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ABSTRACT: Radiolabelled leukocyte scanning is a valuable tool in the diag
nosis and management of inflammatory bowel disease (IBO). As well as Jeter
mining the presence or absence of disease and its complications, the degree of 
inflammation may be quantified either visually or numerically following four day 
fecal collection. The authors discuss the la bell inMechniques currently in use and 
r~e appearance of IBO using both 111 Jndium and 9mTechnetium as the labelling 
isotope. The advantages and disadvantages of each technique are compared. 
Certain diagnostic pitfalls and causes of false-positive results including radiation 
enteritis, nonsteroidal anti-inflammatory drug ingestion anJ intra- and extra-ab
Jominal sepsis are discussed in full, and it is shown chat in most cases good 
labelling technique, careful imaging and awareness of alternative mechanisms 
for leukocyte appearance in the gastrointestinal tract will emure correct inter
pretation of these scans. Can J Gastroenterol l 990;4(7):331-335 
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Ecueils de la scintigraphie aux leucocytes radiomarques 

RESUME: La scincigrapie aux leucocytes radiomarques est un outil prccieux 
Jans le diagnostic et le traitement des maladies inflammatoires de l'intestin 
(Mil). En plus de determiner la presence ou !'absence de la maladie et ses 
complications, il est possible de quantifier le degre d'inflammation visuellement 
ou numeriquement apres prelevement d'echancillons de selles sur quatre jours. 
Les auteurs decrivenc les techniques de radiomarquage prescnccmenc utilisecs et 
l'apparence des MII lorsquc !'indium 111 et le technetium 99m sonc les 
radioisotopes utilises. Les avantages et inconvenients de chaque technique sont 
compares. Les auteurs examinent certains ccueils Jiagnostiques ct lcs situations 
causant des resultats faussement positifs. Parmi eux figurent l'enterite radique, les 
anti-inflammatoires non stero'idicns, les sepcicemies intra et extra-abdominales. 
Dans la majorite des cas, une bonne technique de radiomarquage, la lecture 
attentive de !'image et la connaissance des mecanismes puuvant expliquer 
l'apparcnce des leucocytes clans les voies gastro-intestinales garancit 
!'interpretation correcte des cxamcns. 
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RADIOLABELLED LEUKOCYTE SCAN

ning is a va luable tool in the diag
nosis and management of inflammatory 
huwel disease (IBO). In thb anicle the 
appearance of IBD anJ its complica-
. . I I 111 1. ( I 11 ) t1ons, usmg 1ot 1 ml 1um n -

anJ 99mcechnetium (99mTc)-lahelled 
leukocytes, have been Jescrihed. 
Potential diagnostic pitfalls and causes 
of false-positive results are discussed. In 
most cases good labelling technique 
and awareness of alternative mecha
nism, for leukocyte appeanmce in rhe 
gastrointestinal trnct will ensure cor
rect interpretation n1 thcsc scans. 

111 INDIUM 
111 tn-labellcd leukocyte scanning 

involves separation of autologous 
leukocytes from approximately 60 ml 
venous hlood and l,ibellmg via a che
late hefore re-injection into patients. 
For detecting inflammation in lBD, 
both mixed leukocytes (granulocytes, 
lymphocytes and monocytes) or 
purified granu locytes (in which a den
sity gradient is used to separate 
granulocytes from mononuclear cells) 
have been employed. I( the patient is 
neutrophilic (greater than 9xt03/L), 
then a mixeJ leukocyte preparation b 
sat isfact0ry in most cases. However, 
low graJe inflammation is more likely 
ro be detected with a pure granulocytc 
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Figure 1) Left Four hours after injection of 111 indium-tropolonace-labelled granulocyces there is marked actitiity in rhe terminal ileum (arrows) of chis 
/>atient with active Crohn 's disease. R ight Twenty-jour hours after injection chis activity has passed into the lumen of the bowel and now lies in the colcn 

TABLE 1 
Major conditions in which abnormal 
radiolabelled leukocyte scans have 
been reported 

Inflammatory bowel disease 
Crohn's disease 
Ulcerative colitis 

Infectious colitis 
Salmonellosis 
Clostridium difficile colitis 

lschemic colitis 
Vasculltis 
Radiation enteritis 
'Ampiclllin' colitis 
Obscure gastrointestinal bleeding 
Biopsy sites 
Abscesses 
Uncomplicated surgical anastomoses 
Abdominal wounds 
Perforating carcinoma of the colon 
Graft versus host disease 
Diverticulitis 
Nonsteroidal anti-Inflammatory drug 

Ingestion 

population. Suitable chelating agents 
for 111 In include oxine, acecylacetone 
and tropo lonate. In contrast to the 
former two agents, 111 In-tropolonate 
efficiently labels leukocytes in plasma 
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(1). Maintaining granulocytes in plas
ma during the preparative procedure, 
rather than washing them in saline, 
keeps them in a good physiological 
state. Activation of granulocytes 
during the preparative process is 
manifested as immediate sequestration 
in the pulmonary vascular bed followed 
by high liver uptake. 

