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CLINICAL RESEARCH

Detection of inflammatory bowel disease in adults and children:
evaluation of a new isotopic technique

D J DAWSON, A N KHAN, V MILLER, J F RATCLIFFE, D R SHREEVE

Abstract

The distribution of radioactivity after the oral administration of
sucralfate labelled with technetium-99m was studied in 33
patients with Crohn's disease (13 adults, 20 children), 10 with
ulcerative colitis (four adults), and 29 controls (23 with upper
intestinal disease, four irritable bowel, one hypolactasia, and one
malrotation of the gut). Positive scans were obtained in all
patients with ulcerative colitis and 29 of 31 with active Crohn's
disease. The scans of two patients with inactive Crohn's disease
were negative. There were two false negative scans in patients
with Crohn's colitis and one false positive scan. Overall,
sensitivity was 95% and specificity 97%.
Comparison with radiology in 39 patients showed similar

distribution of disease in 24 and more extensive disease in 12.
The scan was inexpensive, simple to perform, well tolerated,
allowed small and large bowel to be visualised simultaneously,
and used a lower dose of radiation than barium studies. It may
prove useful as a screening test for inflammatory bowel disease
and in the serial assessment of disease activity.

Introduction

The assessment of the extent and severity of inflammatory bowel
disease usually requires radiography and endoscopy, which carry
risks of complication, may use high doses of radiation, and are
poorly tolerated by children and severely ill patients.'-5 A non-
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invasive technique using little radiation and capable of detecting
both small and large bowel inflammatory disease would thus be an
important advance.

Sucralfate (Ayerst Laboratories), an aluminium salt of poly-
sulphated sucrose used in the treatment of peptic ulcers, has been
shown to bind selectively at the site of mucosal ulceration6'8 and,
after complexing to technetium-99m, has been used to detect peptic
ulcers.9 '° As mucosal ulceration occurs in both Crohn's disease and
ulcerative colitis the aim of this study was to determine whether
sucralfate labelled with 'mTc enabled inflammatory bowel disease to
be visualised and, if so, to compare the findings with those of
conventional barium radiology. As inflammatory bowel disease in
children may differ from that in adults in its presentation, course,
and prognosis"'- we assessed the isotope scan in both adults and
children.

Subjects and methods

Thirteen adults had Crohn's disease (seven men; median age 23, range 16-
48 years) and four had ulcerative colitis (two men; median age 37, range 16-
70 years). All had active disease according to the modified Crohn's activity
index of Harvey and Bradshaw'4 or the criteria of Truelove and Witts.'"
Twenty adults acted as controls (13 men; median age 57 5, range 29-77
years); seven had gastric ulcers, eight duodenal ulcers, two carcinoma of the
stomach, two peptic oesophagitis, and one irritable bowel syndrome.
Twenty children had Crohn's disease (eight boys; median age 12, range 3-

16 years), which was inactive in two. Six had ulcerative colitis (five boys;
median age 9, range 3-14 years). Nine children acted as controls (six boys;
median age 10, range 6 months-15 years); three had irritable bowel
syndrome, four duodenal ulcers, one congenital hypolactasia, and one
congenital malrotation of the gut.

TECHNETIUM-99M SUCRALFATE SCANNING

Sucralfate labelled with 9'Tc was prepared as described previously.'0
After fasting overnight adults drank 250 mg sucralfate containing 130-200
MBq (3 5-5 4 mCi) 9'-Tc suspended in 200 ml iced water followed by 10mg
metaclopromide syrup and 500 ml mannitol (10%) to hasten gastric
emptying and intestinal transit and produce an osmotic purgation. Children
were given 2 5 MBq (68 FICi) 99Tc sucralfate/kg body weight and only 250
ml mannitol. Serial isotope scans ofthe abdomen were obtained between two
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and six hours and 20 and 24 hours. Rectal washout was performed before the
later scans were obtained. Scans were interpreted by an experienced
radiologist without knowledge of the clinical or radiological findings and
assessed, firstly, as positive or negative for disease and, secondly, for
distribution of disease (ileocolonic or colonic for Crohn's disease, proximal
extent of disease in ulcerative colitis).
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The appearances of the scans did not differ appreciably between adults
and children. The procedure was well tolerated in all but one child, who
developed dehydration secondary to the mannitol preparation.

DETECTION OF DISEASE

Table I gives the results of the scans, which were positive in all patients
with ulcerative colitis and 29 of 31 patients with active Crohn's disease.
Negative scans were obtained in two patients with inactive Crohn's disease.
Two false negative scans occurred (one in an adult and the other in a child
with Crohn's colitis). Only one false positive scan was found, in the patient
with congenital malrotation of the gut. Scanning was repeated in three
subjects with Crohn's disease; the distribution of the isotope was the same as
that seen on the original scan in two and in the third showed extension at a
time of clinical deterioration.
The sensitivity and specificity of the technique were high and were similar

in adults and children (table II).

