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and Monica Lupsor Platon
Volume 2014, Article ID 963498, 2 pages

MDCT of Small Bowel Obstruction: How Reliable Are Oblique Reformatted Images in Localizing Point
of Transition?, Wasim Memon, Yasir Jamil Khattak, Tariq Alam, Luca Maria Sconfienza,
Muhammad Awais, and Shayan Sirat Maheen Anwar
Volume 2014, Article ID 815802, 7 pages

Endoscopic Optical Coherence Tomography (OCT): Advances in Gastrointestinal Imaging,
Tejas S. Kirtane and Mihir S. Wagh
Volume 2014, Article ID 376367, 7 pages

18F-FLT PET/CT in Patients with Gastric Carcinoma, Bogdan Małkowski, Tomasz Staniuk, Ewa Śrutek,
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Imaging becomes more and more important for all clinical
specialities, including gastroenterology.This issue is focusing
on some very interesting and new applications of imaging
procedures in liver, biliary tract, and digestive tube pathology.
The content is representative for this “new era” of visual
diagnosis that we live.

In the article entitled “Preliminary study on hepatocyte-
targeted phosphorus-31 MRS using ATP-loaded galactosylated
chitosan oligosaccharide nanoparticles” R.-S. Yu et al. are
describing their preliminary work on MR spectroscopy for
evaluating the hepatocyte uptake of ATP-loaded Gal-CSO
(Gal-CSO/ATP) nanoparticles. They show significant tar-
geting efficiency in hepatic cells in vitro and enhancement
efficiency of ATP peaks in HepG-2 cells. Furthermore, they
demonstrate that phosphorus-31 MR spectroscopy could be
applied in the research of hepatic molecular imaging.

V. Granata et al. in the article “Surveillance of HCC
patients after liver RFA: role of MRI with hepatospecific
contrast versus three-phase CT scan—experience of high vol-
ume oncologic institute” compare the diagnostic accuracy of
hepatospecific contrast-enhanced MRI versus triple-phase
CT scan after radiofrequency ablation (RFA) in hepatocel-
lular carcinoma (HCC) patients. This is an excellent paper
with a very good design. The authors examine a cohort of
thirty-four consecutive HCC patients (42 hepatic nodules),
treated with percutaneous RFA, who underwent MR and CT

scan. All patients were enrolled in a research protocol that
included CTwith iodized contrastmedium injection andMR
with hepatospecific contrast medium injection and restaged
within four weeks and at 3 months after ablation. Following
this work, hepatospecific contrast-enhanced MRI seems to
be more effective than multiphase CT in assessment of HCC
treated with RFA.

T. Gorycki et al. in the article entitled “Bile duct stric-
tures caused by solid masses: MR in differential diagnosis
and as a prognostic tool to plan the endoscopic treatment”
assess the meaning of qualitative parameters counted from
magnetic resonance (MR) plane images as well as from
cholangiopancreatography (MRCP) including cases of bile
duct obstructions caused by solid masses in differential
diagnosis between benign and malignant conditions and
as the prognostic factors for endoscopic treatment. They
conclude that the probability of malignancy of solid lesions
obstructing biliary duct is increasing with higher SIR in T2W
images andwith longer strictures. Passing the stricture during
ERCP treatment was easier and more probable in cases of
shorter strictures caused by lesions with higher SIR in STIR
T2W images.

B. Małkowski et al. make a study entitled “18F-FLT
PET/CT in patients with gastric carcinoma” focused on gastric
carcinoma. Gastric cancer is a neoplasm presenting different
types, frequently containing mucus. Cellularity of this tumor

Hindawi Publishing Corporation
Gastroenterology Research and Practice
Volume 2014, Article ID 963498, 2 pages
http://dx.doi.org/10.1155/2014/963498

http://dx.doi.org/10.1155/2014/963498


2 Gastroenterology Research and Practice

type can be limited and 18F-glucose uptake is not high enough
to be seen in PET. The aim of the study was to evaluate the
usefulness of 18F-FLT PET/CT in the detection and differen-
tiation of gastric cancers. The work suggests that there is a
good accumulation of fluorothymidine in such a tumorwhich
enabled the visualization and evaluation. Simultaneously to
neoplastic cells fluorothymidine was accumulated in normal
mucosa, so the authors analyzed optimal cut-off value for
SUVmax in normal and neoplastic tissue. Ultrasonography
(especially EUS) plays the important role in gastric cancer
staging but it should be used together with other imaging
modalities (e.g., PET) indicating possible invasion of any
anatomical and pathological structures.

The enterovesical fistulas (the paper entitled “Enterovesi-
cal fistulae: aetiology, imaging, and management”) are dis-
cussed in the report made by T. Golabek et al. The study
provides a state-of-the-art overview of the clinical and radi-
ological diagnosis of enterovesical fistulae. The treatment of
fistulae is also briefly discussed. The diagnosis of EVF can
be challenging and is often delayed for several months after
the symptoms begin. Computed tomography and magnetic
resonance imaging remain ideal modality options in estab-
lishing the site, course, and complexity of fistulae and in
identifying an aetiological factor. Management of fistulae is
mainly dependent on the underlying pathology, site of the
bowel lesion, and patient’s preoperative performance status
andmay involve conservative or invasive treatment.However,
surgical one-stage strategy is a preferred option inmost of the
cases.

Dr. W. Memon et al. in the paper entitled “MDCT of
small bowel obstruction: how reliable are oblique reformatted
images in localizing point of transition?” evaluate prospectively
the additional value of oblique reformations from isotropic
voxels obtained using a 64-slice MDCT (multidetector row
CT) to localize POT (point of transition), having surgery
as a reference standard. Early diagnosis of SBO (small
bowel obstruction) is essential to prevent bowel ischemia.
Although plain X-ray abdominal evaluation still remains the
investigation of first choice in cases of suspected SBO due to
its low cost and wide availability, it cannot reliably diagnose
the exact level of obstruction and thus can only serve as a
basis for triage for further imaging workup.With the ongoing
developments in imaging techniques overtime, computed
tomography (CT) has emerged as an excellentmodality in the
diagnosis of SBO. CT scan is not only reliably diagnose SBO
but also can be of great help in determining the cause, severity,
and the precise point of obstruction. Localizing the point
of transition (POT) is empirical as it increases confidence
in diagnosis, guides patient care, and thus helps in further
management. The authors found that although the oblique
MPR increases the image load and is time consuming it surely
represents a development and new perspective of utilizing the
available information whereby it can significantly prove as a
powerful adjunct in diagnosis and management of SBO.

Dr. T. S. Kirtane and M. S. Wagh in the work entitled
“Endoscopic optical coherence tomography (OCT): advances
in gastrointestinal imaging” present the current status of
OCT and its practical applications in imaging normal and

abnormal mucosa in the esophagus, stomach, small and
large intestines, and biliary and pancreatic ducts. They also
highlight technical aspects and principles of imaging, assess
published data, and suggest future directions forOCT-guided
evaluation and therapy.

Finally, the group of Dr. A. Gebesce et al. (in the work
entitled “Importance of the ultrasonography in diagnosis of
ileal duplication cyst”) are presenting an interesting case of
intestinal duplication cyst and are discussing the role of
ultrasonography for the diagnosis of this rare condition, both
ante- and postpartum.

In conclusion, the present issue represents a holistic
approach of the visual diagnosis in modern gastroenterology.

Radu Badea
Iwona Sudoł-Szopińsk

Sebastian Mueller
Horia Ştefănescu

Monica Lupsor Platon
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The goal of this study is to prospectively assess the additional value of oblique reformatted images for localizing POT, having
surgery as a reference standard. Materials and Methods. 102 consecutive patients with suspected small bowel obstruction (SBO)
underwent 64-slice multidetector row CT (MDCT) using surgical findings as reference standard. Two independent GI radiologists
reviewed the CT scans to localize the exact POT by evaluating axial images (data set A) followed by axial, coronal, and obliqueMPR
images. CT findings were compared to surgical findings in terms of diagnostic performance. McNemar’s test was used to detect any
statistical difference in POT evaluation between datasets A and B. Kappa statistics were applied for measuring agreement between
two readers. Results. There was a diagnostic improvement of 9.9% in the case of the less experienced radiologist in localizing POT
by using oblique reformatted images. The more experienced radiologist showed diagnostic improvement by 12.9%.

1. Introduction

Small bowel obstruction (SBO) is a common clinical condi-
tion as a cause of abdominal pain, accounting for approxi-
mately 20% of all emergency admissions for acute abdomen.
It is also amongst one of the commonest bowel pathologies
leading to surgical consultation [1–3].

Early diagnosis of SBO obstruction is essential to prevent
bowel ischemia. In the past, the paradigm was to “never let
the sun set or rise on an obstructed bowel.”This probably was
an evidence of limitations regarding availability of various
imaging modalities for diagnosing the exact site of SBO [4].

Although plain X-ray abdominal evaluation still remains
the investigation of first choice in cases of suspected SBO due
to its low cost andwide availability, it cannot reliably diagnose
the exact level of obstruction and thus can only serve as a basis
for triage for further imaging workup [5, 6].

With the ongoing developments in imaging techniques
overtime, computed tomography (CT) has emerged as an
excellent modality in the diagnosis of SBO. CT scan not
only reliably diagnoses SBO but can also be of great help

in determining the cause, severity, and the precise point of
obstruction [7–10]. Localizing the point of transition (POT)
is empirical as it increases confidence in diagnosis, guides
patient care, and thus helps in further management.

Ongoing dilation of the intestine increases luminal pres-
sures. When luminal pressures exceed venous pressures, loss
of venous drainage causes increasing edema and hyperemia
of the bowel. This may eventually lead to compromised
arterial flow to the bowel, causing ischemia, necrosis, and
perforation. One such example is closed-loop obstruction,
in which a section of bowel is obstructed proximally and
distally. In such cases there may be few presenting symptoms
with rapid progression to ischemia. Localizing the point of
transition is imperative to pick the diagnosis in these patients.

Another important reason for finding the discrete tran-
sition point is that it helps guide operative planning. The
number of points of transition being either one or more is
also helpful in deciding between laparotomy and laparoscopic
surgery.

In certain cases of extensively dilated bowel loops or lean
and thin patients in whom interfaces between bowel loops are
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very thin due to paucity of intraperitoneal adipose tissue, it
may be challenging to localize the POT reliably using axial
slices alone [11, 12].

With the currently available multidetector CT (MDCT)
scanners, we can get near-isotropic voxels, which can be
less than a millimeter in dimension and thus can produce
multiplanar reformations with spatial resolution similar to
axial sections. This may potentially enhance the role of
reformatted images in localizing POT.

Thus, the purpose of this studywas to prospectively assess
the additional value of oblique reformations from isotropic
voxels obtained using a 64-slice MDCT to localize POT,
having surgery as a reference standard [13–16].

2. Materials and Methods

This was a cross-sectional study carried out between January,
2008, and July, 2011, at Aga Khan University Hospital,
Karachi. All patients who entered the emergency department
with strong suspicion of SBO on plain radiographs and
underwent a CT examination for evaluation of SBO were
included in the study. A total of 187 consecutive patients
were considered for inclusion in our work. Among these 187
patients, 102 underwent surgery. The remaining 85 patients
were conservatively managed and were therefore excluded.
CT examinations were performed using a 64-slice MDCT
(Toshiba Aquilion 64) without oral contrast administration
unless specifically requested by the surgical team. Images
were acquired starting from the diaphragmatic dome extend-
ing to the pubic symphysis with section thickness of 5mm
at 5mm interval with beam pitch of 1.5, rotation time of 5
seconds using 120 kV, and 350mA and 175mAs and WL =
340/40. All patients received 1.5–2mL/kg body weight of
nonionic contrast (name, brand) warmed to body tempera-
ture, injected at a rate of 3-4mL/s using a mechanical power
injector (name, brand) through a 20 G cannula inserted into
an antecubital vein. Images were acquired in arterial and
portovenous phases using 10-second delay for arterial and 65
seconds for delayed phases. After the raw data was acquired,
reconstructions were performed.

The axial sections, that is, the raw data, were recon-
structed in two steps: first with 5mm-thick sections at 5mm
intervals in the transverse plane followed by 0.5mm thick
sections at 1.5mm intervals.

This second dataset of reconstructed axial sections scans
was then used to acquire coronal reformations in the coronal
plane with a thickness of 3mm at 1.5mm intervals using soft
tissue algorithm. The acquisition of reformations is part of
the routine MDCT protocol in our department. All these
reconstructions were performed by the technologist at the
CT console with a commercially available console system
devoted to rapid reconstruction and later sent to picture
archive and communication system (PACS). Oblique refor-
mations were performed by the readers at the Vitrea station
from available data.We were able to get near-isotropic voxels,
producing multiplanar reformations with spatial resolution
similar to axial sections. This potentially enhanced the role
of reformatted images in localizing POT. Two independent

Table 1: Cause of small bowel obstruction in the study group.

Cause Frequency Percent Valid percent
Adhesions 59 57.8 57.8
Hernia 17 16.7 16.7
Volvulus 1 1.0 1.0
Tuberculosis 16 15.7 15.7
Tumour 2 2.0 2.0
Abscess formation 1 1.0 1.0
Foreign body or bezoars 1 1.0 1.0
Post radiation 3 2.9 2.9
Gall stone ileus 2 2.0 2.0
Total 102 100.0 100.0

radiologists with 10 and 12 years of experience in abdominal
imaging reviewed the images. Both observers were blinded
to surgical findings and reviewed two different datasets (A,
including axial and coronal images only; B, volume data for
oblique reconstructions in addition to dataset A) with an 8-
week interval to prevent recall bias. Reviewing radiologists
were blinded to surgical findings of the level of obstruction.
CT was evaluated to localize the exact location of the point of
transition (POT) and etiology of obstruction. Also, readers
were asked to rate the confidence of localizing and reporting
the POT after use of data set B using a semiquantitative
scale (increased, not changed, and decreased). CT findings
were compared to surgical findings in terms of diagnostic
performance. Interpretations were compared with surgical
findings by primary researcher to evaluate for accuracy.
McNemar’s test was used to detect any statistical difference
in POT evaluation between datasets A and B. Kappa statistics
were applied for measuring agreement between two readers
for their findings of localizing the POT. SPSS version 11 was
used for statistical analysis. A 𝑃 value <0.05 was considered
significant.

3. Results

The commonest cause of SBO in the study group was
adhesions found on laparotomy (𝑛 = 59), followed by her-
nias (𝑛 = 17) and small bowel obstruction secondary to tu-
berculosis (𝑛 = 16). Other causes included postradiation
stricture formation, gall stone ileus, tumor, volvulus, abscess
formation, and foreign body/bezoars. (Table 1).

3.1. Cause of Small Bowel Obstruction in the Study Group.
A total of 102 cases of surgically proven SBO were included
in the study. Among these 102 patients, the less experienced
radiologist correctly localized the transition zone in 85 cases
(84.2%) using data set A and 95 cases when using data set
B (94.15%), with a 9.9% diagnostic improvement (95% CI
2.7%−11.6%).

The more experienced radiologist correctly localized the
transition zone in 83 cases (82.2%) using data set A, versus 96
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Table 2: Improvement in accuracy of detecting point of transition after using data set B.

Improvement in accuracy
Readers Data set A Data set B Improvement McNemar values Cl values
Experienced radiologist 82.2% 95% 12.9% 0.002 6.5%–12.9%
Less experienced radiologist 84.2% 94.15% 9.9% 0.006 2.7%–11.6%

Effect of oblique MPR’s on
confidence of radiologist

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

(%
)

No change Increased
confidence

Decreased
confidence

91.1%

8.8%
5.9%

94.1%

P value = 0.001

Radiologist 1
Radiologist 2

Figure 1: Effect of oblique MPRs on confidence of radiologist in
diagnosing point of transition.

cases (95.0%) using data set B, improving by 12.9% with 95%
CI of 6.5% to 12.9% (Table 2).

3.2. Improvement in and Accuracy of Detecting Point of Tran-
sition after Using Data Set B. When evaluating dataset B, the
less experienced radiologist reported increased confidence
in diagnosis of POT in 93 cases and similar confidence
in 83 cases compared to the evaluation of dataset A. The
more experienced radiologist reported increased confidence
in diagnosis of POT in 95 cases and similar confidence
in 82 cases compared to the evaluation of dataset A. The
confidence scores for the presence of point of transition for
both radiologists were higher after using data set B (axial,
coronal, and oblique reformatted images) as compared to
data set A (only axial and coronal images). Thus use of
oblique reconstructions enhanced confidence in localizing
POT (𝑃 = 0.001) (Figures 1, 2, and 3).

Kappa statistics for the measurement of agreement were
found between readers for both sets A and B. For the data
set A, there was good agreement between both radiologists
(value = 0.51). For the data set B, the value was even higher,

0.71, indicating a higher level of agreement after using MPRs
(Figure 4).

4. Discussion

Small bowel obstruction is one of the commonest reasons for
presentation to the emergency department. Even today with
the recent advances in imaging the diagnosis is made on the
basis of clinical signs and symptoms, with plain radiography
as the initial approach. However regarding the management
of SBO, it is imperative not only to diagnose its severity
but also to localize the exact site of obstruction which is
an important determinant of the prognosis and help to the
surgeon [17, 18].

With CT it has now become possible to not only reliably
diagnose SBO but also acquire multiplanar reformations.
Technological advances have crept up the ladder with time,
making us available scanners like 64-slice MDCT and above.
This paradigm shift has negotiated the problems like limited
𝑧-axis resolution, longer acquisition times allowing submil-
limeter isotropic data which not only is of great diagnostic
help in cardiac, pulmonary, and musculoskeletal pathologies
by facilitating better evaluation of anatomy but also has
applications with respect to the abdomen and pelvis like
pancreatic and gastric cancers as described by Prokesch et al.
and Kim et al. in their respective studies [19–22].

Coronal reformatted images have also proved to be
helpful in increasing confidence level of readers for the
diagnosis of acute appendicitis [23].

In the literature several studies have evaluated the role
of multiplanar reconstructions in SBO. Lazarus et al., Caoili
and Paulson, and Furukawa et al. in their studies suggested
that multiplanar reformations are helpful in the localization
of the transitional zone. Jaffe et al. proved isotropic coronal
multiplanar reformatted images to have additional diagnostic
value in cases of bowel obstruction showing better agreement
among independent observers especially for the diagnosis of
level and cause. A recent study by Hodel et al. specifically
evaluated the role of CT reformatted images in small bowel
obstruction using 16-slice MDCT and reported an increase
in both accuracy and confidence in the localization of the
transition zone in CT of mechanical SBO [11, 13, 24–26].

Compared to the study by Hodel et al., the cases included
in this study were all surgically proven with perioperative
findings taken as the gold standard for point of transition.
Moreover the study was performed with a 64-slice MDCT as
opposed to a 16-slice MDCT.



4 Gastroenterology Research and Practice

(a) Multiple dilated small-bowel loops collapsed thickened loops in right iliac fossa (red arrow and green circles)

(b)

Figure 2: CT scan of 48-year-old female with acute abdominal pain. (a) Axial and coronal CT images obtained with intravenous contrast
agents show dilated small-bowel loops (red arrow heads and green circles). (b) Oblique reformation shows dilated small-bowel loops with a
transition point (green arrow) in the midabdomen. Multiple small mesenteric lymph nodes also visualized (yellow circles).

Although some radiologists and surgeons would consider
coronal sections to be a better view regarding display of
bowel since Coronal view is almost analogous to the frontal
view of an abdominal radiograph and is synonymous to the
plane learned in surgical training, Coronal view cannot be
employed alone in cases of SBO since all the parts of bowel
are not included on an isolated reformatted view. This could
lead to confusion of narrowed part with an adjacent structure
[27].

