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Retrospective Study

Computed tomography attenuation values of ascites are
helpful to predict perforation site
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Abstract

AIM: To evaluate the effect of computed tomography
(CT) attenuation values of ascites on gastrointestinal
(GI) perforation site prediction.

METHODS: The CT attenuation values of the ascites
from 51 patients with GI perforations were measured
by volume rendering to calculate the mean values.
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The effect of the CT attenuation values of the ascites
on perforation site prediction and postoperative
complications was evaluated.

RESULTS: Of 24 patients with colorectal perforations,
the CT attenuation values of ascites were significantly
higher than those in patients with perforations at
other sites [22.5 Hounsfield units (HU) vs 16.5 HU,
respectively, 7 = 0.006]. Colorectal perforation was
significantly associated with postoperative complications
(P = 0.038). The prediction rate of colorectal perforation
using attenuation values as an auxiliary diagnosis
improved by 9.8% compared to that of CT findings
alone (92.2% vs 82.4%).

CONCLUSION: The CT attenuation values of ascites
could facilitate the prediction of perforation sites
and postoperative complications in GI perforations,
particularly in cases in which the perforation sites are
difficult to predict by CT findings alone.

Key words: Perforation site prediction; Gastrointestinal
perforation; Computed tomography attenuation value;
Ascites; Volume rendering method
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Core tip: In gastrointestinal (GI) perforations, the
prediction of perforation sites is important for surgeons
in planning for intensive perioperative care of fatally
ill patients. Although multi-detector row computed
tomography (CT) continues to gain further acceptance
as a diagnostic tool, more precise identification of the
perforation site is required in clinical practice. We show
that the CT attenuation values of ascites in patients
with GI perforations could simply and objectively
predict perforation sites and are useful in predicting
postoperative complications, particularly in cases in
which perforation sites are difficult to predict by CT
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findings alone.
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INTRODUCTION

A delay in acute abdomen diagnoses is reported
to markedly influence morbidity and mortality and
is associated with a lengthened hospital stay™*.
Computed tomography (CT) has gained acceptance
as a fast and accurate diagnostic method for acute
abdomen cases and has become a vital imaging
technique in emergency departments, which increases
the level of diagnostic certainty. A randomized
controlled clinical trial conducted in the United Kingdom
reported that early CT (within 24 h of presentation)
reduced serious diagnostic errors by 17% and decreased
the hospital stay and mortality rate!.

Gastrointestinal (GI) perforation is one of the most
life-threatening conditions in acute abdomen cases.
Despite recent advances in imaging techniques, surgical
treatment, and intensive medical care, peritonitis
caused by GI perforation is associated with various
complications™ and is linked with a mortality rate
of 5%-30%""®, Among various GI perforation sites,
colorectal perforation has the highest complication
rate and approaches 55%"\. To prevent postoperative
complications, the prediction of perforation sites is
important for surgeons in planning intensive perio-
perative care of fatally ill patients.

The use of multi-detector row CT (MDCT) has led
to improvements in the diagnosis of GI perforation
and the prediction of perforation sites. Retrospective
studies have reported that the sensitivity of MDCT
for perforation site prediction is approximately
80%-85%""°'4 whereas that of conventional CT
is 36%!"!. A previous prospective study reported
that the concentration of extraluminal air bubbles,
segmental bowel wall thickening, and focal defects of
the bowel wall were the three most significant specific
signs for predicting perforation sites using CT™;
however, these signs might be subtle or only indirectly
related to the site or etiology of perforation, and some
patients exhibit none of these signs. In an emergent
situation, the precise identification of the perforation
site is important for surgeons for appropriate and
immediate patient management!*®’. Although the use
of laparoscopic surgery has been increasing, even
for colorectal perforations, it is limited to elective
cases!'®'’], Open surgery is required for patients with
colorectal perforations. Although MDCT continues
to gain further acceptance as a diagnostic tool,
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a simplified and objective method to increase its
reliability in clinical practice is required.

