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Abstract

An accurate, noninvasive and cost-effective method of /7
Situ tissue evaluation during endoscopy would be highly
advantageous for the detection of dysplasia or early can-
cer and for identifying different disease stages. Optical
coherence tomography (OCT) is a noninvasive, high-res-
olution (1-10 um) emerging optical imaging method with
potential for identifying microscopic subsurface features
in the pancreatic and biliary ductal system. Tissue micro-
structure of pancreaticobiliary ductal system has been
successfully imaged by inserting an OCT probe through
a standard endoscope operative channel. High-resolution
OCT images and the technique’s endoscopic compatibil-
ity have allowed for the microstructural diagnostic of the

(4 9

Boichidongs  WJGE | www.wjgnet.com

540

pancreatobiliary diseases. In this review, we discussed
currently available pancreaticobiliary ductal imaging sys-
tems to assess the pancreatobiliary tissue microstructure
and to evaluate varieties of pancreaticobiliary disorders
and diseases. Results show that OCT can improve the
quality of images of pancreatobiliary system during en-
doscopic retrograde cholangiopancheatography proce-
dure, which may be important in distinguishing between
the neoplastic and non-neoplastic lesions.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Optical coherence tomography; Endoscopy;
Common bile duct; Main pancreatic duct; Sphincter of
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Core tip: Optical coherence tomography is a high-reso-
lution diagnostic tool for pancreatobiliary system during
endoscopic retrograde cholangiopancheatography pro-
cedure.

Mahmud MS, May GR, Kamal MM, Khwaja AS, Sun C, Vitkin
A, Yang VXD. Imaging pancreatobiliary ductal system with
optical coherence tomography: A review. World J Gastrointest
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INTRODUCTION

Outstand from various existing diagnosis methods such
as, endoscopic retrograde cholangiopancheatography
(ERCP), percutaneous transhepatic cholangiography
(PTC), magnetic resonance cholangiopancreatography
(MRCP), computed tomographic cholangiography (CTC),
endoscopic ultrasound guided fine-needle aspiration
(EUS-FNA), available for the assessment of pancreatic
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Table 1 Imaging methods for diagnosis of bile duct strictures 7 (%)

Techniques SEN (%) SPEC PPV NPV Accuracy
BC/FNAP"# 30 (30-60) 95 (90-100) 100 (90-100) 28 (28-50) 48 (30-50)
Forceps biopsy™""*” 3 (40-70) 90 (90-100) 95 (90-100) 31 (30-50) 48 (30-70)
BC + FNA + biopsy®'"* 2 (60-75) 90 (90-100) 96 (90-100) 39 (35-60) 55 (45-75)
ERCP/MRCP?"7?>%2 0 (67-90) 75 (70-80) 80 (68-90) 88 (70-95) 70 (50-80)
ERCP-BC/BXP* 3 (36-60) 80 (75-100) 95 (94-100) 90 (56-100) 70 (60-75)
EUS723475% 0 (70-100) 80 (75-100) 80 (76-100) 80 (54-90) 80 (78-90)
EUS-ENAP? 85 (80-100) 95 (90-100) 95 (95-100) 80 (60-90) 85 (80-90)
DUsH* 0 (85-100) 85 (80-100) 85 (80-100) 90 (80-100) 90 (83-90)
IDUS + ERCP/biopsy™>***! 1 (90-100) 93 (90-100) 94 (84-100) 90 (84-95) 92 (90-100)
oct™ 9 (75-90) 69 (65-90 ) 75 (70-90) 73 (70-90) 74 (70-85)
OCT-BC/BX" 4 (80-90) 69 (70-90) 76 (70-90 ) 8 (70-100) 77 (70-90)

True positive (TP) and true negative (TN) represent the accurate diagnosis of biliary and non-biliary strictures respectively; False positive (FP) reflects the

incorrect diagnosis of non-malignancy, whereas, false negative (FN) reflects incorrect diagnosis of the benign strictures; Sensitivity, specificity, positive

predictive values and negative predictive values were calculated as Ref. [54]. BC: Brush cytology; BX: Forceps biopsy; FNA: Fine-needle aspiration; ERCP:

Endoscopic retrograde cholangiopancheatography; MRCP: Magnetic resonance cholangiopancreatography; EUS-FNA: Endoscopic ultrasound-guided
FNA biopsy; IDUS: Intraductal ultrasonography; OCT: Optical coherence tomography; SEN: TP (TP + FN); SPEC: TN/ (TN + FP); PPV: TP/(TP + FP); NPV:

TN/ (TN + EN).

and biliary disorders; optical coherence tomography
(OCT) shows great potential for identifying dysplastic or
early malignant epithelial changes and for differentiating
between neoplastic and non-neoplastic lesions'. This
is because ERCP and PTC are not risk free and in some
cases, patients must undergo subsequent surgical or per-
cutaneous procedures[}s]. Additionally, diagnosis accuracy
of ERCP-based tissue sampling (brush cytology and/or
forceps biopsy) is relatively low (less than 70%) and
highly variable”” . Sometimes, tissue specimens collected
with forceps biopsy and/or brushes may contain supetfi-
cial tissue layers that are inherently insensitive to diagno-
sis and prone to false-negative results. MRCP"*'" method
is noninvasive, and is apparently less operator-dependent
and its diagnostic accuracy is comparable (or slightly less)
to ERCP. However, MRCP is expensive which requires
additional tests for data analysis and diagnose diseases.
Computed tomography'”"™ may provide better diagnos-
tic information, but usually should be avoided due to the
radiation exposures and contrast materials.

BEUS-FNA is used for diagnosing cholangiocarci-
noma and/or tumors in the biliary duct, especially in
patients with negative brush cytology and forceps biopsy
findings"”*". The technique shows diagnosis accuracy
over 80%, however, the performance is hindered by
system resolution; additionally expensive equipments are
required during procedure. Intraductal ultrasonography
(IDUS) is another safe and effective method performed
during ERCP to diagnose localized stenosis and early
malignant changes in main pancreatic duct®™?!, common
bile duct stonem’m and to identify malignant biliary stric-
tures”” ™. During IDUS, a high-frequency ultrasound
probe is placed into the pancreaticobiliary duct under
ERCP guidance. IDUS shows diagnosis accuracy over
90% in patients with biliary strictures” . The major
drawbacks of IDUS are the impossibility of tissue sam-
pling and IDUS findings that might have showed limited
reproducibilitypu]. Therefore, more reliable and adequate-
ly sensitive diagnostic procedure is on demand for early
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detection of pancreatic and biliary diseases.

OCT an optical modality shows great potential
for identifying dysplastic or eatly malignant epithelial
changes and for differential diagnosis between neoplastic
and non-neoplastic lesions. OCT is a noninvasive, high-
resolution, cross-sectional iz vivo imaging method based
on the principle of low-coherence interferometry™*!,
This technology has been widely used in various clini-
cal and pathological applications such as, in the field of
ophthalmology[40 “ cardlology , gastroenterology““ﬂ
oncology™, respiratory airways'* and oral cavity dis-
order™. Main limitation OCT is its shallow penetration
depth (2-3 mm) of imaging which depends upon the
tissue structure, depth of focus of the probe used and
absorption and/or scattering properties of the tissue
sample.

General criteria (accuracy, sensitivity and specificity,
positive and negative predictive values) of various imaging
methods used to diagnose biliary duct strictures (malignant
and benign) are summarized in Table 1. The advantages
and disadvantages of these imaging modalities are listed in
Table 2.

In this review, we focused on the feasibility of OCT
approach that improves the diagnostic accuracy of the
ductal epithelial changes, with a potential to diagnose
neoplastic and non-neoplastic lesions as well as pan-
creatic cysts. We discussed the mechanism of an OCT
imaging system and then image pancreatobiliary ductal
system with OCT. The images of pancreaticobiliary
ductal system are divided into two categories: normal
pancreatico-biliary ductal system and pathological (neo-
plastic) ductal structure. Various pancreatic cysts with
OCT are also discussed at the end of this review.

