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HIGHLIGHTS

o CT represents the main imaging technique for diagnosing bowel ischemia.
e Bowel dilatation represents a CT sign indicating poor prognosis.

e We assess the role of TTP 3D reconstruction for evaluating loop dilatation.
o TTP 3D reconstructions are a rapid and automatic tool in this field.

o A prognostic value could be proposed for TTP 3D imaging.
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sition Projection (TTP) transparent wall CT reconstruction for detecting the degree of bowel dilatation
and to correlate this finding with the aetiology and prognosis in patients affected by mesenteric

IC<eyw0rtciS(-'i . N infarction.
N?];“c[;” ¢d tomography Materials and methods: Forty-seven patients affected by bowel infarction due to vascular obstruction

Bowel ischemia (arterial in 66% of cases, venous in 34%) were assessed by MDCT examination searching for the degree of
Bowel dilatation bowel dilatation (subdivided into 4 groups: entire small bowel (SB); >50% of SB; < 50% of SB; large bowel
only). Two blinded radiologists evaluated TTP 3D transparent wall and multi-planar reconstructions. Chi
square test was used to correlate CT findings with the disease course and the mortality rate. Cohen's
kappa statistics was used in order to assess inter-observer agreement.
Results: The overall mortality rate was 64%, with a 90% value for arterial forms and 10% in case of venous
infarctions. The entire SB (n = 10) or a >50% SB dilatation (n = 16) correlated with poor prognosis in all
cases (p < 0.05); a <50% SB dilatation (n = 16) correlated with good prognosis in 87.5% of cases (p < 0.05).
A large bowel only dilatation (n = 5) did not show a significant prognostic value (p = 0.13). Almost
perfect agreement between the two readers was found (k = 0.84).
Conclusion: MDCT offers different reconstruction software for diagnosing bowel ischemia. 3D TTP
transparent wall reconstructions represent a rapid and automatic tool for identifying loop dilatation,
which significantly correlates with an arterial aetiology and poor prognosis.
© 2016 Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd.

1. Introduction

Acute bowel ischemia represents an abdominal emergency ac-
counting for nearly 1% of patients presenting with acute abdomen
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compromised because of mesenteric arterial hypo-perfusion,
impaired venous drainage or bowel obstruction [1-5]. In fact, the
causes of intestinal ischemia can be occlusive or non occlusive.
Occlusive causes are due to the embolic or thrombotic occlusion of
arterial or venous vessels and account for about 80% of all cases of
intestinal ischemia [6,7]. Non occlusive causes account for about
20—30% of all cases of intestinal ischemia.

Bowel ischemia could represent a transient and reversible event
if diagnosed in an early phase; however, it may lead to intestinal
infarction that requires surgical or interventional management [6].
Despite the new available imaging tools, mortality rate from in-
testinal infarction still remains very high, with reported value
ranging from 60% to 90% [8—10].

Multi-detector computed tomography (MDCT) represents the
main imaging technique that must be promptly performed in all
patients with acute abdomen syndrome and suspected bowel
ischemia. In fact, MDCT can provide a correct diagnosis and con-
tributes to appropriate treatment planning being able to define the
nature of the disease and the extent of anatomical damage [6,7].

Several CT signs have been described in this field and recently
they have also been correlated to the prognosis of the disease
giving an important prognostic value to this imaging tool.

Bowel loop dilatation represents one of these signs; it has been
related to an increased capillary permeability within bowel walls
and usually reflects an advanced stage of disease. Besides, bowel
loop dilatation is typical of the arterial forms and characterized by
high mortality rates [7].

The introduction of multi-detector CT devices has highly
improved the diagnostic and prognostic potential for detecting CT
signs of bowel ischemia with the possibility of using different im-
age reconstruction software starting from isotropic voxels obtained
by CT scanning.

Tissue Transition Projections (TTP) represent a particular sub-
type of Surface Shaded Volume Rendering (SS-VRT) that can be
used for this purpose [11—15]. So far, no experience has been re-
ported in this field.

This study aims to evaluate the role of 3D TTP transparent wall
CT reconstruction for detecting the degree of bowel dilatation and
to correlate this finding with the aetiology and prognosis in pa-
tients affected by mesenteric infarction.

