W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v21.i29.8878

World | Gastroenterol 2015 August 7; 21(29): 8878-8887
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

Retrospective Study
Value of two-phase dynamic multidetector computed
tomography in differential diagnosis of post-inflammatory
strictures from esophageal cancer

Grigory G Karmazanovsky, Svetlana A Buryakina, Evgeny V Kondratiev, Qin Yang, Dmitry V Ruchkin,

Dmitry V Kalinin

Grigory G Karmazanovsky, Svetlana A Buryakina, Evgeny V
Kondratiev, Department of Radiology, Vishnevsky Institute of
Surgery, 117997 Moscow, Russia

Qin Yang, Dmitry V Ruchkin, Department of Thoracic Surgery
(Esophageal Surgery group), Vishnevsky Institute of Surgery,
117997 Moscow, Russia

Dmitry V Kalinin, Department of Pathomorphology, Vishnevsky
Institute of Surgery, 117997 Moscow, Russia

Author contributions: Karmazanovsky GG and Buryakina
SA contributed equally to this work; Karmazanovsky GG, Yang
Q, Ruchkin DV designed the research; Karmazanovsky GG,
Ruchkin DV and Kalinin DV performed the research; Buryakina
SA, Kondratiev EV, Kalinin DV analysed the data; Buryakina SA
and Kondratiev EV wrote the paper.

Institutional review board statement: The study was reviewed
and approved by the ethics committe of Vishnevsky Institute of
Surgery, register No. 001a/15.

Informed consent statement: All study participants provided
informed written consent prior to study enrollment.

Conflict-of-interest statement: There is no conflict of interest.

Data sharing statement: Technical appendix, statistical
code, and dataset available from the corresponding author at
sburyakina@yandex.ru. The presented data are anonymized and
risk of identification is low. No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Baishidenge ~ WJG | www.wjgnet.com

Correspondence to: Svetlana A Buryakina, MD, PhD,
Department of Radiology, Vishnevsky Institute of Surgery, B.
Serpukhovskaya, 27, 117997 Moscow,

Russia. sburyakina@yandex.ru

Telephone: +7-499-2373764

Fax: +7-499-2366130

Received: January 26, 2015
Peer-review started: January 27, 2015
First decision: March 10, 2015
Revised: March 25, 2015

Accepted: May 7, 2015

Article in press: May 7, 2015
Published online: August 7, 2015

Abstract

AIM: To characterize the computed tomography (CT)
findings in patients with post-inflammatory esophageal
strictures (corrosive and peptic) and reveal the optimal
scanning phase protocols for distinguishing post-
inflammatory esophageal stricture and esophageal cancer.

METHODS: Sixty-five patients with esophageal
strictures of different etiology were included in this
study: 24 patients with 27 histopathologically confirmed
corrosive strictures, 10 patients with 12 peptic strictures
and 31 patients with esophageal cancer were evaluated
with a two-phase dynamic contrast-enhanced MDCT.
Arterial and venous phases at 10 and 35 s after the
attenuation of 200 HU were obtained at the descending
aorta, with a delayed phase at 6-8 min after the start
of injection of contrast media. For qualitative analysis,
CT scans of benign strictures were reviewed for the
presence/absence of the following features: “target
sign”, luminal mass, homogeneity of contrast medium
uptake, concentric wall thickening, conically shaped
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suprastenotic dilatation, smooth boundaries of stenosis
and smooth mucous membrane at the transition to
stenosis, which were compared with a control group
of 31 patients who had esophageal cancer. The
quantitative analysis included densitometric parameter
acquisition using regions-of-interest measurement of
the zone of stenosis and normal esophageal wall and
the difference between those measurements (ACT) at all
phases of bolus contrast enhancement. Esophageal wall
thickening, length of esophageal wall thickening and
size of the regional lymph nodes were also evaluated.

RESULTS: The presence of a concentric esophageal
wall, conically shaped suprastenoctic dilatation, smooth
upper and lower boundaries, “target sign” and smooth
mucous membrane at the transition to stenosis were
suggestive of a benign cause, with sensitivities of
92.31%, 87.17%, 94.87%, 76.92% and 82.05%,
respectively, and specificities of 70.96%, 89.66%,
80.65%, 96.77% and 93.55%, respectively. The
features that were most suggestive of a malignant
cause were eccentric esophageal wall thickening,
tuberous upper and lower boundaries of stenosis,
absence of mucous membrane visualization, rupture
of the mucous membrane at the upper boundary
of stenosis, cup-shaped suprastenotic dilatation,
luminal mass and enlarged regional lymph nodes
with specificities of 92.31% 94.87%, 67.86%, 100%,
97.44%, 94.87% and 82.86%, respectively and
sensitivities of 70.97%, 80.65%, 96.77%, 80.65%,
54.84%, 87.10% and 60%, respectively. The highest
tumor attenuation occurred in the arterial phase
(mean attenuation 74.13 + 17.42 HU), and the mean
attenuation difference between the tumor and the
normal esophageal wall (mean ACT) in the arterial
phase was 23.86 + 19.31 HU. Here, 11.5 HU of ACT
in the arterial phase was the cut-off value used to
differentiate esophageal cancer from post-inflammatory
stricture (P = 0.000). The highest attenuation of post-
inflammatory strictures occurred in the delayed phase
(mean attenuation 71.66 + 14.28 HU), and the mean
ACT in delayed phase was 34.03 + 15.94 HU. Here,
18.5 HU of ACT in delayed phase was the cut-off value
used to differentiate post-inflammatory stricture from
esophageal cancer (P < 0.0001).

