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In-111-labeled Leukocyte Scintigraphy in Postoperative Joint Infection
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To evaluate the role of In-111-labeled leukocyte scintigraphy
in the patients with suspected postoperative joint infection,
41 scintigraphic examinations were performed in 24 pa-
tients. Scintigrams were interpreted by the degree of accu-
mulation of labeled leukocytes, and were classified into 3
groups: positive, intermediate, and negative. In the cases of
positive leukocyte scans, definite diagnosis of infection was
made in all cases except one. In the cases of negative scans,
there was no evidence of infection. In 13 cases, leukocyte
scintigrams were interpreted in conjunction with bone
scintigrams. Definite diagnosis of infection was made in all
of the cases with positive combined leukocyte/bone scan,
and there was no evidence of infection in cases with nega-
tive combined leukocyte/bone scan. This study demonstrates
that In-111-labeled leukocyte scintigraphy is a useful method
in diagnosis of postoperative joint infection, and accuracy
of the examination improves when combined with bone
scintigraphy.
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Introduction

Infection is one of the serious complications of
reconstructive orthopedic procedures. Various diagnos-
tic modalities including laboratory tests, radiography,
aspiration arthrogram, and radionuclide studies have
been used for the evaluation of infection. Conventional
radiography, that is routinely performed in every pa-
tient with suspected postoperative infection, is not sen-
sitive for early-stage infection and may not always be
specific. Bone scintigraphy is a highly sensitive method
to detect bone and joint infection but lacks specificity.
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Detection of infection using radiolabeled leukocytes was
introduced in 1970’s" . Indium-111 (In-111)-labeled leu-
kocyte imaging has been reported to be a compara-
tively sensitive and specific technique?. The purpose
of this study is to evaluate the role of radiolabeled
leukocyte scintigraphy in the patients with suspected
postoperative joint infection by comparing it with the
clinical course.

Materials and Methods

Patients

Twenty-four patients (14 men and 10 women) ranging
in age from 23 to 78 year (mean: 5lyr) underwent
scintigraphic examinations. The patients included 10
with osteoarthritis, 6 with bone tumors, 4 with femoral
head osteonecrosis, and 4 others. All patients had under-
gone orthopedic surgery: total arthroplasty in 12, femoral
head replacement in 7, and others in 5. Affected joints
were hips in 17 and knees in 7. The interval between op-
eration and scintigraphy ranged from 20 days to 3 years.

Scintigraphy

A total of 41 leukocyte scans were performed which
included repeat examinations in some patients. For
leukocyte separation, 40 ml of venous blood drawn from
each patient was mixed with 1 ml of heparin (1000 u.).
After 30 to 60 minutes of gravity sedimentation,
leukocyte-rich plasma was separated. The plasma was
centrifuged at 1,250 rpm for 10 minutes to remove
fluid component, and then leukocytes were suspended
by adding 4 milliliters of saline. Thirty-seven MBq of
In-111-oxine was added, and the mixture was incu-
bated at room temperature for 15 minutes. Subsequently,
labeled leukocytes were washed with plasma and 13-
20 MBq of In-111-labeled leukocytes were injected in-
travenously. Twenty-four hours later, whole body
image and localized image of affected site were ob-
tained using gamma camera (PRISM-2000, Picker,
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U.S.A.) equipped with medium-energy collimator. In 13
patients, technetium-99m hydroxymethylene diphosphnate
(Tc-99m HMDP) bone scintigraphy was also performed.

Image interpretation

In-111-labeled leukocyte images were interpreted in
two ways. In the first method, the activity at affected
joint was evaluated on the leukocyte scintigram alone.
Scintigrams showing activity definitely greater than
that of normal marrow were classified as positive.
Scintigrams showing minimally increased activity
compared to that of normal marrow were classified as
intermediate. Scintigrams showing no evidence of in-

(a)

Fig. 1. Interpretation of leukocyte scintigraphy.

(a) Positive.

creased activity were classified as negative (Fig. 1).
In the second method, 15 scans performed in 13 pa-
tients who underwent both bone scintigraphy and leuko-
cyte scintigraphy were evaluated. When the activity
on leukocyte scintigram exceeded that on bone
scintigram or the distribution of the two tracers was
spatially incongruent, leukocyte scintigram was inter-
preted as positive (Fig. 2). When the distribution was
congruent and activity on leukocyte scintigram did
not exceed that on bone scintigram, leukocyte
scintigram was interpreted as negative (Fig. 3).
clinical

Scintigraphic findings were compared with
course after examination.

Definitely increased activity is seen in the left hip joint. (b)

Intermediate. Slightly increased activity is seen in the medial part of the left acetabulum. (c) Negative. No increased activity

is seen.

