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Abstract
Scintigraphy with autologous granulocytes
labelled by technetium-99m hexamethyl, pro-
pylene amine oxime ('Tc-HMPAO) was per-
formed in 103 Crohn's disease patients and 52
healthy controls. In 31 patients endoscopic and
histologic activity was compared with scan

activity index. In the 98 patients with a positive
scan, the extent of Crohn's disease, assessed
by scintigraphy, was compared with that evalu-
ated by small bowel x ray or colonoscopy with
biopsies. In 48 patients, Crohn's disease
activity index, activity index, simple index,
erythrocyte sedimentation rate, C-reactive
protein were correlated with the scan results.
In 16 patients the five parameters and scan
were repeated after treatment with methyl-
prednisolone (10 cases), enteral nutrition (3),
and 5-acetylsalicylic acid (3). The results
showed that 'Tc-HMPAO granulocyte scan
had a 95% sensitivity and 100% specificity to
detect active inflammation; it correctly showed
an abscess or a fistula in all the 24 cases found.
The correlation between histological inflam-
matory activity and scan activity index was

highly significant (r=0.85; p<001), less signifi-
cant (r=0.65; p<0-01) between endoscopy and
scan activity index. The evaluation for the
extent of Crohn's disease by scan was com-
pletely correct in the small bowel (100%) and
93% correct in the large bowel. No correlation
was seen between the three clinical activity
parameters and scanning; in more than 80% of
the cases in remission on the basis of a clinical
or laboratory index, scintigraphy remained
positive. Medical treatment was effective on
the clinical indices but not on the active inflam-
mation in the ileum, whereas it led to a negative
scan in 5/11 cases in the large intestine. Scinti-
graphy with 'Tc-HMPAO granulocyte plays
an important part in Crohn's disease for the
diagnosis of complications, for activity and
assessment ofthe extent, and for the treatment
results evaluation.
(Gut 1993; 34: 1364-1369)

Crohn's disease is characterised by a chronic
recurrent pattern that often leads to complica-
tions that require an operation. Besides the
difficulties entailed in making an exact diag-
nosis,' there is some uncertainty about the
correct definition of the disease activity, a deci-
sive basis for the choice of treatment, and the
assessment of results. Various clinical2" and
laboratory3"8 indices have been suggested for
this purpose, but often with contrasting results
because of the subjective and aspecific nature of

the parameters considered for their construc-
tion.9 The role ofendoscopy for the evaluation of
the severity and the response to steroid treatment
of Crohn's disease has recently been empha-
sised.' "

Abdominal scintigraphy with leucocytes or
pure granulocytes labelled with 111-indium has
been judged capable of showing the site, extent,
and degree of inflammation in inflammatory
bowel diseases.'2 3 The measurement of faecal
excretion of 111-indium has been shown to be a
reliable quantitative index of intestinal inflam-
mation'4"; the setting up of a semiquantitative
scintigraphic activity grading, obtained from
scintigraphic images'2 13 and well correlated with
faecal excretion of 111-indium,'2 '3 has simplified
the clinical use of this method.

In this study, scintigraphy using pure fractions
of autologous granulocytes labelled with tech-
netium-99m hexamethyl propylene amine
oxime (99mTc-HMPAO) was performed in 103
patients with Crohn's disease. The aim was to
check whether this tracer is able to show the
presence of active inflammation, the extent, and
any complications such as abscesses or fistulas. In
a subgroup of 31 patients, the scan activity index
was compared blindly with the inflammatory
activity assessed by histology and with the sever-
ity of the endoscopic signs. In all cases with a
positive scan, the extent of Crohn's disease,
assessed by scan, was compared with that seen on
small bowel x ray or colonoscopy. In 48 cases the
scan activity index was correlated with three
clinical parameters: Crohn's disease activity
index-of Best et al,2 activity index of Van Hees
et al,3 simple index ofHarvey and Bradshaw,4 and
with the erythrocyte sedimentation rate and
C-reactive protein, and in 16 of these it was
repeated after medical treatment to assess its
usefulness in the clinical follow up of Crohn's
disease.

