mechanism is presumed as the
etiology. The clinical diagnostic criteria were proposed in
Japan in 2012 [2], and IgG4-SC is diagnosed by combining dif-
fuse or segmental stricture of the intrahepatic and/or extrahe-
patic bile duct associated with the thickening of bile duct wall,
elevated serum IgG4 levels, coexistence of IgG4-related dis-
eases (AIP, sclerosing dacryoadenitis/sialadenitis, and retro-
peritoneal fibrosis), and characteristic histopathological
findings. The effectiveness of steroid therapy as an option is
also taken into consideration. Furthermore, in the diagnosis of
IgG4-SC, it is extremely important to distinguish from malig-
nancies such as extrahepatic cholangiocarcinoma (ECC) and
pancreatic cancer, and primary sclerosing cholangitis.
IgG4-SC is classified into four types based on the site of

strictures due to cholangiography and diseases to be distin-
guished [3]. Of the four types, type 1 IgG4-SC requires dif-
ferentiation from distal cholangiocarcinoma, and type 3
and type 4 IgG4-SC require differentiation from perihilar
cholangiocarcinoma. The differential diagnosis between
IgG4-SC and ECC is often difficult only by cholangiography
[4], so comprehensive diagnosis using several factors, such
as serum IgG4 level, presence or absence of other IgG4-
related diseases, and pathological diagnosis of bile duct
stricture is crucial. However, differential diagnosis of IgG4-
SC and ECC remains an important clinical challenge.
Peroral cholangioscopy (POCS) is an examination

method that allows direct observation of bile duct mu-
cosa by inserting a small diameter cholangioscope trans-
papillary into the bile duct. POCS is useful for the
differential diagnosis between benign and malignant bile
duct stricture [5–10], and the diagnosis of the extent of
superficial spread of cholangiocarcinoma [11, 12]. In-
flammation of IgG4-SC is found transmurally, but the
main focus of inflammation is under the epithelium of
the bile duct, and the epithelium is often normal [13].
Therefore, the POCS findings of IgG4-SC may be differ-
ent from those of epithelial tumor, cholangiocarcinoma,
and POCS may be useful for differentiating them.
The aim of this study was to clarify the characteristic

POCS findings of IgG4-SC and the usefulness of POCS
in differentiation between IgG4-SC and ECC by evaluat-
ing the findings in detail.

Methods
Patients
A total of 70 patients, including 17 patients with IgG4-
SC and 53 patients with surgically resected infiltrating

ECC who underwent POCS at Hiroshima University
Hospital between April 2008 and December 2017, were
enrolled in this study, and POCS findings were retro-
spectively examined. The infiltrating ECC consisted of
macroscopically nodular type and flat infiltrating type
[14]. IgG4-SC was diagnosed based on the clinical diag-
nostic criteria of IgG4-SC [2]. POCS was performed to
differentiate between benign and malignant bile duct
stricture or to diagnose the extent of superficial spread
of ECC. The time of POCS performed in patients with
IgG4-SC was at initial diagnosis in 11 patients and at re-
lapse in 6 patients.
Written informed consent was obtained from all pa-

tients and their families before endoscopic retrograde
cholangiopancreatography (ERCP) and POCS were per-
formed. This study was conducted in accordance with
the Declaration of Helsinki and was approved by the
ethics committee of Hiroshima University Hospital (ap-
proval No. E-1564).

ERCP and POCS procedure
All POCS was performed by using a conventional dual-
operator mother-baby technique. One of the two video
cholangioscopes (CHF-B260 and CHF-BP260; outer
diameter of 3.4 mm and 2.6 mm; working channel diam-
eter of 1.2 mm and 0.5 mm, respectively; Olympus Med-
ical Systems, Tokyo, Japan) was used as a baby scope. A
therapeutic duodenoscope (TJF-240 or TJF-260 V; work-
ing channel diameter 4.2 mm; Olympus Medical Sys-
tems) was used as a mother scope.
First, ERCP was performed, and endoscopic retrograde

naso-biliary drainage (ENBD) was performed regardless
of the presence or absence of jaundice and acute cholan-
gitis. Detailed evaluation of the bile duct was performed
by cholangiography via ENBD catheter. In patients with
jaundice or acute cholangitis, POCS was performed after
they improved. In contrast, in patients without jaundice
or acute cholangitis, POCS was performed 2 to 4 days
after the initial ERCP. Immediately before POCS was
performed, a saline solution was injected into the bile
duct via ENBD catheter to thoroughly irrigate the inside
of the bile duct. To avoid artifacts of the lesion by guide-
wire manipulation, the mother scope was inserted while
passing the ENBD catheter through the working chan-
nel, and the a 0.025-in. guidewire was placed. After the
small endoscopic sphincterotomy or papillary balloon
dilatation using a balloon catheter with 6 mm diameter
was performed, the cholangioscope was inserted into the
bile duct with passage over the guidewire. The bile duct
lumen was observed while irrigating with the saline solu-
tion through the working channel of the cholangioscope.
Conventional white light endoscopy was mainly used for
observation, and narrow band imaging (NBI) was used
as necessary. All POCS procedures were performed
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under conscious sedation of the patient with intravenous
administration of pentazocine and midazolam by two ex-
perienced endoscopists. Following POCS, biopsies from
the stricture were performed under fluoroscopic guid-
ance using a conventional biopsy forceps (Radial Jaw;
Boston Scientific Corp., Natick, MA, USA), if necessary.
After performing POCS, ENBD and intravenous admin-
istration of an antibiotic was carried out in all patients
for the purpose of preventing acute cholangitis.
All cholangioscopic images were stored as both video and

still images and were evaluated by two endoscopists with over
15 years of experience (Y.I. and M.S.). Based on previous re-
ports [5–10], the POCS findings of the stricture were evalu-
ated in the following points: (1) properties of mucosal surface:
smooth or irregular (papillogranular); (2) vessels: existence of
dilated vessels and its morphology (tortuosity, abrupt caliber
alteration, disruption); and (3) easily bleeding. Easily bleeding
was defined as spontaneous bleeding without contact of the
cholangioscope or manipulation of the guidewire. The charac-
teristics of the vessels were defined as follows with reference
to the report of Kaise et al. [15]. which examined the charac-
teristics of tumor vessels of superficial depressed gastric car-
cinoma by magnifying endoscopy with NBI:

1. Dilatation: presence of vessels whose calibers are
twice or more than twice the calibers of
surrounding reference vessels.