CONCLUSION: The described imaging findings reveal
high diagnostic significance in the differentiation of
benign strictures from esophageal cancer.

Key words: Multidetector computed tomography;
Esophageal cancer; Corrosive stricture; Peptic stricture

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Two-phase dynamic multidetector computed
tomography was proposed to evaluate esophageal
stenosis. No previous studies have evaluated the utility
of this method for post-inflammatory strictures. We
investigated this method'’s ability to evaluate benign
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strictures by qualitatively and quantitatively assessing
changes in the esophageal walls and demonstrated
that the majority of patients with benign strictures had
concentric wall thickening with smooth boundaries,
conically shaped suprastenotic dilatation, a “target sign”,
smooth mucous membrane at the transition to stenosis.
An assessment of the dynamics of contrast material
accumulation by strictures revealed that the arterial and
delayed phases are optimal for differentiating benign
strictures from esophageal cancer.

Karmazanovsky GG, Buryakina SA, Kondratiev EV, Yang
Q, Ruchkin DV, Kalinin DV. Value of two-phase dynamic
multidetector computed tomography in differential diagnosis of
post-inflammatory strictures from esophageal cancer. World J
Gastroenterol 2015; 21(29): 8878-8887 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i29/8878.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.129.8878

INTRODUCTION

Although computed tomography (CT) has not been
used as the primary modality for evaluating esophageal
lesions, both benign and malignant stenoses may be
manifested on CT by focal or extended thickening of
the esophageal wall'?, Other causes of a thickened
esophageal wall on CT include Barrett's esophagus,
esophagitis, secondary achalasia, diffuse esophageal
spasm, varices, and esophageal intramural pseu-
dodiverticulosis®®. Some characteristic CT-findings of
peptic stenosis and corrosive esophageal strictures
have been briefly described in the literature®®. To our
knowledge, no detailed description of CT findings in
post-inflammatory benign esophageal strictures has
been published in the radiology literature. No study
has analysed the value of CT with bolus contrast
enhancement in the differential diagnosis of esophageal
stenosis with a benign etiology. The purpose of our
study was to assess the significantly more common
CT findings in patients with post-inflammatory benign
esophageal strictures (corrosive and peptic) and thereby
reveal the optimal scanning phases of the protocol for
distinguishing post-inflammatory esophageal stricture
and esophageal cancer.

MATERIALS AND METHODS

Patient characteristics

After examining the PACS database for the period
from October 2010 to December 2014, 65 patients,
who underwent thoracic CT and had a definitive
diagnosis, were included in this retrospective study. A
review of the patients’ medical records and CT reports
identified 31 patients (25 men, 6 women; mean age
65 years; range, 41-81 years) with a diagnosis of
esophageal cancer, 24 patients (11 men, 12 women;
mean age 48 years; range, 23-74 years) with 27

August 7,2015 | Volume 21 | Issue 29 |



Karmazanovsky GG et a/. MDCT in differential diagnosis of benign oesophageal strictures

corrosive esophageal strictures, and 10 patients
(6 men, 4 women; mean age, 49 years; range,
19-66 years) with 12 peptic strictures. The cause of
stenosis included ingestion of caustic agents in 23
patients, and gastroesophageal reflux disease in 10
patients. In the 31 other patients a clinical diagnosis of
esophageal cancer was made by esophagography or
endoscopy and clinical data. Patients with stents, after
radiotherapy and chemotherapy were not included in
the study because pronounced fibrous tissue around
the stent and necrotic areas in the tumor may affect
the MDCT image of a typical stenosis tissue.

The definitive pathologic diagnosis was based on
the results of biopsy in 5 cases of T4 stage esophageal
cancer, the results of endoscopy in 3 cases with short
corrosive esophageal strictures and in 5 cases of peptic
strictures. The patients with T4 stages esophageal
cancer underwent palliative treatment, and patients
with those with strictures had sessions of bougienage.
Another 57 patients underwent surgery, which
comprised: either transthoracic and/or transhiatal
esophagectomy with posterior mediastinal gastric
tube or replacement of the left part of the colon. All
pathologic specimens were histologically investigated
after surgery by a pathologist. The histologic assess-
ment of benign vs malignant stenosis was determined
based on the standard architectural and cytologic
features”"®.

