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1. Introduction

Autoimmune pancreatitis (AIP) has historically
been considered a rare disorder, but is
increasingly recognized due to an improved
understanding of its diverse nature and proper
means of diagnosis. The current international
consensus diagnostic criteria (ICDC) for the
diagnosis of AIP incorporate 5 cardinal features:
imaging characteristics of the pancreas
(parenchyma and duct), serology, other organ
involvement, pancreatic histology, and response
to steroids (46). Imaging techniques recognized in
the guidelines include computed tomography
(CT), magnetic resonance imaging (MRI),
magnetic resonance cholangiopancreatography
(MRCP), and endoscopic retrograde
cholangiopancreatography (ERCP). Endoscopic
ultrasound (EUS) is notably absent from the
diagnostic algorithms.

Even when the diagnosis of AIP is strongly
considered, the diagnosis often remains elusive
(26, 49, 54). Despite the use of existing diagnostic
algorithms, there is often a significant delay in the
diagnosis and use of unnecessary interventions,
including pancreatic resection. In addition, some
patients remain undiagnosed, leading to
diagnostic steroid trials that often contribute to
further diagnostic confusion and risk patient
safety. With these uncertainties, further
refinement of the current consensus diagnostic
criteria may be beneficial for some cases.

There are emerging data suggesting the potential
utility of EUS in the diagnosis of AIP (14, 15, 34,
38, 41). EUS not only has the ability to provide
high-definition imaging of the pancreas, but it also
has the ability to acquire tissue through either fine
needle aspiration (FNA) or trucut biopsy (TCB).
These characteristics help to make it one of the
most useful techniques in the diagnosis of
pancreatic cancer and chronic pancreatitis (4, 5,
25, 28). Therefore, EUS has the potential to play
a role in the both diagnosis of AIP and exclusion
of other pancreatic diseases.

2. Endoscopic Ultrasound Imaging
Features

Standard EUS Imaging

There are no pathognomonic EUS imaging
findings of AIP. The “classic’ appearance is a
diffusely enlarged gland (“sausage-shaped”) with
hypoechoic, patchy, heterogenous appearing
parenchyma (Figure 1) (3, 9, 14). In our
experience, when a patient has all of these classic
features, which may be found in up to 57% of
patients, there is a high probability of AIP (9, 14).
However, patients often are not found to have all
of the features, limiting the diagnosis of AIP using
EUS (Figures 2 & 3). Another pancreatic finding
on EUS is a focal solitary mass (Figure 4). The
hypoechoic lesion is commonly located in the
head of the pancreas resulting in obstructive
jaundice. The mass may appear to invade
adjacent vessels, cause upstream dilation of the
main pancreatic duct (MPD), and be associated
with enlarged peripancreatic lymph nodes,
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mimicking locally advanced pancreatic cancer
(Figure 5) (3, 9, 14). In areas of pancreatic
involvement, the MPD may be narrowed with duct
wall thickening (3). Also, EUS features of the
pancreatic parenchyma may overlap with some
characteristics seen in chronic pancreatitis
including the presence of hyperechoic foci,
hyperechoic strands, and lobularity (Figure 6). In
a case series with patients given steroid therapy,
the parenchymal enlargement, lobularity, and
lobular outer margins improved with steroid
treatment while the hyperechoic foci and strands
remained (43). Finally, EUS may demonstrate a
normal appearing pancreas.

As the biliary tree is the most common
extrapancreatic organ involvement in AIP, the

Figure 1. Classic EUS appearance of AIP including
hypoechoic diffuse pancreatic enlargement (sausage-
shaped) with hypoechoic, coarse, patchy, heterogeneous
parenchyma.

