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Abstract

Objectives To evaluate mutidetector computed tomography
(MDCT) for the prediction of perforation site according to
each gastrointestinal (GI) tract site and elapsed time.
Methods One hundred and sixty-eight patients who
underwent MDCT before laparotomy for GI tract perforation
were enrolled and allocated to an early or late lapse group
based on an elapsed time of 7 h. Two reviewers independently
evaluated the perforation site and assessed the following CT
findings: free air location, mottled extraluminal air bubbles,
focal bowel wall discontinuity, segmental bowel wall thick-
ening, perivisceral fat stranding and localised fluid collection.
Results The overall diagnostic accuracy was 91.07 % and
91.67 % for reviewers 1 and 2, respectively, with excellent
agreement (kappa 0.86). Accuracies (98.97 % and 97.94 %)
and agreements (kappa 0.894) for stomach and duodenum
perforation were higher than for other perforation sites.
Strong predictors of perforation at each site were: focal bowel
wall discontinuity for stomach, duodenal bulb and left colon,
mottled extraluminal air bubbles for retroperitoneal duode-
num and right colon, and segmental bowel wall thickening
for small bowel. The diagnostic accuracy was not different
between the early- and late-lapse groups.

Conclusions MDCT can accurately predict upper GI tract
perforation with high reliability. Elapsed time did not affect
the accuracy of perforation site prediction.
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Key Points

* Perforation of the stomach and duodenum can be accurately
predicted with MDCT.

* Knowledge of CT findings predicting perforation site can
improve diagnostic accuracy.

* Elapsed time does not significantly affect accuracy in
predicting perforation sites.

Keywords MDCT - Perforation - Gastrointestinal tract -
Acute abdomen, Elapsed time
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Introduction

Gastrointestinal (GI) tract perforation is an emergent condition
with a variety of actiologies, including ulcer disease, inflam-
mation, neoplasms, trauma and iatrogenic factors [1, 2].
Patients with GI tract perforation usually require timely sur-
gical treatment. Laparoscopic surgery is currently performed
as a less invasive alternative to open surgery for GI tract
perforation [3, 4]. Consequently, establishing the perforation
site may be beneficial for the surgeon.

Multidetector computed tomography (MDCT) is now
widely available and is well accepted as a useful modality
for identifying the presence, site and cause of GI tract perfo-
ration [5-9]. Multiplanar reformations of MDCT are also
helpful for identifying perforation site by direct visualisation
of a bowel wall discontinuity [10]. However, all GI tract
perforation on CT cannot be recognised as bowel wall discon-
tinuity and, in some cases, the CT findings predicting the
perforation site may be subtle or only indirectly related to
the perforation site. Because the GI tract is long and has
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various relationships with surrounding supporting structures
depending on location within the GI tract, CT findings
predicting GI tract perforation may be different depending
on the GI tract site involved [7].

Although several researchers have addressed the accuracy
of MDCT in predicting the site of GI tract perforation and
suggestive CT findings according to perforation site [5-9], to
the best of our knowledge, no study has been performed on the
accuracy and interobserver agreement in predicting perfora-
tion site by MDCT according to each GI tract site. In addition,
the CT findings that are most predictive of each GI tract
perforation site have not been studied. If MDCT confidently
offers an accurate detection rate for perforation according to
the each GI tract site, it may be helpful for surgeons in
determining therapeutic options.

We also hypothesised that the time elapsed between bowel
perforation and CT may affect the accuracy of perforation site
prediction, because intra-abdominal reactions after bowel per-
foration may actively change over time. Although a few
studies have discussed CT findings in relation to the elapsed
time since bowel perforation [11-13], there have not been any
reports on the accuracy of predicting the site of bowel perfo-
ration according to elapsed time.

We undertook this study to evaluate the accuracy and
interobserver agreement of MDCT in predicting perforation
site according to the each GI tract site. We also examined the
most predictive CT findings and the effects of the time elapsed
since clinical suspicion of perforation.