CT

CT scans were obtained as part of the initial asses-
sment of these patients at our institution. Multidetector
CT (MDCT) was performed using 64 and 256 MDCTs
(Philips Brilliance CT-64, Brilliance iCT-256 (Philips
Medical Systems (Cleveland, Ohio 44143 United
States). Examination was performed in the supine
position with patient’s hands behind his/her head.
Scanning was performed with a gulp of potable water
in unenhanced, arterial and delayed phases with the
patient holding their breath. Cranio-caudal scanning
from neck to upper abdomen was performed. The
following scanning parameters were used: collimation
0.9 mm, reconstruction interval 0.45 mm, pitch 1,
tube rotation rate 0.75 s. Nonionic contrast agents
(Optiray 350, Omnipaque 350, Ultravist 370, Visipaque
320) were injected intravenously using a dual head
automatic injector OptiVantage DH (Mallinckrodt; InC)
with a rate of 4-5 mL/s. A bolus of contrast agent was
followed by bolus “chaser” (normal saline, 40-50 mL,
with the same rate).

To start scanning, the “bolus tracking” software
package was used. Two contrast enhanced phases
were performed at 10 and 34 s for arterial and venous
phases after the attenuation of the descending aorta
reached 200 HU. The delayed phase was performed 4-6
min after the injection of contrast agent.

All data were reconstructed with a 1 mm section
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thickness at 1-mm intervals. Post-processing was
performed using the Brilliance Portal [Philips Medical
Systems (ClevelanD)]. Images were assessed in all
examination phases.

Image analysis

The thoracic CT of 64 patients was reviewed retro-
spectively by two experienced radiologists, who had 4
and 6 years of experience in gastrointestinal radiology.
All images were de-identified. Radiologists were blinded
to the histological results, numbers and locations of
the stenoses described in the surgical, radiologic and
endoscopic findings. The final interpretations were
made by consensus.

All CT data were assessed for the following findings:
(1) thickness of the esophageal wall (concentric
or eccentric); (2) upper and lower boundaries at
the coronal view of the multiplanar reconstruction
image (smooth or tuberous); (3) a luminal mass
(presence or absence); (4) a “target sign” (presence
or absence); (5) contrast medium uptake by thickened
esophageal walls (heterogeneity or homogeneity);
(6) suprastenotic dilatation (cup-shaped or conically
shaped); (7) mucous membrane at the transition
to stenosis (smooth or rupture); and (8) thickness,
length and size of the regional lymph nodes (mm).

The esophageal wall was considered thickened when
its thickness was greater than 5 mm!®, The actual wall
thickness and length of thickened walls in these patients
were measured (mm). Wall thickening was considered
eccentric when there was asymmetry in the thickening
of the two walls of the esophagus. When the lumen was
not obliterated or partially collapsed, the thickness of a
single esophageal wall was measured from its outer to
inner borders. In the patients in whom the lumen could
not be identified (obliterated or collapsed), thickness
was calculated as one half of the thickness, measured
from the outer border of one wall to the outer border of
the opposing wall in the short axis of the cross section
of the esophagus.

The upper and lower boundaries of thickened walls
were analysed at the coronal view of the multiplanar
reconstruction image and were considered to be
tuberous if they were irregular.

A luminal mass was considered to be present when
there was a soft-tissue mass in the lumen that arose
from the esophageal wall.

A “target sign” was considered to be present
when there was a combination of an enhanced saved
mucosa and a hypodense submucosa in the thickened
esophageal walls™*?,

Heterogeneity of contrast medium uptake was
considered to be present when hypo- and/or hyper-
dense components were visualized in pathologically
changed esophageal walls.

If a suprastenotic dilatation was present, the
radiologist noted whether it was conically shaped or

August 7, 2015 | Volume 21 | Issue 29 |



Karmazanovsky GG et a/. MDCT in differential diagnosis of benign oesophageal strictures

Figure 1 Visualization of reliable region of interest. A: Regions of interest
(circled red) for esophageal stenosis were drawn freehand around the thickened
walls; B: Regions of interest (circled red) for the background intact esophagus
were drawn around the intact esophageal wall.

cup-shaped.

The shape of a mucous membrane at the transition
to stenosis at the coronal view of the multiplanar
reconstruction image was analysed, concerning
whether it was smooth or whether its rupture occurred
at the upper boundary of stenosis.

In all cases a short-axis diameter of the largest
regional (cervical, tracheobronchial, mediastinal,
gastric or celiac) lymph node was analyzed. It was
considered enlarged if its short-axis diameter was
greater than 10 mm in the transverse plane.

