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OBJECTIVE. The purpose of our study was to measure relative and absolute wall attenu-
ations and wall thickness in normal small bowel on contrast-enhanced CT enterography and
to study the efficacy of relative attenuation, absolute attenuation, and wall thickness in distin-
guishing normal from active inflammatory Crohn’s disease of the terminal ileum.

MATERIALS AND METHODS. Using a case-control study design, we reviewed 630
CT enterography examinations, of which 191 were normal and 36 had active inflammatory
Crohn’s disease in the terminal ileum. In healthy individuals, wall thickness and attenuation in
distended and collapsed loops were measured in the duodenum and four abdominal quadrants.
Wall thickness and attenuation were also measured in the terminal ileum. All measurements
of intraarterial attenuation were taken at the same slice level. In the examinations of patients
with Crohn’s disease, only terminal ileum wall thickness and attenuation as well as arterial
attenuation at the same slice level were measured. Normal segments were compared with a
linear model. Terminal ileum data were fit to a multivariate logistic regression model.

RESULTS. Relative attenuation and absolute attenuation in the normal distended and col-
lapsed duodenum and left upper quadrant were significantly greater than in all other segments
(p <0.001 and < 0.048 for relative attenuation and p < 0.001 and < 0.032 for absolute attenu-
ation, respectively). Relative attenuation and wall thickness models and absolute attenuation
and wall thickness models discriminated normal from active terminal ileum Crohn’s disease
significantly better than the same measurements without wall thickness (p = 0.017 and 0.001,
respectively). When the bowel wall is > 3 mm, a relative attenuation cutoff of 0.5 is 89%
sensitive and 81% specific.

CONCLUSION. In normal small bowel, when wall measurement is taken into account,
the duodenum and jejunum have a greater relative attenuation and absolute attenuation than
other segments. Relative attenuation and absolute attenuation with wall thickness models
discriminate normal from active terminal ileum Crohn’s disease better than the same mea-

surements without wall thickness.

t our institution, CT enterogra-
phy is the radiographic method
of choice in evaluating patients
with Crohn’s disease [1], virtu-
ally replacing both dedicated small-bowel
series and small-bowel enteroclysis. To date,
one group has investigated the differences
between bowel wall attenuation of normal
and active inflammatory Crohn’s disease and
the effect of bowel distention on attenuation
[2, 3]. However, the precise relationship be-
tween measured bowel wall thickness and
attenuation in healthy patients and those with
Crohn’s disease has not been fully evaluated.
In addition, the only internal control used for
comparison with an abnormal terminal ile-

um was the more proximal normal ileum,
based on endoscopic findings. For compari-
son with follow-up studies, we used a more
standardized method of assessing bowel wall
attenuation vis-a-vis variation in contrast in-
jection. Also, an internal control that is more
rigorous than presumably normal small bow-
el should be developed.

The objective of this study was to measure
relative and absolute wall attenuations and
wall thickness in normal small bowel on
contrast-enhanced CT enterography and to
determine the efficacy of relative attenuation,
absolute attenuation, and wall thickness in
distinguishing normal from active inflamma-
tory Crohn’s disease of the terminal ileum.
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Materials and Methods

All CT enterography examinations performed
at our institution are entered into an institutional
review board—approved, HIPAA-compliant data-
base. Written informed consent was waived for
this study. This database includes the medical
record number, date of CT enterography, and
indication for scanning. In addition, a separate
institutional review board—, HIPAA-compliant
chart review was approved to record endoscopic,
pathologic, and clinical findings as well as out-
come for patients in this study.