Material and methods
Study population and medical records

The institutional review board of our hospital approved this
retrospective study and waived the requirement for informed
consent. From January 2007 to October 2012, 241 consecu-
tive adult patients (>18 years) underwent surgery for GI tract
perforation other than appendiceal perforation at our hospital.
From a total of 241 patients, we excluded 66 patients who
underwent CT examination at an outside hospital due to
concerns regarding inhomogeneous CT techniques. Thus, a
total of 175 patients met this criterion and all of these patients
underwent surgery within 12 hours after CT. Among this
population, we excluded seven patients who did not have
complete medical records, and the remaining 168 patients
were enrolled in this study. The mean age of the patients
was 56.9 years (range, 19-90 years). There were 119 male
and 49 female patients.

Based on medical records, we estimated the time elapsed
between CT and abdominal trauma or between CT and the
onset of acute non-traumatic severe abdominal pain. The
mean elapsed time was 18 h (range, 1-120 h). We divided

the patients into an early lapse group (n=85) and a late lapse
group (n=83) with a cut-off of 7 h, which was set by the
cumulative frequency percentage point of 50 %.

Based on the surgery, we categorised the GI tract perfora-
tion sites as follows: stomach including the duodenal bulb
(n=91), retroperitoneal duodenum (n=6), small bowel
(n=39), right colon (n=9) consisting of the cecum, ascend-
ing colon, hepatic flexure and transverse colon, and left colon
(n=23) consisting of the splenic flexure, descending colon,
sigmoid colon and rectum. The causes of each GI tract perfo-
ration are listed in Table 1.

Imaging techniques

All CT images were obtained using a 16- or 64-slice MDCT
scanner (Brilliance 16 and 64; Philips Medical Systems,
Cleveland, OH). CT was performed in the craniocaudal direc-
tion from the level above the diaphragm to the pubic symphy-
sis. None of the patients received oral contrast. For the 16-
slice MDCT, CT parameters were as follows: collimation
1.5 mm, pitch 1.188 and rotation time 0.75 s. For the 64-
slice MDCT the parameters were: collimation 0.625 mm,
pitch 1.014 and rotation time 0.5 s. Tube voltage was
120 kVp and tube current was 150—300 mA in both scanners.
Contrast-enhanced CT of the entire abdomen was performed
with a 70 s delay after the injection of 120 ml iomeprol
(Tomeron 350; Bracco, Milan, Italy) or iohexol (Iobrix 350;
Taejoon Pharmaceutical, Kyungkido, South Korea) at a rate of
4 ml/s through an antecubital vein. The axial section data were
reconstructed at a thickness of 5 mm with 5-mm increments

Table 1 Causes of gastrointestinal tract perforation in 168 patients

Causes SbB RD SB RC LC
on © ¢ O @)

Ulcer 85 1 2
Cancer 5
Tatrogenic 1
Trauma 3 26

Non-specific inflammation

NN = =
N N VS N S

Ischaemia
Tuberculous enteritis
CMYV enteritis

Crohn’s disease
Meckel’s diverticulum

Gastrointestinal stromal
tumour
Diverticulitis 1 6

Colonic pseudo-obstruction 1

All data, including those in parentheses, represent the actual number of
patients

SDB stomach including duodenal bulb, RD retroperitoneal duodenum, SB
small bowel, RC right colon, LC left colon
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and at a thickness of 2 mm with 1-mm increments. The second
set of reconstructed axial scans was then reformatted in the
coronal plane at a thickness of 3 mm with 3-mm increments.

Image analysis

Two radiologists with 8 (S.W.K., reviewer 1) and 14 years
(S.J.P, reviewer 2) of dedicated abdominal imaging experi-
ence independently evaluated CT images to detect the site of
GI tract perforation. These two reviewers were aware that all
CT images involved surgical patients with GI tract perforation,
but did not have access to surgical or pathological records.
Images were presented to the reviewers in a random sequence
using a PACS system (Piview Star; Infinitt Healthcare, Seoul,
Korea) in stack mode. The two reviewers evaluated both axial
reconstructions and coronally reformatted images and they
independently recorded the location of the perforation site
along the GI tract as follows: stomach including duodenal
bulb, retroperitoneal duodenum, small bowel, right colon and
left colon.

