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To compare the diagnostic performance of dual-energy
(DE) computed tomography (CT) with two simultaneously
administered contrast agents (hereafter, dual contrast)
with that of conventional CT in the evaluation of the pres-
ence and source of extravasation in penetrating abdomi-
nopelvic trauma.

Institutional animal care and use committee approval was
obtained, and the study was performed in accordance with
National Institutes of Health guidelines for the care and
use of laboratory animals. Five rabbits with bowel trauma,
vascular penetrating trauma, or both were imaged with si-
multaneous iodinated intravenous and bismuth subsalicy-
late enteric contrast material at DE CT. Four attending ra-
diologists and six radiology residents without prior DE CT
experience each evaluated 10 extraluminal collections to
identify the vascular and/or enteric origin of extravasation
and assess their level of diagnostic confidence, first with
virtual monochromatic images simulating conventional CT
and then with DE CT material decomposition attenuation
maps.

Overall accuracy of identification of source of extravasa-
tion increased from 78% with conventional CT to 92%
with DE CT (157 of 200 diagnoses vs 184 of 200 diag-
noses, respectively; P < .001). Nine radiologists were
more accurate with DE CT; one had no change. Mean
confidence increased from 67% to 81% with DE CT (P
< .001).

In a rabbit abdominopelvic trauma model, dual-contrast
DE CT significantly increased accuracy and confidence in
the diagnosis of vascular versus enteric extravasated con-
trast material.

©RSNA, 2013
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-ray computed tomography (CT)

has become the cornerstone in

the evaluation of the hemodynam-
ically stable patient with penetrating
trauma to the abdomen or pelvis (1-3).
Both enteric and intravenous contrast
media often are used to aid in diagnosis
of bowel injury; extravasation of enteric
luminal contrast material has been re-
ported in approximately 20% of bowel
injuries (4). A challenge in interpreting
these CT scans is that all contrast ma-
terials appear as increased attenuation
on images: extraluminal high-attenu-
ation contrast material may represent
extravasated enteric luminal contrast
material because of bowel perforation,
vascular contrast material because of
bleeding, or a combination of the two.
In some cases, contextual clues enable
one to distinguish between these possi-
bilities, but others remain ambiguous.

Advances in Knowledge

® Dual-contrast dual-energy (DE)
computed tomography (CT) signifi-
cantly increases sensitivity without
loss of specificity when compared
with conventional CT in the diag-
nosis of vascular versus enteric
contrast material extravasation in
an animal model of penetrating
abdominopelvic trauma (sensi-
tivity, 94% [113 of 120 readings]
vs 72% [86 of 120 readings],
P < .001; specificity, 89% [71 of
80 readings| for both modalities).

® Dual-contrast DE CT improves
diagnostic accuracy for experi-
enced radiologists (conventional
CT, 81% [65 of 80 readings|; DE
CT, 94% [75 of 80 readings|; P =
.03) and less-experienced radiol-
ogists (conventional CT, 77% [92
of 120 readings|; DE CT, 91%
[109 of 120 readings]; P = .005).

® Radiologists have greater confi-
dence in assessments of type of
extravasated contrast material
made with DE CT (81%; 95%
confidence interval: 78%, 91%)
than in those made with conven-
tional CT (67%; 95% confidence
interval: 62%, 71%; significance
of difference, P < .001).

Clinical dual-energy (DE) CT scan-
ners capable of simultaneously acquir-
ing images at two different energies
recently have become available (5). DE
CT provides a means to distinguish dif-
ferent materials that would have equiv-
alent attenuation at conventional CT
(6). The ability of DE CT to help distin-
guish materials is based on differences
in their attenuation ratios—the ratios
of linear attenuation coefficients at low-
and high-energy x-ray spectra. Because
iodine and barium have similar attenu-
ation ratios, they are indistinguishable
with clinical DE CT scanners (7). To
distinguish an enteric contrast medium
from iodinated vascular contrast me-
dium optimally, the enteric contrast
medium must contain heavy atoms that
both attenuate x-rays well and have at-
tenuation ratios substantially different
from the attenuation ratio of iodine.
Such atoms include bismuth, tungsten,
tantalum, and gold (8,9).

