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Indium- I ll leucocyte scintigraphy in the investigation and
management ofinflammatory bowel disease
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Summary: The results of indium-111 tropolonate leucocyte scintigraphy in 105 patients with known
inflammatory bowel disease are reviewed. Scintigraphy is as sensitive as radiology in detecting and
assessing the extent of active colonic disease, and probably more sensitive in assessing small bowel disease.
In a further 40 patients scintigraphy was successfully used as a screening test to identify, or exclude, bowel
inflammation in patients with gastrointestinal symptoms. Scintigraphy has advantages over barium
studies, being safe, non-invasive, more sensitive than small bowel radiology and giving additional
information such as the bowel identification of intra-abdominal abscesses. The time required to label the
leucocytes (about 2 hours) and the higher unit cost, unless many scintigrams are performed, are
disadvantages.

Introduction

Although several small studies of indium- 111
leucocyte scintigraphy have suggested that it may be of
value in the management of chronic inflammatory
bowel disease (CIBD), large scale studies of its use in
clinical practice are lacking. Previous studies have
shown that scintigraphy can correlate well with
radiology in indicating the site and extent of inflam-
mation affecting the colon (Saverymuttu et al., 1982;
Stein et al., 1983a). In ileal disease, although scintigra-
phy may indicate the presence of inflammation, it is
not always accurate in defining its extent
(Saverymuttu et al., 1983a). In addition, scintigraphy
is non-invasive and may identify abscesses
(Saverymuttu et al., 1983b; Ambrose et al., 1983) and
indicate the severity of disease affecting the colon
either directly from the scintigram (Saverymuttu et al.,
1984) or from measurement of faecal indium-l11
excretion (Saverymuttu et al., 1983c).

Negative scintigrams occur in the irritable bowel
syndrome (Saverymuttu et al., 1983a and 1983c) and a
recent study (Saverymuttu et al., 1985) shows that
scintigraphy identifies those patients presenting with
chronic diarrhoea who have CIBD.

Initial experience, however, with indium- 111
leucocyte scintigraphy at this hospital was not promis-
ing (Buxton-Thomas et al., 1984). Recently, with the
introduction of tropolonate as the ionophore,
leucocytes can be labelled in plasma with greater

efficiency and less damage (Saverymuttu et al., 1983d).
This allows imaging to be carried out at a shorter
interval after reinjection and, also, potentially gives
more reliable and accurate results. This retrospective
study presents our experience with indium- 111
tropolonate scintigraphy during the 15 months after
its introduction, both in assessing the presence and the
extent of inflammation in the bowel.

Methods

Patients

The medical records of 145 out of 160 sequential
patients were available for review. All were adults and
had indium-l I tropolonate scintigraphy between Jan-
uary 1984 and April 1985 to assess known CIBD (105
patients) or to investigate possible CIBD (40 patients).
The 105 patients with CIBD consisted of 92 with
Crohn's disease (ileo-colonic, colonic and ileal), 11
with ulcerative colitis and 2 unclassified. They were
treated with diet, steroids and/or sulphasalazine as
clinically indicated. Disease severity was assessed from
the records made at the time of scanning according to
the criteria of Truelove & Witts (1955).

Scintigraphy

Fifty ml of blood anticoagulated with ACD was
sedimented with the aid of plasmasteril for 45 minutes
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at 37°C. The leucocyte-rich-platelet-rich supernatant
was removed and centrifuged for 7 minutes at 90 g to
give a pellet ofmixed leucocytes. The supernatant was
removed and centrifuged at 1300 g to produce platelet-
poor plasma. The mixed leucocytes were washed then
labelled using 100 tll of tropolone (4.4 x 10-3M n
20mM Hepes-saline buffer) followed immediately by
the required volume of "'InCl. This was incubated at
37°C for 5 minutes. The volume of "1InCl was
calculated to give a dose of 12 or 16 MBq allowing for
a labelling efficiency of at least 75%. About 5 ml of
platelet-poor plasma was added to remove any un-
bound 1"'In. This was mixed, centrifuged then re-
moved but kept. The cells were re-suspended in fresh
platelet-poor plasma. The activity in the cells and
supernatant was measured to determine the labelling
efficiency, and the final volume adjusted to give the
required dose.

