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Jolana Bártová, Ilja Tachećı, Stanislav Rejchrt, Rudolf Repák, Marcela Kopáčová, and Jan Bureš
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Route de Lennik 808, 1070 Brussels, Belgium

3Department of Gastroenterology, VU University Medical Center, Amsterdam, The Netherlands
4Department of Gastroenterology, Slovak Medical University in Bratislava, University Teaching Hospital of St. Cyril and Methodius,
Antolska 11, 851 07 Bratislava, Slovakia

Correspondence should be addressed to Marcela Kopáčová; marcela.kopacova@fnhk.cz
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The small intestine was inaccessible for endoscopy for a long
time. It was too far from both mouth and anus and was
beyond endoscopist’s reach.Thehistory of investigation of the
small bowel is quite short. In 1999Mosse and Swain still stated
in their work: “Enteroscopy remains the procedure in the
gastrointestinal tract that is most inaccessible to endoscopy,
and technical limitations severely impair the ability to
advance and examine the small bowel reliably or completely”
(Gastrointestinal Endoscopy Clinics of North America 1999;
9: 145–161).

There were only a few methods for small intestinal
imaging in the past, including push and sonde enteroscopy,
and radiological small-bowel follow-through studies. For
all these methods, the diagnostic accuracy (the ability to
diagnose and exclude disease correctly) is poor. The very last
possibility was intraoperative enteroscopy. This method has
been accepted as the ultimate diagnostic and/or therapeutic
procedure for the complete investigation of the small bowel. It
makes it possible to immediately solve pathological findings
by endoscopic or surgical means and perform histopatholog-
ical examinations of biopsy and/or resected specimens. By
visualizing the mucosa, intraoperative enteroscopy can pro-
vide information for more precise surgery, thereby limiting
resection. The very first investigation was performed in 1976.
Intraoperative enteroscopy is an invasive method. The most
widely used surgical approach is a standard laparotomy, but

laparoscopically assisted enteroscopy has also been reported.
Nowadays, this is the method assigned only for multiple
transmural small intestinal lesions, which are too small to
be found by a surgeon himself/herself, and unsuitable for
endoscopic therapy because of its transmural character.

A break came in 2000 with a development of new tools:
capsule enteroscopy anddouble balloon enteroscopy. Capsule
enteroscopy was invented by Swain (World Congress of Gas-
troenterology, Los Angeles, 1994) and initial experience in
4,000 patients was published by Fritscher-Ravens and Swain
in 2002 (Digestive Diseases 2002; 20: 127–133). Capsule
enteroscopy allows for the end-to-end visualisation of the
small bowel. However, the presence of a motility disorder
or stricture may preclude successful investigation. Double
balloon enteroscopy (and other deep enteroscopy methods:
single balloon enteroscopy and spiral enteroscopy) is a neo-
teric technique, first published and introduced into clinical
practice in 2001 by Yamamoto, inventor of this outstanding
method. Double balloon enteroscopy allows complete visual-
isation, biopsy, and treatment in the small bowel. It is a gold
standard for both investigation and therapy of small intestinal
disorders recently. Confocal laser endomicroscopy is rather
complementary and experimental method.

In radiological imaging the MRI is the most important
method for the small intestinal investigation. The standard
small bowel enema may not show early mucosal disease. CT
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and MRI enterography are gaining in usage; particularly as
oral techniques have become more successful, obviating the
problem of intubation. They both show bowel vascularity
and mural and transmural changes. The role of abdominal
ultrasound in experienced hands is also significant.

We bring nine articles in this special issue stressed on
most interesting topics in diagnosis and treatment of small
intestinal diseases and on rare and/or important small bowel
illness.

New aspects of investigation of the small bowel are
discussed in four articles: “Transabdominal ultrasonography
of the small bowel,” “Radionuclide small intestine imaging,”
“Novel imaging enhancements in capsule endoscopy,” and
“Utility of computed tomographic enteroclysis/enterography for
the assessment of mucosal healing in Crohn’s disease.”

Refractory celiac disease are common and difficult topics
in our everyday practice; that is why we chose one paper cov-
ering this topic to our issue “Update on the diagnosis andman-
agement of refractory coeliac disease”.

Small intestinal tumours, Cronkhite-Canada syndrome,
cryptogenic multifocal ulcerous stenosing enteritis, and
Whipple’s disease are quite rare diseases, but it is necessary to
know about them and give a thought to them (articles “Small
intestinal tumours;” “Cronkhite-Canada syndrome: review
of the literature;” “Cryptogenic multifocal ulcerous stenosing
enteritis: review of the literature;” and “Whipple’s disease: our
own experience and review of the literature”).

We believe that selectedmanuscripts will help our readers
tomanagewith the everyday practice andhelp them to under-
stand to small bowel problems.

Marcela Kopáčová
Andre Van Gossum
Chris J. J. Mulder
Antonı́n Vavrečka

Jan Bureš
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Background. The purpose of study was to evaluate the diagnostic yield of capsule endoscopy for NSAID-induced enteropathy and
clinical, laboratory, and endoscopic characteristics of disease in patients with rheumatoid arthritis.Methods. 37 rheumatoid arthritis
patients (30 women; mean age 55) treated with NSAIDs (>1 month), presented with anaemia and/or positive faecal occult blood
testing, entered the study and underwent capsule endoscopy (EndoCapsule; Olympus), laboratory tests, and filled in questionnaires.
Results. The prevalence of NSAID-induced enteropathy diagnosed by capsule endoscopy was 68% (25/37), classified as mild (red
spots or erosions) in 18 (49%), moderate (10–20 erosions) in 4 (11%), and severe enteropathy (>20 erosions or ulcers) in 3 (8%)
patients. We did not find statistically significant relationship between the enteropathy and gender, age, haemoglobin, leukocytes,
albumin and CRP, or dyspepsia.The difference between subgroups of NSAIDs according to the COX specificity was not statistically
significant.Conclusions. Capsule endoscopy is a highly accurate noninvasivemethod for evaluation ofNSAID-induced enteropathy.
It was revealed in a substantial section of the patients with rheumatoid arthritis and occult gastrointestinal bleeding, mostly
classified as mild damage. No simple clinical or laboratory markers of the presence or severity of NSAID-induced enteropathy
were recognised. This trial is registered with DRKS00004940.

1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are some
of the most frequently prescribed medications in clin-
ical practice for their analgesic, antipyretic, and anti-
inflammatory effects, especially in rheumatic and other
musculoskeletal disorders.

The adverse effects ofNSAIDs therapy arewell recognised
and described especially in the gastroduodenal area [1, 2];
however, the prevalence of small intestinal structural or func-
tional abnormalities induced byNSAIDs can bemuch higher.
The first description ofNSAID (aspirin)-induced gastropathy
identified by endoscopy was presented by Douthwaite and
Lintott in 1938 [3]. Small bowel damage due to indomethacin
was observed for the first time in humans in the 70s [4].

The complete NSAIDs mechanism of action is not still
fully understood, but it is at least partially based on an

inhibition of cyclooxygenase (COX) [5]. The pathogenesis of
enteropathy was initially thought to be associated with COX-
1 inhibition only. However, it has been proven that selective
COX-1 inhibition (or absence) does not lead to gastroin-
testinal lesions, and selective COX-2 inhibition (or absence)
leads to ileocaecal mucosa damage, different from “classical”
NSAID-induced enteropathy [6, 7]. Small bowel injury is
induced by a combination of COX-1 inhibitionwith restricted
mucosal blood flow and COX-2 inhibition probably through
an unknown immunological effect. All systemic and local
pathogenetic mechanisms lead, according to inflammation
intensity, to erythema, erosions, and ulcers. The extensive
fibroproduction during healing can cause strictures.

The spectrum of small intestinal side effects is wide
and its clinical importance varies. This includes increased
intestinal permeability [8, 9], ulcerations [10], perforation
[11], diaphragm-like strictures [12, 13], and gastrointestinal
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bleeding [14]. Small bowel ulcers were observed in 8% of
patients treated with NSAIDs in comparison with 0.6% of
controls (with no history of NSAID use) in a prospective,
autopsy-based study (713 cases) [15]. Initial endoscopy data
were drawn from sonde enteroscopy and were not published
until the early 90s [16]. The situation changed in the year
2000 when effective mini-invasive enteropathy diagnostics
by means of wireless capsule endoscopy became widely
available. The first video capsule endoscopy studies showed
the wide range (6–78%) of enteropathy in healthy volunteers
taking NSAIDs and proton pump inhibitors during a 2-week
period or patients taking NSAID for rheumatoid arthritis or
osteoarthritis [17–21].

There are still many questions about the real inci-
dence of NSAID-induced enteropathy in different groups
of patients, the spectrum of endoscopy findings in those
patients according to the enteropathy severity, risk factors,
leading clinical or laboratory findings, prevention, and treat-
ment.

The objective of our prospective single-centre study is
to answer some of them (including the diagnostic yield of
capsule endoscopy) in a group of high-risk patients with
rheumatoid arthritis (with anaemia and/or positive faecal
occult blood testing (FOBT)) examined by means of wireless
capsule endoscopy.

2. Materials and Methods

This was a prospective, endoscopist-blinded, capsule endo-
scopy study. A total of 37 patients (30 women; mean age 55,
median 56 years and 7 males; mean age 55, median 56 years)
were enrolled in study. The inclusion criteria were adult age
(>18 years), rheumatoid arthritis, long-term NSAID therapy
(>1 month), and anaemia (Hb < 135 g/L in men and <120 g/L
in women) or positive FOBT (Hemoccult test, Beckman
Coulter, Inc., USA) without signs of overt gastrointestinal
bleeding. This subgroup of rheumatoid arthritis patients was
chosen due to the expected higher prevalence of NSAID-
induced damage to the small intestine in patients with
suspected occult GI bleeding.

Patients with gastroesophageal reflux disease, gastroduo-
denal ulcers, small bowel diseases, inflammatory bowel dis-
ease, small intestinal stenosis, and pregnancy were excluded.
Written informed consent was obtained from all. The study
was approved by the Ethics Committee of University Teach-
ing Hospital, Hradec Králové, Czech Republic.

All patients included in our study underwent capsule
endoscopy and completed clinical investigation and blood
tests (blood count, reticulocytes, Coombs test, serum iron
level, iron binding capacity, ferritin, albumin, prealbumin,
CRP, and erythrocyte sedimentation rate). Patients com-
pleted a questionnaire focused on the important anamnestic
data.

2.1. Capsule Endoscopy. The methods of wireless capsule
endoscopy used in our study were in full compliance with
the Czech Society of Gastroenterology [22] and European

Society of Gastrointestinal Endoscopy guidelines [23]. Cap-
sule endoscopy was performed using the Olympus system
(EndoCapsule). Patients were instructed not to use med-
ication limiting small bowel visibility (iron supplements,
pills with micropellets, etc.) for one week and fasted for 12
hours before swallowing the capsule. Fluids were allowed
2 hours later, followed by a light meal 4 hours later. Oral
simethicon (80mg; Sab Simplex gtt., Parke Davis GmbH,
Berlin) was administered just before the investigation. Two
hours after ingestion, the capsule position was verified. In
cases of capsule persistence in the stomach, endoscopy-
assisted insertion into the duodenal bulb was performed.
Data were collected until the batteries discharged. Then the
sensor array and data recorder were removed. The capsule
endoscopy findings were evaluated by two endoscopists (I.T.
and T.D.) experienced in small bowel investigation and
blinded to the other data of the persons under investi-
gation (including anamnestic, laboratory or clinical data).
We evaluated the incidence and locations of small bowel
injury including red spots and mucosal breaks (erosions or
ulcers). A red spot was defined as a localised reddish area
of mucosa without the loss of normal villous architecture,
erosion as a tiny superficial destruction of mucosal surface
with reddish or whitish base, aphthous lesion as a mucosal
break with pale centre and a reddish halo, and ulcer as a
larger excavated lesion with the base covered with fibrin
(white) or hematin (black). All findings were classified into
the three grades as mild enteropathy (multiple red spots,
up to 10 erosions and aphthous lesions), moderate (10 to
20 erosions or aphthous lesions), and severe enteropathy
(multiple erosions or aphthous lesions, more than 20, ulcers,
stenosis, or bleeding). Isolated abnormal finding in the
duodenal bulb was not considered to be an enteropathy.
We used the method of rough estimation (using the time
passed from the duodenal bulb) for capsule localization in the
small bowel, because there are no clear endoscopymarkers of
borderlines between the jejunum and ileum (approximately
one half comprises the jejunum and the other half the ileum).
The small bowel visibility in different bowel segments was
also evaluated.

2.2. Statistics. All data were compared between the groups
with enteropathy and without enteropathy (identified by
means of capsule endoscopy) by using the contingency
tables and Fisher’s exact test of independence, Armitage
test for trend in proportions, and the chi-squared test for
proportions in qualitative data. We used the two-sample 𝑡-
test to compare two groups of qualitative data, and we also
used the Mann-Whitney test whenever normality was not
confirmed. Moreover, when the variances were distinct, we
also applied the Kolmogorov-Smirnov test. When more than
two groups were compared, we used the analysis of variance
followed by the multiple comparison with the Fisher’s LSD
test. When normality was not confirmed, we applied the
nonparametric analysis of variance, that is, theKruskal-Wallis
test followed by the multiple comparison with the Dunn test
with Bonferroni modification. All the testing was performed
on the five-percent significance level.
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(a) (b)

Figure 1: Mild NSAID-induced enteropathy. Red spot (a) and aphthous lesion (b).

(a) (b)

Figure 2: Moderate NSAID-induced enteropathy. Multiple erosions.

3. Results and Discussion

3.1. Endoscopy Findings. Wireless capsule endoscopy was
successfully accomplished in all subjects. No complications
of capsule endoscopy (including capsule retention) were
observed during our study. Endoscopy-assisted insertion of
capsule endoscope was organised due to the identification of
capsule persistency in the stomach two hours after capsule
ingestion in only two cases. The entire small bowel was
recorded in 36 capsule endoscopies (97%). In one patient, the
recording finished in the distal ileum. Visibility of the small
bowel mucosa was focally decreased due to intestinal content
in 17/37 cases (46%), mostly in the distal ileum. The mean
gastric transit time of endoscopy capsule was 41±41minutes
(median 30 minutes), small bowel transit time was 287 ± 107
minutes (median 274minutes), and total time of investigation
was 565 ± 67minutes (median 553 minutes).

Abnormal endoscopy findings compatible with NSAID-
induced enteropathy (Figures 1–3) were observed in 25/37
(68%) patients with rheumatoid arthritis (Table 1) and the
enteroscopy picture was quite normal in 12/37 or evaluated as
nonsignificant findings only (isolated red spots, lymphang-
iectasias, phlebectasias, xanthomas, and suspected lipoma).
The enteropathy classification was mild in 18 (49%) investi-
gated persons (Figure 1), with the most frequently described
lesions being multiple red spots. Moderate enteropathy
with multiple erosions and aphthous lesions (Figure 2) was
observed in 4 (11%) and severe enteropathy with small
intestinal ulcers (Figure 3) in 3 (8%) patients. The frequency
of the lesions was similar in the jejunum and ileum (Table 2)
No small bowel bleeding or stenoses were diagnosed in our
patients. Abnormal findings outside the small bowel were
described in 17 patients, mostly the endoscopy picture of
erythematous or erosive gastritis.
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(a) (b)

Figure 3: Severe NSAID-induced enteropathy, ulcers.

The correlation between the presence of enteropathy
and transit times was measured. No statistically important
differences were observed in patients with and without
enteropathy (𝑃 = 0.198 for gastric transit time and 𝑃 = 0.794
for small bowel transit time).

3.2. Anamnestic Data. Rheumatoid arthritis was RF seropos-
itive in 24 cases (65%) and was classified according the
Steinbrocker’s classification as grade I in 2, grade II in 13,
grade III in 16, and grade IV in 6 patients. The average
disease activity score (DAS 28) was 3.9±1.5 (median 3.6).The
mean duration of disease management was 13 years (median
8 years; first symptoms of disease at 42 years, median 44
years of age). All patients used NSAIDs: nonselective were
used by 7 patients (19%; ibuprofen, diclofenac, ketoprofen,
tiaprofenic acid, and oxaprozin), COX-2 preferential NSAIDs
by 12 patients (32%; nimesulide and meloxicam), and COX-2
selectiveNSAIDs by 4 patients (11%; celecoxib).Most patients
usedNSAIDs for several years (more than 1 year, 𝑛 = 33), and
only 4 patients were treated by NSAIDs for less than one year.

Four persons (11%) used acidum acetylsalicylicum,
33 (89%) prednisone, 25 (68%) proton pump inhibitors
(omeprazole), 9 (24%) bisfosfonates, 3 (8%) oral anticoag-
ulants (warfarin), and 3 (8%) iron supplements. Dyspepsia
(for our study defined as any type of abdominal discomfort
including nausea, vomiting, abdominal fullness, pain, con-
stipation, and diarrhoea) was present in 14 (38%) patients,
and suspected signs of anaemic syndrome (weakness, dysp-
noea, dizziness, and palpitation) were identified in 27 (73%)
patients.

No correlation between the enteropathy and rheumatoid
arthritis grade (according to the Steinbrocker, 𝑃 = 0.382) or
activity (𝑃 = 0.710) was observed. The difference between
the average age of patients with NSAID-induced enteropathy
(57 ± 16 years; median 56 years) and persons with normal
small bowel endoscopy findings (51 ± 17 years; median 51
years) was not statistically significant (𝑃 = 0.297). No

statistically significant difference in enteropathy presence
according to gender was observed (𝑃 = 1.00).

3.3. Laboratory Tests. We focused on anaemia, nutritional
status, and inflammatory markers in laboratory tests. A total
of 25 patients displayed anaemia (mean haemoglobin level
107 ± 12.0 g/L, median 112 g/L) and 12 had positive FOBT.
Thirteen (52%) had microcytic anaemia (mean corpuscular
volume < 84 fL), 11 (44%) had normocytic anaemia (mean
corpuscular volume 84–98 fL), and one had macrocytic
anaemia (mean corpuscular volume > 98 fL). Other results
are given in Table 3. No statistically significant difference in
haemoglobin level:𝑃 = 0.225, mean corpuscular volume:𝑃 =
0.266, haematocrit: 𝑃 = 0.090, total erythrocyte count: 𝑃 =
0.219, serum iron: 𝑃 = 0.212 and binding capacity of iron:
𝑃 = 0.212 between patients with enteropathy and normal
small bowel findings was observed. There was no statistically
significant difference in haemoccult positivity in patients
with and without NSAID-induced enteropathy (𝑃 = 0.263).

Lower serum albumin level (<35 g/L) was present in one
subject with rheumatoid arthritis only, lower serum preal-
bumin (<0.2 g/L) levels in seven persons. Statistically signif-
icant differences between patients with normal enteroscopy
findings and those with enteropathy-compatible findings in
serum albumin (𝑃 = 0.824) and/or prealbumin (𝑃 = 0.127)
levels were not proved. Other results are given in Table 4.

Themean serumCRP level was 18.1±22.4mg/L (median
7.0), and elevated CRP (6–68mg/L) was found in 20 sub-
jects (54%). Leukocytosis (9.4 × 109/L) was found in 16
individuals (43%), the mean leukocyte level was 9.2 ± 2.9 ×
10
9
/L (median 8.6 × 109/L), and accelerated erythrocyte

sedimentation rate was found in 19 patients (after 1 hour). No
statistically significant difference in inflammatory markers
was observed between subjects with and without enteropathy
(CRP:𝑃 = 0.320; leukocytes level:𝑃 = 0.912; and erythrocyte
sedimentation rate after 1 hours: 𝑃 = 0.183). Other results are
given in Table 5.
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Table 1: Abnormal findings compatible with NSAID-induced lesions (MDS-mucosal damage score): 1 mild enteropathy, 2 moderate
enteropathy, and 3 severe enteropathy.

Sex Age Duodenum Jejunum Ileum Other localisation MDS
(1) M 50 3 linear erosions, red spot Gastric erosions 1

(2) F 66 Red spots Red spots Red spots Erythematous
gastritis 1

(3) F 35 Multiple red spots Erosion, 7 aphthous lesions 10 aphthous lesions 2
(4) F 53 Red spot 0
(5) F 78 Multiple erosions Erosions, aphthous lesions, ulcers Erosions, aphthous lesions, ulcers 3
(6) F 28 Single red spot 0

(7) F 72 Red spots, multiple aphthous
lesions

Erythematous
gastritis 2

(8) F 61 Red spots Erythematous
gastritis 1

(9) F 49 Single red spot 0

(10) M 62 3 erosions Erythematous
gastritis 1

(11) F 32 Single red spot 0

(12) F 69 Erosions, multiple aphthous
lesions Single erosion Gastric ulcer 2

(13) F 82 Red spots, erosions 1
(14) M 56 Red spots, erosions 1
(15) F 34 Bulbitis Single red spot Single red spot, single erosion Gastric erosions 1

(16) F 42 Gastric focal
erythema 0

(17) F 71 Single erosion 8 erosions Erythematous
gastritis 1

(18) M 57 0
(19) F 79 Single red spot 0
(20) F 38 Single erosion 4 erosions 1
(21) F 26 Gastric erosions 0
(22) F 69 Single erosion 5 erosions 1
(23) M 55 Red spots 1
(24) F 22 Red spots Single erosion 5 erosions Gastric oedema 1

(25) F 73 Red spot Erythematous
gastritis 0

(26) F 76 Single erosion 1
(27) F 55 Single erosion 5 erosions 1
(28) F 56 Ulcer Ulcer 3
(29) F 43 0
(30) F 56 2 erosions 1

(31) M 60 Bulbitis Erythematous
gastritis 0

(32) F 64 0
(33) F 54 Single erosion Ulcer 3

(34) M 56 Single erosion Multiple erosions, aphthous
lesion Gastric erosions 2

(35) F 61 Erosion, aphthous lesions 1
(36) F 23 Red spots Gastric oedema 1
(37) F 57 Single erosion Red spots, aphthous lesion 1
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Table 2: Distribution of small intestinal lesions.

Localisation
of findings

Enteropathy severity
(1: mild, 2: moderate, 3: severe)

1, 2 and 3 2 and 3 3
∗
𝑁 = 42 𝑁 = 14 𝑁 = 6

Duodenum 4 1 0
Jejunum 19 7 3
Ileum 19 6 3
∗Number of abnormal findings compatible with enteropathy.

3.4. Discussion. The aim of our study was to evaluate the
basic characteristics (endoscopic, laboratory, and clinical) of
NSAID-induced enteropathy as well as the diagnostic yield of
wireless capsule endoscopy.

Capsule endoscopy confirmed its safety in the subgroup
of patients with rheumatoid arthritis and occult gastrointesti-
nal bleeding. Although some data identified NSAIDs as a
possible risk factor for capsule retention [24], we observed
no significant complication including capsule nonpassage in
our study. Limited visibility was present in 46% of all patients,
capsule endoscopy was performed after fasting, and bowel
preparation would probably reduce this problem. On the
other hand, bowel content was localised only focally in most
cases, so the majority of mucosal surface was visible.

The overall prevalence of enteropathy was 68% in the
study population. The observed prevalence is fully compara-
ble with studies using noninvasive tests in NSAID-induced
enteropathy [25]. On the other hand, the prevalence is
much higher than previously estimated by earlier surgical or
autopsy studies [15, 26]. Our observations further confirm
the high sensitivity of capsule endoscopy and possibility of
detection of subclinical small bowel damage. About half of
all subjects had mild enteropathy with multiple red spots
and some erosions (or aphthous lesions) presented in low
numbers (up to 10). The clinical importance of abnormal
findings like this is extremely controversial.

Another problem that complicates interpretation of so-
called mild enteropathy (especially the red spots findings) is
a repeatedly confirmed occurrence of similar abnormalities
in the small intestine of healthy volunteers or in the control
groups treated with placebo (7–41%) in previously published
capsule endoscopy studies [17–21]. To minimize the risk
of misinterpretation of red spots findings, only multiple
lesions were described as enteropathy (a single red spot
was considered normal finding). Severe damage of small
intestinal mucosa (ulcers) was present in 19% of long-term
NSAIDs users.

The lesions identified in our patients (erythema, erosions,
aphthous lesions, and ulcers) can be a relatively nonspecific
reaction of small bowel mucosa to damage or inflammation
of a different aetiology. Marking of these findings as NSAID-
induced enteropathy is possible only after exclusion of other
causes on the basis of total endoscopic image in combination
with other laboratory, clinical, and anamnestic data. Crohn’s
disease, infectious and parasitic diseases, coeliac disease and

its complications, vasculitis, and Behcet’s syndrome were
excluded in all our patients with small bowel lesions.

The relationship between NSAID-induced enteropathy
and occult gastrointestinal bleeding was demonstrated (espe-
cially bymeans of radioisotope-labelled erythrocytes) already
in the 1980s [27]. We tried to prove the predictive value of
microcytic iron-deficiency anaemia and/or positive FOBT for
presence of NSAID-induced enteropathy by correlation of
laboratory and endoscopy data together. Although capsule
endoscopy examination was performed in a preselected
population of patients with rheumatoid arthritis and anaemia
and/or positive FOBT, the prevalence was similar to the data
presented in nonselected population of NSAIDs users [18–20,
28, 29]. Following statistical analysis we found no significant
correlations between the presence/absence of enteropathy
and anaemia markers (haemoglobin level, mean corpuscular
volume, haematocrit, erythrocyte count, serum iron, and
binding capacity of transferrin) and FOBT positivity. There
can be several explanations. Erosions (or aphthous lesions)
often lead to increased blood loss in the gastrointestinal tract,
but the low intensity is not sufficient to induce laboratory
abnormalities. Aetiology of anaemia is in patients with
NSAID enteropathy often combined with disturbances in
absorption of iron and vitamin B12 modifying the character
of anaemia [30]. The anaemia of chronic illness in patients
with rheumatoid arthritis should be also considered. Another
problem is the limited specificity of the guaiac-based FOBT
used. These facts indicate the limited value of anaemia and
FOBT as predictors of small bowel damage in NSAID users
with rheumatoid arthritis.

The correlation of nutritional (albumin, prealbumin) and
inflammatory markers (CRP, leukocytes, and erythrocyte
sedimentation rate) and NSAID-induced enteropathy was
statistically evaluated, too. Small loss of proteins through
the damaged small intestinal mucosa, persisting for a longer
time after NSAIDs discontinuation, is found frequently [5].
The aetiology of hypoalbuminaemia in rheumatoid arthritis
patients (up to the 10%) is wide, including secondary protein
loosing enteropathy, amyloidosis, and rheumatoid arthritis
itself.Therefore these markers cannot be an ideal predictor of
the presence of NSAID-induced enteropathy (our data sup-
porting this assumption, no clinically significant correlation
was observed between the presence/absence of enteropathy
and albumin/prealbumin levels). The basic inflammatory
markers (CRP, leukocytes, and erythrocytes sedimentation)
are not applicable due to their relative nonspecificity for
NSAID-induced enteropathy in subjects with rheumatoid
arthritis. Important limitation of our study is the absence
of recent colonoscopy findings in most patients. Correlation
of laboratory markers and enteroscopy findings may be
distorted by the presence of undiagnosed NSAID-induced
colopathy. Colonoscopy was performed in 8 of 12 patients
with positive FOBT; 3 of them displayed abnormal findings
inside the large bowel (multiple adenomatous polyps, diver-
ticula, and angiectasias).