We thus included both the axial and coronal images in
data set A, to make both data sets as similar as possible.
This would also help to more correctly elucidate the addi-
tional value of oblique MPRs. Sagittal sections were however
excluded from the data sets since they do not display more
bowel loops in a single image and additionally it is difficult to
localize the bowel loop anatomically as compared to axial and
coronal images making it more time-consuming with little
potential improvement in diagnosis.

Since the study went on for duration of more than 4
years, image grid overload with volume data was one of the
prime challenges the researchers were confronted with. To
deal with this all the available volume data was saved in
compact discs while removing it from the image grid every
3 months and then reloading it onto the workstation for
making oblique reconstructions at the time of recording the
findings. To reduce the image load the axial data was pre-
sented on the PACS as 5mm-thick sections. Reconstructions
were performed from the available source images which were
1.5mm thick.

We had in the study group myriad causes of SBO
proven either by surgery or histopathology, amongst which
adhesions were the commonest cause followed by abdominal
hernias and tuberculosis. Although SBO was studied in
different data sets, the radiologist was not asked to record the
probable cause of obstruction on available images since it was
not the prime objective for the study.
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(a) Herniated loop of bowel through anterior abdominal wall (yellow circles)

(b) Using oblique MPRs both the outgoing and incoming bowel loops are well delineated

Figure 3: CT scans in a 54-year-oldwomanwith a two-month history of nausea and vomiting acutely presentingwithworsening of symptoms.
(a) Axial and coronal CT images obtained with intravenous contrast agent show herniated loops of small-bowel loops through a defect in
anterior abdominal wall; however, the tract of bowel could not be completely elucidated on axial and coronal sections alone (yellow circles).
(b) Oblique reformation exactly shows the outgoing and incoming loops of bowel with proximal dilated segments of bowel representing
partial obstruction (blue circles and curved arrows).

We were able to achieve significantly improved accuracy
in localization of transitional zone following use of MPRs
by both radiologists with good agreement between the two.
Although there was a difference between the two radiologists
regarding experience, in our study no significant difference
was found with respect to the results for both data sets A and
B. We were also able to find that MPR enhances radiologist’s
confidence in calling a particular level point of obstruction
which corroborates results given in studies by Jaffe et al.,
Paulson et al., and Hodel et al.

All the 102 patients included in our study underwent
surgery, amongst which 19 patients had multiple levels of
obstruction mostly due to adhesions. It was difficult to pick
all the transition in cases where there was more than a single

point of obstruction. This factor together with cases with
extensive dilatation of bowel loops (high grade obstruction)
could have been the reason for reduced CT accuracy in the
first data set (84.1% and 82.1%) [3, 7, 14, 28].

One of the limitations of our study is that we did not
classify the bowel obstruction into its grades of severity.
By classifying the obstruction into various grades we could
correlate the accuracy rates for various grades using MPRs as
well.

5. Conclusion

In conclusion it was found that although the oblique MPR
increases the image load and is time-consuming it surely is
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a development and a new perspective of utilizing the available
information whereby it can significantly prove as a powerful
adjunct in diagnosis and management of SBO.
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In the rapidly evolving field of endoscopic gastrointestinal imaging, Optical Coherence Tomography (OCT) has foundmany diverse
applications. We present the current status of OCT and its practical applications in imaging normal and abnormal mucosa in the
esophagus, stomach, small and large intestines, and biliary and pancreatic ducts. We highlight technical aspects and principles of
imaging, assess published data, and suggest future directions for OCT-guided evaluation and therapy.

1. Introduction

Endoluminal imaging in gastrointestinal endoscopy has seen
the advent of rapidly evolving new modalities over the last
decade. Narrow band imaging [1], confocal laser endomi-
croscopy [2], and Optical Coherence Tomography (OCT or
VLE: Volumetric Laser Endomicroscopy) [3] are some of
the newer imaging techniques that have shown promise in
the early detection of dysplasia and mucosal cancers and
surveillance of cancers after endoscopic therapy. We present
a practical assessment of OCT and its clinical applications
focusing on recent advances in OCT in the diagnosis and
management of gastrointestinal diseases.

2. OCT Technology

Conceptually, OCT (or Volumetric Laser Endomicrosco-
py/VLE) is analogous to B-mode ultrasonography, with the
exception that near infrared light in the 700 to 1500 nm range
of wavelength is used instead of sound waves to generate an
image of the mucosal structure and its abnormalities using
an interferometer device setup. Initially described in 1999 [4],
OCT has evolved over the years to allow for higher resolution
and rapid imaging. Time domainOCTwas described initially
but could not achieve high scanning rates. Subsequently,
Fourier domain OCT was developed which allows for rapid

image acquisition and generation of real time in vivo 2-
dimensional and 3-dimensional mucosal renditions [5].

An OCT probe can be passed through the accessory
channel of an endoscope and can be kept in contact with
the mucosa of interest which allows for a resolution of 7–10
micrometers and an imaging depth of 2-3mm depending
on the wavelength of light used and the type of tissue
being imaged [6, 7]. This allows visualization of histologic
morphology in real time, especially the epithelial structures
such as villi, crypts, and squamous and intestinal epithelium.
In depth technical details and principles of optics involved in
OCT have been discussed extensively elsewhere [8, 9].

Some of the more recent commercially available or
custom-made OCT probes are Nvision VLE Imaging System
(Nine Point Medical, Cambridge, MA) and probes from
Lightlab Imaging (Westford, MA).

3. Gastrointestinal Applications

In the gastrointestinal tract, OCT has been used for imaging
of the esophagus, stomach, small and large intestine, and bil-
iary and pancreatic ducts. However, much of the experience
and practical utility with OCT has been with esophageal,
biliary, and pancreatic duct imaging.

Salient in vivo studies in the human gastrointestinal tract
using OCT are summarized in Table 1.
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Table 1: In vivo OCT studies in the human gastrointestinal tract.

Year Author Number of patients Anatomic location/pathology
1997 A. M. Sergeev 3 Esophagus, stomach
2000 B. E. Bouma 32 Barrett’s esophagus
2000 S. Jäckle 22 Esophagus, stomach, colon
2000 M. V. Sivak Jr. 72 Esophagus, stomach, duodenum terminal ileum, colon, rectum
2000 X. D. Li 8 Esophagus
2001 U. Seitz 4 Bile ducts
2001 J. M. Poneros 121 Barrett’s esophagus
2001 G. Zuccaro 69 Esophagus, stomach
2002 J. M. Poneros 5 Bile ducts
2004 B. Shen 70 Crohn’s disease and ulcerative colitis
2005 Isenberg 33 Barrett’s esophagus
2005 V. X. Yang 22 Esophagus, stomach, duodenum
2006 J. A. Evans 55 High grade dysplasia/intramucosal carcinoma in Barrett’s esophagus
2006 P. A. Testoni 15 Pancreatic duct
2006 E. Masci 40 Celiac disease
2007 Y. Chen 50 Barrett’s esophagus
2008 P. Consolo 35 Ulcerative colitis and Crohn’s disease
2009 M. Arvanitakis 37 Biliary strictures
2009 D. C. Adler 4 Colon, ulcerative colitis, radiation proctitis
2010 W. Hatta 62 Superficial squamous cell esophageal cancer
2012 T. H. Tsai 13 Barrett’s esophagus
2012 C. Zhou 1 Cervical inlet patch

4. Esophageal Imaging with OCT

OCT has been shown to demonstrate the five-layered
esophageal wall with good correlation with histologic struc-
tures [10].With newer advances in techniques for endoscopic
mucosal resection (EMR) [11] and ablation (radiofrequency
and cryotherapy), assessing the depth of invasion of mucosal
cancers is vital, with a pivotal role for OCT. Indeed, studies
have shown superiority of resolution for OCT compared
to EUS specifically for visualization of the mucosa and
submucosa [12].

OCT is of particular importance in imaging patients with
Barrett’s esophagus (BE). Patients with BE are at an increased
risk for development of esophageal adenocarcinoma [13] and
the incidence of esophageal adenocarcinomahas increased by
300–500% in white men in the last 30 years [14, 15].

The feasibility of OCT for carrying out in vivo real
time imaging of Barrett’s esophagus, high grade dysplasia
and esophageal adenocarcinoma has been well demonstrated
(Figures 1, 2, and 3). In their study using ultra-high resolution
OCT, Chen and colleagues [16] demonstrated characteristic
layered epithelium in a normal esophagus with normal archi-
tecture, while images of Barrett’s esophagus corresponded
to crypt-like glandular structures. High grade dysplasia and
esophageal adenocarcinoma images exhibited more hetero-
geneous structures corresponding to irregular, heterogeneous
tissuemorphology from distorted and cribriform or villiform
glandular architecture. A prospective study showed that
OCT had a sensitivity of 68% and specificity of 82% with
a diagnostic accuracy of 78% for detection of dysplasia in
Barrett’s esophagus [17]. In this study, Isenberg et al. used 314

pairs of OCT images and biopsy specimens from 33 patients
and blinded four endoscopists and one pathologist to the
histology results/real time OCT images and arrived at their
findings using histology as a gold standard.

The current Seattle Protocol for surveillance for Barrett’s
esophagus recommends random 4 quadrant biopsies and
leaves room for sampling error due to missed areas of
dysplasia at random biopsies. OCT can be useful in guiding
biopsies or eventually acquiring optical biopsies in lieu of
standard biopsies. Each 3D-OCT data set provides approx-
imately 160mm2 (8mm circumference × 20mm pullback)
coverage of the esophagus if the tissue is fully wrapped
around the probe.This is approximately 30 to 60 times larger
than the area sampled by jumbo biopsy forceps (∼6mm2)
and standard biopsy forceps (∼2.5mm2) [18], thus, reducing
sampling error.

OCT has also been used to show the surface morphology
of rarer entities such as heterotopic gastric mucosa in the
upper esophagus, also known as cervical inlet patch [19, 20].

An emerging utility of OCT can be in detecting Subsqua-
mous Intestinal Metaplasia at the Gastroesophageal junction.
Subsquamous Intestinal Metaplasia (SSIM) which has also
been variably described as buried Barrett’s glands or buried
glands or subsquamous glands are areas of metaplastic
columnar tissue present below normal appearing squamous
mucosa (Figure 4). SSIM has been known to be present de
novo [21, 22] in patients with BE and can persist in patients
with BE after acid suppressive therapy and ablative therapies
for Barrett’s esophagus such as radiofrequency ablation,
cryotherapy, or photodynamic therapy. Although the true
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(a) (b)

Figure 1: OCT imaging of normal esophagus. (a) Conventional endoscopy of the esophagus showing smooth palemucosa. (b) Corresponding
OCT image showing a well-defined, layered architecture. The epithelium, lamina propria, muscularis mucosa, submucosa, and muscularis
propria are seen as distinct layers with alternating hypo- and hyperintensity.

GA NS BE

(a)

(A)

(B) (C)

(b)

Figure 2: Barrett’s esophagus (BE) without dysplasia. (a) Cross-sectional OCT imaging showing clear differences in layered architecture
between gastric (GA), normal squamous (NS), and BE regions. BE regions exhibit distortion of the layered architecture and abnormal
glandular features. (b) Cross-sectional OCT images aroundGEJ. BE glands (red arrows) are clearly observed (EP: epithelium;MM:muscularis
mucosae in photos A–C).

Figure 3: Intramucosal esophageal adenocarcinoma. OCT image showing dense large glands within the specimen. Lamina propria and
muscularis mucosae (MM) layers are not clearly visible due to the infiltration of metaplasia into the MM layer.
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Figure 4: Subsquamous Intestinal Metaplasia (SSIM). (a-b): OCT images showing “buried glands” (red arrows). SE: squamous epithelium;
LP/MM: lamina propria/muscularis mucosae. (c) Corresponding pathology showing subsquamous intestinal metaplasia under squamous
epithelium.

malignant potential of residual SSIM is not known, concerns
regarding identification and surveillance of SSIM are genuine
owing to reports of progression to dysplasia and adenocarci-
noma [23, 24]. Also, SSIM evades detection on conventional
white light and narrow band endoscopy and can be missed
even on biopsy using standard forceps due to sampling
error and insufficient depth as shown by Gupta et al. [25].
Recently, one group working with OCT has demonstrated
the existence of subsquamous intestinal metaplasia after
radiofrequency ablation of Barrett’s esophagus using OCT
technology [18, 26]. This study showed regular flat squamous
mucosa with small subepithelial vessels and glands in the
normal esophagus. In contrast, BE showed large, densely
packed glands with distortion of mucosal architecture. In
post-RFA BE, findings were of a small number of isolated
glands buried beneath 300–500 microns of neosquamous
epithelium and lamina propria.

Going further, using OCT, it has been shown that the
thickness of BE mucosa immediately after radiofrequency
ablation predicts the response to RFA [27]. This study
showed that BE mucosa was significantly thinner in patients
who achieved complete eradication of intestinal metaplasia
compared to those who did not achieve complete eradication
of intestinalmetaplasia at follow-up (257±60 𝜇mversus 403±
86 𝜇m; 𝑃 < 0.0001). A threshold thickness of 333 𝜇m derived
from receiver operating characteristic curves corresponded
to a 92.3% sensitivity, 85% specificity, and 87.9% accuracy in
predicting the presence of BE at follow-up. These findings
may have important implications for the need for more RFA
sessions.

OCT has also been used to delineate the difference in
architectural changes after different endoluminal ablative
therapies for Barrett’s esophagus. Radiofrequency ablation
was observed to induce 230∼260 micrometer depth of archi-
tectural changes after each set of ablations over a particular
region, while cryotherapy was observed to induce edema-like
spongiform changes to ∼640 𝜇m depth [28].

5. OCT in the Small Intestine

There is limited data on the use of OCT in the small bowel.
OCT has been used to image small intestinal mucosa and
demonstrated 100% agreement with histology in a blinded
study for differentiating between no atrophy and mild and
marked atrophy of villous architecture [29]. This finding
can be important to differentiate celiac disease from iron
deficiency anemia in which villous architecture is typically
preserved. An endoscopic doppler OCT has been used to
show increased microvascularity in villi in duodenal adeno-
mas [30].

6. OCT in the Colon

A number of studies have used OCT for evaluation of the
large bowel. A study by Pfau et al. [31] showed that adenomas
had significantly less structure and scattered light to a
lesser degree than hyperplastic polyps and that hyperplastic
polyps were significantly closer in organization and light
scattering to normal mucosa as compared with adenomas.
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Other studies have characterizedOCT findings in the normal
colon, ulcerative colitis (UC), Crohn’s disease (CD), and
radiation proctitis [32–36]. The ability of OCT to image
all the layers of the gastrointestinal wall can find utility in
diagnosing the transmural inflammation of Crohn’s disease
(CD) and enable differentiating this from ulcerative colitis
(UC). A prospective, blinded study by Shen and colleagues
[37] showed a sensitivity of 90.0% and specificity of 83.3%
for OCT in detecting the disrupted layered structure of the
colon wall indicative of transmural inflammation, providing
a valuable tool to distinguish CD from UC. This is especially
relevant since biopsies are insufficient to assess for transmural
inflammation.

7. OCT in the Biliary and Pancreatic Ducts

With the miniaturization of OCT probes, it is possible to
use this technology for imaging the biliary and pancreatic
ducts and evaluate strictures for neoplasia during ERCP.
This was first demonstrated in vivo in the bile ducts by
Seitz and colleagues in 2001 [38]. Their study demonstrated
the layered architecture of the bile ducts similar to that
found on histologic sections as well as underlying retroperi-
toneal structures with less backscattering. Similarly, OCT can
recognize a differentiated three-layered architecture of the
pancreatic duct in all cases with normal main pancreatic
duct or chronic pancreatitis, whereas the layered architecture
appears subverted in neoplastic lesions, with heterogeneous
backscattering of the signal [39].

Given the low sensitivity (65%) of brush cytology for
detection of malignancy in biliary strictures even in combi-
nation with other sampling techniques such as biopsy forceps
[40], OCT offers a promising alternative. OCT has indeed
been shown to enhance the yield of brush cytology for
detection ofmalignant biliary strictures. Arvanitakis and col-
leagues [41] showed that the diagnostic sensitivity for biliary
strictures could be increased to 84% by combining biliary
brushings with 2 OCT criteria which were a disorganized
and subverted layer structure and large hypo- or nonreflective
areas considered as tumor vessels.

Testoni and colleagues performed a prospective study
in 12 patients using OCT imaging with ERCP [42]. Twelve
consecutive patients with documented main pancreatic duct
stricture were investigated by endoscopic ultrasonography
(EUS) and ERCP, followed by brush cytology and OCT
scanning. OCT recognized a differentiated three-layer archi-
tecture in all cases with normal main pancreatic duct or
chronic pancreatitis, while in all the neoplastic lesions the
layer architecture appeared totally subverted, with heteroge-
neous backscattering of the signal. The accuracy of OCT for
detection of neoplastic tissue was 100% compared with 66.7%
for brush cytology.

8. Current Hurdles and Future Directions

At present, different OCT probes differ in their scanning
speed, resolution, and depth penetration. There is a an
unmet need for establishment of uniform objective and

subjective criteria which can be used by the endoscopist
for real time assessment of mucosal characteristics which
can aid in differentiating normal from neoplastic tissue and
identify varying grades of dysplasia. While OCT can easily
identify intestinal metaplasia within a normal esophagus,
its ability to identify dysplasia within Barrett’s esophagus is
relatively poor as shown in a prospective study by Isenberg
and colleagues [17] and it calls for further improvements in
imaging technique, such as involving computer aided image
analysis which can identify textures and patterns indicative
of dysplasia which may be underappreciated by the human
eye. Efforts are underway in using computer aided image
analysis for detection of dysplasia in Barrett’s esophagus
[43]. A consensus on the various terminologies used for
imaging technologies would help standardize methods and
findings and avoid ambiguity. Comparison of OCT with
other imaging technologies is needed, and, most importantly,
larger prospective data assessing clinical outcomes with OCT
imaging is crucial which can identify niche areas where
OCT can be sensitive, reliable, and have a high impact with
respect to determining further therapy for patients.There are
limitations to every new technology and identifying specific
high yield applications for OCT will be required before it can
be routinely used by practicing gastroenterologists.

9. Conclusions

OCT is a promising noninvasive imaging technology easily
accessible through the working channel of an endoscope.
OCT imaging has been performed in various parts of the
GI tract, though mainly restricted to major academic and
research institutions. Limitations of OCT include relatively
high costs, need for standardized terminology and criteria
for normal and neoplastic tissues, and lack of prospective
data on clinical outcomes. With further refinement of this
technology, OCT may allow “true optical biopsies” in the
future.
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The aim of the study was to evaluate the usefulness of 18F-FLT PET/CT in the detection and differentiation of gastric cancers
(GC). 104 consecutive patients (57 cases of adenocarcinoma tubulare (G2 and G3), 17 cases of mucinous adenocarcinoma, 6
cases of undifferentiated carcinoma, 14 cases of adenocarcinoma partim mucocellulare, and 10 cases of end stage gastric cancer)
with newly diagnosed advanced gastric cancer were examined with FLT PET/CT. For quantitative and comparative analyses, the
maximal standardized uptake value (SUVmax) was calculated for both the tumors and noninvaded gastric wall. Results.There were
found, in the group of adenocarcinoma tubulare, SUVmax 1.5–23.1 (7.46 ± 4.57), in mucinous adenocarcinoma, SUVmax 2.3–10.3
(5.5 ± 2.4), in undifferentiated carcinoma, SUVmax 3.1–13.6 (7.2 ± 3.25), in adenocarcinoma partim mucocellulare, SUVmax 2–25.3
(7.7 ± 6.99), and, in normal gastric wall, SUVmax 1.01–2.55 (1.84 ± 0.35). For the level of 2.6 cut-off value between the normal wall
and neoplasm FLT uptake from ROC analysis, all but five gastric cancers showed higher accumulation of FLT than noninfiltrated
mucosa. Conclusion.Gastric cancer presents higher accumulation of 18F-FLT than normal, distended gastric mucosa. Significantly
higher accumulation was shown in cancers better differentiated and with higher cellular density.