Initially only anterior, but later also posterior,
abdominal images were obtained at 3-4 hours and, if
indicated, 18-24 hours after reinjection. A large field
of view gamma camera with a medium energy
collimator was used. In order to assess the clinical
usefulness ofthese studies the scintigram reports made
by a nuclear medicine physician (usually EPW) and
not the scintigrams themselves were reviewed to assess
disease location and extent.

Other investigations

Sixty five patients had 82 radiological studies (double-
contrast barium enemas, barium follow-throughs and
small bowel enemas), 38 within 2 weeks, 33 within 2 to
6 weeks and 11 within 6 to 12 weeks of scintigraphy. In
addition 6 patients had colonoscopies and 11

laparotomies within 3 months of scintigraphy.

Results

One-hundred and fifty-six scintigrams were performed
(1 patient, 4, 1 patient 3 and 6 patients 2 each); 10
scintigrams in 9 patients with CIBD showing co-
existing abscesses are analysed separately, leaving 91
positive and 55 negative studies (Table I).

Positive scintigrams

Forty-five patients (41 known IBD, 4 other) had 36
barium enema and 20 small bowel study reports
available to compare the extent of disease shown.
There was major and clinically important dis-
agreement in only 6 cases (Table II) and another 23
patients showed excellent agreement. Scintigrams,
where discrepancies existed, were reviewed blind by
EPW without any change being made from the
original interpretation. In the remaining 16, minor

disagreement and/or uncertainty over the exact
localization or extent of radionuclide uptake was
present. In the 16 patients, the extent of uptake
appeared greater than the extent of disease shown on
barium studies in 6 scintigrams and less in 2. In 8
scintigrams it was not possible to determine whether
right iliac fossa radionuclide uptake represented in-
flammation in the terminal ileum or in the caecum, or,
if an ascending colitis was present to exclude co-
existent terminal ileal disease. In 5 scintigrams it was
uncertain whether the distal extent of radionuclide
uptake represented colonic inflammation or merely
luminal leucocytes shed from a more proximal site.

Fifteen of the above 45 scintigrams showing ileal
disease (with or without colonic disease) and where a
barium follow-through had been performed within a
fortnight were also assessed separately for comparison
ofthe extent ofileal inflammation shown. Five of the 8
scintigrams showing disease confined to the terminal
ileum agreed with barium studies, but in 3, barium
studies were normal (patients 2 and 3, Table II, and a
third with known distal Crohn's disease). The other 7
scintigrams showed that small bowel disease was
either not confined to the terminal ileum or only
affected more proximal bowel. Of these, barium
studies agreed in 4, showed only terminal ileal disease
in 2 and were normal in 1 patient where radionuclide
uptake had been incorrectly localized to the small
bowel (patient 7, Table II).

Forty-five positive scintigrams for which no barium
studies were available for comparison were performed
in 38 patients with clinically active and known CIBD
and in 1 patient with pseudomembranous colitis.
Some patients (Table III) with positive scintigraphy

had normal erythrocyte sedimentation rates (ESR
< 20 mm/h) and no elevation of acute phase reactants
(a1-antitrypsin, orosomucoid and haptaglobin). This
was more likely to occur when the scintigram showed
ileal disease.

Table I Scintigram results in patients with and without
established CIBD

Established CIBD Other
96 patients 40 patients

Positive 86 (in 79 patients) 5
scintigrams
Negative 20 (in 17 patients) 35
scintigrams
Total number of 106 40
scintigrams
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Table II Patients showing major disagreement between scintigrams and barium studies. (BaE x barium enema; BaFT =
barium follow-through; SBE = small bowel enema; + 1 week = barium study one week after scintigram etc.).

Patient Scintigram result Other investigation Scintigram

1 29 year old female Pancolitis BaE + 3 days: normal True + ve
ulcerative colitis 6 years colonoscopy + 5 days:

pancolitis

2 23 year old female Terminal ileitis BaFT + 2 weeks: normal ? False + ve
Crohn's proctitis

3 25 year old female Terminal ileitis SBE + 2 days: normal ? False + ve
Crohn's proctitis

4 75 year old female diarrhoea Loop of small bowel and BaFT-2 weeks: normal ? False + ve
10 years. ? diagnosis transverse colon inflamed BaE - 1 week: normal

colonoscopy + 4 week:
normal

5 35 year old female Pancolitis SBE - 10 weeks: normal ? False + ve
abdominal pain, diarr- colonoscopy + 4 weeks:
hoea 5 years. ? diagnosis normal