In this study, we investigated the
application of DE CT with two simul-
taneously administered contrast media
(hereafter, dual contrast) to penetrat-
ing abdominopelvic trauma—in partic-
ular, the effect of dual-contrast DE CT
on the accuracy and confidence with
which diagnosis of vascular versus en-
teric luminal contrast medium extrav-
asation was made. Because there are
no enteric contrast media with attenu-
ation ratios different from that of iodine
that are approved for clinical use at the
doses required for imaging, we used a
rabbit trauma model in this study. Bis-
muth subsalicylate was selected as the
enteric contrast medium because it is
readily available and has been shown to
be an effective enteric contrast medium
in phantoms (10) and in vivo (9). We in-
vestigated the diagnostic performance of

Implication for Patient Care

B Dual-contrast DE CT significantly
increases diagnostic accuracy and
confidence in the diagnosis of
penetrating abdominopelvic
trauma; further development of
complementary contrast mate-
rials for human use may bring
these benefits to clinical imaging.

dual-contrast DE CT compared with that
of conventional CT in the evaluation of
the presence and source of extravasation
in penetrating abdominopelvic trauma.

Materials and Methods

Trauma Model

Approval from the institutional animal
care and use committee was obtained,
and the study was performed in accor-
dance with the guidelines of the Na-
tional Institutes of Health for the care
and use of laboratory animals. Five fe-
male New Zealand white rabbits (West-
ern Oregon Rabbit, Philomath, Ore)
weighing between 4.3 and 4.8 kg were
anesthetized separately with 35 mg of
ketamine (Ketaset; Fort Dodge Animal
Health, Fort Dodge, lowa) per kilogram
of body weight and 3 mg/kg xylazine
hydrochloride (Spectrum, New Bruns-
wick, NJ); anesthesia was maintained
with inhaled isoflurane (Summit Anes-
thesia Equipment, Foster City, Calif).
A 12-F pediatric feeding tube was
passed into the rabbit’s stomach, its po-
sition was confirmed at CT, and approx-
imately 180 mL of 17.5 mg/mL suspen-
sion bismuth subsalicylate (Pepto-Bismol;
Procter & Gamble, Cincinnati, Ohio) was
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instilled as a bolus. With CT guidance,
sharp penetrating traumas were inflicted
percutaneously by using large-bore nee-
dles, a scalpel blade, or both. Each of the
five animals received a different set of
one to three injuries, with each injury po-
tentially resulting in multiple fluid collec-
tions in the (a) superior abdominal aorta
only, (b) stomach and left upper quad-
rant small bowel, (c) both common iliac
arteries and left upper quadrant small
bowel, (d) inferior abdominal aorta and
sigmoid colon, and (e) stomach and ab-
dominal aorta, for a total of 10 injuries in
the five rabbits. Then 700 mg of iohexol
(Omnipaque 350; GE Healthcare, Princ-
eton, NJ) per kilogram of body weight
was injected via an intravenous catheter
in the auricular vein immediately before
DE CT.

Imaging

CT scans were obtained with a Discov-
ery CT750 HD unit (GE Healthcare, Mil-
waukee, Wis) in DE gemstone spectral
imaging (or GSI) mode by using proto-
col GSI-11 (medium filter, 0.8-second
rotation time, 40-mm collimation). Scan
data were postprocessed by using soft-
ware (GSI Viewer; GE Healthcare) to
generate 70-keV virtual monochromatic
images that simulate 120-kVp conven-
tional CT images. lodine and simulated
bismuth material density map images
also were created by using this software.
The current version of this software is
limited to working with basis material
definitions that do not have a k-edge be-
tween 40 and 140 keV. Thus, we used
empirically determined x-ray attenuation
coefficients in the software to simulate a
material with the same attenuation ratio
as that of bismuth but without a k-edge
as the basis for material decomposition
of iodine and bismuth.

Image Evaluation

Ten extraluminal collections were selected
across the five rabbit studies and marked
with an oval on the CT images. By using
knowledge of the CT-guided injury and
the DE CT images, the radiologists (J.M.,
B.M.Y.; 3 and 15 years of experience in-
terpreting abdominal CT images, respec-
tively) involved with injuring the rabbit
viscera determined in consensus whether

