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PURPOSE
We aimed to assess the performance of computed tomography (CT) in localizing site of traumatic
gastrointestinal tract (GIT) injury and determine the diagnostic value of CT signs in site localization.

METHODS

CT scans of 97 patients with surgically proven GIT or mesenteric injuries were retrospectively re-
viewed by radiologists blinded to surgical findings. Diagnosis of either GIT or mesenteric injuries
was made. In patients with GIT injuries, site of injury and presence of CT signs such as focal bowel
wall hyperenhancement, hypoenhancement, wall discontinuity, wall thickening, extramural air,
intramural air, perivisceral infiltration, and active vascular contrast leak were evaluated.

RESULTS

Out of 97 patients, 90 had GIT injuries (70 single site injuries and 20 multiple site injuries) and
seven had isolated mesenteric injury. The overall concordance between CT and operative find-
ings for exact site localization was 67.8% (61/90), partial concordance rate was 11.1% (10/90),
and discordance rate was 21.1% (19/90). For single site localization, concordance rate was 77.1%
(54/70), discordance rate was 21.4% (15/70), and partial concordance rate was 1.4% (1/70). In
multiple site injury, concordance rate for all sites of injury was 35% (7/20), partial concordance
rate was 45% (9/20), and discordance rate was 20% (4/20). For upper GIT injuries, wall disconti-
nuity was the most accurate sign for localization. For small bowel injury, intramural air and hype-
renhancement were the most specific signs for site localization, while for large bowel injury, wall
discontinuity and hypoenhancement were the most specific signs.

CONCLUSION

CT performs better in diagnosing small bowel injury compared with large bowel injury. CT can
well predict the presence of multiple site injury but has limited performance in exact localization
of all injury sites.

raumatic gastrointestinal tract (GIT) injuries are uncommon, representing less than

10% of all injuries in trauma patients (1), with a higher incidence in penetrating rather

than blunt trauma (2). Small bowel is the most common site of alimentary tract injury
in trauma followed by colorectal injuries, while gastroduodenal injuries comprise less than
2% of all injuries in trauma (3). In the current scenario of preferential nonoperative manage-
ment in trauma, detection of GIT injury remains an important indication for urgent lapa-
rotomy as delayed diagnosis and surgery are associated with high morbidity and mortality
(4). Also the type of operative management, prognosis, and outcome vary according to the
number and site of GIT injuries (5).

Multidetector computed tomography (MDCT) is a proven diagnostic modality for detec-
tion of traumatic GIT injuries with a reported sensitivity of 70%-95% and specificity of 92%-
100% (6-11). Various CT signs of GIT and mesenteric injuries have been described such as
bowel wall discontinuity, extraluminal air (either free or perivisceral), bowel wall thickening,
abnormal bowel wall enhancement and intramural air, while mesenteric signs include mes-
enteric infiltration, active vascular contrast extravasation, beading, and abrupt termination
of mesenteric vessels. These signs have reportedly variable incidences, sensitivities, and
specificities; but if present, can lead prompt laparotomy and surgical exploration of the GIT
to look for direct evidence of injury (12-16).

MDCT with its capabilities of fast scanning, thin-section acquisition, and multiplanar
reformatting has greatly enhanced the potential for detecting direct evidence of bowel in-
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juries (17). Previous studies, conducted pre-
dominantly in nontraumatic populations,
have documented that CT can accurately
predict the site of GIT perforation (18-28).
However, nearly all literature is focused on
nontraumatic GIT perforation secondary to
ischemia, malignancy, and inflammatory
conditions (18-21, 23-25, 28-31). Only two
studies were found to specifically evaluate
the predictive value of CT in traumatic GIT
perforation, both using older CT scanners
such as helical scanner by Kim et al. (21)
and two-detector scanner by Cadenas Ro-
driguez et al. (28). The results of predictive
value of CT in detecting site of GIT injuries
in nontraumatic cases cannot be directly
extrapolated to traumatic GIT perforation,
as appendiceal and gastroduodenal perfo-
rations secondary to peptic ulcer disease
are common in nontraumatic cases, while
small bowel injury is the most common site
of injury in trauma (19, 20, 22, 24). Second-
ly, polytrauma patients have multiple sites
of GIT injuries and other injuries which can
affect diagnostic performance of MDCT in
detecting sites of traumatic GIT perforation
(13,23,32).