1. Introduction

Gastric cancer (GC) is an aggressive neoplasmwith very poor
prognosis. In Poland, in 2010, a number of 5364 people died
(3486men and 1878women) due to gastric cancer. During the
last 4 decades, both morbidity and mortality have dropped
significantly in Poland from the 1st place at the beginning of
the 1970s to the 4th most common cancer related death in
men and the 7th in females [1]. The treatment of choice for
GC is complete tumor resection. Early detection and surgery
have improved the results of treatment. However, many
patients are still diagnosed with advanced-stage disease.
Accurate determination of local invasion, tumor size and
location, lymph node involvement, and distant metastases

is of great importance in the qualification of patients to
adequate treatment.

Detection of early-stage GC by 18F-FDG PET is not
successful, as FDG uptake is strongly related to tumor size,
location, and histopathology, for example, a content ofmucus
[2, 3]. In 1998, 18F-FLT (FLT)—a new radiotracer with the
potential ability to be captured by fast proliferating cells—
was reported [4]. The authors found that FLT is accumulated
in proliferating tissues by the action of thymidine kinase
and is resistant to degradation. In PET, it produces high-
contrast images of normal marrow and tumors in human.
Gastric mucosa is also proliferating tissue, so it can be impor-
tant whether mucosal FLT uptake can affect the detection
of gastric cancer. Choice of unaffected gastric mucosa on
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the basis of PET only is doubtful, so in this work the PET/CT
method was used to measure the FLT uptake within the
normal gastric mucosa.

The purpose of the study was to verify the high potential
to diagnose and differentiate GC using 18F-FLT and to
elaborate real cut-off value for SUVmax between the cancer
tissue and normal gastric mucosa.

2. Material and Methods

104 consecutive patients (65 men and 39 women; mean age:
63 years) with the diagnosis of gastric tumor (biopsy-proven
cancers) were included in this prospective study. They were
enrolled to our department to diagnose the stage of the GC
using FLT PET/CT. Written informed consent was obtained
from all patients. The study protocol was approved by the
local ethics committee of the Medical University Nicolaus
Copernicus of Torun. In 10 patients with end-stage gastric
cancer, the full verification of cancer type was not available.

The staging was not the issue of this paper.The aim of this
evaluation was to compare uptake in normal and cancerous
tissue in the stomach.The staging was described in our initial
report published in June 2013 [5].

On the basis of histopathological evaluation of biopsy
samples and/or removed specimens, the microscopic growth
type in 94 patients was diagnosed and presented in Table 1.
In some cases, there was no possibility to achieve full
information about specific pathological classification. For
example, there was group of patients in whom the surgery
was canceled because of too advanced stage. In these patients,
we have no full pathological information apart coming from
endoscopy’s specimens. Some frequently used classifications
of diagnosed GC are presented in Table 1.

In order to assess the [18F]FLT uptake in the normal
gastric wall the SUVmax was measured in the area of normal
gastric wall indicated on the basis of gastroscopy in 25 out of
104 patients in the study. The number of patients was limited
to 25, as it was sufficient to further statistical analysis.

[18F]FLT was synthesized in our laboratory using R&D
Syncrom module (Raytest) following the standard operating
procedure (SOP). Radiosynthesis of [18F]FLT is based on
[18F]fluoride displacement of a protected nosylate precursor.
A simple three-step synthesis was used to prepare radiochem-
ically pure [18F]FLT—98% ± 0.98%, at the end of synthesis
within 45min and with a 15% ± 7.6% radiochemical yield.

Patients fasted for at least 6 hours before the PET/CT
scan. They were given antiperistalsis drug Buscopan (10mg
p.o.) 1 h before FLT injection.

Imaging was performed on the whole-body high-
resolution PET/CT scanner Biograph 6. The images were
acquired 60min after administration of 350 ± 20MBq of
radiotracer. Standard CT scans were undertaken at 120 kV,
100mAs, and 0.8 s rotation with a 1.25mm slice width with
no contrast injection. Pitch was 0.9. PET data were acquired
in 3D mode for 3min/bed. Acquisition of PET/CT was
performed in two steps. Just before acquisition, patient drunk
a glass (300mL) of water to fulfill stomach. First, whole-body
CT for attenuation correction and anatomical localization

Table 1: Histopathology of diagnosed gastric cancers.

Histopathology 𝑁 Total
AdenoCa tubulare 57

94Mucinous adenoCa 17
Undifferentiated carcinoma 6
AdenoCa partim mucocellulare 14
Lauren type intestinal 38 88
Lauren type nonintestinal 50
G2 28 78
G3 50

without contrast media was done. Immediately after CT, PET
acquisition of two beds of placed on upper andmild abdomen
was performed. As we tested before, this acquisition enables
showing distended stomach without wall movement. The
PET and CT parts of the image were exactly in the same
position. Next, (without patient’s position change) whole-
body PET was performed. For attenuation correction and
localization, the first whole-body CT was used.

Emission data were corrected for randomness, dead time,
scatter, and attenuation.

3. Image Interpretation

To assure the proper interpretation, nuclear medicine and
radiology specialists read the examination.They analyzed the
image of the stomach using 18F FLT PET/CT and knowledge
from gastroscopy. Any discrepancies in the interpretation
were solved by consensus. They selected the tumor localiza-
tion according to the CT. In the tumor, increased focal uptake
was detected and assessed bymeasurements of themaximum
standardized uptake value (SUVmax). The normal stomach
wall was chosen in the area of thin stomach wall (CT) and
uniform FLT uptake. Then, we assessed the physiological
FLT uptake in the stomach wall having knowledge about
localization of the cancer from gastroscopy descriptions
(files). These areas were omitted in physiological FLT uptake
analysis. The images from the first two beds covering only
upper abdomen with distended stomach were taken into
consideration in this analysis. The ellipsoidal (circular) VOIs
with the diameter of 10mm were placed in the chosen areas
which were the most active (the highest uptake) in the areas
affected by gastric cancer and free of disease. The SUVmax
from these VOI-s was calculated according to the standard
formula (Bq/g × body weight (g)/injected activity in Bq).

The FLT uptake within the normal gastric wall was
compared to accumulation within the tumor and the optimal
cut-off value was estimated on the basis of ROC curve
analysis.

The mean SUVmax values were compared to cancer
type (according to histopathological evaluation) and the
differences were statistically tested in order to measure the
capability of cancer differentiation.
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(a) (b)

Figure 1: (a) 18FLT-PET in patient with undifferentiated adenocarcinoma. SUVmax in normal gastric wall was 1.8. (b) 18FLT-PET in patient
with undifferentiated adenocarcinoma. SUVmax = 8.9.

4. Statistical Analysis

(i) SUVmax values and the patients’ age distribution were
analyzed using Student’s t-, Pearson, and Spearman
tests. The age analysis was performed to assure lack
of differences in the FLT uptake related to the age of
patients.

(ii) Differences in FLT accumulationwere analyzed by the
Mann-Whitney U-test.

(iii) The changes of the sensitivities and specificities
related to different thresholds between the SUVmax
values in normal gastric wall and cancer tissue were
performed on the basis of ROC curve analysis.

(iv) Differences were considered statistically significant at
the 𝑃 < 0.05 level.

5. Results

5.1. FLT Uptake in Normal Gastric Wall. In 25 out of 104
patients in the study, the SUVmax was measured in normal
gastric wall. On the basis of endoscopic evaluation and surgi-
cal estimation, the gastric wall with no infiltrationwas chosen
(CT), and the SUVmax was calculated. It has reached mean
value and standard deviation of 1.84±0.35, respectively (from
1.01 to 2.55) (Figure 1).There were no statistical differences in
the FLT uptake in normal gastric mucosa related to age. The
FLT uptake was significantly lower than that in the cancer
tissue (mean SUVmax—7.27 ± 4.73) and the optimal cut-off
value differentiating tumor versus nontumor SUVmax was
found at the level of 2.3 (sensitivity—97% and specificity—
92%). For the threshold 2.6, the respective values were 94.7%
and 100%, but in 5 patients with cancer the SUVmax was below
this value (false negative ratio—5.3%).

All the 5% of false negative cases but oneweremucus con-
taining cancers. To achieve the specificity, we have compared
cancerous localization as described in the endoscopy and
confirmed in the pathology report and normal gastric wall.

There were no additional foci of increased uptake apart from
true GC localizations. It means that we had no FP results.

5.2. FLT Uptake in Different Types of Gastric Cancer. SUVmax
ofmucinous carcinoma presented in Table 2 was significantly
different from other types of GC (Figures 2 and 3).

When the patients were divided according to Lauren
classification into two groups and according to grading on
G2 and G3 groups, other statistically significant differences
of FLT uptake were found only for the G-grading.The results
are presented in Table 3.

6. Discussion

6.1. Cancer Detection. Detection of gastric cancer is typically
by endoscopy, and imaging is used to stage the disease
rather than screening. In small tumors, usually endoscopic
ultrasound is applied to stage cancer, but in larger ones
it can be limited. Percutaneous ultrasound after careful
preparation can be very valuable method in detection and
characterization of digestive tract tumors, but assessment of
whole stomach wall is extremely difficult [6, 7]. Computed
tomography and MR imaging are used in locoregional nodal
staging, but the full postsurgical verification is needed, not
only the presence of lymph nodes on CT/MR images. After
positive pathomorphological evaluation of tissue samples
taken during endoscopy, there is a need to assess the real
limits of tumor. 18F-FDG was found to have extremely dif-
ferent accumulation in different gastric cancer. It is believed
that 18F-FLT can help in the problem, but further careful
evaluation of its uptake in gastric cancer and additionally
gastric nonneoplastic pathologies is still needed.

94 analyzed cases form the large group of patients with
gastric cancer examined with 18F-FLT PET when compared
to other publications. The quantitative measurements of
SUVmax are less dependent on ROI or VOI choice than
the measurements of mean SUV value. Gastric mucosa is
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Table 2: The mean value of SUVmax (SD) in normal mucosa and different cancer types.

Type 𝑁 Min SUVmax Max SUVmax Mean (SD)
Normal mucosa 25∗ 1.01 2.55 1.84 (0.35)∗∗

AdenoCa tubulare 57 1.5 23.1 7.46 (4.57)
Mucinous adenoCa 17 2.3 10.3 5.50 (2.40)∗∗

Undifferentiated carcinoma 6 3.1 13.6 7.28 (3.25)
Adenocarcinoma partim mucocellulare 14 2 25.3 7.7 (6.99)
All 94 2.0 25.3 7.27 ± 4.73
∗The patients were the same.
∗∗Significantly differs from other cancer types (𝑃 < 0.05).

Table 3: The mean value of SUVmax (SD) in different cancer types, as divided according to Lauren classification and grading, compared to
whole population studied and between the individual groups.

No. Type 𝑁 Mean (SD) SUVmax Between groups
1 Lauren intestinal 38 7.69 (4.95) 𝑃 = 0.16
2 Lauren non-intestinal 50 6.84 (4.64) 1 versus 2
3 G2 28 8.2 (5.41) 𝑃 = 0.026∗

4 G3 50 6.57 (4.59) 3 versus 4
∗In G3 cancers the mean SUVmax value was significantly lower than in G2 tumors.

the tissue with very high proliferation. In normal conditions,
its thickness can reach more than 10mm, so, to avoid the
false positive results, it should be significantly distended.
The method of gastric wall distention is common and is
realized by water or water-based contrast agents [8] or gas
after ingestion of effervescent granules with a small amount
of water [9]. Additionally, the digestive track peristalsis is
suppressed by antiperistaltic drugs [8, 9]. In our group, there
was the Buscopan tablet (10mg) taken 1 hour before FLT
injection. The SUVmax of FLT within the distended normal
gastric mucosa was found within the range of 1.01–2.55
(mean: 1.84). It was high enough to create 5% of FN results,
when we put the cut-off value at the level of 2.6 (to avoid FP
results). One can suppose that it is acceptable price for the
possibility to use FLT PET in TNM staging; however, in five
gastric cancers, SUVmax was lower than 2.6. All of these cases
but one were diagnosed as adenocarcinomamucocellulare or
partim mucocellulare.

6.2. Cancer Differentiation. The 18F-FDG PET is the most
frequently used radiopharmaceutical for diagnosing the can-
cer. But it is well known that FDG uptake depends on some
tissue properties, not specific for the malignant neoplasm
only [10]. Kawamura et al. [11] analyzed GLUT1 protein
expression in 617 carcinomas and 50 tubular adenomas
of the stomach. None of the adenomas expressed GLUT1,
whereas 182 of the 617 carcinomas (30%) were positive for
GLUT1 expression. Furthermore, signet-ring cell carcinoma
and mucinous adenocarcinoma showed very low positive
values for GLUT1 expression (2 and 6%, resp.). Among the
other histological types, papillary adenocarcinoma (44%)
showed slightly higher positive values for GLUT1 expres-
sion than tubular (32%) or poorly differentiated adenocar-
cinoma (28%). Yamada et al. [12] evaluated the associa-
tion between FDG uptake and histopathological type in

Figure 2: 18FLT-PET in patient with mucinous adenocarcinoma.
SUVmax = 5.9.

Figure 3: 18FLT-PET in patient with adenocarcinoma tubulare G2
(G3). SUVmax = 7.32.
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40 patients with gastric carcinoma among whom only 19
patients (48%) showed detectable FDG uptake. Cohesive
carcinomas (papillary adenocarcinoma, tubular adenocarci-
noma, and solid-type poorly differentiated adenocarcinoma)
were significantly better detectable than noncohesive carci-
nomas (signet-ring cell carcinoma and nonsolid type poorly
differentiated carcinoma −65% versus 14%, resp.). In 2007,
Herrmann et al. [13] published paper in which they found
100% sensitivity in the diagnosis of gastric cancer with
[18F]FLT (3-Fluoro-3deoxythymidine-) PET. They have
compared the accumulation of FLT andFDG in gastric cancer
and showed that FLT PET was more sensitive than FDG
PET, especially in tumors with no or low FDG uptake. This
publication opened the new era in the stomach cancer PET
diagnostics, but the authors concentrated only on the primary
advanced tumors. Presented above data and results of other
studies suggest that FDG is not ideal tracer for this type of
cancers.

Analyzing the pathomorphological cancer structure, we
compared independently some present or absent features
within the cancer types. Stahl et al. [3] in publication on
usefulness of 18F-FDG PET in the diagnosis of gastric cancer
concluded that FDG uptake is lower in nonintestinal than
in intestinal Lauren type tumors. They described that only
60% of locally advanced GC were detected by FDG PET, but
even 83% of intestinal type tumors were PET positive, when
only 41% of diffused ones were seen. We found also lower
accumulation of 18F-FLT in nonintestinal gastric cancers—
mean SUVmax = 6.84 versus 7.69 found in intestinal type
tumors, but the difference was not statistically significant. It
can suggest that cell proliferation is higher in intestinal GC
Lauren type. The results Stahl et al. described for FDG PET
were the same as those we found for FLT PET, showing higher
uptake in nonmucus-containing GC with FLT SUVmax = 7.27
versus 5.50 in mucinous adenocarcinoma. In this work, FDG
SUVmax was 7.2 in nonmucinous neoplasms versus 3.9 in
mucus-containing ones. It can show that not only metabolic
increase characterizes solidGCbut higher cell proliferation as
well.The uptake of both FDG and FLTwas also higher in low-
grade GC than in high-grade cancers. The differences were
statistically significant for both radiopharmaceuticals (SUV
7.4 versus 5.2 for FDG and SUVmax 8.2 versus 6.57 in G2 and
G3 tumors, resp.). We showed that detection of GC using
18F-FLT PET was successful in 89 out of 94 patients (95%
sensitivity) with 5 false negative cases (i.e., below SUVmax
threshold of 2.6). In these 5 cases, the FLT uptake was within
the range of noninvaded gastric wall, while, in all others,
there was a great variety of SUVmax values. Only tumors with
relatively lower cellular density (mucinous type) accumulated
FLT significantly less than other ones. Histopathological
types of gastric cancer donot reflect their ability to FLT
accumulation which was supposed to be strongly related to
cellular proliferation within the tumors. Kameyama et al.
[14] in his study performed prospectively in 21 patients with
advanced gastric cancer showed that the sensitivity in the
diagnosis of gastric cancer with FLT and FDG was similar,
but the mean SUVmax for FLT (7 ± 3.3) was significantly
lower than that for FDG (9.4 ± 6.3) (similar to results of Kim

et al. [9]). The accumulation of FLT was significantly higher
in high-grade gastric tumors (SUVmax 8.5 versus 5.3 in low-
grade ones) even if it did not correlate with KI-67 index.This
was not the case in FDG uptake, but the number of patients
enrolled into the study counted only 21 patients. High-grade
tumors are frequently necrotic, so the mean cellularity can
be lower in low-grade cancers. In our paper, we showed that
FLT SUVmax was significantly lower in cancers with lower
cellular density—similar to results of Kameyama group. FLT
uptake has been shown to be lower in cancer with higher
mucinous content and probably lower cellularity (18.1% of
patients withmucinous adenocarcinoma) but simultaneously
higher in better differentiated tumors. It is suspected that
FLT uptake is not a simple result of proliferation alone,
but can use an additional mechanism related to nucleoside
transporters. It should be carefully studied in further works.
Due to possibility to indicate a low cohesive cancer type,
we hope it can be useful in predicting prognosis, planning
treatment, and monitoring response in patients with gastric
cancer.

7. Conclusions

We found that all gastric cancer types presented higher
mean accumulation of FLT when compared to noninfiltrated
gastricwall asmeasured by SUVmax.Theoptimal cut-off value
between the cancer and mucosal accumulation was found at
the level of 2.6 with sensitivity of 95% and an acceptable FN
ratio of 5%. FLT PET/CT accumulation is significantly higher
in regions of higher cellular density and cellular proliferation
as well as in better differentiated neoplasm.
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Background. The clinical applications of hepatic phosphorus-31 magnetic resonance spectroscopy (31P MRS) remain to be difficult
because the changes of phosphates between normal hepatic tissues and pathological tissues are not so obvious, and furthermore, up
to now there is few literature on hepatocyte-targeted 31P MRS.Materials and Methods. The ATP-loaded Gal-CSO (Gal-CSO/ATP)
nanoparticles were prepared and the special cellular uptake of them as evaluated by using HepG-2 tumor cells and A549 tumor
cells, respectively. Two kinds of cells were incubated with the nanoparticles suspension, respectively. Then were prepared the cell
samples and the enhancement efficiency of ATP peaks detected by 31P MRS was evaluated. Results. The cellular uptake rate of
Gal-CSO/ATP nanoparticles in HepG-2 cells was higher than that in A549 cells. Furthermore, the enlarged ATP peaks of Gal-
CSO/ATP nanoparticles in HepG-2 cells were higher than those in A549 cells in vitro detected by 31P MRS. Conclusions. Gal-
CSO/ATP nanoparticles have significant targeting efficiency in hepatic cells in vitro and enhancement efficiency of ATP peaks in
HepG-2 cells. Furthermore, 31P MRS could be applied in the research of hepatic molecular imaging.

1. Introduction

Recent progress of magnetic resonance spectroscopy (MRS)
technology has great potential in many biomedical research
areas. Due to the ubiquity of phosphorus-containingmoieties
in energy metabolism, phosphorus-31 MRS (31P MRS) has
been utilized to assess energy states in living systems [1].
This technique permits simultaneous detection and quantita-
tion of several cytosolic phosphorus-containing compounds
involved in energy metabolism (adenosine triphosphate
(ATP), including 𝛾, 𝛼, and 𝛽 signals resolved sequentially,
and inorganic phosphate (Pi)) and membrane phospholipid
metabolism (phosphomonoesters (PME) and phosphodi-
esters (PDE)) [2, 3].These important phosphorus-containing
molecules are intricately involved in the cellular processes
linked to cellular destruction, turnover, and malignant trans-
formation.

