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Technetium-99m HMPAO labeled leukocytes in inflammation imaging
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Technetium-99m-HMPAO (Tc-99m-HMPAO) labeled leukocyte imaging was carried out
in 19 patients at 3-5 hr after reinjection. There were no side effects noted. Tc-99m leukocyte
images showed gall bladder, colon, kidney, and urinary bladder activity in normal
distribution as a result of excretion of the eluted Tc-99m complex. They yielded a sensi-
tivity of 9377, a specificity of 1009, and an accuracy of 95%. They were correctly positive
in 14 out of 19 cases. But one false negative case was seen in a patient with pyonephrosis
showing a lack of renal function with decreased renal blood flow. It was concluded that
they have some advantages over In-111 leukocyte images, but we have to consider the
fact that the ureteral obstruction or the lack of renal function with decreased renal blood
flow may result in a false positive or a false negative case.
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INTRODUCTION

In-111 labeled leukocyte imaging has evolved into a
practical and highly accurate method for the detec-
tion of infectious and inflammatory processes.l™7
In-111 leukocyte labeling may result in cell damage
that is primarily radiation-induced.8 This has led to
the need for the labeling of leukocytes with Tc-99m.
Tc-99m is an optimal labeling agent since it has
ideal physical properties, is readily available and its
cost is low. Although attempts to prepare Tc-99m
labeled leukocytes have been performed for more
than ten years, no satisfactory agent was found.
Tc-99m-d, I-hexa-methylpro-pyleneamine  oxime
(HMPAO) was introduced as a new agent for brain
imaging.? This compound is lipophilic and it was re-
ported that it might be able to label leukocytes and
used be clinically.’0-14 This study was undertaken
to evaluate leukocyte labeling with Tc-99m-HMPAO
for inflammatory imaging.
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MATERIALS AND METHODS

Nineteen patients including 12 men and 7 women,
whose ages ranged from 19 to 82 years, were studied
and three of them had the study performed twice
(Table 1).

The indications for scanning these patients were
fever, suspected post-operative infection or abscess,
or follow up of known infection. Tc-99m-HMPAO
was prepared by adding 1.11 GBq Tc-99m in 5 m/ of
isotonic saline to a vial containing a freeze-dried
mixture of 0.5 mg d,I-HMPAO, 7.6 g stannous chlo-
ride dihydrate and 4.5 mg sodium chloride under
nitrogen from Amersham Int. ple. Tc-99m complex
was used for cell labeling within 30 min of recon-
stitution. The percentage of the lipophilic complex
was calculated by three chromatographic systems.
Forty milliliters of heparinized whole blood was ob-
tained from each patient. The red blood cells were
allowed to sediment for 0.5 to 1 hour. The resultant
leukocyte-rich plasma was removed and centrifuged
at 450 G for 5 min. The leukocyte pellet was washed
twice in saline, resuspended and incubated with Tec-
99m-HMPAO for 10 min at room temperature.
Then the labeled cells were washed twice in saline.
Fifty to 230 million leukocytes without plasma
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labeled with 400 MBq of Tc-99m-HMPAO were rein-
jected intravenously. Dynamic images, whole-body
images and spot views were obtained at 3 to 5 hrs
after i.v. injection with a scintillation camera using
equipped with a high resolution collimator and a 209,
window centered at the 140 keV gamma photon peak.

Labeling Efficiency of WBC
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Fig. 1 Effect of cell concentration on labeling efficiency
of mixed leukocytes with Tc-99m-HMPAO.

Tc-99m~-HMPAO WBC

Fig. 2 Normal leukocytes distribution without plasma
at 20 min and 4 hr after reinjection. At 20 min, lung,
liver, spleen and faint bone marrow uptakes were seen.
At 4 hr, lung activity was decreased and bone marrow
uptake increased.
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RESULTS

The percentages of the primary lipophilic complex,
the secondary lipophilic complex, the reduced hy-
drolysed technetium, and free pertechnetate were
85.2% (3.0.8.D.), 10.1 9 (3.4 8.D.), 3.0% (0.9 S.D.)
and 1.29% (1.1 S.D.) by three chromatographic sys-
tems, respectively (n=9). The mean labeling effi-
ciency was 41 % (29-53 9;) and there was a correlation
between the labeling rate and leukocyte counts with
r—0i65(n—="7) (Eig. 1).