OCT IMAGING OF THE
PANCREATOBILIARY DUCTAL SYSTEM

Introduction to OCT imaging system
Figure 1 shows the schematic diagram of an endoscopic
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Table 2 Comparison of various imaging modalities

Imaging modality PTC ERCP MRCP US/HFUS/EUS/IDUS CT OoCT

Projection/ Projection Projection Projection or tomo- Tomographic Tomographic Projection or tomo-

tomograph graphic graphic

Resolution 1-2 mm 1-2 mm Fairly poor US/EUS 100-250 um 300-500 pm Fairly high

3-5 mm HFUS/IDUS 50-100 pm pCT: 3-125 ym 1-10 ym
Imaging depth 1-5 mm 5-60 mm Entire biliary tree US/EUS: 5-10 cm Entire biliary tree 1-3 mm
HFUS/IDUS: 1-3 cm
Tissue sampling ++ +++ - US + + -
EUS + + +
Portability - + - US+++ - ++
EUS + +
Therapy +++ +++ - US - - +
EUS +
System cost ++ ++++ +++ US - ++ ++
EUS + +

Operator depen- High High Low Very high Low Low
dence

Staging of malig- - - ++ Us + +++ -
nancy EUS + + +

Safety - + +++ ++ ++ +++

Experiment du- 2-4h 30-120 min 10-30 min 20-40 min 15-30 s 5-10 min
ration

Complications SRk FF iz - -

Risk (5%-10%) Risk (<5%) Bleed-  Claustrophobia in
of Infection,  ing, perforationpan- some patients

Risk (1%) of failure rate, ~ Rare allergic reaction (<
bleeding and perforation 1%) to iodinated agents

No complication

bleeding and  creatitis cholangitis
bile leaks
+ Diagnosis + Diagnosis and
and therapeu- treatment procedure + No ionizing radia-

Non-invasive Non-invasive
+ Faster method
tic (treatment) tion + High resolution

procedure + Relatively operator with tissue and/or lesion + Operator-independent + High resolution

Comments pros Non-invasive Usually non-invasive
(sedation)

+ Diagnosis tool combined

+ No ionizing
radiation

-independent sampling + Faster method
+ Operator-inde-
pendent
Cons Invasive ion- Invasive Expensive-poor reso- Operator dependent Ionizing radiation Low imaging
izing radiation Ionizing radiation lution Highly motion sensitive  Solely diagnostic method depth 3 mm
Operator- de- Operator dependent ~ Solely diagnostic ~ Thermal effects and cavita- Motion sensitive
pendent method tions

Motion sensitive
claustrophobia

PTC: Percutaneous transhepatic cholangiography; ERCP: Endoscopic retrograde cholangiopancheatography; MRCP: Magnetic resonance cholangiopan-
creatography; US: Ultrasound; EUS: Endoscopic ultrasound; HFUS: High frequency ultrasound (> 10 MHz); IDUS: Intraductal ultrasonography; CT: Com-

puted tomography; OCT: Optical coherence tomography.