Patient Population

For this study, we used a case-control study
design. Over a 12-month period (June 7, 2005—
May 30, 2006), 630 CT enterography examina-
tions using low—Hounsfield unit oral contrast
material were performed at our institution. Four
hundred three examinations were excluded because
of known or suspected Crohn’s disease without en-
doscopically or biopsy-confirmed active inflam-
mation of the terminal ileum within 2 months of
CT enterography (n = 300), probably normal but
insufficient clinical confirmation based on follow-
up and the referring clinician’s assessment (n = 41),
ulcerative or indeterminate colitis (n = 37), celiac
disease (n = 5), repeat evaluations (n = 5), history
of abdominal or pelvic radiation (n = 4), metastatic
disease to the mesentery (n = 4), scans performed
without IV contrast media (n = 3), incorrect
medical record number entered in database (n =2),
protein-losing enteropathy (n = 1), and inappro-
priately administered high-attenuation oral con-
trast media (n = 1).

Normal or Control Population

Of the remaining 227 examinations, 191 were
performed in definitely healthy (n = 77) or prob-
ably healthy patients (n = 114), of whom 131 were
female and 60 male with a mean age of 46.6 years
16-85 years). The definitely healthy
patients were confirmed on ileocolonoscopy (n =
55), capsule endoscopy (n = 10), colonoscopy and
capsule endoscopy (n =4), and surgery performed
after CT enterography (n = 8). The probably healthy

(range,

patients were confirmed on the basis of clinical
findings by a board-certified gastroenterologist
or colorectal surgeon. Most of these patients (n =
61) had abdominal pain and were diagnosed with
irritable bowel syndrome.

Active Inflammatory Crohn’s
Disease Population

Of the remaining 227 examinations, 36 were
performed in patients with active inflammatory
Crohn’s disease involving the terminal ileum. The
patients were 23 females and 13 males with a
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mean age of 40 years (range, 17-70 years). The
time of Crohn’s disease diagnosis was documented
in the electronic medical record in only 27 of the
36 patients. The mean duration of disease in these
patients was 13 years (range, 1-39 years). At the
time of the CT enterography, 32 of the 36 patients
were being treated with a variety of medications
for Crohn’s disease, including mesalamine, pred-
nisone, budesonide, azathioprine, 6-mercapto-
purine, adalimumab, and infliximab. Only one
patient already treated with mesalamine and
azathioprine was given prednisone between the
confirmatory ileocolonoscopy and CT enterog-
raphy performed 3 weeks later. Furthermore, all
patients receiving medication had been taking that
medication for at least 2 months before both
examinations. The patients with active inflam-
matory Crohn’s disease were subclassified into
definitely active and probably active using the
criteria established by Bodily et al. [2]. Those
authors stated:

...the presence of Crohn disease was
considered probably active if (a) ileoscopy
revealed stenosis, ulcerations, granularity or
friability (but not erythema or mucosal
edema alone) combined with normal or no
biopsy findings, (b) ileoscopic results were
normal but acute or chronic ileitis was
observed at biopsy, or (c) ileoscopy showed
erythema, granularity, friability or edema
and biopsy revealed acute ileitis. The
presence of Crohn disease was considered
definitely active if ileoscopy
erosions and/or ulcerations or stenosis or if

revealed

abnormal ileoscopic results were combined
with the finding of chronic ileitis at biopsy.

Classifying patients into definite and probable
Crohn’s disease was done by one of the authors, a
board-certified gastroenterologist with 10 years of
dedicated experience with
inflammatory bowel disease. He retrospectively
assessed the endoscopic findings
knowledge of the CT enterography findings. Of
the 36 patients with Crohn’s disease, 32 had
definite disease and four had probable disease.

treating patients

without

All colonoscopy examinations and surgery
were performed within 60 days of CT enterog-
raphy (mean, 12.3 days; median, 5 days; range,
1-60 days); 17 of 36 were performed within 3
days of each other, and 21 of 36 within 10 days of
each other.

CT Enterography Protocol

All CT enterography examinations in our insti-
tution are performed on MDCT scanners (Sens-
ation-16 or Sensation-64, Siemens Medical Solu-

tions). With the 16-MDCT unit, scanning is per-
formed using 0.75-mm collimation, reconstructing
with 1-mm axial slices every 0.8 mm, and obtaining
3-mm contiguous axial slices. With the 64-MDCT
unit, scanning is performed using 0.6-mm collim-
ation, reconstructing with 1-mm axial slices every
0.8 mm, and obtaining 3-mm contiguous axial
slices. Although we reconstructed 2-mm coronal
maximum-intensity-projection images from the
1-mm slices for clinical interpretation, we measured
the bowel wall attenuation and thickness only on
the 3-mm axial scans for this investigation.