Since the diagnostic performance of
MDCT and the diagnostic values of various
CT signs in localizing site of GIT injury in
polytrauma patients have not been evaluat-
ed before, the objective of this study was to
determine the diagnostic performance of

* Gastrointestinal tract (GIT) injury is an
indication for exploratory laparotomy in
trauma. Hence preoperative detection and
localization of the site of GIT injury isimportant.

* MDCT performs better at localizing the site
of injury in patients with single site GIT injury
compared with patients with multiple site
GIT injury.

* MDCT also performs better at localizing small
bowel injuries than large bowel injuries.

* For gastroduodenal injuries, presence of wall
discontinuity was the single best CT sign for
site localization.

* Presence of intramural air (air within the
bowel wall) and hyperenhancement helped
localize sites of small bowel injuries while
hypoenhancement and wall discontinuity
were more specific in localizing sites of large
bowel injuries.

* Thus, using a combination of CT signs and
multiplanar evaluation of the entire GIT,
MDCT can well localize sites of traumatic GIT
injuries.

MDCT and the diagnostic value of various
CT signs for site localization in traumatic GIT
injury.

Methods

This was a retrospective study conducted
at our level 1 trauma center after obtaining
prior institutional ethics committee approv-
al. As it was a retrospective study, informed
consents of patients were not required. The
hospital records from 2012 to 2014 were
searched for patients with surgically con-
firmed GIT or mesenteric injuries who un-
derwent a preoperative contrast-enhanced
computed tomography (CECT) in our hos-
pital. Patients with history of surgery prior
to referral to our hospital or patients with
CECT scans done outside our hospital were
excluded from the study. A total of 97 pa-
tients fulfilling these criteria were identi-
fied. All patients underwent CECT in portal
venous phase on either a 40-detector scan-
ner (Somatom, Siemens) or a 64-detector
scanner (Definition AS, Siemens). Oral con-
trast was given in only one patient.

For all patients, 1.5 mm thin section con-
trast-enhanced CT images were available
from PACS and axial and multiplanar refor-
mats were retrospectively evaluated on
a three-dimensional workstation (Syngo.
via, Siemens) by three radiologists (AP, AK,

and SG with 3, 14, 14 years of experience,
respectively) who were blinded to the orig-
inal CT reports and surgical and patholog-
ic findings. The CT images were viewed in
both soft tissue window and wide window
(W: 1500, C: -500) settings and were evalu-
ated for previously described signs of GIT
or mesenteric injuries (Table 1) (Figs. 1-3)
(17-19, 21, 37, 39, 40). The individual CT
signs were noted as present or absent and
CT diagnosis of either a) “GIT injury” or b)

Figure 1. CT coronal reformatted image in a
patient with ileal injury shows focal discontinuity
(arrow) with wall thickening (arrowhead) in distal
ileal loop.

Table 1. CT signs evaluated for GIT or mesenteric injuries*

No CTsigns

Comments

General signs for presence of GIT injury
1. Freeairin the abdomen

2. Blood in the abdomen

GIT signs

3. Focal wall discontinuity (Fig. 1)

Pneumoperitoneum/ pneumoretroperitoneum

Hemoperitoneum/ hemoretroperitoneum

Obvious discontinuity seen in mucosal lining or full

thickness disruption of bowel

4.  Segmental wall thickening (Fig. 2)
bowel

5.  Focal extraluminal air adjacent to
stomach/ bowel loop (Fig. 2b)

viscera
6. Focal intramural air (Fig. 2 a, b)

7.  Focal hypoenhancement (Fig. 2c)
8.  Focal hyperenhancement (Fig. 2¢)
Perivisceral signs

9. Active contrast leak (Fig. 3)

Taken as >5 mm in stomach and >3 mm in noncollapsed

Seen as mottled air lucencies just outside the hollow

Seen as air lucencies within the walls of stomach/ bowel
Enhancement less than adjacent loops

Enhancement more than psoas major muscle

Seen as focal collection of contrast isodense to aorta in

initial scans and hyperdense to aorta on delayed scans

10. Focal infiltration with blood/ fluid
in omentum/ mesentery/ mesocolon

*Modified from Brody et al. (13), Brofman et al. (14), Hanks et al. (16), and Kim et al. (31).