2. Tortuosity: presence of vessels which are
unpredictably twisted or bent.

3. Abrupt caliber alteration: presence of vessels whose
calibers abruptly become less than one half or more
double the original size.

4. Disruption: presence of vessels which have a dead
end.

Inter- and intraobserver agreement
In an independent substudy, the inter- and intraobserver
agreements of POCS images for differentiating between
IgG4-SC and infiltrating ECC were assessed by an en-
doscopist with 11 years of ERCP experience (T.T.) and
an endoscopist with 8 years of ERCP experience (N.S.).
All 72 stricture sites were evaluated. Several white light
images and NBI images of each stricture site were se-
lected. All selected images were randomly arranged for
pattern assessment by the two readers who were blinded
to the final diagnosis of the lesion. Strictures were evalu-
ated based on the characteristic POCS findings of IgG4-
SC and infiltrating ECC in this study. Two readers diag-
nosed the image of one pattern in 1 day, and diagnosed
another pattern 2 weeks later.

Statistical analysis
Statistical analyses were performed using JMP Pro 12.2.0
(SAS Institute Inc. Cary, North Carolina, USA). The

Chi-square test or Fisher’s exact test were used for the
comparison of proportions. P values < 0.05 were consid-
ered statistically significant.

Results
Patients characteristics
The clinical profiles of all 17 patients with IgG4-SC who
underwent POCS are shown in Table 1. The median age
was 63 years (range, 51–77 years), and 16 patients were
men and 1 patient was woman. The median serum IgG4
level was 264 mg/dl (range, 21–2590mg/dl), and 15 pa-
tients (88%) showed an elevated serum IgG4 level (≥135
mg/dl) satisfying the diagnostic criteria. The cholangio-
graphic classifications were 7 patients of type 1, 2 pa-
tients of type 3, and 8 patients of type 4. Coexistence of
AIP was found in 15 patients (88%), and the range of
pancreatic enlargement was diffuse in 5 patients, seg-
mental in 3 patients, and focal in 7 patients. Forceps bi-
opsy of the stricture was performed 14 patients (82%)
and immunostaining of IgG4 was performed in 7 pa-
tients in which bile duct stroma with inflammatory cell
infiltration was collected. However, there were no

Table 1 Clinical profiles of the 17 patients with IgG4-SC

Characteristics Values

Age (years) 63 (51–77)

Sex (male: female) 16: 1

Serological findings

Serum IgG4 (mg/dL) 264 (21–2590)

Elevated serum IgG4 level (≥135mg/dL), n (%) 15 (88%)

Serum IgG (mg/dL) 1543 (807–5530)

Total bilirubin (mg/dL) 1.2 (0.6–22.4)

ALP (IU/L) 677 (107–1331)

CA19–9 (U/L) 10 (0–107)

Cholangiographic classification, n (%)

Type 1 7 (41%)

Type 2 0 (0%)

Type 3 2 (12%)

Type 4 8 (47%)

Other organ involvement, n (%) 15 (88%)

Autoimmune pancreatitis 15 (88%)

Sclerosing dacryoadenitis & sialadenitis 3 (18%)

Retroperitoneal fibrosis 1 (6%)

Diagnosis, n (%)

Definite 15 (88%)

Probable 1 (6%)

Possible 1 (6%)

Steroid therapy, n (%) 14 (82%)

Data are expressed as number (percentage) or median (range)
IgG4-SC, IgG4-related sclerosing cholangitis; ALP, alkaline phosphatase; CA19–
9, carbohydrate antigen 19–9
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patients in which infiltration of abundant IgG4-positive
plasma cells > 10 per high power field was observed, and
none of the patients met the histopathological criteria of
IgG4-SC [2]. Oral prednisolone was introduced or in-
creased in 14 patients (82%). The details of 3 patients in
whom steroid therapy was not introduced were as fol-
lows: 1 patient underwent spontaneous remission, 1 pa-
tient underwent surgery for the diagnosis of pancreatic
cancer, and 1 patient had a history of side effect of
prednisolone.
The patients with ECC were 37 men and 16 women,

with a median age of 71 years (range, 42–82 years). The
locations of tumor were perihilar bile duct in 30 patients
and distal bile duct in 23 patients. The preoperative
diagnosis of cholangiocarcinoma was obtained patho-
logically in 40 patients (75%), and the sensitivity of bile
juice cytology, brushing cytology, and forceps biopsy
were 43% (22/51), 48% (24/50), and 63% (32/51), re-
spectively. The surgical procedures were pancreatoduo-
denectomy in 22 patients, right hepatectomy in 14

patients, left hepatectomy in 3 patients, extended right
hepatectomy in 5 patients, hepatopancreatoduodenect-
omy in 5 patients, and bile duct resection in 4 patients.
Regarding POCS-related complications, acute cholan-

gitis was seen in two patients of ECC, but it improved rap-
idly by conservative therapy. There were no other
complications, such as acute pancreatitis and liver abscess.