Before scanning, the patient ingests a total of
1,350 mL of a neutral contrast agent (VoLumen
[0.1% barium suspension], E-Z-EM) over a
60-minute period. After 40 minutes, a nurse
establishes IV access. After ingesting the oral
contrast agent, the patient is placed on the scanner.
Every attempt is made to begin scanning 60
minutes after the start of ingestion. If the patient is
unable to ingest the oral agent, a feeding or
nasogastric tube is placed in the stomach. We do
not know how many patients in this study required
placement of a tube; but, anecdotally, this is a rare
occurrence. In our study, 482 patients were scanned
using this protocol. Since March 2006, a
modification to the oral contrast agent ingestion
protocol was instituted in an attempt to improve
jejunal distention. The volume and timing of the
neutral contrast agent ingestion remain the same.
However, at 60 minutes, the patient is given an
additional 225 mL of water to ingest over 5-10
minutes. The patient is then placed on the scanner
and the examination started. Every attempt is made
to begin scanning 70 minutes after the start of oral
contrast ingestion. In this study, 148 examinations
were scanned using this new protocol. In our
subsequent analysis, we did not compare the results
from the two population subsets.

IV contrast enhancement was achieved with
Ultravist-300 (iopromide, Bayer HealthCare), 150
mL, injected at 3 mL/s. Scanning began 70
seconds after the start of the contrast injection and
was performed using a single breath-hold, with
scanning duration of 18-22 seconds.

Bowel Wall Attenuation and
Thickness Measurements

On the 3-mm axial images of the healthy
patients, we retrospectively measured wall thick-
ness and wall attenuation for the duodenum, right
upper quadrant (RUQ), left upper quadrant (LUQ),
right lower quadrant (RLQ), left lower quadrant
(LLQ) (collapsed and dilated) as well as the
terminal ileum. At the same table position where
the wall thickness and attenuation were measured,
arterial attenuation was also measured, either in
the aorta or in the iliac arteries, depending on the
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level of the scan. In patients with active inflam-
matory Crohn’s disease, only the wall thickness,
attenuation of the terminal ileum, and arterial
attenuation at the same slice level were measured.
We did not measure the other segments as in the
healthy population because we had no confir-
mation that these segments were normal.

The measurements were made on a workstation
(Wizard, Siemens Medical Solutions). All bowel
wall attenuation measurements were made using a
round 25-pixel region of interest (ROI) placed over
the bowel wall. This is the smallest ROI available
on the workstation and is only round on this device.
The bowel wall attenuation was determined by
slowly moving the ROI around the circumference of
the wall, keeping the ROI over the wall. The highest
attenuation measured was the absolute attenuation
used for the analysis. When mural stratification—an
increase in inner wall attenuation—was present, the
highest attenuation of the inner wall was measured.
The intraarterial—aorta, common iliac artery, or
external iliac artery—attenuation also was made
using the same 25-pixel ROI placed over the center
of the vessel. We chose the center of the vessel to
measure the maximum intraarterial attenuation,
minimizing partial volume effect and laminar flow.
The relative attenuation was calculated by absolute
attenuation divided by arterial attenuation.

To determine wall thickness, we first measured
the inner and outer diameters of the bowel lumen
in the loop most distended in each abdominal
quadrant. To obtain the wall thickness, the inner
diameter was subtracted from the outer diameter
and divided by 2. The most collapsed loop in each
quadrant was also measured. In most cases, this
loop was completely collapsed so that no inner
diameter could be measured. In these cases, the
entire bowel wall diameter was measured and
divided by 2 to obtain the wall thickness. In cases
in which there were no distended loops, only the
collapsed loop was measured.