COMPARISON WITH RADIOLOGY

The radiological distribution ofdisease in 29 subjects with Crohn's disease
(13 adults) was ileal in 14, ileocolonic in eight, and colonic in seven. The
distribution of disease determined by the 9mTc sucralfate scan agreed with

.....gsii . ..-1 * -.os

FIG 1-Anterior abdominal scintigram 24 hours after ingestion of 250 mg
sucralfate labelled with 200 MBq 9'9Tc by control subject with no inflammatory
bowel disease. Activity outlines colon in characteristic pattern following the
colonic haustrations. No activity remains in stomach or small bowel.

Conversion: SI to traditional units-l MBq -0-3 ,uCi.

Recent radiographs were available for comparison in all adults and 22
children with inflammatory bowel disease. Colonoscopy was performed in
seven of nine subjects in whom the appearance of the colon differed in the
99"Tc sucralfate scan and by barium studies. Barium follow through and
barium enema examinations were not performed in controls.

Results

INTERPRETATION OF SCANS

In controls isotope activity in the stomach and small intestine was seen
only between two and six hours, although in some subjects a second image of
the stomach was obtained at 20-24 hours, suggesting re-excretion of free
technetium. Images in normal small bowel always showed a diffuse
distribution of isotope with no persistent, localised areas of activity. In the
colon images were sometimes obtained as early as two hours and usually by
six hours; at 20-24 hours activity had either completely resolved or showed a
characteristic distribution outlining the haustral pattern of the colon (fig 1),
which changed rapidly with time.

Scans showing inflammatory bowel disease were distinct. Subjects with
Crohn's disease of the small bowel showed intense activity localised to the
affected areas (fig 2). In Crohn's colitis activity ofdisease was not continuous
(fig 3) whereas that in ulcerative colitis was intense and uniform in
distribution (fig 4). Appearances differed from controls in the intensity of
activity and its persistence for several hours at a single site; only rarely was
there any difficulty in distinguishing affected bowel from faecal activity.

FIG 2 99mTc sucralfate scintigrams in patient with ileocaecal Crohn's disease. At
one hour activity is in stomach, duodenum, and distal small bowel but moves to
large bowel in the two and four hour scans. Intense activity present in ileum and
caecum at two hours is persistent even at 24 hours (straight arrows). The curved
arrow depicts rectal activity (localised in the lateral view (tat), which has an
external marker (M) on the anterior abdominal wall), which resolved after rectal
washout (scan not shown). Persistent activity in the stomach at 24 hours suggests
excretion of free technetium.
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the results of radiology in 20 subjects. Scans were negative in two subjects
with colonic disease radiologically and in a third with ileocolonic disease
radiologically, the scan showed only three of four lesions present on the
barium enema. Conversely, the scan showed additional lesions (four colonic
and two ileal) in a further six patients with ileal or ileocolonic disease
radiologically; colonoscopy confirmed the colonic lesions but was not
attempted in the two with ileal disease.

In 10 subjects with ulcerative colitis results of the scan and barium enema
correlated in four, and in six the scan suggested that disease extended more
proximally than depicted by the barium enema. This was confirmed in three
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subjects who underwent colonoscopy. Thus out of a total of 39 subjects the
isotope scan showed the same distribution of disease as barium studies in 24,
a greater extent in 12, and a lesser extent in three.

RADIATION DOSAGE AND COST

The estimated dose from 200 MBq (5 4 mCi) '"mTc sucralfate is 005-
0-012 Gy (0-5-1-2 rad) to the stomach, 0-0125-0-025 Gy (1-25-2-5 rad) to the
intestine, and 01001 Gy (0 1 rad) to the total body.'6 For comparison, the

TABLE i-Results of99'Tc sucralfate scanning

No of true No of true No of false No of false
No of patients positive scans negative scans positive scans negative scans

6.5Adults
With Crohn's disease 13 12 1
With ulcerative colitis 4 4
Controls 20 20

Children
With Crohn's disease 20 17 2 1
With ulcerative colitis 6 6
Controls 9 8

Total
With Crohn's disease 33 29 2 2
With ulcerative colitis 10 10
Controls 29 28 1

TABLE il-Sensitivity, specificity, and accuracy of the scan. Values are percentages

Predictive value of:

Sensitivity Specificity Accuracy Positive test Negative test

Adults (n=37) 94 100 97 100 95
Children (n=35) 9 91 95 9 91

Total (n=72) 95 97 96 98 94.. _ .................. S
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FIG 3.-9"Tc sucralfate scintigrams in patient with colonic Croh
scans show diffuse activity in small bowel with localisation t
hours. At 24 hours activity outlines colon, with particular locali
hepatic flexure, descending and sigmoid colons (arrows), corr
skip lesions of this patient's barium enema.

calculated dosage for five minutes' abdominal fluoroscopy is 01)02-0003 Gy
(0-2-0-3 rad) to the total body and 005-0-23 Gy (5-23 rad) to the skin,
depending on age.'7
The cost of 9'Tc sucralfate is about £29, directly comparable to the cost of

x ray film and contrast media. Personnel costs may be reduced as the
permanent presence of a radiologist is unnecessary.