Cholangioscopic findings of IgG4-SC and ECC
POCS findings were evaluated at 19 sites of bile duct
stricture in 17 patients with IgG4-SC (Fig. 1). The muco-
sal surface was smooth in 89% (17/19) of strictures. Di-
lated vessels were observed in 58% (11/19) of strictures.
The tortuosity of the dilated vessels was observed at 82%
(9/11), but the network structure was maintained, and
the abrupt caliber alteration and the disruption were
found at only 18% (2/11) and 9% (1/11), respectively.
There was no patient showing easily bleeding. In nine
patients with IgG4-SC, the stricture was re-evaluated by
POCS after introduction or increase of steroid [median

Fig. 1 Cholangioscopic images of IgG4-related sclerosing cholangitis. a Stricture in the middle and hilar bile duct. b Dilated and tortuous vessels
spreading around the stricture with smooth mucosal surface. c Stricture in the intrapancreatic bile duct. d Stricture with edematous and smooth
mucosal surface
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9 days (range, 7–39 days)]. Improvement of stricture was
confirmed in all nine patients, and improvement of ves-
sel dilatation was confirmed in all six patients where di-
lated vessels were in the stricture (Fig. 2).
On the other hand, the mucosal surface of ECC was ir-

regular in 91% (48/53) of the patients (Fig. 3). Dilated
vessels were found in 79% (42/53) of patients with ECC.
Of the 42 ECC patients with dilated vessels, the tortuos-
ity, abrupt caliber alteration, and disruption of the di-
lated vessels were found in 35 (83%), 36 (86%), and 25
(60%) patients, respectively. Easily bleeding was observed
in 26 patients (49%).
A comparison of POCS findings between IgG4-SC and

ECC is shown in Table 2. There was a significant differ-
ence in the property of mucosal surface and presence of
easily bleeding (both P < 0.001). There was no signifi-
cant difference in the frequency of dilated vessels (P =
0.070). Regarding the morphology of dilated vessels,
there was no difference in the presence of tortuosity, but
abrupt caliber alteration and disruption were found sig-
nificantly more frequently in patients with ECC than

patients with IgG4-SC (P < 0.001 and 0.005, respect-
ively). When the POCS findings of malignant stricture
were defined as irregular mucosal surface, presence of
dilated vessels with abrupt caliber alteration and disrup-
tion, or easily bleeding, the diagnosis of ECC was 96%
(51/53) for sensitivity and 89% (17/19) for specificity.

Relationship between POCS findings and site of stricture
POCS findings, site of stricture, and site of AIP lesions
in patients with IgG4-SC are shown in Table 3, and a
comparison of POCS findings based on the stricture site
is shown in Table 4. Dilated vessels were found in 90%
(9/10) of extrapancreatic bile duct strictures, whereas
only 22% (2/9) of intrapancreatic bile duct strictures.
Therefore, dilated vessels were found significantly more
frequently in extrapancreatic bile duct strictures, par-
ticularly the hilar bile duct, than in intrapancreatic bile
duct strictures (P = 0.006). There was no significant rela-
tionship between the property of mucosal surface and
the site of stricture, but the mucosal surface of intrapan-
creatic bile duct stricture was smooth in all patients. In

Fig. 2 Changes in cholangioscopic images by steroid therapy in a patient with IgG4-related sclerosing cholangitis. Before steroid therapy,
cholangiography showed stricture in the hilar bile duct (a), and dilated and tortuous vessels around the stricture (b). Seven days after induction
of steroid therapy, stricture (c) and dilatation of the vessels (d) were markedly improved
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terms of the relationship between the site of stricture
and the site of AIP lesion, intrapancreatic bile duct stric-
ture was accompanied by enlargement of the pancreatic
head in all nine patients. In contrast, there was no sig-
nificant difference in POCS findings between perihilar
cholangiocarcinoma and distal cholangiocarcinoma.
A comparison of POCS findings between IgG4-SC and

ECC based on the stricture site is shown in Table 5. In
comparison between perihilar IgG4-SC and perihilar
cholangiocarcinoma, there was a significant difference in

terms of the property of mucosal surface and presense
of easily bleeding (P < 0.001 and 0.003, respectively).
There was no significant difference in the frequency of
dilated vessels between two groups, but the abrupt cali-
ber alteration and disruption were found significantly
more frequently in patients with perihilar cholangiocar-
cinoma than patients with perihilar IgG4-SC (P = 0.002
and 0.041, respectively). In comparison between distal
IgG4-SC (intrapancreatic and middle bile duct) and dis-
tal cholangiocarcinoma, there was also a significant

Fig. 3 Cholangioscopic images of infiltrating type extrahepatic cholangiocarcinoma. a Stricture in the middle bile duct. b Dilated and tortuous
vessels with caliber alteration and disruption. c Granular mucosa in narrow band imaging. d Stricture in the intrapancreatic bile duct. e Dilated
and tortuous vessels with caliber alteration and spontaneous bleeding. f Granular mucosa in narrow band imaging.

