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Abstract
Background & Aims: Wireless capsule endoscopy provides an opportunity to study the
macroscopic features in celiac disease by providing a magnified view of the intestinal mucosa. In
this study, we evaluated the following: (1) the distribution of atrophy in untreated celiac disease, (2)
the correlation between extent of changes and clinical manifestations, (3) the accuracy and
interobserver agreement of wireless capsule endoscopy assessment, and (4) the effect of gluten
withdrawal.

Methods: Thirty-eight consecutive patients with untreated biopsy-proven celiac disease underwent
wireless capsule endoscopy. Each subject was invited to undergo repeat testing after at least 6 months
of gluten withdrawal. The video images of each patient were reviewed independently by 2
investigators.

Results: Thirty-five (92%) subjects had visible atrophy detected by capsule endoscopy. Twenty-
two (59%) subjects showed an extensive enteropathy, 12 (32%) had enteropathy limited to the
duodenum, and only 1 had a jejunal enteropathy. No association was shown between the extent of
the lesion and clinical manifestations. Capsule endoscopy had a better overall sensitivity for the
detection of atrophy as compared with upper endoscopy (92% vs 55%, P = .0005), with a specificity
of 100%. The overall interobserver agreement for the 2 reviewers was relatively high (% total
agreement, 86.5%). After gluten withdrawal, the extent and the pattern of atrophy improved both
qualitatively and quantitatively.

Conclusions: Celiac disease affects a highly variable portion of the small intestine starting at the
duodenum. The extent of visible enteropathy does not explain differences in clinical presentation.
Most subjects with visually detected villous atrophy showed a clinically significant improvement
after gluten withdrawal.

Celiac disease (CD) is defined as a permanent intolerance to ingested gluten that damages the
small intestine, characteristically inducing crypt hyperplasia and villous atrophy, and resolves
with removal of gluten from the diet.1

The grade of injury (severity of villous atrophy) based on the histologic analysis of biopsy
specimens taken from the proximal intestine does not necessarily predict the severity of
symptoms in CD in both children and adults.2,3 Moreover, it has been suggested that the extent
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of small-bowel involvement with CD is a likely explanation for the great variability of
symptoms and severity of clinical presentation.4,5 However, little is known about the extent
of the small bowel that is affected in untreated CD and if indeed the extent of the enteropathy
explains the clinical presentation.

CD is associated with changes in the villous structure of the mucosa that may be visible with
standard endoscopy.6 These changes include reduced Kerckring's folds, scalloping of the
mucosa on circular folds, mucosal fissures, and a mosaic pattern.7-10 However, the sensitivity
of standard endoscopy for the detection of villous atrophy is poor (59%), in part because partial
villous atrophy may elude visual detection.11 Other invasive endoscopic techniques or
technologies have been used to improve the rate of macroscopic detection of intestinal villous
atrophy, but they are limited to the study of the proximal small intestine (eg, the water
immersion technique, chromoscopic endoscopy with magnification, push enteroscopy, and
zoom endoscopy).12-14

Until recently, it was difficult to accurately determine the extent of intestinal involvement of
CD in a noninvasive manner. Wireless capsule endoscopy (WCE) is an innovative diagnostic
method that allows painless imaging of the entire length of the small bowel.15 WCE is ideally
suited for assessing the visual appearance of the small-intestinal mucosa in a near physiologic
setting when the villi are readily visible floating in intestinal juice and without the effects of
air distension.16,17 WCE is more reliable than previous noninvasive imaging techniques for
detecting visible small-intestinal lesions.18,19 The clinical utility of WCE has been explored
previously and recommended in patients with CD who had gastrointestinal symptoms despite
treatment with a gluten-free diet (GFD).20,21 The sensitivity of WCE for the detection of
intestinal villous atrophy in the small bowel of patients with untreated CD varies between 70%
and 85%, with a specificity of 100%.22,23

Although we assume that untreated CD affects the proximal small-intestinal mucosa, little is
known about the pattern of healing that occurs after adherence to the GFD. Indeed, many
patients with CD do not achieve complete mucosal healing of the proximal small intestine, as
assessed by biopsy of the distal part of the duodenum, nor does negative celiac serology (eg,
endomysial antibodies) necessarily predict histologic recovery despite a good clinical response
to a GFD.24-27 WCE provides a magnified view of both the proximal and distal small bowel,
and may be useful to assess the effect of a GFD on the whole distribution and extent of atrophy
in CD.