OCT system. Light generated from a low coherence in-
frared light source spits into two parts: the sample and
reference arms. The back-reflected light from the tissue
interferes with the reference signal which then fed to a
detector and then sent the signal to a computer for visu-
alization. OCT is analogous to the ultrasound imagingm,
but uses light waves rather than ultrasound waves. There-
tore, OCT provides high resolution (1-10 um) which is
at-least ten times better than the currently available high-
frequency ultrasound imaging system. For investigating
the epithelial layers of the main pancreatic duct (MPD),
common bile duct (CBD) and sphincter of Oddi (SOD)
an OCT probe (guide wire) is inserted through the work-
ing channel of an endoscopic catheter (Figure 1). The
outer diameter of this endoscopic catheter can be made
as small as 1.2 mm. Repeated frames are taken by the
“pull-back” technique while connecting the catheter with
a rotatot, giving a large number of transitional-rotational
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images. Diagnoses of the intraductal pathology of the
pancreatobiliary system, such as biliary and/or pancre-
atic stricture, are improved with OCT method where the
conventional biopsy is technically difficult and is associ-
ated with risk™™’. After the targeted tissue is identified
with a conventional endoscopy, a narrow-diameter (about
1.2 mm) OCT probe is inserted through the operating
channel of the endoscope and positioned on the site of
interest. No special patient preparation is required duting
OCT imaging and images can be acquired within several
minutes (5-10 min). Three different types of OCT sys-
tems are wildly used in vatious research and clinical appli-
cations (Table 3). Companies currently produce OCT sys-
tems are: Novacam, Bioptigen, Heidelberg Engineering,
Alcon/LenSx, Canon/Optopol, Volcano Crop, Optovue,
Thortlabs, Topcon, Imalux, Nidek, Tomey, Schwind, Wa-
satchphotonics, OptiMedica, Optos/OTT, Volcano Crop,
LightLab Imaging, Shenzhen Moptim Imaging, Techno-
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Figure 1 Schematic diagram of an endoscopic opti-
cal coherence tomography system. The endoscopic
probe is connected to the sample arm (Color online).
Light generated from a low coherence laser source
spits into two parts, the sample arm and reference arm.
Both back-reflected lights from sample and reference
arms recombine in a fiber coupler (10:90). If both back-
reflected reference and sample light travels the same
distance (optical) then interference will occur and the
interference signal will fed to a detector (D). Magnified
region of interest in the second image is the endoscopic
probe head, consisting primarily of an optical fiber (OCT
probe), catheter channel, elevator, video camera and
aiming light®®. Scale bar: 10 mm.

- Cathetere-
ndoscope

/robe heac\

Table 3 Comparison of different types of optical coherence tomography systems

Parameters TD-OCT

SD-OCT $S-OCT/OFDI

Mechanism Interference signals are detected as a func- Interfer:

tion of optical time delay between obj. and with a
ref. arm.

Major components ~ Broadband laser, optical delay line and a

Broadband laser, spectrometer

ence signals are detected Spectral fringes are mapped to time domain by use of
camera as a function of
optical frequency

a swept laser and are measured with a detector as a
function of time
Tunable laser, digitizer and a balanced detector

detector and camera
Spectrum 800 nm, 1000 nm, 1300 nm 800 nm, 1000 nm, 1300 nm 800 nm, 1000 nm, 1300 nm
Imaging depth 1-3 mm 1-3 mm 1-3 mm
Resolution =10 um 1-10 pm 1-10 pm
Imaging speed Slow (< 5 kHz) Fast (20-150 kHz) Fairly fast (20-400 kHz)
(axial scan rate)
SNR Low High High
Image quality Moderate Fairly high High
Sensitivity Low (70-90 dB) High (85-105 dB) High (= 100 dB)
Phase stability Low High Moderate
Portability Yes Yes Yes
System cost Low High Moderate

SNR: Signal-to-noise ratio; dB: Decibel; TD-OCT: Time domain OCT; SD-OCT: Spectral-domain OCT; ODFI: Optical frequency domain imaging; SS-OCT:

Swept source OCT.

las Perfect Vision, and Carl Zeiss Meditec. Cost of an
OCT system varies with imaging engines (consisting of
an interferometer, light source, and detector) and imaging
devices (or OCT probes) and ranges from $20000-$80000.
The cost per correct diagnosis (or procedure cost) is ap-
proximately $100 (100-200).

Normal pancreatobiliary ductal system
Visualization of epithelium layer structure of main pan-
creatic duct has been obtained from post—mortem[S(’] and

.o [57-60] G .

ex vivo in humans” ", while 7z vivo, it comes from single
. . 61 . 62

study in animals®’ and another in humans®”. Normal

biliary ductal system was investigated in humans, ex vivo
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[58,60] [56

in a study™", post-mortem® and iz vivo and ex vivo in
animals'*” and 7z vivo in ERCP-based OCT studies™***,
The SOD structure was investigated in normal and path-
ological conditions either in ex vivo or in vivo studies™ ",

Human pancreatobiliary duct studies: Tearney ¢ /™"
first performed ex zivo OCT imaging from the post-mortem
cadaveric pancreatobiliary tissue. OCT images obtained
from CBD-wall wete able to identify layered structures
and could resolve the submucosa-muscularis and muscu-
laris-adventitia boundaries. Mucosa, submucosa, muscula-
ris propria and adventitial layers, serosa in the gallbladder
and biliary duct were visualized due to different back-

