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Quantificationof disease activityin inflammatorybowel dis
ease (IBD) has been by measurement of fecal excretion of
111ln-granulocytes.The difficulties of this method PromPted
us to evaluate quantification of whole-body 111Inretention,
expressed as a percentageof whole-bodyactivity at 3 hr
following injection, as an alternative method. The patient
stood in front of the uncollimated gamma camera at a distance
of 4 m and countswere collectedover 2 mm.The geometric

and for quantification of disease activity. The latter appli
cation has particular potential in the assessment of new
drug therapies (1). Although disease activity can be semi

quantified from scan appearances in scan imaging, it has
been claimed that the most accurate way to quantify
disease activity is to measure the radioactivity in a com

mean
was
taken
ofposterior
and
anterior
counts
and
corn

pared with a 111lnstandard. The lower limit of the 95%
confidenceintervalfor whole-bodyretentionin normalswas

90%. Forty-fivestudies were performed on 33 patients with
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plete 4-day stool collection after injection of â€˜
â€˜
â€˜In-labeled
granulocytes (2). In normal individuals and patients with
inactive IBD, no more than 2% of the injected dose is
excreted in the feces, although this rises to levels as high
as 60% in acute exacerbations ofCrohn's disease or ulcer
ative colitis (3). However, the accuracy of this technique
relies heavily on an adequate fecal collection. This is not

IBD.They were assessedintwo groups,oneto whomroutine
instructions for the collection of feces were given (Group A)
but who did not always comply. The other group received
oral and written instructions and were also monitored during
the collection period (Group B) and reported full fecal collec
tion. Althoughin Group A the correlationbetween fecal ex
cretion and whole-body retention was good (r = 0.7, n = 32;
p < 0.001), in Group B the relationshipbetweenfecal excre

ized patients who have frequent bowel actions (4). Fur
thermore, patients do not always report that fecal collec
tion is incomplete. The unpleasantness of this technique

0.95, n = 18; p < 0.001). On average, 111lnwhole-body

simple approach in which â€˜
â€˜
â€˜In
remaining in the patient is

tion
and
whole-body
retention
was
significantly
better
(r=
retentionwas consistentwith findingsobtainedduringimag

always possible, particularly

when assessing non-hospital

for patients and for technical staffis also a major drawback

of the method.
These disadvantages prompted us to evaluate a new,
measured instead of the â€˜
â€˜
â€˜In
lost in the feces. This whole

ing: 111Inexcretion (100-whole-body retention) was 7.8% Â± body retention technique proved useful for evaluating
4.9% in 5 normal scans, 10% Â±5.9% in 17 (+) scans, 22.3% disease activity in patients with bronchiectasis, in whom
Â±8% in 20 (++) scans

and 57% Â±16% in 8 (+++)

scans.

We concludethat imagingis more sensitivethan whole-body
retentionand fecal excretionin the detectionof disease,but
for quantification, whole-body retention is an accurate reliable
alternative to fecal excretion.
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granulocytes from diseased lung are excreted via the spu
tum (5), and may represent a simple, accurate and accept

able method to quantify disease activity in patients with
IBD.
This paper therefore reports the results of a comparison

of the whole-body counting technique with quantification
based on fecal â€˜
â€˜
â€˜Incounting.

METHODS
he principal uses of radiolabeled autologous leuko
cytes in inflammatory bowel disease (IBD) are for detecting
bowel inflammation, both at initial presentation and when
relapse is suspected, for determining distribution of disease
Received May 14, 1991; revision accepted Dec. 19, 1991.
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Patients
Thirty-eight patients (23 female and 14 male, aged between 18
and 65 yr) with IBD were studied. Twenty-four patients had
Crohn's disease (localized in the large bowel in ten, small bowel
in eight, and involving both large and small bowel in six patients),

eighthad ulcerativecolitis,one collagenouscolitisand fiveradia
tion enteritis. The diagnosis of IBD was based upon history,

physicalexamination,radiologic,endoscopicand/or histopatho
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logic features. None ofthe patients had respiratory or skin diseases
that might be responsible for white cell loss. Ten patients were
active smokers. A total of 50 â€˜
â€˜
â€˜In
radionuclide studies (imaging,
fecal excretion and whole-body retention) were carried out in the
38 patients,