Clinical symptoms (dyspepsia broadly defined as any
abdominal discomfort including pain, diarrhea, and consti-
pation) seem to be unusable for selection of patients with sus-
pected small bowel damage induced by NSAIDs. Infrequent
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Table 3: Anaemia markers in patients with rheumatoid arthritis according to NSAID-induced enteropathy.

Mucosal damage score 𝑁 Mean SD Median 1st quartile 3rd quartile Normality

Hb (g/L)

No enteropathy 12 109.0 15.9 111.5 100.5 116.5 n
Any enteropathy 25 116.0 15.4 115.0 105.5 126.0 n

1 18 119.0 14.2 115.0 110.3 129.5 n
2 4 113.0 11.5 110.0 103.0 124.5 n
3 3 101.0 21.2 109.0 77.0 117.0 n

MCV (fL)

No enteropathy 12 85.0 12.0 83.8 74.2 91.8 n
Any enteropathy 25 88.1 6.9 87.4 81.5 94.2 n

1 18 89.8 6.4 90.4 86.4 94.7 n
2 4 84.2 9.1 80.9 78.1 93.7 n
3 3 82.7 2.1 81.8 81.2 85.1 n

Htk

No enteropathy 12 0.333 0.037 0.332 0.303 0.362 n
Any enteropathy 25 0.357 0.040 0.355 0.331 0.387 n

1 18 0.365 0.039 0.365 0.333 0.399 n
2 4 0.351 0.025 0.343 0.334 0.378 n
3 3 0.321 0.057 0.324 0.263 0.377 n

Ery (×1012/L)

No enteropathy 12 4.22 0.53 4.26 4.05 4.50 n
Any enteropathy 25 4.01 0.46 3.98 3.78 4.43 n

1 18 3.99 0.48 3.94 3.73 4.45 n
2 4 4.19 0.22 4.15 3.99 4.41 n
3 3 3.88 0.60 3.96 3.24 4.43 n

Fe (𝜇mol/L)

No enteropathy 12 10.0 8.2 6.7 3.6 15.0 nn
Any enteropathy 25 11.8 5.8 11.3 7.8 15.4 n

1 18 12.4 5.7 13.4 8.5 15.7 n
2 4 9.0 5.4 8.6 4.0 14.4 n
3 3 12.0 8.6 10.5 4.3 21.2 n

VK (𝜇mol/L)

No enteropathy 12 63.1 12.5 64.7 51.7 73.2 n
Any enteropathy 25 56.4 14.5 57.7 52.1 65.6 nn

1 18 55.0 15.6 56.5 50.7 66.9 nn
2 4 62.0 14.8 60.5 49.0 76.5 n
3 3 57.3 6.3 55.1 52.3 64.4 n

Mucosal damage score: 1 mild enteropathy, 2 moderate enteropathy, 3 severe enteropathy, Hb (g/L): haemoglobin level,MCV (fL): mean corpuscular
volume,Htk: haematocrit,Ery (×1012/L): erythrocytes count, Fe (𝜇mol/L): serum iron concentration, and BK (𝜇mol/L): binding capacity of transferrin.
Normality of data distribution: normal (n) or nonnormal (nn).

Table 4: Nutrition markers in patients with rheumatoid arthritis according to NSAID-induced enteropathy.

Mucosal damage score 𝑁 Mean SD Median 1st quartile 3rd quartile Normality

Alb (g/L)

No enteropathy 12 41.9 3.9 42.8 37.7 44.7 n
Any enteropathy 25 42.2 3.6 41.6 40.2 44.7 n

1 18 42.6 3.9 42.9 39.9 45.1 n
2 4 42.4 2.7 41.5 40.6 45.1 n
3 3 39.5 2.4 40.4 36.8 41.4 n

Palb (g/L)

No enteropathy 12 0.25 0.11 0.23 0.19 0.27 nn
Any enteropathy 25 0.28 0.090 0.25 0.22 0.31 nn

1 18 0.30 0.096 0.29 0.23 0.34 nn
2 4 0.22 0.029 0.23 0.19 0.25 n
3 3 0.22 0.046 0.25 0.17 0.25 nn

Mucosal damage score: 1 mild enteropathy, 2 moderate enteropathy, 3 severe enteropathy, Alb (g/L): albumin level, and Palb (g/L): prealbumin level. Normality
of data distribution: normal (n) or nonnormal (nn).
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Table 5: Inflammatory markers in patients with rheumatoid arthritis according to NSAID-induced enteropathy.

Mucosal damage score N Mean SD Median 1st quartile 3rd quartile Normality

CRP (mg/L)

No enteropathy 12 21.0 21.8 12.5 2.0 40.5 nn
Any enteropathy 25 17.0 23.0 5.0 1.0 34.0 nn

1 18 10.0 14.4 3.0 1.0 11.0 nn
2 4 19.0 33.1 3.0 0.3 52.3 nn
3 3 57.0 12.1 61.0 43.0 66.0 n

Leu (×109/L)

No enteropathy 12 9.3 3.0 9.9 7.2 11.4 n
Any enteropathy 25 9.2 2.9 8.6 7.2 11.4 n

1 18 9.8 3.2 9.2 77.9 12.6 n
2 4 7.5 1.3 7.4 6.3 8.9 n
3 3 8.1 1.5 7.5 6.8 9.6 n

ESR1

No enteropathy 12 23.0 21.2 15.5 7.0 25.5 nn
Any enteropathy 25 34.0 24.6 26.0 13.0 51.5 nn

1 18 32.0 25.9 23.0 9.5 51.8 nn
2 4 27.0 16.3 24.5 13.0 42.8 n
3 3 52.0 24.0 52.0 28.0 76.0 n

ESR2

No enteropathy 12 41.0 27.4 32.5 18.5 51.3 n
Any enteropathy 25 54.0 30.6 52.0 29.0 78.0 n

1 18 52.0 31.7 53.0 21.8 78.5 n
2 4 46.0 21.6 40.5 29.0 68.5 n
3 3 79.0 30.5 80.0 48.0 109.0 n

Mucosal damage score: 1 mild enteropathy, 2 moderate enteropathy, 3 severe enteropathy, CRP (mg/L): C-reactive protein, Leu (×109/L): leukocytes count, and
ESR: sedimentation of erythrocytes after 1 and 2 hours. Normality of data distribution: normal (n) or nonnormal (nn).

studies similarly show a weak association between dyspepsia
and small intestinal lesions (ulcerations of the jejunum and
ileum can cause noncharacteristic dyspepsia and abdominal
pain). Stenosis can be presented with subsequent passage
disorders [12, 31, 32]. On the other hand, the direct effect
of NSAIDs on the central nervous system can also induce
nonspecific dyspepsia [33]. Another problem confounding
results may be the relatively high frequency of dyspepsia in
the general population in the Czech Republic (17%) [34].

The lower prevalence of small intestinal damage in
experimental animals or patients using COX-2 selective or
preferential NSAIDs compared with nonselective COX drugs
has been demonstrated repeatedly [20, 28, 35, 36]. In capsule
endoscopy studies, this difference was statistically significant
[18, 20] or insignificant but still present in most cases [37].
The spectrum of NSAIDs used in our patients confirms
the current trend towards leaving traditional nonselective
NSAIDs and potentially cardiotoxicCOX-2 selectiveNSAIDs
for COX-2 preferential drugs. Enteropathy findings were
observed in 6 patients treated with nonselective NSAIDs
(67% of nonselective NSAIDs users), 17 patients treated with
COX-2 preferential drugs (74% of COX-2 preferential users),
and 2 patients treated with COX-2 selective drugs (40% of
COX-2 selective users). The difference between the groups
was not statistically significant, but a trend is noticeable:
lower frequency of enteropathy in patients treated using
COX-2 selective drugs. Another trend observed is downward
severity of the lesions in relation to the higher COX-2 selec-
tivity. The occurrence of mucosal breaks may be observed in
patients taking COX nonselective NSAIDs. Mucosal breaks

were found in patients taking COX-2 selective agent in our
group in 1 of the 6 patients only (17%). It must be emphasised
that long-term treatment using COX-2 selective NSAIDs also
leads to damage of the small intestine, although probably at a
lower frequency and severity.

4. Conclusions

In conclusion, NSAID therapy causes small bowel lesions in a
significant section of rheumatoid arthritis patients that equals
(or even exceeds) the frequency of this disorder observed
in the upper part of the digestive tract (in the oesophagus,
stomach and duodenum). Although the clinical importance
of NSAID-induced enteropathy is often limited, it can lead
to severe complications. Capsule endoscopy has become
sensitive diagnostic method in identifying of mucosal breaks
or other types of small bowel lesions. We also focused on
laboratory and/or clinical predictors for NSAID-induced
enteropathy. Anaemia, nutrition (albumin, prealbumin), and
inflammatory markers (CRP, thrombocytosis, and erythro-
cyte sedimentation rate) cannot be recommended for diag-
nostics of NSAID-induced enteropathy. The clinical factors
(gender, dyspepsia) appeared not to be very reliable too.
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Received 11 April 2013; Accepted 30 October 2013

Academic Editor: Antonin Vavrecka
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Cronkhite-Canada syndrome is a rare disease characterised by diffuse polyposis of the gastrointestinal tract, diarrhoea, weight
loss, abdominal pain, cutaneous hyperpigmentation, dystrophic changes of fingernails, and alopecia. The etiology is probably
autoimmune and diagnosis is based on history, physical examination, endoscopic findings of gastrointestinal polyposis, and
histology. The disease is very rare; about 450 cases have been described in the literature so far. We present a review of the literature
with our own picture documentation of this rare condition.

1. History

Cronkhite-Canada syndrome (CCS) is a rare disease; about
450 cases have been described in the literature so far. The
disease was first described in 1955 by the American internist
Leonard Wolsey Cronkhite and the American radiologist
Wilma Jeanne Canada in the New England Journal of
Medicine. They published two cases of an unusual fatal
syndrome of diarrhoea, nausea, vomiting, and abdominal
pain in a 42-year-old female and a 75-year-old female. Several
weeks prior to the symptoms, loss of hair, eyebrows, and
axillar hair with diffuse brown discoloration of the face,
neck, and hands, atrophic tongue with brown discoloration,
and onychodystrophy were observed. Anaemia in labora-
tory examination and gastrointestinal polyposis were found.
Gastric and colonic histology was consistent with benign
adenomatous polyposis. The oesophagus was normal [1].

Jarnum and Jensen [2] established the term Cronkhite-
Canada syndrome in their publication in 1966. They pub-
lished a case report with two new observations in CCS
patients: protein-losing enteropathy with electrolyte dis-
turbances (hypocalcaemia, hypomagnesaemia, and hypo-
kalaemia) and presence of nonadenomatous cystic polyps [2].

In 1972, Johnson et al. [3] published that the polyps in the
stomach and large intestine are hamartomas and confirmed
the description of Jarnum and Jensen.

Goto divided the disease into five groups according to the
leading symptom in 1995 [4]; type 1: diarrhoea is dominant,
type 2: dysgeusia, type 3: abnormal sensation in the mouth
with thirst, type 4: abdominal symptoms other than diar-
rhoea, and type 5: alopecia as a main symptom. All patients
must have gastrointestinal polyposis and hyperpigmentation.

The estimated incidence of CCS is one per million
according to the study performed by Goto, the largest study
on CCS with 110 patients [4, 5]. The mean age of onset is
estimated to be in the fifth to sixth decade with a slight male
predominance in the ratio 3 : 2 [6].

2. Etiology and Clinical Features

The etiology of CCS is currently unknown. So far, there is
no strong evidence to suggest a familial predisposition. The
disease is sporadic, so hereditary origin is not supposed.
Etiology is probably autoimmune, but infectious cause was
also considered because of inflammatory cell infiltration with
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Figure 1: Atrophic changes of fingernails, hands, and feet.

mononuclear cells and eosinophils [7]. Cases have been asso-
ciated with elevated antinuclear antibody (ANA) and IgG4
levels [8, 9]. IgG4-related autoimmune disease is a recently
describedmultisystemdisorder characterised by IgG4plasma
cell infiltration with manifestations including autoimmune
pancreatitis, sclerosing cholangitis and retroperitoneal fibro-
sis. Some sporadic juvenile CCS polyps were studied by
Riegert-Johnson et al. with findings of infiltration with IgG4
plasma cells.

Regardless of whether the IgG4 plasma cell infiltration of
CCS polyps (reported by Riegert-Johnson et al.) is linked to
IgG4-related autoimmune disease or not, this finding is the
first clue to the pathophysiology of CCS [10]. Immunostain-
ing for the autoimmune-related IgG4 antibody is significantly
increased in CCS polyps compared to other diseases and
normal control tissues. Furthermore, immunosuppression
by corticosteroids or long-term azathioprine may eradicate
or lessen manifestations of CCS. These histological findings
and treatment responses are consistent with an autoimmune
mechanism underlying CCS [11].

There is also an association between CCS and hypothy-
roidism and various other autoimmune diseases such as
membranous glomerulonephritis, systemic lupus erythe-
matosus, rheumatoid arthritis, and scleroderma. Mental and
physical stress has been confirmed to be among the most
important risk factors for this syndrome [6, 8, 12]. Familial
incidence has been described only once, in two members of
one family [13].

Diagnosis is based on history, physical examination,
endoscopy with finding of gastrointestinal polyposis, and
histology. CCS is characterised by diffuse multiple polyps of
the gastrointestinal tract, diarrhoea, weight loss, abdominal
pain, cutaneous hyperpigmentation, dystrophic involvement
of fingernails, and alopecia (Figures 1(a), 1(b), 2, and 3).
Other symptoms such as hypogeusia and xerostomia have
also been described in the literature [6]. Dysgeusia can be
caused by mucositis, oral infections, and other abnormalities
of mucosal surface. Zinc and copper deficiencies are also
believed to cause hypogeusia in some patients [14].

Protein-losing enteropathy is often observed. Polyps are
frequent in the stomach and small and large intestine but

Figure 2: Pigment dots on palms.

Figure 3: Diffuse alopecia.

do not occur in the oesophagus. The gastric mucosa can
be thickened (hypertrophic gastric folds mimic Menetrier’s
disease in some cases), but it can be atrophic with polypoid
lesions in others [6, 12, 15].

Gastroscopy (Figure 4) shows red and edematous granu-
lar polyps (strawberry-like) with giant mucosal folds (carpet-
like polyposis of the stomach). On confocal laser endomi-
croscopy, hyperplastic mucosa and hyperplastic polyps are
detected (Figure 6). Similar polyps could be found in the
duodenum (Figures 7 and 8). Some small denuded areas
without villi are seen in the small intestine (Figure 9).
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(a) (b) (c)

Figure 4: Stomach. Strawberry-like polyps, (a) high resolution white light endoscopy, (b) narrow band imaging (NBI), (c) zoom.

Figure 5: Juvenile polyp of gastric mucosa. Foveolar hyperplasia
and dilation of glands are evident (hematoxylin-eosin, original
magnification 4x).

Duodenal mucosa is swollen with nodulations and sparse
villi. Villi in the jejunum are clearly visible, but there are areas
without villi in the jejunum usually on the top of the folds.
Colonic polyps have been characterised as sessile and could
be “strawberry-like” according to some studies (Figure 12)
[16–19].

Seventy-five percent of all CCS cases reported in the
global literature have been reported from Japan. Coincident
gastric cancer occurred in 10% of the cases. The rate of
coincident gastric cancer among CCS patients is significantly
higher than the prevalence of gastric cancer in the general
Japanese population [4].

According to Chinese retrospective meta-analysis of 20
years (1985–2006), there were only 35 cases of CCS in the
whole of China [18]. There has been no special occupation
associated with an increased incidence of CCS. Hypogeusia
is the dominant initial symptom which is usually followed
by diarrhoea and ectodermal changes including alopecia, nail
dystrophy, and skin pigmentation. Gastrointestinal polyposis
is closely related to the malabsorption which induced these
ectodermal changes. However, there are a small number of
cases in which alopecia precedes diarrhoea in the course of
the disease [4]. An electrogastrography detects severe gastric
myoelectric disorder (Figure 16).

3. Histopathology

The histological specimens from stomach and small and
large intestines show typical features of benign juvenile-like
or hamartomatous polyps, mild infiltration of inflamma-
tory cells including eosinophils, massive submucosal edema
mostly located in the lamina propria, hyperplasia of the
foveolar epithelium, focal hyperplastic features, and cystic
dilation of the mucosal glands. In approximately half of
the patients, some polyps reveal adenomatous changes with
stromal edema anddilated glands. “Conventional” adenomas,
juvenile-like polyps, and serrated adenomas, whose crypts
show a saw-toothed growth pattern with possible dysplastic
changes, were described [20, 21].

Microscopic examinations reveal a significant mucosal
alteration in all nonpolypoid biopsies, which are more
pronounced in small bowel samples. In general, it com-
prises impaired architecture of crypts, including dilation
and branching, edema, and presence of mixed inflammatory
infiltrate (Figure 10). The latter is composed mainly of
lymphocytes, plasma cells, and eosinophils, with scattered
neutrophils. Interestingly, the surface of duodenal, jejunal,
and ileal mucosa is rather flat due to subtotal and/or total
atrophy of villi (Figure 10).

Microscopically, gastric (Figure 5), duodenal, jejunal, and
ileal (Figure 11) polyps and some colonic polyps have an
appearance similar to that of juvenile/hamartomatous polyps
without dysplastic changes. The remaining colonic polyps
are diagnosed either as “conventional” tubular adenomas
(Figure 13) or traditional serrated adenomas without high-
grade dysplasia (Figure 14). In immunohistochemical inves-
tigations, the presence of CD138-, IgG-, and IgG4-positive
plasma cells is noticed (Figure 15).

4. Complications and Prognosis

Potentially fatal complications, such as malnutrition, gas-
trointestinal bleeding, and infection, often occur with a
mortality rate of more than 50% [7].

Common complications are gastrointestinal bleeding
with anaemia, intussusception, and rectal prolapse [12].
Some uncommon complications and concomitant diseases
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Figure 6: Stomach. Hyperplastic crypts in confocal laser endomicroscopy (original magnification 1000x).

(a)

(b)

Figure 7: Duodenum. Atrophic changes with multiple strawberry-
like polyps, high resolution white light endoscopy, and narrow band
imaging (NBI).

have been reported in the literature: recurrent severe acute
pancreatitis [22], myelodysplastic syndrome [23], giant cell
bone tumour [24], multiple rib fractures [17], cecal intussus-
ception in an adult patient [25], schizophrenia [26], portal
thrombosis, and membranous glomerulonephritis [8].

Gastric and colonic cancers are common complications.
Nests of cancer cells were described in the gastric mucosa
by Egawa et al. [27] which were predominantly poorly dif-
ferentiated with tubular formation. No adenomatous changes
were noted around the cancer cells. This suggested that the
cancer originated from the gastric mucosa without adenoma-
carcinoma sequence. To validate this theory, Egawa et al.
stained the tissue for Ki-67 and p53. Only cancer cells
had overexpression of these proteins, so only these cells
had the ability to proliferate without cellular control [27].
Adenomas were reported in CCS patients in the colon with
potential transition to carcinoma. Microsatellite instability
and overexpression of the p53 protein were found in the
cancer lesions and serrated adenoma lesions. None of the
lesions showed a loss of heterozygosity of various genes or K-
RAS mutations [20, 28]. Zügel et al. [29] reported a 63-year-
old lady with Cronkhite-Canada syndrome who developed
colorectal cancer. A hemicolectomy was performed, and
the tumour specimen was prepared for DNA analysis and
immunohistochemical screening. They found a mutation of
p53 gene without APC- and ras-gene alteration and expres-
sion of ErbB2 proto-oncogene. The steps of mutation do
not follow the adenoma-carcinoma sequence first described
by Vogelstein in 1988 [30]. This and previous observations
suggest that carcinogenesis in Cronkhite-Canada syndrome
follows another independent sequence [29].

About 15% of CCS patients develop malignancies as
CCS may be a premalignant condition for gastric cancer,
as well as for colorectal cancer. Periodic examination of the
stomach, colon, and rectum is suggested for patients with
this syndrome [27]. Due to the rarity of the disease, opti-
mal screening protocols have not been developed, although
annual endoscopic surveillance has been widely practiced.
Multiple biopsies should be taken in order to identify dys-
plastic and adenomatous epithelium. Total gastrectomy is
indicated in the event of dysplastic changes. According to
colorectal carcinoma,the procedure of choice is determined
by the location of the lesion. If the colon is carpeted with
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Figure 8: Jejunum. (a) Atrophic part of the jejunal mucosa without villi-denuded areas, (b) small hyperplastic/juvenile polyps of the jejunum,
(c) large stalked polyp.

(a) (b) (c)

Figure 9: Capsule enteroscopy. (a) Strawberry-like polyps in the jejunum, (b) (c) multiple denuded areas without villi in the jejunum.

Figure 10: Nonpolypoid jejunal mucosa shows irregularly shaped
crypts, edema, and inflammation (hematoxylin-eosin, original
magnification 6x). Inset: flattened mucosal surface without villi
(hematoxylin-eosin, original magnification 20x).

polyps, subtotal or total proctocolectomy would be indicated
[6, 9, 11, 12, 31, 32].

Prognosis of the patient with CCS is poor with a 5-year
mortality rate 55%. Spontaneous regressions, however, were
observed in 5–10% of CCS cases, regardless of treatment [26].

It was originally thought that the epidermal changes were
secondary to profound malnutrition as a result of protein-
losing enteropathy. Recent findings have called this hypoth-
esis into question; specifically, the hair and nail changes may
not improve with improved nutrition [12].

Figure 11: Juvenile polyp of jejunal mucosa shows shortening of
villi, dilation of crypts and mild inflammation (hematoxylin-eosin,
original magnification 5x).

5. Treatment

The optimum treatment of CCS is currently unknown due
in part to its rarity. Nutritional support, electrolytes, mineral
and vitamin supplementation are necessary but can rarely
lead to complete remission. The current literature favours
combined therapy based on parenteral nutrition, antibiotics,
and corticosteroids [6]. Total parenteral nutrition is pre-
ferred to enteral nutrition because of the supposed effect of
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Figure 12: Multiple colonic polyps; juvenile polyps/hamartomas, tubular adenomas, traditional serrated adenomas.

Figure 13: “Conventional” tubular adenoma of the colon with low-
grade dysplasia, with focal dilation of crypts (hematoxylin-eosin,
original magnification 2x).

Figure 14: Traditional serrated adenoma of the colon with low-
grade dysplasia (hematoxylin-eosin, original magnification 2x).
Inset: serrated morphology and eosinophilic cytoplasm of tumour
cells are evident (hematoxylin-eosin, original magnification 10x).

bowel rest. Other therapies such as antihistamine receptor
agonist agents and cromolyn sodium have also been used
as a supplementary therapy in patients where degranulating
eosinophils and mast cells are found in biopsies [6, 33].
Because of the apparent autoimmune features of the disease,
azathioprine and tacrolimus were given to the patients in
some cases [34]. Most studies recommend treatment with

Figure 15: Numerous IgG4-positive plasma cells in colonic tra-
ditional serrated adenoma (immunohistochemistry IgG4, original
magnification 400x).

proton pump inhibitors (or H2 receptor antagonists in older
papers). In one case report [35], acute gastritis was found in
histology in aHelicobacter pylori-positive patient.The patient
was given eradication therapy (clarithromycin, amoxicillin,
and lansoprazole) resulting in negative C13-urea breath test.
Complete remission including remission of polyposis was
achieved eight months later [35]. Eradication of Helicobacter
pylori is recommended also in other papers [24]. In other
patients, Helicobacter pylori was negative at the time of
diagnosis [21]. An anti-TNF-𝛼 therapy was considered in one
paper because of strong intracellular expression of TNF-𝛼 in
the small intestinal mucosa. Unfortunately, an experimental
anti-TNF-𝛼 treatment could not be introduced because of
rapid progression of the disease; the patient died within 4
months after the diagnosis was established [16].

Mesalazine therapy is recommended according to one
paper [36] and antiplasmin tranexamic acid according to
another [26].

Optimum therapy for CCS is not known but several
treatment options have been described. Nutritional support,
antibiotics, systemic glucocorticosteroids, anabolic steroids,
histamine-receptor antagonists, and surgical treatment have
all been used with varying degrees of success. Unfortunately,
controlled therapeutic trials have not been possible because
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Figure 16: Electrogastrography. Severe gastric arrhytmia (running spectral analysis based on Fourier transform).
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of the rarity of the disease. Most recently, a combination
regimen using histamine-receptor antagonists, cromolyn
sodium, prednisone, and suppressive antibiotics has been
described. The reported treatment options and rates of
success were reviewed [37].

The total treatment period is also unknown; recommen-
dations range from 6 to 12 months of combined therapy.

We use oral treatment with omeprazol (20mg twice a
day), prednisone (20mg a day) and azathioprine (2.5mg per
kg/day if a gene for thiopurine s-methyltransferase-TPMT
is without mutations). Pancreatic enzymes are given to the
patient with bigger meals 3-times a day.

6. Differential Diagnosis

CCSoften has characteristic features. Usually, it is not difficult
to distinguish CCS from other polyposis syndromes, as each
exhibits its own characteristic clinicopathology.

Other conditions consisting of multiple hamartomatous
polyps of the digestive tract include Peutz-Jeghers syndrome,
juvenile polyposis, familial adenomatous polyposis, hyper-
plastic polyposis, and Cowden disease [9, 38].

Peutz-Jeghers syndrome is an inherited polyposis disor-
der characterised by hamartomatous polyps and pigmented
macules on the lips, buccal mucosa, and skin that usually
occur prior to 30 years of age.

Juvenile polyposis develops before 10 years of age and
is characterised by hamartomatous polyps with an inflam-
matory component mostly in the colon. From a histological
point of view, this is the main differential diagnosis of the
disease. BothCCS and juvenile polyposis are distinguished by
juvenile polyps.The difference is in the surrounding mucosa,
normal histological appearance in juvenile polyposis, and
severe changes of architecture in CCS.

Adenomatous polyposis is an inherited syndrome with
an abnormal autosomal dominant gene leading to multiple
adenomatous polyps in the colon, progressing to colonic
cancer in 100% of the cases by the time of 50 years of age [21].

In hyperplastic polyposis syndrome, the polyps are found
in abundance throughout the colon in the absence of gastric
or small bowel involvement. Diagnostic criteria are clearly
articulated: five or more hyperplastic polyps proximal to the
sigmoid colon, two of which are over 1 cm; any number of
hyperplastic polyps proximal to the sigmoid colon in patients
who have first-degree relatives with hyperplastic polyposis; or
more than 30 hyperplastic polyps throughout the colon [39].

Cowden disease is an autosomal dominant disorder
with hamartomatous polyposis and extraintestinalmanifesta-
tions (facial trichilemmomas, macrocephaly, mucocutaneous
lesions, acral keratoses, and thyroidal and breast diseases)
[21].

7. Conclusion

CCS is a rare and serious disease with a high mortality rate.
Improvement of the approach with complex medical therapy
and increased knowledge of the disease have led to better
prognosis of patients in comparisonwith former case reports.