CT images of a GI perforation are characterized by
free intraperitoneal gas, ascites and abscesses in the
peritoneal cavity™**®, Ascites relevant to GI perforation
might contain GI contents as well as exudates or
blood that might influence CT attenuation values. We
hypothesized that CT attenuation values most likely
reflect the degree of ascites contamination, which
could help to predict GI perforation sites. To verify this
hypothesis, we compared the CT attenuation values
of ascites in patients with GI perforation sites. The
objectives of this study were to assess the sensitivity
and specificity of CT attenuation values to predict
GI perforation sites and evaluate their usefulness in
clinical practice.

MATERIALS AND METHODS

Patients

A total of 61 consecutive GI perforation patients with
detectable ascites by abdominal CT on admission
underwent surgery at Keio University Hospital
(Tokyo, Japan) between 2006 and 2012. The data
were obtained from our surgical database. All the
patients were intraoperatively diagnosed with GI
perforations. To exclude the influence of bowel pre-
paration, 10 patients with iatrogenic perforations
were excluded from this analysis including seven
with anastomotic leakage after GI surgery, two with
intraoperative injuries, and one with a perforation
after an endoscopic submucosal dissection, whereas
those with perforations resulting from chemotherapy
or radiotherapy were included. A total of 51 patients
were included in our analyses. The patient data were
obtained from a prospectively maintained registry
of surgery records and reviewed retrospectively.
For our analysis, the patients were divided into the
following two groups: a colorectal perforation group
and a group with perforations at other sites, including
the upper GI and small intestine. The postoperative
complications were categorized as systematic (including
pneumonia, pulmonary embolism, and deep vein th-
rombosis) or surgical site infections (SSIs). The study
protocol was approved by the institutional ethics
committee of Keio University Hospital.

Evaluation of CT attenuation values of ascites

All the CT scans were performed using a BrightSpeed
scanner (General Electric Medical Systems, Milwaukee,
WI, United States) with 5-mm slices. Each enhanced
CT was performed with an intravenous injection of
iohexol (Omnipaque; Daiichi-Sankyo Co., Tokyo,
Japan) as the contrast agent at a dose of 300 mgl/
kg and scanned at the late phase. No oral contrast
agent was used. The ascites sites revealed by CT were
categorized into the following five sites: perihepatic,
perisplenic, paracolic gutters, pelvis, or Douglas pouch.
The ascitic fluid volume at each site was quantified
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Figure 1 Representative construction of a 3D image of ascites by OsiriX. A:
Consecutive computed tomography slices were used for measurement. Intra-
abdominal ascites are outlined in each slice; B: 3D image of ascites constructed
with OsiriX software.

by three-dimensional (3D)-CT volumetry (a volume
rendering method) using OsiriX computational open
source Digital Imaging and Communication in Medicine
imaging software (v.3.7.1; OsiriX Foundation, Geneva,
Switzerland) (Figure 1). The average CT attenuation
values were calculated from the 3D constructions of
where the greatest fluid accumulations were found.
All the measured ascites fluid volumes were at least
5 cm®. All the measurements were performed in a
similar manner, using a single CT slice image (2D
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Figure 2 Representative measurements of computed tomography attenuation
values by the 2D method. The CT attenuation values of three arbitrary points
on the ascites (A, B and C in the CT slice) were measured, and the mean value
was calculated. CT: Computed tomography.

method). Of the slices showing the greatest fluid
accumulation, a region of interest of approximately 5
mm?® was selected, and three arbitrary points of the
ascites were measured (Figure 2). The average of the
three points was calculated. All the measurements
were made retrospectively and independently by two
investigators who were blinded to patient complaints,
specific medical histories, physical examination fin-
dings, surgery data, laboratory evaluations, and
imaging results. The data are presented as the average
measurements of two investigators and expressed as
Hounsfield units. The patients with any of the three
specific findings of perforation site prediction by CT
(concentration of extraluminal air bubbles, segmental
bowel wall thickening, and focal defect of the bowel
wall) were defined as predicted cases.