Although it holds promise as a noninvasive means of
documenting the extent and progression of liver disease [4,
5] and it has been used to improve the level of diagnosis
and treatment response in patients with cancer [6], the
clinical applications of hepatic 31PMRS remain to be difficult
because there was no significant difference of the content of
phosphorus compounds between normal hepatic tissue and
hepatopathy tissue in vivo; the 31PMRSwas only used in vitro
[3, 5]. Furthermore, to our knowledge, there are no published
results on hepatocyte-targeted 31P MRS.

In recent years, nanoparticles have been extensively used
to deliver drugs, genes, diagnostics, and vaccines into specific
cells or tissues [7–10]. Chitosan is a naturally occurring
polysaccharide obtained by deacetylation of chitin, which
is a polycationic polymer comprised of mainly glucosamine
units [11]. It has good biocompatibility, biodegradability, and
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low toxicity.Thewater-soluble chitosan with lowermolecular
weight, chitosan oligosaccharide (CSO), was obtained by
enzymatic degradation in our lab [12], and like some other
polycations it is known to interact with ATP by electrostatic
forces of attraction to form CSO/ATP nanoparticles.

Mammalian hepatocytes possess large numbers of high-
affinity, cell-surface receptors (asialoglycoprotein recep-
tor, ASGP-R) that can bind asialoglycoproteins [13–15]. It
can specifically recognize ligands with terminal galactose
residues. Once a ligand binds to the ASGP-R, the ligand-
receptor complex is rapidly internalized by hepatocytes, and
the receptor recycled back to the surface of hepatocytes
and is reutilized [15, 16], allowing high binding capacity
and efficient uptake of galactosylated ligands by hepatocytes.
Taking into account, we attempted to integrate a novel
hepatocyte targeting carrier with multiple galactose residues.

The main goal of this study was to examine the Gal-
CSO/ATPnanoparticles for hepatocyte-targeted imaging and
to evaluate their targeting efficiency and the enhancement
efficiency of ATP peaks detected by 31P MRS.

2. Materials and Methods

2.1. Preparation of Gal-CSO/ATP Nanoparticles. Nanoparti-
cles were prepared successfully in our earlier research [17].
Briefly, 0.01 g Gal-CSO and 0.01 g ATP were first dissolved
in 10mL deionized water, respectively, and the mixture was
stirred for 10min by magnetic stirrer (400 rpm). Subse-
quently, ATP solution was dropwise mingled with the stirred
Gal-CSO solution. When the transparency of the solution
decreased accompanying an apparent Tyndall effect, this
meant that the nanoparticles were obtained.

2.2. Cell Culture. Two cell lines were investigated in this
study, and they are commercially available from Institute of
Biochemistry and Cell Biology (Shanghai, China). HepG-2
(human hepatocellular carcinoma cell line) cells and A549
(human lung carcinoma cell line) cells were incubated in
Dulbecco’s Modified Eagle’s Medium low glucose (DMEM),
supplemented with 10% fetal bovine serum (FBS) under
generally established cell culture conditions in 5% CO

2
at

37∘C. HepG-2 and A549 cells were seeded in a 24-well
culture plate (NalgeNunc International,Naperville, IL,USA),
respectively, at a density of 50,000 cells perwell and incubated
for 24 h.

2.3. Nanoparticle Labeling. Synthesis of the FITC-labeled chi-
tosan was based on the reaction between the isothiocyanate
group of FITC and the primary amino group of the D-
glucosamine residue as reported in the literature [18]. Briefly,
2mg of FITC was dissolved in 1mL of dehydrated alcohol.
0.5mL of Gal-CSO/ATP nanoparticles were dispersed in
2mL distilled water, respectively. After then, they were
treated by ultrasonication for 20 circulations (400W,working
for 2 s following stopping for 3 s). Two of them were mixed
with 100𝜇L of FITC-alcohol solution (2.0mg/mL), and the
reaction was performed for 6 h under magnetic stirring

(400 rpm) in darkness at room temperature. The FITC-
labeled nanoparticleswere dehydratedwith pure carbinol and
freeze-dried in a dark room.Thenanoparticle suspensionwas
stored in the dark room for further use.

2.4. Cellular Uptake. The A549 cells were used as a control.
After the HepG-2 and A549 cells were cultured in 24-
well plate adherent to the flask, they were then incubated
with FITC-labeled Gal-CSO/ATP nanoparticles dispersion
in growth medium for 24 h, respectively. Cell nuclei were
stained with Hoechst for 30min. Following the incubation,
cells were washed thrice with PBS and then fixed with fresh
4% paraformaldehyde at 4∘C for 20min. The coverslips were
observed by a confocal laser scanning microscope (LSM-510
META, ZEISS, Germany).

2.5. Quantitative Determination of Intracellular ATP Content.
Two kinds of cells were seeded in a 24-well plate, respectively,
at a density of 10,000 cells per well and incubated for 24 h.
After then, 20 𝜇L of Gal-CSO/ATP nanoparticles suspension
was added (the actual content of ATP was 1.27mg/mL in
nanoparticles) to the cells, respectively, and then further
incubated for 12 h and 24 h, respectively.

After the predetermined uptake time, removed the super-
natant fluid and washed the cells thrice with PBS (pH 7.4).
After trypsin digestion for one minute, HCl buffer solution
(pH 1.0) was added. Cells were collected in a 5mL PB pipe
at the dedicated time, respectively. The cells were stored
at −80∘C for 2 h and placed at room temperature; then
using freeze-thaw method was used three times. After 24 h,
the intracellular ATP content was determined by ultraviolet
spectrophotometry. The UV wavelength was set at 259 nm.
The ATP loading efficiency was then calculated from the
ATP content in the water phase (PBS) during the separation
process of nanoparticles and the charged amount of ATP.

2.6. Gal-CSO/ATP Nanoparticles on HepG-2 Cells Targeted
MRS Imaging In Vitro. Taking A549 cells as contrast agents,
we added 0.4mL Gal-CSO/ATP nanoparticles suspension to
HepG-2 cell culture solution to obtain the cell sample forMRS
detection. The methods were as follows: 30 mL cell sample
was placed into the cell culture bottles, followed by being
put into a plastic cup (without phosphorus compounds)
containing a certain amount of distilled water, and then
2mL, 4mL, 6mL, 8mL, and 10mLATP solutions (10mg/mL,
Beijing Double-crane Pharmaceutical LTD. Co., China) were
added into the bottles, respectively. Subsequently, they were
detected by 31P MRS.

All 31P MRS examinations were performed with a 1.5
T imager (Siemens, Sonata, Germany), which is equipped
with a commercial dual 1H/31P surface coil for imaging of
cell samples. The basic MR images in all orientations were
obtained with true fast imaging with steady precession (true
FISP) sequence for the localization of voxels. 31P MR spectra
weremeasured using a standard 2-dimensional chemical shift
imaging (CSI) technique in the transverse plane with the
following parameters: TR = 1000ms, TE = 2.3ms, matrix
8 × 8, viewing interpolation 16 × 16, field of view = 200mm,
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A549
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Figure 1: Fluorescence images of HepG-2 cells and A549 cells
after the cells were incubated with FITC labeled Gal-CSO/ATP
nanoparticles for 24 h, respectively. It is shown that the Gal-
CSO/ATP nanoparticles could be uptaken by HepG-2 cells, and the
fluorescence intensity in HepG-2 cells was stronger than that in
A549 cells.

flip angle = 90 degrees, thickness = 4 cm, and voxel volume
2.5 cm × 2.5 cm× 4 cm. Spectra were evaluated using Siemens
syngo 2004B software.

3. Results

3.1. Cellular Uptake Tests. Figure 1 showed the fluorescence
images of HepG-2 and A549 cells after the cells were incu-
bated with FITC-labeled Gal-CSO/ATP nanoparticles for
24 h, respectively. It showed that the Gal-CSO/ATP nanopar-
ticles could be uptaken by HepG-2 cells, and the fluorescence
intensity in HepG-2 cells was stronger than in A549 cells.
It further demonstrated that, under identical conditions, the
cellular uptake capability of the Gal-CSO/ATP nanoparticles
in HepG-2 cells was higher than in A549 cells.

3.2. Quantitative Determination of Intracellular ATP Content.
The results of quantitative cellular uptake for FITC labeled
Gal-CSO/ATP nanoparticles were presented in Figure 2 after
the nanoparticles were incubated with HepG-2 and A549
cells, respectively. It was clear that HepG-2 cells were signifi-
cantly higher thanA549 cells in the cellular uptake percentage
of the Gal-CSO/ATP nanoparticles. About 50% and 70%
nanoparticles could be uptaken by HepG-2 cells in 12 and
24 h, respectively. However, the uptaken amounts of the
nanoparticles by A549 cells were lower than 20% in 24 h.

3.3. Gal-CSO/ATP Nanoparticles on HepG-2 Cells Targeted
MRS Imaging InVitro. Therewas no significantMRSpeaks of
phosphorus compounds (ATP, PME, PDE and Pi) in solution
containing HepG-2 cells when added into the 2mL ATP
solution mentioned above. Peaks of phosphorus compounds
were detected when added into 4mL ATP solution, but the
MRS peaks were not ideal (see Figure 3(a)), while there were
no peaks of phosphorus compounds detected in A549 cells
solution. It was exciting that the ideal peaks of phosphorus
compounds could be obtained in the solution containing
HepG-2 cells by adding 6mL ATP solution into the bottle
(see Figure 3(b)), while it was quite hard for us to get peaks of
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Figure 2: Cellular uptake percentage of Gal-CSO/ATP nanoparti-
cles in different cell lines for 12 and 24 h, respectively. It is showen
that HepG-2 cells were significantly higher than A549 cells in the
cellular uptake percentage of the Gal-CSO/ATP nanoparticles.

phosphorus compounds in a solution containing A549 cells
(see Figure 3(c)). When we added 8mL ATP solution into
the bottle, ideal peaks of phosphorus compounds emerged in
solution containing HepG-2 cells, but the peaks of phospho-
rus compounds in the solution containingA549 cells were not
so good as those of HepG-2 cells (see Figure 3(d)). And both
of two bottles could get perfectMRS peaks when added 10mL
ATP to the solution.

4. Discussion

31P MRS imaging diagnoses the disease of liver through the
peak signal intensity, which reflects the content levels of the
specific phosphorylated compounds.We can achieve the pur-
pose of MRS targeted molecular imaging by incorporation
of measurable phosphide into the hepatic tissue to enlarge
differences of peaks from one or more phosphorylated
compounds.

One promising prospect for human hepatic 31P MRS
is the measurement of hepatic energy homeostasis through
the measurement of ATP, the well-known universal energy
currency [19]. Previous studies have demonstrated that the
measurement of hepatic ATP levels correlates with bio-
chemical evidence of hepatic dysfunction, and histological
evidence of loss of functioning hepatocytes and progressive
disease, and animal models of acute liver disease [20–22].
Previous studies in our earlier research have demonstrated
that Gal-CSO/ATP nanoparticles showed high encapsulation
efficiency, sustained release of ATP, and efficiently delivered
it to HepG-2 cells [17]. In addition, galactosylated chitosan
was found to be a suitable material for liver-targeting
drug/gene delivery or liver tissue engineering [23, 24], and as
a hepatocyte-targeting carrier, Gal-CSO nanoparticles have
a great promising potential for clinical applications due to
their active liver-targeting characteristics and more than
satisfactory compatibility with hepatoma cells [8]. For these
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Figure 3: Peaks of phosphorus compounds were obtained from a solution containing HepG-2 cells. (a) MRS peaks were not ideal when
adding 4mL ATP solution; (b) MRS peaks were ideal when adding 6mL ATP solution; (c) MRS peaks were in disorder when adding 6mL
ATP solution into the bottle containing A549 cells; and (d) MRS peaks were ideal when adding 8mL ATP solution.

reasons, in order to achieve the targeted imaging of hepatic
31P MRS and change the ATP peaks, we have synthesized
novel nanoparticles, Gal-CSO/ATPnanoparticles, to improve
the ATP content in the hepatic cells and to be tested as a
hepatocyte-targeted carrier to evaluate its targeting efficiency
and the enhancement efficiency of ATP peaks detected by 31P
MRS.

In this study, Gal-CSO/ATP nanoparticles were prepared,
and a fluorescent marker molecule called FITC, was encap-
sulated in these nanoparticles, so the qualitative study of
cellular uptake of nanoparticles by HepG-2 and A549 cells

could be detected by fluorescence microscope. The cell lines
HepG-2 and A549 have been selected as models, because
the former is well known for expressing ASGP-R [25, 26],
which is present only on hepatocytes at a high density and
retained on several human hepatoma cell lines, that binds and
internalizes galactose-terminal (asialo)glycoprotein [27–29],
and the latter one was taken as contrast agent which has no
ASGP-R. The ASGP-R has been exploited as a hepatocyte-
specific targeting marker for drug and gene delivery [30, 31].
To enhance the ligand-mediated endocytosis and nanopar-
ticles uptake by the targeted cells, active targeting can be
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integrated with the passive targeting to enhance hepatocyte-
specific delivery [32].

31P MRS findings were as follows: (1) the quantity of
phosphorus compounds in solutions with different cells had
no significant difference, because the similar MRS and ATP
peaks were obtained from solutions with different cells added
with the same ATP solution; (2) the ideal ATP peaks could be
obtained by artificially increasing a certain quantity of ATP
solution in the targeted cells. Furthermore, we had realized
that the targeted imaging of 31P MRS by using ATP-loaded
Gal-CSO nanoparticles and this work is ongoing in our lab.

5. Conclusions

The aforementioned results of the present study demon-
strated that the Gal-CSO/ATP nanoparticles have significant
targeting efficiency in liver cells in vitro and enhancement
efficiency of ATP peaks in HepG-2 cells, and it further
demonstrated that 31P MRS could be applied in the research
of hepatocyte-targeted imaging. This preliminary study may
be helpful to open up the field of hepatic molecular imaging
and increase the clinical applications in the field of liver
diseases in future.

Conflict of Interests

The authors declare that there is no conflict of interests re-
garding the publication of this paper.

Disclosure

There was no financial disclosure for the research.

Authors’ Contribution

Xiu-Liang Zhu and Yong-Zhong Du contributed equally to
this work.

Acknowledgments

The authors would like to thank Dr. XiaoYing Ying and Mr.
LiYong Jie for their kindly assistance in their experiments.
This study was supported by the National Nature Science
Foundation of China (nos. 81171334 and 30770626).

References

[1] Z. Zhang, J. Li, S. Wu et al., “Cine-MRI and 31P-MRS for
evaluation of myocardial energy metabolism and function
following coronary artery bypass graft,” Magnetic Resonance
Imaging, vol. 28, no. 7, pp. 936–942, 2010.

[2] H. Kugel, H.-J. Wittsack, F. Wenzel, D. Stippel, W. Heindel,
and K. Lackner, “Non-invasive determination of metabolite
concentrations in human transplanted kidney in vivo by 31P
MR spectroscopy,” Acta Radiologica, vol. 41, no. 6, pp. 634–641,
2000.

[3] I. R. Corbin, L. N. Ryner, H. Singh, and G. Y. Minuk, “Quanti-
tative hepatic phosphorus-31 magnetic resonance spectroscopy

in compensated and decompensated cirrhosis,” The American
Journal of Physiology: Gastrointestinal and Liver Physiology, vol.
287, no. 2, pp. 379–384, 2004.

[4] A. K. P. Lim, N. Patel, G. Hamilton, J. V. Hajnal, R. D. Goldin,
and S. D. Taylor-Robinson, “The relationship of in vivo 31P MR
spectroscopy to histology in chronic hepatitis C,” Hepatology,
vol. 37, no. 4, pp. 788–794, 2003.

[5] I. R. Corbin, R. Buist, J. Peeling,M. Zhang, J. Uhanova, andG. Y.
Minuk, “Hepatic 31PMRS in ratmodels of chronic liver disease:
assessing the extent and progression of disease,”Gut, vol. 52, no.
7, pp. 1046–1053, 2003.

[6] D. L. Morse, D. Carroll, S. Day et al., “Characterization of
Breast cancers and therapy response by MRS and quantitative
gene expression profiling in the choline pathway,” NMR in
Biomedicine, vol. 22, no. 1, pp. 114–127, 2009.

[7] M. O. Oyewumi and R. J. Mumper, “Influence of formula-
tion parameters on gadolinium entrapment and tumor cell
uptake using folate-coated nanoparticles,” International Journal
of Pharmaceutics, vol. 251, no. 1-2, pp. 85–97, 2003.

[8] Q. Wang, L. Zhang, W. Hu et al., “Norcantharidin-associated
galactosylated chitosan nanoparticles for hepatocyte-targeted
delivery,” Nanomedicine, vol. 6, no. 2, pp. 371–381, 2010.

[9] F.-L. Mi, Y.-Y. Wu, Y.-L. Chiu et al., “Synthesis of a novel glyco-
conjugated chitosan and preparation of its derived nanoparti-
cles for targeting HepG2 cells,” Biomacromolecules, vol. 8, no. 3,
pp. 892–898, 2007.

[10] J. Zhang, X. G. Chen, W. B. Peng, and C. S. Liu, “Uptake
of oleoyl-chitosan nanoparticles by A549 cells,” Nanomedicine,
vol. 4, no. 3, pp. 208–214, 2008.

[11] T. Kean, S. Roth, and M. Thanou, “Trimethylated chitosans as
non-viral gene delivery vectors: cytotoxicity and transfection
efficiency,” Journal of Controlled Release, vol. 103, no. 3, pp. 643–
653, 2005.

[12] F.-Q. Hu, M.-D. Zhao, H. Yuan, J. You, Y.-Z. Du, and S.
Zeng, “A novel chitosan oligosaccharide-stearic acid micelles
for gene delivery: properties and in vitro transfection studies,”
International Journal of Pharmaceutics, vol. 315, no. 1-2, pp. 158–
166, 2006.

[13] G. Y.Wu and C. H.Wu, “Receptor-mediated delivery of foreign
genes to hepatocytes,” Advanced Drug Delivery Reviews, vol. 29,
no. 3, pp. 243–248, 1998.

[14] E. I. Rigopoulou, D. Roggenbuck, D. S. Smyk et al., “Asialo-
glycoprotein receptor (ASGPR) as target autoantigen in liver
autoimmunity: lost and found,” Autoimmunity Reviews, vol. 12,
no. 2, pp. 260–269, 2012.

[15] T. Ishihara, A. Kano, K. Obara et al., “Nuclear localization
and antisense effect of PNA internalized by ASGP-R-mediated
endocytosis with protein/DNA conjugates,” Journal of Con-
trolled Release, vol. 155, no. 1, pp. 34–39, 2011.

[16] J. H. N. Yik, A. Saxena, J. A. Weigel, and P. H. Weigel,
“Nonpalmitoylated human asialoglycoprotein receptors recycle
constitutively but are defective in coated pit-mediated endo-
cytosis, dissociation, and delivery of ligand to lysosomes,” The
Journal of Biological Chemistry, vol. 277, no. 43, pp. 40844–
40852, 2002.

[17] X. L. Zhu, Y. Z. Du, R. S. Yu et al., “Galactosylated chitosan
oligosaccharide nanoparticles for hepatocellular carcinoma
cell-targeted delivery of adenosine triphosphate,” International
Journal of Molecular Sciences, vol. 14, no. 8, pp. 15755–15766,
2013.



6 Gastroenterology Research and Practice

[18] Z. Ma and L.-Y. Lim, “Uptake of chitosan and associated
insulin in Caco-2 cell monolayers: a comparison between chi-
tosan molecules and chitosan nanoparticles,” Pharmaceutical
Research, vol. 20, no. 11, pp. 1812–1819, 2003.

[19] S. F. Solga, A. Horska, J. M. Clark, and A.M. Diehl, “Hepatic 31P
magnetic resonance spectroscopy: a hepatologist’s user guide,”
Liver International, vol. 25, no. 3, pp. 490–500, 2005.