Esophageal wall attenuation in hounsfield units
(HU) was measured at all phases of bolus contrast
enhancement. A reliable region of interest (ROI)
within the thickened esophageal wall was manually
drawn in the transverse section, and the area of ROI
was more than 60% of that of the entire thickened
esophageal wall in the same section (Figure 1). The
tumor attenuation value was derived automatically
by the workstation software. To minimize partial
volume averaging with the surrounding tissues, the
intraluminal gas and periesophageal fat were carefully
excluded when drawing the ROI of stenosis. The
attenuation of the normal esophagus in groups was
measured by drawing the ROI of the intact esophageal
walls. Subsequently, ACT was calculated by subtracting
the referenced attenuation value of the background
normal esophageal wall from the representative
attenuation value for esophageal stenosis.

Statistical analysis
Patients were divided into two groups based on the
pathologic findings. Patients with histopathologically
confirmed corrosive (n = 27) and peptic (n = 12)
strictures were included in group A (“benign stenosis”)
and patients with esophageal cancer (n = 31) were
included in group B (“malignant stenosis”).
Correlations between the features and groups A
and B were examined. We used the Pearson product
moment correlation coefficient (r) to assess the str-
engths of the associations that involve normal data dis-
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tributions of quantitative features and the Spearman’s
rank correlation test (rs) to assess the strengths of the
associations that involve non-normal data distributions
of quantitative CT features and qualitative CT features.
A of P value less than 0.05 was considered statistically
significant. The general classification of correlations
according to their strength was as follows: (1) strong,
or close when the correlation coefficient was more than
0.70; (2) average from 0.50 to 0.69; (3) moderate
from 0.30 to 0.49; (4) weak from 0.20 to 0.29; and
(5) weakest less than 0.19. CT features with strong
and average values of the correlation coefficient were
suggested to be the most useful for differentiating
post-inflammatory benign esophageal strictures and
esophageal cancer. Sensitivity and specificity were also
calculated for all features.

With statistical software (version 17.0 for Windows,
SPSS), independent sample Student’s t tests were
performed to compare ACT between the groups
with esophageal cancer and the groups with post-
inflammatory strictures. A P value less than 0.05
indicated a significant difference. After a significant
difference was shown, receiver operating characteristic
(ROC) analysis was carried out to determine the cut-off
of ACT for discriminating stenosis (esophageal cancer
and post-inflammatory benign esophageal strictures)
from background normal esophagus. Measurements
obtained at the gastroesophageal junction were
excluded from the determination of the overall mean
wall thickness because of a known problem with
apparent thickening of the wall or pseudomass lesions
at this level®l, The statistical methods of this study
were reviewed by Margarita V. Khakhanova of the
Vishnevsky Institute of Surgery.

RESULTS

The imaging findings obtained from groups A (“benign
stenosis”) which included 27 corrosive and 12 peptic
strictures and B (“malignant stenosis”), which included
31 esophageal cancers, are summarized in Table
1. In the pathologic reports, esophageal squamous
cell cancer was found in 23 cases and esophageal
adenocarcinoma was found in 8 cases. Seventeen
(54.8%) patients with esophageal cancer had T3
stage, 5 (16.2%) patients had T4 stage, 6 (19.4%)
patients had T2 stage, and 3 (9.6%) patients had T1
stage, according to the classification of the Union for
International Cancer Control.

The correlation analysis results examining the CT
features in group A are summarized in Table 2.

In group A, esophageal thickening (more than 5
mm) was observed in 32 (82%) patients; in group B,
esophageal thickening was observed in 30 (96.8%)
patients. The overall mean esophageal wall thickness
was 17.6 mm with a range of 6-38 mm (SD = 7.3
mm; 95%CI: 14.9-20.3 mm) in the 31 patients with
malignant stenosis vs 8.68 mm with a range of 4-21
mm (SD = 3.4 mm; 95%CI: 7.56-9.81 mm) in the 39
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Table 1 Computed tomography features of esophageal stenosis

CT features Group A Group B
(benign (malignant
stenosis, stenosis,

n = 39) n = 31)

Luminal mass 2 27

Heterogeneity of contrast medium 3 10

uptake

Homogeneity of contrast medium 36 21

uptake

Eccentric esophageal wall thickening 3 22

Concentric esophageal wall thickening 37 9

Suprastenotic dilatation cup-shaped 1 17

Suprastenotic dilatation conically shaped 34 5

Smooth mucous membrane at the 32 2

transition to stenosis

Rupture of the mucous membrane at the 0 25

upper boundary of stenosis

Smooth upper and lower boundaries 37 6

Tuberous upper and lower boundaries 2 25

Presence of the mucous membrane in the 30 1

stenosis «target sign»

Absence of the mucous membrane 9 30

visualization in thickened walls

Presence of enlarged lymph nodes 6 18

CT: Computed tomography.

patients with benign stenosis. However, the correlation
between wall thickness and the type of stenosis was
insignificant (rs = 0.080, P = 0.437). The overall mean
length of esophageal wall thickness was 71.33 mm
with a range of 11-135 mm (SD = 33.67 mm; 95%(CI:
58.76-83.91 mm) in the patients with malignant
stenosis vs 56.57 mm, with a range of 3-350 mm (SD
= 61.22 mm; 95%CI: 36.16-76.98 mm), in patients
with benign stenosis. However, the correlation between
the length and type of stenosis was also insignificant
(rs=0.263, P = 0.29). In group A the mean size of the
regional lymph nodes was 6.82 + 2.9 (range, 3-15)
and in group B it was 10.77 £ 3.6 (range, 5-18). An
average correlation between enlarged regional lymph
nodes and etiology of the stenosis was found (r =
0.542, P < 0.000).