The aims of this study were as follows: (1) to evaluate the sensitivity of WCE for histologically
determined villous atrophy, (2) to identify the extent and pattern of intestinal involvement in
untreated CD, (3) to correlate the extent of visual changes detected by WCE and clinical
features, and (4) to examine the effect of GFD on these changes.

Materials and Methods
Experimental Design

The study was a single-center prospective study of patients with newly diagnosed CD. Within
2 weeks of the diagnosis but before the onset of a GFD, patients giving informed consent
underwent WCE. The video images of each patient were reviewed independently by 2
investigators (C.J.G. and J.A.M.) for the presence and distribution of mucosal abnormalities
associated with CD. Each subject was invited to undergo repeat testing at least 6 months after
starting a GFD.
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Patients
Inclusion criteria—We included consecutive adult patients (>18 y) with newly diagnosed
and biopsy-proven CD in whom a GFD had not yet been started.

Exclusion criteria—Patients with a previous diagnosis or treatment for CD, an inability to
swallow the capsule as a result of dysphagia, symptoms and signs of intestinal obstruction, a
history of small- or large-bowel strictures, inflammatory bowel disease, a known motility
disorder of the gastrointestinal tract, or any previous bowel surgery were excluded.

Wireless Capsule Endoscopy
The study used the Wireless Endoscopy Imaging System (Given M2A videocapsule; Given
Imaging Ltd, Yoqneam, Israel). The technical data of the capsule and the technique used to
obtain an optimal image of the small intestine have been described in detail elsewhere.15,16
No bowel preparation or pro-kinetic medications were used.

Image Analysis
Two investigators with experience in both WCE (>100 capsule endoscopies reviewed each)
and in identifying endoscopic features of CD (C.J.G. and J.A.M.) reviewed the video images.
The investigators were blinded to the patients' clinical symptoms and the results of previous
endoscopic procedures or histology. The following features were considered a priori indicative
of CD: (1) mucosa (scalloping, fissuring, mosaic surface pattern, or nodularity) (2) villi
(absence or blunting), and (3) circular folds (effacement or absence) (Figure 1).

The extent of involvement was assessed using 2 methods: the qualitative method, and the time-
based (quantitative) method. The qualitative assessment was based on 2 determinations. First,
the features of atrophy were characterized as patchy or continuous. The findings were judged
to be continuous if the changes were seen on successive images with-out intervening normal
mucosal appearance, and patchy if areas of normal mucosa were seen between diseased
mucosa. Second, the localization of these observations was classified as follows: proximal
(isolated duodenal enteropathy), distal (jejunal enteropathy), and extensive enteropathy
(affecting both locations). The time-based measurement of extent was obtained by recording
the time without villi and the time with any abnormality (feature of atrophy). Time was
expressed in hours and fraction of hours, and also as the percentage of total small-bowel transit
time (time from last duodenal entry to cecal entry).

The capsule transition from duodenum to jejunum was determined by the passage of the capsule
across the midline to the left side in a downward direction as judged using the signal strength
software.

Although the initial intent of the study was to address the extent of involvement of disease in
CD, a retrospective comparison between cases and a negative control group was undertaken
to address the specificity of the WCE findings. The control group consisted of 38 age- and sex-
matched subjects with negative celiac serology (either tissue transglutaminase and/or
endomysial antibodies) in whom normal duodenal biopsy specimens had been obtained. These
control group individuals underwent WCE for a variety of indications contemporaneously with
the CD cases. The WCE studies of these controls were re-evaluated and mixed in random order
with the WCE videos of the cases and re-interpreted blindly for the presence and extent of
features suggestive of atrophy if present.
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Clinical and Laboratory Data
The presence or absence of diarrhea, abdominal pain, and unintentional weight loss were
recorded prospectively. A complete blood cell count and celiac serology (endomysial and/or
tissue transglutaminase antibodies) were measured at the initial evaluation.