Methods

PATIENTS
Of the 355 patients examined by granulocyte
scintigraphy from January 1988, because they
were suspected to be suffering from inflamma-
tory bowel disease, 103 had Crohn's disease, 54
men and 49 women, aged 15-78 (x=38 3 y).
Crohn's disease was found in the small intestine
in 58 (56 ileum, 2 ileum and jejunum), in the
large intestine in 14, and in both in 31; 38 had had
surgery from one month to 30 years previously
(x=5 7 y) and suffered from Crohn's disease
relapse. Diagnosis in unresected cases within the
small bowel was based on small intestine double
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constrast enema in 26, on ileoscopy with biopsies
in three, and on histological examination of
surgical specimens in three. In the cases in the
large bowel and in those where recurrence

occurred after surgery diagnosis was based on

colonoscopy or ileocolonoscopy with biopsies.
When abscess or fistula complications were sus-

pected, the final diagnosis was based on com-

puted tomography, repeated ultrasound' scans,
specific x ray examinations, and, in three cases,
on surgical exploration; in five cases, a cutaneous
or anal fistula was present.
The control group consisted of 52 subjects, 22

men and 30 women with a mean age of 62 years,
with hip prosthesis, not receiving non-steroid
anti-inflammatory drugs and free from intestinal
disease; they had granulocyte scintigraphy for
suspected septic loosening of the graft.
Comparison between the endoscopic-histo-

logical picture and scan was possible in a sub-
group of 31 patients where colonoscopy with
biopsies had been performed within one week of
the granulocyte scintigraphy: this was to avoid
possible interference by drug treatment on the
scan results. The endoscopic signs considered as

expressions of activity and severity were:

oedema-erythema, aphthoid erosions, and deep
ulcers. At microscopic examination a subjective
evaluation of granulocyte infiltrate increase was

given as: absent, slight, moderate, and severe.
These endoscopic-histological data were given
for the intestinal segments that had been ade-
quately examined. The intestine was divided as
follows: distal ileum, caecum/ascending colon,
transverse colon, descending colon, sigmoid/
rectum, and surgical anastomoses. The segments
studied were classified, on the basis of the
endoscopic pattern, in three groups: (1) oedema
of mucosa without active lesions; (2) moderate
activity with erythema or aphthoid erosions, or

both; (3) severe activity with deep ulcers.
Normal segments, group 0, were considered as

controls. Correlations were made between the
endoscopic, histologic, and scintigraphic data
and the diagnostic sensitivity and specificity of
granulocyte scintigraphy were assessed.
The extent of Crohn's disease was assessed in

the 98 patients with a positive scan, by a small
bowel x ray in the 84 cases where it was found in
the small bowel, by pancolonoscopy in the 45
patients where the colon was affected. The small
bowel was divided into three segments: distal
ileal loop; an ileal tract; a jejunum tract.'6 In the
colon, a segment was considered affected when
histological examination showed Crohn's disease
activity, even if only slight. Scan evaluations
were made blindly by the nuclear medicine
physician, unaware of the results from the other
examinations. The extent of Crohn's disease
assessed by scan was compared, in each case,
with that made by x ray for the small bowel, and
by colonoscopy for the large bowel.

In 48/103 patients it was possible to calculate
the three activity parameters, Crohn's disease
activity index, activity index, simple index and
two laboratory parameters, erythrocyte sedimen-
tation rate and C-reactive protein, at the same

time as when the granulocyte scintigraphy was

performed. In this subgroup Crohn's disease was
found in the small intestine in 21, in the ileum

and large intestine in 18, and in the large intestine
only in nine; 18 cases had Crohn's disease relapse
after resection. Seven cases were newly diag-
nosed and therefore untreated; three were
already having treatment with salozopyrin, nine
with 5-acetylsalicylic acid (5-ASA), and 10 with
low doses of steroids; treatment had been
stopped for at least one month in 19 cases.

