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lndium-111 tropolonate has recently been introduced as a new cell-labeling

agent. It has the interesting property of labeling cells in plasma with high efficien
cy, and may therefore promote an improvement in viability of labeled cells. This
paper describes our initial experience with In-111 tropolonate as a leukocyte label

for abscess imaging. Pure populations of separated granulocytes, as well as crude
leukocyte preparations, have been labeled. Of 101 studies performed, 51 were
positive (no false positives) and 50 negatives, of which only two were false nega
tives. Localization in sites of inflammation was prominent and rapid. Of 36 positive
studies, 27 were already positive at 40 min following injection and an additional
nine at 3 hr. Of the other 15 positive studies, 11 were scanned for the first time at
3 hr, when they were positive. Granulocytes labeled with this agent in plasma
showed minimal sequestration in lungs and liver, interpreted as indicating im
proved viability in comparison with cells displaying prolonged lung sequestration.
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Leukocytes have been labeled with a variety of
gamma emitters in an attempt to locate inflammatory
lesions (1-3). The introduction of the lipophilic complex
In-Ill oxine was an important advance in this field

(4,5). Removal of cells from plasma is essential during
labeling with In-111 oxine because of the affinity of this

complex for transferrin. Recently a method of cell la
beling with In-111 in plasma has been developed using
the chelating agent tropolone (6-8). In this paper, we

report initial clinical studies on the use of this agent in
the diagnosis of inflammatory conditions.

METHODS

Patients. One hundred and one studies have been
performed in 90 patients with suspected inflammatory
disease.

Leukocyte labeling. Two types of autologous cell
preparations have been used: 'mixed' buffy-coat cells and
'pure' granulocyte preparations. 'Mixed' cells were ob-
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tained from patients who were neutrophilic (leukocyte
count of at least 12,000/mm3 of which more than 80%

were neutrophils). Patients in whom pure granulocyte
preparations were used had neutrophil counts ranging
from 2,000 to more than 12,000/mm3. Apart from the

use of pure preparations in patients who were not neu
trophilic, the choice of preparation was random.

Cell separation. All procedures were carried out
aseptically, in a laminar flow cabinet.

1. 'Mixed' (51 studies). Eighty ml of venous blood

were drawn into two sterile disposable plastic syringes,
each containing 6.5 ml ACD (N.I.H. Formula A), then
dispensed into 25-ml polystyrene tubes.11 Hydroxyethyl
starch in 0.9% sodium chloride* was added to give a final

concentration of 0.6% v/v and the blood was allowed to
stand at 37Â°Cfor 60 min. The supernatant containing

the leukocytes was centrifuged at 100 g for 5 min to yield
a 'mixed' cell pellet. The platelet-rich plasma was re

moved and centrifuged at 2000 g for 5 min. One ml of
cell-free plasma was then added to the cell pellet, which

was resuspended in it. One hundred n\ tropolone^ at a
concentration of 4.4 mA/ in Hepes-saline buffer (pH 7.6)

containing 20 mA/ Hepes in 0.8% v/v sodium chloride,
was added followed by about 300 pC\ In-111 in less than
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50 n\ 0.04 M HCl. After 5 min incubation at room
temperature, 5 ml cell-free plasma were added and the
mixture centrifuged at 100 g for 5 min. After resus-
pension in more plasma, the cells were ready for rein-
jection. The number of cells labeled varied according to
the size of the cell pellet, and was not routinely counted.
The labeling efficiency was 50-80%, depending on the
number of cells obtained (6). The injected dose was
150-250 fiCi. The fraction of the dose present on cells
other than granulocytes was not known but was assumed
to be small, since all the patients receiving 'mixed' cells

were neutrophilic. Erythrocyte contamination varied.
On the basis of in-vitro studies indicating that the relative
uptakes of In-Ill tropolonate by equal numbers of
erythrocytes and granulocytes in mixed suspensions was
approximately 1:10, it was estimated that the activity on
erythrocytes was less than 5% of the dose.