Endoscopy and Histologic Analysis
The initial diagnostic upper endoscopy was performed by endoscopists other than the
investigators. Any mucosal abnormalities seen in the duodenum during endoscopy were
recorded in the clinical record. At least 4 biopsy specimens taken from the distal duodenum
were stained with H&E and examined by gastrointestinal pathologists for the presence or
absence and grade of intestinal atrophy, crypt hyperplasia, as well as count of intraepithelial
lymphocytes per 100 epithelial cells. Only subjects with villous atrophy according to Marsh
stage III were included in the study.28

Statistics
Data were summarized and presented using descriptive statistics. Clinical and laboratory
parameters measured on a continuous scale were summarized and expressed by their mean and
SD. For categoric data, such as the presence and pattern of mucosal abnormalities, the
frequency and percentage of subjects in each category was presented. When warranted, a 95%
confidence interval (CI) around the observed proportion based on the binomial distribution
was reported. Individual subject data, such as the location of mucosal abnormalities, was
recorded and presented in subject data listings.

The association between categoric indications and extent of enteropathy (extensive vs limited)
was assessed using a chi-squared test or the Fisher exact test. A Wilcoxon rank-sum test was
used to test associations of continuous scale characteristics with extent of enteropathy. Overall
sensitivity for WCE examination was calculated assuming histology as the gold standard and
compared with the sensitivity of the initial esophagogastroduodenoscopy using the McNemar
exact test. The interobserver agreement for abnormality indications was estimated by the
percentage of total agreement and Cohen's κ statistic along with corresponding 95% CIs. For
quantitative parameters, the interobserver agreement was measured using Lin's concordance
correlation coefficient with 95% CI.29 Changes in WCE findings between baseline and 6-
month follow-up testing were assessed for clinical importance using descriptive statistics. The
presence of features of atrophy was compared between duodenal and jejunal regions using the
McNemar test. A significance level of α = .05 was considered for all analyses.

Results
Characteristics of Patients With Celiac Disease and Negative Control Group

Forty patients initially were enrolled into the study during the period from March 2003 to
August 2004 at Mayo Clinic Rochester. Three patients ultimately were excluded because of
the following: (1) incorrect initial diagnosis in 2 patients (both had negative celiac serology
and absence of the HLA-DQ2 or -DQ8 haplotypes), and (2) the capsule did not exit the stomach
in 1 patient (this patient was included as if she had normal WCE findings in the sensitivity
analysis to avoid overestimation of the WCE diagnostic accuracy). Because of the need for
patients to stay overnight or return for the capsule study, most patients who were recruited
came from within 100 miles and mirrored the locally reported sex and age distribution of CD
clinically.30 The mean age (±SD) was 47 (±11) years, with twice as many females as males
(25 vs 12). Indications for clinical evaluation were malabsorption syndrome and iron-
deficiency anemia in 21 patients (58%), screening at-risk individuals in 8 patients (21.6%: 5
with a family member affected by CD, 2 with severe osteoporosis, and 1 with unexplained
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abnormal liver function tests), involuntary weight loss in 4 patients (10.8%), and unexplained
abdominal pain in 4 patients (10.8%). Twenty-nine patients (78.3%) had a positive tissue
transglutaminase and 25 patients (68%) had a positive endomysial antibody (EmA). All the
patients had a positive result in at least one of these antibodies. Thirty-seven patients (100%)
had intestinal villous atrophy (Marsh stage III lesion) and increased intraepithelial lymphocytes
(mean, 74 ± 20 lymphocytes/100 epithelial cells). Thirty-eight age- and sex-matched
individuals with negative celiac serology and normal duodenal histology were used as a
negative control group. There were 25 (65.8%) females, with a mean age of 46.6 years (range,
23–73 y). Obscure-occult gastrointestinal bleeding (iron-deficiency anemia) was the principal
indication (n = 18) for capsule endoscopy evaluation in the control group. The demographics
and overall results of the patients and controls are summarized in Table 1.

Association Between Upper Endoscopy, Wireless Capsule Endoscopy, and Histologic
Findings

All 38 patients swallowed the capsule successfully, including the 1 patient whose capsule did
not exit the stomach. Among them, 35 patients (92%; 95% CI, 79%–98%) showed at least one
mucosal feature of atrophy detected by WCE, consisting of fissuring, scalloping, or mosaic
pattern (see later). In 3 patients, the WCE was normal. Two of these 3 subjects had a normal
upper endoscopy and all 3 had total villous atrophy (Marsh stage III-c lesion) on the mucosal
biopsy specimen of the distal part of the duodenum.