each collection contained extravasated
enteric contrast material, vascular con-
trast material, or both. Ten other readers
not involved with the rabbit injury or im-
aging were recruited. Four readers were
subspecialty trained abdominal imaging
attending physicians, four were 3rd-year
radiology residents, and two were 1st-
year radiology residents. All readers were
from an academic medical center with a
level 1 trauma center, and none of them
had prior experience with DE CT. Before
reading the studies, each reader received
an approximately 5-minute introduction
to DE CT and CT material density maps.
Each reader then viewed transverse
and coronal image series for each rabbit
by using a Digital Imaging and Commu-
nications in Medicine viewer (OsiriX,
version 4.0; Pixmeo, Geneva, Switzer-
land) (11). For each site, the readers
recorded whether, in their opinion, the
site within the oval contained extrava-
sated vascular contrast material (yes or
no) and whether it contained extrava-
sated enteric contrast material (yes
or no), as well as their confidence in
their overall diagnoses on a visual an-
alog scale (0%-100%). To make their
diagnoses, readers were permitted to
use all the features of a typical picture
archiving and communication system,
including the ability to scroll to other
images and adjust window level, zoom,
and attenuation. Readers first evaluated
all 10 sites by using only conventional
CT (70-keV virtual monochromatic im-
ages, which simulate 120-kVp conven-
tional CT images) and then reevaluated
the sites by using iodine and bismuth
material density maps unique to DE CT
in conjunction with the conventional CT
images. At the second evaluation, radi-
ologists recorded responses to the same
questions as at the first evaluation.

Analysis

Recorded diagnoses were scored as cor-
rect or incorrect against the consensus
standard. A x? test was used for com-
parison of proportions, and the Shapiro-
Wilk test for normality of distribution
followed by a t test was used to compare
continuous measures, all of which were
performed by using a statistical software
package (R, version 2.14; R Development

Core Team, Vienna, Austria). Data on the
accuracy of diagnosis were analyzed with
results for all readers pooled and were
stratified according to reader experience
level. Pooled analysis and stratification
according to correct and incorrect re-
sponses were performed for confidence
data. Because the readers were evalu-
ating specific designated traumatic fluid
collections rather than reading complete
studies to identify abnormalities, it was
not necessary to correct for within-ani-
mal correlation in the occurrence of fluid
collections. A P value of .05 was used as
the threshold for statistical significance.

Example CT images are shown in Figures
1 and 2. The aggregate accuracy of di-
agnosis across all readers was 78% (157
of 200 images) with use of only conven-
tional CT; this increased to 92% (184 of
200 images) when diagnoses were made
with the benefit of DE CT (P < .001). Im-
proved accuracy came in the form of in-
creased sensitivity with unchanged speci-
ficity: sensitivity for extravasated contrast
material type increased from 72% (86
of 120 images) with conventional CT to
94% (113 of 120 images) with DE CT,
whereas specificity was 89% (71 of 80
images) for both forms of CT. Nine of ten
readers improved their accuracy with the
addition of DE CT images (P = .03); one
resident’s performance was unchanged.
When stratified according to training
level (resident vs attending physician),
both groups showed significant increases
in accuracy of similar magnitude (Table).
The accuracy of residents interpreting
DE CT images was slightly higher than
that of attending physicians interpreting
conventional CT images without DE CT
images, but the difference was not signif-
icant (P = .08).

Mean confidence in diagnosis in-
creased from 67% (95% confidence
interval: 62%, 71%) with only con-
ventional CT to 81% (95% confidence
interval: 78%, 91%) with DE CT (P <
.001). When the diagnosis made with
DE CT was completely correct, the
average increase in confidence was 16
percentage points (95% confidence
interval: 12, 21), whereas the average
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Figure 1

.

Figure 1:

Coronal CT images. A, A lateral left upper quadrant collection (oval) had minimally heterogeneous attenuation at conventional CT and was misinterpreted

as representing only vascular or only enteric luminal extravasation by six of the 10 readers using conventional imaging. B, lodine density map shows that the majority
of the collection is vascular contrast material (arrow). C, Bismuth density map shows several foci of enteric contrast material within the collection (arrow). All 10
readers correctly identified the collection as containing both types of extravasation when using all of these images.

Figure 2

Figure 2:  Axial CT images show a collection medial to the stomach (ovals). High attenuation seen at the periphery of the collection at, A, conventional CT was thought to
represent luminal or both luminal and vascular contrast material by four of the 10 readers when using only conventional CT. DE CT images showed high attenuation on, B, the
iodine map but not on, C, the bismuth map. All 10 readers correctly identified the collection as representing only vascular extravasation when using all of these images.

Diagnostic Accuracy Stratified
according to Experience Level

Physician  Conventional

Experience  CT (%) DECT (%)  PValue

Resident 77 (92/120) 91 (109/120) .005
(n=6)

Attending 81 (65/80)
(n=4)

94 (75/80) .03

Note.—Data in parentheses are the raw data.

increase for incorrect DE CT diagnosis
was 4 percentage points (95% confi-
dence interval: —11, 19). Use of a t test
in these comparisons was supported by
Shapiro-Wilk test failure to reject the
null hypothesis of nonnormality for the
distribution of changes in diagnostic
confidence (W =0.98, P=.17).