[20] I. R. Corbin, R. Buist, V. Volotovskyy, J. Peeling, M. Zhang, and
G. Y.Minuk, “Regenerative activity and liver function following
partial hepatectomy in the rat using 31P-MR spectroscopy,”
Hepatology, vol. 36, no. 2, pp. 345–353, 2002.

[21] I. R. Corbin, R. Buist, J. Peeling,M. Zhang, J. Uhanova, andG. Y.
Minuk, “Utility of hepatic phosphorus-31 magnetic resonance
spectroscopy in a rat model of acute liver failure,” Journal of
Investigative Medicine, vol. 51, no. 1, pp. 42–49, 2003.

[22] R.-S. Yu, L. Hao, F. Dong et al., “Biochemical metabolic
changes assessed by 31P magnetic resonance spectroscopy after
radiation-induced hepatic injury in rabbits,” World Journal of
Gastroenterology, vol. 15, no. 22, pp. 2723–2730, 2009.

[23] S.-J. Seo, I.-Y. Kim, Y.-J. Choi, T. Akaike, and C.-S. Cho,
“Enhanced liver functions of hepatocytes cocultured with NIH
3T3 in the alginate/galactosylated chitosan scaffold,” Biomateri-
als, vol. 27, no. 8, pp. 1487–1495, 2006.

[24] T. H. Kim, I. K. Park, J. W. Nah, Y. J. Choi, and C. S. Cho,
“Galactosylated chitosan/DNA nanoparticles prepared using
water-soluble chitosan as a gene carrier,” Biomaterials, vol. 25,
no. 17, pp. 3783–3792, 2004.

[25] Y. Maitani, K. Kawano, K. Yamada, T. Nagai, and K. Takayama,
“Efficiency of liposomes surface-modified with soybean-
derived sterylglucoside as a liver targeting carrier in HepG2
cells,” Journal of Controlled Release, vol. 75, no. 3, pp. 381–389,
2001.

[26] S. Gao, J. Chen, X. Xu et al., “Galactosylated low molecular
weight chitosan as DNA carrier for hepatocyte-targeting,”
International Journal of Pharmaceutics, vol. 255, no. 1-2, pp. 57–
68, 2003.

[27] C. Yin, L. Ying, P.-C. Zhang et al., “High density of immobilized
galactose ligand enhances hepatocyte attachment and function,”
Journal of Biomedical Materials Research A, vol. 67, no. 4, pp.
1093–1104, 2003.

[28] K. Leung, Molecular Imaging and Contrast Agent Database
(MICAD), National Center for Biotechnology Information
(US), Bethesda (MD), 2004–2013, http://www.ncbi.nlm.nih
.gov/books/NBK5330/.

[29] A. Akinc, W. Querbes, S. De et al., “Targeted delivery of
RNAi therapeutics with endogenous and exogenous ligand-
based mechanisms,”Molecular Therapy, vol. 18, no. 7, pp. 1357–
1364, 2010.

[30] E. B. Dizhe, B. N. Akifiev, B. V.Missul et al., “Receptor-mediated
transfer of DNA-galactosylated poly-L-lysine complexes into
mammalian cells in vitro and in vivo,” Biochemistry, vol. 66, no.
1, pp. 55–61, 2001.

[31] A.Murao,M.Nishikawa, C.Managit et al., “Targeting efficiency
of galactosylated liposomes to hepatocytes in vivo: effect of lipid
composition,” Pharmaceutical Research, vol. 19, no. 12, pp. 1808–
1814, 2002.

[32] Z. Xu, L. Chen, W. Gu et al., “The performance of docetaxel-
loaded solid lipid nanoparticles targeted to hepatocellular
carcinoma,” Biomaterials, vol. 30, no. 2, pp. 226–232, 2009.



Hindawi Publishing Corporation
Gastroenterology Research and Practice
Volume 2013, Article ID 617967, 8 pages
http://dx.doi.org/10.1155/2013/617967

Review Article
Enterovesical Fistulae: Aetiology, Imaging, and Management

Tomasz Golabek,1 Anna Szymanska,2 Tomasz Szopinski,1 Jakub Bukowczan,3

Mariusz Furmanek,4 Jan Powroznik,5 and Piotr Chlosta1

1 Department of Urology, Collegium Medicum of the Jagiellonian University, Ulica Grzegorzecka 18,
31-531 Cracow, Poland

2Department of Interventional Radiology and Neuroradiology, Medical University of Lublin, Ulica Jaczewskiego 8,
20-954 Lublin, Poland

3Department of Endocrinology and Diabetes, Royal Victoria Infirmary, Queen Victoria Road, Newcastle upon Tyne NE1 4LP, UK
4Department of Radiology, Central Clinical Hospital Ministry of Interior in Warsaw, ul. Wolowska 137, 02-507 Warsaw, Poland
5The 1st Department of Urology, Postgraduate Medical Education Centre, European Health Centre in Otwock,
ul. Borowa 14/18, 05-400 Otwock, Poland

Correspondence should be addressed to Tomasz Golabek; elementare@op.pl

Received 3 September 2013; Accepted 29 October 2013

Academic Editor: Iwona Sudoł-Szopinska

Copyright © 2013 Tomasz Golabek et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background and Study Objectives. Enterovesical fistula (EVF) is a devastating complication of a variety of inflammatory and
neoplastic diseases. Radiological imaging plays a vital role in the diagnosis of EVF and is indispensable to gastroenterologists
and surgeons for choosing the correct therapeutic option. This paper provides an overview of the diagnosis of enterovesical
fistulae. The treatment of fistulae is also briefly discussed. Material and Methods. We performed a literature review by searching
theMedline database for articles published from its inception until September 2013 based on clinical relevance. Electronic searches
were limited to the keywords: “enterovesical fistula,” “colovesical fistula” (CVF), “pelvic fistula”, and “urinary fistula”. Results. EVF is
a rare pathology. Diverticulitis is the commonest aetiology. Over two-thirds of affected patients describe pathognomonic features
of pneumaturia, fecaluria, and recurrent urinary tract infections. Computed tomography is the modality of choice for the diagnosis
of enterovesical fistulae as not only does it detect a fistula, but it also provides information about the surrounding anatomical
structures. Conclusions. In the vast majority of cases, this condition is diagnosed because of unremitting urinary symptoms after
gastroenterologist follow-up procedures for a diverticulitis or bowel inflammatory disease. Computed tomography is the most
sensitive test for enterovesical fistula.

1. Introduction

Enterovesical fistula (EVF) represents an abnormal commu-
nication between the intestine and the bladder. Although
EVF are uncommon, they cause significant morbidity and
may markedly affect patient’s quality of life. Enterovesical
fistulae most frequently occur as a consequence of advanced-
stage disease or due to traumatic or iatrogenic injuries. The
diagnosis of EVF can be challenging and is often delayed for
several months after symptoms begin. Radiological imaging
plays a vital role in establishing the site, course, and complex-
ity of fistulae and in identifying an aetiological factor. This

paper describes the imaging appearances of enterovesical fis-
tulae and the option for their management.

2. Material and Methods

A comprehensive search strategy was applied for Med-
line/PubMed electronic database from its inception until
September 2013.We selected all human research articles pub-
lished in English, not classified as case report, editorial, com-
ment, letter, or news.The search strategy included the follow-
ing terms: “enterovesical fistula,” “colovesical fistula”, “pelvic
fistula” and “urinary fistula”.
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3. Results and Discussion

We found a total of 274 papers about urinary tract fistulae and
a total of 75 articles specifically related to EVF. Among these,
70 were original articles and 5 were reviews.

3.1. Aetiology of Enterovesical Fistulae. It is estimated that
enterovesical fistulae account for 1 in every 3,000 surgical
hospital admissions [1]. EVF most frequently occur in a
setting of inflammatory bowel disease. Diverticulitis is the
commonest aetiology accounting for approximately 65–79%
of cases, which are almost exclusively colovesical [2–5].
The relative risk for developing enterovesical fistula in the
presence of diverticular disease is between 1 and 4% [4, 6].
The underlying mechanism of it is a direct extension of rup-
tured diverticulum or erosion of a peridiverticular abscess,
into the bladder, and a phlegmon and abscess are the risk
factors for subsequent fistula formation [4, 5, 7]. The second
most common cause of EVF is cancer (10–20% of cases),
followed by Crohn’s disease (5–7%) [4, 8, 9]. While only
approximately 2% of patients with Crohn’s disease develop
EVF, ileovesical fistula remains themost common type [8, 10].
Regional enteritis, secondary to the transmural inflammation
characteristic of Crohn’s colitis,may result in adherence to the
bladder with subsequent erosion into the organ and further
fistula formation [8, 9].Themean duration of Crohn’s disease
at the time of onset of EVF-related symptoms is 10 years and
an average patient’s age is 30 [9]. Less-common inflammatory
causes of EVF include Meckel’s diverticulum, genitourinary
coccidioidomycosis, pelvic actinomycosis, and appendicitis
[11–14]. Advanced-stage colon and bladder malignancies
account for up to one-fifth of all cases, with the latter being
extremely rare [4, 15]. Other urogenital malignancies, as well
as lymphoma, cause EVF only occasionally [16, 17].The iatro-
genic aetiology of enterovesical fistulae may occur as a con-
sequence of general surgical procedures (particularly for col-
orectal cancer, diverticulitis, or inflammatory bowel disease),
as well as vascular and urological interventions [18, 19]. Fis-
tulae may also develop as a complication of both chemo- and
radiation therapy. External beam radiation or brachytherapy
to the bowel in the treatment field can precipitate fistula
formation by inducing progressive endarteritis obliterans,
which subsequently may result in necrosis and breakdown of
mucosal surfaces [20]. Radiation-associated fistulae usually
develop years after radiation therapy for gynaecological or
urological malignancies [20, 21]. Enterovesical fistulae, sec-
ondary to cytotoxic therapy, are extremely rare and have been
previously reported in a patient undergoing chemotherapy
for non-Hodgkin’s lymphoma [22]. Other uncommon causes
of EVF include penetrating abdominal or pelvic injuries and
foreign bodies in the bowel and peritoneum [5, 23].

3.2. Types of Enterovesical Fistulae. Classification of entero-
vesical fistulae is based on the bowel segment involved. All
EVF can be divided into the following 4 primary categories:
(i) colovesical, (ii) rectovesical (including rectourethral), (iii)
ileovesical, and (iv) appendicovesical fistulae.While colovesi-
cal fistula is the most common form of vesicointestinal fistula
and ismost frequently located between the sigmoid colon and

the dome of the bladder, rectovesical fistulae are observed in
the postoperative setting (i.e., after prostatectomy) [24]. A key
consideration in determining optimal management of EVF is
not only the termination point of the fistula tract but also the
complexity of the fistula itself. Simple enterovesical fistulae
are usually small and single and occur in nonradiated tissue.
Complex EVF are larger, have multiple tracts, often develop
in a previously irradiated tissue, and are commonly accom-
panied by a pelvic abscess or a colonic obstruction [2, 21].

3.3. ClinicalManifestations andDiagnosis. Symptoms of vesi-
coenteric fistulaemay originate fromboth the urinary and the
gastrointestinal tracts. However, patients with EVF usually
present with lower urinary tract symptoms, which include
pneumaturia (the most common symptom present in 50–
70% of cases), fecaluria (reported in up to 51%), frequency,
urgency, suprapubic pain, recurrent urinary tract infections
(UTIs), and haematuria [5, 8, 21, 25]. Over 75% of affected
patients describe pathognomonic features of pneumaturia,
fecaluria, and recurrent UTIs due to Escherichia coli, col-
iform bacteria, mixed growth, or enterococci [4, 5, 21]. The
hallmark of enterovesical fistulae is Gouverneur’s syndrome
characterised by suprapubic pain, frequency, dysuria and
tenesmus [26]. Physical signs include malodorous urine and
debris in the urine, as well as less commonly reported fever.
Additionally, symptoms of an underlying disease causing the
fistula may be present. In patients with fistulating Crohn’s
disease, abdominal pain, abdominal mass, and abscess are
more common [27].

3.4. Diagnostic Algorithm. The diagnosis of an enterovesical
fistula poses a significant challenge as there is no consensus
on any clear gold standard for EVF workup. A review of the
literature showed that enterovesical fistulae are most com-
monly diagnosed based on clinical evidence. Nevertheless,
diagnostic verification of EVF is necessary not only to estab-
lish the presence of a fistula but also to exclude stricture of the
bowel and presence of abscess and to evaluate the anatom-
ical region of involved intestine to guide the subsequent
surgery [28]. Although cystoscopy, with the highest yield
in identifying a potential lesion, is an essential component
of the entire investigation process, its findings are usually
nonspecific and include erythema, oedema, and congestion.
Endoscopic evaluation of the urinary bladder fails to identify
EVF in 54–65% of cases [4, 25, 28]. Colonoscopy is not
particularly valuable in detecting fistulae. A detection rate for
EVF can be as low as 8.5% and does not usually exceed 55%
[25, 29, 30]. However, as 10%–15% of colovesical fistulae are
secondary to neoplasms, endoscopic examination of the large
bowel should be an integral part of CVF workup. It is helpful
in determining the nature of the bowel pathology responsible
for the fistula formation [4, 5, 25].

The poppy seed test involves oral intake of 50mg of poppy
seeds mixed in beverage or yoghurt. Since seeds remain
largely undigested through the gastrointestinal tract, they
may appear in urine within 48 hours following intake which
is considered a positive confirmatory test for enterovesical
fistula. Kwon et al. compared the accuracy of the poppy seed
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History suggestive of enterovesical 
fistula

USS of the abdomen and pelvis

Poppy seed test

Abdominopelvic CT with contrast 
and/or MRI in case of 

contraindication to radiation or 
contrast or when complex fistulae

present

Cystoscopy with biopsy ±

colonoscopy with biopsy in case of
colovesical fistula

Figure 1: Diagnostic imaging and procedures algorithm for enter-
ovesical fistulae.

test with CT scanning and nuclear cystography in 20 patients
with surgically confirmedfistulae.Thepoppy seed test yielded
a 100% detection rate, whereas CT scanning and nuclear
cystography yielded rates of 70% and 80%, respectively. The
poppy seeds test is inexpensive and easy to perform; however,
it provides little detail regarding the location and type of
fistula present [29].

The proposed algorithm for diagnosis of enterovesical
fistula is presented in Figure 1.

4. Imaging Techniques and Appearances

4.1. Ultrasonographic Examination. Ultrasonography (USS)
may be useful in the diagnosis of colovesical fistulae. In
some instances, the fistula is easily identified, with no addi-
tional manoeuvers needed [31]. Its detection rate in small
series reached 100% [32]. The yield of the transabdominal
ultrasonographic examination for suspected fistula can be
enhanced by the use of abdominal compression, which
reveals an echogenic “beak sign” connecting the peristaltic
bowel lumen and the urinary bladder [33]. The identification
of the ureteric orifices with their associated urinary jets
and the use of lower abdominal compression are essential
components of this technique.

Anorectal, transrectal, and transvaginal ultrasonography
can help to identify a fistulous tract, as well as its relation
to the adjacent anatomical structures (Figures 2(a), 2(b), and
2(c)) [34, 35].

4.2. Computed Tomography Examination. Computed tomog-
raphy (CT) is the modality of choice for the diagnosis of
enterovesical fistulae due to its high sensitivity for the detec-
tion of EVF, but more importantly it provides essential addi-
tional information about the adjacent anatomical structures

[5, 25, 36]. Moreover, the underlying pathology of colovesical
fistulae is, in the majority of cases, an extraluminal disease
process, and CT scanning is an optimal modality to detect
pericolic complications of the diverticular disease [2–5, 7].
The diagnostic accuracy of computed tomography for detect-
ing colovesical fistulae is up to 90–100% [5, 36–38]. CT scan-
ning should be performed following oral administration of
contrast but prior to intravenous administration of contrast,
in order to permit detection of Gastrografin or other diluted
iodinated contrast agents within the bladder. The findings on
CT, which are suggestive of enterovesical fistula include (i) air
in the bladder (in the absence of previous lower urinary tract
instrumentation), (ii) oral contrast medium in the bladder
on nonintravenous contrast enhanced scans, (iii) presence of
colonic diverticula, and (iv) bladder wall thickening adjacent
to a loop of thickened intestine (Figures 3, 4(a), and 4(b))
[4, 5, 37, 39]. The pathognomonic finding of air within the
urinary bladder contributes to the high diagnostic accuracy
of CT in detecting EVF; however, false positives may occur
following recent lower urinary tract instrumentation or due
to active urinary tract infection with a gas-forming organism.

Compared with conventional axial CT imaging, 3-
dimensional CT provides better visualisation of the anatomi-
cal relationship of the bladder and EVF to adjacent structures
[40, 41]. Majority of modern CT scanners can acquire a
raw data volume enabling almost immediate three planar
reconstruction without additional cost.

4.3.Magnetic Resonance Imaging. Although computed tomo-
graphy is the modality of choice in evaluation of colovesical
fistulae, the actual fistulous tract is identified on CT only
occasionally [36, 37]. Magnetic resonance imaging (MRI) has
excellent intrinsic soft tissue resolution together with its mul-
tiplanar imagining capability. Moreover, MRI allows accurate
depiction of fistulous tract without the necessity of direct
opacification required in CT scanning. Its use in colovesical
fistulae is well established and its sensitivity and specificity
reach up to 100% [25, 42–44]. The appearance of a fistula on
MRI depends whether it is filled with fluid, air, or a combina-
tion of both. Therefore, the use of combined sequences is
ideal. T1-weighted images delineate the extension of the
fistula relative to sphincters and adjacent hollow viscera and
show inflammatory changes in fat planes. On T2-weighted
images, the fistula typically produces a high-signal-intensity,
fluid-filled communication, whereas the air-filled fistulous
tract is seen as a low signal intensity, regardless of the pulse
sequence used [43, 44]. In cases of fistulae due to divertic-
ulitis, abscess (containing high-signal fluid on T2-weighted
images) is commonly seen lying between the inferior wall of
the sigmoid colon and the superior bladder wall (which is
thickened and inflamed) [42].

Use of intravenous gadolinium enhancement signifi-
cantly improves the detection of bladder fistulae. Early
postgadolinium T1-weighted images show enhancement of
tract walls and signal void fluid centrally [44]. Both axial and
sagittal planes are useful for the detection of enterovesical
fistulae [42–44]. Use of short tau inversion-recovery (STIR)
images has not been established in the literature yet. Although
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(a) (b)

(c)

Figure 2: Rectovesical fistula: anorectal endosonographic view of a fistulous orifice in the urinary bladder (arrows) (a), transrectal
ultrasonographic view of a fistulous orifice (arrows) located 6mm from the internal outlet of the bladder (crosses) (b), and transrectal
ultrasonographic view of a fistulous tract adjacent to the left lobe of the prostate (arrows) (c).

Figure 3: Colovesical fistula: axial image in the delayed phase of CT
urogram demonstrates bladder and rectal wall thickening (arrows)
with contrast present in both (∗).

MRI allows for a precise delineation of fistulous tracts, its
high cost and the common lack of MRI access within the
emergency room limit its use to more complex elective cases.

4.4. Radiographic Examinations. A plain abdominal X-ray is
not generally helpful, although when taken with the patient
standingmay show an air-fluid level within the bladder. Simi-
larly, intravenous urography fails to demonstrate the fistula,
unless the patient has severe outlet obstruction [45].

Barium enemas (BE) have a limited role in the diag-
nosis of enterovesical fistulae due to a low sensitivity of
approximately 30% [29, 46]. However, it may be useful in
differentiating diverticular disease from colonic cancer as a
cause of EVF. Radiographic examination of centrifuged first
urine sample obtained immediately after a nondiagnostic BE,
called the Bourne test, may significantly enhance the yield
of the barium study [46, 47]. Radiodense particles detected
in the urine sediment confirm the presence of a fistula [40,
41]. A detection rate for colovesical fistulae can even reach
90% [46]. However, currently its role in an enterovesical
fistula workup ismarginal since CT and othermore advanced
studies provide explicit information regarding not only the
presence or absence of a fistula butmore importantly about its
location, complexity, and surrounding anatomical structures.