In 16/48 patients, the five parameters and
granulocyte scintigraphy were rechecked, in 10
after treatment with methyl-prednisolone (1 mg/
kg/body/wt per day for 3-4 weeks gradually
decreasing the dose for a further 6-8 weeks) plus
5-ASA (3 g/day up to the control) after 6-12
months (x= 8 months); in three after total enteral
nutrition for 2-3 months plus 5-ASA 3 g/day up
to the control after three months; in three
patients, two in remission and one in activity,
treated with 5-ASA 3 g/day, after 6, 8, and 16
months respectively. In the group treated with
methyl-prednisolone, a statistical assessment
(Wilcoxon's rank test) was made of the variation
in the parameters considered.

RADIONUCLIDE PROCEDURES
The scintigraphic study was performed after
obtaining the informed consent according to the
Declaration of Helsinki. Autologous granulo-
cytes labelled with 'Tc-HMPAO (Ceretec-
Amersham Int) were used. The cellular fraction
was obtained by centrifugation on double density
gradient modifying the technique already des-
cribed by Ferrante and Thong. 7

In brief, 90 ml of blood was collected from the
patient and made non-coagulable by adding 16
ml of acid citrate dextrose (formula A); after a
first sedimentation with the dilution with 10 ml
of hydroxyethyl starch (Hespan), the supra-
natant plasma, rich in leucocytes and platelets,
was centrifuged at 300 g for 10 minutes; the
cellular pellet thus obtained was delicately resus-
pended in 5 ml ofplasma cell free and placed on a
double density gradient produced by diluting
with different quantities of plasma (0 1 and 1 ml)
2 ml of Ficoll-Hypaque (MPRM-Flow Lab).
After another centrifugation at 300 g for 10
minutes, the neutrophils were recovered at the
interface between the two density gradients,
washed in plasma, and then incubated for 10
minutes at room temperature in 1 ml of plasma
and 1 ml of 'Tc-HMPAO (740-1110 MBq).
After labelling, the cells were washed again in
plasma, recovered by centrifuging (400 g for 5
minutes), resuspended in 5 ml of plasma, and
promptly reinjected into the patient.
The dose given varied, according to the label-

ling yield, between 370 and 555 MBq. More than
95% of the cells present in the final suspension
were neutrophil granulocytes, the remainder
being erythrocytes, monocytes, and some eosino-
phils; there were no lymphocytes. Cell vitality,
assessed by trypan blue staining, was always at
least 99%.
The scans were performed with the whole

body technique after 30 minutes, 2-2 5 hours,
and, when an abscess or fistula was suspected,
also after 24 hours. The early examination repre-
sents an in vivo quality control of the preparation
and is able to show at this stage the presence of
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inflammation in the upper respiratory tract that
may give rise to false positive results in a later
scan. 18

SCAN ACTIVITY INDEX
Our scan activity index was obtained by modify-
ing slightly the scintigraphic grading used by
Saverymuttu et al,3 maintaining unchanged the
granulocyte uptake index of 0 to 3: Grade 0=no
uptake; Grade 1=uptake<bone marrow; Grade
2=uptake<liver; Grade 3=uptake >liver, and
the colonic division into: caecum/ascending
colon, transverse colon, descending colon,
sigmoid-rectum colon; small bowel was divided
into: distal ileal loop, an ileal tract, a jejunum
tract.'6 Where up to half of a large intestine
segment was affected, the uptake grade was

multiplied by 0.5 to assess more exactly the
extent ofthe Crohn's disease. Scan activity index
was the sum of the uptake degree, evaluated on
the two hour image, for each segment that had a

positive scan.

