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Endoscopic Ultrasonography (EUS)

Endoscopic ultrasonography (EUS) is a reliable
diagnostic procedure that provides high-resolution
images of nearby organs. Radial scanning and lin-
ear array EUS are used for the evaluation of pan-
creatobiliary diseases. Advanced EUS imaging,
including EUS elastography and contrast-enhanced
EUS, can be more useful than conventional EUS,
which has only B-mode imaging abilities. EUS
elastography is an imaging modality used for the
evaluation of tissue stiffness and is also used for
the differential diagnosis of solid pancreatic
masses. Contrast-enhanced EUS uses a contrast
agent and Doppler mode for vascularization imag-
ing. Endoscopic ultrasonography-guided fine-nee-
dle aspiration (FNA) is now widely accepted as a
safe and effective modality for histological evalua-
tion of pancreatic tissue because of its high diag-
nostic accuracy and low complication rate.

1. Naitoh (<)) - T. Joh

Department of Gastroenterology and Metabolism,
Nagoya City University Graduate School of Medical
Sciences, Nagoya, Japan

e-mail: inaito @med.nagoya-cu.ac.jp

T. Nakazawa

Department of Gastroenterology, Nagoya Daini Red
Cross Hospital, Nagoya, Japan

H. Ohara

Department of Community-based Medical Education,
Nagoya City University Graduate School of Medical
Sciences, Nagoya, Japan

© Springer Science+Business Media Singapore 2019

EUS Findings of IlgG4-SC

No study has described the detection of IgG4-
related sclerosing cholangitis (IgG4-SC) by EUS;
however, several studies have evaluated the diag-
nostic ability of EUS for type 1 autoimmune pan-
creatitis (AIP). These type 1 AIP findings are
important for the diagnosis of IgG4-SC, as most
cases of IgG4-SC are associated with type 1 AIP
[1]. The characteristic EUS finding for the diagno-
sis of type 1 AIP is diffuse hypoechoic pancreatic
enlargement, sometimes with hyperechoic inclu-
sions. Hoki et al. [2] compared conventional EUS
findings between AIP and pancreatic cancer and
determined that the incidences of diffuse hypoechoic
areas, diffuse enlargement, bile duct wall thicken-
ing, and peripancreatic hypoechoic margins are
higher for AIP than for pancreatic cancer. Hyodo [3]
also reported marked wall thickening in the intra-
pancreatic common bile duct in all patients. Bile
duct wall thickening is considered the EUS finding
of IgG4-SC with type 1 AIP (Fig. 11.1).

Using conventional EUS imaging alone, some
type 1 AIP cases can be difficult to differentiate
from pancreatic cancer. Dietrich et al. [4] reported
that EUS elastography of type 1 AIP shows a char-
acteristic stiff elastographic pattern in not only the
mass lesion but also in the surrounding pancreatic
parenchyma. Hocke et al. [5] reported that type 1
AIP pancreatic parenchyma and the surrounding
pancreas show hypervascularization, whereas the
lesions of pancreatic cancer are hypovascularized
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Fig. 11.1 Endoscopic ultrasonography shows diffuse
wall thickening of common bile duct (CBD) in the patient
with IgG4-related sclerosing cholangitis (IgG4-SC)

on contrast-enhanced EUS. Imazu et al. [6] used
contrast-enhanced harmonic EUS to detect that the
peak and maximum intensity gain of mass lesions
in type 1 AIP were significantly higher than those
of pancreatic cancer. Therefore, advanced EUS
imaging techniques are useful tools for differenti-
ating type 1 AIP from other pancreatic diseases.

Histological examination is critical for the
definitive diagnosis of type 1 AIP. According to
the International Consensus Diagnostic Criteria
(ICDC), tissue samples obtained by EUS Trucut
biopsy or surgical resection are considered suit-
able for the histopathological diagnosis of type 1
AIP, but EUS-FNA is not recommended, because
it is difficult to obtain an adequate amount of tissue
sample for histological evaluation. However, EUS-
FNA using a 19-gauge needle has been reported to
be useful for diagnosing type 1 AIP [7]. Kanno
et al. [8] recently reported that EUS-FNA using a
22-gauge needle reliably provided a histological
diagnosis of AIP, as determined by the ICDC, in
20 of 25 patients (80%). These findings suggest
that EUS-FNA may provide new opportunities for
the histological diagnosis of AIP.

The EUS finding of bile duct wall thickening
suggests the presence of IgG4-SC with type 1
AIP. However, detailed images of bile duct wall
thickening from EUS have not been reported. The
coexistence of type 1 AIP is one of the diagnostic
hallmarks for the ICDC diagnosis of IgG4-SC
2012 [9] and has a relatively high incidence.