Enterovesical fistulae may be evaluated with cystography
which may demonstrate contrast outside the bladder; how-
ever, it is less likely to demonstrate a fistula [25]. A detec-
tion rate for enterovesical fistula ranges between 20% and
30% [29]. The herald sign is a crescentic defect on the upper
margin of the bladder and it represents a perivesical abscess.
The pathognomonic finding of colovesical fistula is the “bee-
hive” sign caused by the elevation of the bladder wall at the
vesical end of the fistulous tract [5, 48].

The use of Tc-99m DTPA as a valuable method in
diagnosis of enterovesical fistula has been reported [49, 50].
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(a) (b)

Figure 4: Colovesical fistula: axial image of contrast enhanced CT of the abdomen and pelvis demonstrates air in the bladder (arrow) and
thickened left bladder wall (a); sagittal image shows bladder wall thickening (arrow) adjacent to a loop of thickened sigmoid colon (arrow
head) (b).

It is a simple and readily available tool, which provides ana-
tomic as well as functional information about the urinary
tract.Moreover, itmay demonstrate the presence and location
of a fistula indicated by the passing of the radioactive urine
from the urinary system into the bowel. The severity of EVF
can be determined by assessing the urine flow rate that passes
through the fistula [51].

Because of the superiority of CT scanning, as a tool for
diagnosis and treatment planning, plain cystography, and
radionuclide renography are only occasionally used in the
evaluation of enterovesical fistulae.

Advantages and disadvantages of diagnostic tests and
procedures used for detection of enterovesical fistulae are
presented in Table 1.

5. Management of Enterovesical Fistulae

5.1. Conservative Management. Nonoperative treatment of
enterovesical fistulae may be an option in nontoxic, min-
imally symptomatic patients with nonmalignant EVF ori-
gin, particularly in those with Crohn’s disease. A trial of
medical therapy including bowel rest, total parenteral nutri-
tion, antibiotics, steroids, immunomodulatory drugs, and
urethral catheter drainage may be warranted [52]. In patients
with colovesical fistulae, conservative management has been
reported to be associated with the same disease-specific mor-
tality as with the surgical treatment [28, 53]. However, others
have found significantly more deaths related to poor physical
condition, progression of malignant disease, and the septic
effect of the EVF [30, 54]. Therefore, nonsurgical manage-
ment of colovesical fistulae is generally reserved for patients
unfit for major intervention or with extensive unresectable
neoplastic process. In those cases, medical therapy with
catheter drainage of the bladder alone or supravesical percu-
taneous diversion could be beneficial. However,most patients
will require a diverting stoma in due course of a disease.

5.2. Surgical Repair. Endoscopic, open, and laparoscopic
approaches have all been used in surgical treatment of entero-
vesical fistulae [2, 8, 52, 55–59]. Colonoscopic closure of iatro-
genic perforations <1 cm is a valuable option of a minimally

invasive treatment. In such cases, repair of the perforation
can be achieved using the TriClip device [55]. Endoscopic
treatment of enterovesical fistulae due to colorectal cancer is
commonly associated with bowel stenosis and requires the
use of covered self-expanding metal stents. This technique
allows for the application of stents within the stenotic
bowel segment, even in the presence of a neoplastic, frag-
ile tissue, without further narrowing of its lumen. How-
ever, this method is contraindicated in the management of
enterovesical fistula caused by diverticulitis as stent place-
ment is associated with high risk of the colon perforation
[60].

Operative management of enterovesical fistulae is mainly
dependent on the underlying pathology, site of the bowel
lesion, and patient’s preoperative status. Both open and lap-
aroscopic approaches have been used for the treatment of
enterovesical fistula [2, 8, 57, 58]. The aim of operative man-
agement is to resect and reanastomose the offending bowel
segment and to close the bladder. The treatment may involve
single-stage or multistage procedures [2, 52]. The former
involves resection and primary anastomosis without a pro-
tective colostomy, whereas, during the latter, resection and
primary anastomosis with colostomy and/or Hartmann pro-
cedure are performed (two-stage procedure) with later clo-
sure of the stoma (three-stage approach). Staged procedures
have been advocated in patients with gross faecal contami-
nation and large intervening pelvic abscesses or in those with
advancedmalignancy or radiation changes [2, 8].Historically,
proximal defunctioning procedures as sole interventions
have been recommended in the management of EVF [61].
Although they are associated with low surgical trauma, they
are unlikely to result in a fistula tract closure. Moreover, a
fistula often recurs following reversal of a colostomy and
patients may still remain prone to urinary sepsis [53].

Bowel resection with primary anastomosis is advocated
in the majority of EVF cases [2, 25]. Successful one-stage
resections have been reported in 18% to 92% of EVF cases [54,
62]. Surgical technique involves blunt dissection of the bowel
from the bladder, resection of the intestine, and primary
anastomosis. As an opening of a fistulous tract in the bladder
may not be directly visible, distention of the bladder with
methylene blue solution instilled through a catheter may



6 Gastroenterology Research and Practice

Table 1: Advantages and disadvantages of diagnostic tests and procedures used for the detection of enterovesical fistulae.

Modality Advantages Disadvantages

Cystoscopy Direct visualisation of the bladder
Allows for the biopsy of a lesion

Invasive test
Visualises only intraluminal content
Success rate of 35%–46%

Colonoscopy Helps to identify bowel pathology that caused a
colovesical fistula

Invasive test
Visualises only intraluminal content
Success rate of 8.5%–55%

Poppy seed test

Noninvasive
Inexpensive
Convenient to perform
Accuracy of up to 100%

Does not provide information on
fistula location and type

Transabdominal ultrasonography
No X-ray exposure
Inexpensive and available
Success rate of up to 100%

Does not provide more detailed
information regarding complexity of a
fistula

Abdominopelvic CT

Modality of choice
Diagnostic accuracy between 30 and 100%
Provides information about the complexity of a
fistula and the surrounding anatomical structures

X-ray exposure
Expensive
Often fails to identify fistulous tract

MRI
No X-ray exposure
Helpful in complex cases
Success rate of up to 100%

Expensive
Limited availability

Barium enema
Useful in differentiating diverticular disease from
colonic cancer
Low perforation rates (<1%)

X-ray exposure
Barium peritonitis
Visualises only intraluminal content
Detection rate of approximately 30%

Bourne test Inexpensive
Detection rate for colovesical fistulae of up to 90%

Does not provide information on
fistula location and type

Cystogram Easy to perform
Available

X-ray exposure
Low detection rate
Does not provide information on
fistula location
Not helpful in case of a complex fistula

be helpful. The type of bladder repair, whether excision or
oversewing, is not of critical importance since small defects
do not require closure and may be left to heal spontaneously
[63]. Although no strong evidence is available, if technically
possible, interposition of the omental flap between the blad-
der and intestine may be employed. Such maneuver might
improve healing process and reduce the fistula recurrence
rate due to high vascularity and immunological properties of
the omentum [64].

Surgical management of radiation-induced enterovesical
fistulae is challenging and in severe cases impossible as no
clear planes between the anatomical structures can be iden-
tified. Moreover, radiation-induced fistulae are more likely
to recur. Hence, in such patients, a proximal defunctioning
stoma may be an option as it can improve their quality of
life.

The outcome of enterovesical fistulae management is, in
the majority of cases, excellent. Postoperative recurrence of
EVF is uncommon in patients with benign and nonradiation-
induced fistulae. Persistence of a fistula after presumably
definitive treatment may also be related to malignancy,
nutritional issues, unrecognised foreign body, or surgical fac-
tors.

6. Conclusions

Enterovesical fistulae are an uncommon complication of both
benign and malignant processes. The diagnosis of EVF may,
however, be challenging. With a high index of suspicion
for fistula formation in patients presenting with symptoms
suggestive of abnormal communication between the intestine
and the bladder, appropriate radiological investigation can
lead to a significant reduction in morbidity. Recognition of
a fistulous tract, delineation of its course, and characterisa-
tion of its complexity affect the EVF management. In this
respect, cross-sectional imagingwithCTandMRI remains an
ideal modality option in patients with enterovesical fistulae.
Management of EVF is mainly dependent on the underlying
pathology, site of the bowel lesion, and patient’s preoperative
performance status. Surgical one-stage strategy is a preferred
option in most of the cases.
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Purpose. To compare the diagnostic accuracy of hepatospecific contrast-enhanced MRI versus triple-phase CT scan after
radiofrequency ablation (RFA) in hepatocellular carcinoma (HCC) patients. Methods. Thirty-four consecutive HCC patients (42
hepatic nodules) were treated with percutaneous RFA and underwent MR and CT scans. All patients were enrolled in a research
protocol that included CT with iodized contrast medium injection and MR with hepatospecific contrast medium injection. All
patients were restaged within four weeks and at 3 months from ablation.The images were reviewed by four different radiologists to
evaluate tumor necrosis, residual or recurrence disease, and evidence of new foci. Results. Thirty-two nodules were necrotic after
treatment; 10 showed residual disease. Six new HCCs were identified. At first month followup CT has identified 34 necrotic lesions
and 8 residual diseases; no new foci were recognized. AtMRI instead, 32 complete necrotic lesions were identified, 10 lesions showed
residual disease, and 2 newHCCswere found. At threemonths, CT demonstrated 33 completely necrotic lesions, 9 residual diseases,
and 2 newHCCs.MR showed 31 complete necrotic lesions, 11 cases of residual disease, and 6 newHCCs.Conclusions. Hepatospecific
contrast-enhanced MRI is more effective than multiphase CT in assessment of HCC treated with RFA.

1. Introduction

Hepatocellular carcinoma (HCC) is one of themost common
causes of cancer death worldwide [1]. Although surgical
resection offers a better curative option than nonsurgical
treatments, it is not an option for the majority of patients
because of the presence of poor hepatic function and the
typically advanced nature of the disease at presentation [2].

Effective nonsurgical treatment of HCC includes
radiofrequency ablation (RFA). Several randomized
controlled trials have demonstrated that RFA is able to
achieve higher rates of complete tumor ablation using fewer
sessions, with tumor necrosis rates of 90–95% in solitary

HCC under 4 cm [3–7]. Assessing the effectiveness of RFA
is critical in determining the success of treatment and in
guiding future therapy. However, current imaging modalities
and imaging response criteria are limited in their ability to
provide clinically satisfactory information about the extent
of tumor necrosis, which is essential in determining patient
prognosis [8].

In 2000, have been established common parameters to
define cancer response to therapy by means of the introduc-
tion of the Response Evaluation Criteria in Solid Tumors
(RECIST). RECIST 1.1, published in January 2009, was an
update to the original criteria [3]. Both criteria were based
on decrease in tumor size as evidence of successful therapy
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[9] resulting inadequate when new antcancer therapies are
considered, being the response, quantified in terms of tumor
necrosis, and not often correctly evaluated through the “one-
dimensional assessment” of treated tumors. Such difficulties
emerged with the introduction of regional therapies, lead-
ing to the development of new imaging evaluation criteria
focused on tumor vascularization assessment, cell necrosis,
mobility of water molecules, and concentration of particular
metabolites in the context of tumor, pointing to a multipara-
metric evaluation that could add more accurate data than
“one-dimensional” assessment. European Association for the
Study of the Liver (EASL), in accordance with the guidelines
of the American Association for the Study Liver Diseases
(AASLD), recommended the assessment of lesion contrast
enhancement through an MDCT examination, as “standard
approach” to evaluate HCC response to therapy after local
regional therapies.

Thedecrease in viable cellmass is not necessarily reflected
by changes in tumor size, and tumors may not decrease in
size after RFA despite the fact that they are nonviable [10, 11].
Tumors may apparently increase in size, and this is caused
by inclusion around the treated lesion of a safety margin to
improve clinical ablation success [11]. CT is the most widely
used modality to confirm the technical success of RFA [12]
even if MRI due to its intrinsic imaging capabilities and the
absence of radiation exposure has been well shown as an
alternative candidate to MDCT examination.The availability
of biphasic contrastmedia, such as gadoxetate disodium,with
a combined vascular and an elective hepatocytic uptake, is
potentially able to offer more chance to standardize HCC
followup after treatment, offering at the same time amorpho-
logical imaging combined with a purely functional imaging
[4]. Gadoxetate disodium is a gadolinium-based liver specific
MR contrast agent that differs frommost of other gadolinium
agents in possessing substantially increased r1 relaxivity in
blood, which can be used to either reduce the dose of
contrast medium or increase the degree of both vascular
and parenchymal contrast enhancement. Furthermore, since
about half of the gadoxetate disodium amount is eliminated
through the hepatobiliary pathway, liver-specific imaging
during the delayed hepatobiliary phase can be performed to
improve both lesion detection and lesion characterization.

Moreover, according to EASL criteria, MRI for its intrin-
sic contrast resolution is particularly suitable in “identifica-
tion” and “quantization” of the necrosis induced by ablative
therapies. Liver-specific MR contrast agents having differ-
ent pharmacokinetics, compared to traditional gadolinium
chelates, opened new interesting perspectives in terms of
diagnostic accuracy particularly when residual active tumor,
“benign enhancement,” and perilesion tissue must be differ-
entiated; in the context of a cirrhotic liver new malignant
nodules can develop. MRI with liver-specific contrast agent
can be used to confirm the technical success of RFA [13].

Aim of this study was to evaluate the diagnostic accu-
racy of magnetic resonance imaging (MRI) by liver-specific
contrast agent, gadoxetic acid (Gd-EOB-DTPA, Primovist),
when compared with multidetector computed tomography
(MDCT) after radiofrequency ablation (RFA), to assess the
evidence of residual tumor tissue.

Table 1: Demographics, etiology of cirrhosis, and clinical stage of
the 34 patients.

Patients Score
Age (mean ± standard deviation) 60 ± 10

Sex (male/female) 2/1
Aetiology

Virus B 14
Virus C 10
Alcohol 6
Others 4

Child-pugh
A 8
B 25
C 1

Alpha-fetoprotein (ng/mL) 40–100

2. Materials and Methods

2.1. Patients. This study was approved by our institutional
review board, and written informed consent was obtained
from all patients. Between March 2009 and May 2010, 34
consecutive patients with 42 pathologically proven HCCs
(diameter between 16 and 40mm) were treated with RFA
under sonography guide (Table 1).

All RFA treatments were carried out with the patient
under general anesthesia and tracheal intubation, in the oper-
ating room, under sonographic guidance.One grounding pad
was placed on the posterior surface of each thigh. A 250W
monopolar instrument (Radiotherapeutics, Mountain View,
CA, USA), with a 12-hook 14G electrode (LeVeen needle
electrode) generating a 4 cm array diameter, was used. RFA
treatment consisted typically of two phaseswith a one-minute
cooling interval. The first RFA application lasted about 7
minutes while the second lasted about 2 minutes.

2.2. Imaging Technique. All patients underwent both a triple-
phase MDCT and MR examinations, before RFA, at 1M
and at 3M after RFA. Contrast-enhanced triple-phase helical
MDCT was performed with a 16-detector row scanner (Bril-
liance 16, Philips Medical Systems, Eindhoven, the Nether-
lands). MDCT scanning parameters were 120 kVp, 189–
200mAs, 5mm slice thickness with an increment (overlap)
of 2.5mm, and table speed of 18.75–26.75mm/rotation (pitch
0.828–1.07). Scans were performed in craniocaudal direction.
Scans were carried out including a region encompassing liver
from diaphragm dome to iliac crests as follows: hepatic arte-
rial phase scanning began 30–40 s after injection of 120mL of
a nonionic iodinated contrastmedia (CM, iomeprol, Iomeron
400, Bracco, Italy) at a rate of 4mL/s with a bolus-triggered
technique (120 kVp; 40–60mA; monitoring frequency from
12 seconds after the contrast injection; trigger threshold, 100
HUs in descending aorta; delay from trigger to initiation
of scan, 18 seconds); portal and equilibrium phases were
obtained scanning the same region respectively 70 seconds
and 180 seconds after CM injection. CM was administered
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through antecubital vein with an automated injector system
(Empower CTA, E-Z-EM Inc., New York, NY).

MRI examination was performed with a 1.5-TMR system
(Magnetom Symphony, upgraded to Total Imaging Matrix
Package, Siemens, Erlangen, Germany) with an eighteen-
channel body surface phased-array coil.The liver was imaged
in the axial plane in all patients both before and after
administration of gadoxetic acid (Primovist, Bayer Schering
Pharma, Germany) at a dose of 0.1mL/kg (0.25mmol/mL).
The contrast agent was administered IV at a rate of 2mL/s
followed by a 20mL saline flush through the antecubital vein
with a power injector (Spectris Solaris EP MR; MEDRAD,
Inc., Indianola, PA).

The MRI protocol included a respiration triggered T1-
weighted turbo field-echo in-phase and out-of-phase acqui-
sition (TR/TE 160/2.35–4.87ms, flip angle 70∘, slice thickness
5mm, gap 20%, base resolution 256mm, phase resolution
90%, and parallel imaging using Generalized autocalibrating
partially parallel acquisition (GRAPPA) with acceleration
factor 2, acquisition time 33 s) and a breath-hold multi-
shot T2-weighted acquisition with and without fat sup-
pression (TR/TE 1500/90ms, flip angle 170∘, slice thickness
5mm, gap 0mm, base resolution 320mm, phase resolution
78%, and GRAPPA with acceleration factor 2, acquisition
time 45 s). For gadoxetic acid-enhanced MRI, unenhanced,
arterial phase (20–35 s), portal phase (70 s), equilibrium
phase (3min.), and delayed hepatobiliary phase (20min.)
imageswere obtainedwith aT1-weighted 3D turbo-field-echo
sequence (T1 high-resolution isotropic volume examination,
Vibe, Siemens Healthcare) (TR/TE 4.80/1.76ms, flip angle
12∘, slice thickness 3mm, gap 20%, base resolution 320mm,
phase resolution 70%, and GRAPPA with acceleration factor
2, acquisition time 18 s).

2.3. Images Review. Four blinded observers with at least 7
years’ experience in interpretation of MR and CT images of
the liver independently and randomly reviewed the CT and
MR images acquired at one and at three months after RFA.
The four reviewers had all been involved in the original stud-
ies. The interval between reviews of the CT and MR images
was at least 15 days. The observers recorded in consensus the
presence and segmental location of the treated lesions, using
a 4-point confidence scale (score) based on published studies
on HCC [14]: 1, no residual HCC; 2, probably no residual
HCC; 3, probable residual HCC; 4, definite residual HCC.
They also evaluated the presence of newHCC using the same
4-point confidence scale both for arterial phase, portal phase,
and hepatobiliary phase. In clinical practice at our institution,
nodules that become enhanced in the arterial phase and show
a washout pattern in the portal or equilibrium phase with
or without capsular enhancement at triple-phase MDCT are
considered HCC. So treated lesions that show an area that
becomes enhanced in the arterial phase and have a washout
pattern in the portal or equilibrium phase are considered
still active lesions. Completely ablated lesions appear as a
hypoattenuating area with no foci of contrast enhancement
either within the lesion or at its periphery. Moreover, for
RF ablation to be complete, the entire tumor as well as

a peripheral safety margin of 0.5–1 cm of normal hepatic
tissue must be ablated.

The criteria for residual HCC and new foci of HCC
on gadoxetic acid-enhanced MR images were similar to
the criteria for the triple-phase CT pattern. In addition, a
hypointense nodule seen on gadoxetic acid-enhanced hep-
atobiliary phase MR images was considered HCC on the
basis of previous findings [15]. A hypervascular nodule seen
on gadoxetic acid-enhanced arterial phase MR images with
a washout pattern was considered HCC even though the
nodule appeared isointense or hyperintense relative to the
surrounding liver parenchyma on hepatobiliary phase images
[15]. On unenhanced T1- and T2-weighted MR imaging, the
signal intensity within the ablated lesion was reported too.