Etiology seems to be moving towards an autoimmune nature
but further research of CCS etiology and treatment is badly
needed.
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University Teaching Hospital, 500 05 Hradec Králové, Czech Republic
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Cryptogenic multifocal ulcerous stenosing enteritis (CMUSE) is an extremely rare illness characterised by chronic or relapsing
subileus status resulting from multiple small intestinal fibrous strictures and multiple shallow ulcers of the small bowel. The
etiology is unknown and pathogenesis is not fully understood. Therapy with systemic glucocorticosteroids is the treatment of
choice. However, most patients develop corticosteroid dependence. Deep enteroscopy enables precise diagnostic work, possible
endoscopic treatment of stenoses; may obviate the need for surgery and prevent excessive small bowel resections.

1. Introduction

Cryptogenic multifocal ulcerous stenosing enteritis
(CMUSE) is a rare illness characterised by chronic or
relapsing subileus or ileus status resulting from multiple
small intestinal fibrous strictures, multiple shallow ulcers of
the small bowel, and favourable therapeutic effect of systemic
glucocorticosteroids [1–3].

2. History

The first descriptions of this rare condition probably came
from the late 50s and early 60s [4–9], followed by further
case reports or small series [10–17]. Matsumoto et al. [2]
informed that Okabe and Sakimura reported first cases of
CMUSE in Japan in 1968. Japanese gastroenterologists call
this illness chronic nonspecificmultiple ulcers (CNSU) of the
small intestine [2].

However, all these early reports are difficult to evaluate
nowadays, as diagnostic potential was limited at that time.
Nowadays, owing to deep enteroscopy, it is possible to
investigate the entire small intestine [18–21], take numerous
biopsy specimens, and utilise other advanced diagnostic

methods like flow cytometry and/or immunohistochemistry.
That is why several distinct entities can be newly recognised
[3].

3. Epidemiology

CMUSE is an extremely rare illness. Only about sixty
cases of CMUSE have been published so far [1–17, 22–24],
but this entity has probably been considerably underdiag-
nosed or misdiagnosed, mostly with Crohn’s disease and
nonsteroidal anti-inflammatory drugs- (NSAIDs)-induced
enteropathy [3]. Perlemuter et al. [1] reported 12 cases of
CMUSE hospitalised in France between 1965 and 1993. This
was a retrospective analysis of medical records based on
queries sent to 220 French gastroenterology departments.
Matsumoto et al. [2] published 15 cases from Japan (1964–
2006) and provided thorough review of the literature. Our
group reported three cases of CMUSE (diagnosed between
1994 and 2009 in a single tertiary centre) [3]. Chang et al. [18]
collected 2 cases of CMUSE diagnosed by means of double
balloon enteroscopy in 48 patients (a series from 6 university
hospitals in Korea).
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4. Etiology and Pathogenesis

The etiology of CMUSE has not been clarified yet and
pathogenesis is still poorly understood [3]. Some authors
even doubt the real existence of this entity [18].

Immunological pathogenesis of CMUSE is supported by
the favourable therapeutical effect of systemic glucocortico-
steroids [3]. Most of these patients become corticodependent
[1–3, 24, 25]. The key to the solution of etiology and under-
standing pathogenesis might be overstimulated production
of fibrous tissue [3]. This is a principal sign of CMUSE,
responsible for chronic or relapsing subileus episodes. Fibro-
blast proliferation can be augmented by proinflammatory
cytokines (IL-6, IL-8, and TNF-alpha), fibroblast growth fac-
tors (FGS II), granulocyte/macrophage colony-stimulating
factor (GM-CSF), transforming growth factor beta (TGF-
beta), platelet-derived growth factor (PDGF) [26], and endo-
toxin (lipopolysaccharide) [27]. Other growth factors, such as
the connective tissue growth factor (CTGF), which is secreted
by fibroblasts and endothelial cells, also promote formation of
fibrous tissue [26]. Collagen is degraded by a family of matrix
metalloproteinases that include the collagenases.Matrix cells,
neutrophils, and macrophages all secrete these proteinases.
In healthy people, the degradation of collagen can be very
rapid and begins immediately after collagen is produced
[28]. We have hypothesized, that multifocal small intestinal
disturbance of collagen degradation in CMUSE might play
a crucial role in pathogenesis [3]. In CMUSE, fibrous tissue
formation can be associated with low or even absent systemic
inflammatory response [1].

Perlemuter et al. [1, 30] proposed that CMUSE could be
termed as a type of “atypical vasculitis.” However, any type of
vasculitis of any cause, if found, should be assigned simply as
“vasculitis” not CMUSE [3]. Small intestinal involvement can
be found in Churg-Strauss syndrome [31–34], systemic lupus
erythematosus [35], Buerger’s disease [36], Wegener’s gra-
nulomatosis [37],Weber-Christian disease [38], and systemic
sclerosis [39]. Vasculitis could be associated with multiple
small intestinal ulcers and their complications (including
perforation), but quite rarely with multifocal stenoses of
the small bowel. Furthermore, vasculitis mostly represents a
systemic involvement (kidneys, skin, joints, lungs, etc.). None
of our three patients revealed any extraintestinal involvement,
and small intestinal histology found no signs of vasculitis
[3]. Matsumoto et al. [2] did not reveal any arteritis in his
series as well. Perlemuter et al. [30] suggested the association
of CMUSE with C2 complement deficiency; however, this
was not confirmed by other authors [24]. Fraile et al. [40]
reported an association of CMUSE with X-linked recessive
reticulate pigmentary disorder. CMUSE was also reported in
association with homozygous deletion mutations in cytosolic
phospholipase A2-𝛼 [41]. Hussey et al. [42] published a case
of CMUSE as a manifestation of enterocolic venopathy.

5. Clinical Features

Chronic or relapsing subileus episodes resulting from multi-
ple small intestinal strictures are a leading clinical symptom

Figure 1: Double balloon enteroscopy. Severe inflammatory small
intestinal involvement in front of tight stenosis of the jejunum.

[1–3]. Chronic iron-deficiency anaemia due to small intesti-
nal occult blood loss is frequently found [2, 43]. Patients
may present with fatigue, edema, and growth retardation, and
they usually have repeated episodes of treatment for anaemia.
However, these subjects rarely manifest with diarrhoea,
malabsorption, hematochezia or fever. Anaemiamay precede
the diagnosis of CMUSE for several years [2].

Patients with CMUSE were often referred for surgery
because of symptomatic small intestinal strictures, and seve-
ral resections of the small bowel had to be performed [2].

Clinicopathological features of CMUSE have been sum-
marised as (1) unexplained small intestinal strictures found in
adolescent and middle-aged subjects, (2) superficial ulcera-
tion of the mucosa and submucosa, (3) chronic or relapsing
clinical course (even after surgery), (4) no biological signs of
systemic inflammatory reaction, and (5) beneficial effect of
systemic glucocorticosteroids [1, 2].

Perlemuter et al. [1] reported 12 cases of CMUSE hospi-
talised between 1965 and 1993. Despite surgery, symptoms
reoccurred in seven of ten patients, and recurrence of stric-
tures was reported in four. Inflammatory infiltrate was made
of neutrophils and eosinophils. Glucocorticosteroid therapy
was effective, but caused steroid dependence [1]. Chang et
al. [18] collected 2 cases of CMUSE diagnosed by means
of double balloon enteroscopy in 48 patients (a series from
6 university hospitals in Korea). Both individuals suffered
from chronic recurrent abdominal pain. One patient was
presented with recurrent melaena (for 41 months), the other
one was referred for surgery because of retention of a capsule
endoscope in the stenotic site. Mesenteric arteriography did
not demonstrate any evidence of arteritis [18].

In CMUSE, there are small intestinal stenoses, shal-
low ulcers, and mixed inflammatory infiltrate at histology
(plasma cells, monocytes, neutrophils, and eosinophils), see
Figures 1, 2, 3, 4, 5, and 6.

6. Diagnostics and Differential Diagnosis

Diagnosis of CMUSE is based on history, clinical features,
CT/MR enteroclysis, small intestinal endoscopy, and histo-
logy of the small bowel (see Figures 1–6).
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Figure 2: Double balloon enteroscopy. A large but shallow ulcer is
seen in front of tight fibrous stricture of the distal jejunum.

Figure 3: Increased content of collagen was found in interstitial
tissue of the small bowel. Optical histology, hematoxylin-eosin
staining. Original magnification 40x. Courtesy of Věra Tyčová,
MD, the Fingerland Department of Pathology, Charles University,
Faculty of Medicine and University Teaching Hospital, Hradec
Králové.

Figure 4: Small intestinal epithelium, impaired by extensive infil-
tration with plasmatic cells and lymphocytes. Optical histology,
haematoxilin-eosin staining. Original magnification 100x. Courtesy
of Věra Tyčová, MD, the Fingerland Department of Pathology,
Charles University, Faculty of Medicine and University Teaching
Hospital, Hradec Králové.

Figure 5: Prevailing infiltration with plasmatic cells was identified
in all layers of the small intestine. Immunohistochemistry, anti-
CD138 staining. Original magnification 100x. Courtesy of Věra
Tyčová, MD, the Fingerland Department of Pathology, Charles
University, Faculty of Medicine and University Teaching Hospital,
Hradec Králové.

Figure 6: Enteroclysis. Multiple persisting stenoses of the small
intestine caused by fibrous strictures. Courtesy of Zdenĕk Vacek,
MD, Department of Radiology, Charles University Faculty of
Medicine and University Teaching Hospital, Hradec Králové.

The small intestinal ulcers in CMUSE/CNSU occur pre-
dominantly in the ileum; the terminal ileum is usually spared.
The ulcers are usually multiple (more than 20). The small
intestinal lesions never progress to cobble-stone appearance,
fissure or fistula formation. The ulcers are restricted to the
mucosa or submucosa; they never extend to the proper
muscular layer. The mucosal lesions are characterised by
infiltration of plasma cells, lymphocytes, and eosinophils [2].

There are no specific laboratory tests for the diagnosis of
CMUSE. The faeces are positive for occult blood. Peripheral
blood test reveals iron-deficiency microcytic anaemia. Some
patients may manifest with hypoproteinemia and hypoalbu-
minemia. C-reactive protein and other acute inflammatory
reactants are usually within their normal ranges or slightly
increased [2].

Yao et al. proposed diagnostic criteria of CMUSE/CNSU
in 2004 (see Table 1) [2].

Wireless capsule endoscopywas complicated by retention
of the capsule in one of our cases of CMUSE [44] and was
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Table 1: Diagnostic criteria of CMUSE/CNSU.

(1) Persistent and occult blood loss from the GI tract except during
bowel rest or postoperative period.
(2) Confirmation of characteristic small intestinal lesions by
macroscopy, radiography, or enteroscopy.

(2.1) Circular or oblique in alignment.
(2.2) Sharply demarcated from surrounding normal mucosa.
(2.3) Geographic or linear in shape.
(2.4) Multiplicity in number with <4 cm distance
from each other.
(2.5) Ulcers not reaching proper muscular layer.
(2.6) Scarred ulcers presumed to be the healing
stage of those characterised by (2.1)–(2.5)∗ in
cases treated by bowel rest.

Adopted fromMatsumoto et al. [2].
∗Depicted as symmetric and eccentric rigidity under small-bowel radiogra-
phy, and concentric or non-concentric stricture under enteroscopy.

Table 2: Differentiation of CMUSE from Crohn’s disease.

Absence of clinical or laboratory features of an inflammatory
syndrome
Absence of small intestinal transmural inflammatory process or
ulceration
Absence of small intestinal giant-cell granulomatous
inflammatory process
Absence of small intestinal fistula formation despite recurrent
chronic disease
Absence of disease in other parts of gastrointestinal tract (i.e.,
stomach or colon)
Absence of most extraintestinal features of Crohn’s disease (e.g.,
skin manifestations)
According to Freeman [29].

also reported by others [18]. Spontaneous disintegration of a
retained video capsule was reported by our group previously
[44].

In differential diagnosis of CMUSE, first of all, Crohn’s
disease must be excluded [2, 3, 18, 29, 45–47], see Table 2.
Crohn’s disease may occur in the jejunum without active
disease elsewhere, but this seems to be uncommon, and
jejunal involvement is usually associated with other clinical
and pathological features of Crohn’s disease [29]. CMUSE is
characterized by mixed inflammatory infiltrate at histology
(mostly plasma cells) [18, 44].

In further differential diagnosis of CMUSE, other small
intestinal diseases must be excluded, too, especially NSAIDs-
induced enteropathy [2, 3, 18, 46–50], tuberculosis and
other chronic infections of the small bowel [18, 33, 51],
Behçet disease [52–54], drug-induced small intestinal injury
(thiazides, potassium chloride) [2], and malignancies [3].
It is a well-known fact, that the majority of extranodal
malignant lymphoma involves the gastrointestinal tract. Not
only polypoid and diffuse types of this disease, but also
the ulcerative ones can be detected in the small bowel [55].
Usually either diffuse large B-cell lymphoma or mucosa-
associated lymphoid tissue (MALT) lymphoma is confirmed

by histology [56]. Multiple nonspecific ulcers in the small
and large intestines occurred during tocilizumab therapy for
rheumatoid arthritis [57].

It is also obligatory to distinguish CMUSE from other
nonfrequent pathological conditions. We are convinced, that
CMUSE is distinct from chronic ulcerative jejunitis [58,
59], collagen sprue [60], and autoimmune or eosinophilic
enteritis [18, 61]. Similarly, nonspecific small intestinal ulcers
[18, 62–64] should not be considered to beCMUSE ifmultiple
stenoses of the small bowel are absent [3].

7. Therapy

No causal treatment is available so far.Therapy with systemic
glucocorticosteroids is the treatment of choice [1–3]. Dose of
corticosteroids differs interindividually; some patients need
systemic glucocorticosteroids (20mg prednisone per day)
and some do profit from topic steroids (budesonide 9mg
per day) [3]. However, most patients develop corticosteroid
dependence [1–3, 25]. Enteral or parenteral nutrition together
with iron supplementation are transiently effective. Treat-
ment with oral 5-aminosalicylic acid and azathioprine was
ineffective. This therapy failed to induce mucosal healing or
to prevent small intestinal strictures [2].

Multiple small intestinal fibrous strictures were previ-
ously resected surgically [1, 2, 24]; nowadays, they can be
treated endoscopically by means of deep enteroscopy [3, 45].
Balloon dilatation of small intestinal non-ulcerated stenoses,
if combined with corticosteroids, leads to disappearance
of colicky abdominal pain and stenoses (verified on deep
enteroscopy) [1, 45]. With the intention to avoid short bowel
syndrome, surgery is the last choice of treatment in contem-
porary medicine with the availability of deep enteroscopy
(when severe ileus episode occurs and cannot be managed by
the pharmacology means of treatment, that is, intravenously
administrated glucocorticosteroids) [25].

Recently, de Schepper et al. [65] reported that they had
induced remission in CMUSE by anti-TNF-alpha therapy
(using infliximab).

8. Prognosis

Prognosis of CMUSE remains uncertain. Patients were pre-
viously referred to surgery because of symptomatic small
intestinal strictures. However, the postoperative recurrence
ratewas high [1].Matsumoto et al. [2] reported a single case of
CMUSE followed up for 40 years since 1963.This patient was
operated seven times because of recurrence of tight stenoses
and several resections of the small bowel had to be performed
[2].

9. Conclusions

In conclusion, CMUSE, although a rare condition affecting
the small bowel, should always be considered when chronic
or relapsing subileus episodes result from multiple small
intestinal strictures, and multiple shallow ulcers of the small
bowel are found (in the absence of Crohn’s disease, NSAID
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use, or chronic small intestinal infection). Deep enteroscopy
enables precise diagnostic work; possible endoscopic treat-
ment of stenoses may obviate the need for surgery and
prevent excessive small bowel resections.
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In the era of double balloon enteroscopy, capsule endoscopy, CT, and MRI enterography is transabdominal ultrasonography
(TUS) underestimated method for evaluation of small bowel pathology. As often initial imagine method in abdominal complaints,
nowadays has TUS much better diagnostic potential than two decades ago. High-resolution ultrasound probes with harmonic
imaging significantly improve resolution of bowel wall in real time, with possibility to asses bowel peristalsis. Color flow doppler
enables evaluation of intramural bowel vascularisation, pulse wave doppler helps to quantificate flow in coeliac and superior
mesenteric arteries. Small intestine contrast ultrasonography with oral contrast fluid, as well as contrast enhanced ultrasonography
with intravenous microbubble contrast also improves small bowel imaging. We present a review of small intestine pathology that
should be detected during ultrasound examinations, discuss technical requirements, advantages and limitations of TUS, typical
ultrasound signs of Crohn’s disease, ileus, celiac disease, intussusception, infectious enteritis, tumours, ischemic and haemorrhagic
conditions of small bowel. In the hands of experienced investigator, despite some significant limitations(obesity, meteorism), is
transabdominal ultrasonography reliable, noninvasive and inexpensive alternative method to computerised tomography (CT) and
magnetic resonance imaging (MRI) in small bowel examination.

1. Introduction

The reference diagnostic standard for all mucosal bowel
diseases is endoscopy with histology, but some of small
bowel diseases, despite introducing double balloon enter-
oscopy and capsule endoscopy, still need cross-sectional
imaging, where nowadays dominate radiologic methods—
CT enterography/enteroclysis and MRI enterography/enter-
oclysis. Whereas 20 years ago was diagnostic yield of bowel
ultrasonography limited to detection of large tumours, ileus
and extensive Crohn’s disease, nowadays as one of the cross-
sectional imaging methods transabdominal sonography has
become established and relatively reliable method for exam-
ination of SB, thereby offers to gastroenterologists good
possibility and reasons to amplify their diagnostic arsenal also
in small bowel examination.

Modern ultrasound devices with high-frequency (high
resolution) probes and harmonic imaging significantly

improve examination of SB by offering better overall image
quality, better visualization of bowel pathology and associated
changes in real time [1] (“live anatomy”). Wide availabil-
ity, relatively low cost of modern devices, noninvasiveness,
reproducibility, and absence of radiationmake this diagnostic
method “doctor and patient friendly”, enables frequently
repeated examinations especially in chronic inflammatory
small bowel diseases, and is safe also in young patients
and pregnant women. Ultrasonographic examination pro-
vides correlation between clinical symptomatology and sono-
graphic appearance of examined bowel segment (maximal
tenderness, resistance, compressibility, presence or absence of
peristalsis) [2] and gives to gastroenterologist other than only
intraluminal view of bowel structures. However, sonography
is highly operator dependent method and correct interpre-
tation of sonographic findings needs adequate experience in
abdominal and bowel sonography.

http://dx.doi.org/10.1155/2013/896704
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Spectrum of small bowel diseases reliably detectable by
transabdominal ultrasonography now comprises Crohn’s dis-
ease with all complications—strictures, fistulas, abscesses,
tumours of proximal and distal part of SB, intussusceptions
(owing to transient character often missed by CT and MRI),
and ileus. In some conditions of SB (infectious enteritis,
tuberculosis of SB, ischemic and haemorrhagic conditions of
SB) can TUS contribute to correct diagnosis.

Using peroral (SICUS) and intravenous contrast (CEUS)
offers images of SB pathology similar to the ones acquired
by CT and MRI enterography, but reliable evaluation of
entire small intestine by ultrasound is possible usually only
in non-obese patients. However, advantage of high resolution
sonography consist in high spatial resolution in pathological
segment of SB, where focused TUS can provide additional
information to CT and MRI imaging (especially in Crohn’s
disease).

In a meta-analysis of prospective studies comparing
accuracy of CT, MRI, scintigraphy, PET, and TUS in inflam-
matory bowel disease (IBD) no significant differences were
observed among these techniques—mean per-patient sensi-
tivity (89.7%) and specificity (95.6%) and mean per-bowel
segment sensitivity (92.9%) and specificity (92.9%) of TUS
did not significantly differ from other evaluated methods [3].

High-resolution ultrasound probes (frequencies >7.5
Mhz) exhibit stratification of SB wall—with five different
concentric layers—the first from the lumen is echogenic
interface between lumen content and mucosa, then hypoe-
chogenic mucosa, echogenic submucosa in the middle of
wall, next hypoechogenic muscularis propria and the fifth—
outer echogenic layer represents serosa and interface with
perienteric structures. These sonographic layers practically
correspond to histological layers [4]. Thickness of normal SB
does not exceed 3mm (with slight probe compression), strat-
ification (five layers) is preserved, intramural vascularisation
weak, peristalsis normal and lumen compressible.

High resolution (high-frequency) probes still have disad-
vantage of unsatisfactory penetration, so cannot be used in
evaluating of deep abdominal structures, especially in obese
patients, in addition, in some cases of initial forms of SB
diseases false negative results are possible.

2. Technical Requirements for TUS of
Small Bowel Examination

Reliability of sonographic examination depends on good-
class ultrasound device with standard abdominal (2.5–6
Mhz) convex and high resolution linear or convex probe(7.5–
14MHz), both with harmonic mode, pulse wave doppler
(PWD) for quantitative evaluation of celiac and superior
mesentery flows, color flow doppler (CFD) and contrast
enhanced ultrasonography (CEUS) software for detection
and quantification of intramural vascularisation in thickened
bowel wall and perienteric structures. Isosmotic polyethy-
lene glycol (PEG) solution 1000mL is required for small
intestine contrast sonography (SICUS) [5]/enteroclysis [6] or

hydrosonography [7] of SB. Second generation of microbub-
ble contrast (e.g., SonoVue) 5–10mL is needed for contrast
enhanced sonography (CEUS) [8, 9].

Experienced sonographerwith practice in abdominal and
bowel ultrasonography, enough time (at least 30min) for
examination, and information about results of other imaging
methods or surgery are also necessary for reliability of small
bowel examination.

3. Technique of SB Examination

Examination should be performed after overnight fasting, in
supine position.

In bowel examination we should use both standard (2.5–
6MHz) abdominal convex probe and high resolution (7.5–
14Mhz) probe [10].

Every examination of small bowel should be preceded
by standard abdominal sonography with convex abdomi-
nal (2.5–6Mhz) probe. This probe offers along with imag-
ing of parenchymal abdominal organs also overall evalua-
tion/panoramic view/of large and small bowel as well as flow
parameters in coeliac (CA) and superior mesenteric (SMA)
arteries.

Then examination with high resolution probe (7.5–
14Mhz) should be focused on the suspect pathological
(thickened) segments of SB. This probe provides high spatial
resolution but only in superficial structures (higher frequency
= worse depth penetration). If a pathology is detected, wall
thickness, stratification, luminal patency, degree of stenosis
or dilatation, andmotility pattern should be determined [10].

All parts of small bowel—duodenum, jejunum and ileum
are accessible to TUS examination.

Relatively stabile localisation of duodenum and terminal
ileum (Figures 1(a), 1(b), 1(c), and 1(d)) makes these segments
the best available for ultrasound imaging. Jejunum and
nonterminal ileum due to length and variable localisation
need systematic approach—we usually start examination
with high-frequency probe in epigastric region by imaging of
duodenum in transverse section, scanning it from duodenal
bulb through descendant and horizontal parts of duodenum
up to left epigastric-subcostal region (D4) Then systemati-
cally, scanning by parallel overlapping vertical or horizontal
scanning lanes over all abdomen up to terminal ileum in
the right lower quadrant. We use graded compression by the
probe, which enables to evaluate compressibility, rigidity of
bowel segments and to eliminate interference bowel gas.

Small Intestine Contrast Ultrasonography (SICUS) orHydroso-
nography. TUS with using oral contrast solution (iso-
osmolar nonabsorbable polyethylene glycol solution (PEG).
The amount of PEG solution used in different studies varies
between 200 and 2000mL [5, 7, 11]. On average, the entire
small intestine could be visualized on ultrasonography by
about 45min after the ingestion of 600mL or less of contrast
solution without any side effects [5] SICUS improves TUS
resolution by separating of SB walls and eliminating bowel
gas. Compared with conventional sonography luminal filling
can improve visualisation of bowel walls and fold pattern [10],
but extends time of examination (vary between 30–40min).
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(a) (b)

(c) (d)

Figure 1: Normal small bowel: (a) Transverse view of pars horizontalis duodeni between aorta and SMA. (b) Longitudinal view of jejunum
in left mesogastrium—with numerous valvulae conniventes. (c) Longitudinal section of terminal ileum (TI) in the left iliac fossa without and
with compression by the probe (d). A—transverse view of appendix. All with high resolution probe.

In the study of Pallotta et al. [12] diagnostic accuracy of SICUS
is comparable to that of a radiologic examination, and is
superior to that of standard TUS in detecting the presence,
number, extension, and sites of small bowel lesions.

Color Flow (Power) Doppler—CFD. It is used to estimate
presence, density or absence of vascular signals in thickened
segments of bowel wall, in intraluminal or extraluminal
pathological structures and for imaging flow in big abdom-
inal vessels—SMA, coeliac trunk, portal vein. CFD is part of
standard abdominal and bowel sonography.

Duplex Scanning (TUS + PWD). B-mode assisted PulseWave
Doppler can estimate flow parameters of coeliac trunk and
SMA, usually with measurement of peak systolic velocity
(PSV), end diastolic velocity (EDV), RI (resistance index =
(PSV − EDV)/PSV), pulsatility index (PI) and minute flow
volume (MFV) [13–16]. Quantification of flow by PWD in
superior mesenteric artery should be standard part of bowel
sonography.

In gastroenterological practice usually uses only PSV,
EDV, RI, and MVF in SMA and CA.

Triplex Scanning or Color Assisted Duplex Scanning (TUS +
CFD + PWD). Enables evaluation of SMA/CA flow and
intramural flow in thickened bowel segments.

CEUS-Contrast Enhanced Ultrasonography. is by EFSUMB
recommendations [8] indicated only for evaluation of inflam-
matory activity in thickened bowel segments, discrimination

between fibrous and inflammatory strictures in CD, and for
discerning between abscesses and inflammatory infiltrates,
and for confirming and following the route of fistula. CEUS
must be preceded by TUS to set the localisation, extension of
SB thickened segment and CFD for evaluation of intramural
vascularisation.

After standard TUS in CEUS specific harmonic mode
we apply sulfur-hexafluoride based second-generation echo-
signal enhancer (SonoVue) injected as a bolus 1.2–5mL,
folowed by 10mL of isotonic saline, with watching enhance-
ment of bowel wall in examined segment. Amount of 1.2mL
is usually sufficient with using standard abdominal probe in
harmonic mode, high-frequency probes usually need higher
amount of contrast. Every other examined segment needs
another intravenous bolus of contrast. All CEUS examination
shoud be videograbbed for analysis of enhancement patterns
of each evaluated bowel segment, then by ultrasound device
dedicated or PC software can be assessed the vascularisation
of the examined bowel loop [8, 9, 17].

Using CEUS can significantly extend time of examina-
tion, not only in real time, but also in analysing of videose-
quences of examination.