Results
Granulocyte scintigraphy gave positive results in
98 of the 103 patients with Crohn's disease, by
visualising at least one part of the intestine. In
five ileal cases in clinical remission granulocyte
scintigraphy did not show any intestinal activity.
Granulocyte scintigraphy was negative in all 52
control subjects; the diagnostic sensitivity was
therefore 95% and specificity 100%.

Granulocyte scintigraphy showed a total of 24
complications, 10 abscesses and 14 fistulas.
Scintigraphic diagnosis is based on the presence
of a focal accumulation of labelled cells
unchanged in the 24 hour examination for
abscesses (Fig IA and B). In the presence of
fistulas, anomalous stabs were shown (Fig 2).
Nine complications, six abscesses and three
fistulas, were not clinically suspected before
granulocyte scintigraphy was performed, and so

scanning was performed for the following exami-
nations. In all cases, these were subsequently
confirmed. There was no false positive result in
our cases. In the 31 patients with Crohn's disease
examined with endoscopy, histology, and granu-
locyte scintigraphy, the 88 suitable intestinal
segments were divided as follows: surgical
anastomoses, 8; distal ileum, 18; caecum/
ascending colon, 15; transverse colon, 17;
descending colon, 14; sigmoid/rectum, 16.

A B

Figure 1: Recurrent Crohn's disease in a patient who has had
a resection: focal uptake (arrow) at two hours (A) unchanged
after 24 hours (B), suggesting an abscess complication.

Figure 2: Evidence offistulous communication between ileum
and sigmoid colon in a patient with active Crohn's disease.

Table I gives the scan results, correlated with
endoscopic and histologic data. The linear cor-
relation of scan activity index with endoscopic
severity and activity was significant (r=0.65;
p<0-01); the correlation between the degree of
histological activity and the scan activity index
value was highly significant, with r=0-85,
p<0-01. From an analysis of these data, granu-
locyte scintigraphy has shown a diagnostic sensi-
tivity and specificity for active inflammation of
95% and 100%.
The extent of Crohn's disease assessed by

granulocyte scintigraphy showed exactly in 84/84
in the small bowel compared with radiological
examination; for the 45 found in the colon,
granulocyte scintigraphy evaluation was correct
in 42 (93%): in the three other cases, with slight
activity, the extent was underestimated by gran-
ulocyte scintigraphy.

In the 48 patients in whom Crohn's disease
activity index, activity index, simple index,
erythrocyte sedimentation rate, C-reactive
protein, and total scan activity index were cal-

TABLE I Scan results correlated with the endoscopic and
histologic data of88 intestinal segments in 31 patients with
Crohn's disease

Endoscopy Histolog
0 1 2 3 0 1 2 3

Scan activity index 0 10 3 1 - 10 4 - -
1 - - 20 8 - 24 - 4
2 - 1 12 13 - 4 20 2
3 - 3 - 17 - - 1 19

Scan activity index v endoscopy: r=0-65; p<001; scan activity
index v histology:r=0.85; p<0 01.
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TABLE II Correlations of the five activity parameters with
scan activity index in 48 patients with Crohn's disease

All patients Small bowel
(n=48) (n=21)

Parameters r p r p

Crohn's disease activity index 0-22 NS 0.43 *
Activity index 0-23 NS 0.47 *
Simple index 0-21 NS 0.43 *
Erythrocyte sedimentation rate 0-29 * 018 NS
C-reactive protein 0.35 ** 033 NS

*p<O.O5; **p<0Ol.

culated, correlations were made between each of
the five parameters and scan activity index for the
whole group and for the subgroups made on the

basis of the site of the Crohn's disease: the three
clinical parameters Crohn's disease activity
index, activity index, and simple index correlate
with scan activity index only for the forms of the
disease found in the small intestine and not for

A B

Figure 4: Crohn's disease affecting the ileum and colon:
before (A) and after (B) steroid treatment. Disappearance of
inflammatory activity onlyfrom the colon.

the other groups, while erythrocyte sedimenta-
tion rate and C-reactive protein correlate with
scan activity index for the entire group (Table
II). In a high proportion of cases in remission for
one parameter (more than 80%), granulocyte
scintigraphy is positive with no substantial dif-
ference in scan activity index compared with the
cases clinically active (Fig 3).