543 November 16, 2013 | Volume 5 | Issue 11 |
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scattering characteristics within each layer. For example,
submucosa and/or muscularis layers showed higher in-
tensities and regular scattering pattern than the adventitial
layer, most likely due to the presence of adipose tissue
into the adventitial layer. The tissue microstructure, such
as secretions within individual glands (glandular struc-
ture), and cross-sectional imaging of islets Langherans
cells were visualized. The pancreatic duct appeared as a
highly backscattering band near the lumen of the tissue
and the pancreatic stroma was seen beneath the pancre-
atic duct.

Testoni ez al””"***" further studied in vivo MPD, CBD
and SOD wall structures with OCT. Three different lay-
ers (Figures 2-4) were recognized from the surface of
the duct to a depth of about 1 mm. The inner layer de-
fined from the surface to the lumen, consisting of single
layers of epithelial cells. The intermediate layer is homo-
geneous, consisting of connective fibro-muscular layer

(49
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Figure 2 In vivo optical coherence tomography image of a
normal common bile duct wall. Three recognizable layers were ob-
served from the surface of the duct to a depth of 1 mm (Color online).
The inner single layer of epithelial (EL) cells (400-600 um thick) is
visible as a superficial, hypo-reflective layer. The intermediate con-
nective fibro-muscular (FM) layer surrounding the epithelium is visible
as a hyper-reflective layer (350-480 um thick) and the outer connec-
tive layer (CL) is visible as a hypo-reflective layer with longitudinal
relatively hyper-reflective strips (smooth muscle fibers)®. White scale
bar: 150 pum.

Figure 3 In vivo optical coherence tomography image of a normal
main pancreatic duct wall compared with histology. Three recog-
nizable layers were observed from the surface of the duct to a depth
of 1 mm (Color online). The inner single layer of epithelial (EL) cells
(400-800 um thick) is visible as a superficial, hypo-reflective layer. The
intermediate, connective fibro-muscular (FM) layer surrounding the
epithelium, is visible as a hyper-reflective layer (350-600 pm thick).
The outer connective-acinar (CL) structure close to the ductal wall epi-
thelium is visible as a hypo-reflective layer™. White scale bar: 150 um
(right image).

Figure 4 In vivo optical coherence tomography image of a normal
sphincter of Oddi wall. Three recognizable layers were observed
from the surface of the duct to a depth of 1 mm (Color online). The
inner single layers of epithelial (EL) cells are visible as a superficial,
hypo-reflective layer (400-800 um thick). The intermediate connective-
muscular (FM) layer surrounding the epithelium is visible as a hyper-
reflective layer (250-400 um thick). The outer connective layer (CL)
is visible as a hypo-reflective layer with longitudinal relatively hyper-
reflective strips (smooth muscle fibers). Within intermediate and outer
layer, vessels could be visualized (marked with arrows) as nonreflect-
ing areas. The boundaries between the intermediate and outer layers
are not clearly recognizable due to irregular distribution of the connec-
tive and muscular structure™. White scale bar: 150 pm.

surrounding the epithelium. The outer layer is less defi-
nite and corresponds to the smooth muscular structure
within a connective tissue in the CBD and at the level of
the SOD, and connective-acinar structure in the MPD.
The inner hypo-reflective layer showed a mean thick-
ness of 500 um (range: 400-800 pum). Layer thickness,
surface roughness and reflectance of inner layer were not
substantially differing in CBD, MPD and SOD. Thick-
ness of the intermediate hyper-reflective layer (about 400
um) is substantially similar to MPD and CBD, whereas
it reduces by 25% at the level of SOD. Tiny, multiple,
nonreflective areas can be appeared within the interme-
diate MPD layer and at the level of SOD (Figures 3 and
4). The outer hypo-reflective layer was recognizable up
to a depth of about 1 mm (focus distance of the OCT
probe) from the lumen. Multiple, smooth-muscle lon-
gitudinal strips appeared within hypo-reflective layer at
the level of CBD and SOD and were particulatly more