GIT, gastrointestinal tract; CT, computed tomography.

30. January-February 2017 - Diagnostic and Interventional Radiology

Panda et al.



Table 2. Incidence of signs in isolated mesentery injury (n=7) vs. GIT injury (n=90)

Incidence in isolated Incidence in
mesentery injury GIT injury
Sign n/N (%) n/N (%)
Intramural air 0/7 (0) 62/90 (68.9)
Extraluminal air 0/7 (0) 58/90 (64.4)
Hyperenhancement 0/7 (0) 43/90 (47.8)
Wall discontinuity 0/7 (0) 35/90 (38.9)
Hypoenhancement 1/7 (14.3) 22/90 (24.4)
Wall thickening 2/7 (28.6) 49/90 (54.4)
Pneumoperitoneum/ pneumoretroperitoneum 0/7 (0) 70/90 (77.8)
Hemoperitoneum/ hemoretroperitoneum 7/7 (100) 88/90 (97.8)
Active contrast leak 2/7 (28.6) 6/90 (6.7)
Mesenteric infiltration 7/7 (100) 51/90 (56.7)

GIT, gastrointestinal tract.

“isolated mesentery injury” were given.“GIT
injury” referred to patients who had injury
to GIT and may or may not have injury to
mesentery while “isolated mesentery inju-
ry” referred to patients who had only injury
to mesentery without any GIT injury.

For patients diagnosed to have GIT injury,
the site of injury was noted as stomach, du-
odenum, jejunum, ileum, cecum, ascending
colon, transverse colon, descending colon,
sigmoid colon, rectum, multiple (if more
than one site of injury could be identified
on CT), and unknown (if site of injury could
not be localized). For perivisceral changes
(omental, mesenteric, or mesocolonic infil-
tration); the site of infiltration and concor-
dance between site of infiltration and final
operative site of GIT injury was also noted
separately. Final CT diagnoses were deter-
mined by consensus.

Statistical analysis

Final surgical diagnosis was taken as the
reference standard and surgical findings
were also noted as GIT injury and isolated
mesentery injury. The number of GIT in-
juries (i.e., single or multiple), individual
sites of GIT injuries, as well as the type of
injury (i.e., gangrene, full thickness tear or
serosal tears on surgery) were noted. The
overall incidence of GIT injury and isolated
mesentery injury on CT was compared with
surgical incidences of these injuries to cal-
culate the sensitivity of CT for detecting GIT
injury.

For patients with GIT injury, findings were
labeled as concordant, discordant, and par-
tially concordant with respect to surgical
findings regarding the site of injury. For

multiple site perforations, final diagnosis
was total concordance only when CT cor-
rectly predicted all sites of multiple injuries
observed on surgery. When CT correctly
predicted some but not all sites of injury,
it was labeled as partial concordance. For
multiple injuries showing partial concor-
dance, note was made of GIT segment for
which CT-surgical concordance was pres-
ent. The concordance rate for patients with
single site and multiple site perforations
were calculated separately.

For both single site and multiple site inju-
ries, the number of sites correctly identified
on CT versus surgery was used to calculate
site-specific CT accuracy. For single site in-
jury, CT accuracy for gastroduodenal, small
bowel and large bowel injuries were also
calculated separately and the difference in
CT accuracy for upper GIT (gastroduodenal)
and lower GIT (jejunoileal and large bow-
el) injury, small and large bowel injury and
right-sided colon (cecum, ascending colon,
and transverse colon) versus left-sided colon
(descending colon to rectum) injury were
calculated using Fisher’s exact test of proba-
bility with P < 0.05 considered as significant.