We measured bowel loops in the RUQ, LUQ,
RLQ, and RLQ of the abdomen. We used this
method in an attempt to measure the normal bowel
from the proximal jejunum (LUQ) to the distal
ileum (RLQ), assuming that the other quadrants
would most likely represent intervening bowel,
with the RUQ usually representing the distal
jejunum or proximal ileum and the LLQ usually
representing the proximal ileum. Two perpen-
dicular planes, one passing parallel to the midline
of the spine and the other parallel to the iliac
crests, defined the four quadrants. We used these
landmarks because they are consistent. The
duodenum was measured at its points of maximum
distention and collapse, generally identified in the
regions of its second and third portions, respec-
tively. Last, the terminal ileum was measured
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within 3 cm of the ileocecal valve. Only one
measurement of the terminal ileum—the mural
attenuation and wall thickness—was made,
regardless of whether the segment was distended or
collapsed. Thus, each patient had 11 measurements
for bowel wall attenuation and thickness.

All measurements were performed by one of the
authors without knowledge of the clinical findings
and were reviewed by another author, also without
knowledge of the clinical findings. This review was
intended to determine whether the ROI placement
on the bowel wall and the wall measurements were
correct. If not, they were adjusted. We did not
document how often an adjustment was made. The
reviewing author has 23 years of experience as an
abdominal radiologist and had interpreted more
than 300 CT enterography examinations at the
time of this investigation.

Statistical Analysis

To determine whether the data from “probably
normal” and “definitely normal” patients could be
pooled, two-sample Student’s ¢ tests were used to
compare probably normal and definitely normal
patients’ attenuation and wall thickness values in
each segment for both collapsed and distended
segments. A total of 30 comparisons were made
using a significance level of 0.05. Using the
hypothesis that the two normal groups are from
the same population, we expect 1.5 comparisons
to reach statistical significance by chance alone.
Of the 10 relative attenuation values, probably
normal and definitely normal patients differed

significantly only in collapsed loops in the LLQ
(probably normal mean = 0.54 [SD = 0.08] vs
definite normal mean = 0.57 [SD = 0.07]; p =
0.023). Probably normal and definitely normal
patients did not differ significantly on any of the
10 absolute attenuation values. Of the 10 wall
thickness values, probably normal and definitely
normal patients differed significantly only in
distended loops in the RLQ (probably normal
mean = 0.23 cm [SD = 0.07 cm] vs definitely
normal mean = 0.22 cm [SD = 0.05 cm]; p =
0.042). These results were with the hypothesis
that these two normal groups were from the same
population. Thus, for the remaining analyses, we
pooled the results of definitely and probably
normal patients into one normal sample.

To compare segments in normal patients, we fit
a generalized linear model to the data, treating the
attenuation value as the dependent variable and
the segment (i.e., duodenum, LLQ, RLQ, LUQ,
and RUQ) and measured wall thickness as the
independent variables. If a significant difference
between segments was found at the 0.05 level,
then the segments were compared using the
Student-Newman-Keuls test for multiple com-
parisons. The methods used to assess multiple
segments from the same patient took into account
that the segments were from the same patient by
treating patient as a factor in the models (thus
taking into account the potential correlation be-
tween segments from the same patient).

We fit a multivariate logistic regression model
to the terminal ileum data. Because there were so

TABLE |: Mean Relative Attenuation, Absolute Attenuation, and Wall
Thickness of Collapsed and Distended Segments of Normal Bowel

Mean Relative
Bowel Segment Attenuation

Duodenum

Collapsed 0.59(0.09)

Distended 0.50(0.09)
Left upper quadrant

Collapsed 0.58(0.08)

Distended 0.44(0.09)
Right upper quadrant

Collapsed 0.52(0.09)

Distended 0.41(0.07)
Leftlower quadrant

Collapsed 0.55(0.07)

Distended 0.44(0.07)
Right lower quadrant

Collapsed 0.54(0.08)

Distended 0.42(0.07)

