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This study was undertaken to evaluate the use of Indium-111-labeled leukocyte (111 In-WBC)
imaging compared with Technetium-99m pertechnetate (*™TcO47) imaging in 19 patients
with rheumatoid arthritis (RA) and 8 with osteoarthritis. Knee and wrist joints were evalu-
ated for both radionuclides. The results indicated a good correlation of the clinical assess-
ment of pain and swelling with joint uptake ratio (JUR) between 111 In-WBC and #*™TcO,~
in RA and osteoarthritis patients. We observed a discrepancy in both imagings in “burned
out” cases. It was concluded that a JUR of 11In-WBC could distinguish active RA from
inactive RA or osteoarthritis at a value of 1.15 and that the use of 111 [n-WBC was a more

reliable procedure than #™TcO,,

Key words: Indium-111-labeled leukocyte, Technetium-99m pertechnetate, rheumatoid

arthritis, osteoarthritis, comparative studies

INTRODUCTION

VARIOUS METHODs have been used to assess inflam-
mation in patients with rheumatoid arthritis (RA),
both with regard to the severity of the disease and
response to treatment. Joint imaging employing
radiopharmaceuticals has been used as one such
adjunctive tool for the detection of inflammatory
joint disease. Historically, the first radiopharmaceu-
tical employed was I-131 HSA,! followed by Tc-99m
phosphate compound. Although imaging may show
increased uptake in RA joints and may prove to be
the most sensitive2:3 for the evaluation of RA, these
cases must already have advanced to a stage where
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there is involvement of the periarticular bone.4 These
compounds are non-specific as increased periarticular
accretions are found in degenerative osteoarthritis,
metabolic bone disease and trauma.® Tc-99m per-
technetate (99™TcO47) could be used to reflect the
degree of inflammatory involvement.8 99™TcQ4~ is
a blood pool and extracellular-fluid space tracer and
its accumulation consists of diffusion into intra-
cellular water and selectively in inflammatory exudate
because of its increased protein content.” With the
introduction by Thakur et al.8 of an In-111 label for
leukocytes, a new tool became available for the
evaluation of suspected inflammatory processes. In
1986 we introduced In-111 labeled leukocyte (A11In-
WBC) imaging. This method utilized autologous
peripheral blood leukocytes, and provided results
consistent with known acute cellular exudation and
rapid turn over of leukocytes in rheumatoid synovial
fluid on the images.® This study was designed to
assess the utility of 111In-WBC imaging compared
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with 99™TcO4~ for the detection of inflammatory
joints and for the differentiation of joints with RA
and osteoarthritis.

MATERIALS

Nineteen patients (3 male and 16 female) with
classical or definite RA (American Rheumatism
Association (ARA) criteria) and eight patients with
osteoarthritis were investigated. The age range with
RA was 37 to 73 years (average 57 years). The
radiographic stage of disease by ARA criteria ranged
between I and 1V.10 All patients had had drug treat-
ment; 9 had received steroids and 10 had non
steroidal therapy prior to imaging. The criteria of
active RA was defined clinically from the clinical
assessment of pain and swelling, leukocytosis and
promotion of ESR. None of these patients had an
infected joint as determined by their clinical course,
laboratory data and/or synovial fluid culture.

METHODS

The leukocyte harvesting and labeling were prepared
by the following method.!! Forty milliliters of
heparinized whole blood was obtained from each
patient. The red blood cells were allowed to sedi-
ment for 30 min 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 In-111 oxine
or tropolone for 20 min at room temperature.

The condition of wrist and knee joints was eval-
uated by the accumulation of both 11[n-WBC and
99mTcO,~. Anterior and posterior joint images of
each patient were taken for 200 sec at 15 min after
the intravenous administration of 37-111 MBq (1-
3 mCi) of 9™TcO4 using a low-energy parallel-hole
collimator. This was followed by the administration
of 11.1-18.5 MBq (0.3-0.5 mCi) of 111In-WBC with-
out plasma. Imaging of 111In-WBC was performed
for 400 sec at 24 hours using a medium-energy
parallel-hole collimator and dual energy settings at
the 173 and 247 keV photopeaks of Indium with
a 109, window.12 The images obtained were analysed
by computer (Toshiba GMS-80, Nova-3) and the
amount of activity in a similar area of the proximals
of both the thigh and arm to the joint, and an area
over the knee and wrist joints, was measured in
counts/pixel providing a joint/thigh or arm ratio;
namely the joint uptake ratio (JUR) (Fig. 1).