6 32 year old male Normal BaFT - 1 week: terminal False -ve
Crohn's 1 year ileitis. Colonoscopy + 4

weeks: normal
7 30 year old female Loop of small bowel & BaE + 2 weeks: pancolitis True + ve but diagnosis

colitis 2 years. ? type transverse colon inflam- BaFT + 3 days: normal of ulcerative colitis
ed suggesting Crohn's established

Negative scintigrams

Fifty-two patients had negative scintigrams but only
22 of these patients (9 CIBD, 13 other) had barium
studies performed. One barium study was abnormal
identifying a false negative scintigram (patient 6,
Table II).
The 17 patients in this group known to have a

history ofCIBD all had mild symptoms. The other 35
patients had scintigrams performed to exclude CIBD.
Twenty-eight of these latter patients have been foll-

owed up and their symptoms either resolved spontan-
eously, resolved after an exclusion diet confirming IBS
(Hunter et al., 1985), or an alternative non-inflam-
matory diagnosis was accepted (diabetic diarrhoea,
post-vagotomy diarrhoea, lymphoma).

Abscesses in CIBD

Scintigrams were performed in 4 patients with known
abscesses, 7 with possible abscesses (right iliac fossa
mass palpable or post-operative fever) and in 4 the

Table Im Comparison of scintigram results with ESR (mm/first hour) and acute phase reactant levels (AP; a,-antitrypsin,
orosomucoid and haptaglobin) measured in the fortnight preceeding the scintigram

ESR <20 ESR <20 ESR >20 ESR 20-30
and but and but

normal AP elevated AP elevated AP normal AP

CIBD 13 11 35 3
Positive scintigram (n = 62)
CIBD 1 1 2* 1** 2
Negative scintigram (n = 16)
CIBD excluded 24 0 0 0
Negative scintigram (n = 24)

* = Acute phase elevated less than 25% above normal range; ** = False negative scan (patient 6, Table II).
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scintigram suggested an unsuspected abscess. These 15
patients underwent surgery (4), ultrasonography (7)
and computed tomographic (CT) scanning (6). The
final diagnosis in the 12 patients with scintigrams
suggesting an abscess, either alone or with active
CIBD, was an abscess in 8 (including 1 wound
abscess), an inflammatory mass in 2, infection in a
known fistula in 1 and 1 false positive scintigram. In 3
patients scintigraphy, although showing active CIBD,
did not identify an abscess. One of these scintigrams
negative for abscess may have been incorrect as an
abscess, suspected clinically, was found at surgery 4
months later. However, ultrasonography at the time of
scintigraphy was also negative.

Discussion

This retrospective study of a large series ofindium-I1I1
tropolonate scintigrams confirms that they can
accurately assess the extent of disease in known CIBD
and are also useful screening tests to identify, or
exclude bowel inflammation. However, a positive
scintigram is not specific for CIBD, occurring in any
disease associated with bowel inflammation whether
idiopathic, infective, radiation-induced or secondary
to ischaemic colitis or enteritis (Saverymuttu et al.,
1983e; Stein et al., 1983b) and also in gastrointestinal
haemorrhage (Stein et al., 1983b) where white cells are
also shed into the bowel lumen.

In the assessment of disease location and the extent
of active CIBD there was excellent agreement with
barium studies with significant discrepancy in only 4
of the 49 patients. One of these patients had a true
positive scintigram (patient 1, Table II) confirmed by
colonoscopy and another a false negative (patient 6)
confirmed by surgery. Two patients had possible false
positive scintigrams but as both (patients 2 and 3) had
a confirmed Crohn's proctitis a terminal ileitis as
suggested by scintigraphy cannot be totally excluded
by the normal barium studies. Neither patient was
taking non-steroidal anti-inflammatory drugs which
can cause terminal ileal radionuclide uptake (Bjar-
nason et al., 1984).

Seventeen patients with CIBD, but mild symptoms,
had negative scintigrams. The possibility that some of
these were false negatives occurring in the presence of
mild inflammation cannot be excluded. However, 9
patients also had normal barium studies and,
therefore, scintigraphy is no less sensitive than
radiology. Saverymuttu et al. (1985) found that 2 of 33
patients with CIBD had negative scintigrams. Both
patients had mild symptoms with a Crohn's disease
activity index less than 100, normal radiological
studies but abnormal rectal histology.