The presence of the following factors was sug-
gestive of a benign cause: concentric esophageal
wall thickening with a sensitivity of 92.31% and a
specificity of 70.96%; conically shaped suprastenotic
dilatation, with a sensitivity of 87.17% and a specificity
of 89.66%; smooth upper and lower boundaries,
with a sensitivity of 94.87% and a specificity of
80.65%; presence of the mucous membrane in the
stenosis, with a sensitivity of 76.92% and a specificity
of 96.77%; and smooth mucous membrane at the
transition to stenosis, with a sensitivity of 82.05%
and a specificity of 93.55% (Figure 2). The correlation
between the homogeneity of contrast medium uptake
and the type of stenosis was moderate (rs = 0.354, P
= 0.003). This feature had a high sensitivity (92.31%)
but low specificity (32.26%).

We identified the following imaging findings
of malignant stenosis: eccentric esophageal wall
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Table 2 Results of correlation analysis in group A (benign

stenosis)

CT-features Spearman’s rank P value
correlation test
(rs), Pearson

product moment

correlation

coefficient (r)
Concentric esophageal wall thickening r: = 0.656 0.000
Smooth upper and lower boundaries rs=0.510 0.000
Absence of the luminal mass rs=0.827 0.000
Presence of the mucous membrane in the rs=0.779 0.000
stenosis ("target sign")
Homogeneity of contrast medium uptake rs=0.354 0.003
Conically shaped suprastenotic dilatation rs=0.711 0.000
Smooth mucous membrane at the s =0.657 0.000
transition to stenosis
Size of the regional lymph nodes s =0.542 0.000
Wall thickness (mm) s =0.080 0.437
Length of esophageal wall thickness rs=0.263 0.290
(mm)
CT attenuation value of the post- r=0.055 0.652
inflammatory stricture in native phase
CT attenuation value of the post- r=-0.736 0.000
inflammatory stricture in arterial phase
CT attenuation value of the post- r=-0.444 0.000
inflammatory stricture in venous phase
CT attenuation value of the post- r=0.579 0.000
inflammatory stricture in delayed phase
ACT in unenhanced phase r=0.068 0.594
ACT in arterial phase =-0.709 0.000
ACT in venous phase r=-0.565 0.000
ACT in delayed phase r=10.652 0.000

Computed tomography (CT) features that have strong and average cor-
relation coefficient values are underlined.

thickening with a specificity of 92.31% and a sensitivity
of 70.97%; tuberous upper and lower boundaries of
stenosis with a specificity of 94.87% and a sensitivity
of 80.65%; absence of the mucous membrane
visualization in stenosis, which were observed in the
majority of patients (96.8%) with a specificity of
67.86% and a sensitivity of 96.77%; rupture of the
mucous membrane at the upper boundary of stenosis
with a specificity of 100% and a sensitivity of 80.65%;
cup-shaped suprastenotic dilatation with a specificity
of 97.44% and a sensitivity of 54.84%; luminal mass
with a specificity of 94.87% and a sensitivity of 87.10%
and enlarged regional lymph nodes with a specificity of
82.86% and a sensitivity of 60%. All of these features
were significantly more common in malignant than in
benign esophageal stenosis (P < 0.05) (Figure 3).

Difference in CT values among esophageal cancer,
post-inflammatory strictures and background normal
esophagus

The correlation coefficient (r) between the CT
attenuation value and group A was strong in the
arterial phase (r = -0.736, P = 0.000) and average
in the delayed phase (r = 0.579, P = 0.000), thus
these features were suggested to be the most
significant for differentiating benign esophageal
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Figure 2 Corrosive esophageal stricture. A: Multidetector computed
tomography (MDCT). Arterial phase. Coronal reconstruction. Concentric
esophageal wall thickening of the corrosive stricture, which has a homogeneous
structure (short arrow). The mucosa is traceable as a thin hyperintense line in
the centre of thickened walls that was caused by fibrotic changes (long arrow).
Conically shaped suprastenotic dilatation (star) with smooth upper boundaries
of the stricture; B: MDCT. Arterial phase. Axial CT scan. Target sign - thickening
of saved esophageal mucosa (short arrow) in the centre of fibrotically changed
submucosal, muscular layers and adventitia of esophageal walls (long arrow).