To obtain diagnostic values of these signs
for site localization, the sensitivities and
specificities of individual signs were calcu-
lated directly for single site injury patients;
for multiple site injuries only the incidences
of these signs in patients with total concor-
dance and partial concordance could be
calculated. Thus for single site injury, pres-
ence of a particular sign with final diagnosis
being totally concordant was taken as true
positive (injury present and sign present)
and absence of particular sign with final di-

agnosis being totally concordant was taken
as false negative (injury present and sign
absent). Presence of a sign with final diag-
nosis being discordant or partially concor-
dant (injury absent and sign present at dis-
cordant site) was taken as false positive and
absence of sign with final diagnosis being
discordant (injury absent and sign absent)
was taken as true negative.

Results

Out of 97 patients analyzed, 87 (89.7%)
were men and 10 (10.3%) were women
with a median age of 28 years (range, 2-60
years). Eighty-two had blunt trauma (road
traffic accident or fall from height) while 15
had penetrating trauma (stab or gunshot
wounds). On laparotomy, 90 patients had
GIT injury, while seven patients had isolated
mesentery injury. Out of 90 patients with
GIT injury, 70 had single site injury, while
20 had multiple site injuries. CT identified
GIT injuries in 87 out of surgically proven 90
patients, while three patients were misdi-
agnosed as isolated mesentery injury (false
negative for GIT injury). A total of 10 patients
were identified to have mesenteric injuries
on CT; seven patients were true positive for
mesentery injury, while three patients were
false negative for GIT injury. Thus the sensi-
tivity of CT for detection of GIT injury was
96.7% (87/90). The incidence of signs in iso-
lated mesentery injury (n=7) and GIT injury
(n=90) are depicted in Table 2.

Out of 87 patients detected to have GIT in-
jury on CT, 64 were detected to have single
site injury, 12 had multiple site injury, while
the site of injury remained unknown in 11
patients. The overall concordance between
CT and operative findings for exact site lo-
calization was 67.8% (61/90), partial concor-
dance was 11.1% (10/90), and discordance
rate was 21.1% (19/90). The concordance
rate for single site localization was 54/70
(77.1%), discordance rate was 15/70 (21.4%),
while partial concordance was seen in 1/70
(1.4%). Partial concordance was labeled in
one patient in whom, a diagnosis of multi-
ple site injury was given on CT (jejunum and
ileum), while operative notes showed only
ileal injury and CT was thus concordant only
for ileum. In multiple site injury (n=20), CT
was concordant for all sites of perforation in
35% (7/20), partially concordant (identifying
one intraoperative site) in 45% (9/20), and
totally discordant in 20% (4/20).

Out of 70 patients with single site injury
on surgery, CT correctly localized 54 sites;
11 sites (nine unknown, two only mes-
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entery) were not identified on CT (false neg-
ative for site localization) and five lesions
were identified as wrong (false positive for
site localization). Thus accuracy of CT for
single site localization was 77.1% (54/70)
and positive predictive value was 91.5%. CT
performed better in detecting small bowel
than large bowel injuries (P = 0.011; Table
3). However, there was no significant differ-
ence in CT performance in localizing site in
upper GIT (gastroduodenal injuries) versus
lower GIT (small and large bowel) injuries
and in right-sided colon versus left-sided
colon injuries (Table 3).

The overall diagnostic values of indi-
vidual GIT and perivisceral signs for site
localization in single site injuries are given
in Table 4, and diagnostic values of signs
in gastroduodenal, small bowel and large
bowel injury are given in Table 5. For sin-
gle site injuries, extraluminal air was the
most sensitive sign, while intramural air,
hypoenhancement, and wall discontinuity
were the most specific GIT signs for local-

ization (Table 4). Active contrast leak, a
perivisceral sign, was the overall most spe-
cific sign for single site localization, but it
had a very low sensitivity. For gastrodu-
odenal injury, wall discontinuity was the
best sign with highest sensitivity, specific-
ity, positive predictive value, and accuracy.
For small bowel injury, intramural air and
hyperenhancement were the most specif-
ic GIT signs for site localization followed
by wall thickening, wall discontinuity, and
hypoenhancement. For large bowel injury,
wall discontinuity, and hypoenhancement
were the most specific GIT signs followed
by intramural air (Table 5).

Twenty patients with multiple site injury
had a total of 47 sites of GIT injury on sur-
gery. CT correctly identified 28 of 47 sites of
GIT injury with 59.6% CT accuracy for multi-
ple site-localization. Overall concordance in
multiple site injury (total + partial) was 80%,
while discordance was 20% (4/20).