Therefore, the current role of EUS in the diagnosis
of IgG4-SC is accurate diagnosis of type 1 AIP.

Intraductal Ultrasonography (IDUS)

After endoscopic retrograde cholangiopancrea-
tography (ERCP), endoscopic transpapillary
IDUS is another reliable procedure for the evalu-
ation of bile duct wall thickening. IDUS is per-
formed using a thin-caliber ultrasonic probe that
consists of a sheath catheter, transducer, and
cable. Biliary sphincterotomy is not necessary to
perform this procedure using wire-guided
IDUS. IDUS provides high-resolution images of
the bile duct wall, which typically consists of
inner hypoechoic and outer hyperechoic layers.
With the development of optical technologies,
IDUS can provide more detailed imagery of the
bile duct, pancreatic duct, and adjacent structures.
Bile duct wall thickness in patients with and with-
out obstructive jaundice is typically reported to be
less than 0.8 mm and 0.6 mm, respectively [10].
IDUS should be performed prior to biliary drain-
age because of mechanical inflammation that can
occur following the procedure. IDUS is a useful
modality for evaluation of bile duct stones, dif-
ferential diagnosis of indeterminate biliary stric-
tures, and superficial spread of bile duct cancer.

IDUS Findings of 1gG4-SC

Characteristic biliary imaging findings are one of
the four criteria for the clinical diagnosis of
IgG4-SC 2012 [9]. Biliary tract imaging can
reveal the characteristics associated with bile
duct wall thickening, including diffuse or seg-
mental narrowing of the intrahepatic and/or
extrahepatic bile ducts. Computed tomography,
magnetic resonance imaging, and EUS can also
be used to detect bile duct wall thickness, but
slight changes in thickness can be clearly
observed using IDUS. Thus, IDUS is a useful
modality for detailing bile duct wall thickening.
IDUS findings of circular-symmetrical wall
thickening, a smooth outer margin, a smooth
inner margin, and homogeneous internal echo at
the stenotic area are useful for the diagnosis of
1gG4-SC (Fig. 11.2) [11-16]. The thickening of
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Fig. 11.2 Endoscopic retrograde cholangiography (ERC)
shows intrahepatic stricture in the patients with 1gG4-SC.
(a) Intraductal ultrasonography (IDUS) shows wall thick-
ness in the hilar stricture. Symmetry is circular-symmet-
ric. Outer margin is smooth. Inner margin is smooth.

Internal echo is homogeneous. (b) IDUS shows wall
thickness in the middle CBD in which cholangiogram is
normal. (¢) IDUS shows wall thickness in intrapancreatic
bile duct in which cholangiogram is normal
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the bile duct wall, which appears normal on a
cholangiogram, remains the most characteristic
IDUS finding for the diagnosis of IgG4-SC. Bile
duct wall thickening spreads continuously from
the intrapancreatic bile duct to the upper bile duct
in most IgG4-SC cases [11, 13, 17].

Comparison of IDUS Findings
Between IgG4-SC
and Cholangiocarcinoma (CCA)

Type 3 1gG4-SC is characterized by stenosis in
the hilar hepatic lesions and the lower common
bile duct, and type 4 1gG4-SC presents with bile
duct strictures in the hilar hepatic lesions only.
The cholangiographic findings of types 3 and 4
IgG4-SC should be differentiated from those
associated with CCA. IDUS findings are differ-
ent between IgG4-SC and CCA in each stricture
and non-stricture lesion of the bile duct. IDUS
findings for IgG4-SC include circular-symmetric
wall thickness, a smooth outer margin, a smooth
inner margin, and a homogeneous internal echo
in the biliary stricture. For a CCA diagnosis,
however, IDUS findings may consist of asym-
metric wall thickness, a notched outer margin, a