stricture and esophageal cancer. Due to the strong
negative correlation observed in the benign group,
the mean CT attenuation value in the arterial phase
was calculated in the malignant group [74.13 +
17.42 HU (range, 34-105 HU)]. In the arterial phase,
the mean CT attenuation value of background intact
esophagus was 42.45 = 8.18 HU (range, 24-60 HU)
in all patients in groups A and B. The mean ACT in the
arterial phase was 23.86 + 19.31 HU. To distinguish
esophageal carcinoma from the background normal
esophageal walls, an ROC curve analysis for ACT was
performed (Figure 4). An area under the curve of
0.883 £ 0.37 (95%CI: 1.77 to 10.5, P = 0.000) was
revealed. Here, 11.5 HU of ACT was the cut-off value
used to differentiate esophageal cancer from post-
inflammatory stricture. Thus, the criterion of ACT
greater than 11.5 HU in the arterial phase was optimal
for diagnosing cancer, with a sensitivity of 83.87%,
a specificity of 84.85%, a positive predictive value of
83.87%, a negative predictive value of 84.85% and an
accuracy of 84.38%.

In delayed phase the mean CT attenuation value
of the background intact esophagus was 38.39 + 7.88
HU (range, 22-56 HU) in all patients in groups A and B.
In group A, the mean CT attenuation value in delayed
phase was 71.66 + 14.28 HU (range, 51-104 HU), and
the mean ACT was 34.03 + 15.94 HU. To distinguish
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Figure 3 Esophageal cancer. A: Multidetector computed tomography
(MDCT). Arterial phase. Coronal reconstruction of esophageal cancer.
Tuberous upper and lower boundaries of stenosis (short arrow); rupture of
the mucous membrane at the upper boundary of stenosis (long arrow); cup-
shaped suprastenotic dilatation (star); B: MDCT. Arterial phase. Axial CT scan
of esophageal cancer. Eccentric esophageal wall thickening without mucous
membrane visualization in stenosis (arrow).
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Figure 4 Receiver operating characteristic curve of ACT in arterial phase.
A criterion of 11.5 HU in arterial phase showed optimal sensitivity (83.87%) and
a specificity of 84.85% for the diagnosis of esophageal cancer.

the post-inflammatory strictures from the background
normal esophageal walls, a ROC curve analysis for ACT
was performed (Figure 5). An area under the curve
of 0.845 + 0.42 (95%CI: 2.5-23.3 P < 0.0001) was
revealed, and 18.5 HU of ACT was the cut-off value.
Thus, a ACT value more than 18.5 HU in delayed
phase was optimal for determining the benign nature
of stenosis, with a sensitivity of 93.75%, a specificity
of 70.96%, a positive predictive value of 76.92%, a
negative predictive value of 70.97%, and an accuracy
of 82.54%. The mean attenuation of stenosis in group

August 7, 2015 | Volume 21 | Issue 29 |



Karmazanovsky GG et a/. MDCT in differential diagnosis of benign oesophageal strictures

1.0

0.8 -

o
o
T

Sensitivity

1N
N
T

o
N
T

0.0 I I I I I
0.0 0.2 0.4 06 0.8 1.0

Specificity

Figure 5 Receiver operating characteristic curve of ACT in delayed phase.
A criterion of 18.5 HU showed optimal sensitivity (93.75%) and a specificity of
70.96% for the diagnosis of a benign esophageal stricture.

B showed a peak in the arterial phase, and the mean
attenuation of stenosis in group A showed a peak in
the delayed phase, whereas the attenuation of the
intact esophageal wall tended to gradually enhance
(Figure 6).

DISCUSSION

The normal thickness of the esophageal wall is 3-5
mm, depending on its extension!"®). Esophageal
stenosis develops and clinically manifests as dysphagia
when thickening of esophageal walls occurs and its
lumen narrows to less than 13 mm. Many diseases can
cause esophageal stricture formation, including peptic
acid, autoimmune, infectious, caustic, congenital,
iatrogenic, medication-induced, radiation-induced,
malignant, and idiopathic disease processes. Double-
contrast esophagography and endoscopy are the
two major diagnostic modalities for evaluating the
esophagus.

The most optimal staging diagnostic modalities
for esophageal cancer currently combine EUS-guided
fine needle aspiration (EUS-FNA) with either CT or
PET scans"'"*?\. EUS is important for tumor depth (T
staging) and for regional lymph nodes (N staging)
evaluation. Specificity of EUS for N staging increases
by the use of EUS-FNA for lymph node cytology. But
EUS examination is limited by tumors which obstruct
the esophageal lumen. Up to 45% of tumors are non-
traversable (most of these are T3-T4)!**, In these
cases dilation of esophageal lumen or the use of high
frequency miniprobe ultrasound through an upper
endoscope helps to overcome this limitation and is
useful for staging of an obstructing tumor.

Although CT plays a significant role in the diagnosis
and TNM staging of esophageal cancer™'”, the CT
findings obtained for post-inflammatory strictures are
not well described in the radiology literature.