Analysing the variations in the five parameters
and scan activity index in the patients treated
with methylprednisolone, a significant decrease
of Crohn's disease activity index, activity index,
simple index, erythrocyte sedimentation rate
values is seen, while there is no significant
reduction in C-reactive protein and scan activity

index (Table IV). If scan activity index is divided
into its two components, for the small and large
intestine, it can be seen that granulocyte scinti-
graphy becomes negative in 2/8 cases where the
colon was affected (Fig 4). In the six patients who
had a different treatment similar results can be
seen, with scan activity index becoming negative
in only three cases where the colon was affected.

Discussion
Indium 11 1-leucocyte scintigraphy has been

Figure 3: Increased granulocyte uptake in a patient with ileal shown to have a high diagnostic accuracy in
Crohn's disease (arrow) in clinical remission. inflammatory bowel disease'3` and the faecal

TABLE III Changes in activity parameters and scan activity index after methylprednisolone treatment in 10 patients

Crohn's Erythrocyte Small Large
Steroid disease sedimentation C-reactive Scan activity bozwel - scan bowel - scan
treatment activity index Activity index Simple index rate protein index activity index activity index
Before 238 205 7-1 59 3-8 5 9 2 6 4-4

(166-324) (120-294) (4-10) (15-94) (0.5-7.9) (2-13) (2-3) (2-10)
* * * * NS NS NS NS

After 167 169 5 3 29 2-7 4-2 2-2 2-8
(10-284) (76-255) (1-11) (8-59) (04-8 5) (1-7) (1-3.5) (0-5)

*p<0.05 (Wilcoxon's rank test).
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excretion of the labelled cells is well correlated
with Crohn's disease activity.'420 The use of a
scintigraphic index based on an assessment of the
intensity and extent of the inflammation, well
correlated with faecal excretion,'3 has simplified
the scintigraphic assessment of inflammatory
bowel disease, especially Crohn's disease.

In 198621 SSmTc-HMPAO was made available
for cell labelling, and has the advantages of being
widely and easily available, exposing the patients
to smaller radioactive loads, requiring shorter
examination times and, not to be under-
estimated, providing a better quality scinti-
graphy image."
The decision to use pure granulocytes instead

of leucocytes is based on the fact that, as the
scintigraphy is aimed at showing active inflam-
mation, granulocytes represent its fundamental
element; radioactivity bound to the other
labelled cells, mononucleates and erythrocytes,
increases the background radioactivity and,
because of the more rapid elution of the radio
compound, can give rise to early intestinal visual-
isation interfering negatively with the image
quality and the accuracy of the test. This may
account for the high percentage of false positive
results reported in recent studies using mixed
leucocytes.23 Furthermore, eliminating the lym-
phocytes from the test also averts the possible
risk of genetic damage to these elements.24
Our method is based on a total body scan after

30 minutes to show any extraintestinal inflamma-
tion that might give false positive results, and to
permit a correct interpretation of later scans with
regard to extent, which can otherwise be over-
estimated in patients with highly active inflam-
mation and with an accelerated intestinal transit
(for example, after ileum resection). The physio-
logical elimination in the intestine of the 'Tc-
HMPAO metabolites may be useful for a correct
interpretation of the site of early activity in those
cases where there may be some doubt between an
ileal and a sigmoid loop.
Mixed leucocyte scan with 9'mTc-HMPAO