The standard reference for diagnosis of complete necrosis
was considered the subsequent CT andMR imaging, showing
persistent absence of contrast enhancement. All cases with
residual tumor tissue or with new nodules underwent biopsy.

2.4. Statistical Analysis. Sensitivity, specificity, negative pre-
dictive value and positive predictive value were reported for
both imaging techniques. Fischer tests were used in order
to evaluate statistical significance of table 2 × 2 for CT and
MRI [16]. Statistical analyses for the differences of calcu-
lated sensitivity and specificity values of TC and RM were
performed using McNemar test [17]. Statistical analyses for
the differences of calculated positive and negative predictive
values for each observer and technique were performed as
previous report [17]. An analysis of all false positive and
falsenegative observations was also undertaken.

The alternative free-response receiver operating charac-
teristic (ROC) analysis of all lesions was performed tumor
by tumor [18]. The area under the ROC curve, computed
using trapezoid rule integration, was used to assess the
diagnostic accuracy of each technique. A 𝑃 value < 0.05
was considered to indicate a statistically significant difference.
Statistical analysis was performed using statistic toolbox of
Matlab R2007a (Matworks, Natick, MA).

3. Results

At one month, CT detected 34 necrotic lesions, including 30
true necrotic lesions and 4 false negatives. Additionally, there
were 8 residual tumors detected by CT, including 6 true resid-
ual tumors (Figure 1(a)) and 2 false positives. CT failed to
recognize 2 newHCCs. At 1-month followup,MR detected 32
necrotic lesions, with 31 true necrotic lesions (Figure 2) and
1 false negative. Additionally, there were 10 residual tumor
diagnoses, with 9 true residual tumors (Figure 1(b)) and one
false positive. MR detected 2 new HCCs. MRI had a higher
sensitivity and specificity (McNemar test) than CT, at one
month, and the differences between the two techniques were
statistically significant (𝑃 < 0.05) (Table 2). Regarding the
positive and negative predictive values, significant differences
were seen between the two techniques with 𝑃 < 0.05.

At 3-month followup, CT detected 33 necrotic lesions
with 30 true necrotic lesions and 3 false negatives. There
were also 9 residual tumors, with 7 being true residual
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(a) (b)

Figure 1: 77-year-old man treated with RFA for HCC. (a) Arterial-phase, coronal Vibe T1-W FS at 1-month followup. Residual tumor tissue in
the cephalad portion of the treated area. (b) Coronal reformatted, artery-phase CT at 1-month followup. Residual tumor tissue in the cephalad
portion of the treated area.

(a) (b)

(c) (d)

Figure 2: 69-year-old woman treatedwith RFA forHCC. (a) Axial Haste T2-W, at 1-month followup; treated necrotic nodule, heterogeneously
isointense to hypointense. A dilatation of an intrahepatic biliary branch, as a complication of RFA, is recognizable. (b) Axial Vibe T1-w FS,
at 1 month followup: treated necrotic nodule, heterogeneously isointense to hyperintense, with peripheral hypointense rim. (c) At 1-month
followup arterial-phase scan MR image showing no contrast enhancement. (d) At 1-month followup postprocessing subtract image (arterial
phase and no contrast phase) showing no contrast enhancement.

Table 2: One-month followup results.

Sensitivity Specificity Positive predictive value Negative predictive value 𝑃 value
CT 6/12 (50%) 30/32 (94%) 6/8 (75%) 30/36 (83%) <0.01
MRI 11/12 (92%) 31/32 (97%) 11/12 (92%) 31/32 (97%) <0.001
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(a) (b)

(c) (d)

Figure 3: 66-year-old woman with an arteriovenous shunt after RFA for HCC. (a) Arterial-phase CT scan at 3-month followup. Enhancing
tissue close to the ablated area, incorrectly diagnosed as residual tumor. (b) Portal-phase CT scan at 3-month followup. Enhancing tissue
close to the ablated area, incorrectly diagnosed as residual tumor. The lack of washout should have raised the suspicion of a benign finding.
(c) Arterial-phase MR image at 3-month followup. Enhancing tissue close to the ablated area, incorrectly diagnosed as residual tumor. (d)
Portal-phase MR image at 3-month followup. The lack of wash-out and the same parenchymal enhancement identify the lesion as benign.

tumors and 2 being false positive diagnoses (Figure 3). CT
recognized 2 new HCC nodules, confirmed at biopsy. At 3-
month followup, MR detected 31 necrotic lesions, all being
true necrotic lesions with no false negative diagnosis. There
were 11 residual tumors with 10 being true residual tumors
(Figure 4) and one being a false positive. MRI detected 6
new HCCs, all confirmed at biopsy. The size of these new
nodules was 6–12mm (mean, 10mm). MRI showed a higher
sensitivity and specificity (McNemar test) than CT at three
months, and the difference between the two techniques was
statistically significant (𝑃 < 0.05) (Table 3). Regarding the
positive and negative predictive values, significant differences
were seen between the two techniques with 𝑃 < 0.05.

In Table 4, the CT score was reported to identify the false
positive at first and three months at arterial phase and portal
phase. At arterial phase CT characterizes both at first and
three months all lesions as residual diseases while at portal
phase only at three months seen the two lesions as probably
residual diseases.

In Table 5, the MR score were reported to identify the
false positive at first and three months at arterial phase,
portal phase, and hepatobiliary phase. At arterial phase MR
characterizes both at first and three months all lesions as
residual diseases, at portal phase only one lesion as probably

residuals at three months, and at hepatobiliary phase one
lesion as probably residual at one month and as probably
necrotic area at three months.

The gadoxetic acid-enhanced hepatobiliary phase MR
images allowed identifying false positive better than arterial
phase.

The area under curves calculated by ROC analysis were,
respectively, for the CT followup at one month 0.98, for the
CT followup at 3 months 0.99, for the MR followup at one
month 0.99, and for the MR followup at 3 months 1.

MR showed a major accuracy in the identification of
necrotic or residual lesions after RFA having a major area
under curve.

In Table 6, the CT and MR scores were reported to
identify new HCC at first months at arterial phase, portal
phase, and hepatobiliary phase. CT did not see any lesions
both at arterial than portal phase. MR characterized one
lesion probably as new HCC at arterial phase and two lesions
probably as new HCC at portal phase, while at hepatobiliary
phase MR characterized both lesions as HCCs.

In Table 7, the CT and MR scores were reported at three
months at arterial phase, portal phase, and hepatobiliary
phase. CT seen only two lesions (2/6; 33.3%) both at arterial
than portal phase. At arterial phase MR did not see two
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(a) (b)

(c) (d)

Figure 4: 50-year-old man with an ablated HCC at segment 6. At three months, MRI showed that at T2-W (a) and T2-W FS (b) there was no
inflammatory reactions while during arterial (c) and hepatospecific phase (d) residual disease was evident.

Table 3: Three-month followup results.

Sensitivity Specificity Positive predictive value Negative predictive value 𝑃 value
CT 9/16 (56%) 30/32 (94%) 9/11 (82%) 30/37 (81%) <0.01
MRI 16/16 (100%) 31/32 (97%) 16/17 (94%) 31/31 (100%) <0.001

Table 4: CT score at first (1M) and three months (3M) in arterial
phase (AP) and portal phase (PP) for false positive.

False positive AP CT score PP CT score

1M 4 4
4 4

3M 4 3
4 3

Table 5: MR score at first (1M) and three months (3M) in arterial
phase (AP), portal phase (PP), andhepatobiliary phase (HP) for false
positive.

False positive AP MR score PP MR score HP MR score
1M 4 4 3
3M 4 3 2

lesions while it characterized one lesions as probably new
HCC and three lesions as new HCCs (3/6; 50%). At portal
phase MR characterized three lesions as probably new HCC

and three lesions as new HCCs (3/6; 50%). At hepatobiliary
phaseMR characterized each lesion as newHCC (6/6; 100%).

The gadoxetic acid-enhanced hepatobiliary phase MR
images allowed identifying new small HCCs better than
arterial phase (Figure 5).

4. Discussion

Accurate imaging evaluation is important in determining
whether a tumor is completely treated or needs additional
treatment. Early detection of residual or locally recurrent
tumor after RF ablation of HCC is critical and can facilitate
successful retreatment at an early stage. Late diagnosis results
in peripheral regrowth andmakes retreatment difficult owing
to limited access [19].

Our study demonstrates that gadoxetate disodium-
enhanced MR imaging with combined interpretation of
dynamic and delayed hepatobiliary phase images signifi-
cantly improves the sensitivity in the detection of residual
HCC compared tomultidetector CT.The diagnostic accuracy
improved accordingly due to combined analysis of dynamic
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Table 6: CT and MR score at first months (1M) at arterial phase (AP), portal phase (PP), and hepatobiliary phase (HP) for new HCCs.

New HCC 1M AP CT score PP CT score AP MR score PP MR score HP MR score
1 1 1 3 3 4
2 1 1 2 3 4

Table 7: CT and MR score at three months (3M) at arterial phase (AP), portal phase (PP), and hepatobiliary phase (HP) for new HCCs.

New HCC 3M AP CT score PP CT score AP MR score PP MR score HP MR score
1 4 4 4 4 4
2 4 4 4 4 4
3 1 1 2 3 4
4 1 1 2 3 4
5 1 1 4 4 4
6 1 2 3 3 4

and hepatobiliary phase compared to dynamic MR imaging
alone and significant improvement for the combined analysis
compared with multidetector CT alone.

In our study, at followupCT, all completely ablated lesions
appear as a hypoattenuating area with no foci of contrast
enhancement either within the lesion or at its periphery;
treated areas with focal enhancement during arterial phase
and wash-out during portal and equilibrium phase were
considered still active tumors.

Unenhanced T1-W and T2-WMR imaging demonstrates
markedly heterogeneous signal intensity within the ablated
lesion. This variability in signal intensity, according to previ-
ous study, is caused by an uneven evolution of coagulation
necrosis and the host response to thermal injury over time
[20]. Gadolinium-enhanced dynamic MR imaging is known
to be a useful diagnostic method for evaluating therapeutic
response after RF ablation ofHCC [21]. As at CT, the presence
or absence of contrast enhancement in the treated lesion
is instructive. A tumor that has been completely treated
no longer enhances on gadolinium-enhanced dynamic MR
images. When a tumor is not completely treated, residual
or recurrent tumor is usually seen as focal and nodular
enhancement at the margin of the ablated lesion. During
the delayed hepatobiliary phase the residual tumor and the
ablated lesion appear as a hypointense area.

In our experience, the residual HCCs were detected and
assigned a high confidence score by all readers with the
inclusion of delayed hepatobiliary phase MR images.

Along with improvement in sensitivity and diagnostic
accuracy, a further advantage of the combined interpretation
of dynamic and hepatobiliary phaseMR images was the lower
number of false positive findings compared with those using
dynamic MR or CT image sets, with a consequent increase
in positive predictive value. In agreement with previously
published findings [22], most of our false positive results
were small arteriovenous shunts that were misinterpreted
as residual HCC because of their nodular appearance and
unequivocal arterial phase enhancement at eithermultidetec-
tor CT or dynamic MR imaging.

With combined interpretation of dynamic and delayed
hepatobiliary phase MR images, all arterial-portal venous
shunts were correctly assessed by each reader, including two

lesions that were prospectively misinterpreted by two readers
as residual tumor on dynamic CT images alone.

The advances in imaging technologymay also come at the
cost of detection of an increased number of hypervascular
liver lesions deemed too small to characterize, lesions that
might have gone unnoticed in the past. Although most of
these small undetermined lesions are nonneoplastic even in
patients with pathologically proved HCC [22], in the clinical
practice of radiology, any new hepatic lesion discovered at
followup imaging in a cirrhotic liver must be assumed to
represent anHCC until proved otherwise. On the basis of our
findings and similar results [22], we believe that, as an adjunct
to dynamicMR imaging, hepatobiliary phaseMR images can
improve the characterization of most of these undetermined,
diminutive lesions.

The four false negative CT examinations were attributed
to the reactive hyperemia in tissue surrounding the ablated
lesion that hides the residual tumor. The combined interpre-
tation of T2-W, dynamic and hepatobiliary phase MR images
has made it possible to identify residual tumor.

Peripheral rim enhancement resulting from reactive
hyperemia is usually uniform in thickness and envelops
the ablated lesion, whereas residual tumor demonstrates
focal and irregular peripheral enhancement. In addition,
peripheral rim enhancement representing reactive hyperemia
is high or isoattenuating during the portal venous and
equilibrium phases. Such reactive hyperemia in tissue sur-
rounding the ablated lesion may make accurate assessment
of therapeutic response difficult [21].

Moreover, for RF ablation to be complete, the entire
tumor as well as a peripheral safety margin of normal hepatic
tissue must be ablated. In all ablated lesions, in our study,
CT and MRI showed the ablated lesion to be larger than
the preablation tumor, while nine residual HCCs had equal
size preablation tumors. In only one case residual tumor was
placed at the edge of a large treated area.

The results of our study demonstrate also that, compared
with multiphasic 16-section multidetector CT, gadoxetate
disodium-enhanced MR imaging yields significantly higher
diagnostic accuracy and sensitivity for the detection of new
HCC in treated patients. Our data corroborate the results
of a recent study by Di Martino et al. [23], which showed a



8 Gastroenterology Research and Practice

(a) (b)

Figure 5: 63-year-old man with an ablated HCC at segment 5–8. (a) Portal-phase CT scan at 1-month followup. The necrotic lesion is
recognizable. (b) Hepatospecific phase MR image at 1-month followup. A new HCC is evident in the left lobe.

trend, although not statistically significant, toward improved
diagnostic accuracywith gadoxetate disodium-enhancedMR
imaging comparedwithmultidetector CT for the detection of
HCC particularly for smaller lesions, particularly those less
than 2 cm. In particular, our data showed that 4 HCCs (mean
size, 10mm) were detected, correctly, only with gadoxetate
disodium-enhanced MR imaging.

Our results are in opposition with findings of [24, 25]. In
fact, Watanabe et al. [24] report in the conclusion that the
incorporation of hepatocyte phase images did not improve
the diagnostic accuracy of gadoxetate disodium-enhanced
MRI for locally recurrent HCCs after RFA because the
reactive therapeutic response induced pseudolesions with
similar findings; the possible presence of these pseudole-
sions should be recognized by radiologists as a pitfall when
interpreting gadoxetate disodium-enhancedMR images after
RFA, especially by inexperienced radiologists. Motosugi et
al. [25] mentioned that over 10% of vascular pseudolesions,
such as arteriovenous shunts, show hypointensity in the hep-
atocyte phase and can be misinterpreted as HCC even with
the combined interpretation of hepatobiliary and dynamic
contrast enhanced MRI.

These findings can be explained because in this study the
interpretation of radiological data (residual tumor or necro-
sis) is the result of a combined assessment of the different
vascular phases with the addition of the hepatospecific phase;
therefore, an arterio-venous shunt or a vascular pseudolesion
presents a similar signal to vessels, easily recognizable by
an expert radiologist. The arteriovenous shunt or a vascular
pseudolesion show a different signal from the residual tumor
and tissue necrosis: in our series the residual of HCC
shows a washin and wash-out with constant hypointense
signal in the hepatospecific phase; an area of necrosis shows
constant hypointense signal in the different phases of the
study including hepato-specific phase; arteriovenous shunt or
a vascular pseudolesion shows isointense signal compared to
the vessels.

Our study has a number of limitations. The reviewers
had been involved in the original studies, and this may

have determined a recall bias. However, given the long time
interval between the exams and the revision sessions, we
believe that this recall biaswasminimized.No correlationwas
obtained with diffusion-weighted MR data. This was done
to compare the dynamic phases of CT and MRI. Diffusion
MRI offers relevant additional information, and now we have
started correlating the diffusion imaging with the dynamic
imaging of MRI.

In summary, the results of our study indicate that com-
bined interpretation of dynamic and hepatobiliary phase
MR images improves the diagnostic accuracy of gadoxetate
disodium-enhancedMR imaging for the detection of residual
HCC and new HCC in treated patients compared with either
dynamic MR or CT alone.
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The aim of the study was to assess how realiable is differential diagnosis and prognosis for endoscopic treatment with MR signal
characteristics as the qualitative parameter andmagnetic resonance cholangiopancreatography (MRCP) images in cases of bile duct
obstructions caused by solid masses.Material andMethods. Retrospective study of MR andMRCP images in 80 patients (mean age
58 ys) was conducted. Mean signal intensity ratio (SIR) from planar MR images and MRCP linear measurements were compared
between benign and malignant lesions and in groups including the size and number of stents placed during ERCP (< 10 F<) in 51
cases in which ERCPwas performed. Results. Significantly higher SIR values were encountered inmalignant lesions in T2W images
(𝑟 = 0, 0003) and STIR T2W images (𝑟 = 0, 0002). Malignant lesions were characterised by longer strictures (𝑟 = 0, 0071) and
greater proximal biliary duct dilatation (𝑟 = 0, 0024). High significance for predicting ERCP conditions was found with mean SIR
in STIR T2W images and stricture length. Conclusion. Probability of malignancy of solid lesions obstructing biliary duct increased
with higher SIR in T2W images and with longer strictures. Passing the stricture during ERCP treatment was easier and more
probable in cases of shorter strictures caused by lesions with higher SIR in STIR T2W images.

1. Introduction

There is an increase of number of patients undergoing
magnetic resonance (MR) prior to endoscopic retrograde
cholangiopancreatography (ERCP) [1, 2]. MR with magnetic
resonance cholangiopancreatography (MRCP) offers wide
range of qualitative and quantitative parameters character-
ising solid lesions resulting in biliary strictures allowing for
better planning of intervention methods to reduce number
of complications [1, 2].

Magnetic resonance imaging (MRI) plays an important
role in evaluation of hepatobiliary system in all hepatic,
suprapancreatic, and pancreatic segments. In many com-
parative imaging studies MRI shows similar or even higher
diagnostic accuracy in focal hepatic lesions detection than
multidetector computed tomography (MDCT, CT) [3–5].
When surroundings of the biliary tree in hepatic segment
are concerned, MRI appears to have higher ability of precise

characterization of observed hepatic lesions [3–5]. Also in
the imaging of the pancreatic region of biliary duct MRI is
significantly superior to CT in both detecting and excluding
malignant conditions [4]. Conventional T1-weighted and T2-
weighted images allow the evaluation of extraductal soft
tissues with increasing diagnostic accuracy by demonstrating
the extension of masses surrounding biliary duct [6–8].

Usually the value of differential diagnosis based on
T1- and T2-weighted images and Gd-DTPA enhanced T1-
weighted images, and MR cholangiographic images were
determined for each of these techniques alone. Until now
many authors have analysed the technique of examina-
tion, diagnostic features of benign versus malignant lesions
in parenchymal regions around biliary ducts, focusing on
qualitative analysis of signal intensity [4–8]. Others used
semiquantitative scales in order to establish certain fea-
tures of MR sequences including liver signal-to-noise ratio,
contrast-to-noise ratio or lesionliver contrast-to-noise ratio
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[9]. Kim et al. have undertaken a trial to determine the
value of conventional T1- and T2-weighted images and
Gd-DTPA enhanced MR images as a supplement to MR
cholangiographic images in differentiation of benign from
malignant lesions that cause biliary dilatation asking the
observers to review the images using a point scale and
assign a confidence level to their evaluation of the cause
of biliary abnormality [6]. Although MRCP provides the
same imaging information as direct cholangiography, used
alone it has limited specificity for the diagnosis of malignant
strictures [10]. In everyday practice a combination of MRCP
and cross-sectional MRI should be performed in assessment
of pancreatobiliary disorders [1, 6, 7, 10–12].

The purpose of this studywas to assess how realiable is the
differential diagnosis and prognosis for endoscopic treatment
on the basis of signal characteristics from plane MR images
and MRCP images in cases of bile duct obstructions caused
by solid masses.