Table 2 Comparison of POCS findings between IgG4-SC and ECC

IgG4-SC ECC

POCS findings (n = 19) (n = 53) P value

Mucosal surface (smooth: irregular) 17: 2 9: 44 < 0.001

Dilated vessels (present: absent) 11: 8 42: 11 0.070

Tortuosity (present: absent) 9: 2 35: 7 1.000

Abrupt caliber alteration (present: absent) 2: 9 36: 6 < 0.001

Disruption (present: absent) 1: 10 25: 17 0.005

Easily bleeding (present: absent) 0: 19 26: 27 < 0.001

POCS peroral cholangioscopy; IgG4-SC IgG4-related sclerosing cholangitis; ECC extrahepatic cholangiocarcinoma
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difference in terms of the property of mucosal surface
and presense of easily bleeding (P < 0.001 and 0.032, re-
spectively). Furthermore, the frequency of dilated vessels
was significantly higher in patients with distal cholangio-
carcinoma than patients with dital IgG4-SC (P = 0.016).

Inter- and intraobserver agreement
The kappa value of interobserver agreement between
T.T. and N.S. was 0.719. The kappa value of intraobser-
ver agreement were 0.768 (T.T.) and 0.754 (N.S.).

Discussion
In this study, the usefulness of POCS in the differential
diagnosis between IgG4-SC and ECC was examined. The
diagnostic criteria of IgG4-SC [2] has been developed, but

its diagnosis remains an important clinical challenge. In
particular, patients with IgG4-SC that develop independ-
ently without AIP, have normal serum IgG4 levels, or de-
velop during steroid therapy of IgG4-related diseases, are
not easy to differentiate from cholangiocarcinoma. There-
fore, it is not uncommon for IgG4-SC to be surgically
resected on the diagnosis of cholangiocarcinoma [16–20].
Regarding type 1 IgG4-SC, diagnosis is relatively easy be-
cause most patients have AIP lesions in the pancreatic
head. However, although rare, there has been a report of
type 1 IgG4-SC without AIP lesions in the pancreatic head
[21], which is not easy to be differentiated from distal
cholangiocarcinoma. For the differential diagnosis of be-
nign and malignant bile duct strictures, transpapillary tis-
sue sampling is usually performed during ERCP.

Table 3 Relationship between site of stricture, POCS findings and AIP lesion in IgG4-SC patients

Case Age
rangea

(years)

Sexa IgG4
(mg/
dl)

Site of stricture POCS findings AIP Pancreatic
enlargement

Enlargement
of
pancreatic
head

Dilated vessels Mucosal surface

1 70–79 1 2590 Extrapancreatic (hilar) Present Smooth Present Diffuse Present

2 50–59 1 498 Extrapancreatic (middle) Present Smooth Present Segmental Absent

3 50–59 1 408 Extrapancreatic (hilar) Present Smooth Present Diffuse Present

4 50–59 1 283 Extrapancreatic (hilar) Present Smooth Present Diffuse Present

5 60–69 2 206 Extrapancreatic (hilar) Present Smooth Absent – –

6 60–69 1 194 Extrapancreatic (hilar) Absent Smooth Absent – –

7 60–69 1 186 Extrapancreatic (hilar) Present Smooth Present Segmental Absent

8 60–69 1 21 Extrapancreatic (hilar) Present Irregular Present Segmental Absent

9 70–79 1 127 Extrapancreatic (hilar) / intrapancreatic Present / absent Smooth / smooth Present Focal Present

10 70–79 1 139 Extrapancreatic (hilar) / intrapancreatic Present / absent Irregular / smooth Present Focal Present

11 60–69 1 1620 Intrapancreatic Present Smooth Present Focal Present

12 60–69 1 484 Intrapancreatic Absent Smooth Present Focal Present

13 50–59 1 426 Intrapancreatic Absent Smooth Present Diffuse Present

14 60–69 1 403 Intrapancreatic Absent Smooth Present Focal Present

15 70–79 1 264 Intrapancreatic Absent Smooth Present Focal Present

16 60–69 1 256 Intrapancreatic Absent Smooth Present Focal Present

17 60–69 1 244 Intrapancreatic Present Smooth Present Diffuse Present
aAge range was used instead of the exact age and sexes were presented by 1 or 2 instead of M or F for securing the patients’ anonymity
POCS peroral cholangioscopy; IgG4-SC IgG4-related sclerosing cholangitis; AIP autoimmune pancreatitis

Table 4 Comparison of POCS findings in IgG4-SC patients based on the stricture site

Extrapancreatic Intrapancreatic

(n = 10) (n = 9) p value

Mucosal surface (smooth: irregular) 8: 2 9: 0 0.474

Dilated vessels (present: absent) 9: 1 2: 7 0.006

Tortuosity (present: absent) 7: 2 2: 0 1.000

Abrupt caliber alteration (present: absent) 2: 7 0: 2 1.000

Disruption (present: absent) 1: 8 0: 2 1.000

Easily bleeding (present: absent) 0: 10 0: 9 1.000

POCS peroral cholangioscopy; IgG4-SC IgG4-related sclerosing cholangitis
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Transpapillary tissue sampling methods include aspiration
bile cytology, brush cytology, and forceps biopsy. Since the
main focus of inflammation of IgG4-SC is under the epithe-
lium of the bile duct, it is not easy to diagnose IgG4-SC by
these tissue sampling methods, and the diagnostic outcomes
so far reported cannot be considered as good [22–25]. Fur-
thermore, the sensitivity of brush cytology and forceps biopsy
in the diagnosis of cholangiocarcinoma have been reported
as 20–80% [26–34] and 37–88% [27–30, 32, 33], respectively,
and there are large variations by report. In this study, the
sensitivity of forceps biopsy in the diagnosis of IgG4-SC was
unfortunately 0%, and only 75% of ECC patients had a pre-
operative pathological diagnosis.
The advantage of POCS is that it allows direct