By contrast, endoscopically detected mucosal abnormalities suggestive of CD were detected
in only 21 patients (55%; 95% CI, 38%–71%) at the time of the upper-endoscopy evaluation.
The WCE sensitivity was significantly higher than the sensitivity based on the diagnostic upper
endoscopy (P = .0005). None of the negative control individuals had any evidence of villous
atrophy identified by WCE on the blinded, randomized re-review, whereas 35 of 37 cases with
CD did have evidence of villous atrophy found. Extent of atrophy in the re-review in the cases
was similar to that of the initial review. Because no villous atrophy was found in the control
group, extension of atrophy was irrelevant. The upper endoscopy macroscopic evaluation of
the mucosa of the duodenum was normal in all the negative control group individuals. The
specificity of both tests was 100% (95% CI, 86%–100%).

Extent and Type of Bowel Involvement
Qualitative extent assessment—In the majority of patients, the abnormal findings started
in the proximal duodenum and extended a variable length into the jejunum. Abnormal findings
were seen in a continuous pattern in the duodenum. In the jejunum, features of atrophy were
less obvious and frequently overlapped with normal mucosa.

Twenty-two patients (59%) showed continuous involvement of the duodenum and at least
patchy jejunal lesions (extensive enteropathy, type A lesion), 12 patients (32%) showed
continuous involvement in the duodenum (limited duodenal enteropathy, type B lesion), and
1 patient had patchy involvement in the jejunum (jejunal enteropathy, type C lesion) (Figure
2).

Features of atrophy were seen more often in the duodenum (92%) than in the jejunum (62%)
(P = .0034). In the duodenum, fissuring was evident in 33 patients (89%), scalloping was
evident in 30 patients (81%), and the mosaic pattern was evident in 24 patients (65%). In the
jejunum, fissuring was present in 22 patients (59%), scalloping was present in 20 patients
(54%), and the mosaic pattern was present in 18 patients (48%) (P = .0034, .0020, .0703,
respectively).
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Twenty-four patients (65%) with duodenal lesions had all 3 features of atrophy (fissuring,
scalloping, and mosaic pattern), 5 patients (14%) had a combination of 2 features, and 5 patients
(14%) had only 1 type of feature. In the jejunum, 17 patients (46%) showed all 3 features of
atrophy, 3 patients (8%) had 2 features, and 3 patients (8%) had only 1 type of feature.

Quantitative extent assessment—The mean combined time with abnormality of any
mucosal features of villous atrophy was 0.86 hours (median [interquartile range (IQR)], 0.27
[0.03– 0.99] h and 0.34 [0.04 –1.12] h for investigators 1 and 2, respectively). When the time
with abnormality was considered as a percentage of the total small-bowel transit time (the
period of time between the last duodenal entry to the first cecal view of the capsule), the mean
was 15.9% (median [IQR], 5.8% [0.8%–20.7%]) for investigator 1 and 17.0% (median [IQR],
7.3% [0.9%–23.5%]) for investigator 2.

When only the absence of intestinal villi was considered as a mucosal feature of atrophy, the
average time without villi was 0.82 hours (median [IQR], 0.38 [0.06 –1.03]). The average
percentage of time of the total small-bowel transit time without villi was 16.4% (median [IQR],
8.8% [1.7%–22.7%]).

Extent of Lesion and Clinical Manifestations
No significant associations of extent of enteropathy and clinical manifestations were detected.
Patients with extensive enteropathy (type A lesion) were of similar age, clinical presentation,
level of hemoglobin, and number of intraepithelial lymphocytes per 100 epithelial cells as
celiac patients with isolated duodenal enteropathy (type B lesion) (Table 2).

Further, there was an absence of significant associations between clinical parameters and the
quantitative measures of extent of intestinal involvement. In general, characteristics at clinical
presentation were not associated with time without villi or time with abnormality, although a
positive EmA result did correspond with a longer time with abnormality (P = .0259). In
addition, positive EmA had a borderline significant association with longer time without villi
(P = .0686), as did positive anti–tissue transglutaminase with both time parameters (P = .0742
and .0823 for times without villi and with abnormality, respectively) (Table 3).