4. Transabdominal Ultrasonography in
Crohn’s Disease of Small Bowel

Crohn’s disease (CD) of small bowel is usually suspected
during initial TUS performed by experienced examiner. The
basic sonographic feature of small bowel CD is segmentally
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(a) (b)

(c) (d)

(e) (f)

Figure 2: TUS in Crohn’s disease. (a) Transversal view of thickened terminal ileum with preserved stratification and intramural hyper-
vascularisation—High resolution probe. (b) Transversal section of two ileal bowel loops—proximal (left) with segmentally impaired
stratification, distal with complete absence of stratification with hypoechogenic wall. The right half of picture shows intramural hyper-
vascularisation especially in proximal loop, indicating active inflammation—High resolution probe. (c) Transversal view of terminal ileumwith
hypoechogenic bridge through echogenic submucosa between lumen and outer surface of the wall indicating transmural ulcer (arrow) and
thickened inflamed “wrapping” fat (F)—High resolution probe. (d) Blind fistula wrapped by inflamed fat. Increased intramural vascularisation
in color-PowerDoppler (CFD)—High resolution probe. (e) Segmental absence of echogenic submucosa indicates longitudinal ulcer of terminal
ileum (arrows) in longitudinal and (f) transversal view in a Crohn’s ileitis (WF-inflamed fat)-FDsign—High resolution probe.

thickened bowel wall (>3mm) with or without preserved
wall stratification, intramural vascularisation evaluated by
CFD in active inflammation is usually high [18] (Figure 2(a),
and 2(b)). Transmural character of inflammation offers
wide spectrum of ultrasound pictures: transmural ulcera-
tions (Figure 2(b)), longitudinal ulcers [19] (Figures 2(e) and
2(f)), with perienteric pathological changes—mesenteric and
omental fat hypertrophy (“wrapping fat”) [20], blind fistulas
(Figure 2(d)), enterocolic (Figure 3(a)), enterovesical fistulas
(Figure 3(b)), abscesses [12, 17] (Figure 3(a)) and strictures
[21–23] (Figures 3(c) and 3(d)). Numerous published articles

evaluated the accuracy TUS with CFD, with or without per-
oral contrast (SICUS), in imaging the presence, activity, and
complications of CD of SB, have confirmed high accuracy in
detection of disease and its complications (fistulas, abscesses
and stenoses), with good correlation with CT, MRI [3, 9,
21] and intraoperative findings [12, 21], but correlation with
clinical CDAI has not been confirmed by all authors [9].

CEUS has potential of better intramural vascularisation
imaging than CFD, so can be used to set the inflammatory
activity in thickened bowel segments, to differentiate between
inflammatory and fibrotic strictures, and between abscesses
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(a) (b)

(c) (d)

Figure 3: Crohn’s disease complications. (a) Transverse view in lower abdomen shows fistula (white arrow) between terminal ileum/TI) and
sigmoid colon (SC), black arrow points to small abscess, high resolution probe. (b) Oblique section of terminal ileum (TI) with blind fistula
(thick arrow) into echogenic mesenterial fat and ileovesical fistula (thin arrow). Standard abdominal probe. (c) Stricture of ileum (S) with
prestenotic dilatation (D)—standard abdominal probe. (d) TUS with color doppler and peroral contrast—Crohn’s terminal ileum stenosis
with intramural hypervascularisation (with CFD) indicates inflammatory stenosis—high resolution probe.

(a) (b)

(c) (d)

Figure 4: Celiac sprue: (a) Dilated loops of small bowel with thickened wall, and valvulae conniventes hyperperistalsis—standard abdominal
probe. (b) Intussusception of jejunum in transverse (left) and longitudinal section in celiac sprue—high resolution probe. (c) Dilated SMA
(9mm) in a patient with untreated celiac disease—standard probe. (d) Low resistive index-RI (0.69) in SMA in untreated celiac disease—
standard probe.
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(a) (b)

(c) (d)

(e) (f)

Figure 5: Tumors of small bowel. (a) Solid oval tumor in the lumen of terminal ileum with hypervascularisation in CFD (a) High resolution
probe. (b) Endoscopic picture of tumor of terminal ileum in the same case-histologically carcinoid. (c) Oval solid tumor in D2 segment
of duodenum—Standard abdominal probe. (d) Endoscopic view in the same case—histologically metastasis of Grawitz tumor (years after
nephrectomy for tumor). (e) Longitudinal section of thickened small bowel loop (S) with stenosis and dilatation (D) of lumen. Standard
abdominal probe. (f)Transversal view with high resolution probe in dilated segment shows hypervascularisation of thickened wall (f). Surgery
confirmed suspected T-lymphoma of jejunum in untreated celiac disease.

and infiltrates [7, 8, 15, 16, 18, 24], but ismore time consuming,
especially in multisegmental CD of SB.

TUS has also significant limitations in deep (pelvic)
localised CD and in obese patients (insufficient penetration
of high-frequency probes). Sufficient evaluation of TUS
contribution in setting the diagnosis and evaluating stenosis,
abscess, fistula, postoperative recurrence and activity of
Crohn disease was recently documented by Calabrese et al.
[23]. Need for frequent evaluation of Crohn’s disease and
thanks to absence of radiation exposure is TUS suitable
especially in pediatric patients with Crohn disease and in
pregnant women.

5. TUS in Celiac Disease

Despite the fact, that gold standard for the diagnosis of celiac
disease is histologic confirmation of the intestinal damage in
serologically positive individuals, in patients with untreated
celiac disease we can regularly find out several sonographic
signs that raise suspicion of this chronic disease also in clini-
cally asymptomatic persons. Increased fluid content in mod-
erately dilated bowel loops (25 to 35mm) with hyperperistal-
sis in fasting state [25, 26], lightly thickened bowel wall (3–
5mm) and thickened valvulae conniventes (Figure 4(a)) [25,
27, 28] are most frequently seen in patients with untreated
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Figure 6: Vascular diseases of SB. (a) Fatal Thromboembolia of SMA in a patient with atrial fibrillation, with standard abdominal probe—
absence of colour signal in embolised segment (arrows). (b) Use of high resolution probe in the same case. (c) Transversal view of jejunal
loop without peristalsis, with thickened, avascular wall—another patient with SMA thromboembolia—but with presence of flow in proximal
segment of SMA. High resolution probe. (e) Significant stenosis of SMA/Vmax over 400 cm/sek (>70%) in a patient with ischemic colitis.
Standard probe.

celiac sprue. Reduced number of jejunal folds and increase
of ileal folds (jejunalisation of ileum) [27, 29], intermittent
intussusceptions due to hyperperistalsis (Figure 4(b)), pres-
ence of slightly enlarged mesenterial lymph nodes (5–10mm
in short axis) [25–27, 29] and dilatation of SMA [25] with
low resistive index [27] (Figure 4(c)) are also very frequent.
In comparison to controls, celiac patients had higher supe-
rior mesenteric artery blood velocity and flow, with lower
resistance indexes and higher portal vein velocity and flow in
comparison to controls [30] (Figure 4(d)). Presence of small
amount of free peritoneal fluid and increased gallbladder
volume [26] are also seen in these patients.

None of the signs are specific, but combination of above
mentioned signs is characteristic and indicates a suspicion of
the disease [25].

6. TUS in Detection of Small Bowel Tumors

The most frequently visualised tumors of SB are localised in
duodenum and terminal ileum. Tumors in other parts of SB
can be viewed after gaining significant volume and are caus-
ing clinical symptomatology. Among the malignant tumors
are more frequent adenocarcinoma localised prevalently in
duodenum, then carcinoids with prevalent localisation in ter-
minal ileum, followed by lymphomas in ileum and jejunum,
and less frequent mesenchymal tumors, predominantly in
jejunum [31]. Most of the adenocarcinomas occurred in the

duodenum and their relative frequency decreased in aboral
direction: 29.9% in the jejunum and 16.0% in the ileum. The
carcinoids showed an opposite trend, an increasing relative
frequency in aboral direction: 3.9% in the duodenum, 9.2%
in the jejunum and 86.7% in the ileum. Lymphomas were
more frequent in the ileum (49.5%) compared to jejunum
(29.4%) and duodenum (21.0%). Most sarcomas occurred
along the jejunum (46.7%) [32]. Carcinoid tumors are oval
hypoechogenic vascularised lesions (Figures 5(a) and 5(b)),
lymphomas circularly affecting bowel segment with stenoses
and dilatations of lumen [33] (Figures 5(e) and 5(f)). Most of
gastro-intestinal lymphomas cause circumferential involve-
ment of the bowel wall [34]. Metastatic tumors of SB (Figures
5(c) and 5(d)) as well as benign tumors are sporadically
visualised by TUS due to intussusception caused by these
tumors [35].

7. TUS in Vascular Problems of Small Bowel

The substantial part of SB is arterially supplied by superior
mesenteric artery (SMA) except duodenum (part of celiac
trunk). Imaging of celiac trunk and especially SMA should be
done by all SB examinations, as well as evaluating of portal
venous flow in accessible parts of portal vein. Absence of
flow in SMA indicates occlusion (Figures 6(a), and 6(b))
and in an acute abdominal pain should be folowed by (CT)
angiography. Ischemic bowel wall is in TUS typical thickened
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(c) (d)

(e) (f)

Figure 7: (a) Gallstone ileus—oval reflex with acoustic shadow in dilated jejunum. Standard probe. (b) Intussusception of jejunum.
High resolution probe. (c) Spontaneous jejunal haematoma—transverse view of thickened hypoechogenic jejunal loops with absence of
vascularization (in CFD)—arrows. Dotted arrow point to small peritoneal fluid. Patient in the hypocoagulation state, high resolution probe.
(d) Spontaneous bowel haematoma transverse section of thickened jejunal loops with preserved stratification and narrowed lumen in a
patient with hemophilia—(arrows)—standard probe. (e) longitudinal view of thickened terminal ileum (TI) and Bauhin’s valve (arrow) with
hypervascularisation of bowel wall (Yersinia ileocolitis)—high resolution probe. (f) Mesenterial lymphadenitis in the right iliac fossa in the
same case—high resolution probe.

with the absence of CFD signals, lumen dilated (Figure 6(c)).
High velocity of flow in superior mesenteric artery—SMA
indicates significant stenosis (Figure 6(d)). PSV values can
be used in detecting ≥50% and ≥70% SMA/CA stenosis: the
peak systolic velocity PSV threshold that provided the highest
overall accuracy (OA) for detecting ≥50% SMA stenosis was
≥295 cm/s (sensitivity 87%, specificity 89%, and OA 88%);
and for detecting ≥70% SMA, it was ≥400 cm/s (sensitivity
72%, specificity 93%, and OA 85%) [16].

8. TUS in Small Bowel Ileus

In a patient with typical symptomatology of ileus TUS shows
dilated bowel loops with diameter usually above 35mm,

with stagnation of intraluminal fluid. In initial phase of
this condition we can see hyperperistalsis of bowel loops,
small amount of free peritoneal fluid between dilated bowel
loops. In about 50% of cases we can find out cause of ileus
(Figure 7(a)).

Truong et al. [36] in a retrospective trial investigated
the significance of ultrasound in the diagnosis of intestinal
obstruction in 459 patients.The overall sensitivity was 93.7%.
In paralysis the correct diagnosis was obtained in 98% of
all. Mechanical obstruction was identified in 91%. In cases
of incomplete mechanical obstruction, sensitivity was 89%.
The corresponding value for complete obstruction was 95%.
In all patients with negative findings on abdominal X-ray
(10%), the correct diagnosis was established by ultrasound.
The underlying cause of ileus was yielded by ultrasound in
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45% of the cases. Ultrasound is proven to be of significant
importance in the diagnosis and differentiation of ileus.

Ultrasound may detect the cause of ileus with spe-
cific sonographic findings such as external hernias, intesti-
nal intussusception, tumors, ascariasis, superior mesenteric
artery syndrome, bezoars, foreign bodies, and Crohn’s dis-
ease.

Sonographic findings suggesting a need for surgery
include intraperitoneal free fluid, bowel wall thickness of
more than 4mm, and decreased or absent peristalsis in pre-
viously documented mechanically obstructed bowel. Bowel
wall perfusion can be assessed by color doppler sonography,
and the presence of free intraperitoneal air indicates bowel
perforation [37]. CT scan can detect up to 100% of complete
and incomplete SB obstruction and its cause [38], and so it
should be preferred in cases with unclear TUS findings.

9. TUS in Detection of
Small Bowel Haematomas

Haematomas of SB are usually sporadic complication of
hypocoagulation states—especially caused by anticoagula-
tion pharmacotherapy. In ultrasound view are small bowel
haematomas typical with segmentally concentrically thick-
ened bowel wall with or without preserved stratification
(Figures 7(c) and 7(d)) and with minimal or absent intra-
mural vascularisation in CFD. Lumen of affected bowel
segment is stenotic (anticoagulant ileus) what corresponds
with complaints of patient (ileus symptomatology) [39, 40].
CT or MRI is needed in equivocal TUS findings in patients
with hypocoagulation conditions [39].

10. TUS in Intussusception of Small Bowel

Intussusception (invagination) of SB is in TUS typical by
multilayered structure with onion or donut appearance in
transverse view (Figure 7(b)). In adult population are intus-
susceptions sporadically incidentally seen during abdominal
TUS, or in SB inflammations, celiac disease, tumors of SB.
Frequently are self-limiting, idiopathic or related to celiac or
Crohn’s disease, in about 25% are asymptomatic [41], however
some can hide benign or malignant or metastatic tumors
[35, 42]. Other imaging methods (CT, MRI) are indicated in
suspicion of tumour(s).

11. TUS in Infectious
Enteritis and Enterocolitis

Sonography in acute enteritis shows thickened inflamed
bowel wall, usually with preserved stratification and with
intramural hypervascularisation (in colour doppler) and
hyperperistalsis. In some cases, especially caused by Yersinia
enterocolitica, Campylobacter jejuni and Salmonella enteri-
tidis [43] significantly thickened terminal ileum and caecum
in right lower quadrant alongwithmesenterial lymphadenitis
can mimic Crohn’s disease or acute appendicitis (Figures
7(e) and 7(f)). Owing to usually transient character of these
conditions are other imaging methods not necessary.

12. TUS in Small Bowel Tuberculosis and
Whipple’s Disease

Transabdominal ultrasonography in 66 patients with abdom-
inal tuberculosis [43] revealed ascites (56%), lymphadenopa-
thy (18%), intestinal involvement (8%), and mesenteric
abscesses and thickened omentum only in 3% of patients.
Barreiros et al. [44] in a group of 7 patients with intesti-
nal tuberculosis sonographically, asymmetric thickening of
small bowel wall (in 100% patients), intramural abscesses
(86%), fistulas (43%), mesenteric thickening and white
bowel sign (both 29%), enlarged mesenterial lymph nodes
with inhomogenous echostructure and hypoechogenic spots
(86%), and ascites (29%) were detected. Hollerweger and
Dietrich [45] introduced the term “white bowel” in cases
of hyperechoic appearance of thickened bowel wall seen
sonographically in 10 patients, withWhipple’s disease (𝑛 = 2),
Mycobacterium avium intracellulare infection (𝑛 = 3), T-
cell lymphoma (𝑛 = 2) and in carcinoma of small and large
intestine (𝑛 = 3), andmost patient had enlarged lymph nodes
and so this phenomenon was very probably caused by lymph
oedema of small bowel wall.

13. Perspectives of TUS in
Small Bowel Imaging

Transcutaneous ultrasound elasticity imaging (UEI) is a
promising, noninvasive approach for measuring tissue
mechanical properties, that can differentiate inflammatory
from fibrotic intestine in rat models of IBD and can
differentiate between fibrotic and unaffected intestine in
humans with CD [46]. Promising results of the study about
diagnostic performance of 3-dimensional ultrasound of
small bowel with using tap water as oral contrast material
[47] might also strengthen the position of TUS among SB
imaging methods.

14. Conclusion

TUS as, usually, the first diagnostic procedure in abdominal
complaints reveals the most of Crohn’s SB inflammations,
ileus, and intussusceptions enable to express suspicion of
celiac disease, significant stenosis, or SMA occlusion. In the
knownCrohn’s disease transabdominal ultrasonographywith
oral contrast, color doppler, and in some cases intravenous
contrast can reliably evaluate segmental inflammatory activ-
ity, local, and distal complications of a disease. Thanks to
noninvasiveness and lack of radiation, TUS is a relatively
good alternative to CT or MRI enterography, particularly
in young patients and pregnant women. In the duodenum
and terminal ileum, TUS can detect the most of benign
and malignant tumors. TUS is patient and doctor friendly,
noninvasive, and low-cost diagnostic procedure, and despite
some significant limitations (obesity, meteorism), in the
hands of experienced examiner offers reliable tool for SB
diseases examination.



10 Gastroenterology Research and Practice

List of Abbreviations

CDAI: Crohn’s disease activity index
CEUS: contrast enhanced ultrasonography
CFD: colour flow doppler
CT: computerised tomography
CD: Crohn’s Disease
EDV: end diastolic velocity
IBD: inflammatory bowel disease
MFV: minute flow volume
MRI: magnetic resonance imaging
PI: pulsatility index
PWD: pulse wave doppler
PSV: peak systolic velocity
RI: resistance index
SICUS: small intestine contrast ultrasonography
SMA: superior mesenteric artery
TUS: transabdominal ultrasonography.

Disclosures

The authors have no financial interests to disclose.

Acknowledgment

This study was supported by research project IGA NT 13 414-
4/2012, Czech Republic.

References

[1] T. Schmidt, C. Hohl, P. Haage et al., “Phase-inversion tissue har-
monic imaging compared to fundamental B-mode ultrasound
in the evaluation of the pathology of large and small bowel,”
European Radiology, vol. 15, no. 9, pp. 2021–2030, 2005.

[2] S. Kuzmich, D. C. Howlett, A. Andi, D. Shah, and T. Kuzmich,
“Transabdominal sonography in assessment of the bowel in
adults,” American Journal of Roentgenology, vol. 192, no. 1, pp.
197–212, 2009.

[3] K. Horsthuis, S. Bipat, R. J. Bennink, and J. Stoker, “Inflamma-
tory bowel disease diagnosed with US, MR, scintigraphy, and
CT: meta-analysis of prospective studies,” Radiology, vol. 247,
no. 1, pp. 64–79, 2008.

[4] M. B. Kimmey, R. W. Martin, R. C. Haggitt, K. Y. Wang, D.
W. Franklin, and F. E. Silverstein, “Histologic correlates of
gastrointestinal ultrasound images,” Gastroenterology, vol. 96,
no. 2, pp. 433–441, 1989.

[5] N. Pallotta, F. Baccini, and E. Corazziari, “Small intestine
contrast ultrasonography,” Journal of Ultrasound in Medicine,
vol. 19, no. 1, pp. 21–26, 2000.

[6] B. Nagi, S. S. Rana, R. Kochhar, and D. K. Bhasin, “Sonoen-
teroclysis: a new technique for the diagnosis of small bowel
diseases,” Abdominal Imaging, vol. 31, no. 4, pp. 417–424, 2006.

[7] G. Folvik, T. Bjerke-Larssen, S. Ødegaard, T. Hausken, O. H.
Gilja, and A. Berstad, “Hydrosonography of the small intestine:
comparison with radiologic barium study,” Scandinavian Jour-
nal of Gastroenterology, vol. 34, no. 12, pp. 1247–1252, 1999.

[8] F. Piscaglia, C. Nolsøe, C. F. Dietrich et al., “The EFSUMB
guidelines and recommendations on the clinical practice of
contrast enhanced ultrasound (CEUS): update 2011 on non-
hepatic applications,” Ultraschall in der Medizin, vol. 33, no. 1,
pp. 33–59, 2012.
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Objective. Balloon enteroscopy (BE) and capsule enteroscopy (CE) are enteroscopy methods that allow examination and treatment
of the small bowel. Before the CE and BE era, the small intestine was difficult to access for investigation. Small intestinal tumours
are infrequent conditions, but about half of them are malignant. Materials and Methods. A total of 303 BEs were performed in
179 patients. Oral insertion was performed in 240 and anal in 63 BEs. Indications for the procedure in our patients with small
bowel tumours were anaemia and/or bleeding, obstruction, suspicion of carcinoid tumour, or suspicion of Peutz-Jeghers syndrome.
Results. In 50 of our 179 patients (28%), we diagnosed some small intestinal tumours: hamartomas in Peutz-Jeghers syndrome in
16 patients, adenocarcinoma in 7, lymphoma in 6, carcinoid tumour in 4, melanoma and stromal tumour in 3, adenoma, lipoma,
and inflammatory polyps in 2, and granular cell tumour, cavernous lymphangioma, fibrolipoma, Cronkhite-Canada polyps, and
metastatic involvement in individual cases.Conclusion. BE facilitates exploration and treatment of the small intestine.Theprocedure
is generally safe and useful. BE and CE are essential modalities for the management of small intestinal diseases.

1. Introduction

The small intestine is the longest part of the digestive tract
accounting for 75% of its total length and 90% of the whole
mucosal surface of alimentary tract. It is not a common site
for the development of neoplasms, accounting for only 3–
6% of all gastrointestinal neoplasms and 1–3% of all primary
gastrointestinal malignancies [1–3].

Multiple factors are considered to influence the relative
infrequency of tumourigenesis in the small bowel: the most
important are rapid small bowel transit time allowing only
short contact of possible carcinogens from food with the
intestinal mucosa; a high concentration of the enzymes and
intestinal juices decreasing the concentration of irritating
agents (benzpyrene, a known carcinogen present in food, is
converted into less toxic metabolites by benzpyrene hydroxy-
lase, which is present in higher concentrations in the small
intestine compared to the stomach and colon); the high
concentration of gastrointestinal lymphoid tissue and high
level of immunoglobulins (IgA) exert an effective immune
surveillance; a decrease in mechanical and/or chemical
inflammation of the mucosa because of liquidity and alkaline

pH of the small bowel contents; low bacterial load (especially
anaerobic bacteria) in the small intestine processing the
intestinal content produces a low amount of carcinogens; and
rapid turnover of intestinal mucosa (epithelial cells) should
decrease the potential growth and development of neoplastic
cells [2–5].

The diagnosis of small intestinal tumours is difficult due
to the rarity of these lesions and the nonspecific and vari-
able nature of the presented symptoms. The most common
symptom isGI bleeding,more often obscure. Apart from this,
patients may be presented with nonspecific complaints such
as abdominal pain, anaemia, nausea and vomiting, weight
loss, malabsorption, diarrhoea, intestinal obstruction, and
perforation. However, many patients are asymptomatic until
the late stages of disease [5–8].

Small intestinal tumours are also difficult to identify by
means of diagnostic imaging. Until recently, barium entero-
clysis has been used as the best radiological possibility for
detection of small bowel malignancies. Not only is the inves-
tigation time consuming and poorly tolerated by patients
but it is also limited in its ability to accurately represent
the mural and extramural portion of tumour and contribute
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Figure 1: Jejunal lipoma.

to a high miss rate for small and/or flat lesions. Contem-
porary modern alternatives for investigation of small bowel
tumours are multidetector CT andMRI techniques [5]. With
the development of multislice spiral computed tomography
and magnetic resonance imaging, computed tomography
enteroclysis and magnetic resonance enteroclysis are widely
used in the examination of the small bowel and diagnosis
of small bowel tumours. Both, computed tomography and
magnetic resonance enteroclysis, with three-dimensional
imaging capabilities and excellent soft-tissue contrast can
analyze the abnormalities of peripheral intestinal structure
as well as the tunica mucosa. These two methods are even
able to clearly reveal the localization, appearance, degree of
mesenteric infiltration, and remote tumourmetastasis, which
increases our cognition of the imaging diagnosis for intestinal
tumours [1, 5].

Endoscopy is the best method for investigation of the gas-
trointestinal tract. It has the advantage of direct visualisation
of the mucosa, histology, and even therapeutic possibilities.
Upper GI endoscopy performed to the ligament of Treitz
is optimal for identifying duodenal tumours; colonoscopy
could examine the area of the terminal ileum. However,
lesions located between these points were a diagnostic
challenge. Push enteroscopy is an effective diagnostic and
therapeutic procedure, but only for examination of the
distal duodenum and proximal jejunum to approximately
50–70 cm past the ligament of Treitz. Sonde enteroscopy
was a demanding method, both for the patient and for
the physician and has been completely abandoned. Intra-
operative enteroscopy is the complete investigation of the
small bowel with possibilities for therapy at the same time,
but it is invasive and, nowadays, is reserved for multi-
ple transmural small lesions of small intestine alone (blue
rubber bleb nevus syndrome, multiple carcinoids, etc.)
[9, 10].

The development and the introduction in the clini-
cal practice of the capsule enteroscopy (CE) and balloon
enteroscopy (BE) were a great boom in investigation of the
small bowel. Bothmethods allowed for complete enteroscopy,
in the case of BE with sampling biopsies and therapeutic
potential.

Figure 2: Jejunal hamartoma.

2. Materials and Methods

A total of 303 double balloon enteroscopies (DBE) were
performed in 179 patients (87 men, 92 women, mean age 48
years, range 12–86) using Fujinon EN 450T5 and EN 450P5
enteroscopes. Oral insertion was performed in 240 pro-
cedures and an anal approach was taken in 63 DBEs. Most
of our patients with the anal approach primarily underwent
the oral procedure. Indications for the procedure in all of
our patients with small bowel tumour were anaemia and/or
bleeding, obstruction, suspicion of carcinoid tumour, or
suspicion of Peutz-Jeghers syndrome.

3. Results and Discussion

We found some small bowel tumours (both, benign or malig-
nant) in 74 of our 303 DBEs in 50 patients; 17 men, 33 wom-
en, mean age 41 years. Capsule enteroscopy preceded DBE
in 21 cases and suspicion of tumour was expressed in 20
cases (one tumour was missed by capsule enteroscopy). Final
diagnosis was specified using DBE in all cases. Twenty-one
of our 50 patients (42%) had malignant tumours: 7 were
adenocarcinomas, 6 lymphomas, 4 carcinoids, 3 melanomas,
and multiple metastatic involvement of the small bowel
with renal carcinoma was found once. Another 29 had
benign tumours: 16 patients with Peutz-Jeghers syndrome
and multiple hamartomas, 3 patients with GISTs, 2 inflam-
matory polyps in NSAIDs patients, 2 adenomas, 2 lipomas,
1 cavernous lymphangioma, 1 fibrolipoma, 1 granular cell
tumour, and 1 time polyps in Cronkhite-Canada syndrome
Figures 1–9.

We performed 40 DBEs in our 16 patients with Peutz-
Jeghers syndrome; 34 with oral and 6 with anal approach. A
total number of 502 polyps were removed. One to 48 polyps
were removed per session (mean 13, median 15). The largest
hamartoma measured 6 cm in diameter on CT scan.

Of our six patients with lymphoma, one suffered from T-
cell lymphoma and celiac disease, onewithMALT-lymphoma
and Crohn’s disease, one with T-cell rich B-cell lymphoma,
and the last three with large B-cell lymphoma. The patient
with T-cell lymphoma died within one year of diagnosis.

Until recently, diagnosis and management of small-
bowel tumours were delayed by the difficulty of access to
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Figure 3: Jejunal hamartoma; the size of the polyp is nicely seen in
DBE fluoroscopy.

Figure 4: Jejunal hamartoma, resected specimen.

the small bowel and the poor diagnostic capabilities of
the available diagnostic techniques. Early use of CE can
shorten the diagnostic work-up and influence the subsequent
management of these patients [7]. CE appears to be an ideal
tool to recognise the presence of neoplastic lesions along
this organ, since it is noninvasive and enables the entire
small bowel to be visualised. High-quality images of the
small-bowel mucosa may be captured and small and flat
lesions recognised without exposure to radiation [3]. Recent
studies on a large population of patients undergoing CE have
reported small-bowel tumour frequency only slightly above
that reported in previous surgical series (range 1.6%–2.4%)
and have also confirmed that the main clinical indication
for CE in patients with small-bowel tumours is obscure
gastrointestinal bleeding. The majority of tumours identified
by CE are malignant; many were unsuspected and not
found by other methods. However, it remains difficult to
identify pathology and tumour type based on the lesion’s
endoscopic appearance. Despite its limitations, CE provides
crucial information leading, in most cases, to changes in
subsequent patient management [3].