visualization of strictures in detail. In this study, favor-
able diagnostic performance of POCS (sensitivity 96%,
specificity 89%) for distinguishing between ECC and
IgG4-SC was obtained by focusing on the property of
mucosal surface, the presence of dilated vessels and their
morphology, and presence of easily bleeding. On the
other hand, dilated vessels were frequently observed in
the stricture of perihilar IgG4-SC, so it is essential to
carefully observe the morphology of dilated vessels to
distinguish them from perihilar cholangiocarcinoma.
Another advantage of POCS is that it allows targeted bi-
opsy. In this study, fluoroscopy-guided transpapillary bi-
opsy was selected instead of cholangioscopy-guided
biopsy. This is because the video cholangioscopes used
in this study did not allow irrigation with saline solution
during biopsy and the pathological diagnosis was not
easy with small samples obtained with available ultrathin
biopsy forceps. Recently, a systematic review [35] dem-
onstrated diagnostic performance of different cholangio-
scopes in patients with biliary strictures and emphasized
the high diagnostic performance of digital single-
operator cholangioscope (SpyGlass DS; Boston Scientific
Corp.) with improved image quality compared to the
fibroptic cholangioscope (SpyGlass; Boston Scientific
Corp.). In particular, the advantage of the digital single-
operator cholangioscope is that biopsy can be performed
under direct visualization while irrigating saline solution,

and its sensitivity and specificity in the diagnosis of ma-
lignant biliary stricture have been reported to be 68–
85% and 98–100%, respectively [36–38]. However, the
dual-operator video cholangioscope has better image
quality than single-operator digital cholangioscope and
is more suitable for evaluating the characteristics of bil-
iary strictures. Two types of endoscope and at least two
experienced endoscopists with ERCP-related procedures
are required to perform the dual-operator POCS, there-
fore it cannot easily be performed at any institution.
However, the therapeutic strategy of IgG4-SC and chol-
angiocarcinoma are completely different. Thus, when it
is difficult to differentiate IgG4-SC from cholangiocarci-
noma even if several diagnostic methods including tissue
sampling are performed, the enforcement of dual-
operator POCS should be considered.
The characteristic POCS findings at the stricture of

IgG4-SC such as smooth mucosal surface, dilated and
tortuous vessels without abrupt caliber alteration and
disruption, and absence of easily bleeding are considered
to reflect its pathological features. The smooth mucosa
is considered to reflect the characteristic pathological
findings of IgG4-SC in which the main focus of inflam-
mation is under the epithelium of the bile duct, and the
epithelium is relatively preserved. Dilated and tortuous
vessels have also been reported by Itoi et al. [39] and
Yasuda et al. [40], and are considered to be characteristic
POCS findings of IgG4-SC. To clarify the difference
from the tumor vessels observed in ECC, the morph-
ology of both dilated vessels was compared and evalu-
ated in this study. Tumor vessels are morphologically
different from normal vessels and are irregularly shaped,
dilated and tortuous, and have blind ends [41]. In gastric
cancer [16], colorectal cancer [42], and lung cancer [43],
it has been also reported that dilated vessels with caliber
alteration, tortuosity, and blind end are useful in diagno-
sis. The vessels observed at the stricture of IgG4-SC
were dilated and tortuous, but abrupt caliber alteration
and disruption were significantly less frequent compared
to ECC, and the structure of the vascular network was
also maintained. These differences in morphology of

Table 5 Comparison of POCS findings between IgG4-SC and ECC based on the stricture site

Perihilar bilu duct Distal bile duct

POCS findings IgG4-SC (n = 9) ECC (n = 30) p value IgG4-SC (n = 10a) ECC (n = 23) p value

Mucosal surface (smooth: irregular) 7: 2 3: 27 < 0.001 10: 0 2: 21 < 0.001

Dilated vessels (present: absent) 8: 1 24: 6 1.000 3: 7 18: 5 0.016

Tortuosity (present: absent) 6: 2 19: 5 1.000 3: 0 16: 2 1.000

Abrupt caliber alteration (present: absent) 2: 6 21: 3 0.002 0: 3 15: 3 0.015

Disruption (present: absent) 1: 7 14: 10 0.041 0: 3 11: 7 0.090

Easily bleeding (present: absent) 0: 9 17: 13 0.003 0: 10 9: 14 0.032
a The 10 strictures consist of 9 intrapancreatic bile ducts and 1 middle bile duct
POCS peroral cholangioscopy; IgG4-SC IgG4-related sclerosing cholangitis; ECC extrahepatic cholangiocarcinoma
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dilated vessels may be due to the differences in the
mechanism of vasodilatation. That is, dilated vessels of
cholangiocarcinoma are due to angiogenesis whereas di-
lated vessels of IgG4-SC may be due to congestion. The
easily bleeding was observed to be significantly less fre-
quent in IgG4-SC than in ECC, so it is considered that
the wall of the dilated vessel of IgG4-SC is strong as
compared to fragile tumor vessels. In addition, in pa-
tients with IgG4-SC, improvement in dilatation and tor-
tuosity of vessels immediately after the induction of
steroid therapy also supported the congestion. Although
the cause of vasodilatation has not been evaluated
pathologically, obliterative phlebitis, which is one of the
characteristic pathological findings of IgG4-SC, and the
stagnation of blood flow due to the spread of inflamma-
tion may be the cause.
Regarding the relationship between the stricture site of