2. Material and methods
2.1. Patients

We retrospectively reviewed 47 patients with bowel infarction
who were examined at our department between January 2012 and
May 2013. Patients were identified through a search of our elec-
tronic archive system using terms such as ischemia, infarction and
intestinal necrosis. All 47 selected cases were affected by occlusive
ischemia: 31 (66%) of the arterial and 16 (34%) of the venous type.
Patients included 26 men (55%) and 21 women (45%), with age
ranging from 46 to 86 years (mean age 69.3). Thirty of the 47 pa-
tients (64%) had died, and 17 (36%) were alive 6 months after the
diagnosis. Only 30 patients (64%) underwent surgery; of these, 18
(60%) died and 12 (40%) survived. The definite diagnosis was pro-
vided by surgery, with histology of the resected intestinal segment
in 30 patients. In the remaining 17 cases, the diagnosis was based
on radiological and clinical data and on the disease course. All
patients were examined in an emergency setting due to sudden
onset of acute abdomen.

2.2. CT protocol

The CT scanners used were a 320-slice MDCT device (Aquilion

One, Toshiba Medical System, Nasu, Japan; protocol: detector
collimation 320 x 0.5 mm, increment 0.5, rotation time 0.5 s, mean
kVp/mAs: 120/200) and a 16-slice MDCT (TSX- 101A- Aquilion 16,
Toshiba Medical System, Tochigi, Japan; protocol: detector colli-
mation 16 x 1 mm; increment 0.8 mm; rotation time 0.5 s; mean
kVp/mAs 120/250). In all cases, scans were acquired before and
after the intravenous injection of contrast material (120—140 ml
injected at a rate of 3—3.5 ml/s), with image acquisition in the
arteriolar phase, generally with a delay of 30—40 s from the
beginning of contrast-agent administration, and in the venous
phase, with a delay of 60—90 s from the beginning of contrast-agent
administration. The data sets were retrospectively analyzed on a
workstation (HP XW 6400) equipped with image reconstruction
software (Vitrea 4.1, Vital Images, Minneapolis, MN, US). 3D TTP
transparent wall software and multiplanar (MPR) reconstructions
were used.

2.3. Image analysis

3D TTP transparent wall reconstructions and MPR images were
assessed by two blinded radiologists with more than 5 years'
experience in the field of abdominal CT imaging and CT image
reconstruction, searching for the following parameters:

- bowel-loop dilatation, defined as a small-bowel diameter
>2.5 cm and large-bowel diameter >8 cm; basing on the degree
of bowel dilatation, patients were subdivided into 4 groups:

e entire small bowel (SB) in the case of both jejunal and ileal
involvement;

e >50% of SB in the case of predominant jejunal or ileal
involvement associated with some ileal or jejunal dilated
loops, respectively;

e < 50% of SB in the case of exclusive involvement of some je-
junal or ileal loops;

e large bowel only;

the morphology and patency of the coeliac trunk, superior and

inferior mesenteric arteries, superior mesenteric vein and portal

trunk, in order to define the arterial or venous nature of the
vascular occlusion causing ischemia.

3D TTP transparent wall reconstructions were used for evalu-
ating the degree of bowel loop dilatation while MPR images for
establishing the aetiology of the disease.

Post-processing time was approximately 10 min.

2.4. Statistical analysis

The sample population was initially analyzed using descriptive
statistics and considering age, gender, aetiology of ischemia (arte-
rial or venous), disease course (dead or living patient) and calcu-
lating mortality rates. The groups of patients classified basing on
bowel loop dilatation as detected by 3D TTP reconstructions were
correlated with treatment outcomes (dead vs living) and with the
aetiology of the disease (arterial vs. venous infarctions). Statistical
significance of this information was verified by applying the chi-
square test and calculating p values. The obtained data were
considered to be statistically significant at a p value < 0.05. Cohen's
kappa statistics was used in order to assess inter-observer agree-
ment. A k value of more than 0.81 was considered to represent
almost perfect agreement and values of 0.61—0.80 and 0.41—0.60 to
represent substantial and moderate agreement, respectively. All
calculations were performed using NCSS2007_ statistical software.
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