since 12 patients

were studied on two separate

occasions. The study was approved by the local Ethics Committee
and certification obtained from the Administration of Radioac
tive Substances Advisory Committee (ARSAC).
Clinical Assessment
Routine clinical assessment was carried out in all patients in
addition to measurement of laboratory acute phase reactants,
such as erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP). In the 12 Crohn's disease patients who were
studied on two occasions, ESR and CRP, together with the
Crohn's disease activity index (CDAI), were assessed before each
study. CDAI is the most widely used clinical score, with values
>150 corresponding to active disease and <150 to inactive

disease.

all patients were asked to make a full 4-day stool collection.
Results of fecal excretion measurement, however, may be influ
enced by the accuracy of stool collection. Therefore, we made a
temporal separation of the patients into two groups: Group A
was comprised of2O patients who were given careful oral instruc
tions for the collection of feces. Group B was comprised of 18
patients (including 4 inpatients) who received both oral and

written instructionsfor fecalcollectionand were also contacted
daily to assess their compliance with collection. A standardized
questionnaire designed to evaluate the accuracy offecal collection
was administered to every patient when they handed over the
samples. The total fecal â€˜
â€˜
â€˜In
content was counted in an ARMAC
gamma counter and expressed as a percentage of the injected
dose after correction for physical decay of â€˜
â€˜
â€˜Inas previously
described (2). As already established (2), the normal fecal â€˜
â€˜
â€˜In
excretion was considered to be 2% or less ofthe injected dose.

Whole-BodyRetention
Asanother wayofquantifyingdiseaseactivity,â€˜
â€˜
â€˜In
remaining
in the patient

Cell Labeling
A â€œpureâ€•
population of autologous granulocytes was isolated
from 102 ml venous blood (anticoagulated with 18 ml ACD-NIH
A) with Metrizamide-autologous plasma-density gradient col
umns and labeled in plasma with â€˜
â€˜
â€˜In-tropolonate(9â€”12MBq)
as previously described (6). By separating the cells in an aliquot
of the injectate on a Percoll-saline density gradient column, no
more than about 5% ofthe total injected cell-bound radioactivity

wasestimatedto be presenton non-granulocyticformedelements

(7).
Imaging
Each patient was imaged at 3 and 20 hr after injection of
labeled cells using a gamma camera (IGE 400A or 400T) fitted
with a medium-energy, parallel-hole collimator. The images were
inspected for evidence of IBD and subjectively graded by a
nuclear physician (JPL), unaware ofthe whole-body retention or
fecal excretion data, as negative (0), mildly positive (+), moder
ately positive (++) or markedly positive (+++) (Fig. 1). Bowel
localization was compared to bone marrow and liver activity as
part of the scan grading process. The grading system used in the
study was based on visual analysis, and both intensity and extent
of the disease were considerations in scan grading. This grading

wasdone for 3- and 20-hr imaging,sideby side.
Fecal Excretion
The fecal excretion of â€˜
â€˜
â€˜In
was estimated to quantitate disease
activity(2). Afterthe administration of' â€˜
â€˜In-labeled
granulocytes,

was measured

instead

of evaluating

the â€˜
â€˜
â€˜Inlost

in the feces. Whole-body radioactivity was quantified as the
counts collected in 2 mm from the uncollimated gamma camera
directed towards the erect patient at a distance of 4 m (5) (Fig.
2). A background count over 2 mm was also performed, having

ensured that there were no â€œhotâ€•
sources (such as 8lmj(@generator
or radioactive patients) in the vicinity of the gamma camera.
Counting was performed on the same camera for each patient
either at the end of the day or early in the morning. As a result,
variation in background was fairly low (s.d. 26% of the mean).
The 15% energy windows were set on the two â€˜
â€˜
â€˜In
photopeaks
(i.e., 170 and 247 keV). Following background subtraction, the
geometric mean was taken of counts recorded with the patient
respectively anterior and posterior to the camera. An â€˜
â€˜
â€˜In
stand
aid (the activity of which was about one-third of the injected
dose) was counted at the same distance. Counting was performed
between 1 and 3 hr after injection of cells and again between 4â€”