In each case, the two reviewers also assessed strong pre-
dictors for each perforation site among the following six
useful CT findings: free air location, mottled extraluminal
air bubbles, focal bowel wall discontinuity, segmental bowel
wall thickening, perivisceral fat stranding and localised fluid
collection. Free air location can be localised as free air only
around the liver and stomach, which may be more suggestive
of gastroduodenal perforation, or free air only in the pelvis,
which may be more suggestive of colon perforation or,
less frequently, of small bowel perforation [9, 11, 14,
15]. Based on these definitions, the reviewers subjectively
used the free air location for predicting perforation site.
Mottled extraluminal air bubbles were defined as concentrated
small air collections in close proximity to the bowel wall.
Focal bowel wall discontinuity was defined as interruption
of the enhancing bowel wall as depicted by a low-attenuation
area, such as fluid, air or facces. Segmental bowel wall thick-
ening was defined as wall thickness greater than 3 mm. The
reviewers subjectively assigned each contribution score of six
useful CT findings for predicting the perforation sites (0, no
contribution; 1, partial contribution; 2, definite contribution).
Reviewers were requested to assign at least one or two definite
contribution in each case.

Statistical analyses

The diagnostic accuracy of the MDCT in the prediction of
perforation site for both reviewers was evaluated by compar-
ing the MDCT results to the surgical results. Agreement
between the two reviewers in predicting the perforation
site regardless of accuracy was determined using the kappa
statistic. We also calculated the diagnostic accuracy and inter-
observer agreement for predicting the perforation sites

@ Springer

according to the each GI tract site. A kappa value of
0.0-0.19 indicated poor agreement; 0.2—0.39, fair agree-
ment; 0.4-0.59, moderate agreement; 0.6—0.79, good
agreement; 0.8—1.0, excellent agreement. For the accu-
rately predicted cases, we calculated the mean contribution
scores (range, 0-2) of each CT finding for predicting the
perforation site in each part of the GI tract. We subjectively
defined a mean contribution score more than 1 as a useful
finding for predicting the perforation site.

We divided the study population into the upper GI tract
perforation group (n=97), including the stomach and duode-
num, and a lower GI tract perforation group (n=71), including
the small bowel and colon [6, 14]. The diagnostic accuracy
and interobserver agreement for the MDCT between the early
lapse group and late lapse group and between the upper and
lower GI tract groups were also evaluated by comparing the
MDCT results to the surgical results.

Statistical significance was accepted for P values of <0.05.
Statistical analysis was performed using MedCalc version
12.3.0 (MedCalc Software, Mariakerke, Belgium).

Results

Accuracy and agreement for the prediction of perforation
at each GI tract site

The accuracy for predicting the GI tract perforation site was
91.07 % (153 of 168) for reviewer 1 (8 years of abdominal
imaging experience) and 91.67 % (154 of 168) for reviewer 2
(14 years of abdominal imaging experience). There was no
significant difference in accuracy between the reviewers. The
overall agreement between reviewers in predicting the site of
perforation was excellent (kappa value=0.861). Accuracy and
agreement for both reviewers according to each GI tract site
are listed in Table 2. Stomach perforation, including the

Table 2 Accuracies and agreements in predicting the perforation site
according to each gastrointestinal tract site

Perforation site Reviewer 1 Reviewer 2 Kappa values
SDB (91) 98.90 (90) 97.80 (89) 0.797°
RD (6) 100.00 (6) 100.00 (6) 1.000°
SB (39) 87.18 (34) 89.74 (35) 0.123*
RC (9) 66.67 (6) 77.78 (7) 0.571°
LC (23) 73.91 (17) 73.91 (17) 0.245%
Total (168) 91.07 (153) 91.67 (154) 0.861°

Accuracy values are expressed in percentages
Data in parentheses represent the actual number of patients

SDB stomach including duodenal bulb, RD retroperitoneal duodenum, SB
small bowel, RC right colon, LC left colon

“Data are kappa values
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duodenal bulb, was nearly perfectly predicted by both re-
viewers. The agreement for this perforation site was good
(kappa value=0.797). Perforations of the retroperitoneal duo-
denum were perfectly predicted by both reviewers. However,
the accuracy for predicting small bowel and colon perforation
was less than 90 %. In addition, the agreement for prediction
of these perforation sites was poor and fair for the small bowel
and colon, respectively. Reviewer 1 and 2 incorrectly predict-
ed the perforation site in 15 patients and 14 patients for each
site, respectively. Cases of incorrect site prediction by each
reviewer according to GI tract site are listed in Table 3.