Discussion

The results of this study show that I-Tc sucralfate detects active
inflanmatory bowel disease in adults and in children. False positive
intestinal scans were not observed in patients with upper intestinal
disease or the irritable bowel syndrome, the only false positive scan
occurring in a patient with malrotation of the gut in whom delayed
transit may have led to retention of isotope within the small bowel.
The scan may be more sensitive than conventional radiology since,
although negative scans were obtained in two patients with Crohn's
colitis, additional lesions in either the colon or ileum were shown in
six patients with Crohn's disease and more extensive disease was
shown in six cases of ulcerative colitis; when performed colonoscopy
confirmed the distribution depicted by the scan. The discrepancy
between the results of the scan' and radiology may be because
radiology is insensitive in mild disease,'" '1 or it may be that the scan
is capable of detecting microscopic ColitiS.20 21 The scan offers
further advantages over radiology and colonoscopy in that it is non-
mivasive, well tolerated, simple to perform, and provides information
on both the small and large bowel. These features are especially

s ~imnportant in children and the elderly in whom radiology -may be of
poor quality because of lack of patient cooperation.'I Furthermore,

nt colonoscopy in children requires general anaesthesia or heavyClt
sedation, is available only in specialised centres, and carries risk of

n's disease. Early perforation and bleeding,"4 whereas the scan could be available in any
o caecum at four hospital with scanning facilities.
isatont caeum, It is not possible to equate directly the dose of radiation receivedresoncingto he

from an orally ingested, non-absorbable compound in which the

,..:; .:.I.
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maximum dosage is to the intestine to that received during
radiography in which the maximum dosage is to the skin overlying
the area being studied. Nevertheless, the estimated dosage from this
scan is less than that received during fluoroscopic screening and is
much less than that associated with indium-l 1 scanning of
granulocytes. 17 This makes the scan attractive as a screening test and
for repeated investigation in the serial assessment ofdisease activity.

~~~~~
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FIG 4-"'mTc sucralfate scintigram in patient with ulcerative colitis. Early scans
show no localised persistent uptake. At 22 hours there is uniform diffuse labelling
of the whole colon with a pattern distinct from normal bowel (fig 1) and Crohn's
colitis (fig 3).

The high sensitivity and specificity ofthe test also suggest that the
scan may be useful in screening. As these results were obtained in a
selected group of adults and children at a specialised referral centre
the predictive value of the scan may be different in a district general
hospital, where theincidenceofinflammatory bowel diseasemight be
lower.22 Furthermore, the test may not be specific for inflammatory
bowel disease per se, but may detect mucosal abnormality in general
as we have also observed positive scans in patients with salmonella
infection and enterobius infestation (unpublished observations).
This would not detract from its usefulness as a screening test.
The mechanism by which the compound outlines the mucosa in

patients with Crohn's disease and ulcerative colitis is unknown.
Sucralfate binds to bile salts,23 but this is unlikely to account for
positive ileal scans as scansofcontrolswere negativeand reabsorption
of bile salts is decreased in ileal Crohn's disease. Dissociation of
technetium from sucralfate followed by its absorption and re-
excretion may have occurred in some subjects as gastric images were
occasionally observed on late scans (fig 2), but this seems unlikely to
account for positive intestinal scans as in vitro studies show the label
to be stable, positive intestinal scanswerenotseeninnormal subjects,
and no appreciable urinary excretion of radioisotope was noted
during scanning. Furthermore, most subjects did not show gastric
excretion (figs 3 and 4). Sucralfate probably binds to the small
intestine and colon in a similar way to its binding to peptic ulcers. We
have confirmed such binding to resected specimens of intestine
affected with Crohn's disease (unpublished observation). Theoreti-

cally, therefore, the technique should be able to differentiate active
from inactive disease, a suggestion supported by the finding of
negative scans in two patients with quiescent Crohn's disease in this
study.

Granulocytes labelled with "'Id have been shown to be useful in
determining the extent of inflammatory bowel disease" 24 2S and in
assessing the severity of disease.26 27 This technique, however, is
expensive, its reliability has been questioned, and interpretation
may be difficult because of increased background radioactivity
secondary to uptake in the bone marrow, liver, and spleen.28
Clearly, mTc sucralfate scanning cannot replace radiography or
colonoscopy, nor can it detect extra luminal disease that may be
depicted by the indium scan. Nevertheless, it offers a useful safe
complement to these techniques and could be used in any district
general hospital. It may prove a major advance in the investigation
of inflammatory bowel disease.

We thank Ayerst Laboratories for a supply of pure sucralfate, the
Department of Medical Physics, Christie Hospital and Holt Radium
Institute, Manchester, for preparation of the labelled drug, and Mrs Y M
Reed and Mrs E M Taylor for secretarial help.
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