November 16, 2013 | Volume 5 | Issue 11 |
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Figure 5 Magnified optical coherence tomography images. A: Sections with normal main pancreatic duct (MPD) wall; B: The presence of chronic pancreatitis; C:
Low-grade dysplasia; D: Adenocarcinoma. Three differentiated layer architecture with a linear, regular surface, and a homogeneous back-scattered signal from each of
the layer was observed in the normal condition. In the presence of chronic pancreatitis the optical coherence tomography (OCT) image still showed three-layer architec-
ture, however, the inner epithelial layer appeared slightly larger than normal and the intermediate layer appeared more hyper-reflective; probably due to the presence of
the dense mononuclear cell infiltrate. In the presence of dysplasia, OCT image showed thickened, strongly hypo-reflective and hetero-geneous inner MPD layer. Irregular
surfaces were observed in the whole MPD structure. None of these layers were recognizable in the presence of adenocarcinoma®. Scale bar: 200 um (Color online).

pronounced in SOD than in CBD. Furthermore, OCT
images can identify veins, arteties and/or secondary pan-
creatic ducts which were characterized by hypo- or non-
reflective, well delimited areas.

All of these layers showed linear, regular surface and
each layer had a homogeneous back-scattered signal in
every frame. However, the differentiation between outer
and intermediate layer appeared more difficult than that
of between inner and intermediate layer. The muscular
and connective-acinar structure was visible until the fo-
cus distance (about 1 mm) of the OCT probe into the
tissue.

Other biliary ductal studies: Singh ¢ 2/ reported in
vivo OCT images of animal (dog) pancreatic biliary ducts.
Hwang e# al® observed the normal structures of an ex
vivo pig pancreas including small pancreatic ducts and
pancreatic acini. OCT image identified biliary duct wall
structure, features within lamina propria and some of
the surrounding fibrous tissue. But OCT could not iden-
tify the nuclei or subcellular structures and/or adjacent
structures such as blood vessels. A thin, low-scattering
superficial layer appeared on the majority of the images,
corresponding to the cuboidal epithelium. The lamina
propria appeared as highly reflecting layer underneath the
mucosal surface. Irregular reflections from layers under-
lying the lamina propria were from the dense connective
tissue. Low reflected peribiliary glands were viewed as
large open spaces with a single layer epithelium. The pan-
creatic duct in dogs has a flat mucosal layer composed of
cuboidal epithelium and virtually has no lamina propria.
OCT was able to image wall of the pancreatic duct but
not the surrounding parenchyma. The pancreatic duct
images were homogeneous and moderately reflective.

Pathological (dysplastic/neoplastic) pancreatobiliary
ductal system
Imaging pathological pancreatic ductal system with OCT
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59,60] - .
£ in humans in

was first investigated by Testoni ¢f a
two ex vivo studies. MPD chronic inflammatory changes
showed a conserved, three-layer architecture. However,
the inner hypo-reflective layer was slightly larger than the
normal tissue layer and the intermediate layer was more
hyper-reflective than normal condition. Additionally
back-scattered signal from each layer is more heteroge-
neous than the normal layer condition.

In the presence of dysplasia, OCT showed thickened,
strongly hypo-reflective and hetero-geneous inner layer
of MPD (Figure 5C). Irregular surfaces were observed
between the inner and intermediate layers. The inter-
mediate layer is strongly hyper-reflectance, particularly
close to the inner layer. The outer layer was homoge-
neously hypo-reflective and did not differ from normal
condition. The agreement between OCT and histology
in chronic pancreatitis and dysplasia were 62% in these
cases. Overall, approximately one-third sections of nor-
mal wall structure and chronic inflammatory/low-grade
dysplastic changes were not distinguishable with OCT.

In the presence of adenocarcinoma, MPD wall struc-
ture with OCT is shown in Figure 5D. All three layer
structures and their linear, regular surface were not rec-
ognizable. No clear identifiable margin was seen between
connective fibro-muscular layer and acinar tissue. The
back-scattered signal was strongly heterogeneous with
multiple nonreflective areas in the disorganized pancre-
atic microstructure. The OCT and histology were 100%
concordant for sections with adenocarcinoma. OCT im-
ages from sections of MPD with normal tissue, tumoz-
associated chronic inflammation, low-grade dysplasia,
and adenocatcinoma ate shown in Figure 5.