Esophageal wall thickening is a nonspecific res-
ponse to various diseases™”. The major objective in
the CT assessment of unexplained esophageal wall
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Figure 6 Graphs of mean attenuation. Graph of mean attenuation of normal
esophageal wall, tumor and benign stenosis.

thickening is to establish whether its cause is benign
or malignant. Differential diagnosis of esophageal
stenosis of various etiologies has been reported in the
literature’®*®2), However, doubt may occasionally arise
(in 10% of cases) in the accuracy of the diagnosis,
despite the well-known CT-criteria used for the
differential diagnosis of esophageal stenosis™. In this
study we used MDCT with two-phase bolus contrast
enhancement and hydro-CT to assess the capabilities
of MDCT in the differential diagnosis of chronic inflam-
matory and tumor-induced changes in the esophagus.
In our study, new features proved to be useful for
determining esophageal stenosis in patients with post-
inflammatory strictures.

We analysed the patients of in groups A and B with
a variety of CT-findings that were repeated from patient
to patient and identified the most significant features.
Esophageal cancer is characterized by asymmetric
wall thickening and the active accumulation of
contrast medium during the arterial phase. Eccentric
esophageal wall thickening, absence of the mucous
membrane visualization in the stenosis, rupture of
the mucous membrane at the upper boundary of
stenosis, cup-shaped suprastenotic dilatation, tuberous
boundaries of stenosis and luminal mass are most
likely due to newly formed tumor tissue, which grows
from the local area in the esophageal wall, destroys the
mucosa and forms elevated borders of pathologically
changed walls and luminal mass. However, cup-
shaped suprastenotic dilatation was only found in 17
(54.8%) patients. These patients had T3 stage (9
patients), T4 stage (4 patients) or T1 and T2 stages
(1 patient each) according to the TNM classification.
Stage T1 and T2 esophageal cancer does not usually
result in esophageal stenosis. This feature may be
very helpful in diagnosing patients with moderate or
significant stenosis. A pathologically high accumulation
of the contrast medium in the arterial phase of bolus
contrast enhancement occurred 10 s after a peak
value in the aorta reached 120-150 HU. Our findings
were consistent with those obtained in a study using
triple-phase dynamic CT, where it was established that
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Figure 7 Atypical manifestation of corrosive esophageal stricture at
computed tomography imaging. Arterial phase. Axial computed tomography
(CT) scan of corrosive esophageal stricture. Development of mucosa
granulations (short arrow), fibrotically changed submucosal and muscular
layers and adventitia of esophageal walls (long arrow).

the maximum contrast enhancement of esophageal
cancer occurred at the arterial phase of bolus contrast
enhancement™®?Y, Clinically, the results of our study
showed that the contrast-enhanced attenuation
value within esophageal carcinoma was significantly
higher than in the background normal esophageal
wall in the arterial phase. Our findings suggested that
the cut-off ACT of 11.5 HU in the arterial phase had
high sensitivity, specificity, positive predictive value,
negative predictive value and accuracy all of which
were greater than 80%, in detecting esophageal
cancer. Similar data were found in the research of Li et
al®!, Our findings also may be explained by the fact
that esophageal carcinoma is typically hypervascular
and that the formation of new arterial microvessels in
tumors results in an increased enhanced attenuation
value!®?¥, Therefore, the active accumulation of
contrast medium in the arterial phase suggests the
neoplastic origin of the stenosis, which was confirmed
by our data.

Peptic stenosis is the most common cause of
esophageal stenosis, and leads to the formation
of 60%-70% of all benign strictures. Carrascosa
et al® described peptic stenosis as short in length
(less than 1 cm), with concentric esophageal wall
thickening. Corrosive strictures can be variable in both
length and number. We found these features to be
insufficient, because in our research, 9 (29%) patients
with esophageal cancer had concentric esophageal
wall thickening and 3 (10%) patients with post-
inflammatory strictures had eccentric esophageal wall
thickening. Koehler et al*® also noticed that malignant
esophageal tumors may be manifested on CT because
of concentric wall thickening. Gradual narrowing of
the esophageal lumen occurs in chronic inflammatory
stenoses and forms a conically shaped suprastenotic
dilatation. Suprastenotic dilatation was found in most
cases (87%) of benign stenosis with different thickness
and length and is a very important feature that helps
establish a correct diagnosis. The mucosa was often
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traceable in the arterial phase as a thin hyperintense
line in the centre of hypodense thickened walls, caused
by inflammation of the stricture (target sign) (Figure 4).
Inside the stricture area, the mucosa can be frequently
interrupted or may not be visualized when there is
complete mucosal destruction. A “target sign” was
found in the esophagus of 77% of the patients with
post-inflammatory strictures. This sign is also typical
of esophagitis'®’. We suggest that this feature is due
to inflammation in the mucosa. A marked increase of
attenuation in the post-inflammatory stricture in the
delayed phase may be explained by the proliferation
of fibrous tissue in its walls. It is well known that
areas of delayed or prolonged enhancement in
liver tumors at CT or magnetic resonance imaging
correspond to fibrotic stroma at histopathologic
examination*?", In our research, fibrotic stroma was
found in the histopathologic examination of all post-
inflammatory strictures. The cut-off ACT of 18.5 HU
in the delayed phase had high sensitivity, specificity,
positive predictive value, negative predictive value and
accuracy, all of which were greater than 70%, in the
differential diagnosis of post-inflammatory stricture.
Therefore, the CT attenuation value in delayed phase
may be used as a criterion for discriminating benign
stenosis from cancer.