Interobserver Agreement
The overall agreement between the 2 reviewers for the detection of features suggesting atrophy
was 86.5%, but corresponded to a κ statistic of only κ = 0.37; (95% CI, 0.00 – 0.81). This
paradox was caused by an imbalance in the marginal with and without features of atrophy
because 30 of 37 subjects were identified as having features of atrophy by both reviewers.31
The overall percentage agreement was 84% for the detection of fissuring (κ = 0.41, 95% CI,
0.02– 0.79), 84% for scalloping (κ = 0.59; 95% CI, 0.30 – 0.88); and 89% for mosaic pattern
(κ = 0.77; 95% CI, 0.56 – 0.98) (Table 4).

There was a high degree of interobserver agreement for the quantitative measures of extent of
involvement of the small intestine by atrophy. Lin's (unbiased) concordance correlation
coefficient29 of 0.96, 0.93, 0.92, and 0.90 for time and percentage of time with abnormality,
and time and percentage of time without villi, respectively.

Response to Gluten-Free Diet
Thirty (78%) of 37 patients underwent repeat testing at least 6 months after starting the GFD:
9 patients (30%) at 6 months, 12 patients (40%) between 7 and 12 months, and 9 patients (30%)
between 13 and 18 months. Six patients were not available to return for the capsule because
of inconvenience, and 1 patient could not swallow the capsule the second time.
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Qualitative Analysis After Gluten-Free Diet
Features of atrophy and extent of the lesion—The qualitative assessment revealed a
significant decrease in the frequency of features of villous atrophy, both in the duodenum and
jejunum, after at least 6 months of treatment with a GFD (Table 5). Among those with a baseline
presence of at least one abnormality (feature of atrophy) who were retested after a GFD (n =
29), the extent of the intestinal lesions improved in 23 patients (79%), including 9 patients
(31%) with completely normal mucosa, and remained unchanged in 6 patients (21%). Patients
with extensive enteropathy (type A lesion, n = 20) showed either complete healing (n = 13) or
partial improvement (n = 6) of the jejunal lesions, and complete or partial improvement of the
duodenal changes in 15 cases. Only 1 case remained completely unchanged and another 4
showed no improvement in the duodenal region. The intestinal mucosa became entirely normal
in 5 cases. Patients with limited duodenal enteropathy who were retested (type B lesion, n =
8) showed reversal to normal mucosa in 3 cases but some residual involvement in 5 subjects.
The patient with jejunal enteropathy (type C lesion) showed complete healing of the mucosa
after GFD.

One patient with extensive enteropathy who remained unchanged at the follow-up capsule
endoscopy admitted at the dietician interview that she had not followed a GFD at all during
the intervening period despite being symptomatic with gluten ingestion. All the patients denied
intentional gluten ingestion; neither was an obscure source of gluten contamination identified
by the dietician interview.

The duration of the GFD before the follow-up WCE was not associated with the change in the
degree of improvement in features of atrophy (6 mo vs >6 mo; duodenum, P = .53; jejunum,
P = 1.0; or <1 y vs >1 y; duodenum, P = .58; jejunum, P = 1.0).

Quantitative Analysis After Gluten-Free Diet
Among the 30 subjects who participated in the repeat testing, the average time with abnormality
decreased from about 60 minutes pre-GFD to about 12 minutes after gluten withdrawal,
whereas the percentage of time with abnormality decreased from 19% of the total small-bowel
transit time before GFD to 4% after gluten exclusion. Similarly, the mean time without villi
(and percentage of time without villi) decreased after at least 6 months on a GFD to 15 minutes
(5%) compared with 56 minutes (18%) before GFD onset (Table 6).

Discussion
This study showed that CD affects the proximal small intestine and extends distally for a
variable distance in a more or less continuous fashion and also heals in the reverse direction
after gluten withdrawal. The study confirmed that most patients have a continuous pattern of
atrophy, almost always observable in the duodenum. Just 1 patient did not have observable
atrophy changes on the duodenal images with atrophy being seen only in the jejunum. Although
these data support the concept that CD affects predominantly the proximal small intestine,32
it also showed that CD can be quite variable in its distribution and in the extent of involvement
in the intestine.