MDCT findings for predicting perforation site according
to each GI tract site

The mean contribution score of each CT finding for predicting
perforation site according to each site along the GI tract is
summarised for both reviewers in Table 4. In stomach includ-
ing duodenal bulb perforation, focal bowel wall discontinuity
(Fig. 1) was a useful CT predictor for both reviewers.
Segmental bowel wall thickening was also regarded as a
useful predictor for reviewer 1. Mottled extraluminal air bub-
bles (Fig. 2), focal bowel wall discontinuity and localised fluid
collections were useful predictors for retroperitoneal duodenal
perforation for both reviewers. In small bowel perforation,
segmental bowel wall thickening (Fig. 3) was a useful predic-
tor for both reviewers, and perivisceral fat stranding (Fig. 4)
was useful for reviewer 1. In right colon perforation, mottled
extraluminal air bubbles, segmental bowel wall thickening
and perivisceral fat stranding were useful predictors for re-
viewer 1 and mottled extraluminal air bubbles were useful for
reviewer 2. Focal bowel wall discontinuity was a useful

Table 3 Inaccurate site prediction according to gastrointestinal tract site

Reviewer 1 (15) Reviewer 2 (14)

Perforation Incorrectly Perforation Incorrectly
site predicting site site predicting site
SDB (1) LC(1) SDB (2) RC (1)
LC (1)
SB (5) SDB (3) SB (4) RD (1)
LC (1)
RC (3) SDB (1) RC (2) SB (2)
SB (2)
LC (6) SDB (3) LC (6) SDB (1)
SB (2) SB(3)
RC (1) RC (2)

Data in parentheses represent the actual number of patients

SDB stomach including duodenal bulb, RD retroperitoneal duodenum, SB
small bowel, RC right colon, LC left colon

predictor of left colon perforation for both reviewers (Fig. 5)
and perivisceral fat stranding was useful for reviewer 1.

Accuracy and agreement for the prediction of perforation
site between the upper and lower GI tract and according
to elapsed time

The diagnostic accuracy and interobserver agreement for
predicting perforation site between the upper and lower GI
tract and according to elapsed time are summarised in Table 5.
The accuracy of upper GI tract perforation prediction for both
reviewers (98.97 % and 97.94 % for reviewer 1 and 2, respec-
tively) was significantly higher than that for lower GI tract
perforation (80.28 % and 83.10 % for reviewer 1 and 2,
respectively) (P<0.01). There was no significant difference
in diagnostic accuracy between the early and late lapse groups
according to perforation site (P=0.622 and 0.745 for reviewer
1 and 2, respectively). The accuracy of upper GI tract perfo-
ration in the early lapse group was significantly higher than
that of lower GI tract perforation for both reviewers (P<0.01),
whereas accuracy in the late lapse group was not significantly
different between the upper and lower GI tract for either
reviewer.

Inter-reviewer agreement was significantly higher in upper
GI tract perforation (kappa value=0.894) than in lower GI
tract perforation (kappa value=0.595) (P<0.001). In terms of
elapsed time, agreement was significantly higher in the
late lapse group (kappa value=0.925) than in the early
lapse group (kappa value=0.779) (P<0.001). Inter-
reviewer agreement was significantly higher in the early
lapse group than in the late lapse group in upper GI tract
perforation, whereas it was significantly higher in the late
lapse group than in the early lapse group in cases of lower
GI tract perforation. In the late lapse group, agreement in
upper GI tract perforation was not significantly different from
lower GI tract perforation.