2. 'Pure' granulocytes. 'Mixed' leukocytes were iso

lated from 80 ml whole blood as described above. The
granulocytes were then isolated by sedimentation on
discontinuous density-gradient columns made up of
mixtures of autologous plasma and either (a) Percoli1
(28 studies) or (b) MetrizamideÂ§(22 studies). Full de
tails of the Percoli/plasma separation are described
elsewhere (6). Briefly, three densities were prepared by
diluting iso-osmolar Percoli (9 volumes Percoli to 1
volume 1.5 M NaCl, sp. g. 1.12 with cell-free plasma to
give 65%, 60%, and 50% v/v Percoli/plasma solutions.
Two ml of each solution was then carefully layered into
10-ml polystyrene test tubes11(up to four, depending on
the size of the mixed-cell pellet) with 'mixed' white cells

in about two ml plasma layered on top of each. The
gradients were spun at 200 g for 5 min and the majority
of the granulocytes recovered from the interface between
the 60% and 65% bands. For Metrizamide/plasma, a
stock of 35% w/v Metrizamide in water, specific gravity
1.19 (at 20Â°C)was diluted with plasma to give 50% and

40% v/v Metrizamide/plasma solutions. Two ml of each
solution was layered into 10 ml polystyrene test tubes11
and followed by 2 ml of the 'mixed' white cells per tube,

then centrifuged at 200 g for 5 min. The granulocytes
were recovered from the interface between the two
densities. The granulocytes isolated by both procedures
were washed once with excess plasma and labeled in 1
ml plasma as described above for mixed cells. 'Pure'

granulocytes isolated by both methods contained 2-20%
erythrocytes but no platelets or mononuclear cells.
Again, the number of cells labeled was variable, de
pending on the patient's neutrophil count. The fraction

of the dose present on erythrocytes was estimated to be
less than 3%.

Imaging. Scans were made with a gamma camera
fitted with a parallel-hole, medium-energy collimator
and interfaced on-line to a computer. In 68 studies, (19
using 'mixed' cells and 49 with 'pure' cells) dynamic

imaging was performed for 40 min following reinjection

of the labeled cells. The camera was positioned first over
the chest; then after about 10 min it was moved caudally
over the abdomen to include the site of suspected in
flammation. Time-activity curves were constructed over
the liver, lungs, spleen, and site of inflammation. Static
scans were obtained from 40 min to 24 hr on 68 occa
sions, from 3 hr to 24 hr on 27, and at 24 hr only on 6.

RESULTS

The stability of the label was established by repeated
washing (X3) of labeled 'pure' cells following incubation
at 37Â°Cfor 1 hr in autologous plasma, when no appre

ciable loss of activity from the cells was demonstrable.
In eight subjects receiving 'pure' cell preparations, the

mean recovery at 10 min was 39% (s.d. 15; range 25-65)
and the half-time of survival was 9 hr (s.d. 2.5; range
5.5-13). Plasma activity in these subjects was 5.9% (s.d.
2.9; range 2.9-9.9) of total blood activity at 40 min. The
absolute activity present in plasma did not change ap
preciably thereafter.

Following reinjection of the labeled cells, there was
an immediate lung image, which, in 60 of the 68 dynamic
studies, faded substantially by about 5 min; i.e., lung
retention was minimal. In contrast, in the eight showing
lung 'hold-up', clear diffuse lung images, with little ac

tivity detectable elsewhere, persisted beyond 5 min and
yielded time-activity curves showing an initial plateau
longer than 3 min. Of the eight showing lung 'hold-up'
(4 'mixed', 4 'pure'), three (2 'mixed', 1 'pure') were in

patients with pulmonary disease (shock lung, pulmonary
TB, interstitial pneumonitis) and one ('mixed') in
chronic granulocyte leukemia; i.e. one of 19 'mixed'
preparations, and three of 49 'pure', showed lung hold-up

for which no explanation was apparent. One of the latter
three studies was only faintly positive on subsequent
scanning; when repeated using a similar preparation of
'pure' cells it showed no lung hold-up and was clearly

positive.
Activity appeared rapidly in the liver and spleen, al

though at 40 min it was much more concentrated in the

TABLE 1. RESULTS OF IMAGINGâ€”SUMMARYSite

of suspected
inflammationAbdominal

sepsisInflammatory

boweldiseasePulmonary

sepsisBone/joint

sepsisCerebral

abscessTotal

(90) patientsSpecificity3754622101100%True

pos.192912051Trueneg.162550248Falsepos.000000Falseneg.200002Sensitivity

96%
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FIG. 1. Time-activity curves (left) recorded over an abscess (Abs), blood pool (Bid; iliac vessels), and bone marrow (BM; iliac crest)
following injection of granulocytes separated on a Metrizamide-plasma gradient and labelled in plasma with In-111 tropolonate. Anterior

abdominal scans show abscess at 40 min (center) and 3 hr (right).

spleen. The kinetics in relation to the lungs, liver, and
spleen of cells labeled with this technique are described
in detail elsewhere (9). Since absolute organ quantitation
was not performed, radiation doses have not been cal
culated. However, apart from a higher bone-marrow
uptake, the distribution visually was very similar to that
in indium platelet studies. Compared with previous re
ports on In-111 oxine (10), cells labeled with In-Ill
tropolonate appear to result in a lower liver activity level,
although a quantitative comparison has not been made.
Bowel activity was seen only in patients in whom lung
disease (from swallowed granulocytes) or inflammatory
bowel disease was known to be present.