Regarding diagnostic values of signs in
multiple site injury, while sensitivity and

Table 3. Diagnostic performance of CT with respect to grouped GIT segments

Site Upper GIT Lower GIT P*
Correct 12 42 0.497
Incorrect 2 14
Total 14 56
Small bowel Large bowel P*
Correct 36 6 0.011
Incorrect 7 7
Total 43 13
Right-sided colon Left-sided colon P*
Correct 0 6 0.462
Incorrect 2 5
Total 2 1

GIT, gastrointestinal tract; Right-sided colon, cecum to splenic flexure; Left-sided colon, descending colon to

rectum.

*P value is calculated by Fisher’s exact probability test; P < 0.05 is considered statistically significant.

specificity could not be directly calculated,
the incidence of signs in patients with com-
plete and partial concordance were noted.
In seven patients with complete concor-
dance, extraluminal air and focal mesenteric
infiltration were the most useful signs seen
in all seven patients followed by hyperen-
hancement (5/7) and intramural air (4/7). In
nine patients with partial concordance, both
extraluminal air and intramural air were
seen in seven, followed by hyperenhance-
ment and wall discontinuity seen in six.

Among 90 patients with bowel injury,
active contrast leak was seen in six patients
(incidence 6.7%), all of which were concor-
dant with final intraoperative site (positive
predictive value, 100%). Mesenteric infiltra-
tion was seen in 51 patients: 47 patients had
operative-CT site concordance (true posi-
tive) and four patients had operative-CT site
discordance (false positive). Thus PPV of this
sign for site localization was 92.16%.

Discussion

Traumatic gastrointestinal tract injuries,
though seen in less than 10% of polytrau-
ma patients, cause increased morbidity
and mortality if the diagnosis is missed or
delayed. Among traumatic gastrointestinal
tract injuries, small bowel and mesenteric
injuries are the most common (2). MDCT
is considered to be accurate in detecting
gastrointestinal, chiefly bowel and mesen-
teric injuries with a reported sensitivity of
70%-95% and a specificity of 92%-100%
(6-11). In our study, the sensitivity of MDCT
in overall detection of GIT injury was 97.8%.
Three patients with bowel injury were mis-
diagnosed as isolated mesentery injury due
to absence of free or localized air in the ab-
domen. While two of these three patients
had abnormal bowel enhancement, the
enhancement was either diffuse or false
localizing. Another patient had only serosal

Figure 2. a-c. Axial CT section (a) at wide window setting shows focal intramural air or pneumatosis intestinalis in ileum (arrow). Surgery revealed gangrene
of mid ileal segment. Axial CT section (b) in another patient with ileal injury shows both intramural air (block arrow) and focal extraluminal air (white arrow)

near mid to distal ileum. Axial CT section (c) shows focal hypoenhancement (white arrow) with adjacent hyperenhancement (black arrow) and intramural air
in jejunum, which was confirmed intraoperatively as gangrene and injury of jejunum.
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tear of bowel, which in isolation is difficult
to pick up on CT and is considered to be a
finding of nonsurgical relevance (Fig. 4) (6).
The three signs associated with abnormal
or ectopic location of air in the abdomen,
namely pneumoperitoneum, intramural
air, and extraluminal air were absent in all
patients with isolated mesentery injury and

were variably present in patients with GIT
injury. Thus, GIT injury may be excluded if
all three signs are absent on CT. However,
pneumoperitoneum was also seen in only
78% of patents with GIT injury and suggests
that pneumoperitoneum by itself is not a
very sensitive indicator of GIT injury. In a
previous study by Roszler et al. (34), pneu-

Figure 3. a, b. Axial CT sections at portal venous phase (a) and delayed phase (b) show mesenteric
hematoma with a blob of contrast, which increases in size on delayed phase (white block arrow)
suggestive of active extravasation. Few foci of extraluminal air were also seen (white arrowhead) and
diagnosis of active mesenteric contrast leak with ileal injury was made. Intraoperatively, there was an
ileal perforation 6 cm proximal to ileocecal junction with active bleeding in the ileal mesentery.