6 dayslater.It wasassumed
thatnoactivityhadbeenlostby
3 hr, sothewhole-bodyretentionat 4â€”6
dayswasexpressed
asa
percentage ofthe 1â€”3
hr counts (2). Physical decay ofthe isotope
was accounted for by comparison of whole-body counts with
standard counts. Whole-body counts were also â€œdirectlyâ€•
cor
rected for physical decay, using a decay constant of 0.0103 hr'.
The average for the whole-body retention values respectively
based on the standard and on correction for physical decay was
then taken. In normals, whole-body retention is >90% (or <10%
ifexpressed as excretion [100-whole-body retention]) (5).
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In order to checkthat the uncollimatedcameracount rate was
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FIGURE1. RePresentativeexamples
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of image grading. Three images from re
spectivepatientswith IBDtaken 3 hr after
injectionof labeledcells, scored (+), (++)
and (+++),respectively.

757

I Whole
body
retention
(WBRI]
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of the whole-body111Inretentionmethod.

independentofthe verticaldistributionofactivity in the patient,
a sourceof â€˜
â€˜
â€˜In
wascounted at head, waistand foot levelsfrom
in front of and behind a subjectwho had been givenno radioac
tivity and who was standing at a distance of4 m from the camera.

CDAI of<l50.

Among those with a moderate (++) image,

six out of nine studies also had CDAIs <150. All four
studies with (+++) images had CDAIs >150.
Fecal Excretion

Data Analysis

Results are expressed as means Â±1 s.d. Linear regression
analysis was used to assess the correlation between whole-body
retention, CDAI and fecal excretion. A p value of <0.05 was
considered significant.

RESULTS

No patient was eliminated on the basis of incomplete
collection. Ten of the 20 Group A patients (50%) and 17
of 18 Group B patients (94%) reported an accurate fecal
collection. For Group A, fecal radioactivity was higher
than normal in one of six patients with a (â€”)scan, in two
of eleven with (+) scans, in seven of twelve with (-H-)
scans and all five patients with (+++) scans. For Group

Disease Actlvfty on Imaging

B, the results of fecal excretion were abnormal in three of

Forty-five of 50 studies had abnormal accumulation of
activity; 17 were (+), 20 were (++) and 8 were (+++).
The relationship between imaging and the disease activity
index is shown in Figure 3 for 24 studies (in 12 patients
with Crohn's disease). Among those with no or minimal

six patients with (+) scans, in eight of eight with (++)
scans and in all three patients with (+++) scans.
Analysis ofthe individual data for Group A (12 Crohn's

(+) disease
on imaging,fiveoutof elevenstudies
hada
400
â€˜C

a,

.

disease patients) revealed a poor correlation (r = 0.21, p =

0.3) betweenfecal excretionand CDAI in 22 studies
(Fig. 4).
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Whole-BodyRetention
Comparison was made between whole-body retention
calculated from the injected dose corrected for physical
decay and whole-body retention calculated with reference
to a simultaneously measured standard. The mean ratio
of the two values was 0.99 Â±0.079. Background costs in

80 -

patients with nonactive

20-

60â€¢

disease were about 5% of total

counts at 1â€”3
hr, and ranged from 10% to 25% of total
counts at 4â€”6days. Nevertheless, counts at 1â€”3
hr were
about lOOKand at 4â€”6days 25K. Whole-body retention
(indirect measurement of percent fecal excretion) was also

negative scans, six of eleven with (+) scans, ten of twelve
with (++) scans and all five patients with (+++) scans. In

Group B, abnormal whole-body retention was found in
three of six patients with (+) scans, all eight patients with
(++) scansand the three patients with (+++) scans. In the
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related to image grading (Fig. 5).

In Group A, abnormal whole-body retention of <90%
(the lower 95% confidence limit from a previous study in
normal individuals) was found in two of four patients with

0

o%

FIGURE6. Relationship
between100 whole-body
retention
(indirectmeasurementof fecal loss)and Crohn's diseaseactivity
index (CDAI) in 24 studies done on 2 separate occasions for 12

patientswith inflammatorybowel disease.
intercept was significantly different from zero (Group A,
p < 0.001; Group B, p < 0.01).