IgG4-SC and the POCS findings, the mucosal surface
was smooth in most patients regardless of the stricture
site, but the dilated vessels were found significantly more
frequently in the hilar bile duct than in the intrapancrea-
tic bile duct. The characteristic pathological findings of
IgG4-SC, such as marked lymphocytic and plasmacytic
infiltration, infiltration of IgG4-positive plasma cells,
storiform fibrosis, and obliterative phlebitis are not dif-
ferent depending on the site of bile duct [44]. On the
other hand, marked spreading of inflammation to peri-
biliary adipose tissue sometimes forms an inflammatory
pseudotumor, which is frequent with IgG4-SC in the
hilar bile duct [44, 45]. In addition, since intrapancreatic
bile duct stricture is accompanied by an AIP lesion in
the pancreatic head in most patients with IgG4-SC, the
causes of stricture of the intrapancreatic bile duct may
be both IgG4-SC itself and secondary changes due to in-
flammation and edema of the pancreas [46, 47]. Thus, it
is possible that the POCS findings reflect the difference
in the degree of spread of inflammation depending on
the site and the influences of pancreatic inflammation.
This study found that there were several significant

differences between the POCS findings of stricture of
IgG4-SC and ECC. However, the evaluation of POCS
findings is not well established, lacks objectivity, and the
interobserver disagreement can be a significant problem.
To the best of our knowledge, this is the first study to
examine the reliability of POCS images using a mother-
baby scope system. Both the inter- and intraobserver
agreement had a kappa value of 0.7 or more, indicating
that the reliability of POCS in distinguishing between
IgG4-SC and ECC is good.
This study has some limitations. First, it was a retro-

spective study based on a relatively small number of pa-
tients. Second, only one patient with IgG4-SC underwent
surgical resection; therefore, histological findings could
not be effectively compared with POCS findings for

patients with IgG4-SC. The diagnostic criteria [2] and the
clinical practice guidelines [48] have been developed;
therefore, most IgG4-SC patients can now be definitively
diagnosed. Surgical resection will be performed in only a
few patients with IgG4-SC; therefore, it is not easy to ob-
tain IgG4-SC histopathological findings that can be com-
pared with POCS findings.

Conclusions
The characteristic POCS findings of the stricture site of
IgG4-SC were smooth mucosal surface, dilated tortuous
vessels and lack of easily bleeding. The dilated and tortu-
ous vessels in IgG4-SC had less abrupt caliber alteration
and disruption compared to those in ECC, and were fre-
quently found in the extrapancreatic bile duct, especially
in the hilar bile duct. Detailed observation of biliary
strictures with POCS may help differentiate IgG4-SC
from ECC and prevent unnecessary major surgery. In
addition, it is necessary to accumulate the number of pa-
tients to clarify the POCS findings of IgG4-SC.

Abbreviations
IgG4-SC: IgG4-related sclerosing cholangitis; AIP: Autoimmune pancreatitis;
ECC: Extrahepatic cholangiocarcinoma; POCS: Peroral cholangioscopy;
ERCP: Endoscopic retrograde cholangiopancreatography; ENBD: Endoscopic
naso-biliary drainage; NBI: Narrow band imaging

Acknowledgements
The authors would like to thank Dr. T. Sasaki (Department of
Gastroenterology, Hiroshima Prefectural Hospital) for his valuable comments
and Editage (www.editage.jp) for English language editing.

Authors’ contributions
YI designed the study, analyzed the data and wrote the manuscript. MS
contributed to the analysis and interpretation of the data, and assisted in the
preparation of the manuscript. TT, RK, KT, SN, TH, AF, JI, KY, SS and YT
contributed to data collection. KC critically reviewed the manuscript. All
authors read and approved the final version of the manuscript.

Funding
This research has received no specific grant from any funding agency in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki
and was approved by the ethics committee of Hiroshima University Hospital
(approval No. E-1564). Written informed consent was obtained from all pa-
tients and their families before ERCP and POCS were performed.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Ishii et al. BMC Gastroenterology          (2020) 20:287 Page 9 of 11

http://www.editage.jp


Received: 18 March 2020 Accepted: 17 August 2020

References
1. Kamisawa T, Funata N, Hayashi Y, Tsuruta K, Okamoto A, Amemiya K, et al.

Close relationship between autoimmune pancreatitis and multifocal
fibrosclerosis. Gut. 2003;52:683–7.

2. Ohara H, Okazaki K, Tsubouchi H, Inui K, Kawa S, Kamisawa T, et al. Clinical
diagnostic criteria of IgG4-related sclerosing cholangitis 2012. J
Hepatobiliary Pancreat Sci. 2012;19:536–42.

3. Nakazawa T, Ohara H, Sano H, Ando T, Joh T. Schematic classification of
sclerosing cholangitis with autoimmune pancreatitis. Pancreas. 2006;32:229.

4. Nakazawa T, Ohara H, Sano H, Aoki S, Kobayashi S, Okamoto T, et al.
Cholangiography can discriminate sclerosing cholangitis with autoimmune
pancreatitis from primary sclerosing cholangitis. Gastrointest Endosc. 2004;
60:937–44.

5. Nimura Y, Kamiya J, Hayakawa N, Shionoya S. Cholangioscopic
differentiation of biliary strictures and polyps. Endoscopy. 1989;21:351–6.

6. Seo DW, Lee SK, Yoo KS, Kang GH, Kim MH, Suh DJ, et al. Cholangioscopic
findings in bile duct tumors. Gastrointest Endosc. 2000;52:630–4.

7. Kim HJ, Kim MH, Lee SK, Yoo KS, Seo DW, Min YI. Tumor vessels: a valuable
cholangioscopic clue of malignant biliary stricture. Gastrointest Endosc.
2000;52:635–8.

8. Fukuda Y, Tsuyuguchi T, Sakai Y, Tsuchiya S, Saisyo H. Diagnostic utility of
peroral cholangioscopy for various bile-duct lesions. Gastrointest Endosc.
2005;62:374–82.