We found that DE CT significantly in-
creased reader accuracy and diagnos-
tic confidence compared with those
attained with conventional CT in the

determination of the source of contrast
material extravasation in an animal
model of penetrating abdominopelvic
trauma. These improvements were seen
for radiologists with no prior DE CT
experience; it seems reasonable to ex-
pect that greater improvements would
be seen with additional experience and
training. Although the overall perfor-
mance of attending-level radiologists
was superior to that of residents, the im-
provement in accuracy was not limited to
less-experienced readers: both attend-
ing physicians and residents had similar
improvements in accuracy. The current

Radiology: \/olume 268: Number 3—September 2013 = radiology.rsna.org
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work builds on the findings of our recent
in vivo study, which showed that appro-
priately selected pairs of vascular or vas-
cular and enteric contrast material can
be distinguished and digitally separated
by means of DE CT (9). The dual-con-
trast DE CT technique has many poten-
tial benefits, including reduced radiation
dose in multiphase studies and improved
evaluation of bowel wall enhancement in
positive enteric contrast material-en-
hanced imaging. Our current work eval-
uates a specific scenario—that of distin-
guishing the origin of abdominopelvic
contrast material extravasation.

Although difficulties in identifying the
source of extravasation are not widely
discussed in the literature, they may be
underrecognized. Our data suggest that
some traumatic fluid collections can be
difficult to evaluate correctly with tradi-
tional CT. The correct determination of
the source of extravasation is critical to
the correct triage of patients and mobi-
lization of treatment teams for vascular
surgery, interventional radiology, or gen-
eral surgery. The representative collec-
tions, shown here, were misdiagnosed
repeatedly with conventional CT images
but were diagnosed correctly by all 10
readers with DE CT images.

Furthermore, readers had more
confidence in diagnoses based on DE
CT than in those based solely on con-
ventional CT. Confidence is important
because studies frequently are ordered
to rule out injury; an uncertain diagnosis
may not be considered to have excluded
injury and may lead to unnecessary
delay, treatments, or exploratory lapa-
rotomy. Readers’ subjectively reported
confidence mirrored their objectively
measured performance; increased con-
fidence when using DE CT was paral-
leled by increased accuracy. In addition,
when readers reached a correct diagno-
sis with DE CT images, they had signif-
icantly higher confidence than they did
with conventional CT. When the diagno-
sis was incorrect, the data suggest that
difference in confidence relative to con-
ventional CT was small. In other words,
in our trauma model, use of DE CT in-
creased diagnostic confidence primarily
when the diagnosis made on the basis of
DE CT findings was correct.

The work presented here had sev-
eral limitations. The artificially inflicted
traumas in our study may not be repre-
sentative of naturally occurring penetrat-
ing injuries, which may be more simple
or more complex. Several factors may
have limited the readers’ performance in
using conventional CT images, including
a lack of familiarity with rabbit anatomy
and a lack of precontrast or delayed-
phase images, which might have helped
distinguish vascular from enteric con-
trast material. In addition, the readers
in our study were from one academic
medical center and may not have been
representative of all radiologists who
read trauma images. Nevertheless, our
study covered a wide range of abdomi-
nal penetrating injuries and reader skill
in interpretation of trauma CT images.

Another limitation that may have
affected the immediate application of
our findings was the fact that there are
currently no Food and Drug Administra-
tion—approved enteric contrast materials
that are distinguishable from iodinated
vascular contrast materials at DE CT.
Bismuth subsalicylate was chosen owing
to its availability, attenuation characteris-
tics, and relatively low toxicity; however,
at the doses required for optimal imag-
ing, it is likely to cause salicylate toxicity
(12). This toxicity precluded inclusion
of human subjects in this initial investi-
gation of dual-contrast DE CT trauma
imaging. The potential for improved di-
agnosis in clinical trauma imaging with
dual-contrast DE CT techniques, demon-
strated here in a rabbit model, provides
motivation for the development of clini-
cally approved enteric contrast materials
with attenuation ratios complementary to
that of iodine. Our group and others are
working to develop such agents.

Practical applications: We found
that in a rabbit model of abdominopel-
vic trauma, dual-contrast DE CT signif-
icantly increased accuracy and confi-
dence in the diagnosis of vascular versus
enteric extravasated contrast material.
Further development of complementary
contrast materials for human use can
bring these benefits to clinical imaging.
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