Early accumulation of abnormal activity in sites of
inflammation was demonstrated by dynamic imaging
(Fig. 1) in 25 studies. In these, count rates in regions over
the blood pool remained static or fell. Sixty-eight static
scans were made at 40 min, of which 27 (18 in inflam
matory bowel disease) showed abnormal activity; of the
41 studies that were negative at 40 min, only nine (of
which five involved inflammatory bowel disease) sub
sequently became positive. Four of these showed lung
hold-up of cells following reinjection. The other four
studies showing lung hold-up were negative on subse
quent static scanning. No scans that were negative at 3
hr subsequently became positive. An analysis of the
timing of the scans is shown in Fig. 2. Figure 3 shows a
comparison of positive images at 40 min, 3 hr, and 60 hr
in a splenectomized patient with a left subphrenic ab
scess.

Fifty-onescanswereabnormal,withno falsepositives

(specificity 100%). All positive scans in patients with
inflammatory bowel disease were confirmed either by
diagnostic radiology or histology. In other patients with
positive scans, the abnormality found on the scan was
confirmed by surgery, post mortem, or the spontaneous
discharge of pus. There were two false negatives (sen
sitivity 96%). The other 48 patients with negative scans
had no source of sepsis found on full clinical evaluation.
One false negative was recorded in a patient with mul
tiple intrahepatic fungal collections complicating chronic
granulocytic leukemia. Histology, however, showed no
evidence of neutrophilic infiltration. The other was in a
patient who was on antibiotics at the time of the study.
Further examples of images obtained with 'mixed' cells,
'pure' cells isolated using Percoli, and 'pure' cells isolated

101studies

40min

3hr

24 + hr

FIG. 2. Scan timing. Of 101 studies, some were scanned from 40
min, some from 3 hr, and some for first time at 24 h. Subsequent
appearance of positivity in previously negative scans is demon
strated.
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FIG. 3. Posterior scans, taken at 40 min (left), 3 hr (center), and 60 hr (right), following injection of "mixed" cells, in an asplenic patient

with a left subphrenic abscess. Although chest activity appears high in early scans, much of this activity presumably represents blood
pool, since there are no lung images as such. Note that more counts were collected on 3-hr than on 40-min image.

using Metrizamide are shown in Figs. 4, 5, and 6 re
spectively.

DISCUSSION

This study demonstrates that leukocytes labeled with
In-111 tropolonate in plasma are capable of localizing
in inflammatory lesions with an accuracy equal to that
in series reported using leukocytes labeled with In-111
oxine (10) or In-111 acetylacetonate (//). No false
positives were observed. One false negative might be
interpreted as a true negative, since granulocyte infil
tration was not seen histologically. A rather high pro
portion of this series involved inflammatory bowel dis
ease. This is because of the great usefulness that we and
others have found for labeled leukocyte studies in this
group of disorders (12).

Since the introduction of In-111 as a leukocyte label,
there has been concern that separation from plasma
during the labeling procedure may damage the cell and
alter its subsequent behavior. Indeed, leukocytes are so

sensitive to in-vitro manipulation that there may be no
satisfactory method of isolating unmodified leukocytes
(/3). Several groups have examined the viability of In-
111-oxine-labeled cells (14,15) and found normal
function by in vitro testing, though there is some doubt
as to the relevance of this to in-vivo behavior (16). The
latter would be a more meaningful test of cell function
if it could be quantitated. In man, the quantitation of
leukocyte localization in septic foci is difficult. In ani
mals, however, it can be accomplished relatively easily.
Thus, Issekutz et al. (17) found greater accumulation
in experimental inflammatory lesions of leukocytes la
beled in plasma than had been reported previously with
leukocytes deprived of plasma (18,19). The early lo
calization, in sites of inflammation, of granulocytes la
beled in plasma with In-Ill tropolonate is good evidence
that these cells have a viability at least no less than that
of previously reported oxine-labeled cells.