Discussion

Our results show that both reviewers successfully predicted GI
tract perforation site by viewing MDCT images for more than
90 % of the patients in this study. This result was similar to
previous reports [5, 8]. Among the perforation sites, both
reviewers more accurately predicted perforation of the upper
GI tract, consisting of the stomach and duodenum, than per-
foration of the lower GI tract. Thus, we suggest that preoper-
ative MDCT can be interpreted confidently in cases of upper
GI tract perforation. Furthermore, MDCT may affect the
selection of treatment options, such as laparoscopic approach.
The laparoscopic repair of a perforated peptic ulcer has been
regarded as a safe and reliable procedure [3, 16, 17]. The
laparoscopic approach is also gradually gaining acceptance

@ Springer
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Table 4 Mean contribution scores for CT findings in predicting perforation site according to each gastrointestinal tract site

CT findings SDB RD SB RC LC
R1(90) R2(89) RI1(6) R2(6) RI(B4) R2(35 RI(6) R2(7) RI1(17) R2(17)

Free air location 0.856 0.809 0.167 0.500 0.529 0.371 0.667 0.429 0.588 0.647
Mottled extraluminal air bubbles 0.367 0.697 1.333 1.167 0.794 0.800 1.167 1.571 0.824 0.941
Focal bowel wall discontinuity 1.567 1.539 1.167 1.167 0.353 0.514 0.333 0.571 1.353 1.118
Segmental bowel wall thickening ~ 1.122 0.899 0.667 0.667 1.088 1.229 1.167 0.714 0.588 0.824
Perivisceral fat stranding 0.767 0.371 0.333 0.333 1.029 0.514 1.000 0.571 1.059 0.235
Localized fluid collection 0.200 0.393 1.000 1.167 0.676 0.857 0.333 0.571 0.647 0.529

The values of mean contribution scores range between 0 and 2

Data in parentheses are number of patients with accurate prediction of perforation site
SDB stomach including duodenal bulb, RD retroperitoneal duodenum, SB small bowel, RC right colon, LC left colon

RI reviewer 1, R2 reviewer 2

in the treatment of colon and small bowel perforation [4, 18].
In our study, small bowel perforation was accurately predicted
in more than 87 % of cases, which may enable surgeons to
initially try a laparoscopic approach in patients with an MDCT
suggesting small bowel perforation. Less than 75 % of cases
of colon perforation were accurately predicted by MDCT,
suggesting that surgeons may want to hesitate before
accepting a laparoscopic approach in these patients. Instead,
the surgeon may wish to consider conventional laparotomy in
patients with colon perforation when CT findings indicating
the colon perforation are not definitely detected.

In this study, overall agreement between the reviewers for
predicting the site of perforation was excellent (kappa value=
0.861). Although this agreement is slightly lower than that ofa
previous study (kappa value=0.937) [5], our study may be

Fig.1 Coronal contrast-enhanced reformatted CT image of a 53-year-old
man with abdominal pain for 4 h shows a focal discontinuity (arrow) at
the thickened wall of duodenal bulb. Note the free air entrapped in the
intrahepatic fissure. The patient underwent laparoscopic surgery, which
confirmed duodenal bulb perforation

@ Springer

more reliable because of our larger study population of 168
patients compared to only 49 patients in the previous study. In
addition, we evaluated interobserver agreement at each perfo-
ration site along the GI tract. Similar to the results for diag-
nostic accuracy, interobserver agreement was much higher for
the prediction of upper GI tract perforation than for lower GI
tract perforation. This might be because the upper GI tract is
shorter and relatively fixed compared with the lower GI tract,
which may make it easier to predict the perforation site, once
the CT findings indicating the bowel perforation were identi-
fied. In addition, the lower GI tract is more coiled and mov-
able than the upper GI tract, which can make perforation site
prediction by CT more difficult. Although the agreement may
not correspond exactly to diagnostic accuracy, we believe it is
meaningful that reader agreement is reliable in predicting
perforation site.