It has long been known that the mode of presentation and/or the severity of CD are not predicted
by the severity of mucosal damage that is found on biopsy specimens of the proximal small
intestine.1,3 Rather, it has been suggested that it is the variation of the extent of involvement
of the intestine that may predict the clinical severity of malabsorption.4,33 This study suggested
that this is not the case, the extent of visual changes did not correlate with the clinical severity
of CD, body mass index, age, or sex. The only previous study that examined the extent of
intestinal involvement (in vivo) and its influence on the symptoms of CD was performed using
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a multiple biopsy device and fluoroscopy in the early 1960s. This study was limited because
it included only a small number of patients and because it included only patients with frank
malabsorption.5 Necropsies on patients with predominantly complicated CD in the early 1970s
confirmed that the mucosal lesion in adult CD involved the duodenum and jejunum and only
occasionally extended into the ileum and that the flat lesion persists to a lesser extent in a
proportion of cases after GFD.34 Our larger set of patients encompassed a broad range of
clinical presentations that more completely represent the current spectrum of CD.

Other factors may be more important for the understanding of what predicts severity of CD.
One explanation could be the gene dose effect of the HLA-DQ2 alleles. Indeed, the
homozygosity for the DQB1*0201 allele was associated with a more severe form of CD
assessed by more severe villous atrophy, slower recovery of villous atrophy after a GFD,
younger age, more severe diarrhea, and a lower level of blood hemoglobin at the time of
diagnosis.35 An additional factor may be the gastrointestinal motility disturbances associated
with untreated CD, which can play a role in the genesis of gastrointestinal symptoms and
disappear after gluten withdrawal.36

Studies in children have shown that improvement and, indeed, return to normality may occur
relatively quickly within weeks to months of the institution of a GFD.37 However, a high
proportion of adults may not heal their intestinal abnormalities even after a year or more of a
GFD.25-27,38,39 Our results in an adult population suggest that mucosal improvement is
readily apparent after gluten withdrawal by 6 months, with a reduction in the frequency and
distribution of features of atrophy in both the duodenum and jejunum. Biopsy specimens of
the proximal small intestine alone may not reflect the healing that has occurred more distally
in response to a GFD. Capsule endoscopy, in our study, showed that healing in the small
intestine occurred from a distal to proximal direction with most residual changes remaining in
the duodenum. The reasons for this finding are unclear, but may reflect a greater exposure of
the duodenum to gluten and the disease-inducing peptides that could produce greater or more
long-lasting changes in the mucosa compared with more distal involvement.5

This was a single-center study susceptible to both referral and regional bias; however, the
inclusion of consecutive cases may have decreased the risk of selection bias.

In summary, this study, using WCE, showed the predominantly proximal distribution of visible
features of atrophy in untreated CD and a significant reduction in the extent of involvement in
response to a GFD, with some residual changes limited to the duodenum. This study strongly
suggested that the extent of the enteropathy alone does not explain the wide clinical spectrum
that characterizes CD.
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Figure 1.
Examples of features of atrophy detected by WCE in CD. (A) Normal villi, (B) scalloping of
the mucosa on circular folds, (C) mosaic pattern. Note the absence of villi in the mucosa that
shows features of atrophy.
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Figure 2.
Distribution of features of villous atrophy detected by WCE in untreated CD.
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Table 1
Summary of Demographics, Symptoms, Serology, Histology, and Endoscopic Findings

Patients with CD Control group

Demographics
 Number of cases 37 38
 Female 25 (68%) 25 (65.8%)
 Age 46.4 ± 10.7 (24–70) 46.6 ± 13.2 (23–72)
Indication for work-up
 Anemia 11 18
 Malabsorption 10 4
 Screening at-risk individualsa  8  0
 Unexplained abdominal pain  4  6
 Unexplained loss of weight  4  2
 Obscure-overt gastrointestinal bleeding  0  8
Celiac serology
 Positive serology (either EmA or tTGA) 37  0
Duodenal histology
 Normal  0 38
 Marsh IIIa 19  0
 Marsh IIIb  0  0
 Marsh IIIc 18  0
 Increased intraepithelial lymphocytes 37  0
 Number of intraepithelial lymphocytes 74 ± 20 N/A
Endoscopic findings
 Upper endoscopy markers of atrophy 21  0
 Any feature of atrophy by capsule endoscopy 35  0

EmA, Antiendomysial antibody; tTGA, tissue transglutaminase antibodies; N/A, not available.

a
Five with family history of CD, 2 osteoporosis, 1 abnormal liver function test.
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Table 2
Clinical Parameters and Extent of Involvement Detected by WCE

Variable Extensive
enteropathy

(n = 22)