Pulmonary sequestration of labeled cells has been
consistently observed previously (2,3,14) and been in
terpreted as due to physiological margination or to

f

FIG. 4. Images from patient with an infected cavitating right-upper-lobe bronchial carcinoma who received "mixed" cells labelled with

In-111 tropolonate. Abnormal activity is seen on 24-hr anterior chest image (left), especially in right upper, right lower, and left lower

zones. On dynamic imaging, labelled cells were not retained in lung following injection, although at 40 min the count rate over right upper
zone was increasing. Other areas abnormal at 24 hr were clear at 40 min, with static count rates. Splenic activity is also visible but there
is minimal liver uptake. Chest radiograph is also shown (center). Extensive abnormal activity is seen in bowel at 48 hr (right), reflecting
swallowed granulocytes.
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FIG. 5. Anterior abdominal scan in colectomized patient, made 40
min after injection of granulocytes labeled with In-111 tropolonate

and separated on a Percoli/plasma gradient. Scan made in supine
position (left) shows left-sided abnormal activity extending from

lower pole of spleen into the pelvis. Erect scan (right) shows grav
itation of pus into pelvis. Note almost complete absence of activity
in liver.

damage sustained during isolation and labeling. The
latter interpretation gains support from animal work in
which it has been shown that cells damaged by heating
show prolonged lung hold-up (5). The finding that this
sequestration is largely prevented by maintaining the
cells in plasma during the labeling procedure (9)
suggests that lung holdup is artifactual rather than
physiological, a conclusion supported by the earlier lo
calization, in septic foci, of granulocytes not displaying
lung retention (20). Furthermore, we report here that,
considering those positive studies in which dynamic
imaging was performed, the four showing lung hold-up
were negative for white-cell localization at 40 min but
positive at 3 hr, whereas 27 of the remaining 32 studies
not showing lung hold-up were positive at 40 min.

FIG. 6. Anterior abdominal scan in patient with ulcerative colitis,
made 3 hr after injection of labelled granulocytes separated on a
Metrizamide/plasma gradient. Note minimal uptake in liver.

Leukocyte labeling in plasma offers several advan
tages over the existing labeling techniques. The early
localization in inflammatory lesions overcomes one of
the main drawbacks of abscess detection using labeled
leukocytes, namely that of a later diagnosis as compared
with ultrasound or computerized tomography. Although
the time after injection for optimal imaging of abscesses
is usually greater than 3 hr (e.g., Fig. 3), tropolone la
beling in plasma gives images clear enough to provide
a diagnosis well before 3 hr. Obviously, this may be im
portant in some clinical circumstances. Early localization
of In-111 labeled (homologous) granulocytes has been
claimed previously (21), though others (22) have sug
gested that it represents blood-pool activity. The use
fulness of dynamic imaging lies in its ability, as shown
in Fig. 1, to identify neutrophil localization in a suspi
cious area, and to distinguish it from blood-pool activity.
The apparent preservation of viability of cells labeled in
plasma may be critical in patients with impaired neu
trophil functionâ€”as, for example, in hypoglycaemia,
hypocalcemia, and hyperalimentationâ€”and so may
avoid the necessity of using homologous leucocytes
(23).

The use of Percoli/plasma or Metrizamide/plasma
density-gradient separation should allow the use of In-
111 leukocyte scanning in patients with low neutrophil
counts, where homologous neutrophils have previously
been used (24). Furthermore, this technique provides a
"relatively pure" population of neutrophils suitable for

the study of neutrophil kinetics and distribution both in
normals and in special situations, such as 'shock lung'

and hemodialysis neutropenia, where abnormal neu
trophil kinetics are suspected (25,26).

FOOTNOTES

* Fresenius, "Plasmasteril",

t Fluka.
' Pharmacia Fine Chemicals.
SNyegaard (UK) Ltd.
1 Sterilin.
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March 17-20, 1983

Southwestern Chapter
Society of Nuclear Medicine

28th Annual Meeting
Lincoln Plaza

Announcement
Oklahoma City, Oklahoma

The Southwestern Chapter of the Society of Nuclear Medicine will hold its 28th Annual Meeting March 17-20,1983, Lin
coln Plaza, Oklahoma City, Oklahoma.

The program will include submitted papers, invited speakers, and teaching sessions covering areas of current interest
in Nuclear Medicine. The program will be approved for credit toward the AMA Physicians Recognition Award under Con
tinuing Medical Education Category 1 through the Society of Nuclear Medicine.

Scientific and Commercial Exhibits will be shown at this meeting.

The Southwestern Chapter annual Nuclear Medicine refresher course will be held March 17, 18, 1983. The course will
include reviews of basic science, instrumentation, radiopharmaceuticals and in vitro and diagnostic imaging techniques.
Nuclear Medicine scientists, technologists, and physicians interested in a state of the art review are invited to attend.

For further information contact:

Southwestern Chapter
1209 Lair Avenue

MÃ©tairie,LA 70003
Tel: (504)733-0063
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