12 Group A patients for whom CDAI was calculated, there
was a significant correlation (r = 0.54, p = 0.008) between

RelationshipBetweenLeukocyteExcretion

CDAI and whole-body retention (indirect measurement of

Retention)and Scan Gradingof Activity
In Group A, 17 fecal excretion studies were normal. Of

Measurements (Fecal Excretion and Whole-Body

fecal excretion) (Fig. 6). Correlation between whole-body
retention and erythrocyte sedimentation rate was also

these, 14 had positive images, 5 of which were graded as

significant

(++) and 8 as(+). Whole-body
retentionstudieswere

(r = 0.56, p < 0.01); however,

correlation

between whole-body retention and C-reactive protein was
poor (r = 0. 1, p = 0.6).
CorrelationBetweenFecal Excretion(Direct
Measurement of Radioactivfty in Feces) and

Whole-BodyRetention(IndirectMeasurement)
The correlations between whole-body retention and fe
cal excretion in Groups A and B are shown in Figures 7
and 8. In Group A, whole-body retention = 14.8 Â±0.56
fecal excretion (r = 0.7, n = 32, p < 0.001); and in Group
B, whole-body retention = 8. 1 Â±0.8 fecal excretion (r =
0.95, n = 18, p < 0.001). In both groups, the zero line

normal in nine cases. Ofthese six had positive images, five
of which were graded as (+) and one as (++). Of seven
studies in which whole-body retention and fecal excretion
were both normal, six had positive images, one of which

was graded as (++) and five as (+). There were no studies
showing negative images in which fecal excretion and
whole-body retention were both abnormal. However, of
the four studies with negative images, whole-body reten
tion was abnormal in two and fecal excretion abnormal in
one. Among all 32 studies from Group A, fecal excretion
was inconsistent with both imaging and whole-body reten

tion in 9, while whole-body retention was inconsistent
with fecal excretion and imaging in only 2. In Group B,
of four studies in which fecal excretion was normal, three
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disease activity and recovery oflabeled leukocytes in feces.
Furthermore, in patients with IBD, â€˜
â€˜
â€˜Inexcretion has
been compared with conventional methods, such as en
doscopy, histology and determination
of CDAI (11,12),

C

0
C

a,
a,
>1

and was found to be an accurate noninvasive means of

0

assessing disease extent and severity. Fecal excretion also

V

a,

showed a good correlation with clinical parameters, such

0

as the CDAI, which was calculated in the 12 patients with

Crohn's disease. The CDAI is the best known ofthe clinical
0

indices and its use has facilitated management decisions
in patients with Crohn's disease and also enabled the

0
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100

prediction of the patient's outcome. However, this index

Faecal excretIon (% dose)

only provides an indirect assessment

of disease activity

and depends on subjective values.
FIGURE8. Comparison
betweenfecal111ln-leukocyte
excre
tion (direct estimation) and 100-whole-body retention (indirect
estimation)in Group B patientswith IBD.

which whole-body retention was normal, three had posi
tive images graded as (+). There were no studies with
positive images and normal fecal excretion and whole
body retention. Moreover, there were no negative images
with both abnormal fecal excretion and whole-body reten
tion. Among the 18 studies in Group B, fecal excretion
results were inconsistent with those ofimaging and whole
body retention in two, whereas whole-body retention re
sults were inconsistent with those of fecal excretion and

imaging in two.

Although measurement

offecal excretion is a useful tool

to quantitatediseaseactivity in patientswith IBD, this
technique relies heavily on an adequate stool collection,
which is often difficult, particularly in non-hospitalized
patients. It is also rather unpleasant to both patients and
technical staff, with the consequent reluctance to use it for
the routine assessment of disease activity. We therefore
sought to evaluate a simpler, alternative method of meas

uring â€˜
â€˜
â€˜In
retention that should theoretically provide sim
ilar or better information

than the fecal excretion

tech

nique.
Whole-Body Retention

Our results indicate that a good correlation exists be
tween whole-body retention, fecal excretion, imaging and
clinical indices. Correlation between whole-body retention

and scan grading was good, although within each grading

DISCUSSION
We studied the ability of fecal excretion (direct estima
tion of radioactivity in stools) and whole-body retention
(indirect measurement) to quantify disease activity in pa
tients with IBD and also assessed the relative sensitivity of
these methods by comparing the incidence of abnormal
results and the degree of concordance between them. Our
results indicate a good correlation between fecal and
whole-body retention, provided there is accurate fecal
collection.