2. Materials and Methods

T1W (SE 500/10), T2W (UTSE/RC 2500/100), STIR T2W
(TSE 2500/100), and T1W (SE 500/10) contrast-enhanced
(Gd-DTPA) nonbreathhold, respiratory gated MR images
including the entire hepato-pancreatic region as well as
cholangiopancreatographic MR images (3DTSE 1800/700)
were acquired in axial and coronal planes in 80 patients
(mean age 58,3) directed toMRexamination after ultrasonog-
raphy disclosing cholestasis. In 51 patients endoscopic ret-
rograde cholangiopancreatography (ERCP) was performed
with Pentax ED-3440T, and stents to provide the optimal
conditions of biliary drainage have been placed. The aid was
to insert two or one at least of 10 F size. However, in 14
cases of tight biliary strictures only single 7 F stents were
successfully inserted. All ERCP procedures were performed
by experienced interventional gastroenterologists.

In 53 cases malignant lesions have been confirmed in
surgery and biopsy to be a reason of biliary obstruction.There
were as follows: 25 cases of pancreatic cancer, 11 cases of
hepatic metastases, 9 cases of cholangiocarcinoma, 3 cases of
metastatic nodules in the hilar region, 3 cases of carcinoma
of the gall bladder, and 2 cases of hepatocellular carcinoma.
Among 27 cases of benign conditions of inflammatory origin,
21 patients underwent follow-up MRI examinations for a 2
year period, and therapeutic procedures both endoscopic or
during open surgery were performed in cases of biliary ducts
dilatation or when anastomosis was required.

In 6 patients the benign origin has been proved in 2-year
period of clinical observation.

Mean signal intensity ratio (SIR) of benign versus malig-
nant lesions when countable area of mass was detected
around bile duct strictures as well as the linear measurements
covering stricture morphology fromMRCP images has been
compared. Also a correlation with size of stents inserted
during endoscopy was analysed.

Images subjected to analysis represented strictly the
same plane with well-defined lesion and corresponded to
the level of biliary obstruction observed on MRCP images.

Figure 1: Axial plane scan for ROIs drawings. A case of hilar
cholangio cell carcinoma.

Figure 2: Corresponding MRCP image describing stricture mor-
phology.

Quantitative analysis was performed with both operator-
defined region of interest (ROI)measurements ofmean signal
intensity of lesion and its background and linear measure-
ments from MRCP images concerning morphology of the
biliary stricture a.i. stricture length, stricture width, proximal
ductal dilatation, and distance from stricture to hepatic
ducts junction. For the liver and pancreatic lesions ROIs for
measuring SI of background were put in areas devoid cystic
structures, large vessels, and inhomogeneities in organs of
their origin accordingly (Figures 1 and 2). For lesions causing
strictures of hilar and suprapancreatic segments of biliary
ducts ROIs for background SI were taken like for hepatic
lesions. Signal intensity ratio (SIR) calculated from these
measurements as well as MRCP linear measurements were
compared in two groups including benign and malignant
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Figure 3: ROC curves for differential diagnosis between benign and malignant lesions with MRCP stricture morphology and SIR.

lesions as well as in two groups with the inclusion of the
size of stents (one stent size less than 10 F versus 10 F or
more than one stent placed) in 51 cases in which stents have
been inserted. Statistical analysis of the obtained data was
performed with the use of Kruskal Wallis test. The usefulness
of the tests for purposes of differential diagnosis, accuracy,
and predictive values was established based on analysis of
receiver operating curves (ROC) counted for every feature.

3. Results

Significantly higher mean SIR was encountered in malignant
lesions in T2W (𝑟 = 0, 0003) and STIR T2W images (𝑟 =
0, 0002). Malignant lesions were also characterised by longer
strictures (𝑟 = 0, 0071) and larger diameter of biliary ducts
proximatly to obstruction (𝑟 = 0, 0024), whereas SIR counted
from T1W images with and without contrast enhancement
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Figure 4: ROC curves for prognosis of endoscopic treatment based on SIR from STIR T2W images and stricture length.

Table 1: PPV and NPV in detecting the malignancy with SIR calculated for cut-off levels.

Image ROC level Accuracy % PPV % NPV %
Axial T2W 1,1006 79,7 87,5 67,7
Axial STIR T2W 1,1010 79,4 84,8 65,2
Coronal T2W 1,1173 75,4 85,7 61,5

(𝑃 = 0, 4395, 𝑃 = 0, 6163) and stricture thickness (𝑃 =
0, 4266) did not differ significantly between benign and
malignant lesions.

When the size and number of stents were taken into
account significantly distinguishing features were—mean SIR
in STIR T2W (𝑃 = 0, 0224) images and stricture length
in MRCP images (𝑃 = 0, 0312). Therefore it was easier to
pass a stricture during ERCP when the lesion leading to the
stricture showed higher SIR in STIR T2W images and in
cases of shorter strictures. SIR counted from T1W images
(𝑃 = 0, 7121), T1W images with contrast enhancement
(𝑃 = 0, 4502), and T2W images without fat saturation
(𝑃 = 0, 7121) did not differ significantly between groups of
lesions around strictures treated with ERCP procedure.These
relations were also described by ROC curves—Figures 3 and
4. Account of results obtained including predictive values is
presented in Tables 1, 2, and 3.

4. Discussion

For the lesions associated with obturation of the bile duct
reference standards used to prove the etiology and for
comparison were surgery, a biopsy confirming malignancy,
or the clinical course during followup (at least 12 months)
in cases without histopathologic proof of malignancy [13–
15]. In this study in 53 cases malignant lesions have been
confirmed in surgery and biopsy to be a reason of biliary
obstruction. Among 24 cases of benign conditions, mostly of
inflammatory origin, 21 patients underwent follow-up MRI
examinations for a 2-year period, and therapeutic procedures
both endoscopic or during open surgery were performed in
cases of biliary ducts dilatation or when anastomosis was
required. In 6 patients the course of the disease proved the
benign origin in 2-year period of clinical observation.

The sensitivity, specificity, and accuracy of MRCP for
detecting and locating bile duct strictures were 85–100%,
71–100%, and 70–100% among the studies [12–18]. However,
MRCP alone had a limited ability to reveal concurrent intra-
ductal cholangiocarcinoma associated with hepatolithiasis.
Also nondilated poorly visualised bile ducts distally from
strictures can lead to misdiagnosis [13, 16–18]. In 3D MRCP
the use of water as a natural contrast in duodenum and
evaluation of both (maximum intensity projection) MIP and
source cholangiopancreatographic images are the simplest
methods to decrease the number of misdiagnoses in these
cases [16, 18]. The influence of bile duct dilatation and
presence of gas and fluid in the duodenum on sensitivity
in the diagnosis of localization and cause of biliary duct
pathologies are also common in ultrasonography performed
in most cases prior to magnetic resonance [19, 20].

Analysis of imaging variables at MR images with charac-
teristics at MRCP images together was found to be the best
predictor of malignancy of the bile duct stricture [6, 7, 18].
MR with MRCP proved the same diagnostic value as ERCP
for visualizing the bile ducts, replacing ERCP as the primary
investigation in patients withmultiple risk factors; this would
reduce the numbers of patients exposed to the risks of ERCP
[14, 15, 21].

In this study SIR was counted on the basic MR images
(T1W, T2W, STIR T2W) which proved similar diagnostic
value between different MR systems whereas modified T2W
images could represent different diagnostic value strongly
dependent on the MR system and kind of sequence used in
the study [6–8].

Among different factors used to describe signal charac-
teristics of lesions in liver and pancreas the most accurate
for the purposes of differential diagnostics is signal intensity
ratio based on mean signal intensity (SIR) measurements
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Table 2: PPV and NPV in detecting the malignancy with MRCP morphology calculated for cut-off levels.

ROC level Accuracy % PPV % NPV %
Stricture length (mm) 21,3 69,3 84,2 54,1
Ductal dilatation (mm) 12,3 58,9 74,3 60,7

Table 3: PPV and NPV when stricture length and SIR STIR T2 were used to forecast the conditions for biliary stenting.

ROC level Accuracy % PPV % NPV %
Stricture length (mm) 22,1 60 50 70,6
SIR STIR T2 1,244 68,8 63,6 71,4

performed in operator’s dependent regions of interest [6, 8,
9]. Minimum pixels number covered with ROI enough to
avoid stronger influence of the partial volume effect differs
between studies from 25 to 100 [2, 11]. In this study mean
SI of the smallest lesion was counted from ROI consisting of
92 pixels (197mm2). In the study no significant differences
in SIR values between malignant and benign lesions counted
from T1-weighted and Gd-enhanced T1-weighted images
were found. The use of fast spin echo sequences allowed the
increase of TR which has strong influence on T2W contrast
and with only slight prolongation of time of acquisition.
These sequences allow better tissue separation within T2
contrast area [6, 7, 9]. In fast spin echo sequences transfer of
magnetization has strong influence on solid tissue areas and
minimal influence on fluid-reach areas like poorly drained or
edematous areas and with blood plasma leakage from vessels
gathered around lesion causing them to present as areas of
relatively high signal intensity [22–24]. This phenomenon
is also easily observed, for example, in renal parenchyma
built with tubular fluid-filled structures. In this way, it is
possible mechanism for relative signal intensity increase
measured with SIR in areas of malignant infiltration near
tubular structures like biliary or pancreatic ducts. It was
observed in all T2-weighted images as a difference between
groups ofmalignant versus benign conditions in this study (P:
0,0002-0,0003). Also the relative signal intensity ofmalignant
metastatic lesions in the area of hepatoduodenal ligament
was higher than that of surrounding tissues in T2-weighted
images because of the long T2 especially in sequences with
fat saturation [22]. Assessment of ROC curves concerning
T2-weighted sequences (with or without fat saturation and
in both planes) shows that the cut-off levels are very similar
(1,1006–1,1173) with similar accuracy counted for their values
(75,4–79,7%). Therefore, no significant differences in infor-
mation supplied by presented T2-weighted images have been
stated.

Also submitted to analysis were MRCP MIP and source
images. Besides the fact that MRCP requires neither contrast
medium administration nor biliary and pancreatic interven-
tion, this technique presents further important advantages.
The biliary tree is shown without dilatation effect due to
pressure and choleretic effect of contrast medium used
for ERCP or percutaneous cholangiography, and it is also
possible to obtain images of the whole biliary tree even in
cases of critically tight strictures or complete obstruction that
would prevent passing them with leaders during endoscopy

or percutaneous cholangiography as carrying a high risk of
perforation [2, 14, 15, 17, 22]. MRCP not being the therapeutic
procedure itself allows to plan the optimal way of drainage.
Themessage of these relativities follows the general tendency
to decrease the number of diagnostic ERCP and to perform
ERCP as therapeutic procedure only [2, 14, 15, 17, 22].

It is worth mentioning that presumably there are two
factors changing the accuracy rate of MRCP images in
determining the nature of biliary obstruction: the biliary duct
dilatation and the use of cross-sectional scans for analysis
[16–18, 23], what corresponds to the results obtained by
Pamos et al. [24]. In his study higher sensitivity and specificity
in the diagnosis of malignancy were obtained with MRCP
in cases of dilated biliary ducts. As shown in this study SIR
counted from T2W images could increase to some extent
the accuracy of diagnosis of malignant lesion causing the
biliary obstruction, acting as additional factor to be assessed
together with MRCP images.

STIR T2-weighted images had the highest predictive
value when assessing the conditions for endoscopic treat-
ment, when the size and number of stents were taken into
account. Masses causing biliary strictures characterised by
higher SI in STIR T2-weighted images proved to be easier
to pass with stents during endoscopic procedures. Tight
strictures associatedwith the presence of dense fibrous tissues
show as low intensity areas in T2-weighted images especially
when fat saturation sequence was applied. Frommorphologic
measurements analysed in MRCP images only the stricture
length was associated with the size of stents with which the
stricture was passed. As one could expect longer strictures
caused more difficulties during endoscopy. However the
stronger feature as shown on ROC curves for the purposes
of the evaluation of stenting conditions seems to be SIR
measured in STIR T2-weighted images as shown in Table 3.

Three limitations of this study must be considered. First,
no diffusion weighted images (DWI) were performed in
the group taken to analysis, so in order to establish the
relationship between signal profile in DWI and conditions
during ERCP the study should be continued. Second, there
were analysed less cases of benign lesions (27/80) versus
malignant (53/80). Presumably, it was caused by the fact
that some of the cases were diagnosed with CT following
ultrasoundwithoutMRI.The third limitation of theworkwas
that no 2D MRCP images were used for analysis; however,
they are used in every day practice to the same extent of those
of 3D MRCP, but in many cases better understanding of the
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complex biliary strictures is possible due to analysis of both
source images and the reconstructions, and this is possible
only with 3D MRCP technique.

5. Conclusions

Probability of malignancy of solid lesions obstructing biliary
duct increased with higher SIR in T2W images and with
longer strictures observed in MRCP images. Introducing
a larger size stents was more probable in cases of lesions
showing higher SIR in STIR T2W images and in case
of shorter strictures. These features could be additional
parameters taken into consideration when conditions for
endoscopic treatment are being discussed in order to reduce
complications during ERCP.
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Copyright © 2013 Arzu Gebesce et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Gastrointestinal duplication cysts are rare congenital anomalies that can be seen in anywhere of the gastrointestinal system from
the mouth to the anus. These are prenatally diagnosed through antenatal ultrasonography. However, attention must be paid since
these formations might be confused with ovarian or mesenteric cysts. Our patient, who had been diagnosed with ovarian cyst on
the ultrasonography performed in another center and with mesenteric cyst based on the abdominal MRI carried out at fifth month
of life, presented to our clinic with the only complaint of constipation at 9th month of life. The diagnosis was set through double
wall appearance of duplication cyst on the abdominal ultrasonography. The patient’s cyst was resected.

1. Introduction

Gastrointestinal duplication cysts are rare congenital anoma-
lies that can be seen in anywhere of the gastrointestinal
system with a prevalence between 1 : 4500 and 1 : 10000. The
most common location is ileum. Signs and symptoms differ
based on the location, although mostly it manifests as acute
abdominal or intestinal obstruction before 2 years of life.
More rarely serious complications such as gastrointestinal
bleeding or malignant degeneration may also occur. Colonic
duplication cysts are further rare. Gastrointestinal duplica-
tion cysts are usually seen as two different forms as lumen-
communicating and noncommunicating types. The most
common form is cystic and noncommunicating type [1–3].
The treatment is surgery and total excision is the method of
choice. In this report, our patient, who had been diagnosed
with ovarian cyst on the ultrasonography (USG) performed
in another center and with mesenteric cyst based on the
abdominal MRI carried out at fifth month of life, presented
to our clinic with the only complaint of constipation at 9th
month of life. The diagnosis was set in our clinic through

double wall appearance on the abdominal ultrasonography.
The patient’s cyst was resected.

2. Case Report

On the second-level USG ordered at 23rd gestational week
of a healthy mother aged 32, a hypoechoic formation with
5mm and 9mm in size which was observed at the right side
of the bladder in the pelvis was considered and followed up
as ovarian cystic formation.

The patient was born by normal vaginal route at term,
weight of 3000 gr. The patient’s Apgar score was found 8 in
minute 1 and 9 in minute 5. No pathologic finding was found
at the physical examination of the patient. On the contrast
enhanced abdominal MRI performed in a different center
when the patient was five months old showed simple cyst. It
also revealed two lobule-contoured, thick-walled cystic lesion
with diameters of 19mm, 12mm, and 5mm in the right lateral
part of the abdomen. The mass was diagnosed as mesenteric
cyst, and the patient was followed up for this diagnosis.
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Figure 1: On sonography, we found that the hypoechoic outer wall
of the cystic structure was continuous with the hypoechoic outer
wall of the adjacent ileal bowel, and the hypoechoic outer wall of
the cystic structure was continuous with the hypoechoic outer wall
of the adjacent ileal bowel.

Our patient presented to our clinic at her 9th month of
life with only complaint of constipation. On physical exam-
ination, biochemical and hematological values were found
normal in the patient who had a growth and development of
50 percentile. On her USG performed in our clinic, 19mm,
12mm, and 5mm in size the duplication cyst having double
wall appearance was observed in the right lower quadrant.
On sonography, we found that the hypoechoic outer wall of
the cystic structurewas continuouswith the hypoechoic outer
wall of the adjacent ileal bowel, and the hypoechoic outer wall
of the cystic structure was continuous with the hypoechoic
outer wall of the adjacent ileal bowel (Figure 1).

An exploratory laparotomywas performed.On the explo-
ration, a duplication cyst of 19mm, 12mm, and 5mm in size
was found at the ileal level at an approximate distance of
45 cm from the ileocecal valve (Figure 2). About 7 cm ileal
segment involving the cyst was resected through distal and
proximal bowel clamps. No complication was observed in
postnatal followups of the patient. Histopathological exam-
ination of the piece was consisted with intestinal duplication
cyst.

3. Discussion

Alimentary tract duplications are uncommon congenital
anomalies that occur mostly in paediatric patients. The first
reported case was made by Calder in 1733 [4]. Duplications
arise from disturbances in the embryonic development of
the gastrointestinal tract. Several major theories have been
proposed for the formation of duplications at various sites,
including the aberrant luminal recanalisation theory and
the diverticular theory [5]. Others include the split noto-
chord theory which explains the formation of neurenteric
duplications and associated vertebral anomalies. Recently,
Bishop and Koop suggested that environmental factors such
as trauma or hypoxia in early foetal development were likely
to be responsible when multiple duplications are found in
association with anomalies such as malrotation or atresia
[6].

Figure 2: On exploration, a duplication cyst of 19mm, 12mm, and
5mm in size was found at the ileal level at an approximate distance
of 45 cm from the ileocecal valve.

Primary cystic lesions seen in the fetal and neonatal peri-
ods include renal, choledochal ovarian, mesenteric, duplica-
tion cysts, or Meckel’s diverticulum. Double wall appearance
of duplication is monitored on USG as a hyperechoic edge
surrounding the mucosal wall inside and a hypoechoic wall
surrounding the smooth muscular layer outside. However,
the double wall sign can also be a characteristic of Meckel’s
diverticulum or sonographic artifacts. Furthermore,Meckel’s
diverticulum can have a spherically shaped cystlike appear-
ance, which is similar to an enteric duplication cyst, on
sonography [7–9]. AlthoughMeckel’s diverticulum is located
on the antimesenteric border and communicates with the
adjacent bowel lumen, in contrast to the duplication cyst,
these differentiating features are often not visible on USG or
CT [10, 11].

Presentation of intestinal duplications is variable depend-
ing on size, shape, and type of mucosa. They may be
asymptomatic and discovered accidentally at surgery. They
may be minimally symptomatic and associated with vague
abdominal pain, constipation, or failure to thrive [12]. Our
patient presented to our clinic at her 9th month of life with
only complaint of constipation.

The enteric duplication cyst can be associated with
malrotation. In half of the cases, there are associated mal-
formations, the most frequent of these being esophageal
duplications, followed by vertebral abnormalities [13]. No
malrotation and malformations as esophageal duplications
and vertebral abnormalities were seen in our case.

Our patient, who had been diagnosed with ovarian cyst
on the ultrasonography (USG) performed in another center
and with mesenteric cyst based on the abdominal MRI
carried out at fifth month of life, presented to our clinic
with the only complaint of constipation at 9th month of life.
On USG duplication cyst was diagnosed through the double
wall appearance which is specific for duplication cyst. The
treatment option proposed for duplication cysts is surgery
and the surgery of choice is excision because of the potential
complications [14]. In our patient also we performed surgical
excision under general anesthesia.
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4. Conclusion

In conclusion, ultrasonography is an inexpensive and prac-
ticable imaging modality in evaluation of intra-abdominal
cystic lesions. Although it seems asymptomatic and rare, this
type of cystmust be surgically excised because of the potential
complications and malignant degeneration.
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