non-smooth inner margin, and homogeneous
internal echo in the biliary stricture (Fig. 11.2).
The most characteristic IDUS finding of IgG4-SC
is wall thickness in non-strictures of the bile duct,
which appears normal on a cholangiogram. Wall
thickness continuously spreads from the intra-
pancreatic bile duct to the upper bile duct in most
IgG4-SC cases. On the contrary, bile duct wall
thickness is not observed in the non-stricture site
with CCA because cancer is not present there
(Fig. 11.2). According to receiver operating char-
acteristic curve analysis, a bile duct wall thick-
ness of 0.8 mm is the optimal cutoff for
differentiating [gG4-SC from CCA, as this thick-
ness appears normal on a cholangiogram. The
sensitivity, specificity, and accuracy of 1gG4-SC
diagnosis using a bile duct wall thickness cutoff
of 0.8 mm were 95%, 90.9%, and 93.5%, respec-
tively. Using a cutoff of 1 mm, the sensitivity,
specificity, and accuracy were 85%, 100%, and
87%, respectively. No CCA cases have been
noted to have a bile duct wall thickness greater
than 1 mm; therefore, this cutoff can be used to
exclude CCA from IgG4-SC diagnoses com-
pletely [11]. A comparison of IDUS findings
between IgG4-SC and CCA is summarized in
Fig. 11.3.

Fig. 11.3 Comparison IgG4-SC CCA
of IDUS findings
between 1gG4-SC Symmetry Asymmetry
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IDUS Findings of Primary Sclerosing
Cholangitis (PSC)

PSC is a chronic cholestatic liver disease of
unknown cause characterized by chronic inflam-
mation and obliterative fibrosis of the bile ducts,
which leads to diffuse biliary stenosis and
increased wall thickness throughout the intra-
and extrahepatic bile duct. Type 2 IgG4-SC
should be differentiated from PSC, because bili-
ary stenosis is diffusely distributed throughout
the intra- and extrahepatic bile ducts in both.
Typical IDUS findings related to PSC include
circular-asymmetric wall thickness, an irregular
inner margin, an unclear outer margin, diverticu-
lum-like outpouching, heterogeneous internal
echo, and the disappearance of three layers
(Fig. 11.4) [12, 18]. Kubota et al. [12] also
observed asymmetric wall thickness and an
unpreserved outer margin in stenotic lesions of
the bile duct in patients with PSC. The specific
ERCP findings for PSC are diverticulum-like
outpouching, which is similar to band-like stric-
ture, and a beaded or pruned-tree appearance.
Diverticulum-like outpouching is considered to

be the most objective finding on ERCP, but it has
the lowest sensitivity of the specific findings for
PSC. However, the sensitivity for detecting diver-
ticulum-like outpouching is higher for IDUS than
for ERCP in patients with PSC [18]. Therefore,
IDUS is more useful than ERCP for the early
detection of diverticulum-like outpouching,
which is specific to PSC.

Comparison of IDUS Findings
Between IgG4-SC and PSC

The thickening of the bile duct wall that spreads
continuously from the intrapancreatic bile duct
to the upper bile duct is observed in IgG4-SC
and PSC. The incidences of circular-asymmet-
ric wall thickness, an irregular inner margin,
diverticulum-like outpouching, an unclear outer
margin, heterogeneous internal echo, and
the disappearance of three layers are higher in
PSC than in IgG4-SC [18]. An irregular inner
margin, diverticulum-like outpouching, and
disappearance of three layers were specific
IDUS findings for PSC, as compared with

Fig. 11.4 ERC shows diverticulum-like outpouching in
the patient with primary sclerosing cholangitis (PSC). (a)
IDUS shows diverticulum-like outpouching (white
arrow). Symmetry is circular-asymmetric. Inner margin is

irregular. Outer margin is notched. Three layers were dis-
appeared. Internal echo is heterogeneous, and internal foci
are observed
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Fig. 11.5 Comparison 1gG4-SC PSC

of IDUS findings
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IgG4-SC. Differences in IDUS findings between
IgG4-SC and PSC clearly reflect pathological
changes in the bile duct. Fibroinflammation is
primarily observed in the stroma of the bile duct
walls of patients with IgG4-SC, while the bile
duct epithelium remains intact. The luminal side
of the bile ducts, including the lining of biliary
epithelial cells, is preferentially affected in
patients with PSC. A comparison of the IDUS
findings between IgG4-SC and PSC is summa-
rized in Fig. 11.5.

Conclusions

EUS is important for the differential diagno-
sis of type 1 AIP from other pancreatic dis-
eases and is useful for the diagnosis of
IgG4-SC, which is often associated with type
1 AIP. CCA and PSC are important diagnoses
that should be differentiated from
IgG4-SC. IDUS findings of non-stricture bile
duct lesions are different between 1gG4-SC
and CCA, and findings of stricture lesions
vary between IgG4-SC and PSC. Therefore,
IDUS is a useful modality for differentiating
IgG4-SC from CCA and PSC, as the details
of bile duct wall thickening are easily observ-
able. Further EUS and IDUS improvements
will ensure the appropriate and safe diagno-
sis of IgG4-SC.
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