Table 4. Diagnostic value of CT signs for site localization in single site injury (n=70)

Sign Sensitivity (%) Specificity (%) PPV (%) NPV (%)  Accuracy (%)
Extraluminal air 66.7 (36/54) 62.5(10/16)  85.7 (36/42) 35.7 (10/28) 65.7
Intramural air 40.7 (22/54) 87.5(14/16)  91.7 (22/24) 30.4 (14/46) 514
Hyperenhancement 53.7 (29/54) 75 (12/16) 87.9(29/33) 32.4(12/37) 58.6
Hypoenhancement 22.2(12/54) 87.5(14/16)  85.7(12/14)  25(14/56) 371
Wall discontinuity 46.3 (25/54) 87.5(14/16)  92.6(25/27) 32.6 (14/43) 55.7
Wall thickening 53.7 (29/54) 68.8(11/16)  85.3(29/34) 30.6(11/36) 57.1
Active contrast leak 7.4 (4/54) 93.8 (15/16) 80 (4/5) 23.1 (15/65) 27.1
Mesenteric infiltration 59.3 (32/54) 56.3 (9/16)  82.1(32/39) 29.0 (9/31) 58.6

PPV, positive predictive value; NPV, negative predictive value.

Table 5. Diagnostic value of signs for localization according to site of injury

Gastroduodenal (n=14)

Small bowel (n=43)

moperitoneum had a variable detection
rate and was missed in 17% of proven bow-
el injury cases.

The concordance between CT and surgi-
cal findings for overall site localization of GIT
injury in our study was 68%; concordance
was higher in single site injury (77%) than
multiple site injury (35%). While our over-
all accuracy in site localization (68%) was
less than that of previous studies (72.4% to
91.7%), our accuracy in single site perfora-
tion (77%) was comparable to these stud-
ies (19-25, 28). Our study population had
a significant number of patients with mul-
tiple site GIT injury, which have not been
analyzed by any of the authors previously.
However, multiplicity is an important con-
cern in the setting of trauma as more than
one site of bowel injury can be seen in 25%
of trauma patients undergoing surgery (16).
Multiple site injuries are thought to be even
higher in penetrating trauma due to multi-
directional wound tracks in gunshots and
stab wounds (2). Only Kim et al. (21) and Ro-
driguez et al. (28) studied GIT perforations
exclusively in trauma patients, but they did
not evaluate multiple site GIT trauma. Unlike
nontraumatic gastrointestinal perforations,
which usually occur in a single location and
are associated with etiologic clues to local-
ize the site of pathology (i.e., appendicolith,
inflammatory phlegmon, abdominal mass),
gastrointestinal tract injuries in trauma can
be masked or missed due to presence of
other organ injuries (17, 26, 31, 33). Second,
oral contrast is not routinely administered
in acute trauma compared with evaluation
in nontraumatic cases. Third, nontraumat-
ic perforations are more commonly due to
appendicitis and peptic ulcer disease, while
traumatic GIT perforations are most com-

Large bowel (n=13)

Sn Sp PPV NPV Acc Sn Sp PPV NPV Acc Sn Sp PPV NPV Acc
Sign (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Extraluminal air 66.7 100 100 333 714 63.9 57.1 88.5 235 62.8 833 57.1 62.5 80 69.2
Intramural air 16.7 100 100 16.7 286 47.2 857 944 24 53.5 50 857 75 66.7 692
Hyperenhancement 333 100 100 20 429 63.9 85.7 95.8 31.6 674 333 57. 40 50 46.2
Hypoenhancement 0 100 NA 143 14.3 306 714 846 16.7 372 16.7 100 100 583 61.5
Wall discontinuity 833 100 100 50 877 333 714 857 17.2 39.5 50 100 100 70 769
Wall thickening 16.7 100 100 16.7 286 61.1 714 917 26.3 62.8 833 57.1 62.5 80 69.2
Active contrast leak 16.9 100 100 16.7 286 5.6 100 100 17.1 299 16.9 100 100 583 61.5
Mesenteric infiltration 50 100 100 50 66.7 694  57.1 89.3 26.7 837 833 57.1 62.5 80 69.2