The analysis of the post-inflammatory esophageal
strictures revealed, an intraluminal component in two
cases, which simulated neoplastic transformation in the
wall. In one case, there was a soft-tissue component
with a uniform structure that showed delayed ac-
cumulation of contrast medium, which was thus
considered a fibrous tissue. In the other case, the soft-
tissue component showed an active accumulation of
contrast medium during the arterial phase and lymph
nodes were enlarged up to 13 mm, which suggested
a tumor (Figure 5). However, during analysis, the
margin between the hyperintense component and the
surrounding hypodense fibrous layers of the wall was
clearly traced, which suggested a mucosal granulation
and consequently an inflammatory origin for the
stricture (Figure 7).

The CT differentiation of benign and malignant
stenosis is important because the specific diagnosis
influences the treatment, including the necessity of
surgery and the technique, or surgical approach that
should be used as well as the need for lymph node
dissection.

In addition, the results of the study showed a
significant enlargement of the regional lymph nodes
(diameter more than 10 mm), which was typically
associated with the neoplastic transformation of the
esophageal wall.

Our study has some limitations, as represented
by the low number of studied patients. Selection bias
is another inevitable component in a retrospective
study. Another limitation is that the measurement of
CT enhancement is a semi-quantitative method for
assessing vascularity, and is significantly affected by
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the impact of patient cardiac output and central blood
volume. To overcome this limitation, we measured
the extent of CT enhancement within the stricture by
subtracting the attenuation value of background intact
esophageal walls from that of esophageal stenosis,
which may help avoid the influence of cardiac output
and central blood volume. The last limitation is that
normal esophagus has thin walls and was thus more
subject to partial volume averaging with adjacent
paraesophageal fat tissue or air, which may have
influenced the accuracy of the CT enhancement values
measurements in the esophageal wall. To minimize
this limitation, the measurements of CT enhancement
were analysed on both thin-section and magnified
images.

COMMENTS

Background

The correct diagnosis of benign or malignant stenosis in the esophagus
is crucial for determining the appropriate treatment strategies. No detailed
examination of the statistical significance of computed tomography (CT)
findings of post-inflammatory esophageal strictures using two-phase dynamic
multidetector CT (MDCT) has been published in the radiology literature. The
authors’ findings would be of high practical importance to radiologists.

Research frontiers

Corrosive and peptic strictures are characterized by morphologic and
hemodynamic changes of the esophageal wall that occur due to chronic
inflammation and result in fibrotic changes in the walls. To assess the typical
changes in post-inflammatory strictures, the current research hotspot is the
utilization of two-phase dynamic MDCT because both qualitative features, and
perfusion changes can be quantitatively detected from contrast administration.

Innovations and breakthroughs

The characteristic CT appearances of esophageal stenosis of different
etiologies have been described. Most previous studies have included
unenhanced MDCT for evaluating the radiologic criteria of benign esophageal
strictures. No detailed description of CT findings in post-inflammatory strictures
has been published in the radiology literature. No study has analysed the
value of MDCT with bolus contrast enhancement in the differential diagnosis
of benign or malignant stenosis of esophagus. The authors reviewed data of
two-phase dynamic MDCT in patients with benign and malignant stenosis and
obtained qualitative and quantitative findings. They combined all such features
and compared them with final histopathologic diagnoses. The most significant
features in the differential diagnosis of post-inflammatory strictures from
esophageal cancer were selected.

Applications

The features that were identified as significant for the CT evaluation of
esophageal stenosis could be helpful in routine radiological practice and in
treatment planning.

Terminology

Ultrathin esophagoscopy is impossible if the esophageal lumen is less than 5
mm thick. Additionally, radiologic and endoscopic diagnoses are not informative
if total obstruction of the esophageal lumen occurs. Therefore, two-phase
dynamic MDCT could be an imaging modality of choice in cases of severe
stenosis, because it allows for the evaluation of esophageal walls below the
area of stenosis.

Peer-review
This is an interesting research study that evaluates the utility of two-phase
dynamic MDCT to differentiate post-inflammatory esophageal strictures from
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esophageal cancer. The study is well structured; the subject is an actual one
and could be helpful in routine radiological practice. The described imaging
findings show high diagnostic significance in differentiation benign strictures
from esophageal cancer.
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