Mean Absolute

Attenuation (HU) Wall Thickness (cm)
108.30(19.40) 0.50(0.19)
91.20(16.68) 0.33(0.15)
106.09 (16.04) 0.69(0.17)
82.21(16.31) 0.28(0.11)
95.90 (17.75) 0.54(0.18)
75.89 (15.36) 0.24(0.08)
97.72 (15.72) 0.57(0.15)
71.34(13.46) 0.25(0.07)
94.62 (16) 0.52(0.14)
73.51(12.62) 0.23(0.06)

Note—Numbers in parentheses are SDs.
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few probably active inflammatory Crohn’s disease
patients (4/36), these were grouped with the
definitely active inflammatory Crohn’s disease
patients. The dependent variable was disease
status (normal or Crohn’s disease with active
inflammation); the independent variables were
wall thickness, wall attenuation, and their in-
teraction. We fit separate models for absolute
Nested
models were compared using the likelihood ratio
test. For both absolute attenuation and relative

attenuation and relative attenuation.

attenuation, we found the best parsimonious
model (i.e., a parsimonious model is one that
performs well and has as few parameters as
possible); we then compared the areas under the
receiver operating characteristic (ROC) curves of
these two models to determine which model is
better at distinguishing normal from Crohn’s
disease. A significance level of 0.05 was used.

Results
Summary of Normal Segments

Overall, overlap occurred in mean relative
and absolute attenuations and wall thickness
of the normal segments, regardless of wheth-
er the segment was distended or collapsed
(Table 1). However, taking into account the
measured wall thickness, significant differ-
ences were seen in relative attenuation and
absolute attenuation between the segments
for both distended and collapsed loops (p <
0.001) (Table 2).

Relative Attenuation of Normal
Distended Segments

For distended loops, taking into account
the measured wall thickness, significant dif-

Baker et al.

ferences were seen in relative attenuation
between the segments (p < 0.001) (Table 2).
The duodenum had a significantly greater
relative attenuation than all other segments
(p < 0.001). Furthermore, attenuations of
the LUQ and LLQ were significantly greater
than those of the RUQ and RLQ (p <
0.048).

Relative Attenuation of Normal
Collapsed Segments

For collapsed loops, taking into account
the measured wall thickness, significant dif-
ferences were seen in relative attenuation be-
tween the segments (p < 0.001) (Table 2).
Attenuations of the duodenum and LUQ
were significantly greater than those of all
other segments (p < 0.048).

Absolute Attenuation of Normal
Distended Segments

For distended loops, taking into account
the measured wall thickness, significant dif-
ferences were seen in absolute attenuation be-
tween the segments (p < 0.001) (Table 2). At-
tenuation of the duodenum was significantly
greater than that of all other segments (p <
0.001). Attenuation of the LUQ was signifi-
cantly greater than that of the RUQ, LLQ, and
RLQ (p <0.002), and attenuation of the LLQ
was greater than that of the RLQ (p = 0.001).

Absolute Attenuation of Normal
Collapsed Segments

For collapsed loops, taking into account
the measured wall thickness, significant dif-
ferences were seen in absolute attenuation

TABLE 2: Comparison of Relative Attenuation and Absolute Attenuation in
Distended and Collapsed Normal Segments of Small Bowel When
Taking into Account Measured Bowel Wall Thickness

Overall Comparison of
Bowel Segment Bowel Segments?®

Distended

Relative attenuation <0.001

Absolute attenuation <0.001
Collapsed

Relative attenuation <0.001

Absolute attenuation <0.001

Specific Comparisons of
Bowel Segments® p
D>LuQ,LLQ,RLQ, and RUQ <0.001
LUQ and LLQ > RLQ and RUQ <0.048
D>LUQ,LLQ,RUQ, and RLQ <0.001
LUQ>LLQ,RUQ, and RLQ <0.002
LLQ>RLQ 0.001
Dand LUQ>LLQ, RUQ, and RLQ <0.048
Dand LUQ>LLQ,RUQ, and RLQ <0.032

Note—D = duodenum, LUQ = left upper quadrant, RUQ = right upper quadrant, LLQ = left lower quadrant,

RLQ =right lower quadrant.

apvalues for null hypothesis of no difference between any segments.
bpvalues for pairwise comparisons between segments.
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between the segments (p < 0.001) (Table 2).
Attenuations of the duodenum and LUQ
were significantly greater than those of the
LLQ, RUQ, and RLQ (p < 0.032).