OCT can differentiate three-layer architecture in
either normal MPD or chronic pancreatitis; however,
in a neoplastic lesion the layer architecture is totally
subverted with heterogeneous light back-scattering, In
addition, OCT can distinguish non-neoplastic from neo-
plastic lesions of MPD and can gave 100% accuracy for

November 16, 2013 | Volume 5 | Issue 11 |



Mahmud MS et a/. Imaging biliary duct with OCT

Intrapancreatic
cholangiocarcinoma

Figure 6 Adenocarcinoma (neoplasia) of the common bile duct at early
stage, detected with optical coherence tomography probe maintained
inside the endoscopic retrograde cholangiopancheatography catheter. In
the presence of Adenocarcinoma (neoplasia), optical coherence tomography
(OCT) patterns showed distorted common bile duct (CBD) wall structure (Color
online). All three-layer architecture and their linear and regular surface, normally
giving a homogeneous back-scattered signal, are not recognizable. OCT image
shows heterogeneous back-scattered signal with minute, multiple, nonreflective
areas (necrotic areas) in the highly disorganized CBD microstructure. Therefore,
epithelial structure and various biliary disorders in early-stage of cancer can be
distinguishable with OCT®".

detection of neoplastic tissue compared with 66.7% for
brush cytology ™. MPD layer architectures derived from
different back-scattered signals from each layer were
confirmed as a reliable OCT parameter for distinguish-
ing non-neoplastic from neoplastic tissue. However, this
technology is unable to discriminate between a normal
MPD structure and other MPD benign lesions. Further
studies are necessary which might improve the diagnos-
tic accuracy of OCT in this challenging imaging scenario.

OCT imaging during ERCP can identify CBD layer
structure and diagnose neoplastic lesions and/or ad-
enocarcinoma at early stages which is usually missed by
cytology and X-ray imagingmm. The normal CBD wall
shows three recognizable layers, with a linear, regular
surface and different homogeneous back-scattering of
the lightlSsJ. These inner to outer layers are: epithelium,
connective-fibromuscular, and muscular layer in normal
CBD wall (Figure 2). However, with the presence of
neoplastic tissue, OCT patterns showed distorted CBD
wall structure with heterogeneous light back-scattering
(Figure 6). Therefore, epithelial structure and various
biliary disorders in eatly-stage of cancer can be distin-
guishable with OCT.

Arvanitakis ez a/” conducted biliary intraductal OCT
during ERCP studies in thirty-seven patients with bili-
ary strictures and assess the potential of this method
for improving the diagnosis accuracy of the malignant
biliary strictures. This study concluded to satisfactory
accuracy levels regarding distinction between malignant
and benign strictures, especially when combined to bi-
opsies. Based on OCT images, two malignancy criteria
were considered: (1) disorganized and subverted layer
architecture and (2) presence of large nonreflective ar-
eas compatible with tumor vessels. Figure 7A shows the

(4 9
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cross-sectional OCT image of a patient with a benign
stricture. The probe is surrounded by ERCP catheter
(marked with arrow). The three-layered structure of
the biliary wall is recognizable. Figure 7B-D show im-
ages of the malignant bile duct strictures. Disorganized
layer architecture of the stricture wall which is one of
the criteria for malignancy is shown in Figure 7B. Large,
nonreflective, surface of at least 0.03 mm’ tumor vessels
were observed in Figure 7C. Malignant stricture due to
hilar metastases of an esophageal squamous carcinoma
was observed in Figure 7D.

Studies of pancreatic cysts with OCT

OCT modality shows great potential to reveal specific
morphologic features of pancreatic cysts and thus to dif-
ferentiate between the interior structures of low risk (ze.,
serous cyst adenomas) and high risk (7, mucinous cystic
neoplasms and intraductal papillary mucinous neoplasms)
pancreatic cysts with over 95% sensitivity and specific-
ity[(’g’()gl. Fresh pancreatic specimens (pancreatic cysts)
from patients were made available immediately after the
surgery and then examined with OCT. An OCT probe
was inserted into the cut surface of the pancreatic cysts.
The main characteristics of each type of cystic lesion are
shown in Figure 8.