labelling has been used in small Crohn's disease
series sometimes with conflicting results. 16 25 26 In
this study, for the first time, 'Tc-HMPAO
'pure' granulocyte scintigraphy was used in a
large number of patients with Crohn's disease;
95% diagnostic sensitivity (100% without the
five cases in clinical remission) and 100% speci-
ficity are better results than those obtained by
111-indium granulocyte scan.27 The 100% diag-
nostic accuracy of abscess and fistula complica-
tions was not seen with other methods.28-30 These
data show the accuracy and reliability of the cell
preparation method, labelling, and scintigraphic
technique used by us. Obviously granulocyte
scintigraphy cannot be used to diagnose Crohn's
disease, which is based on other methods, but it
can show the active inflammation that is part of
Crohn's disease.

In cases where the intestinal segments were
studied endoscopically and histologically, a high
correlation was seen between scan activity index
and the degree of histological inflammatory
activity, with values of sensitivity and specificity
higher than those obtained with SSmTc-HMPAO
leucocytes.26 The endoscopic activity and
severity of lesions also showed a good correlation

with scan activity index. Granulocyte scinti-
graphy assessment of the extent of Crohn's
disease was very accurate, with only three cases
underestimated, probably because of the low
activity and the interference with bladder image.
Total scan activity index can thus give a precise
evaluation of activity and severity in Crohn's
disease. Another important aspect is the
measurement of the clinical activity of Crohn's
disease. The various clinical and laboratory
parameters have been shown to be unreliable and
difficult to standardise because of the subjective
nature of some of the parameters used.9'5 In
Crohn's disease an assessment of activity is
important for therapeutic decisions and to evalu-
ate the efficacy of the treatments used. The
endoscopic index,'0 not easy to carry out, cannot
be used in all cases as Crohn's disease is often
localised in the small intestine. Our data show
that the scintigraphic parameter is not correlated
with the clinical parameters but is, however only
slightly, with C-reactive protein and erythrocyte
sedimentation rate; the correlation with Crohn's
disease activity index, activity index, and simple
index becomes slightly significant for the small
intestine forms. These data reflect those seen by
Crama-Bohbouth et al,20 and are the result of a
clinically important fact: clinical remission very
often does not signify inflammatory remission,
which can be shown by endoscopy with biopsies
or, more simply, by a granulocyte scintigraphy,
which also makes it possible to give an overall
assessment of the small intestine.

It is known that methylprednisolone is effec-
tive for the clinical symptoms,3' but the inflam-
mation may remain active." 32 In the 10 patients
treated with methylprednisolone, there was a
significant improvement in the clinical para-
meters but not in scan activity index: inflamma-
tion in the small intestine, in particular, did not
respond at all, as found by Olaison et el.32
Remission of inflammation was only recorded in
5/11 cases found within the colon, including the
patients treated with enteral nutrition and
5-ASA. These data, which show a poor response
of ileal Crohn's disease to traditional treatment,
are important clinically and for the assessment of
therapeutic trials with new drugs where the
results are generally assessed on the basis of
clinical parameters, Crohn's disease activity
index being the most usual.3' Granulocyte scinti-
graphy makes it possible to identify cases that do
not respond, especially those within the small
intestine that cannot always be explored with
endoscopy, and to suggest different treatments
without the illusion of a clinical remission that
may hide a persistent active inflammation.33
As far as granulocyte specific monoclonal

antibody labelled by 99mTc is concerned for 'in
vivo' labelling, the diagnostic accuracy is lower
and clinical experience too small.3435 In conclu-
sion, 9mTc-HMPAO granulocyte scintigraphy
seems to be better than other scintigraphic
methods in the study of Crohn's disease, is
clinically useful because of its ability to show
abscess and fistular complications, provides
an assessment of the active inflammation and
the extent of the disease (particularly useful
where the small intestine is affected) and allows
a true evaluation of inflammatory activity even
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during clinical remission and in response to
treatment.

Part of this paper has been published in abstract form at the
EANM Congress of Lisboa, August, 1992.
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