Comparison of Normal Terminal lleum and
Terminal lleum with Crohn’s Disease and
Active Inflammation

Some overlap occurred between mean rela-
tive and absolute attenuations and wall thick-
ness of the normal terminal ileum and the
terminal ileum with Crohn’s disease (Table 3,
Figs. 1 and 2).

The logistic regression model using rela-
tive attenuation and wall thickness to distin-
guish normal from Crohn’s disease patients
with inflammation had a c-index (area under
the ROC curve) of 0.895 (SE = 0.032) (Fig.
3) and was significantly better than a model
without wall thickness (p = 0.017); the inter-
action term was not significant. Similarly,
the logistic regression model using absolute
attenuation and wall thickness to distinguish
normal from Crohn’s disease patients with
inflammation (c-index = 0.913, SE = 0.025)
had a significantly better fit than a model
without wall thickness (p = 0.001); the inter-
action term was not significant. Comparing
the model with relative attenuation and wall
thickness to the model of absolute attenua-
tion and wall thickness, the difference is not
statistically significant (p = 0.267) (Fig. 3).

A simple decision rule for distinguishing
Crohn’s disease from normal ileum is to have
cutoff points for wall thickness and attenua-
tion values (Table 4). For relative attenua-
tion, a cutoff of 0.5 yields a sensitivity of
89% and specificity of 74% (Table 4). If wall
thickness exceeds 0.3 cm, then the sensitivity
remains the same (89%) but the specificity
improves to 81%.

Discussion

CT enterography is increasingly replacing
other methods, including capsule endoscopy,
of small-bowel assessment in patients with
Crohn’s disease[1-8]. Several recent investi-
gations have shown that CT enterography is
efficacious in detecting Crohn’s disease with
active inflammation as well as identifying its
complications, including stricture and fistu-
las formation [1-3]. Bodily et al. [2] found
that quantitative measures of absolute wall
attenuation and wall thickness of the termi-
nal ileum correlated significantly with active
inflammatory Crohn’s disease. However, to
achieve a higher sensitivity, those authors
speculated that the use of the absolute atten-
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TABLE 3: Mean Relative Attenuation, Absolute Attenuation, and Wall
Thickness of Normal Terminal lleum and Terminal lleum in

Crohn’s Disease

Mean Relative

Terminal lleum Attenuation

Mean Absolute

Attenuation (HU) Wall Thickness (cm)

0.44(0.09)
0.61(0.10)

Normal

Crohn’s disease

77.60 (16.20)
111.44 (21.80)

0.36(0.19)
0.60(0.19)

Note—Numbers in parentheses are SDs.

Fig. 1—Scatterplot of
1.0 normal and abnormal
terminal ileum shows
relative attenuation
vis-a-vis wall thickness.
0.8 PY Open circlesindicate
normal terminal ileum;
S black dots indicate
5 Crohn’s disease.
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40 Fig. 2—Scatterplot of
normal and abnormal
204 terminal ileum shows
absolute attenuation
04 vis-a-vis wall thickness.
T T T T T 1 Open circlesindicate
0.0 0.2 0.4 0.6 0.8 1.0 normal terminal ileum;
Wall Thickness (cm) black dots indicate
Crohn’s disease.

uation model of the terminal ileum might be
preferable. Using absolute bowel wall attenu-
ation is appropriate for an individual patient
on one examination. But comparing absolute
attenuation of the bowel wall with a subse-
quent examination without a control may not
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be appropriate because the level of vascular
attenuation on a subsequent examination
could be different. Thus, a potentially more
consistent means of normalizing bowel at-
tenuation is necessary. Normalizing bowel
wall attenuation with arterial attenuation at

the same level could potentially allow com-
parisons between examinations performed at
different times.