Figure 3. EUS appearance of a hypoechoic diffusely
enlarged gland (sausage-shaped), without the course and
heterogeneous features.

extrahepatic duct may be abnormal on EUS. In a
study of 37 patients with AIP, ultrasonographic
findings of extrahepatic bile duct and gallbladder
wall thickening was seen in 38%. There were 2
types of bile duct wall thickening including a “3-
layer type” with a high-low-high echo appearance
and a “parenchymal-echo type” with a thickened
wall throughout the entire bile lumen and a
parenchymal echo present within the bile duct
itself (30). A similar appearance to the “3-layer
type” with a regular homogenous thickening with a
hyper-hypo-hyperechoic series of layers of the
ductal wall (termed “sandwich pattern”) was seen
on EUS in addition to bile duct dilatation in one
series (9). This EUS appearance is different than
what is often seen with pancreaticobiliary

malignancies, which may be more irregular.

Figure 2. EUS reveals a hypoechoic, course, pancreas
in which the features are patchy and heterogenous, in the
absence of a diffusely enlarged gland.

Figure 4: EUS finding of a mass-like lesion in a patient
with AIP. 5



Figure 5: EUS finding of a mass-like lesion in a patient
with AIP that may be confused with an “unresectable”
pancreatic ductal carcinoma.

It is important to distinguish focal AIP from the
dreaded pancreatic cancer. Hoki et al compared
EUS findings in patients who were diagnosed with
AIP and resected pancreatic cancer (21). This
study found that diffuse hypoechoic areas, diffuse
enlargement of the pancreas, bile duct wall
thickening, and peripancreatic hypoechoic
margins were more commonly seen in patients
ultimately diagnosed with AIP as compared to
those with pancreatic cancer. On the other hand,
focal hyperechoic areas and focal enlargement
were more common in patients with pancreatic
cancer. Although all comparisons reached
statistical significance, each characteristic (other
than peripancreatic hypoechoic margins) was
seen in both diseases. In addition, lymph node
enlargement was seen with similar frequencies in
AIP and pancreatic cancer.

To our knowledge, there are no studies that have
directly compared EUS to other imaging
modalities such as CT scan, MRI, or ERCP for the
diagnosis of AIP. Therefore, it is unclear as to the
additive value of EUS imaging to the other
imaging techniques. However, a cohort of 48
patients seen at Mayo Clinic Rochester with a
diagnosis of AIP using HISOR! criteria (Histology,
Imaging, Serology, Other organ involvement, and
Response to steroid therapy) underwent EUS with
TCB (7, 34, 36). The diagnosis of AIP was
strongly suspected in 14 patients prior to EUS

Figure 6: EUS features of non-specific chronic
pancreatitis in a patient with AIP.

based on their clinical, laboratory, and imaging
findings. In 22 patients, the diagnosis was
considered as a part of a broader differential prior
to EUS and in remaining 12 patients the EUS
appearance alone led to the initial suspicion of
AIP. Therefore, this suggests that EUS imaging
alone may increase the diagnostic accuracy of
AIP in patients who underwent other imaging
modalities without a definitive diagnosis.

Image-Enhancing Techniques in EUS
With the lack of pathognomonic features and
diverse spectrum of EUS imaging findings in

patients with AIP, several image-enhancing
techniques have been evaluated to improve
diagnostic accuracy. Each of these

complementary imaging methods is in the
experimental phase and cannot be recommended
to be routinely used in the diagnostic algorithm for
AIP until further studies determine its role.

One image-enhancing technique is EUS
elastography, which distinguishes tissues based
on their stiffness by measuring tissue strain while
slightly compressing an area that encompasses
both the abnormal and normal tissue (17). Five
patients with focal AIP were found to have a
homogenous stiff (blue) pattern in the mass and
throughout the entire pancreas, which differed
from pancreatic cancer or normal pancreas in
which  the pancreatic parenchyma was



predominately of intermediate stiffness (green)
(12).