Sn, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; Acc, accuracy; NA, not applicable.
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Figure 4. a, b. False negative finding for

bowel injury. Axial CT section (a) and coronal
reformatted (b) image show stranding in
mesocolon of hepatic flexure (arrow). On CT,
isolated mesocolonic injury was diagnosed

with likely colonic hematoma. However,
intraoperatively serosal tear of ascending colon
was also present, which was not detected on CT.

mon in the small bowel. These factors may
also potentially contribute to diagnostic dif-
ficulty in site localization in trauma patients.
Similar to other studies (21, 22, 25), the
accuracy of site localization in our study was
higher for gastroduodenal injuries (85.7%,
12/14) and small bowel injuries (83.7%,
36/43), and was least accurate in large bow-
el injury (46.2%, 6/13) (Table 5). Unlike Kim
et al. (22), our study showed no significant
difference between site localization in upper
(stomach and duodenum) and lower (small
and large bowel) GIT injuries. But similar to
Kim et al. (21), CT performed poorly in local-
izing colonic injuries in our study. The poor
performance of CT for detecting colonic in-
juries was likely due to the relative mobility
and redundancy of colonic loops making it
difficult to trace the colonic loops in continu-
ity and their close proximity to small bowel
such that mesenteric and bowel findings
were mistaken for small bowel injuries.
Extraluminal air sign comprising of mot-
tled air lucencies and clustered air bubbles
in close vicinity to bowel loop either in peri-
toneal cavity or retroperitoneum was overall
the most sensitive and accurate sign for site
localization (Figs. 2b, 5). This is because the
extraluminal air represents air leak from a
nearby injured bowel loop even if the break
in the continuity of the wall cannot be direct-
ly visualized. Since this sign is a more sen-
sitive sign than direct visualization of wall
discontinuity, it should always be sought for
using wide window settings to localize the
site of injury (4). Only in gastroduodenal in-
juries, wall discontinuity was more sensitive
and specific than extramural air for site lo-
calization (Fig. 5a, b). This is because the gas-
troduodenal segment has a relatively short

length and fixed position, so it can be easily
traced and direct discontinuity in the wall
can be visualized (21, 22, 25). Similar find-
ings were reported in a prospective study by
Haiunaux et al. (19) wherein extraluminal air,
focal wall thickening and wall discontinuity
were found to be extremely strong predic-
tors of site of GIT injury; though their study
cohort mostly included gastroduodenal and
colonic perforations secondary to inflam-
mation, tumors, and postoperative leaks.
Intramural air was also found to be very
specific for site localization in all GIT seg-
ments and represents air within the wall of
the bowel due to a full or partial thickness
injury (Figs. 2b, 5¢, 5d) (13, 16). The diagnostic
performance of this sign for site localization
has never been reported previously, though
it has been described as a sign of bowel injury
necessitating urgent laparotomy to prevent
peritonitis secondary to the full-thickness
injury (16). Abnormal wall enhancement, no-
tably hypoenhancement was more specific
for site localization than hyperenhancement
in our study. Hyperenhancement was found
to be specific for site localization only in small
bowel even though its overall sensitivity was
higher (Figs. 2d, 5c). Hyperenhancement in-
dicates diffusely increased permeability and
interstitial leakage of fluid due to hypoperfu-
sion, while hypoenhancement is a more de-
layed phenomenon representing gangrene
or total infarct of the bowel. This could ex-
plain why incidence of hyperenhancement
was higher than hypoenhancement but at
the cost of decreased specificity for site local-
ization. Brofman et al. (14) also reported hy-
poenhancement to have a low incidence but
high specificity for presence of bowel injury,
while hyperenhancement indicates a more
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diffuse, nonspecific, and reactive process.
Presence of active vascular contrast extrav-
asation is uncommon but if present, is ex-
tremely helpful in localizing the site of GIT in-
jury as noted by the 100% positive predictive
value of this sign in localizing injury (Fig. 3).