In another article, Booya et al. [3] evaluated
the effect of bowel distention and small-bowel
location (jejunal vs ileal) on overall attenua-
tion. Until this investigation, it was thought
that bowel wall attenuation after contrast in-
jection was equal regardless of the segment
evaluated [9]. Using absolute attenuation once
again, Booya et al. found that distended jeju-
nal loops had a significantly greater attenua-
tion than distended ileal loops. In addition, the
attenuation of collapsed loops was greater
than that of distended loops.

We have confirmed and expanded on the
work of Booya et al. [3]. Both the relative at-
tenuation and the absolute attenuation of the
distended duodenum are greater than those of
all other segments, including the proximal je-
junum; and the relative attenuation and abso-
lute attenuation of the distended proximal je-
junum are greater than that of the distal ileum.
The relative and absolute attenuations of the
collapsed duodenum and proximal jejunum
are greater than those of the remainder of the
bowel, including the distal ileum. This infor-
mation is important when attempting to deter-
mine whether a proximal bowel segment is
normal or abnormal on the basis of a quantita-
tive measure. Because the proximal small
bowel has a greater relative attenuation and
absolute attenuation than the distal small
bowel, it is likely that there will be consider-
able overlap between normal and active in-
flammatory Crohn’s disease if values for nor-
mal and abnormal terminal ileum are used to
make this distinction (Tables 1 and 3).

In our study, we could also distinguish
normal from active inflammatory Crohn’s
disease affecting the terminal ileum. Unlike
Bodily et al. [2], we found that wall thick-
ness was an important variable in distin-
guishing normal from inflammatory Crohn’s
disease in our population. In addition, we
found that the relative attenuation bowel wall
thickness model was not significantly differ-
ent from the absolute attenuation bowel wall
thickness model. Because of the advantages
of relative attenuation in the same patient on
subsequent scans as well as among all pa-
tients, we believe that relative attenuation
should become the quantitative means of as-
sessing the presence or absence of active in-
flammatory Crohn’s disease of the terminal
ileum. When the bowel wall is > 3 mm, using
a cutoff of 0.5, we achieved a sensitivity of
89% and a specificity of 81% (Table 4).
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Fig. 3—Receiver

Sensitivity

0.0

operating characteristic
(ROC) curves for
performance of relative
attenuation and wall
thickness model (dashed
line) and absolute
attenuation and wall
thickness model (solid
line). The c-index (area
under ROC curve) of
relative attenuation and
wall thickness model
was 0.895 (SE=0.032);
c-index of absolute
attenuation and wall
thickness model was
0.913(SE=0.025).
Difference was not
statistically different
(p=0.267).

T T
0.0 0.2 0.4 0.6

False-Positive Rate

0.8 1.0

TABLE 4: Cutoff Points for Relative Attenuation in Distinguishing Crohn’s
Disease Involving the Terminal lleum from Normal lleum

Relative Attenuation Cutoff

Sensitivity (%)

Specificity (%)

0.5
0.52

74
81

alf wall thickness is > 3 mm.

An advantage of our study is that we used
a method of assessing bowel wall thickness
and attenuation that can be used in difficult
cases on any workstation. Booya et al. [3]
and Bodily et al. [2] used a method of mea-
suring bowel wall attenuation and thickness
that is not readily available in clinical prac-
tice. Although they measured the maximum
pixel across the bowel wall, and we measured
the mean attenuation, our results are similar
to their two investigations. We therefore be-
lieve that this simpler method is valid and
can distinguish normal bowel wall from in-
flammatory Crohn’s disease as accurately as
the more sophisticated software.