In this study, although there was a difference of 6 years of
experience between the two reviewers, there was no signifi-
cant difference in the accuracy of detection of the site of GI
tract perforation between them. The retrospective nature of

Fig.2 Axial contrast-enhanced CT image of a 64-year-old man who
had obtained a CT 27 h after blunt abdominal trauma shows
mottled extraluminal air bubbles (arrows) in close proximity to the
retroperitoneal duodenum (open arrows). Note the fluid collection in right
retroperitoneum. The patient underwent operation, which confirmed
perforation of the third portion of duodenum
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Fig.3 Axial contrast-enhanced CT image of a 32-year-old man who had
obtained a CT 36 h after blunt abdominal trauma shows a thick, enhanc-
ing wall (arrows) of a jejunal loop and adjacent extraluminal air (open
arrows). Note the large amount of free air. The patient underwent oper-
ation, which confirmed perforation of the jejunum

this study and the use of coronal reformatted images may have
affected the performance of the less experienced reviewer in
comparison to the more experienced reviewer. Ghekiere et al.
[10] reported that adding reformatted images can increase the
diagnostic accuracy of a junior reviewer and also increase the
agreement between reviewers in the identification of possible
perforation sites.

The CT findings in cases of GI tract perforation are well
known and can be separated into direct and indirect findings
[5-9]. Direct findings are focal bowel wall discontinuity and
the presence of extraluminal air [7]. Focal bowel wall

Fig. 4 Axial contrast-enhanced CT images of a 56-year-old man who
had been experiencing abdominal pain for 15 h show (a) perienteric fat
stranding (arrows) with mottled air bubbles (open arrows) in the right
mesentery and greater omentum, and (b) a focal wall defect with air
trapping (arrowhead) in the fluid filling structure suggesting Meckel’s
diverticulum (m). This patient underwent operation, which confirmed
perforation of a Meckel’s diverticulum in the ileum

Fig. 5 Axial contrast-enhanced CT image of a 78-year-old woman who
had abdominal pain for 5 h shows a focal discontinuity (arrows) of the
thickened wall of the sigmoid colon adjacent to an extraluminal faecal
mass (open arrows). The patient underwent operation, which confirmed
sigmoid colon perforation

discontinuity is undoubtedly the most accurate finding indi-
cating the site of bowel perforation. The use of MDCT with
multiplanar reformation images can be helpful for identifica-
tion of bowel wall discontinuity when the axial CT images are
indeterminate. In our study, focal bowel wall discontinuity
was a useful predictor of gastro-duodenum and left colon
perforation. Similar to our study, Oguro et al. [6] reported that
the accuracy of focal bowel wall discontinuity in the detection
of upper GI tract perforation is significantly higher than the
accuracy in lower GI tract perforation. However, focal bowel
wall discontinuity is not helpful for detecting small bowel and
right colon perforation.

Mottled extraluminal air bubbles in close proximity to the
bowel wall may be helpful in prediction the site of perforation
when there are few air bubbles [7, 9]. In our study, mottled
extraluminal air bubbles were a useful predictor for identifi-
cation of retroperitoneal duodenum and right colon perfora-
tion. Although we thought that mottled extraluminal air bub-
bles may be also a useful predictor of stomach including
duodenal bulb perforation, it did not appear to be a useful
finding for this site because focal bowel wall discontinuity
was already a strong predictor. Certain free air locations, such
as periportal free air, free air around the falciform ligament and
free air trapped in the fissure of the ligamentum teres, have
been reported as useful predictors that can help to differentiate
upper GI from lower GI tract perforation [14]. Conversely,
free air only located in the pelvis may suggest colon perfora-
tion [9]. Choi et al. [11] reported that free air locations around
the liver was less accurate than other strong predictors in the
detection of upper GI tract perforation and should rather be
regarded as a complementary predictor. As in our study, free
air locations had a less significant role in predicting upper GI
tract perforation. However, the mean contribution scores
(0.856 and 0.809 for reviewers 1 and 2, respectively) for the
predictions of stomach including duodenal bulb perforation
were higher than that of other GI tract sites perforations. Thus,
certain free air locations can be useful findings in the presence
of other strong predictors of GI tract perforation.
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Total

Lower P value

Upper

Total

Upper Lower P value

Total

Lower P value

Upper

0.306°(33)  <0.001 0.779* (85)

1.000° (52)
0.862° (45)
<0.001

92.94 (85)

0.006

81.82 (33)
8421 (38)

100.00 (52)

7273 (33)  <0.001  89.41 (85)

100.00 (52)