Before the CE and BE era, the small intestine was difficult
to access for endoscopic investigation and small intestinal
tumours were often diagnosed as late as during surgery. A
delay in diagnosis is common, which may result in the dis-
covery of disease at a late stage. An unfortunate consequence
of late diagnosis is a poor outcome of the treatment in the
event of malignancies. A variety of tumours, approximately

Figure 5: Granular cell tumour with ulcers in the ileum.

Figure 6: Cavernous lymphangioma of the jejunum.

40 different histologic types of both benign and malignant
small intestinal tumours, may arise within the small intestine
[6, 11, 12]. Benign lesions that may arise in the small bowel
mostly include adenomas, hamartomas, leiomyomas, fibro-
mas, and lipomas. Malignant tumours of the small intestine
are very rare compared to other gastrointestinal organs but
are among those with the poorest prognosis compared with
other gastrointestinal malignancies [5]. It is important, that
approximately half of small intestinal tumours are malignant
(42% in our setting).Themost common are adenocarcinomas
following by lymphomas, carcinoids, and gastrointestinal
stromal tumours (GISTs) Figures 10–12.Thefive-year survival
rates range from 0–28% for adenocarcinomas, 14–30% for
lymphomas, 50% for GISTs, and 60% for carcinoid tumours
[5]. A small part of small intestinal malignancies comprise
secondary malignancies, usually metastases of the lung,
breast and prostate cancer, and malignant melanoma.

According to epidemiologic studies, the most common
malignant tumours were carcinoid and adenocarcinoma,
followed in order by gastrointestinal stromal tumour and
malignant lymphoma. The incidence of small intestinal ma-
lignancies is increasing [13].

According to data from the USA, the distribution of his-
tologic types of small-bowel malignant tumours is changing,
largely because of the increasing incidence of carcinoids.
In 1987, the most common histologic types of malignant
tumours of the small intestine in population-based registry
data from the Surveillance, Epidemiology and End Results
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(a)

(b) (c)

Figure 7: Fibrolipoma of the distals duodenum extends beyond oral jejunum ((a) stalk, (b) body, and (c) head of the polyp).

Figure 8: The fibrolipoma after endoscopic polypectomy.

(SEER) programof theNational Cancer Institute were adeno-
carcinoma 45%, carcinoid 29%, lymphoma 16%, and sarcoma
10% [14]. Bilimoria et al. published in 2009 that carcinoid
tumours surpassed adenocarcinomas as the most common
small-bowel tumour (data from the National Cancer Data
Base-NCDB) [15]. Between 1985 and 2005, the proportion
of patients with carcinoids increased from 28 to 44 percent,
while the proportion of adenocarcinoma decreased from
42 to 33 percent. The proportion of patients with stromal
tumours and lymphomas remained essentially stable (17 and 8
percent, resp.) [15]. According to a large European multicen-
tre study with capsule enteroscopy fromRondonotti et al., the
main primary small-bowel tumour type was gastrointestinal
stromal tumour (GIST) (32%) followed by adenocarcinoma
(20%) and carcinoid (15%); 66% of secondary small-bowel
tumours were melanomas [7].

Figure 9: Flat adenoma of the jejunum.

Different risk factors are considered for development of
small intestine neoplasms.

Certain hereditary syndromes are associated with an
increased incidence of particular histologic types of small
intestinal tumours. These include the Peutz-Jeghers syn-
drome (hamartomatous polyps occurring primarily in the
jejunum and ileum), familial adenomatous polyposis and
Gardner syndrome (adenoma and adenocarcinoma), and von
Recklinghausen disease (paraganglioma). Desmoid tumours,
which are often multiple, may be the primary manifestation
of Gardner syndrome in the small bowel [12]. Peutz-Jeghers
syndrome is an inherited, autosomal dominant disorder dis-
tinguished by hamartomatous polyps in the gastrointestinal
tract and pigmented mucocutaneous lesions. Prevalence of
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Figure 10: Gastrointestinal stromal tumour in the jejunum.

this syndrome is estimated from 1 in 8,300 to 1 in 280,000
individuals. Peutz-Jeghers syndrome predisposes sufferers
to various malignancies (gastrointestinal, pancreatic, lung,
breast, uterine, ovarian, and testicular tumours). Bleeding,
obstruction, and intussusception are common complications
in patients with this disease [16].

Cronkhite-Canada syndrome is a sporadic disease with
multiple polyps in the gastrointestinal tract. Histology finds
hamartomatous polyps (juvenile type) exhibiting glandular
hyperplasia, cystic dilation, mucosal edema, and eosinophilic
inflammation. Extraintestinal manifestations are alopecia,
dermal hyperpigmentation, onychodystrophy, diarrhoea,
protein loosing enteropathy, and/or dysgeusia. Cachexia and
colon cancer are most common [17].

Dietary factors have been suggested to be related to
the risk of small-bowel carcinoma. A study of small-bowel
carcinoma mortality and food intake by the WHO showed
correlation of carcinoma with per capita daily consumption
of animal fat and animal protein. Saturated fat intake seems
to be a risk factor for small-bowel carcinoma. On the other
hand, there is no association between alcohol intake and
risk of adenocarcinoma of the small intestine [18]. There
are a number of studies about obesity and small intestinal
adenocarcinoma with no clear result. Men have higher
incidence rates of small intestinal cancer in most countries
[18].

Cigarette smoking, biliary tract diseases (cholecystitis
and gallstones), infection with Helicobacter pylori, use of
corticosteroids, exposure to ionising radiation, and so forth
are suspect factors in small intestinal tumourigenesis [18].

Univocal risk factors for individual malignancies were
identified.

Adenocarcinomas are most common in the distal duo-
denum and the duodenojejunal junction. Explanations for
the predilection to the initial part of the small bowel include
the metabolism or dilution of ingested carcinogens in transit
through the small bowel or interactions of carcinogens with
pancreatobiliary secretions [19]. Small intestinal inflamma-
tory disorders that predispose patients to adenocarcinoma
include Crohn’s disease (in these patients, tumours could
be involved in 70% of the terminal ileum), celiac disease,
familial adenomatous polyposis, Peutz-Jeghers syndrome,
and Meckel’s diverticulum [5, 15, 18]. The risk of adeno-
carcinoma in Crohn’s disease is directly related to both

Figure 11: Ileal carcinoid tumour.

Figure 12: Stenosing adenocarcinoma of the jejunum.

the extent of small-bowel involvement and the duration
of Crohn’s disease. The cumulative risk of a small-bowel
adenocarcinoma in patients with small bowel Crohn’s disease
is 0.2% at 10 years and 2.2% at 25 years of disease [20]. Typical
endoscopic appearance is usually concentric tumour stenosis
with irregular margins and complete bowel obstruction in
the late stage. Polypoid lesions and ulcerations are sometimes
seen.

Lymphoma may arise as a primary neoplasm in the
intestine or as a component of systemic disease with gastroin-
testinal involvement. Primary intestinal lymphomas arise
from the lymphoid aggregates in the submucosa. The dis-
tribution of lymphomas in the small intestine parallels the
distribution of lymphoid follicles, with the lymphoid rich
ileum representing themost common location.The diagnosis
of primary gastrointestinal lymphoma is characterised by no
peripheral or mediastinal lymphadenopathy, normal white
and differential blood cell count, and no evidence of liver or
spleen involvement [21]. Primary gastrointestinal lymphoma
is themost common extranodal formof lymphoma; the stom-
ach and small bowel are the most common sites. A typical
endoscopic appearance is polypoid mass with ulcerations
and bowel obstruction in the late stage. Bleeding is quite a
common sign, and patients are at risk of spontaneous small-
bowel perforation. Small-bowel lymphomas are more often
found in patients with celiac disease, Crohn’s disease, AIDS,
EBV infection, immunoproliferative disease (IPSID), long
term immunosuppressive therapy (posttransplantation) and
after radiation, and/or chemotherapy [5, 21]. A significant
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increase in the incidence of EATL in the United States was
indicated, which may reflect the increasing seroprevalence of
celiac disease and better recognition of rare types of T-cell
lymphomas [22]. EATL is a rare disease with an incidence of
0.1 per 100,000 inhabitants per year, occurring in older age,
with a peak incidence in the 7th decade, and nonelevated dur-
ing childhood and adolescence. Small intestinal lymphomas
and carcinoma are responsible for elevated morality risk in
celiac disease. Although uncomplicated celiac disease is twice
as frequent in female patients, EATL is more prevalent in
males [23–25].

Carcinoids, gastroenteropancreatic neuroendocrine tum-
ours, constitute a diverse group of neoplasms arising from
the diffuse neuroendocrine cell system. During the last 2
years, a new classification system, the WHO 2010, has come
into clinical practice together with Tumour Nodes Metasta-
ses (TNM) staging and grading systems, developed by the
European Neuroendocrine Tumour Society/American Joint
Cancer Committee [26].

Carcinoid is most commonly found in the ileum within
60 cm of the ileocecal valve; duodenal or jejunal localisation
is rare. Small-bowel carcinoids are likely to be associated with
MEN 1. Endoscopically, a small submucosal protrusion with
normal mucosa on the surface is usually seen. Desmoplastic
reaction in submucosa is common.

Gastrointestinal stromal tumour (GIST) could be found
elsewhere in the small intestine, but ileal localisation is more
common. A regular round mass with normal mucosa on its
surface and often central ulceration with or without visible
bleeding is found on endoscopy. Large vessels around the
tumour are often seen during surgery.

4. Conclusion

Small intestinal tumours are rare diseases, but approximately
half of them are malignant. A lack of symptoms and difficult
determination lead to late diagnosis with advanced disease
and poor prognosis. Because of nonspecific symptoms, it
is difficult to make a diagnostic algorithm. Nowadays, the
best way to ensure earlier diagnosis seems to be the use
of CE in combination with other new diagnostic (MRI or
multidetector CT enterography) and therapeutic endoscopic
(BE) techniques. These tools could lead to earlier diagnosis
and treatment of these neoplasms, better survival rate, and
cost savings in the end.

Prevention in known risk factors and chronic diseases is
obvious.
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Video capsule endoscopy that was launched 10 years ago has become a first-line procedure for examining the small bowel. The
most common indications for capsule endoscopy are obscure gastrointestinal bleeding, Crohn’s disease, polyposis syndromes,
and evaluation of patients with complicated celiac disease. The ideal capsule should improve the quality of the image and have
a faster frame rate than the currently available one.There should be a therapeutic capsule capable of performing a biopsy, aspirating
fluid, delivering drugs, and measuring the motility of the small bowel wall. Another major leap forward would be the capability
of remote control of capsule’s movement in order to navigate it to reach designated anatomical areas for carrying out a variety of
therapeutic options. Technology for improving the capability of the future generation capsules almost within grasp and it would
not be surprising to witness the realization of these giant steps within the coming decade. In this review we will focus on the current
clinical applications of capsule endoscopy for imaging of the small bowel and colon and will additionally give an outlook on future
concepts and developments of capsule endoscopy.

1. Introduction

Small bowel capsule endoscopy (SBCE) was introduced 13
years ago. To date, multiple CE systems from different
companies are available. Currently the Given M2A Video
Capsule System (Given Imaging Ltd., Yokneam, Israel), the
Olympus EndoCapsule (Olympus, Tokyo, Japan), and the
MiroCam (Intromedic, Seoul, Korea) are FDA and CE ap-
proved. Capsule systems are available for examination of the
esophagus, small bowel, and colon.

Capsule endoscopy is easily ingested and swallowed
by most individuals, but also, a capsule-loading device
(AdvanCE, US Endoscopy, Mentor, OH, USA) is available to
directly deliver the capsule into the stomach or duodenum.
The disposable device is a 2.5mm single-sheathed device that
is first preloaded through the working channel of a standard
endoscope. The main indications for SBCE include obscure
GI bleeding, Crohn’s disease, and celiac disease [1].

2. Patient Preparation

There are several accepted preparation methods for SBCE for
small bowel CE, which include fasting since the day before,
clear liquid diet, the ingestion of 2–4 liters of polyethylene

glycol solution. In addition, some experts recommend the use
of simethicone before the ingestion of the capsule to reduce
intraluminal foam and bubbles [2].

3. Indications

3.1. Obscure Gastrointestinal Bleeding. Many reports have
shown a statistically significant increased diagnostic yield of
SBCE over push enteroscopy and other modalities including
magnetic resonance enteroclysis in the range between 39 and
90% [3] and a similar yield to balloon-assisted enteroscopy
[4].

A pooled analysis of 7 prospective studies showed a
CE yield of 71% for identification of a bleeding source
compared to push enteroscopy [5]. When comparing CE
with intraoperative enteroscopy, the sensitivity, specificity
positive, and negative predictive value of CE was 95, 75, 95,
and 86%, respectively [6].

A negative capsule endoscopy study in patients with
obscure bleeding is associated with low rate of recurrent
bleeding. Apart from active bleeding, there are no other help-
ful features to determine that arteriovenous malformations
are the cause of bleeding [7].
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The diagnostic yield is influenced by the timing of the
examination, and a recent study investigated the role of early
CE in the diagnosis of patients with obscure GI bleeding.
They assessed ninety patients with obscure GI bleeding, and
they showed that the duration between bleeding and CE
was shorter for patients with angioectasia than for those
with other abnormalities. The authors concluded that earlier
timing of CE achieved a higher diagnostic yield for patients
with obscure GI bleeding and consequently resulted in a
higher intervention rate [8].

3.2. Crohn’s Disease. Various studies have shown the poten-
tial of SBCE for diagnosis of Crohn’s disease [9–13]; SBCE can
identifymucosal lesions that are compatible with CD in some
patients in whom conventional endoscopic and small bowel
radiographic imaging modalities have been nondiagnostic,
but the diagnosis of Crohn’s disease should not be based
on the appearance at the capsule endoscopy alone. However,
SBCE is better than small bowel follow-through, enteroclysis,
computed tomography (CT) enterography, or MRI entero-
clysis for detecting mucosal lesions related to CD [14].

A recent multicenter, double blind, prospective, con-
trolled study of SBCE videos from 62 consecutive patients
with isolated small-bowel Crohn’s disease was designed to
evaluate threemain parameters of Crohn’s disease: inflamma-
tion (𝐴), extent of disease (𝐵), and stricture (𝐶), in both the
proximal and distal segments of the small bowel.

The Capsule Endoscopy Crohn’s Disease Activity Index
(CECDAI or Niv score) was devised to measure mucosal
disease activity using video capsule endoscopy (VCE).

The final score was calculated by adding the two seg-
mental scores: CECDAI = ([𝐴1 × 𝐵1] + 𝐶1) + ([𝐴2 × 𝐵2] +
𝐶2). Each examiner in every site interpreted 6–10 videos and
calculated the CECDAI.

The authors showed that the cecum was reached in
72% and 86% of examinations, and proximal small-bowel
involvement was found in 56% and 62% of the patients,
according to the site investigators and principal investiga-
tor, respectively. Significant correlation was demonstrated
between the calculation of the CECDAI by the individual
site investigators and that performed by the principal inves-
tigator. They showed that also overall correlation between
endoscopists from the different study centers was good, with
𝑟 = 0.767 (range 0.717–0.985; Kappa 0.66; 𝑃 < 0.001). There
was no correlation between the CECDAI and the Crohn’s
Disease Activity Index or the Inflammatory Bowel Disease
Quality of Life Questionnaire [15].

In these patients, the risk of SBCE retention is increased,
particularly in these with known intestinal stenosis. A Agile
patency capsule may reduce the risk of retention. The Agile
patency capsule has the same size as the SBVCE. It has
cellophane walls that are filled with lactose (mixed with
barium) and surround a radio-frequency identification tag
(RFID). When retained in a fluid filled environment, the
core of the patency capsule dissolves after approximately 40
hours, allowing the insoluble outer membrane to collapse
and pass. The physician can determine the presence of the
patency capsule in the body of the patient using the scanner.
The Agile capsule is expected to eliminate risk of capsule

retention in patients with known intestinal strictures who
undergo capsule endoscopy [16].

3.3. Other Indications for SBCE

3.3.1. Intestinal Tumors. SBCE has more than doubled the
rate of diagnosing small bowel tumors from around 3 to 6%,
most of the tumors are found in patients undergoing the exam
for OGIB, and 50–60% are of malignant nature [17].

3.3.2. Celiac Disease. A recent published meta-analysis de-
scribed an overall pooled sensitivity of 89% (95% CI 82–94)
and specificity of 95% (95%CI 89–98) for CE in celiac disease
[18], on the contrary the gold standard for Celiac disease is to
date the histopathological assessment.

4. Novel Imaging Enhancements

4.1. Fujinon Intelligent Chromoendoscopy-Assisted Capsule
Endoscopy. The FICE technology decomposes images by
three specific wavelengths (red, green, and blue) and then
directly reconstructs the images with enhanced surface con-
trast. The FICE software has recently been incorporated into
the new RAPID 6.0 video CE workstation (Given Imaging
Ltd, Yokneam, Israel). With this innovation, the examiner
can easily select between conventional images and images
reconstructed under three different FICE settings by the click
of an icon in the Rapid Reader software for optimal mucosal
visualization. Capsule endoscopy with flexible spectral imag-
ing color enhancement (CE-FICE) has been reported to
improve the visualization of small-bowel lesions; however, its
clinical usefulness is still not established.

A recent study evaluatedwhether CE-FICE contributes to
improve the detectability of small-bowel lesions. The authors
examined a total of 60 angioectasias; CE trainees identified
26 by conventional CE. The authors concluded that FICE
settings 1 and 2 significantly improved the detectability of
angioectasia (𝑃 = 0.0017 and 𝑃 = 0.014, resp.) and erosions/
ulcerations (𝑃 = 0.0012 and 𝑃 = 0.0094, resp.). Although
the detectability of small-bowel lesions by conventional CE
(𝑃 = 0.020) and under FICE setting 2 (𝑃 = 0.0023) was
reduced by the presence of bile pigments, that under FICE
setting 1 was not affected (𝑃 = 0.59) [19].

Another study assessed the usefulness of flexible spectral
imaging color enhancement (FICE) for the detection of
angiodysplasia. The authors assessed the accumulated SBCE
data of 50 patients with angiodysplasia that were randomly
assigned to 2 equally sized groups of conventional reading
and FICE reading. One experienced doctor analyzed them
for the first time in a quick-viewmode, and themean reading
time, sensitivity, and specificity for detecting angiodysplasia
by each method were evaluated for comparisons including
suspected blood indicator.The authors showed that themean
reading time was 14min for both conventional reading and
FICE reading. The two previews of angiodysplasia were
significantly superior to the function of suspected blood
indicator (𝑃 < 0.01). The sensitivity and specificity of
conventional reading for detecting angiodysplasia were 80%
and 100%, respectively. Those of FICE reading were 91%
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and 86%, respectively. FICE reading was superior in term
of sensitivity, while it resulted in more false positive lesion
findings and lower specificity. However, such false-positive
findings by FICE reading can be correctly identified at a
glance by converting the image to conventional mode [20].

One of the earlier studies assessing FICE examined
P0, P1, and P2 lesions (nonpathological, intermediate bleed
potential, and high bleed potential) in 60 patients, overall 157
lesions were diagnosed using FICE as compared to 114 with
white light SBCE (𝑃 = 0.15). For P2 lesions, the sensitivity
was 94% versus 97%, and specificity was 95% versus 96% for
FICE and white light, respectively. Five (P2 lesions) out of
55 arteriovenousmalformations could be better characterized
by FICE as compared to white light SBCE. Significantly more
P0 lesions were diagnosed when FICE was used as compared
to white light (39 versus 8, 𝑃 < 0.001). The author concluded
that FICE was not better than white light for diagnosing and
characterizing significant lesions on SBCE for OGIB [21].
Another negative study conducted on 27 patients to check
the usefulness of blue mode (BM) review in Lewis score
(LS) calculation, by comparing it with respective LS results
obtained by white light (WL) small-bowel capsule endoscopy
(SBCE) review and mucosal inflammation as reflected by
faecal calprotectin (FC) levels, considered as “gold standard”
for the study.

LS was created in four separate steps. First, parameters
and descriptors of inflammatory change were identified. Sec-
ondly, blinded readers prospectively graded the presence or
absence of each parameter on de-identified videos and graded
a perceived global assessment of overall severity. Thirdly, the
individual parameters and descriptors were ranked in order
of severity. Fourthly, values for each parameter were created
using the descent gradient methodology.

The authors showed that the median level of FC in this
cohort was 125 𝜇g/g. LS (calculated in WL SBCE review)
correlation with FC levels was 𝑟 = 0.490 (𝑃 = 0.01), while
for BM review and LS correlation with FC was 𝑟 = 0.472
(𝑃 = 0.013), and the authors concluded that blue mode did
not perform better than white light in calculating Lewis score
[22].

4.2. Automatic Detection of Small-Bowel Mucosa. The new
Data Recorder (DR3) by Given Imaging Ltd, Yokneam, Israel,
not only stores the capsule’s incoming images but also ana-
lyzes them in real time to control the capsule capture rate of
images at an adaptive frame rate. When DR3 recognizes that
the capsule is virtually stationary, it sets the image capture
rate to 4 frames per second. When the DR3 recognizes that
the capsule is in motion, it sets the image capture rate to 35
frames per second. A recent study tested the reliability of the
automatic detection of the small bowel (SB) mucosa and the
subsequent alert for booster ingestion by the Data Recorder
3 (DR3) of the second-generation colon capsule endoscopy
(CCE-2). 120 consecutive cases of CCE-2 were analyzed for
proper DR3 automatic detection of the capsule entering the
SB.TheDR3 correctly identified the proper time for ingestion
of the laxative (booster) in 118 of 120 cases, corresponding
to a sensitivity of 98.3% (95% CI, 97%–100%). The median
time difference between DR3 automatic SB detection to the

observed entrance of the capsule into the SB was 3 minutes
30 seconds (interquartile range 2 minutes 35 seconds to 5
minutes 57 seconds) [23].

4.3. Gastric Emptying. Another study was conducted to
determine whether the use of an external real-time viewer
could reduce delays caused by delayed gastric emptying of the
capsule or delayed intestinal transit and also improve the rate
of positive findings. The authors examined 100 procedures
in the real viewer group and 100 control procedures in the
age matched. In the viewer group, additional water intake (22
cases) and/or administration of metoclopramide (26 cases)
were required. Endoscopic-assisted duodenal placement of
the capsule was required in three cases. Overall one-third
(𝑛 = 33) of cases required viewer prompted interventions.
The completion rate (86% versus 66%, 𝑃 = 0.002) and the
rate of positive findings (80% versus 67%, 𝑃 = 0.04) were
significantly higher in the viewer group compared to the no
viewer group [24].

5. Novel Indications

5.1. Surgery Using Intraoperative Real-Time Capsule Endos-
copy. Identifying the exact site of small bowel hemorrhage is
often difficult, thus complicating surgical treatment. A recent
report was published on two cases of small bowel bleeding
lesions that were successfullymanaged by intraoperative real-
time capsule endoscopy. The authors developed a double
lumen tube similar to, but thinner and longer than, the
Miller-Abbott tube and insert the tube nasally, 3 or 4 days
preoperatively, such that its balloon tip reaches the anus by
the operative day. During surgery, the endoscopic capsule
is connected to the balloon tip of the tube that protrudes
from the anus. Capsule endoscopic images are displayed
in a real-time video format. Minimally invasive surgery
was successfully performed in both patients. The authors
concluded that combined use of capsule endoscopy and the
tube facilitates management of bleeding lesions in the small
bowel [25].

5.2. Tumor Recognition. A recent paper addresses the auto-
matic recognition of tumor for SBCE images. Extensive
experiments validate that the proposed computer aided
diagnosis system achieves a promising tumor recognition
accuracy of 92.4% in SBCE [26].

5.3. Three-Dimensional Image Reconstruction in Capsule En-
doscopy. A new software approach to approximate a 3D rep-
resentation of digestive tract surface utilizing current SBCE
technology has been tested. The authors showed promising
results for polypoid structures and angioectasias [27].

5.4. Capsule Endomicroscopy. A study examined a new pill-
sized endomicroscopy has been developed that enables 3D
imaging of the esophagus in microscopic detail. The device
uses optical frequency domain imaging technology (using
infrared light) to provide architectural cross-sections of the
esophagus, which can then be reconstructed into a 3D view
of the length of the esophagus. The device was tested in 13
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individuals (seven healthy volunteers and six patients with
Barrett esophagus), with distinct differences in esophageal
architecture observed between the two groups [28].

6. Conclusion

The major indication for SBCE is small bowel imaging
specially in obscure gastrointestinal bleeding.The application
of FICE could improve the characterization of angiodys-
plastic and vascular lesions and erosions or ulcers in small
bowel lesions. We will see in the near future new capsule
devices to enable targeted drug administration or even direct
hemostatic therapy. Nevertheless, new capsule devices may
improve both, polyp detection, and characterization rates.
Integration of virtual chromoendoscopy techniques, like
FICE will further improve image resolution and will help to
better characterizes small bowel lesions.
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Whipple’s disease is a chronic infectious systemic disease caused by the bacterium Tropheryma whipplei. Nondeforming arthritis
is frequently an initial complaint. Gastrointestinal and general symptoms include marked diarrhoea (with serious malabsorption),
abdominal pain, prominent weight loss, and low-grade fever. Possible neurologic symptoms (up to 20%) might be associated with
worse prognosis. Diagnosis is based on the clinical picture and small intestinal histology revealing foamy macrophages containing
periodic-acid-Schiff- (PAS-) positive material. Long-term (up to one year) antibiotic therapy provides a favourable outcome in the
vast majority of cases.This paper provides review of the literature and an analysis of our 5 patients recorded within a 20-year period
at a tertiary gastroenterology centre. Patients were treated using i.v. penicillin G or amoxicillin-clavulanic acid + i.v. gentamicin for
two weeks, followed by p.o. doxycycline (100mg per day) plus p.o. salazopyrine (3 g per day) for 1 year. Full remission was achieved
in all our patients.

1. Introduction

Whipple’s disease is a rare, chronic, and infectious systemic
disease caused by the bacterium Tropheryma whipplei, a
member of the diverse order of Actinomycetales, usually
found in soil [1].

2. History

In 1907, George Hoyt Whipple described a case of a 36-year-
old physician (medical missionary) [2]. Whipple published
this report only two years after his graduation from the
Johns Hopkins University in 1905. Subsequently he won the
Nobel Prize in physiology and medicine (for his “discovery
concerning liver therapy of anaemia” in 1934).