Limited
duodenal

enteropathy
(n = 12)

P value

Age, y 47.4 ± 11.0 47.4 ± 10.9 .90
Body mass index, kg/m2 24.2 ± 5.1 24.4 ± 4.1 .81
Diarrhea 8 (36%) 4 (33%) .86
Weight loss 6 (27%) 2 (17%) .68
Abdominal pain 5 (23%) 3 (25%) .88
Hemoglobin level, g/dL 12.6 ± 1.5 12.3 ± 1.7 .73
IELs 74 ± 20 71 ± 20 .70

IELs, intraepithelial lymphocytes.
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Table 3
Associations Between Clinical Parameters and WCE Quantitative Parameters for Extent of Intestinal Involvement

Time without villi Time with abnormality

Parameter Spearman correlation coefficient P value Spearman correlation coefficient P value

Age
 (n = 37)  0.1271 .4536 0.1409 .4056
Body mass index
 (n = 37) −0.0967 .5690 −0.2359 .1599
Hemoglobin level
 (n = 33) −0.1438 .4247 −0.2471 .1657

Median (IQR) Median (IQR)
Sex
 F(n = 25) 0.56 (0.05–1.11) .7827a 0.45 (0.02–1.15) .5701a
 M(n = 12) 0.16 (0.09–0.72) 0.19 (0.03–0.84)
Total VA
 Y(n = 17) 0.15 (0.07–0.62) .2285a 0.17 (0.02–0.79) .1538a
 N(n = 19) 0.97 (0.04–1.24) 0.54 (0.04–1.27)
Diarrhea
 Y(n = 14) 0.61 (0.12–1.51) .2047a 0.49 (0.03–1.70) .4522a
 N(n = 23) 0.14 (0.06–0.97) 0.30 (0.02–0.90)
Weight loss
 Y(n = 9) 0.12 (0.01–1.75) .3482a 0.32 (0.01–1.92) .9154a
 N(n = 28) 0.47 (0.08–1.02) 0.44 (0.03–1.01)
Severe CDb
 Y(n = 6) 0.34 (0.02–3.32) .9836a 0.38 (0.03–3.50) .6503a
 N(n = 31) 0.38 (0.06–1.03) 0.34 (0.02–1.02)
EMA
 + (n = 25) 0.84 (0.13–1.21) .0742a 0.54 (0.07–1.36) .0259a
 − (n = 8) 0.08 (0.06–0.32) 0.05 (0.00–0.54)
tTGA
 + (n = 29) 0.65 (0.10–1.21) .0823a 0.45 (0.09–1.21) .0686a
 − (n = 4) 0.10 (0.02–0.32) 0.02 (0.00–0.52)

EmA, Endomysial antibody; tTGA, tissue transglutaminase antibodies; VA, villous atrophy.

a
P value from rank-sum test.

b
Severe CD was defined by the presence of diarrhea and weight loss.
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Table 4
Interobserver Agreement on the Presence of Features of Atrophy in the Small Bowel of Patients With CD Evaluated
by WCE

Criteria % Agreement κ coefficient (95% CI)

Fissure 83.8 0.41 (0.02–0.79)
Mosaic 89.2 0.77 (0.56–0.98)
Scalloping 83.8 0.59 (0.30–0.88)
Any 86.5 0.37 (0–0.81)
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Table 5
Effect of GFD in Frequency of Features of Atrophy Detected by WCE

Type of lesion Untreated CD
(n = 30)

After gluten withdrawal
(n = 30)

Duodenal
 Fissures 27 16
 Scalloping 27 14
 Mosaic pattern 21 4
 Any lesion 28 17
Jejunum
 Fissure 20 7
 Scalloping 18 6
 Mosaic pattern 16 2
 Any lesion 21 8
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Table 6
WCE Quantitative Parameters for Assessment of Extent of Intestinal Involvement in CD Before and After Gluten
Withdrawal

Averaged from 2 investigators

Parameter n Untreated CD Treated CDa

Time with abnormality, h 30 1.00 ± 1.44 0.20 ± 0.45
Time without villi, h 29 0.94 ± 1.39 0.26 ± 0.88
% Time with abnormality 30 19.0 ± 24.3 4.2 ± 9.4
% Time without villi 29 17.9 ± 22.5   5.2 ± 18.5

a
After at least 6 months of GFD.
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