Fecal Excretion
For both groups of patients, fecal excretion was abnor
mal in a high proportion of individuals with active disease
who had abnormal scan imaging. However, a better cor
relation between disease activity and fecal excretion was
found in Group B, which included patients who collected
their feces following careful instructions and were closely
monitored, than in Group A patients whose stool collec
tion was less accurate.
Our results are in agreement with those ofother authors
who found that in patients with IBD the fecal excretion of
â€ẫ€ẫ€˜In-granulocytes

correlates

well

with

the

severity

of

the

disease. Segal et al. (8) found that approximately 20% of
the administered radioactivity appeared in the stools of

patients with IBD. Buxton-Thomas et al. (9) and Savery
muttu et al. (10) also found a good correlation

@
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between

category there was a wide range of whole-body retention
values.
When fecal excretion (direct measurement) and whole
body retention (indirect measurement) were compared

with each other and the imaging data, it was observed that
in Group A, fecal excretion was â€œoutof stepâ€•on nine
occasions compared to two for whole-body retention,
whereas in Group B, both fecal excretion and whole-body
retention were inconsistent in just two separate instances
each. These results, along with the evidence that fecal
collections are frequently incomplete, suggest that whole
body retention is a reliable method for quantification of

activity, particularly when complete fecal collection can
not be guaranteed, and can safely replace the measurement
of fecal excretion.
Whole-body retention was calculated between 4 and 6
days after injection. Using any time between 4 and 6 days
offers considerable advantages for scheduling examina

tions and does not, perhaps surprisingly, introduce signif
icant inaccuracies. In the absence of inflammation, the
rate of loss â€˜
â€˜
â€˜In-granulocyte is only 1% per day. In IBD,
serial collection of feces of patients in the hospital dem
onstrated that most of the radioactivity excreted via the

gut is eliminated early on. For example, on a 4-day collec
tion, Day 1 yielded 6% of the excreted radioactivity, Day
2 an additional 3%, Day 3 an additional 7% and Day 4

The Journal of Nuclear Medicine Vol. 33 â€¢
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an additional 3% or less. Thus, exponential fall in radio
activity excretion indicates that the precise loss of counts
between 4 and 6 days will introduce an inaccuracy of>'3%

at most (2). Since normal routes of â€˜
â€˜
â€˜In
loss include saliva
and urine ( 13), 100-whole-body retention would be ex
pected to exceed fecal excretion, but by no more than a

few percent of the dose. This is based on a statistically
significant control population

which consisted of subjects

without inflammation (5), and indeed in the current sta
tus, a significant positive intercept was recorded in the
regression between â€˜
â€˜
â€˜Inretention and fecal excretion in

inflammatory lung disease with mobilization and excre
tion of labeled neutrophils. By inducing granulocyte mi
gration into airways, cigarette smoking may add to the
whole-body losses resulting from active IBD. The extent

to which smoking may also add to the 4-day fecal excretion
measurement would depend on how much purulent spu
turn was swallowed or expectorated by the patient. Smok
ing could therefore

adversely

influence

the correlation

between whole-body retention and fecal excretion, al
though none of the patients studied had evidence of sig
nificant purulent chest disease.

Earlier studies ofwhole-body retention in bronchiectasis
Group B. It is conceivable, however, that the rate of â€œIn
loss may differ in these individuals, compared to those were based on anterior whole-body count only. By also
patients with enclosed sepsis (who, although not losing
granulocytes via external communication
of their septic

foci, nonetheless have inflammatory disease).
As discussed above, it seems highly probable from our
results that counting â€˜
â€˜
â€˜In
in the feces may in some cases
underestimate the true â€˜
â€˜
â€˜In
loss. This is not surprising in
view of the difficulty of achieving a complete fecal collec
tion over 4 days, especially for patients in whom bowel

actions are usually frequent. Results obtained in our two
groups of patients showed a clear difference according to
the accuracy of fecal collection.