This study is the first to show that indium- 111
tropolonate scintigrams can distinguish between ileal

disease confined to the terminal ileum and disease that
is either more extensive or localized to other loops of
small bowel. In 3 patients it showed terminal ileal
disease not found on barium follow-through and in
another 2 patients showed more extensive small bowel
disease than radiology. Both investigations were per-
formed within a fortnight and this suggests that scin-
tigraphy is more sensitive than radiology in detecting
small bowel Crohn's disease. However, if radionucide
uptake in the right iliac fossa is very localized it may be
impossible to identify it as terminal ileal or caecal as
anatomical localization requires the recognition of
characteristic patterns of radionucide uptake (Figures 1
and 2). In clinical practice, however, it is more important
to be aware that inflammation is present than to know its
precise site in the right iliac fossa.

Scintigraphy appears to be slightly more sensitive
than the ESR or acute phase reactants for indicating
the presence of inflammation (Table III). This
superiority and the possibility that, for ileal disease at
least, scintigraphy may be more sensitive than
radiology suggests than it may be useful to distinguish
between recurrent ileal disease and bile salt malabsor-

Figure 1 Indium- I ll leucocyte scintigram (4 hour)
showing radionuclide uptake in the terminal ileum (arr-
owed) and normal uptake in the spleen, liver and bone-
marrow. Terminal ileal Crohn's disease subsequently
confirmed by barium follow-through.
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Figure 2 Indium- 111 leucocyte scintigram (4 hour) in a
patient with pancolitis. Crohn's pancolitis confirmed at
pan-proctocolectomy.

ption as a cause for symptoms following ileal resec-
tion. Also, as scintigraphy does not detect the chronic
changes of Crohn's disease, it should distinguish
fibrotic strictures requiring surgery from infiam-
matory strictures which may respond to medical or
dietary therapy (Alun Jones eta!. 1985). We have used
scintigraphy for these indications, but as yet do not
have enough data to confirm its value.
As a screening test in the 40 patients without known

CIBD there appeared to be no false negatives on
follow-up. Two patients initially suspected of having
IBS had positive studies and subsequently confir-
matory radiology. Patients 4 and 5 (Table II) may have
had false positive scans, as post-mortem and colonos-
copic examinations, respectively, were normal.
However, in neither case was a definite diagnosis

established, and inflammation other than CIBD may
have caused the positive scintigrams.

Scintigrams have some advantages over barium
studies. They are non-invasive, do not require bowel
preparation and are safe in severe CIBD. Abscesses
may be identified (Saverymuttu et al., 1983b; Ambrose
et al., 1983) although as persistent localized isotope
uptake can occur in CIBD (usually radionuclide
moves distally in the faecal stream in CIBD but
remains static within an abscess on sequential imag-
ing) false positives can occur. One possible false
negative for abscess also occurred. Disease severity is
most accurately assessed by measuring faecal excre-
tion of labelled leucocytes (Saverymuttu et al., 1983c).
However, the 4 day stool collections required are
impracticable when large numbers of patients, includ-
ing out-patients are being studied. Assessing severity
directly by visual grading of the intensity of radionu-
clide uptake on the scintigram correlates well with
faecal indium excretion in colonic disease
(Saverymuttu et al., 1984). The excellent visualization
of small bowel disease on many scintigrams in this
study suggests that the severity of small bowel disease
may also be reliably so assessed. However, this
retrospective study was not suitable for assessing the
accuracy of scintigrams in gauging disease severity.
The major disadvantage, at present, of scintigraphy

is the time required to label the leucocytes (2 hours).
Whole body radiation exposure is approximately
2 mSv but maximum radiation exposure to the target
organ, the spleen, is 60 mSv following the 12 MBq
dose used for detecting inflammatory bowel disease
(Thakur et al., 1977). This radiation exposure to the
spleen is similar to that from a barium enema together
with a barium follow-through, and limits the number
of times scintigraphy can be performed. Indium binds
within the cytoplasm and nucleus, causing
chromosomal damage. This is unimportant in the
short-lived leucocyte but, potentially, could cause
lymphoid malignancy. However, any lymphocytes
incidentally labelled in the leucocyte preparation are
thought to be destroyed by the radiation and pose no
long term risk (Thakur & McAfee, 1984).

Indium-l 11 tropolonate scintigraphy is a reliable
alternative to barium studies in the assessment of
known CIBD in relapse and can be used as a screening
test to identify, or exclude, diseases causing bowel
inflammation as a cause ofgastrointestinal symptoms.
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