Statistical analysis

The median values with interquartile ranges (IQR)
are presented for the continuous variables. The
comparisons between the two groups were made
using the Mann-Whitney U test or Fisher’s exact
test. Univariate and multivariate linear regression
analyses were used to evaluate the influence of the
covariates on the measurement of the CT attenuation
values of the ascites. Logistic regression analysis was
used to evaluate the risk factors of postoperative
complications. The covariates with a P value of <
0.10 in the univariate analysis were included in
the multivariate analysis. The interclass correlation
coefficient was calculated to evaluate the reliability of
the data obtained from different measuring methods
or investigators. The ability of the CT attenuation
values to predict colorectal perforation or perforations
of other sites was assessed using receiver operating
characteristic (ROC) curves, and the cut-off point was
determined using the ROC curve closest to (0, 1) to
the point at which the sensitivity and specificity were
maximized. All the statistical tests were two-sided, and
the significance level was set at 0.05. All the statistical
analyses were performed using SPSS version 21
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Table 1 Patient characteristics 7 (%)

Colorectum  Other sites P value

Table 3 Logistic regression analysis of risk factors for

postoperative complications

(n = 24) n = 27) Coefficient (95%CI) P value
Age (yr) 70 (44-91)' 61 (24-84)' 0.015° Age 1.04 (1.01-1.08) 0.026
Gender (male) 14 (58.3) 15 (55.6) 1.000° Reason of perforation 1.50 (0.61-3.67) 0.374
Reason of perforation 0.880° Perforation site 3.40 (1.07-10.78) 0.038
Malignancy 5(20.8) 6(22.2) CT attenuation values of ascites 1.03 (0.98-1.07) 0.247
Benign 14 (58.3) 16 (59.3)
Chemo and/ or radiotherapy 2(8.3) 3 (11.1) CT: Computed tomography.
Idiopathic 3 (12.5) 2(7.4)
Ascites accumulated site 0.594°
Douglas’s pouch 12(50.0) 13 (48.1) lysis showed that the perforation site (coefficient
S ;gﬁg o g’zgi = 8.86, 95%CI: 1.49-16.24; P = 0.020) was sig-
Intrapellvifu 3 - (3.7') nificantly associated with the CT attenuation values.
Amount of ascites (cm®) 173 55.4 0.018> Additionally, the multivariate analysis showed that
(5.1-736.3)"  (9.3-494.1)" the perforation site (coefficient = 7.39, 95%CI:
Intravenous contrast (no) 5 (23.8) 4(154) 0486’ 1.60-13.19; P = 0.014) was identified as a significant

Time from onset (hours) 25.5 (6-144)" 17.7 (4-192)'  0.340°
CT attenuation values of ascites 22.5 16.5 0.006>
(11.2-66.9)  (2.5-63.1)

'Median (range); *Mann-Whitney U test; *Fisher’s exact test. CT: Computed
tomography.

Table 2 Univariate and multivariate analysis of influencing

factors on the computed tomography attenuation values of
ascites

Univariate Multivariate
Coefficient P value Coefficient P value
(95%ClI) (95%CI)

Perforation site 8.86 (1.49-16.24) 0.020 7.39 (1.60-13.19) 0.014

Amount of -0.09 (-0.04-0.02)  0.513
ascites

Reason of 1.57 (-4.64-7.77)  0.614
perforation

Ascites 1.48 (-2.01-4.97)  0.397
accumulated site
Intravenous 5.10 (-4.61-14.80) 0.296
contrast

Time from onset -0.03 (-0.14-0.09)  0.656

statistical software (IBM Japan, Tokyo, Japan).

RESULTS

Of the 51 patients, 24 (47.1%) had colorectal perforations
and 27 (52.9%) had perforations at other sites (17 in
the small intestine and 10 in the upper GI tract). The
patient characteristics are presented in Table 1. The
patients with colorectal perforations were significantly
older (P = 0.015) and had a smaller amount of ascites
(P = 0.018) than those with perforations at other
sites. The patients with colorectal perforations had
significantly higher CT attenuation values using volume
rendering [colorectal vs other sites, 22.5 Hounsfield
unit (HU) (IQR = 15.9) vs 16.5 HU (IQR = 9.8),
respectively, P = 0.006].

The univariate and multivariate analysis results
of the factors influencing the CT attenuation values
of ascites are shown in Table 2. The univariate ana-
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independent factor that influenced the CT attenuation
values of ascites.