After the injection of Tc-HMPAO leukocytes no
side effects were noted. Normal leukocyte distribu-
tion without plasma at 20 minutes after injection was
seen in the lungs, liver, spleen and faintly in the bone
marrow. At 4 hours, lung activity was decreased and
bone marrow uptake was further increased. The gall
bladder and urinary bladder were also seen in whole
body images (Fig. 2). The kidneys were faintly seen
in spot images. Faint bowel activity was seen in
some patients. The findings in our series of pa-
tients are summarized in Table 1. Tc-99m-HMPAO
leukocyte scans were positive in 14 of 15 confirmed
sites in inflammatory or infectious disease, repre-
senting a sensitivity of 93 %, a specificity of 100 %, and
an accuracy of 959 (Fig. 3, 4). One false negative
was seen in a patient (§3) with pyonephrosis proved
by US guided nephrostomy. The lack of renal func-
tion and the decreased renal blood flow resulted in
the absence of uptake in the left kidney. All patients
with negative Tc-99m leukocytescan were confirmed
by bacteriologic culture, laboratory tests, X-ray
procedures and US in combination with clinically
relevant signs and long-term follow up.

DISCUSSION

The results of this study indicate that we could
demonstrate inflammatory or infected sites with
Tc-99m-HMPAO labeled leukocyte imaging. A Tc-
99m agent which irreversibly labels leukocytes with-
out affecting their migration would be preferable to
the In-111 lipophilic chelates now in use, because of
the superior physical characteristics of Tc-99m for
imaging and radiation doses received by the target
organs.1%-16 Qur average labeling efficiency of 419,
corresponds well with other reports.10.15,17720 Byt
some reports have shown higher labeling efficiency
than this.14:21-23 These differences may be related to
the number of cells used, the pH, the presence of
plasma, the HMPAO concentration, reconstitution
volume, the incubation time, the radiochemical purity
of Tc-99m-HMPAO, and the time of labeling. Our
labeling method mostly covered these conditions
except for shorter incubation time and slight lower
radiochemical purity of Tc-99m-HMPAO. We will
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Table 1 Summary of patients with suspected infection or sites of inflammation

Scan No. Patients No. Sex/Age Fever WBC CRP  Tc-99m WBC scan Diagnosis

1 1 F/66 H 12800 61~ +H Abscess

2 H 7800 5+ H Abscess

3 2 M/40 M 5400 1+ + Infection

4 — 6700 = = Follow-up

5 3 M/26 H 7200 6+ = Abscess

6 H 6000 6+ = Abscess

7 4 M/82 M 6700 — IS Infection

8 5 M/19 H 15900 6+ H Infection

9 6 M/79 H 12200 6+ + Infection
10 7 F/60 H 10590 6+ +H Cholangitis
11 8 M/62 M 15100 6+ +H Epididymitis
12 9 F/58 H 17200 6+ H Abscess
13 10 M/62 51 12500 6+ + Abscess
14 11 M/77 M 9300 3+ = Infection
i) 1i2 F/57 M 5400 (€l = Infection
16 13 M/39 M 7800 == i Sinusitis
17 14 M/48 M 8900 1= A= Infection
18 15 F/45 M 3300 6+ — Follow-up
19 16 F/73 M 4400 — — Follow-up
20 117/ F/68 M 6800 — — Follow-up
21, 18 M/50 M 6700 — — Follow-up
22 19 M/74 M 7900 — — Follow-up

Fever as: H=37°C; M<37°C
Tc-99m WBC scan as: H=liver; + <liver

Tc-99m-HMPAO WBC Tc-99m MDP

Fig. 3 A 77 year old male (patient #11) had a recurrence of chronic osteomyelitis in the region
of the left proximal tibia that was associated with an old injury. Bone scan on the right side showed
a diffuse increased uptake in that lesion. Tc-99m leukocyte scan on the left side showed a focal
area of increased uptake that discharged pus. At surgery, the bone scan abnormality was not
the result of abscess formation.
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Tc-99m-HMPAO WBC

Fig. 4 A 19 year old male (patient £5) with instru-
mention surgery for kyphoscoliosis caused by neuro-
fibromatosis showed a remarkable uptake of Tc-99m
leukocytes parallel to the thoracic spine. Fistula forma-
tion was confirmed by second surgery.

need to change these conditions in future studies, if
needed.

The scintigraphic images are as good as or better
than those obtained with In-111 labeled leukocyte.
But the interpretation of images with Tc-99m
leukocytes is not easier than in the case of In-111
leukocytes, because the gall bladder, bowel, kidneys
and urinary bladder are visualized normally. In the
case of bowel disease, the early timing of the images
and the intensity of the tracer uptake can be helpful
in the final diagnosis.!® In our experiance, renal visu-
alization gives false positives or negatives depending
on the renal function. The former is caused by the
ureteral obstruction and the latter is caused by the
lack of renal function and the decreased renal blood
flow.13 Indium-111 leukocytes can be more helpful in
this situation, because there is no excretion from the
kidneys. Important advantages of the Tc-99m labeled
leukocytes are the lower radiation doses and superior
image quality, and the Tc-99m and HMPAO kit are
readily available even for emergency use.
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