In Group A, 20 of 32

(63%) 100-whole-body retention measurements exceeded

performing

a posterior

count and taking the geometric

mean of both, we could correct any errors resulting from
a varying distribution of â€˜
â€˜
â€˜In
throughout the body in turn
resulting from varying spleen size, varying distribution of
activity between liver and spleen and a redistribution of
activity between 3 hr and 4 days. Although some redistri

bution does take place over this interval, resulting predom
inantly from an increasing bone marrow signal and, to a
lesser extent, hepatic signal, it is not marked, with activity
in the spleen, for instance, remaining essentially constant
since â€˜
â€˜
â€˜In
on pooled cells gradually becomes replaced by
â€ẫ€ẫ€˜In

from

destroyed

cells(13).

Statistical

accuracy

has

also

clearly greater than what could be expected from addi

been improved by increasing the counting time from 1 to
2 mm, thereby giving a four-fold increase in total counts

tional routes of â€˜
â€˜
â€˜In
loss.

collected.

Fecal Excretion, Whole-Body Retention and Scan
Imaging

The use of a standard is not essential but was employed
here as an additional means of quality control. We took
the average of values based on â€œdirectâ€•
correction for

fecal excretion by more than 10% of the dose, an amount

In a number of studies, whole-body retention and fecal
excretion were normal, yet there was clear evidence of
disease on the gamma camera images. However, such
disease was usually minimally graded as [+], (although in

five studies from group A in which fecal excretion was
normal it was [++]). Imaging is probably the most sensitive
means for detecting disease activity. However, its ability
to quantify diseaseactivity is quite low. This is consistent

with our previous experience in patients with bronchiec
tasis in whom migrating granulocytes are mobilized (as in
IBD) and ultimately excreted (5) i.e., imaging was more

sensitive in disease detection than â€˜
â€˜
â€˜In
retention.
Although there were no instances in which whole-body
retention and fecal excretion were both abnormal

in the

presence ofa normal scan, there were two studies in Group
A in which whole-body retention alone was abnormal and

one in which fecal excretion alone was abnormal. It is
therefore quite likely that imaging will occasionally miss
mildly active disease, which is nonetheless detectable by
whole-body counting or fecal excretion. This is more likely

to occurifdiseaseisconfinedto thesmallbowel,sincethe
relative mobility of this organ results in lesser sensitivity

of the imaging technique. This was, after all, one of the
reasons for developing the fecal excretion technique in the
first place. On the other hand, a possible cause for an
increased â€˜
â€˜
â€˜Inexcretion not related to IBD is co-existing

Inflammatory Bowel DiseaseActivity â€¢
de Kaski et al

physical decay and on the standard since errors are asso

dated with both. The main error associated with decay
correction

is exactly regaining the same energy window.

The rather low activity in the standard, on the other hand,
limits the accuracy ofthis approach; thus, statistical errors
from a low count rate from the standard at 6 days negates
any benefits oflonger whole-body counting times and high
whole-body activities. Furthermore it has already been
reported in control subjects without evidence of inflam
mation that there was a slow decrease in whole-body â€œIn
on the order of 1% per day, so that by 136 hr (5.6 days) it
was 95% ofthe initial level (5).
We feel that a pure population studied with labeled
granulocytes is needed to fully exploit this technique.
Otherwise, whole-body losses, effectively expressed as a
percentage of injected dose, become somewhat meaning
less. Theoretically, using a â€œmixedâ€•
leukocyte preparation,
which is technically easier, may be satisfactory if a density
gradient separation is made on an aliquot of the injectate
to determine the percentage of the injected dose present
on granulocytes.
CONCLUSIONS
The results of this study suggest that measurement of
fecal â€˜
â€˜
â€˜In
excretion is a reliable method, provided a corn
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plete and accurate stool collection is made for quantifica
tion ofdisease activity in IBD. However, both the difficulty
in achieving such a complete collection and the aesthetic
@

nonacceptability of it render the method impractical.
Therefore, the measurement of â€˜
â€˜
â€˜In
whole-body retention
is an accurate alternative

method. For detecting disease,

however, gamma camera imaging is more sensitive than
measuring â€˜
â€˜
â€˜In
losses, either with whole-body counting or
fecal excretion.
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