In the 20 patients with multiple site in-
juries, we could predict that injuries were
multiple in 12 patients and CT accuracy for
detection of all sites of injury was 59.6%
(28/47). The diagnosis of multiple site inju-
ries was given in patients in whom we saw
a combination of signs in more than one
location. Using these signs, complete site
concordance for all sites of injuries was seen
in 35% and partial concordance (CT could
identify at least one site of perforation) in
45%. While CT could overall diagnose all
sites of injury in only about one-third of pa-
tients with multiple site injury, it performed
well in predicting presence of underlying
multiple site GIT injury and localizing at
least one site of injury in these patients.
Wall discontinuity was a direct evidence of
injury in these patients as it was seen in 8 of
17 patients with concordance and not seen
in any of the four patients with discordance.
Extraluminal air was incidentally the most
common GIT sign seen in 13 of 17 patients
with total or partial concordance, followed
by intramural air and hyperenhancement.
Thus, multiple site injury may be suspected
if multifocal areas of extraluminal or intra-
mural air are seen on CT and bowel loops
adjacent to these ectopic air foci show ab-
normal enhancement.

The main limitation of this study was its
retrospective nature and the prior knowl-
edge that all patients had either GIT or mes-
entery injury. This is different from a clinical
scenario when the injuries are unknown in
polytrauma patients undergoing CT scans.
Thus, the diagnostic performances of these
signs for site localization need to be pro-
spectively confirmed in a more global pop-
ulation comprising of both GIT and non-GIT
injury patients. Also the final diagnosis re-
garding the site of involvement was made
by considering the presence of signs to-
gether at a particular site and not by assess-
ing the individual contributions and confi-
dence level provided by each sign. This may
have been fallacious in multiple site injury
as we did not note down the presence or
the absence of every sign at each individu-
al site of injury but simply diagnosed that a
segment was likely to be involved if any one
of these signs was present at a particular
site. Also, we did not differentiate between
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Figure 5. a-d. True positive site localization in
gastrointestinal tract injuries. Axial (a) and sagittal
reformatted (b) CT images of a patient with
stomach perforation show discontinuity in the
anterior wall of stomach (block arrow) with massive
hemoperitoneum and pneumoperitoneum

and large air fluid level in omentum. Surgery
revealed a 6x4 cm defect in the anterior wall of
the stomach and primary repair was performed.
Axial CT section (c) in a patient with surgically
proven jejunal perforation shows focal thickening,
hyperenhancement, and intramural air in

jejunum (white arrow) with hemoperitoneum.
Coronal reformatted CT image (d) in a patient

with sigmoid colon injury shows sigmoid colon
thickening with sigmoid mesocolon hematoma
(arrowhead) and focal extraluminal air (white
arrow). Intraoperatively, gangrenous sigmoid colon
was found.

the various surgical types of GIT injuries,
namely partial-thickness tear, full-thickness
tear, transection, and gangrene; rather, we
grouped them together as GIT injuries for
the purpose of analysis. This is because de-
tection of any type of GIT injury is enough
to indicate laparotomy unless injury is pure-
ly serosal which, as such, is difficult to pick
up on CT. Lastly, while few authors (24, 29)
have differentiated extramural air as air in
falciform ligament, periportal, suprameso-
colic, inframesocolic and retroperitoneal air,
we simply defined extramural air as air out-
side a GIT segment in close proximity to it.
While stomach and duodenal injuries were

associated with periportal and suprameso-
colic air and retroperitoneal bowel injuries
were associated with air foci in retroperi-
toneum in our study, we did not precisely
compartmentalize the locations of extra-
mural air. But this may not be a significant
limitation as the association between the
exact compartments of air and GIT site is
highly variable and is not superior to the
other GIT signs evaluated in this study (18).

In conclusion, CT performs well in de-
tection of GIT and mesenteric injuries. CT
performs better in diagnosing small bowel
injury compared with large bowel injuries.
Careful evaluation of colon is needed, as co-

lon remains the most missed site of injury.
For upper GIT trauma, focal wall discontinu-
ity is the single most accurate sign to detect
site, while for lower GIT trauma, combined
analysis of various signs such as focal extralu-
minal and intramural air and wall discontinu-
ity can help in site localization. Additionally,
multiple foci of extraluminal or intramural air
with associated wall thickening or enhance-
ment should suggest multiple site injury.
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