Whipple described his case as “gradual loss of weight and
strength, stools consisting chiefly of neutral fat and fatty acids,
indefinite abdominal signs, and a peculiar multiple arthritis”
[2].Thepatient died of this progressive illness.Whipple called
it intestinal lipodystrophy since he observed the accumula-
tion of “large masses of neutral fats and fatty acids in the
lymph spaces.” The illness was renamed Whipple’s disease

in 1949 [3]. An infectious aetiology was suspected as early
as Whipple’s initial report. Whipple described a “number
of rod-shaped organisms resembling in form the tubercle
bacillus” in the vacuoles of the foamy cells [2]. Until the early
1960s, the disease was considered to be a uniformly fatal
and untreatable primary disorder of fat metabolism. In 1952,
the first successful treatment with antibiotics was reported (a
prolonged period of chloramphenicol) [4]. Bacillary bodies
were identified by transmission electron microscopy, estab-
lishing the bacterial cause in 1961 [5]. No name was given
to the organism until 1991 when the nomenclature was
proposed. On the basis of this gene sequence, the organism
was classified as an actinobacterium and successfully was
cultivated in vitro in HEL cells for the first time in 1999
[6]. The name of this bacterium—Tropheryma whipplei—is
derived from Greek “trophe” (nourishment and food) and
“eryma” (fence and barrier).

Several original tissues obtained from the autopsy per-
formed by Whipple were still available and were reviewed.
Immunodetection of Tropheryma whipplei was successful,
even nearly 100 years later after the initial description [7, 8].
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3. Epidemiology

Whipple’s disease is extremely rare illness. Between 1907 and
1987 there were 696 reported cases only, and the annual
incidence since 1980 has been approximately 30 cases per year
worldwide.The disorder has a predilection for white males of
European ancestry (less than 3% are Africans or other ethnic
groups), suggesting an underlying genetic predisposition [3].
The disease most commonly started between 40 and 60,
with a mean age at onset of 50 years. The male-to-female
ratio is about 8 : 1. Whipple’s disease occurs more commonly
among farmers (35%) and other subjects in contact with
soil or animals. Either direct person-to-person transmis-
sion or nosocomial transmission (e.g., by gastrointestinal
endoscopy) has not been documented [9].

Tropheryma whipplei DNA has been reported in 1%–11%
of stool specimens from the healthy adult population of
people in Europe [10–12] and in wastewater samples, sup-
porting the hypothesis that the bacterium is a soil or water
organism [13, 14]. Chronic asymptomatic carriage of Tro-
pheryma whippleiwas proved by culture from stool and saliva
(ranging from a prevalence of 4% in the control group to
12% among a subgroup of sewage workers) [15]. Fenollar et
al. [16] conducted serologic and molecular studies, including
genotyping, on saliva, faeces, and serum from 74 relatives
of 13 patients with classic Whipple’s disease. They detected
Tropheryma whipplei in 24 (38%) of 64 faecal samples and
7 (10%) of 70 saliva samples from relatives but found no
difference between persons related by genetics and marriage.
Seroprevalence was higher among relatives (23/30; 77%)
than in the general population (143/300; 48%). The high
prevalence of Tropheryma whipplei within families suggests
intrafamilial circulation [16].

4. Pathogenesis

The pathogenesis of Whipple’s disease still remains obscure
[3, 17, 18]. Invasion or uptake of the bacteria is widespread
throughout the body, including the intestinal epithelium,
macrophages, capillary and lymphatic endothelium, liver,
brain, heart, lung, synovium, kidneys, bonemarrow, and skin.
All of these sites show a remarkable lack of inflammatory
response to Tropheryma whipplei. In addition, the organism
exerts no visible cytotoxic effects upon host cells, thereby
allowing massive accumulation of Tropheryma whipplei at
sites of infection [3]. Host factors rather than the genotype
of the bacterium influence the course of infection. The
incidence of Whipple’s disease is very low despite the ubiq-
uitous presence of Tropheryma whipplei in the environment.
Therefore, it has been suggested that host factors indicated
by immune deficiencies are responsible for the development
of Whipple’s disease. In patients with Whipple’s disease,
peripheral T cell proliferation is reduced after stimulation
with phytohemagglutinin and concanavalin A but patients
have normal levels of immunoglobulins, suggesting a specific
defect in cell-mediated immunity [19]. Moos et al. [19]
showed reduced or absent Tropheryma whipplei-specific Th1
responses, whereas their capacity to react to other com-
mon antigens like tetanus toxoid, tuberculin, Actinomycetes,

Giardia lamblia, or cytomegalovirus was not reduced com-
pared with controls. Hence, an insufficient Tropheryma whip-
plei-specificTh1 response may be responsible for an impaired
immunological clearance of Tropheryma whipplei in patients
with Whipple’s disease [19]. Functional Th2 responses,
characterised by enhanced expression of interleukin 4, are
increased [20]. Deactivation of macrophages by interleukin 4
is required for growth of Tropheryma whipplei in cell culture
[21]. Antigen presentation by the MHC class II is absent
or diminished on the intestinal epithelial cells of patients
with active Whipple’s disease. These findings normalise with
treatment [22]. Taken together, these observations suggest
underlying host immune deficiency and possibly secondary
immune downregulation induced by the bacterium [3].

5. Clinical Features

5.1. Symptoms. Nondeforming arthritis is most characteristic
of Whipple’s disease and is frequently the initial symptom.
Joint complaints might precede by many years the onset
of intestinal symptoms (by a mean of six years). When
gastrointestinal symptoms occur, the disease usually pro-
gresses rapidly with marked diarrhoea, abdominal pain,
weight loss, muscle wasting, weakness, anorexia, dyspnoea,
cough, headache, low-grade fever, nonthrombocytopenic
purpura, and symptoms of anaemia and deficiencies of vita-
mins. Besides arthritis, other extraintestinal symptomsmight
occur, like pulmonary hypertension, congestive heart failure,
“culture-negative” endocarditis, polyserositis (pericarditis,
pleural effusion, and ascites), metabolic bone disease, cog-
nitive disorders (including dementia) and neurological signs
(cerebellar ataxia, oculomasticatory myorhythmia, oculo-
facial-skeletal myorhythmia, and others) [3, 23–35].

In a large Spanish analysis of 91 cases of Whipple’s
disease from 1947 to 2001 [35], the most common symp-
toms and signs were weight loss (80%), diarrhoea (63%),
lymphadenopathy (35%), skin signs (32%), abdominal pain
(27%), fever (23%), joint complaints (20%), and neurological
symptoms (16%). Arthralgias, diarrhea, and fever were noted
prior to diagnosis in 58, 18, and 13% of patients, respec-
tively. Intestinal biopsy was positive in 94%. There were
nine relapses, four of which were neurological, although all
occurred before the introduction of cotrimoxazole [35]. In a
French series of 52 patients from 1967 to 1994 [24], clinical
manifestations preceding the diagnosis were articular for 35
patients (67%), digestive for 8 patients (15%), general for 7
patients (14%), and neurologic for 2 patients (4%). At a later
stage of the disease, 44 patients (85%) were presented with
diarrhoea, weight loss, and malabsorption, while 8 patients
(15%) did not show any gastrointestinal symptom throughout
the development of the disease. Forty-three patients (83%)
were presented with arthralgia or arthritis, and 11 (21%)
had prominent neurologic symptoms. In addition to this,
cardiovascular symptoms were present in 9 patients (17%);
mucocutaneous symptoms in 9 patients (17%); pleuropul-
monary symptoms in 7 patients (13%); and ophthalmologic
symptoms in 5 patients (10%). With treatment, the disease
evolved favourably in 47 patients (90%), while 5 patients
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(10%) had unfavourable outcomes (2 deaths from neuro-
logic involvement, 1 patient with chronic dementia, and 2
patients with digestive symptoms insensitive to antimicrobial
therapy). Of the 41 patients initially treated successfully
and whose treatment has been completed, clinical evolution
after discontinuation of treatment was favourable in 34
cases (83%). Clinical relapses occurred in 7 patients. No
relapse was observed after treatment using trimethoprim
sulfamethoxazole, alone or following a combination of peni-
cillin and streptomycin, or after the combination of penicillin
and streptomycin, whatever the oral follow-up treatment
prescribed [24].

Less-common symptoms include fever and skin hyper-
pigmentation. Hyperpigmentation may occur as a conse-
quence of vitamin D malabsorption, which may induce
compensatory secondary hyperparathyroidism leading to
enhanced MSH and ACTH production [36]. In addition to
this, Tropheryma whipplei infection may induce hypothala-
mic dysfunction and adrenal gland insufficiency [37]. Mal-
absorption of vitamin B12 may also contribute to hyperpig-
mentation [3, 38]. Whipple’s disease could also rarely involve
the oesophagus and large bowel [39]. Asymptomatic subjects
with HIV infection might have unexpected colonisation
of the lung by Tropheryma whipplei, which is reduced by
effective antiretroviral therapy and merits further study for
a potential pathogenic role in chronic pulmonary complica-
tions of HIV infection [40].

Moreover, besides classical Whipple’s disease, there are
newly recognised infections with Tropheryma whipplei,
which do not fit in the concept of classical Whipple’s disease,
for example, acute self-limiting infection and isolated Tro-
pheryma whipplei endocarditis [41].

5.2. Physical Findings. Kachexia (with oedema of the lower
extremities) is a typical leading sign of advanced Whipple’s
disease. Physical findings include arthritis (90%), peripheral
lymphadenopathy (up to 50%), low-grade fever (one third
of cases), neurologic signs (up to 20%), polyserositis, uveitis,
cheilosis, glossitis, purpura, and splenomegaly. Murmurs of
aortic or mitral insufficiency may be found in about 25% of
patients. In about 40% of patients, skin hyperpigmentation
and hypotension can be also present.

5.3. Laboratory Findings. Anaemia (usually microcytic or
normocytic), relative lymphopenia, and increased erythro-
cyte sedimentation rate are consistent findings (75%). Labo-
ratory markers of malnutrition are usually found (decreased
total lymphocytes count, low serum albumin, prealbumin,
and transferrin). Steatorrhoea is severe in advancedWhipple’s
disease (in over 90% of patients). D-xylose test is decreased
(in 75% of patients). Secondary protein-losing enteropathy
can be present. Because the disease primarily involves the
proximal small intestine, B12 and bile acid malabsorption is
uncommon.

6. Diagnosis

Upper gastrointestinal endoscopy is the diagnosticmethod of
choice [42, 43]. Duodenoscopy (with biopsies) can already in

Figure 1: Whipple’s disease: severe involvement of the distal duode-
num (D4). Folds are low, and mucosa is swollen and grey-yellowish
with multiple reddish spots (small mucosal haemorrhages).

its own right be diagnostic [42, 44–48]. Enteroscopy reveals
a characteristic small intestinal pattern (see Figures 1, 2,
3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 for details). Histology of
biopsy specimens of the small bowel reveals macrophages
containing periodic-acid-Schiff- (PAS-) positive material
(large glycoprotein granules) and large lipid droplets in the
lamina propria of small intestinal villi (see Figures 13, 14,
and 15). Histology of the peripheral lymph node may also
show foamy macrophages containing PAS-positive material.
Similar PAS-positive macrophages may infiltrate many other
organs, including the heart, brain, lung, spleen, liver, and
pancreas. Electron microscopy studies can identify bacteria
and characteristic lysosomes in intestinal histiocytes (see
Figure 17). Wireless capsule endoscopy may help to clarify
some obscure cases [49] with further recommendation for
subsequent biopsy of small intestinal mucosa. Confocal
laser endomicroscopy appearance of Whipple’s disease was
also described [50]. Fine-needle biopsy under endoscopic
ultrasonic guidance may be successful in the diagnosis of
Whipple’s disease involving abdominal lymph nodes [51].
PCR techniques (of stools or saliva), bacteria culture, and
tissue immunodetection of Tropheryma whipplei are not
widely available yet.

7. Differential Diagnosis

The differential diagnosis of Whipple’s disease includes other
malabsorptive diseases with diffuse small intestinal involve-
ment (e.g., coeliac disease, tuberculosis, and Mycobacterium
avium infection of the small bowel, histoplasmosis, non-
steroidal anti-inflammatory drug-induced injury to the small
bowel) and infiltrative diseases of the small intestine (e.g.,
non-Hodgkin lymphoma and amyloidosis).

Coexistence of diarrhoea, malabsorption, weight loss,
seronegative arthritis, lymphadenopathy, and low-grade fever
should alert the doctor to the possible diagnosis of Whip-
ple’s disease and lead to biopsy of the small intestinal
mucosa.Other causes ofmalnutrition (mostly protein-energy
malnutrition—kwashiorkor) must be excluded.
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Figure 2: Whipple’s disease: jejunal mucosa is swollen and grey-
pink with small whitish areas and multiple tiny mucosal haemor-
rhages.

Figure 3: Whipple’s disease: endoscopic view of the proximal
jejunum. Characteristic whitish areas protrude a little the above
surrounding relief.

Figure 4:Whipple’s disease: detailed view onwhitish plaques on the
top of fold.

Figure 5: Whipple’s disease: picture of the jejunum. Characteristic
whitish areas protrude the above surrounding relief.

Figure 6: Whipple’s disease: endoscopic view of the proximal
jejunum. Transverse folds are low, reduced, and swollen.

Figure 7: Whipple’s disease: irregular rugged surface of the jejunal
mucosa with an appearance like being dusted with flour.
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Figure 8: Whipple’s disease: jejunal mucosa is grey-pink with small
whitish areas.

Figure 9: Whipple’s disease: no folds are seen in the jejunum.
Surface of mucosa is irregular; there are several tiny haemorrhages
in mucosa with an appearance like being dusted with flour.

Figure 10: Whipple’s disease: control enteroscopy after two-month
treatment (with doxycycline and salazopyrine). Picture of the distal
duodenum. Folds are still lower with chaotic disarrangement but
macroscopically picture of mucosa has significantly improved.

Figure 11: Whipple’s disease: control enteroscopy after two-month
treatment. Detail view of the jejunal mucosa. Mucosa is still swollen
with tiny granular pattern.

Figure 12: Whipple’s disease: control enteroscopy after one-year
treatment. Morphology of jejunal folds has normalised, surface is
still rough,mucosa has fine granular pattern, and small areas of grey-
yellowish colour still persist.

Figure 13: Whipple’s disease: obvious enlargement of the villi filled
by foamy macrophages. Hematoxylin-eosin staining. Courtesy of
Jan Nožička, MD, PhD. Reproduced with permission from Bureš
and Rejchrt [42].
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Figure 14: Whipple’s disease: intensely PAS-positive macrophages
occupying the lamina propria mucosae. Goblet cells are positively
stained, too. Brush border of enterocytes is also marked (as a deep
purple line). PAS staining. Courtesy of Jan Nožička, MD, PhD.
Reproduced with permission from Bureš and Rejchrt [42].

Figure 15: Whipple’s disease: detailed view of macrophages in the
lamina propria mucosae. Hematoxylin-eosin staining. Courtesy of
Jan Nožička, MD, PhD. Reproduced with permission from Bureš
and Rejchrt [42].

In the case of pulmonary hypertension in Whipple’s
disease, primary pulmonary hypertension and other possi-
ble causes must be considered. Sometimes it is necessary
to exclude connective tissue disease, inflammatory bowel
disease with enteropathy-associated arthritis, hyperthyreosis,
and AIDS.

Addison’s disease (primary adrenal cortical insufficiency)
must be excluded in the case of orthostatic hypotension, skin
hyperpigmentation, low serum natrium (hyponatremia), and
high serum potassium (hyperkalemia).

Fever of Whipple’s disease can precede gastrointestinal
symptoms by months; thus, the differential diagnosis of fever
of unknown origin must also consider Whipple’s disease.

Timely diagnosis might be difficult in oligosymptomatic
cases without gastrointestinal symptoms (15%). It is manda-
tory to properly evaluate possible psychiatric and neurologic

signs (cognitive impairment, confusion, dementia, nystag-
mus, ophthalmoplegia, ataxia, muscle weakness, sensory loss,
or posterior column signs) that can be uncommon signs of
Whipple’s disease. Central nervous system involvement is a
particularly difficult problem because it may not respond to
antibiotic therapy.

In the histopathology of small intestinal biopsy spec-
imens, other possible causes of PAS-positive staining of
macrophagesmust be considered (e.g.,Mycobacterium avium
infection, systemic histoplasmosis, or macroglobulinemia)
[52]. This might be difficult in some cases even in endoscopy
as Mycobacterium avium infection might also mimic the
enteroscopic pattern of Whipple’s disease [53, 54].

8. Treatment

Whipple’s disease was uniformly fatal prior to the use of
antibiotics for its treatment. There is no general consensus
concerning therapy for Whipple’s disease. Several regimens
were tried, including penicillin, amoxicillin-clavulanic acid,
chloramphenicol, streptomycin and other aminoglycosides,
macrolides, cephalosporins, tetracycline, doxycycline, trime-
thoprim-sulfamethoxazole, salazopyrine, and hydrochloro-
quine. Tropheryma whipplei is naturally resistant to fluoro-
quinolones [55].

Currently, most authors recommend starting with i.v.
ceftriaxone (2 g once a day) or i.v. penicillin G (2–4 million
units every four hours) for 2 to 4 weeks followed by peroral
trimethoprim-sulfamethoxazole (960mg twice daily) for one
year. An alternative to trimethoprim-sulfamethoxazole is
represented by doxycycline (100mg twice daily p.o.) plus
hydroxychloroquine (200mg three times daily p.o.) for one
year [3].

A large prospective trial (with 40 Central European
patients from 2004 to 2008) compared the efficacy of cef-
triaxone to meropenem for two weeks followed by oral
trimethoprim-sulfamethoxazole for one year to prevent cen-
tral nervous system manifestations. This study demonstrated
very good response rates in both groups [56]. Recently,
ceftriaxone followed by three months of trimethoprim-
sulfamethoxazole was as efficacious as ceftriaxone followed
by one-year trimethoprim-sulfamethoxazole in the treatment
of Whipple’s disease [57]. Human recombinant interferon
gamma was successfully tried in a case of central nervous
system involvement and refractory disease [58, 59].

9. Prognosis

When recognised properly and on time, Whipple’s disease
can usually be fully cured with long-term antibiotic therapy
or long-lasting remission can be achieved. Extraintestinal
symptoms often disappear within a few days, and gastroin-
testinal symptoms and malnutrition are resolved within two
to three months. Neurologic manifestations of Whipple’s
disease have the most serious consequences with a decreased
chance of full recovery. Patients with Whipple’s disease do
not appear to be prone to opportunistic infections or to
malignancy.
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Table 1: Characteristics of five patients with Whipple’s disease diagnosed in the period 1994–2013.

Patient Gender Age at the diagnosis
(time to diagnosis) Clinical symptoms Treatment Outcome∗

# 1 Male 49 years
(3 years)

Weight loss (20 kg);
microcytic anaemia;

metabolic bone disease

i.v. penicillin G + i.v. gentamicin for two
weeks;

p.o. doxycycline
(100mg per day) +
p.o. salazopyrine
(3 g per day)
for 1 year

Full remission

# 2 Male 53 years
(12 months)

Weight loss (11 kg);
diarrhoea;

microcytic anaemia;
headache;
dyspnoea;

orthostatic hypotension;
skin rash

i.v. amoxicillin-clavulanic acid + i.v.
gentamicin for two weeks;

p.o. doxycycline
(100mg per day) +
p.o. salazopyrine
(3 g per day)
for 1 year

Full remission

# 3 Male 44 years
(6 months)

Weight loss (18 kg);
diarrhoea;

severe malabsorption;
severe kwashiorkor-type

malnutrition;
metabolic bone disease

i.v. amoxicillin-clavulanic acid + i.v.
gentamicin for two weeks;

p.o. doxycycline
(100mg per day) +
p.o. salazopyrine
(3 g per day)
for 1 year

Full remission

# 4 Female 58 years
(6 months)

Arthralgias;
weight loss (10.5 kg);

diarrhoea;
malnutrition;

microcytic anaemia

i.v. amoxicillin-clavulanic acid + i.v.
gentamicin for two weeks;

p.o. doxycycline
(100mg per day) +
p.o. salazopyrine
(3 g per day)
for 1 year

Full remission

# 5 Female 24 years∗∗
(12 months)

Arthralgias;
peripheral and abdominal

lymph nodes;
muscle weakness;

fatigue

i.v. penicillin G + i.v. gentamicin for two
weeks;

p.o. doxycycline
(100mg per day) +
p.o. salazopyrine
(3 g per day)
for 1 year

Full remission

Notes.∗Clinical, endoscopic, and laboratory outcome after one year of treatment.
∗∗Patient no. 5: a 59-year-old female was referred to our University Department because of the second relapse ofWhipple’s disease after 18 years (the first onset
at 24 and the first relapse at 41 years).

In general, prematurely ended treatment is associated
with a 40% risk of relapse of the disease. Relapsing disease
usually respondsworse to the new series of therapy.Untreated
Whipple’s disease is ultimately fatal.

10. Our Own Experience

We recorded five cases of Whipple’s disease in the period
1994–2013 at our Department, a single tertiary centre, where
7-8 thousand of GI endoscopies are performed per year. All
patients were Central European Caucasians. Four persons
were newly diagnosed, and one subject (patient number 5)
was referred to ourDepartment because of the second relapse
of disease (35 years after the first onset); see Table 1 for
details. Nobody was presented with neurological symptoms.
All patients had a characteristic endoscopic pattern of the
small intestinal mucosa and typical histopathology findings

(see Figures 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
and 18).The outcome was excellent. All patients achieved full
clinical, laboratory, and endoscopic remission after one year
of treatment with doxycycline and salazopyrine. Remarkable
increase of body weight was achieved in all our five patients
(a gain from 10 kg up to 53 kg within one year). One patient
improved his metabolic bone disease substantially within a
one-year period (a bonemass gain by 19%). Two subjects were
subsequently lost from our follow-up.

11. Discussion

Whipple’s disease has been recognised as a bacterial disease.
The first noncontroversial identification of the organism that
causesWhipple’s disease was provided byWilson et al. in 1991
[60] and was based on partial 16S rRNA gene amplification
and sequencing from a single patient.The causative agent was
established successfully in vitro in 1999 [6].
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Figure 16: Accumulation of large lipid droplets (asterisk) in the
lamina propria of intestinal villi. Semi-thin resin section, scale =
0.1mm. Courtesy of Ladislav Kubeš, MD, PhD. Reproduced with
permission from Bureš and Rejchrt [42].

Figure 17: Groups ofmicrobes (arrow) and characteristic lysosomes
(asterisk) present in an intestinal histiocyte in Whipple’s disease.
Electron micrograph, scale = 2 𝜇m. Courtesy of Professor Josef
Špaček, MD, DSc. Reproduced with permission from Bureš and
Rejchrt [42].

Figure 18: Whipple’s disease: partial disappearance of PAS positive
macrophages from the lamina propria mucosae following the ther-
apy. PAS staining. Courtesy of Jan Nožička, MD, PhD. Reproduced
with permission from Bureš and Rejchrt [42].

Whipple’s disease is a rare disease. We have recorded
only five cases at our tertiary gastroenterology centre within
a 20-year period (no new case during the last 8 years).
Patients were presented mostly with weight loss, diarrhoea,
microcytic anaemia, and arthralgias. We decided on i.v.
penicillin G or amoxicillin-clavulanic acid + i.v. gentamicin
for two weeks, followed by p.o. doxycycline (100mg per day)
plus p.o. salazopyrine (3 g per day) for 1 year. Full remission
was achieved in all our patients. We do not recommend
streptomycin because of the significant risk of serious side
effects of this treatment. We consider salazopyrine a suitable
alternative to trimethoprim-sulfamethoxazole. The suscepti-
bility of bacteria to trimethoprim-sulfamethoxazole is due
to sulfamethoxazole alone [61]. None of our patients were
presented with neurologic symptoms.

12. Conclusions

Whipple’s disease is chronic infectious systemic disease
caused by the bacterium Tropheryma whipplei. Nondeform-
ing arthritis is frequently an initial complaint. Gastrointesti-
nal and general symptoms include marked diarrhoea (with
serious malabsorption), abdominal pain, prominent weight
loss, and low-grade fever. Possible neurologic symptoms
(up to 20%) might be associated with worse prognosis.
Diagnosis is based on the clinical picture and small intestinal
histology revealing foamy macrophages containing periodic-
acid-Schiff- (PAS-) positive material. Long-term (up to one
year) antibiotic therapy provides a favourable outcome in the
vast majority of cases.
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no. 5, pp. 213–216, 2007 (Czech).

[29] E. D. Louis, T. Lynch, P. Kaufmann, S. Fahn, and J. Odel,
“Diagnostic guidelines in central nervous system Whipple’s
disease,” Annals of Neurology, vol. 40, no. 4, pp. 561–568, 1996.

[30] S. M. Love, L. Morrison, C. Appleby, and P. Modi, “Tropheryma
whipplei endocarditis without gastrointestinal involvement,”
Interactive Cardiovascular and Thoracic Surgery, vol. 15, no. 1,
pp. 161–163, 2012.

[31] T. Marth, “New insights into Whipple’s disease—a rare intesti-
nal inflammatory disorder,”Digestive Diseases, vol. 27, no. 4, pp.
494–501, 2009.

[32] H. Riemer, R. Hainz, C. Stain et al., “Severe pulmonary
hypertension reversed by antibiotics in a patient withWhipple’s
disease,”Thorax, vol. 52, no. 11, pp. 1014–1015, 1997.
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The aim of this overview article is to present the current possibilities of radionuclide scintigraphic small intestine imaging. Nuclear
medicine has a few methods—scintigraphy with red blood cells labelled by means of 99mTc for detection of the source of bleeding
in the small intestine, Meckel’s diverticulum scintigraphy for detection of the ectopic gastric mucosa, radionuclide somatostatin
receptor imaging for carcinoid, and radionuclide inflammation imaging. Video capsule or deep enteroscopy is themethod of choice
for detection of most lesions in the small intestine. Small intestine scintigraphies are only a complementary imaging method and
can be successful, for example, for the detection of the bleeding site in the small intestine, ectopic gastric mucosa, carcinoid and its
metastasis, or inflammation. Radionuclide scintigraphic small intestine imaging is an effective imaging modality in the localisation
of small intestine lesions for patients in whom other diagnostic tests have failed to locate any lesions or are not available.

1. Introduction

The aim of this paper is to present current possibilities of
radionuclide scintigraphic small intestine imaging. Nuclear
medicine has a few methods—scintigraphy with red blood
cells (RBCs) labelled by means of 99mTc for detection of the
source of bleeding in the small intestine, Meckel’s diverticu-
lum scintigraphy for detection of the ectopic gastric mucosa,
somatostatin receptor scintigraphy for carcinoid imag-
ing, and radionuclide inflammation imaging. Radionuclide
scintigraphic small intestine imaging is an effective imaging
modality in the localisation of small intestine lesions for
patients in whom other diagnostic tests have failed to locate
any lesions or are not available. To improve sensitivity,
specificity, and location of the area of increased radio-
activity abdomen SPECT/CT and PET/CT are recom-
mended. The hybrid SPECT/CT (single-photon emission
computed tomography/computed tomography) and PET/CT
(positron emission tomography/computed tomography) of
the abdomen allow true three-dimensional (3D) image

acquisition and display, while at the same time improving
the imaging interpretation and accuracy of scintigraphy.
Reconstruction of cross-sectional slices uses filtered back or
iterative projection.