9. Shah RJ, Langer DA, Antillon MR, Chen YK. Usefulness of cholangioscopy in
patients with indeterminate pancreaticobiliary pathology. Clin Gastroenterol
Hepatol. 2006;4:219–25.

10. Itoi T, Osanai M, Igarashi Y, Tanaka K, Kida M, Maguchi H, et al. Diagnostic
peroral video cholangioscopy is an accurate diagnostic tool for patients
with bile duct lesions. Clin Gastroenterol Hepatol. 2010;8:934–8.

11. Kawakami H, Kuwatani M, Etoh K, Haba S, Yamato H, Shinada K, et al. Endoscopic
retrograde cholangiography versus peroral cholangioscopy to evaluate
intraepithelial tumor spread in biliary cancer. Endoscopy. 2009;41:959–64.

12. Osanai M, Itoi T, Igarashi Y, Tanaka K, Kida M, Maguchi H, et al. Peroral video
cholangioscopy to evaluate indeterminate bile duct lesions and
preoperative mucosal cancerous extension: a prospective multicenter study.
Endoscopy. 2013;45:635–42.

13. Nakanuma Y, Zen Y. Pathology and immunopathology of immunoglobulin
G4-related sclerosing cholangitis: the latest addition to the sclerosing
cholangitis family. Hepatol Res. 2007;37:S478–86.

14. Miyazaki M, Ohtsuka M, Miyakawa S, Nagino M, Yamamoto M, Kokudo N,
et al. Classification of biliary tract cancers established by the Japanese
Society of Hepato-Biliary-Pancreatic Surgery: 3(rd) English edition. J
Hepatobiliary Pancreat Sci. 2015;22:181–96.

15. Kaise M, Kato M, Urashima Y, Arai Y, Kaneyama H, Kanzazawa Y, et al.
Magnifying endoscopy combined with narrow-band imaging for differential
diagnosis of superficial depressed gastric lesions. Endoscopy. 2009;41:310–5.

16. Nguyen-tat M, Gamstätter T, Marquardt JU, Geißinger E, Schadmand-Fischer
S, Lang H, et al. IgG4-related sclerosing cholangitis mimicking
cholangiocarcinoma. Z Gastroenterol. 2012;50:1008–12.

17. Matsubayashi H, Uesaka K, Sugiura T, Ohgi K, Sasaki K, Ono H. IgG4-related
sclerosing cholangitis without obvious pancreatic lesion: difficulty in
differential diagnosis. J Dig Dis. 2014;15:394–403.

18. Graham RP, Smyrk TC, Chari ST, Takahashi N, Zhang L. Isolated IgG4-related
sclerosing cholangitis: a report of 9 cases. Hum Pathol. 2014;45:1722–9.

19. Lin J, Cummings OW, Greenson JK, House MG, Liu X, Nalbantoglu I, et al.
IgG4-related sclerosing cholangitis in the absence of autoimmune
pancreatitis mimicking extrahepatic cholangiocarcinoma. Scand J
Gastroenterol. 2015;50:447–53.

20. Roos E, Hubers LM, Coelen RJS, Doorenspleet ME, de Vries N, Verheij J, et al.
IgG4-Accociated cholangitis in patients resected for presumed Perihilar
Cholangiocarcinoma: a 30-year tertiary care experience. Am J Gastroenterol.
2018;113:765–72.

21. Nakazawa T, Ikeda Y, Kawaguchi Y, Kitagawa H, Takada H, Takeda Y, et al.
Isolated intrapancreatic IgG4-related sclerosing cholangitis. World J
Gastroenterol. 2015;21:1334–43.

22. Ghazale A, Chari ST, Zhang L, Smyrk TC, Takahashi N, Levy MJ, et al.
Immunoglobulin G4-associated cholangitis: clinical profile and response to
therapy. Gastroenterology. 2008;134:706–15.

23. Hirano K, Fukushima N, Tada M, Isayama H, Mizuno S, Yamamoto K, et al.
Diagnostic utility of biopsy specimens for autoimmune pancreatitis. J
Gastroenterology. 2009;44:765–73.

24. Naitoh I, Nakazawa T, Ohara H, Ando T, Hayashi K, Tanaka H, et al. Endoscopic
transpapillary intraductal ultrasonography and biopsy in the diagnosis of IgG4-
related sclerosing cholangitis. J Gastroenterol. 2009;44:1147–55.

25. Kawakami H, Zen Y, Kuwatani M, Eto K, Haba S, Yamato H, et al. IgG4-
related sclerosing cholangitis and autoimmune pancreatitis: histological
assessment of biopsies from Vater’s ampulla and the bile duct. J
Gastroenterol Hepatol. 2010;25:1648–55.

26. Ferrari Jünior AP, Lichtenstein DR, Silvka A, Chang C, Carr-Locke DL. Brush
cytology during ERCP for the diagnosis of biliary and pancreatic
malignancies. Gastrointest Endosc. 1994;40:140–5.

27. Pugliese V, Conio M, Nicolò G, Saccomanno S, Gatteschi B. Endoscopic
retrograde forceps biopsy and brush cytology of biliary strictures: a
prospective study. Gastrointest Endosc. 1995;42:520–6.

28. Ponchon T, Gagnon P, Berger F, Labadie M, Liaras A, Chavaillon A, et al.
Value of endobiliary brush cytology and biopsies for the diagnosis of
malignant bile duct stenosis: results of a prospective study. Gastrointest
Endosc. 1995;42:565–72.

29. Sugiyama M, Atomi Y, Wada N, Kuroda A, Muto T. Endoscopic transpapillary
bile duct biopsy without sphincterotomy for diagnosing biliary strictures: a
prospective comparative study with bile and brush cytology. Am J
Gastroenterol. 1996;91:465–7.