One limitation of our study is that the at-
tenuation of the bowel wall after contrast en-
hancement varies depending on the volume
and rate of delivery of contrast media, the
timing of the scan vis-a-vis the start of con-
trast media injection, the size of the patient,
and the IV catheter site. This is a problem
with both absolute and relative attenuation
measurements. However, we believe that
relative attenuation is a better measure than
absolute attenuation because it provides a
more consistent means of internally control-
ling changes in overall contrast delivery. If
an institution uses a consistent scanning time
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after the start of contrast media injection, the
relative attenuation of the bowel wall should
be a more consistent method of assessing any
change on follow-up examinations performed
in the same patient.

Another potential limitation is that we do
not know the attenuation of the bowel wall
before the administration of contrast media,
measuring the attenuation of bowel wall only
after contrast media injection. Thus, we do
not know how much the contrast-enhanced
attenuation was due to a more or less attenu-
ating bowel wall before contrast enhance-
ment. Unenhanced scans of the entire abdo-
men and pelvis add to the radiation dose of
the patient and thus are not routinely per-
formed. Regardless, we as well as others [2,
3] have shown that bowel wall attenuation
alone can distinguish normal from active in-
flammatory Crohn’s disease with a high de-
gree of sensitivity and specificity.

We also did not include a large number
(n =300) of patients with known Crohn’s dis-
ease because they had not had recent (within
2 months) confirmation of active inflamma-
tion of the terminal ileum. We do not know
whether these patients had milder disease
and if so, whether any bias exists in our study
as a result. However, we thought that we

should apply strict criteria of active inflam-
mation to the disease cohort rather than rely
on clinical impressions. Conversely, because
our study used a case-control design, we were
able to include a larger number of healthy pa-
tients than have been previously reported.

Another potential limitation of our study is
that scanning started at approximately 70
seconds after the start of the injection of con-
trast media. A recent study has shown that the
mean time to peak enhancement of the nor-
mal small-bowel wall is 49 seconds [10]. The
authors of that study did not take into account
the location of the small bowel measured, as-
suming that the small-bowel wall enhances
uniformly, proximal to distal, as reported by
Horton et al. [9]. The results in Booya et al.
[3] and our results suggest that this may not
be the case. Furthermore, the patients studied
by Bodily et al. [2] were scanned 70 seconds
after the start of the injection of contrast me-
dia. In addition, in a recent MR study, Florie
etal. [11] showed that the maximum enhance-
ment of small bowel in active Crohn’s disease
can occur at an average of 66 seconds after
the start of contrast media injection and may
vary between 27 and 105 seconds. Further-
more, the investigation of Vandenbroucke et
al. [12] suggests that active inflammatory
Crohn’s disease can be distinguished from
normal ileum regardless of scanning during
the enteric phase (40 seconds after contrast
injection) or the hepatic phase (70 seconds
after contrast injection).

One other concern in our findings is that
in clinical practice, quantitative means to
measure bowel wall attenuation will not be
used or are not necessary. In our practice, as
in most practices, we generally rely on visual
identification of increased wall attenuation
and wall thickening, as well as other findings
of inflammation such as perivascular en-
gorgement, to diagnose Crohn’s disease.
However, sometimes the visual findings are
subtle or equivocal. In these instances, we
believe that quantitative means are helpful in
distinguishing normal from abnormal. Fur-
ther, Bodily et al. [2] found that quantitative
measures are more sensitive than visual in-
spection in the detection of Crohn’s disease.

In conclusion, when wall measurement is
taken into account, the normal duodenum
and jejunum have greater relative attenua-
tion and absolute attenuation than other seg-
ments of the bowel. Regardless of the atten-
uation measurement, wall thickness is an
important covariable. Taking into account
wall thickness, relative attenuation appears
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to be the equivalent of absolute enhance-
ment in distinguishing normal bowel from
active inflammatory Crohn’s disease of the
terminal ileum and thus may be more appro-
priate for follow-up comparisons. If the bow-
el wall is > 3 mm, a relative attenuation cut-
off of 0.5 can reliably distinguish normal
terminal ileum from active inflammatory
Crohn’s disease.
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