Fig. 2. Positive combined leukocyte/bone scan. The activity in the left hip joint on leukocyte
scintigram (a) exceeds that on bone scintigram (b).
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Fig. 3 Negative combined leukocyte/bone scan The activity 1n the right hip jomnt on leu
kocyte scintigram (a) does not exceed that on bone scintigram (b)

Results group of positive scans, infection was confirmed by
surgery or culture of aspiration fluud i 12 (Fig 4),

Of 41 leukocyte scintigraphies, 13 scintigrams were and conservative treatment was done mm 1 In the
interpreted as positive, 12 were interpreted as interme- group of intermediate scans, infection was confirmed
diate, and 16 were interpreted as negative In the by surgery in 3, operation was performed and bacte
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Fig. 4. A 23 year old woman with a
history of osteosarcoma and left total
knee prosthesis (a) Radiograph shows
no sign of loosening (b) Tc 99m HMDP
bone scintigram shows increased up
take 1n the distal femur (c) In111
leukocyte scintigram shows increased
uptake surrounding the tibial compo
nent of the prosthesis Infection was
established at surgery (d) After sur
gery, no increased accumulation 1s seen
on leukocyte scintigram
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Fig. 5. A b4-year-old man with a history of femoral head necrosis and bilateral femoral head prosthesis. (a)
Radiograph shows loosening bilaterally and fracture in the left femur. (b) No increased uptake is seen on leuko-
cyte scintigram. On the re-operation after scintigraphy, infection was ruled out.

Table 1. Clinical course after leukocyte scintigraphy (interpre-
tation of leukocyte scan only)

clinical course

scintigraphic findings infection (+)* infection (-)** conservative

positive 12 0 1
intermediate 3 2 7
negative 7 9

* confirmed by surgery or culture of aspiration fluid
** confirmed by surgery

Table 2. Clinical course after combined leukocyte/ bone
scintigraphy

clinical course

scintigraphic findings infection (+)*  infection (-)**  conservative

positive 8 0 0

negative 4 3

* confirmed by surgery or culture of aspiration fluid
** confirmed by surgery

rial culture was negative in 2, and conservative treat-
ment was done in 7. In the group of negative scans,
operation was performed and bacterial culture was
negative in 7 (Fig. 5), and conservative treatment was
done in 9 (Table 1).

On the combined leukocyte scintigraphy and bone
scintigraphy, 8 scans were interpreted as positive and 7
as negative. Infection was confirmed by surgery or cul-
ture of aspiration fluid in all of the cases of positive scans.

In the cases of negative scans, operation was performed
and bacterial culture was negative in 4, and conservative
treatment was done in 3 (Table 2).

Discussion

Nuclear medicine plays an important role in the di-
agnosis of postoperative joint infection. Galluim-67
(Ga-67) citrate localizes in the areas of inflammation,
and Ga scanning can be used for diagnosis of infection
2 The drawbacks in Ga scanning are relatively high
number of equivocal results,*® and low sensitivity.” In-
111-labeled leukocytes accumulate at the areas of in-
fection, and localization of the cells is specific for in-
fection. The reported sensitivity and specificity of
leukocyte scintigraphy in diagnosing orthopedic pros-
thesis infection is 88 to 100%, and 50 to 75%, respec-
tively.2™

In our series, sensitivity and specificity could not be
calculated as the study population included patients who
were treated conservatively without microbiological
confirmation. In cases of positive leukocyte scans, defi-
nite diagnosis of infection was made in all except one.
In the cases of negative scans, there was no evidence
of infection. Our data demonstrates that leukocyte
scintigraphy is an accurate method for diagnosis of
postoperative joint infection when the results of the
study are either positive or negative.

In our group of intermediate leukocyte scans, there
were both infected cases and uninfected cases. Leukocyte
scintigraphy is considered to be less useful when inter-
preted as intermediate. Some authors proposed various
dual-tracer modalities to improve the accuracy of
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infection. Palestro et al. have reported that the specificity
and accuracy of combined leukocyte scintigraphy and
sulfur colloid bone marrow scintigraphy (100%, 95%,
respectively) was higher than that of leukocyte
scintigraphy alone (75%, 78%, respectively).” Johnson
et al. have reported that the specificity of leukocyte
scan was dramatically improved (50% to 95%) when
correlated with bone scintigraphy and read as sequen-
tial leukocyte/bone imaging.® In our series, definite di-
agnosis of infection was made in all the cases of posi-
tive combined leukocyte/bone scan, and there was no
evidence of infection in the cases of negative combined
leukocyte/ bone scan. Although the number of patients is
not enough in our series, our results agree with the study
of Johnson et al?

There are some disadvantages of In-111-labeled leuko
cyte for infection imaging. Radiation dose for scintigraphy
is high, and In-111-oxine is not always be available.
To overcome these disadvantages, a new technique for
labeling leukocytes with Tc-99m hexamethylpropylene
amine oxime (HMPAOQO) has been developed® " In Tec-
99m HMPAO-labeled leukocyte scintigraphy, higher
injectable radioactivity allows better quality of the im-
ages. Tc-99m HMPAO is readily available as a kit.
However, In-111-labeled and. Tc-99m-HMPAQO-labeled
leukocytes would be expected to have similar results for
diagnosis of bone infection.”

In conclusion, In-111-labeled leukocyte scintigraphy is
a useful method in the diagnosis of postoperative joint
infection, and accuracy of the examination improves in
combination with bone scintigraphy.
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