30. Jailwala J, Fogel EL, Sherman S, Gottlieb K, Flueckiger J, Bucksot LG, et al.
Triple-tissue sampling at ERCP in malignant biliary obstruction. Gastrointest
Endosc. 2000;51:383–90.

31. Glasbrenner B, Ardan M, Boeck W, Preclik G, Möller P, Adler G. Prospective
evaluation of brush cytology of biliary strictures during endoscopic
retrograde cholangiopancreatography. Endoscopy. 1999;31:712–7.

32. Kitajima Y, Ohara H, Nakazawa T, Ando T, Hayashi K, Takada H, et al.
Usefulness of transpapillary bile duct brushing cytology and forceps biopsy
for improved diagnosis in patients with biliary strictures. J Gastroenterol
Hepatol. 2007;22:1615–20.

33. Weber A, von Weyhern C, Fend F, Schneider J, Neu B, Meining A, et al.
Endoscopic transpapillary brush cytology and forceps biopsy in patients
with hilar cholangiocarcinoma. World J Gastroenterol. 2008;14:1097–101.

34. Sugimoto S, Matsubayashi H, Kimura H, Sasaki K, Nagata K, Ohno S, et al.
Diagnosis of bile duct cancer by bile cytology: usefulness of post-brushing
biliary lavage fluid. Endosc Int Open. 2015;3:E323–8.

35. Kulpatcharapong S, Pittayanon R, Kerr SJ, Rerknimitr R. Diagnostic
performance of different cholangioscopes in patients with biliary strictures:
a systematic review. Endoscopy. 2020;52:174–85.

36. Navaneethan U, Hasan MK, Kommaraju K, Zhu X, Hebert-Magee S, Hawes
RH, et al. Digital, single-operator cholangiopancreatoscopy in the diagnosis
and management of pancreatobiliary disorders: a multicenter clinical
experience (with video). Gastrointest Endosc. 2016;84:649–55.

37. Jang S, Stevens T, Kou L, Vargo JJ, Parsi MA. Efficacy of digital single-
operator cholangioscopy and factors affecting its accuracy in the evaluation
of indeterminate biliary stricture. Gastrointest Endosc. 2020;91:385–93.

38. Gerges C, Beyna T, Tang RSY, Bahin F, Lau JYW, van Geenen E, et al. Digital
single-operator peroral cholangioscopy-guided biopsy sampling versus ERCP-
guided brushing for indeterminate biliary strictures: a prospective, randomized,
multicenter trial (with video). Gastrointest Endosc. 2020;91:1105–13.

39. Itoi T, Kamisawa T, Igarashi Y, Kawakami H, Yasuda I, Itokawa F, et al. The
role of peroral video cholangioscopy in patients with IgG4-related
sclerosing cholangitis. J Gastroenterol. 2013;48:504–14.

40. Yasuda I, Nakashima M, Moriwaki H. Cholangioscopic view of IgG4-related
sclerosing cholangitis. J Hepatobiliary Pancreat Sci. 2011;18:122–4.

41. Bergers G, Benjamin LE. Tumorigenesis and the angiogenic switch. Nat Rev
Cancer. 2003;3:401–10.

42. Sano Y, Tanaka S, Kudo S, Saito S, Matsuda T, Wada Y, et al. Narrow-band
imaging (NBI) magnifying endoscopic classification of colorectal tumors
proposed by the Japan NBI expert TEAM. Dig Endosc. 2016;28:526–33.

43. Shibuya K, Nakajima T, Fujiwara T, Chiyo M, Hoshino H, Moriya Y, et al.
Narrow band imaging with high-resolution bronchovideoscopy: a new
approach for visualizing angiogenesis in squamous cell carcinoma of the
lung. Lung Cancer. 2010;69:194–202.

44. Zen Y, Harada K, Sasaki M, Sato Y, Tsuneyama K, Haratake J, et al. IgG4-
related sclerosing cholangitis with and without hepatic inflammatory
pseudotumor, and sclerosing pancreatitis-associated sclerosing cholangitis:

Ishii et al. BMC Gastroenterology          (2020) 20:287 Page 10 of 11



do they belong to a spectrum of sclerosing pancreatitis? Am J Surg Pathol.
2004;28:1193–203.

45. Zen Y, Fujii T, Sato Y, Masuda S, Nakanuma Y. Pathological classification of
hepatic inflammatory pseudotumor with respect to IgG4-related disease.
Mod Pathol. 2007;20:884–94.

46. Hirano K, Tada M, Isayama H, Yamamoto K, Mizuno S, Yagioka H, et al.
Endoscopic evaluation of factors contributing to intrapancreatic biliary
stricture in autoimmune pancreatitis. Gastrointest Endosc. 2010;71:85–90.

47. Watanabe T, Maruyama M, Ito T, Maruyama M, Muraki T, Hamano H, et al.
Mechanisms of lower bile duct stricture in autoimmune pancreatitis.
Pancreas. 2014;43:255–60.

48. Kamisawa T, Nakazawa T, Tazuma S, Zen Y, Tanaka A, Ohara H, et al. Clinical
practice guidelines for IgG4-related sclerosing cholangitis. J Hepatobiliary
Pancreat Sci. 2019;26:9–42 In.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ishii et al. BMC Gastroenterology          (2020) 20:287 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	ERCP and POCS procedure
	Inter- and intraobserver agreement
	Statistical analysis

	Results
	Patients characteristics
	Cholangioscopic findings of IgG4-SC and ECC
	Relationship between POCS findings and site of stricture
	Inter- and intraobserver agreement

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