Based on OCT images, the cysts were prospectively
divided into two groups: mucinous (7.c., Mucinous Cystic
Neoplasms and Intraductal Papillary Mucinous Neo-
plasms) and non-mucinous (7., Serous Cysts Adenomas
and others). Multiple tiny cysts with well-defined out-
lines ate seen in low-risk (Ze., Serous Cysts Adenomas)
of pancreatic cystic lesions. Thin septae between cysts
create honeycomb appeatrance. The cyst content usually
appears as dark due to lack of the scattering effect. Fo-
cal intra-luminal scattering can be found in some cysts
which usually correspond to hemorrhage. In high-risk
(¢.e., Mucinous Cystic Neoplasms, Intraductal Papillary
Mucinous Neoplasms) pancreatic cyst multiple small
cysts present (marked with white arrow), which may
sometime surround the main cystic cavity (marked with
red arrow). The cystic content may show some scattering
due to presence of dead epithelial cells.

The above criteria mainly based on the visual appear-
ance of the cystic wall morphology and on the scattering
properties of the cystic fluid. Although relatively simple,
they provide a very good discrimination between serous
and mucinous pancreatic cysts. This ex vivo study sug-
gests that OCT could be used by clinicians in future to
more reliably differentiate between benign and malignant
pancreatic cysts.

CONCLUSION

Limitations of standard endoscopic practices are ad-
dressed by the OCT technology described in this review.
OCT identified layer structures of common bile duct,
main pancreatic duct and sphincter of oddi and could
resolve the submucosa-muscularis and muscularis-adven-
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Figure 7 Optical coherence tomography image of a patient
with a benign stricture. The three-layered structure of the
biliary wall is recognizable (Color online). A-D shows images of
malignant bile duct strictures. B: Disorganized layered structure
with unidentifiable margins and a strongly heterogeneous back-
scattering signal; C: Large, nonreflective areas in the intermedi-
ate layer suggesting the tumor vessels; D: Malignant stricture
due to hilar metastases of an esophageal squamous carcinoma
showing nonreflective areas and disorganized layer architec-
ture?.

OCT image Specific OCT features
A Muclnous cystic neoplasms
Large cavity cysts (over several millimeters in size, see
red arrows area), sometimes surrouned by multiple
relatively small diameter microcysts (higher than
several hundred micrometres in size see white arrows)

Well defined thick mural layer

Moderate to hight scattering in the lumen

Multilocular small cysts (less than 500 um in size)
Moderate to hight scattering in the lumen
Well defined thick mural layer

Located within or very close to the pancreatic duct

Multiple small cysts separated by a delicate septae
Cystic lumen not larger than 2 mm
Honeycomb appearance

Clear-lack of OCT signal in the lumen

Figure 8 Optical coherence tomography image. A, B: Diagnostic criteria for high-risk (i.e., Mucinous Cystic Neoplasms, Intraductal Papillary Mucinous Neoplasms);
C: Low risk (i.e., Serous Cysts Adenomas) pancreatic cysts. Multiple small cysts are marked with yellow arrow, while surrounded main cystic cavity is marked with red
arrow. Scale bar = 500 um®. OCT: Optical coherence tomography.
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titia boundaries. Layers of these biliary ducts showed lin-
eat, homogeneous and regular surface; however, the dif-
ference between hypo-reflective intermediate and hypo-
reflective outer layer appeared more difficult than that
of between the hypo-reflective inner and intermediate
layer. Potentially, OCT shows real-time, high-resolution,
cross-sectional images, or “optical biopsies” for detecting
the early stages of pancreatiobiliary diseases. OCT can
improve the quality of images obtained during ERCP,
which may be important in distinguishing between the
neoplastic and non-neoplastic lesions. Further studies
are necessary for the proper clinical applications of this
promising method in the pancreaticobiliary duct system
and diagnosis of pancreatic cysts.
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