F 11 . . . . 1111 I k o owing re-miectton, n eu o-
cytes are normally distributed and in 
dynamic equilibrium between the mar
ginacing and circulating granulocyte 
pool. A large fraction (at least one
chird) of the marginating granulocyte 
pool is located in the spleen. Most of 
the remainder is in the liver and bone 
marrow (2). There is thus a normal dis
tribution of activity which is most 
marked in the spleen, less in the liver 
and least in the bone marrow. Inflam
mation is recognized as activity seen 
outside the expected normal distribu
tion. Dynamic scanning data show that 
migration of labelled cells to areas of 
inflammation can be detected within 
LO mins. Progressive accumulation will 

occur if there is no drainage from that 
area, but if gastrointestinal tract in
flammation is present, leukocytes 
migrate through the bowel wall into 
the lumen and are carried distally in the 
stream of intestinal fluid or feces. For 
IBD, this offers the possibil ity of quan
titating disease activity by fecal collec
tion. However, the phenomenon abo 
means that the timing of the scans 1s 

.. 1 · d' 0 Ill[ cnttca m gut 1sease. n n scans, 
gastrointestinal activity 4 h after injec
tion represents the disease site, whereas 
later, particularly on the next day, ac
tivity in the colon may merely repre
sent labelled feces in passage (Figure 1). 
Twenty-four hour images arc, however, 
valuable in delineating areas of inflam
mation away from the gut mucosa, par
ticularly in delineating abscesses where 
there is progressive accumulation of 
granulocytes over 24 h. 

99mTECHNETIUM 
99mTc is cheaf.er and more readily 

available than 11 In, an<l with its short 
half-l ife, emits less radiation than 111 In 
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Figure 2) Left Three hours afcer injeccion of9901technetium hexame1hyl prof,ylene amine oxime-labelled leukocytes, che anierior abdominal image shcnus 
no abnormality in this patient with active proctitis because bladder accivity obscures che reccwn. Right A 1,elvic owlet view performed immediacely 
afcerwards demonstrates rcccal activity (an'Olu) lying behind che bladaer 

Figure 3) 99"'Technecium hexamethyl 
(n'opylene amine ox1me-labelled leukocytes 3 h 
afrer injection in a patient with radiation 
enreritis and abscess formation. Nace the ab
sence of bone marrow activity in the radiation 
field, the generalized increase in acuvity in che 
peluis and che two focal areas of activicy which 
re/)resenc abscesses 

when imaging doses are used. The 
ability of polymorphonuclear leuko
cytes and monocytes to phagocytose 
particles has been used by some centres 
via imaging after 99mTc-labelled col
loid has been added to whole blood in 
vitro 0.4 ). Although the method of 
labelling is undoubtedly less compli
cated, others have found this technique 
unpredictable and, in particular, 
leukocytes which have phagocytosed 
colloid tend to become activated and 
se4uestered in the lungs immediately 
following injection (5). 

The current most effective means of 
labelling leukocytes with 99mT c 1s via 
the lipophilic compound hexamethyl 
propylene amine ox1me (HMPAO). 
I iMPAO preferentially labels granu lo
cytes m buffer coat leukocyte prepara
tions, allowing considerable simplifi
cation of the labelling procedure (6). 
However, it is bound less stably than 
i11 1 I I . . n-tropo onate, resu tmg m some 
elution of the complex, which then un
dergoes both biliary and urinary excre
tion. Bladder activity may therefore 
obscure pelvic inflammation, but this 
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problem can he resolved either hy as
king the patient to empty the blaJder 
or by performing a pelvic outlet view 
(Figure 2). After a variable delay, 
radioact ivity enters Lhe gastrointestinal 
tract, even in normal individuals, 
reflecting a normal pathway of biliary 
excretion of the complex - as a result of 
which faint gastrointestinal images are 
always apparent 8 h or so after injec
tion. Occasionally, striking amounts of 
activity be seen in the gallbladder. 
Therefore, Jelayed ( longer than 4 h) 
scans after technetium-labelled 
leukncyLe re-injection may give the 
impression of gastro intestinal tract 
inflammation where none exists. It is 
therefore important to image before 4 h 
if IBO 1s suspected when 99mT c 
i IMPAO-radiolabelled leukocytes are 
used (7). 