Contrast-enhanced EUS uses intravenously
administered ultrasound contrast agents [e.g.,
Sonovue (sulfur hexafluoride MBs; Bracco
Interventional BV, Amsterdam), Levovist (Bayer
AG, Leverkusen, Germany), or Sonazoid
(perfluorobutane; GE Healthcare, Little Chalfont,
Buckinghamsire, UK)] to produce microbubbles
that allow visualization of the vascular pattern
within the pancreatic mass lesion (17). In an
cohort of 10 patients who received Sonovue
contrast and EUS imaging in the bicolor Doppler
mode, AIP was associated with hypervascularity
within the mass-like lesion and the surrounding
pancreatic parenchyma as compared to
pancreatic cancer where the mass was
hypovascular in comparison to the surrounding
pancreatic tissue (20).

Contrast-enhanced harmonic EUS is similar to the
technique described above but uses a dedicated
contrast harmonic mode rather than Doppler
imaging. The use of contrast harmonic-enhanced
imaging allows for decreased artifact produced by
the Doppler, including ballooning and overpainting
(17). In one study, 8 patients with focal AIP and
22 patients with pancreatic cancer were given
Sonazoid ultrasonographic contrast and analyzed
using a radial echoendoscope with the
conventional tissue harmonic echo (for standard
harmonic imaging) and extended pure harmonic
detection (for contrast-enhanced harmonic
imaging) (22). The ultrasonographic contrast
uptake and distribution was isoehanced and
homogenous in all patients with AIP compared to
only 1 patient with pancreatic cancer. The majority
of patients with pancreatic cancer had
hypoenhanced uptake in a heterogenous pattern.
Furthermore, the optimal maximum intensity gain
(MIG) cutoff value to differentiate between AIP
and pancreatic cancer with a 100% specificity and
sensitivity using a receiver operator characteristic
(ROC) curve was 12.5. All of the results from the
studies above must be interpreted with caution as
additional studies are required to confirm the

utility of the image-enhancing techniques in
differentiating between AIP and pancreatic
cancer.

3. Endoscopic Ultrasound-Guided
Tissue Acquisition

Fine Needle Aspiration

EUS imaging itself has not proven to be useful
when used in isolation to diagnose AIP. Although
the role of EUS-guided tissue acquisition has not
been extensively studied, pancreatic histology is
recognized as an important diagnostic criterion in
the ICDC. Despite a few reports on the ability to
diagnose AIP using FNA only, there are no
broadly  accepted consensus cytological
diagnostic criteria for AIP and most pathologists
are reluctant to rely solely on FNA specimens (6,
10, 27, 40). FNA commonly yields small specimen
samples and results in a loss of tissue
architecture, making its interpretation challenging.
Even EUS-guided FNA using a 19-gauge needle
for histological review was only able to achieve a
diagnosis of AIP in 43% of patients (24).

Due to the inability to obtain adequate core
specimens using standard FNA needles, some
advocate for the use of less rigorous or
incomplete pathology criteria for the cytologic
diagnosis of AIP. For example, the less stringent
criteria. may rely on the presence of a
lymphoplasmacytic infiltrate alone without the
requirement to find the infiltrate positioned in a
periductal location or the degree of preservation
of ductules, venules or arterioles required within
the specimen (6, 10, 40). Although lowering the
requirements of the pathologic criteria may
improve the diagnostic sensitivity, it is at the
expense of decreasing the specificity of FNA for
AIP. This is particularly problematic for
differentiating AIP from pancreatic cancer, which
is often associated with a lymphoplasmacytic
infiltration.

Some suggest that the benefit of EUS-guided
FNA lies on its ability to exclude pancreatic



cancer rather than diagnose AIP (41, 42, 48).
However, assuming that a negative EUS FNA of a
pancreas mass equates to exclusion of an
underlying malignancy can be dangerous given
the 10-40% false negative FNA rate for cancer (8,
13, 39, 50, 51).