2. Scintigraphy with Radiolabeled
Red Blood Cells

Effective and prompt therapy for acute gastrointestinal (GI)
bleeding depends on accurate localisation of the site of
haemorrhage. Anamnesis and clinical examination can often
distinguish upper and lower GI bleeding. Upper GI tract and
colon haemorrhage can be confirmed and localised using
conventional endoscopy (gastroscopy, push-enteroscopy, and
colonoscopy), which is the method of choice. Small intestine
bleeding is more problematic and conventional endoscopy
has limited value in the small intestine. Innovative but costly
small intestine endoscopy methods, capsule enteroscopy,
and deep enteroscopy [1, 2] are not readily available in all
hospitals. Deep enteroscopy can be defined as the use of
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Figure 1: 18-year-old woman with enterorrhagia. 99mTc-RBC scin-
tigraphy, anterior view, 15 minutes after intravenous injection of the
radiotracer. Bleeding from the ileosigmoidanastomosis six days after
hemicolectomy for Crohn’s disease (arrow head).

an enteroscope to examine the small bowel distal to the liga-
ment of Treitz or proximal to the distal ileum.The term deep
enteroscopy includes double-balloon, single-balloon, and
spiral enteroscopy [3].

Scintigraphy with red blood cells (RBCs) labelled by
means of 99mTc (T 1/2 6 hours) can help to detect the source
of GI bleeding in the small intestine in patients with timely
anamnesis of bleeding in the lowerGI tract from an uncertain
source (obscure-overt bleeding), melaena and/or haema-
tochezia and improves disease management. Scintigraphy
withRBCs can identify the site of bleeding at the rate of 0.1mL
per minute or more [4]. Only 2 to 3mL of extravasated blood
is necessary for detection.This compares favourably with the
ability of contrast angiography to detect bleeding rates of
about 1mL/min or greater [5].

In vivo or in vitro radionuclide labelling of RBCs can be
used. In vivomethod—stannous chloride (10–20 𝜇g/kg) from
a commercial pyrophosphate kit is injected intravenously.
Tin (2+) breaks through the red blood cell membrane and
attaches itself to the beta chain haemoglobin to be ready to act
as a reducing agent when 99mTc-pertechnetate disodium gets
into the cell. After 15–30 minutes 99mTc-pertechnetate dis-
odium in saline solution 0.9% is injected intravenously. The
pertechnetate diffuses across the RBCsmembrane, where it is
reduced by the stannous ions administered previously. In
vitro method—blood is first taken from the patient and
added to a vial containing stannous chloride. The stannous
ion diffuses across the RBC membrane and binds to the
haemoglobin. Radioactive labelling is then accomplished by
adding 99mTc-pertechnetate, which crosses the RBC mem-
brane and is reduced by stannous ion in the cell. After this the
labelledRBCs are reinjected.The in vitromethod is preferable
because of its superior labelling efficiency, yet on the contrary
the in vivo method is simple [6].

Figure 2: 52-year-old man with enterorrhagia. 99mTc-RBC scintig-
raphy, anterior view, 15 minutes after intravenous injection of the
radiotracer. Bleeding at the site of an A-V malformation in the
proximal jejunum (arrow head).

Extravasated radiolabeled RBCs within the small intes-
tine are identified as an area of activity that increases in inten-
sity with time, and/or as a focus of activity thatmoves in a pat-
tern corresponding to the lumen of the small intestine (Fig-
ures 1 and 2). Small intestine bleeding can usually be distin-
guished from colonic bleeding by its rapid serpiginousmove-
ment. Steady scintigraphic activity should not be diagnosed
as an active bleeding site and usually results from a fixed
vascular structure (e.g., haemangioma, accessory spleen, and
ectopic kidney) [7].

In the next part of this chapter we would like to present
a few sentences about our experience with the detection of
the source of bleeding in the small intestine by means of
scintigraphy with in vivo labelled red blood cells (RBCs)
in the period of 1998–2012. A fifteen-year prospective study
was comprised of 44 patients (27 men, 17 women, aged 12–
91, mean 56 years of age) who had gastrointestinal bleeding
(obscure-overt bleeding) and underwent scintigraphywith in
vivo tagged autological RBCs by means of 99mTc. Scintigra-
phy was usually performed after other diagnostic tests had
failed to locate the bleeding. A total of 28 patients had a posi-
tive scintigraphy with in vivo labelled RBCs and 16 patients
had negative scintigraphy. The final diagnosis was con-
firmed in 22 out of 28 patients with positive scintigra-
phy by push-enteroscopy (7/22), intraoperative enteroscopy
(7/22), surgery (4/22), duodenoscopy (1/22), double-balloon
enteroscopy (1/22), andX-ray angiography (2/22).The correct
location of the bleeding site was identified by RBC scintigra-
phy in 17 out of 22 (77%) patients with the confirmed source.
RBC scintigraphy is an effective imaging modality in localis-
ing lower GI bleeding in patients for whom other diagnostic
tests have failed to locate the bleeding. RBC scintigraphy
can be successful in the detection of bleeding sites in
the small intestine.
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3. Meckel’s Diverticulum Scintigraphy

In 1809, the German anatomist Johann Friedrich Meckel
Jr. described a “diverticulum” as persistence of the intra-
abdominal portion of the vitelline duct, arising from the
antimesenteric border of the ileum [8, 9]. Meckel’s diverticu-
lum is a true diverticulum containing all layers of the normal
intestine wall [10]. The diverticulum arises from persistent
ductus omphaloentericus. Meckel’s diverticulum is one of the
most common congenital anomalies of the gastrointestinal
tract [5]. The diverticulum ranges in size from 1 to 11 cm
and is located 40–130 cm from the ileocecal valve. It is found
approximately 2% of the population [11]. Most commonly,
Meckel’s diverticulum is asymptomatic, discovered inciden-
tally during surgery [12]. Part of the diverticulum contains
ectopic gastric mucosa. Gastric mucosal secretions can cause
peptic ulceration, resulting in pain, bleeding, and perforation.
About 60% of patients with complications of Meckel’s diver-
ticulum are under the age of 2. Bleeding fromMeckel’s diver-
ticulum after the age of 40 is unusual. Bleeding accounts for
most cases. Invagination, intussusception, strangulation by
fibrous band, diverticulitis, and perforation are other com-
plications.

The indication for Meckel’s diverticulum scintigraphy is
to localise ectopic gastric mucosa in a Meckel’s diverticulum
as the source of unexplained gastrointestinal bleeding. 99mTc-
pertechnetate disodium is used for imaging gastric mucosa
and the uptake is localised to the mucin cell.

Positive Meckel’s diverticulum scintigraphy should have
the following subsequent interpretation criteria: (1) radioac-
tivity in ectopic gastric mucosa should appear at the same
time as activity in the normal gastric mucosa; (2) a Meckel’s
diverticulum may appear anywhere within the abdomen,
although it is typically seen in the right lower quadrant
(Figure 3) [5, 13].

The sensitivity and specificity of Meckel’s diverticulum
scintigraphy can be improved by pentagastrin, glucagon, and
H
2
blocker. Pentagastrin increases the metabolism of mucus-

producing cells, and glucagon inhibits peristaltic dilution and
washout of the radionuclide. The pentagastrin test is not
commonly used because of the risk of inducing a peptic ulcer
in the diverticulum.H

2
blocker decreases peptic secretion but

not radionuclide uptake, retarding the release of 99mTc-per-
technetate from the mucoid cells to the diverticulum lumen
[14, 15].

In the next part of this chapter we would like to present
our experiences with detection of ectopic gastric mucosa by
means of Meckel’s diverticulum scintigraphy in patients with
lower gastrointestinal bleeding. A total of 139 patients—36
adults (26males, 10 females, aged 18–78,mean 25 years of age)
and 103 children (56 boys, 47 girls, aged 1–17, mean 8 years
of age) underwent Meckel’s diverticulum scintigraphy for
melaena or hematochezia in the period 1994–2012. Scintig-
raphy was usually performed after other diagnostic tests had
failed to locate the bleeding. Six patients (three boys, one girl,
and two young men) had positive scintigraphy. All patients
underwent surgery and Meckel’s diverticulum with ectopic
gastric mucosa (by histology) was proven. Meckel’s divertic-
ulum scintigraphy can help to detect ectopic gastric mucosa

Figure 3: 24-year-old man with enterorrhagia. Meckel’s diver-
ticulum scintigraphy, anterior view, 20 minutes after intravenous
injection of 99mTc-pertechnetate disodium. Radiotracer uptake in
the ectopic gastric mucosa in the left hypogastrium (arrow head).

in the abdomen and improve management of patients with
lower gastrointestinal bleeding.

4. Somatostatin Receptor Imaging

For somatostatin tumour receptor (SSTR) imaging of the car-
cinoid and its metastases scintigraphy with somatostatin ana-
logue pentetreotid radiolabelled by means of 11In (T 1/2 2.8
days) or 99mTc-HYNIC-Tyr3-octreotide can be used. Whole
body scintigraphy and abdomen SPECT or SPECT/CT
are performed (Figure 4). Another possibility for carcinoid
molecular imaging is using whole-body PET/CT (positron
emission tomography/computed tomography) with somato-
statin analogues as 68Ga-DOTA-NOC (T 1/2 70 minutes;
68Ga-DOTA-1-NaI3-octreotide) or 18F-DOPA (T 1/2 109min-
utes; fluoro-3,4-dihydroxyphenylalanine) [7, 16–18]. Hybrid
SPECT/CT or PET/CT allows for three-dimensional (3D)
image acquisition and display as well as improved image
interpretation.

5. Radionuclide Inflammation Imaging

In a patient with fever of unknown origin radionuclide
inflammation imaging can be used when other diagnostic
tests have failed to locate anything or are not available.
Nuclear medicine has a few radiopharmaceuticals for inflam-
mation imaging, namely, patient leukocytes (Figures 5 and
6) in vitro labelled by 99mTc-hexamethylpropylene amine
(HMPAO) or in vivo 99mTc-labeled antigranulocyte mono-
clonal antibodies (MoAb). This monoclonal antibody sule-
somab is directed against a specific granulocyte cell-surface
antigen, which is to be found on the surface of granulocytes
(Figures 7 and 8).
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(a) (b)

Figure 4: 56-year-old woman after ileum resection for carcinoid 15 months ago. Somatostatin receptor imaging with 111In-pentetreotide,
abdomen CT, SPECT and SPECT/CT, transversal slices. Metastasis of carcinoid in the preaortal lymph node (arrow head).

Figure 5: 53-year-old womanwith fever of unknown origin without
abdomen pain. Whole body inflammation imaging with patient
leukocytes labelled by means of 99mTc-HMPAO, anterior view.
Massive leukocyte uptake in the whole small intestine—m. Crohn.

Another possibility for inflammation imaging is 67Ga-
citrate scintigraphy which still plays an important role in
detection and posttreatment evaluation of inflammation.
After injection to a peripheral vein, 67Ga is bound to the
transporting protein transferrin. 67Ga is concentrated at the
site of inflammation by binding to lactoferrin since 67Ga has a
higher affinity for lactoferrin from leukocytes than for trans-
ferrin.

Themethod for imaging of glucosemetabolism in inflam-
mation is positron emission tomography (PET) or hybrid
PET/CT. PET with 18F-FDG (fluorodeoxyglucose) is useful

Figure 6: The same patient, abdomen SPECT, coronal slices. Mas-
sive leukocyte uptake in the whole small intestine—m. Crohn.

for inflammation imaging especially in a patient with fever of
unknown origin. 18F is a positron emitter (half-time 109min-
utes).Mechanismof uptake of 18F-FDG in inflammation: 18F-
FDG is phosphorylated in activated leukocytes at the inflam-
mation site by hexokinase to deoxyglucose-6-phosphate,
which is not metabolised further and cannot diffuse from
leukocytes. A characteristic of inflammation is enhanced glu-
cose metabolism and uptake of 18F-FDG. Localisation of 18F-
FDG at the small intestine inflammation site occurs over the
course of a fewminutes. By 35 minutes after injection, 95% of
peak uptake is achieved [7, 19, 20].

6. Discussion

Video capsule or deep enteroscopy is themethod of choice for
detection of most lesions in the small intestine. Small intes-
tine radionuclide imaging is only a complementary imaging
methods and can be successful, for example, for the detection
of the bleeding site in the small intestine, ectopic gastric
mucosa, or primary carcinoid and itsmetastasis, and so forth,
for patients in whom other diagnostic tests have failed to
locate anything or are not available. Diehl et al. [21] evaluated
the clinical use of RBC scintigraphy in patients with acute
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Figure 7: 57-year-old woman with fever of unknown origin without
abdomen pain. Whole body inflammation imaging with 99mTc-
labeled antigranulocyte monoclonal antibodies sulesomab, anterior
view.Thegranulocytes uptake in the ileum—m.Crohn (arrowhead).
Normal uptake of the radiotracer in bone marrow.

lower GI bleeding and negative endoscopy and multislice
computed tomography (MSCT). In 31 patients with acute
lower GI bleeding in whom the endoscopy findings were
negative or the procedure was not feasible, dual-phaseMSCT
of the abdomen was performed. MSCT was followed by RBC
scintigraphy for patients in whom no active bleeding was
visible using MSCT. In 20 out of 31 patients MSCT showed
no active bleeding and RBC scintigraphy was performed. In
8 of these 20 patients RBC scintigraphy was also negative.
In 12 of the 20 patients active bleeding was demonstrated
using RBC scintigraphy. Eight of the 12 patients with positive
RBC scintigraphy findings underwent surgery, where the site
of bleeding was confirmed. Schillaci et al. [22] presented 27
patients with acute lower GI bleeding who were studied with
dynamic and planar 99mTc-RBC scintigraphy. In 19 patients
with positive scan an abdomen SPECT/CT was performed.
In 7 patients SPECT/CT had a significant impact on scinti-
graphic results and in 6 patients it precisely localised the
bleeding foci. Poulsen and Qvist [23] retrospectively evalu-
ated a total of 55 Meckel’s diverticulum scintigraphies in 53
patients in comparison with the results of surgery and other
diagnostic procedures. Four children had positive scintigra-
phy. Three patients underwent a laparotomy and Meckel’s
diverticulumwas found. Rampin et al. [24] evaluated the use-
fulness of Meckel’s diverticulum scintigraphy in 28 patients
(11 females, 17 males). Scintigraphy was positive in 10 cases
and the presence of ectopic gastric mucosa was confirmed by
histology. Mittal et al. [25] conducted a retrospective analysis
of scintigraphic data of 107 paediatric patients with a sus-
picion of Meckel’s diverticulum. Twenty-one cases from the
107 were positive for functioning gastric tissue indicating
Meckel’s diverticulum. Two patients were lost to followup
and hence surgery could not be performed. The remaining

Figure 8: The same patient, abdomen SPECT/CT, transversal slice.
Granulocyte uptake in the ileum—m. Crohn (arrow head). Normal
uptake of the radiotracer in bone marrow.

19 cases were subjected to surgical intervention and 16 were
found to be positive for Meckel’s diverticulum. Scintigraphy
was true positive for ectopic gastric mucosa in 84%. An inter-
esting case report of an adolescent male patient with rectal
bleeding and suspected Meckel’s diverticulum where the use
of SPECT/CT fusion imaging provided valuable diagnostic
information and prevented a false-negative study was pre-
sented by Dillman et al. [26].

7. Conclusion

Radionuclide small intestine imaging is an effective imaging
modality in the localisation of the small intestine lesions for
patients in whom other diagnostic tests have failed to locate
anything or are not available.
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A small subset of coeliac disease (CD) patients experiences persisting or recurring symptoms despite strict adherence to a gluten-
free diet (GFD). When other causes of villous atrophy have been excluded, these patients are referred to as refractory celiac
disease (RCD) patients. RCD can be divided in two types based on the absence (type I) or presence (type II) of an, usually clonal,
intraepithelial lymphocyte population with aberrant phenotype. RCDI usually runs a benign course and may be difficult to be
differentiated from uncomplicated, slow responding CD. In contrast, RCDII can be defined as low-grade intraepithelial lymphoma
and frequently transforms into an aggressive enteropathy associated T-cell lymphoma with dismal prognosis. This paper describes
the clinical characteristics of RCDI and RCDII, diagnostic approach, and the latest insights in treatment options.

1. Introduction

Coeliac disease (CD) is a chronic enteropathy that occurs
in genetically predisposed individuals in response to gluten
ingestion and results in small intestinal villous atrophy that
causes malabsorption in most cases [1]. Diagnosis relies
on the demonstration of villous atrophy with an increased
intraepithelial cell count in duodenal biopsies and is sup-
ported by the detection of serum IgA autoantibodies against
transglutaminase (TGA) and endomysium (EMA). The only
accepted treatment for CD is a life-long gluten-free diet
(GFD), which interrupts the immune response triggered by
gluten. Most patients report clinical improvement within
weeks to months [1]. In a significant proportion of patients
mucosal recovery lags behind and may last until 2 years after
the instigation of a gluten-free diet [2–5]. The relevance of
these findings is as yet unclear, but there are indications
that these patients, despite symptom relief, suffer more often
from osteoporosis and may be at increased risk to develop
complicated forms of CD [5]. A small minority of patients
does not show clinical improvement upon a GFD. The most
common cause is inadvertent gluten contamination [3] or
a (concomitant) small intestinal bowel disorder resembling
CD. Patients are diagnosed with refractory celiac disease

(RCD) when symptoms persist despite strict adherence to a
GFD for over 12 months and other causes of villous atrophy
have been excluded.This rare condition can occur in patients
with persisting symptoms after initial diagnosis (primary
resistance) or as recurring symptoms after initial response
(secondary resistance), which can occur after years or even
decades. RCD is divided in two types based on the absence
(type I) or presence (type II) of an abnormal intraepithelial
lymphocyte population referred to as aberrant lymphocytes
[6]. These two groups are fundamentally different since RCD
II, in contrast to RCD I, is considered as low-grade lymphoma
that may evolve into aggressive enteropathy associated T-cell
lymphoma in type II RCDwith poor prognosis [7].This paper
describes the characteristics of RCDI and RCDII patients,
diagnostic approach, and the latest insights in treatment
options.

2. Epidemiology

RCD is mostly diagnosed around the age of 50 or thereafter
but younger cases may be observed [2, 8]. Consistent with
the predominance of CD in adult females, RCD occurs two to
three timesmore often inwomen than inmen [7, 9].The exact
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incidence of RCDI and RCDII remains unknown, but both
conditions appear to be rare. Different diagnostic criteria and
differences in work up of RCD patients in referral centres
make a valid comparison of these small subsets of patients
difficult. One article reported that from a group of 713 CD
patients only 5 patients (0.7%)were diagnosedwith ulcerative
jejunitis and thus presumably RCDII [10]. However, basing
the diagnosis on aspects of ulcerative jejunitis might not
reflect the true incidence of RCDII. A second study from a
North American referral centre found an incidence of 1.5%
for both RCDI and RCD II, the majority being RCD type I
patients [11]. We have recently studied the prevalence of RCD
I and II in the Netherlands and found 14 cases of RCDI and
20 of RCD II over a 6-year period, resulting in a cumulative
incidence of 0.04 (unpublished data).

3. Clinical Presentation

RCD patients may experience persisting symptoms (primary
resistance) after diagnosis of CD and strict adherence to
GFD for 12 months and this occurs almost exclusively
in patients diagnosed with CD above the age of 50. In
about 50% of patients, however, patients have developed
recurring symptoms despite initial response to a GFD (sec-
ondary resistance) [12]. The most common symptoms in
RCD include persistent diarrhoea, abdominal pain, and
involuntary weight loss [13]. Moreover, fatigue, malaise,
anaemia, hypoalbuminemia, vitamin deficiencies, and coex-
isting autoimmune disorders are frequently seen [13, 14]. The
diagnosis RCDII becomes more likely when severe malnutri-
tion, protein losing enteropathy, and ulcerative jejunitis are
present [9].

Symptoms are notably less severe in RCDI, and endo-
scopic and histologic features are similar to those found
in uncomplicated active CD. The diagnosis of RCDI may
therefore be difficult and the distinction between a slow
response to a GFD, inadvertent gluten ingestion, and RCD
may be very difficult since there are no distinguishing criteria.
In comparison with RCDII, malnutrition is usually less
severe although there are exceptions. Ulcerative jejunitis is
less frequently observed, and, when present, ulcerations are
smaller and more limited in number when compared to
RCDII [9].

4. Diagnostic Approach

4.1. Dietary Adherence and Initial CD Diagnosis. In the situa-
tion of nonresponsiveness to aGFDdietary adherence should
be meticulously evaluated. Monitoring levels of TGA and/or
EMA are generally suitable for this purpose; however, low
levels of circulating autoantibodies do not necessarily exclude
the diagnosis RCD since they may persist in the context
of an ongoing autoinflammatory reaction that has become
gluten independent [9]. In addition, all patients should be
referred to a skilled dietitianwith extensive experience in CD.
When inadvertent gluten ingestion is reasonably excluded,
the initial CD diagnosis should be re-evaluated. Absence
of the CD-related genotypes (HLA-DQ2.5 or HLA-DQ8)

[15] and/or absence of autoantibodies at time of initial CD
diagnosis are highly suggestive of misdiagnosis [2].

4.2. Upper Gastrointestinal Endoscopy and Histological Eval-
uation. Endoscopic assessment should include upper gas-
trointestinal endoscopy with extensive duodenal biopsies.
Endoscopic features of RCD may be similar to those found
in active uncomplicated CD [2] (see Figure 1). The finding
of mucosal ulcerations in the jejunum is indicative of ulcer-
ative jejunitis and supports the diagnosis RCD II [9, 16,
17].

When follow-up endoscopy reveals persisting villous
atrophy, histological evaluation should focus on identifying
other causes of villous atrophy such as Giardiasis, immunod-
eficiencies, collagenous sprue,Whipple’s disease, and autoim-
mune enteropathy [18]. When these are excluded, the patient
is diagnosed with RCD. Detailed analysis of biopsy samples
using immunohistochemistry, flow cytometric analysis, and
analysis of T-cell receptor rearrangement is mandatory to
further categorise these patients.

4.3. Identification of Aberrant Intraepithelial Lymphocytes.
Under physiological circumstances, the small intestine con-
tains intraepithelial lymphocytes (IELs) interspersed between
the epithelial cells. These cells markedly increase in number
in uncomplicated CD as well as in RCD type I. They have
a normal T-cell phenotype, characterized by the cell surface
expression of CD3+CD8+ with a polyclonal T-cell repertoire.
The majority of these cells carry the 𝛼𝛽 T-cell receptor,
although up to 15% of IELs carry the 𝛾𝛿 T-cell receptor,
a number that may increase to 40% in active CD [19].
Under physiological circumstances a small proportion of
IELs consists of cells lacking surface CD3 and generally CD8
but expressing intracellular CD3 (iCD3). Such cells typically
constitute <10% of IELs, but in RCD II a massive expansion
of these cells is found, in some cases to be more than 90%
of the IEL compartment [20]. A cutoff of >20% of aberrant
cells is indicative for RCD II and may be used to separate this
disease entity from RCD I and other forms of villous atrophy
[21]. This is of relevance since RCD II can be considered as
a low-grade lymphoma that is able to evolve to an aggressive
enteropathy-associated T-cell lymphoma (EATL) (see later).
The latter carries a dismal prognosis, and early identification
of the premalignant aberrant cells provides a window of
opportunity to prevent these cells to evolve into an overt
lymphoma.

Such aberrant cells can be identified by conventional
immunohistochemical analysis and by flow cytometry.
Immunohistochemical analysis is an easy applicable tech-
nique but is unable to distinguish surface expression from
iCD3. The distinguishing feature relates to the fact that in
uncomplicated CD and RCDI the majority of CD3+ IELs
are also CD8 positive, while in RCDII patients most of
iCD3+ IELs are CD8 negative [20]. Thus by subtracting the
CD8−CD3+ cells from the total amount of CD3-positive
cells, the number of aberrant cells can be estimated. This
easy applicable technique, however, lacks sensitivity and
specificity [22]. A major pitfall relates to the high number of
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Figure 1: Endoscopic (a) and histologic (b) features found in RCD. Endoscopic abnormalities found in RCD include scalloped configuration
of folds and fissuring with a mosaic pattern (a). Biopsies processed for histology show villous atrophy, crypt hyperplasia and increased
infiltration of lymphoid cells in the epithelium (b).

CD8− gamma-delta (𝛾𝛿) T cells in active celiac disease giving
rise to false-positive results.

Flow cytometric analysis, contrary to immunohistochem-
istry, is able to differentiate cytoplasmatic frommembranous
CD3 expression (see Figure 2). In addition, this technique is
able to identify other relevant cell populations such as 𝛾𝛿 T
cells or other “aberrant” IEL with preserved CD8 expression.
This technique has been clinically validated and shown to
be superior to T-cell receptor (TCR) clonality analysis in
identifying patients at risk to develop an EATL [22].

It has been postulated that RCD type II constitutes a low-
grade lymphoma and that the expansion of aberrant cells
occurs as the consequence of clonal expansion of such cells.
Consequently identification of a monoclonal pattern upon
TCR rearrangements analysismay contribute to the diagnosis
of RCD II, and indeed it has been suggested that to ascertain
the diagnosis of RCDII requires the demonstration of a clonal
rearrangement of the TCR [19]. In the study by Malamut et
al. it was found that 97% of patients characterized as RCD II
based on the presence of increased numbers of aberrant cells
above 50% by immunohistochemistry displayed clonality of
the TCR𝛾 chain versus 0% of RCD I patients [9]. In our
experience, however, clonality analysis lacks sensitivity and
specificity and is of limited value to separate RCD type I from
type II [23].

4.4. Imaging Techniques. Abdominal CT scan can be useful in
the diagnostic process of RCD.Mesenteric lymphadenopathy,
bowel-wall thickening, and spleen atrophy are more com-
monly detected in patients with RCDII and EATL com-
pared to RCDI or uncomplicated CD [24]. Other diagnostic
tools which might be helpful in the diagnostic work-up of
RCD patients include videocapsule enteroscopy (VCE), MR
enteroclysis, and double balloon enteroscopy (DBE) which
all allow visualization of intestinal lesions. VCE is useful
in determining the extent of lesions and is less invasive
than other endoscopic techniques [16, 25]. Comparison of
VCE with MR enteroclysis indicates that both modalities
are complementary in diagnostic accuracy in the analysis

of small-bowel disease [26]. However, VCE appears of low
diagnostic yield in RCDI [27]. In addition, it should be kept in
mind that VCE has an inherent risk of retention, in particular
in ulcerative jejunitis where stenoses are common. DBE can
efficiently detect or exclude suspected lesions beyond the
reach of the standard endoscopy, especially when suggested
by other imaging modalities such as abdominal CT scan [17].
For identifying suspicious lesions for EATL or assessment of
probable ulcerative jejunitis DBE is superior as compared to
other imaging techniques [14]. Finally, PET scan is useful
to eliminate an invasive lymphoma. See Figure 3 for an
algorithm for the diagnostic approach of RCD.

5. Pathogenesis

5.1. Predisposing Factors. The question as to why a small
minority of CD patients develops RCD remains to be deter-
mined. In addition, it is unknown whether this can be
pinpointed to any of the known genetic risk factors for CD.
Among the 39 genetic risk factors that have been identified in
CD, themajor histocompatibility complex (MHC) alleles har-
bour the strongest genetic association [28]. Approximately
95% of CD patients express genes encoding the MHC class
II protein HLA-DQ2.5 versus 30% of the control population,
and the majority of the remaining patients are HLA-DQ8
positive [29]. By presenting gluten peptides to immune cells,
the HLA molecules are key players in driving the gluten-
specific immune response in CD. The observation that RCD
type II and EATL show a strong association with HLA-
DQ2 homozygosity suggests that the strength of the gluten-
specific T-cell response in the intestinal epithelium influences
RCDII and EATL development [30]. Consequently, this
indirectly suggests that adherence to a GFD, especially in
DQ2.5 homozygous or DQ2.5/DQ8 compound heterozy-
gotes patients,might affect the risk of developing RCDand/or
EATL [31]. However, it should be noted that this is speculative
and in a recent Swedish study the association between poor
compliance and an increased risk of EATL could not be found
[32].
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Figure 2: Flow cytometric analysis to identify aberrant and normal IELs. Cells with a strongCD45 expression and low to intermediate forward
and sideward scatter were selected (a), after which IELs expressing intracellular CD3 expression were used for further studies (b). Ab IEL:
aberrant IEL population (sCD3-cytCD3+): NL IEL: normal IEL population (sCD3 + cytCD3+).