Alternative means of cell labelling 
via monoclonal antibodies to leuko
cytes - are being explored, but clinical 
experience with them is limited, and 
the definition of images obtained does 
nor yet equal Lhat seen with colloid 
labels. 
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Figure 4) Left Activity is seen in the colon at 24 h in a patient whose 4 h abdominal image was normal. Right The anterior chest image sh01.11s accumulatron 
of actil/ity in a huge left upper lobe lung abscess. The colonic actil/ity is a res1tlt of swallowing sputum containing labelled leukocytes 

IMAGING IN IBD 
Detecting small intestinal inflamma, 
tion: The superior image resolution ob
tained with 99rnTc means that the 
detection of small intestinal disease is 
significantly better with the 99rnTc 
HMPAO technique than with 111 1n. 
During the longer time required for 
. l . . h ll l I h image accumu atton wit n, t e 
bowel may move, preventing visualiza
tion of a diseased small bowel segment 
against background activity or obscur
ing definition. This may be a particular 
problem if the suspect loop lies over the 
sacroiliac region where background ac
tivity may be high. Also, the diffuse 
form of small intestinal Crohn 's disease, 
widely but mildly affecting the jejunum, 
may not be apparent on 4 h 11 In scans. 
Its presence may, however, be inferred 
from the presence of activity more dis
tally on the ensuing day. 
Detecting colonic inflammation: The 
relatively fixed anatomical relation
ships of the colon result in greater 
definition of the extent and presence of 
colonic inflammation. 
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When colonoscopic studies have 
been performed within a short space of 
time of 111 In leukocyte scanning, there 
has been a high correlation between 
both techniques in defining extent 
with purified granulocytes (8). A num, 
ber of authors have drawn attention to 
discrepancies between the distribution 
of disease assessed radiologically or at 
laparotomy, and that shown with 
mixed leukocyte scans. In some cases 
these discrepancies reflect late perfor
mance of the scan, resulting in an over
estimation of disease due to migration 
of labelled cells. The mobile sigmoid 
colon presents a potential pitfall in 
colonic imaging, as this can overlie the 
right fossa in extreme cases, thus sug
gesting the presence of ileal inflamma
tion. Under these circumstances 
oblique views may help. 
Limits of detection: In comparative 
studies in Crohn's disease, leukocyte 
scanning has proved superior to con
ventional radiology in detecting disease 
(9). Positive leukocyte scans can occur 
when conventional laboratory or clini-

cal assessments suggest that patients arc 
in remission. However if disease is mil<l 
but diffuse, mild symptoms or abnormal 
blood tests ( elevated creatine phos
phate and erythrocyte sedimentation 
rate) can occur in patients whose scam 
are normal. The role of techniques of 
quantitating inflammation by fecal ex
cretion or other means is discussed 
below. 
Interpreting inflammation: Neutro
phil granulocytes, attracted by ac· 
tivated complement components, 
cytokines and bacterial products, will 
participate in a wide variety of 
pathologica I processes. The presence of 
inflammation even in a patient with 
known IBO does not guarantee that the 
process observed is the (ill understood) 
inflammatory process underlytng 
chronic IBO. Table 1 lists the maior 
conditions in which abnormal 
radiolabelled leukocyte scans have 
been reported. 

Radiation enteritis, usually follow
ing gynecological or urological malig, 
nancies, demonstrates a characteristic 
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absence of bone marrow activity in the 

region of the radiation field (Figure 3 ). 
Otherwise the appearance of thts con
dition may not differ from that seen in 

IBO, except insofar as the anatomical 

location usually corresponds to the 

radiation field. 

Patients with arthritis taking non

steroidal anti-inflammatory drugs 

(NSA!Ds) may demonstrate accumula

tion of activity in the right iliac fossa at 

24 h. This observation is difficult to 

interpret and the relative contribution 

of an enteropathy predisposing to 

arthritis and a direct toxic effect of 
NSAIDs is unclear. The activity on the 

24 h images has been attributed to dif
fuse mid or upper small intestinal 

leakage due to its delayed appearance. 

Disease outside of the gastrointes

tinal tract may cause confusion. 

Pneumonia, bronchiectasis, and lung 

abscesses can all result in spillage of 

labelled leukocytes from the bronchial 

tree into the esophagus (Figure 4 ). 
Heparobiliary sepsis m.ay also result in 

false-positive gastrointestinal activiry. 

However these cases can usually be db

tinguished from !BO since activity is 

not seen in the bowel until later. Fur

thennore, the source of the activity will 

usually be identifiable on whole body 

scanning before 24 h . 
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