Further analysis was performed to clarify the
association between postoperative complications
and the CT attenuation values of ascites. The logistic
regression analysis results are shown in Table 3. An
analysis of postoperative complications demonstrated
that the perforation site (coefficient = 3.40, 95%CI:
1.07-10.78; P = 0.038) and age (coefficient = 1.04,
95%CI: 1.01-1.08; P = 0.026) were significant risk
factors for postoperative complications. The influences
of the CT attenuation values of ascites on SSIs and
systemic infections were separately evaluated using
logistic regression analysis. Colorectal perforation was
significantly associated with SSls (coefficient = 2.52,
95%CI: 1.06-5.98; P = 0.036) and not systemic
complications (coefficient = 2.10, 95%CI: 0.62-7.17;
P = 0.236).

These results suggested that the volume rendering
system was useful for predicting perforation sites;
however, it might be too complicated to perform on
an emergency basis. Therefore, we evaluated whether
measurements of the CT attenuation values of ascites
using one-slice CT images (2D method) provided
similar results. As shown in Figure 3A, there was a
significant correlation between the CT attenuation
values of ascites gained by volume rendering and the
2D method (ICC = 0.93, P < 0.001). To further clarify
the efficacy of the 2D method, two investigators
independently assessed the reproducibility of the CT
attenuation values measured by the 2D method. As
demonstrated in Figure 3B, there was a significant
correlation in the CT attenuation values measured
between the two investigators (ICC = 0.91, P <
0.001), suggesting that the CT attenuation values
measured by the 2D method were reproducible re-
gardless of the investigator. From the data obtained
by the 2D method, an ROC curve was drawn. The
area under the curve was calculated as 0.82, which
indicated strong abilities to predict perforation sites.
A cut-off value of a perforation site was estimated
at 18 HU. Using this cut-off value, the sensitivity of
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Figure 3 Evaluation of the reproducibility of the 2D method. A: Correlation between the CT attenuation values calculated by the volume rendering and 2D
methods; B: Correlation between the CT attenuation values calculated by two investigators. ICC: Interclass correlation coefficient; CT: Computed tomography.

Table 4 Perforation site predicting rate of each method n (%)

Site prediction rate

CT findings 42 (82.4)
CT attenuation values of ascites 40 (78.4)
Combining both methods 47 (92.2)

CT: Computed tomography.

colorectal perforation prediction was 87.5% (21/24),
whereas the specificity was 70.4% (19/27).

The site prediction rate of conventional perforation
site prediction using CT findings was 82.4% (42/51),
whereas the rate of the new method using the CT
attenuation values of ascites was 78.4% (40/51).
Applying our new method to the nine patients for
whom perforation sites could not be predicted by CT
findings, five could be precisely predicted. Thus, the
site prediction rate improved by 9.8% compared to
that of the CT findings alone (Table 4).

DISCUSSION

In this study, we showed that the CT attenuation
values of ascites in patients with GI perforations were
correlated with the perforation sites (colorectal or
others), suggesting that the CT attenuation values
of ascites are useful for diagnosing perforation sites.
The CT attenuation values of ascites were particularly
correlated with SSIs. The CT attenuation values
measured in any three points on a single CT image,
which is more convenient, was comparable with vo-
lume rendering and could immediately improve the
diagnostic procedure for patients with acute abdomen.
These results propose a new application of CT and
suggest that this imaging method is useful for the
evaluation of morphological as well as qualitative and
quantitative findings.

CT is a strong modality for the diagnosis of GI
perforation and should be performed routinely for
most patients with acute abdomen!*®***, A previous
study proposed that a triad of characteristics (the
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concentration of extraluminal air bubbles, segmental
bowel wall thickening, and focal defect of the bowel
wall) was associated with the site of bowel perforation
indicated by CT™*, However, it was noted that 14% of
all patients did not have any of these characteristics,
and the perforation sites could not be predicted™*.
In this study, nine patients (17.6%) did not exhibit
any of the three characteristics and, consequently,
the perforation sites could not be predicted. Using the
CT attenuation values with a cut-off point of 18 HU
as an auxiliary diagnosis, the accuracy of perforation
site prediction was improved by 9.8%. These results
suggested that combining the two methods could
enhance the efficiency and power of GI perforation
diagnosis.