So far it is unknown whether any of the other identified
genetic risk factors for CD is involved in the susceptibility to
RCD or EATL but preliminary findings from a genome-wide
study in European CD patients found that none of the known
celiac disease susceptibility variants showed association with
RCDII, suggesting that the RCDII phenotype is due to differ-
ent genetic factors. (van Wanrooij, personal communication
with Prof. C. Wijmenga, Groningen, the Netherlands).

5.2. Pathogenesis of RCDI. The pathogenesis of RCDI is enig-
matic; however, by definition, the intestinal immune reaction
initially induced by gluten has evolved into an autonomous
(auto)immune reaction. This also explains why most RCDI
patients improve under immunosuppressive treatments. It
should be kept in mind that the distinction between slow
responding CD and RCD type I may be difficult especially in
the case of low persisting levels of circulating autoantibodies.
In our experience a substantial number of (especially older)
patients initially suspected for RCD improved spontaneously
after longer follow-up indicating slow response rather than
refractoriness [33]. In addition, there are data to suggest that
RCD I may compromise a heterogeneous group of patients.
This is exemplified by the observation that in a subset of RCD
I patients a thickened subepithelial collagen layer is found
which is indicative for collagenous sprue (CS) [19]. Whether
or not this defines a subgroup of RCD I patients with different
immunopathogenesis remains to be determined.

There are currently limited data available on the immune
mechanisms involved in the development of RCD I. In an
attempt to shed light on this issue, we studied cell subsets
in the epithelium of RCDI patients and cytokine profile in

the peripheral circulation and found these to be similar to
uncomplicated active CD but dissimilar from RCDII patients
[34, 35].

It was recently postulated that IL-15, through impairment
of TGF-𝛽 signaling and inhibition of FoxP3+ CD4+CD25+
regulatory T-cell activity, impairs control of autoreactive
cells that consequently accumulate and ultimately sustain an
intestinal immune response that becomes independent of
gluten intake [19].Unpublished data indeed suggest that some
but not all RCDI patients have markedly increased serum
levels of IL-15.

5.3. Pathogenesis of RCDII. The hallmark of RCDII is the
expansion and accumulation of IEL with an aberrant pheno-
type [20].These cells have been characterized recently in great
detail and were found to be lineage negative cells (i.e., lacking
the cell surface markers CD3, CD14, CD19, and CD56) in
combination with intracellular CD3 that is distinct from T, B,
NK, and lymphoid tissue inducer cells.They can constitute up
to 10% of the IEL compartment of patients without CD, and
in higher frequencies in children, and are also found in the
thymus. They may represent the physiological counterpart
of aberrant cells expanded in RCDII and transformed in
RCDII-associated lymphoma [36]. Further immunopheno-
typing revealed that aberrant IELs display different stages
of maturity between RCDII patients, of which only the
patients harbouring themostmature aberrant IEL population
developed an EATL [22]. Of relevance for understanding
their role in RCD and lymphomagenesis is the observation
that these cells express a functional interleukin-15 (IL-15)
receptor. This fits in a model where massive overproduction
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- Positive TGA and/or EMA at time of initial CD diagnosis
- Presence of villous atrophy at time of initial CD diagnosis
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Nonresponsive CD

Upper gastrointestinal endoscopy
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- <20% aberrant IEL by - >20% aberrant IEL by

- <50% aberrant IEL by - >50% aberrant IEL by

Figure 3: Algorithm for diagnostic approach of RCD.
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of IL-15 by enterocytes leads to continuous activation of IELs.
Indeed there is evidence that this cytokine is upregulated in
patients with RCD II [37]. The source of this increased IL-
15 response is as yet unknown but might be related to IFN-
𝛼, which can induce the production of IL-15 during chronic
viral infection [38].There is indeed some evidence to suggest
that chronic viral infections are found in a substantial number
of patients [19]. The increased IL-15 response results in the
expression of cytotoxic proteins and stimulates production
of IFN-𝛾 andNKG2D-dependent cytotoxicity against entero-
cyte lines. MICA is one of the NKG2D ligands and is strongly
upregulated at the epithelial surface of enterocytes in RCDII
patients. In this model, RCDII IELs activated by enterocyte-
derived IL-15 exert cytotoxicity against epithelial cells and
are responsible for the severe enteropathy observed in RCDII
patients. The strong anti-apoptotic effect of IL-15 finally
might explain the accumulation and eventually expansion of
these cells despite their low in situ proliferative capacity [19].
The concept of normal cells losing apoptotic control as the
consequence of increased antiapoptotic signals is tempting
and suggests a multistep model where aberrant cells survive
due to increased production of antiapoptotic cytokines. In a
next step towards lymphomagenesis a subset of cells undergo
clonal expansion and finally when chromosomal aberrations
have occurred these cells transform towards a lymphoma.

6. Treatment

RCDI and RCDII are rare diseases, and to date, there is
no standardised therapy. The choice of treatment strategy
is mostly guided by observational studies and only small
cohorts have been described. Particularly in RCDII, severe
wasting and protein losing enteropathy are frequently seen
and total parenteral nutrition and substitution of vitamins
may be necessary.

6.1. Treatment of RCDI. Management of a RCDI patient relies
on a combination of nutritional support and immunosup-
pressive treatment. Immunosuppressive drugs suggested for
RCDI include steroids, thiopurines, and infliximab. Steroids,
either in the form of topical budesonide or as systemic
steroids, suppress clinical symptoms in RCDI, and clinical
improvement is reported in up to 90% of patients [8, 9,
39, 40]. However, histological response can only be seen
in a small subset of patients, and moreover, corticosteroid
dependence is usual in RCDI [8, 39, 40]. Combination
therapy of azathioprine and prednisone might exert better
histological restoration although complete normalization of
villi is only seen in 50% of patients [8, 41]. Treatment with
infliximab may induce clinical and histological response, but
so far only case reports have been described [42, 43]. In
our centre, tioguanine has been successfully applied. It has
a small spectrum of side effects and it has good intestinal
absorption despite villous atrophy. Our recent published data
showed that 10 patients tolerated long-term tioguanine. Of
those, clinical and histological response was observed in 83%
and 78%, respectively [44]. Although there is some concern
that thiopurines might enhance the risk for development of
lymphoma, we have not observed progression to lymphoma

in a group of 43 RCD I patients with a mean follow-up of
72 months [7]. Finally, the observation that this drug maybe
associated with the risk of nodular regenerative hyperplasia
of the liver should not be ignored.

6.2. Treatment of RCDII. The treatment of RCDII remains a
challenge. As in RCDI, nutritional deficiencies andmetabolic
disorders should be corrected. In contrast to RCDI, there is
no place for immunosuppressive drugs in the treatment of
RCDII. Although corticosteroids might exert clinical effects,
this has no influence on the onset of EATL and especially
does not exclude underlying EATL [12]. In a descriptive
study of Malamut et al. of 16 RCDII patients who developed
EATL, 10 had received immunosuppressants [9]. Moreover,
azathioprine might enhance the risk or accelerate the onset
of EATL [9, 41, 45]. Combination therapy of azathioprine and
prednisone in RCDII patients showed development of EATL
in 7 of the 8 treated patients [41].

Given the high percentage of RCD II patients that develop
an EATL, the treatment goal in RCD is to destroy the aber-
rant cell population before they transform to a lymphoma.
Aberrant IELs are cells with a low proliferative capacity, and
therefore antiproliferative drugs have no proven value in
this disease. Cladribine (2-chlorodeoxyadenosine (2-CDA))
is a synthetic purine nucleoside homologue being equally
toxic to proliferating as to nondividing lymphoid cells [46].
Because of this unique feature it is supposed to be especially
active against low-grade malignancies, including hairy cell
leukaemia and for similar reasons may be effective in RCD
type II.

In a series of 32 patients, treatment with 2-CDA was well
tolerated and 14 displayed clinical and histological remission,
and another 4 displayed clinical improvement [47]. This was
accompanied by a reduction of aberrant cells in 40% of
patients. The 3- and 5-year survival rates were 83% in the
responding group and 63% and 22% in the nonresponding
group, respectively. However, 2-CDA has no curative effect
on EATL, and therefore adequate exclusion of EATL should
be performed before treatment is started [9, 45, 48]. These
encouraging data should however be seen in the light of the
explosive onset of overt lymphoma a few weeks after 2-CDA
treatment observed in two patients [9].

One possible alternative treatment strategy includes
autologous hematopoietic stem cell transplantation (auto-
SCT). High-dose chemo/radiotherapy followed by auto-SCT
has been an effective therapy for refractory disease not only in
hematological malignancies, but also in severe autoimmune
disease [49–52]. In a series of 18 patients not responding to
2-CDA, 13 underwent auto-SCT with a 4-year survival rate of
66%. Quite surprisingly, no significant sustained reduction of
abnormal IEL in the treated patients could yet be shown, and
therefore long-term outcome of this treatment, notably the
onset of EATL, is warranted (Table 1) [53].

7. Complications/Follow-Up

RCDI generally runs a benign course and this is also reflected
in five-year survival rates ranging between 80–96% [7, 8].
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Table 1: Summary of treatment modalities evaluated in RCD.

Therapy No. of patients Therapeutic effect Notes and side effects Reference

Thioguanine 12 RCDI
10 patients tolerated TG. clinical and
histological response was observed in
83% and 78% respectively

1 patient died within 4 months of therapy
due to progression of RCDI. Side effects:
muscle spasms, elevation of biochemical
liver tests

[44]

Azathioprine
and Prednisone

10 RCDI
8 RCDII

Clinical improvement in all patients in
both groups. 8 RCD type I patients
responded histologically, complete
histological normalization in 4 patients

7 RCDII patients died from EATL [41]

Mesalamine and
Budesonide 10 RCDI

5 patients had complete symptom relief.
No conclusion on histological
improvement

4 patients had concomitant microscopic
colitis. Side effect: headaches

[40]

Budesonide 23 RCDI
5 RCDII

Overall, 76% of the patients had a clinical
response to budesonide, considered as
complete response in 55%. No
histological improvement in any patient.
RCDII patients had persistent clonal
proliferation of IELs

1 patient with RCDII died of sepsis and
malnutrition. 7 patients had concomitant
microscopic colitis. There were no serious
adverse events reported

[39]

Infliximab 1 RCDI
Excellent clinical results. Treatment was
continued over the following 2 years with
a return to near normal histology

No serious adverse events reported [43]

Infliximab 1 RCDI Complete clinical improvement. Marked
histological improvement No serious adverse events reported [42]

Cyclosporin 13
(no differentiation)

Clinical response in 8 patients.
Normalisation of histology in 5 patients No serious adverse events reported [54]

Cladribine 32 RCDII

Clinical response was observed in 81%,
complete histological response in 47%
and immunological response in 41%. 5
year survival in those who responded was
83% compared to 22% in those who did
not

In total, 12 of 32 patients died of whom
42% died of EATL

[47]

Autologous
stem cell
transplantation

18 RCDII

13 patients were feasible for auto-SCT and
transplanted successfully. Majority
showed clinical improvement. 5 patients
showed compete histological remission.
4-year survival rate was 66%

In 5 patients, auto-SCT could not be
performed; they all died with a median
survival of 5.5 months. 1 patient died
because of transplant-related
complications. EATL was observed in one
transplanted patient, after 4 years of
follow-up

[53]

Main causes of death in this group were nutrition related,
and, in one study, lymphoma was observed in an occasional
patient [9]. It should be noted that lymphoma development in
this category of patients was not observed in two other studies
[7, 8, 14].

RCDII on the other hand is associated with a poor
prognosis with a 5-year survival between 44 and 58% [7–9].
The higher mortality associated with RCDII can be largely
attributed to the much higher risk of developing EATL which
occurs between 33% to 52% within 5 years after diagnosis [7].
The outcome of EATL remains poor with a 5-year survival
of only 8–20% [55, 56]. Regular follow-up, including upper
gastrointestinal endoscopy, CT scan or MR enteroclysis, and
PET scan, is necessary to screen RCDII patients and to detect
EATL as early as possible.

8. Conclusion and Future Perspectives

During the last decade, significant progress has been made in
understanding the biological basis of refractory celiac disease.
RCD can be divided in two types based on the absence
(type I) or presence (type II) of an abnormal intraepithelial
lymphocyte population that is generally clonal in nature.This
cell population is found under physiological circumstances
in the intestine and may expand as the consequence of a
lack of apoptotic control. Clonal expansion of these cells is
indicative for a low-grade intraepithelial T-cell lymphoma
that may evolve into an aggressive overt EATL. RCD type I
and II differ substantially in clinical presentation, histology,
endoscopic characteristic with a generally benign course,
and good prognosis in the former and a poor prognosis
in the latter which can be attributed to a high risk to
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develop EATL. Currently there are no standardized treatment
regimens, but the identification of the antiapoptotic pathway
mediated by IL-15 may provide novel treatment avenues for
this devastating disorder.
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Aim. When determining therapeutic strategy, it is important to diagnose small intestinal lesions in Crohn’s disease (CD) precisely
and to evaluate mucosal healing as well as clinical remission in CD. The purpose of this study was to compare findings from
computed tomographic enteroclysis/enterography (CTE) with those from the mucosal surface and to determine whether the state
ofmucosal healing can be determined byCTE.Materials andMethods. Of the patients who underwent CTE for CD, 39 patients were
examined whose mucosal findings could be confirmed by colonoscopy, capsule endoscopy, balloon endoscopy, or with the resected
surgical specimens. Results. According to the CTE findings, patients were determined to be in the active CD group (𝑛 = 31) or
inactive CD group (𝑛 = 8). The proportion of previous surgery, clinical remission, stenosis, and CDAI score all showed significant
difference between groups. Mucosal findings showed an association with ulcer in 93.6% of active group patients but in only 12.5%
of inactive group patients (𝑃 < 0.0001), whereas mucosal healing was found in 62.5% of inactive group patients but in only 3.2% of
active group patients (𝑃 < 0.0001). Conclusion. CTE appeared to be a useful diagnostic method for assessment of mucosal healing
in Crohn’s disease.

1. Introduction

Because the small intestine is long and is located between
the stomach and large intestine, small bowel examination is
difficult. Now, however, with the advent of capsule endoscopy
and balloon endoscopy, the ability to diagnose small bowel
disease has progressed rapidly [1, 2].

Because it has been reported that more than 75% of
patients withCrohn’s disease have an active lesion in the small
intestine, and one third of patients with Crohn’s disease have
an active lesion only in the small intestine [3], it is important
in determining therapeutic strategy to diagnose lesions of
Crohn’s disease in the small intestine precisely. Furthermore,
in recent years, biologics have become available for the
treatment of Crohn’s disease, and it is important to evaluate
mucosal healing as well as clinical remission from Crohn’s

disease treatment at the appropriate time [4]. Presently, cap-
sule endoscopy for Crohn’s disease is performed in Japan, but
there is the risk of retention of the capsule endoscope in cases
of severe stenosis, and insertion of the balloon endoscope
deeply into the small intestine is difficult in such cases.

Computed tomographic (CT) enteroclysis is one of the
modalities for examination of the small intestine and is per-
formedwith the small intestine expanded by injection of a liq-
uid contrastmedium through a nasoduodenal tube [5]. In CT
enterography, however, the patient ingests the liquid contrast
medium orally without using a nasoduodenal tube [6]. The
utility of CT enteroclysis/enterography (CTE) forCrohn’s dis-
ease has been shown in numerous reports, but those reports
have mainly focused on the diagnosis of stenosis or fistula
[7, 8]. There are no reports, to our knowledge, that compare
in detail findings of CTE with those of the mucosal surface.
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Figure 1: Findings fromCT enteroclysis/enterography and endoscopicmucosal examination. (a) CT enteroclysis/enterography findings from
a patient in the active group show small bowel wall thickness, wall enhancement, and presence of an increase in the concentration of fat tissue
surrounding the intestine. (b)Mucosal findings corresponding to the same location as indicated by the arrow in (a) show edema and ulcer. (c)
CT enteroclysis/enterography findings from a patient in the inactive group show only slight small bowel wall thickness. (d) Mucosal findings
corresponding to the same location as indicated by the arrow in (c) show only an ulcer scar.

Therefore, the purpose of the present study was to com-
pare the findings from CTE with those from examination of
the mucosal surface and to determine whether the state of
mucosal healing can be determined by CTE.

2. Materials and Methods

2.1. Patients. Of the patients who underwent CTE for Crohn’s
disease at our hospital between January 2009 and Decem-
ber 2012, the cases of 39 patients were examined whose
mucosal findings could be confirmed by colonoscopy, capsule
endoscopy, balloon endoscopy, or with the surgically resected
specimens. Clinical activity was assessed with the Crohn’s
disease activity index (CDAI). Clinical remission was defined
as a CDAI score of less than 150.

2.2. CT Enteroclysis/Enterography. CT enteroclysis was first
reported by Klöppel et al. in 1992 [9], and the procedure
we used was as follows. First, a transnasal endoscope was

inserted into the duodenum. A guide wire was then inserted
into the jejunum through the forceps channel of the endo-
scope, and a 16 F balloon-tipped nasoduodenal tube was
inserted into the duodenojejunal flexure along the guide
wire after removing the transnasal endoscope. About 1200–
1800mL of polyethylene glycol solution (PEG) at a tempera-
ture of about 37∘C was then infused into the small intestine
at a rate of 150mL/min with a power injector after inflating
the balloon at the tip of the tube [10]. Immediately after
infusing the PEG, the patient was transferred to the CT unit
(SOMATOMDefinition Dual Source CT; Siemens, Erlangen,
Germany). After undergoing unenhanced CT, the patient
received 100mL of nonionic contrast medium by means of a
power injector for the contrast-enhanced study. The contrast
material was injected intravenously at a monophasic rate
of injection of 3.0mL/s. Three-phase scanning was begun
at 40, 70, and 120 s after the start of the injection. The
entire abdomen and pelvis were scanned using breath-hold
acquisition during each phase with parameters of 0.6 mm
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collimation and a pitch of 1.2. Images were reconstructed at
2 mm intervals, and multiplanar views were created on an
attached workstation.

With reference to the report by Huprich and Fletcher [6],
CT enterography was performed with 1000–1800 mL of PEG
that was divided into four doses and administered orally in
1 h. The CT scanning method was the same as that for CT
enteroclysis.

Because PEG is rapidly infused by nasoduodenal tube,
small intestine is thought to be distended more uniformly
in CT enteroclysis than in CT enterography. Meanwhile,
mechanical rapid infusion could increase the risk of ileus or
perforation in the case with severe stenosis. For this reason,
CT enterography was chosen for the patients with suspected
or established severe stenosis. We performed CT enteroclysis
on 20 patients and CT enterography on 19 patients. Although
an ileus occurred in one patient after CTE, it soon improved
with conservative treatment.TheCTE protocol was approved
by the Ethics Committee of the Yamaguchi University Grad-
uate School of Medicine.

2.3. Evaluation of CTE Findings. All patients were divided
into either the active group or inactive group according
to CTE findings. Active group patients comprised those
in whom wall thickening was found with early contrast
enhancement and an increase in the concentration of fat
tissue surrounding the intestine was present at one or more
segment. Inactive group patients comprised those in whom
there was no significant increase in early contrast enhance-
ment and no concentration of fat tissue surrounding the
intestine, even if CTE showed wall thickening (Figure 1).

2.4. Evaluation of Mucosal Findings. Mucosal findings were
evaluated by colonoscopy, capsule endoscopy, balloon endos-
copy, or examination of the resected specimen. Colonoscopy
was performed with a CF-H260AZI, PCF-Q260AZI, PCF-
Q260J, or PCF-PQ260I colonoscope (Olympus Corporation,
Tokyo, Japan). The PillCam SB capsule endoscopy system
(Given Imaging, Yokneam, Israel) was used for capsule en-
doscopy, and image interpretation was carried out on a Rapid
Reader (Version 6.5; Given Imaging). Balloon endoscopy
was performed with an EN-450T5/W (Fujifilm Corporation,
Tokyo, Japan) or SIF-Q260 (Olympus Corporation) endo-
scope. According to findings of the mucosal surface, mucosal
healing was defined as the absence of erosion or ulcer.

2.5. Statistical Analysis. The t-test and chi-square test were
used for univariate analysis. Differences were considered
statistically significant at a value of 𝑃 < 0.05. Statistical
analysis was performed with StatView 5 (Abacus Concepts,
Berkeley, CA, USA).

3. Results

According to the CTE findings, the active group comprised
31 patients, and the inactive group comprised 8 patients.
We compared the clinical background of each group and
found no significant differences in sex ratio and age. The

Table 1: Characteristics of the two study groups (univariate analy-
sis).

Active
(𝑛 = 31)

Inactive
(𝑛 = 8) 𝑃 value

Sex, male (%) 64.5 37.5 0.1660
Age (years) 36.5 ± 17.4 37.8 ± 15.3 0.8485
Previous surgery (%) 35.5 0 <0.05
Biologics use (%) 22.6 37.5 0.3889
CDAI 196.1 ± 81.2 79.1 ± 59.6 <0.001
Clinical remission (%) 29.0 87.5 <0.01
Stenosis (%) 80.6 25.0 <0.01
Fistula (%) 12.9 0 0.2835
Abscess (%) 3.2 0 0.6126
CDAI: Crohn’s disease activity index.

Table 2: Mucosal findings of the two study groups (univariate
analysis).

Mucosal findings Active (𝑛 = 31) Inactive (𝑛 = 8) 𝑃 value
Mucosal healing 1 (3.2%) 5 (62.5%) <0.0001
Erosion (%) 1 (3.2%) 2 (25.0%) <0.05
Ulcer (%) 29 (93.6%) 1 (12.5%) <0.0001

proportion of previous surgery, clinical remission, stenosis,
and CDAI scorewas significantly different between the two
groups. Although there was no significant difference between
the two groups in the proportion of fistulae and abscesses,
these were observed only in the active group (Table 1).

With respect to the mucosal findings, an association was
foundwith ulcer in 93.6%of patients in the active group but in
only 12.5% of patients in the inactive group. Mucosal healing
was found in 62.5% of patients in the inactive group and in
only 3.2% of patients in the active group (Table 2).

In a patient who underwent CTE before and after the
introduction of biologics, the second CTE was undergone at
84 days after the first CTE. Despite a slight change in the
CDAI score from 112 to 88, enhancement of the contrast effect
and marked edema of the ileo cecum were improved at the
second CTE compared with that observed at the first CTE,
and corresponding changes were also seen in the endoscopic
findings (Figure 2).

4. Discussion

The present study revealed a strong correlation between
CTE findings and mucosal surface findings in patients with
Crohn’s disease. Because ulcers were found in 93.6% of
patients in the active group, CTE findings in active group sug-
gested that ulcers frequently exist in the mucosa. Because it is
difficult to diagnose drug-related ulcers in the small intestine
(e.g., from NSAIDs) by CTE (data not shown), the reason
the ulcers were detected by CTE in Crohn’s disease is that
this disease is characterized by transmural inflammation. In
the inactive group, 62.5% of patients were classified as having
mucosal healing, and the ulcer rate in the inactive group was
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Figure 2: Findings from CT enteroclysis and endoscopic mucosal examination before and after the introduction of biologics. (a) CT
enteroclysis before the introduction of biologics. (b) Mucosal findings corresponding to the same location as indicated by the arrow in (a)
show edema. (c) CT enteroclysis at 84 days after the first CT enteroclysis showing improvement of the inflammation. (d) Mucosal findings
corresponding to the same location as indicated by the arrow in (c) show no edema or ulcer.

significantly lower than that in the active group. However,
two patients with erosion and one patient with ulcer were
observed in the inactive group. The reason why CTE could
not detect these lesions was thought to be that inflammation
of the mucosa surrounding the lesion was slight.

With regard to clinical background factors, the percent-
age of clinical remission and CDAI scores were signifi-
cantly different between the active and inactive groups. CTE
findings were found to be associated with clinical activity.
However, even though clinical remission was determined in
29.0% of the active group patients and clinical symptoms
were not recognized, active inflammation could be observed
in the intestine of these patients. Thus, even if patients
are experiencing clinical remission, they should regularly
undergo evaluation of the mucosal surface to prevent the
progression of complications.

There are several ways to observe the small intestine:
colonoscopy, capsule endoscopy, and balloon endoscopy. In
colonoscopy, it is difficult to insert the colonoscope into the

ileum in about 15% of cases [11]. Furthermore, inflamma-
tory lesions might exist outside the reachable range of the
colonoscope. Because one of the major limitations of capsule
endoscopy is capsule retention, this procedure cannot be
undergone by patients with severe stenosis or with failed and
uncertain passage of a patency capsule [12]. It is difficult to
observe the entire small intestine by balloon endoscopy, and
the patient requires conscious sedation during the procedure.
Thus, it is thought that CTE will become the method of
choice to assess Crohn’s disease activity in the small intestine,
especially for the case with severe stenosis.

In addition to assessment of inflammation in the small
intestine, CTE has been reported to be useful for diagnosis of
stenosis and fistula in Crohn’s disease. Vogel et al. reported
that CT enterography showed a high detection capability for
stenosis and fistula in patients who underwent surgery within
3 months after CT enterography [7]. Wold et al. reported
that CT enterography protocol had similar accuracy of active
Crohn’s disease in comparison with CT enteroclysis [13]. In
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the present study, CTE not only provided information on the
mucosa, but it also detected stenoses, fistulae, and abscess in
the abdominal cavity.

One of the problems with CTE for Crohn’s disease is
the amount of radiation exposure received by the patient.
Cumulative exposure to exceeding 75mSv radiation has
previously been estimated to increase mortality due to all
cancers by 7.3% [14]. Because of the young age of onset of
Crohn’s disease, CTE for this disease must be performed
at an appropriate time. To help resolve this problem, the
utility of MR enterography was reported as an alternative to
CTE in the evaluation of young patients with Crohn’s disease
[15]. However, MR enterography has not becomewidespread,
especially in Japan, due to its lack of availability and limited
expertise with the procedure [16]. The usefulness of CT dose
reduction with CTE has been reported [16, 17]. By means
of reductionof radiation doses and image noise reduction
methods, Lee et al. reported that the mean effective doses
were 4.7mSv and 2.4mSv for standard-dose CTE and low-
dose CTE examinations, respectively [17]. To enhance the
usefulness of low-dose CTE, it is necessary to study the
relation between CTE findings and the mucosal surface in
more detail and to create a classification system of CTE
findings to use when determiningmucosal healing with CTE.
After this, effective timing of CTE in the therapeutic strategy
for Crohn’s disease will become apparent.

5. Conclusions

CTE appeared to be a useful diagnosticmethod for the assess-
ment of mucosal healing in Crohn’s disease.
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