Trucut Biopsy

To overcome the limitations of FNA needles,
larger caliber cutting biopsy needles have been
developed that acquire samples with preserved
tissue architecture, allowing for histological
examination (1, 2, 19, 23, 29, 31, 44, 52). An EUS
TCB device (Quick-Core, Wilson-Cook, Winston-
Salem, NC) uses a 19-gauge needle with a tissue
tray and sliding sheath that is designed for the
capture of a core tissue sample. This device has
been shown to be useful for the diagnosis of
neoplasms that are often difficult to diagnose
based on cytopathology alone including stromal
tumors and lymphoma when
immunohistochemical analysis is useful, or well-
differentiated desmoplastic tumors that make
aspiration difficult (11, 18, 32, 33, 35, 37, 45, 53).
Furthermore, with the larger specimen size and
the ability to preserve tissue architecture, TCB
has been shown to help differentiate between
AIP, usual chronic pancreatitis, and pancreatic
cancer (47, 54).

We looked at the previous Mayo Clinic experience
regarding the diagnostic sensitivity and safety of
EUS TCB in patients with final diagnosis of AIP
based on the HISORt criteria (unpublished data).
Forty-eight patients (38 male, mean age 59.7
years) in whom a mean of 2.9 EUS TCB (range 1-
7) were performed. Histologic examination of the
EUS TCB specimens provided a diagnosis in 35
patients (73%). The diagnostic sensitivity varied
among the 5 endosonographers from 33-90%.
Non-diagnostic cases were found to have chronic
pancreatitis (n=8), non-specific histology (n=2), or
a failed tissue acquisition (n=3). Complications
included mild transient abdominal pain (n=3) and
self-limited intra-procedural bleeding (n=1). It is
unclear if TCB and/or FNA can be attributed to
these complications. No patient required

hospitalization or therapeutic intervention. Of
note, the serum IgG4 was >2x the upper limit of
normal in only 23% of patients. None of the
patients with EUS TCB diagnosis of AIP required
surgical intervention for diagnosis. Over a mean
follow-up of 2.6 years, no false negative
diagnoses of pancreatic cancer were identified.
Prior to EUS, the diagnosis of AIP was strongly
suspected in 14 patients as a result of their
clinical, laboratory, or imaging findings. For 22
patients, the diagnosis was considered pre-EUS
as part of a broader differential. Our data suggest
the potential utility of EUS imaging to the initial
suspicion of AIP in 12 patients, thereby initiating
pancreatic TCB and subsequent clinical
evaluation of AIP. More recently, we looked at the
use of EUS TCB in pediatric patients with a
suspected diagnosis of AIP (16). The diagnostic
yield of EUS TBC in this patient population was
87%.

EUS TCB appears to be safe and may provide
sufficient material to aid in the diagnosis of AIP,
thereby guiding treatment and avoiding surgical
intervention. Some suggest the use of EUS TCB
as a “rescue” technique to obtain adequate tissue
samples if EUS FNA failed (34, 40). The current
ICDC guidelines recommend a pancreatic core
biopsy in patients presenting with a focal mass
and/or obstructive jaundice if cancer has been
excluded and the diagnosis remains elusive (46).

ProCore Biopsy

The ProCore needle has a lateral bevel (Cook
Medical Inc., Bloomington, IN) that may
occasionally provide a sufficient specimen to
allow histologic analysis and diagnosis of AIP.
However, studies on the use of the ProCore
needle in the diagnosis of AIP are lacking and in
our experience has been inferior to EUS TCB in
this setting.

4. Summary

Although personal opinion and limited data
suggest that EUS imaging alone may improve the
diagnosis of AIP, there are few studies to
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substantiate this view. Despite early promise, the
utility and role of elastography, contrast-enhanced
EUS, and harmonic imaging in patients with AIP
remains to be determined. The lack of
pathognomonic EUS imaging characteristics and
diverse spectrum of both the clinical presentation
and pancreatic findings of AIP emphasize the
need for a safe and reliable way to acquire tissue
specimens, particularly in cases with atypical
features.

While FNA cytologic samples can be examined
for the presence of lymphocytes and plasma cells,
other disorders may also have a similar
appearance. This limits the specificity of FNA and
risks inappropriate management of patients who
may have unrecognized pancreatic cancer.
Therefore, until data suggests otherwise, it is not
recommended to rely on FNA to diagnose AIP.
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