Early lapse group

0.925 (83)
<0.001

0.750

0.842° (38)
<0.001

90.36 (83)
0.745

0.170

95.56 (45)

92.77 (83)
0.622

86.84(38)  0.136

97.78 (45)

Late lapse group

0.960
83.10 (71)

0413
97.94 (97)

0.234
80.28 (71)

0.943
98.97 (97)

P value
Total

0.595 (71) <0.001

0.894° (97)

0.002

<0.001

Accuracy values are expressed in percentages

Data in parentheses are number of patients

Horizontal rows indicate the results of accuracy and agreement comparison between the upper and lower gastrointestinal tract

Vertical columns indicate the results of accuracy and agreement comparison between the early- and late-lapse groups

Upper upper gastrointestinal tract perforation, Lower lower gastrointestinal tract perforation

?Data are kappa values

When focal bowel wall discontinuity cannot be demon-
strated by CT, segmental bowel wall thickening, perivisceral
fat stranding and a localised fluid collection on CT can be also
facilitate the prediction of the site of perforation [1, 19]. In our
study, segmental bowel wall thickening and perivisceral fat
stranding were regarded as useful findings for predicting small
bowel perforation. Perivisceral fat stranding was also regarded
as a useful finding for predicting colon perforation.

Previous studies reported that with an increase in the
elapsed time, there was an increase in the amount of
extraluminal air [11-13]. We presumed that intra-abdominal
changes after bowel perforation might develop rapidly over
time. Thus, we questioned whether the time from bowel
perforation to CT might affect the prediction of perforation
site. In our study, the elapsed time did not significantly affect
accuracy in predicting perforation site. This might be due to
the relatively short cut-off point of 7 h. Elapsed time might
also only influence the amount and movement of extraluminal
air, which may be less of a strong predictor of perforation site
than focal bowel wall discontinuity. However, interobserver
agreement was significantly higher in the late lapse group than
in the early lapse group, especially in lower GI tract perfora-
tion. This might be because, as elapsed time increases, some
CT findings (e.g. mottled extraluminal air bubbles, segmental
bowel wall thickening, or perivisceral fat stranding) predicting
perforation site may be more clearly identified in cases of
lower GI tract perforation.

In this study, we did not administer oral or rectal contrast
material for CT imaging. Several articles have recommended
oral or rectal contrast material administration before CT be-
cause extraluminal leakage of contrast material can be a
specific CT sign for GI tract perforation [19-21]. However,
the reported sensitivity of extraluminal leakage of contrast
material varies from 19-42 % [22]. Oral contrast material
administration may delay CT examination by the slow pro-
gression of material in patients suffering from paralytic ileus
[7]. In addition, it is often difficult to obtain oral or rectal
opacification in a patient with acute abdominal pain. Thus, our
institution performs CT without oral or rectal contrast material
due to the typically emergent nature of cases with suspected
GI tract perforation.

Some limitations of our study require consideration. First
of all, the study was inherently limited by its retrospective
design. Our cohort consisted of patients who were already
confirmed to have GI tract perforation by surgery. The retro-
spective nature of the study may have increased accuracy in
the prediction of perforation site compared with common
practical situations. Second, the number of patients with stom-
ach including duodenal bulb perforation was much more than
that of the patients with retroperitoneal duodenum and right
colon perforation, which may have influenced the assessment
of the diagnostic accuracy according to the each GI tract site.
However, in previous studies, the study populations for
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stomach and duodenal perforation were larger than for other
perforation sites [6, 8, 9, 11, 14]. Third, we subjectively
defined elapsed time as the time from the onset of acute severe
abdominal pain in non-traumatic patients to the time of CT.
Although patients with perforation typically complain of se-
vere abdominal pain [23], it was difficult to predict the exact
perforation time by clinical symptoms alone.

In summary, upper GI tract perforation can be predicted
with high accuracy and reliability through MDCT evaluation.
Although interobserver agreement for predicting the perfora-
tion site increased with increasing elapsed time, elapsed
time did not influence diagnostic accuracy. Familiarity
with CT findings predictive of the site of GI tract
perforation could provide improved accuracy in perforation
site determination.
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