The CT attenuation value is defined as the radiodensity
of each material and is expressed in HUs, in which
the radiodensity of distilled water at standard pressure
and temperature was defined as 0 HU, whereas that of
air was defined as -1000 HU. Each tissue has unique
CT attenuation values, although the values vary by
tissue components. These quantitative values have
been applied to clinical diagnosis in several studies.
Nandalur et af*! analyzed the CT attenuation values
of 145 pleural effusions and found that the mean
attenuation of exudates (17.1 HU) was significantly
higher than that of transudates (12.5 HU). Allen et a/*!
reported that abdominal fluid collections exhibiting high
fluid attenuation (> 20 HU) was a significant predictor
of infection, suggesting that an infectious component
has a higher CT attenuation value than does water.
The findings of this study provide further evidence that
a CT attenuation value is approximately proportional to
the extent of the bacterial and contaminated contents
derived from GI perforation. Thus, the application of
the CT attenuation value is considered to be useful
for evaluating fluid collections with the objective of
quantitative and qualitative analyses. However, further
investigations are required to define the role of CT
attenuation values in clinical practice.

Volume rendering is extremely useful for obtaining
anatomical and morphological information and
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has become a respected technique in the surgery.
Frequently, 3D reconstruction of intra-abdominal
organs has been utilized for preoperative assessment.
The 3D reconstruction of vessels from preoperative
CT clarifies the cross relationship of the ileocolic
artery or the right colic artery with the superior
mesenteric vein, which is important for appropriate
lymphadenectomy in a right hemicolectomy®™”’, A
narrow pelvis, which is considered an operative risk
in rectal surgery, can be evaluated preoperatively by
3D reconstruction of the pelvis®®®. Recent attempts
to perform surgery by projecting a 3D reconstructed
image on the patient’s body, with a beam fixed to
the operating table to enhance spatial perception
during surgical intervention (augmented reality) have
been successful®?%, In this study, we used a novel
method to measure CT attenuation values that was
predominantly intended to minimize the influence of
partial volume effects and biases incurred by each
patient or image when measuring the values. Our
finding suggested that the volume rendering method
was useful in terms of qualitative and quantitative
evaluations. However, it appears to be difficult to
apply this method in practice during emergency
situations. In the pursuit of more suitable clinical app-
lications, we measured the CT attenuation values of
ascites on a single CT image (2D method) and found
that the 2D method was reproducible and strongly
correlated with the volume rendering method. The
2D method was considered to be more suitable in
practical applications.

There were some limitations to this study. First,
the sample size was relatively small for conclusive
results. Considering the rarity of GI perforation, a
multi-centric prospective study should be conducted
to assess the efficacy of CT attenuation values. In
addition, this study was a retrospective analysis that
potentially included selection bias.

Prediction of perforation sites is important be-
cause they greatly influence patient morbidity and
mortality. To improve risk management, perforation
site prediction is useful in evaluating the risk of
postoperative complications at an early stage!*®,
The results of the logistic regression analysis in this
study suggested that the CT attenuation values of
ascites might be helpful in evaluating the risk of
postoperative complications. The CT attenuation
values of ascites were better correlated with SSI
than with systemic complications. This result was
consistent with the fact that high CT attenuation
values of ascites were significantly correlated with
colorectal perforation, which increased the values
because of infection and subsequent inflammation,
and that the SSI risk in colorectal perforation was
higher than that at other perforation sites. Our
results indicated that CT attenuation values reflected
local inflammation or properties of ascites.

The CT attenuation values of ascites in patients
with GI perforations could simply and objectively
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predict perforation sites and is useful for predicting
postoperative complications, particularly for SSIs.
Our findings suggested that the evaluation of the CT
attenuation values of ascites could assist in prompt
and accurate diagnoses and decrease patient mortality
and morbidity by shortening the time from diagnosis
to appropriate intensive care. This study demonstrated
that CT could reveal morphological characteristics as
well as qualitative and quantitative information.

COMMENTS

Background

Despite recent advances in imaging techniques, surgical treatment, and
intensive medical care, peritonitis caused by gastrointestinal (GI) perforation is
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