RESULTS

The incidence of pain and swelling in wrist and knee
joints was compared with the accumulation of 111In-
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WBC and 99™TcQ4-. The accumulation of !'lIn-
WBC showed better correlation with the activity of
inflamed joints determined by the clinical signs of
both pain and swelling than 9°™TcO4~, Two wrist
joints without pain and swelling revealed false posi-
tive images of 111In-WBC and their JURs were
border line abnormal (JUR: 1.16, 1.17). There
seemed to be little correlation between the radio-
graphic stage of the disease and the accumulation of
11In-WBC and 9°™TcO4~ (Fig. 2).

JURs of wrist and knee joints in RA and osteo-
arthritis patients, excluding burned out joints,
showed correlation coefficients of r=0.697 and r=
0.534 between 111In-WBC and 99™TcO4~ respectively.
We could clearly distinguish active RA or osteo-
arthritis with a minimum JUR of 1.15 using 111In-
WBC (Figs. 2, 3).

This value was set as a matter of convenience to
divide patients clearly into two groups. A burned
out case of classical RA (Stage III, class 3) showed
a discrepancy in accumulation between 11In-WBC
and 997™TcO4, with JURs of 1.07 and 1.62 on the
right knee, respectively and 0.98 and 1.41 on the
left knee, respectively. An X-ray examination of
both knee joints revealed a narrowing of the joint
space with bone atrophy, marginal erosion, and
destructive change (Fig. 4).

DISCUSSION

This study was designed to assess the utility of 11!In-
WBC imaging compared with 99™TcO4 for the
detection of inflammatory joints and for the dif-
ferentiation of joints with RA and osteoarthritis. We
therefore chose both wrist and knee joints for con-
trast since the former is not a weight bearing joint,
and the latter is. From the results of JURs, wrist
joints showed better correlation coefficients than
knee joints (Figs. 3, 4). We thought the accumulation
of 99™TcO,4~ in knee joints was largely due to an
increased vascular pool, and extravascular accumula-
tion in the thickened and inflamed synovium was
higher in knee joints with osteoarthritic changes
than in wrist joints.

On the other hand, 11[n-WBC provided results
consistent with known acute cellular exudation and
rapid turn over of leukocytes in rheumatoid synovial
fluid on the images. Hence !'lln-WBC was more
accurate for the detection of inflammatory joints
(Fig. 2). Al-Janabi et al.!2 demonstrated that white
cell uptake is a specific phenomenon in the rheu-
matoid knee joint and not just a blood pool effect.
We support these results from our data. Of course
there was a difference in the uptake of 99™TcO4™ and
111In-WBC in patients with burned out stages of RA
or osteoarthritis. In view of these results, 111In-WBC
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Fig. 1 JUR was obtained by comparing the amount of
activity within regions of interest over the knee and wrist
joints and an area of the arm and the proximal thigh.
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Fig. 2  Clinical signs, bone changes and accumulation of 111In-WBC and %92TcO4~. Ac-
cumulation of 1In-WBC showed greater correlation with the activity of inflamed joints
determined by the clinical signs of both pain and swelling than 990TcO4~. Accumulation of
11In-WBC and 992TcO4~ showed similar distribution by radiographic stage.
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Fig. 3 Distribution of JUR of the wrist is dependent on the clinical assessment of pain
and swelling for 111In-WBC and %*mTcQO4~. There was a good correlation between them in
both RA excluding burned out cases, and osteoarthritis.
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Fig. 4 Distribution of JUR of the knee is dependent on the clinical assessment of pain and
swelling for 111In-WBC and *mTcO4". There was a fair correlation between them in RA
excluding burned out cases and osteoarthritis. We could clearly distinguish active RA from
inactive RA or osteoarthritis by the JUR of 111In-WBC at a point of 1.15.
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Fig. 5 A burned out case of classical RA (Stage III, class 3). A difference in the accumula-

tion of 111In-WBC and ™TcO4~ could be seen.

was thought to reflect the presence of leukocytes,
and was a more specific procedure to use in estimat-
ing the activity of RA, in spite of being a more
complex procedure than 9™TcO, imaging. It also
aided in differentiating between osteoarthritis and
active RA with pain and swelling. The leukocytes
used here were mixed, but most of the labeled
leukocytes were granulocytes. A limitation of 111In-
WBC imaging is considered to be the high radiation
dose to the spleen, and many repeated examinations
for follow up should be avoided. 99™Tc¢ labeled
leukocyte imaging appears to be a promising proce-
dure, but there may remain problems related to
taking quantitative measurements of joints inflam-
mation.13

ACKNOWLEDGMENTS

The authors thank Dr. W. Slizofski, Department of
Radiation Oncology and Nuclear Medicine, Hahnemann
University for his valuable advice in the preparation of
this manuscript.

REFERENCES

1. Maxfield WS, Weiss TE, Murison PJ, et al: Localiza-
tion of I-131 HSA in rheumatoid joints (abst). J Nucl
Med 5: 373, 1964

2. Weissberg DL, Resnick D, Taylor A, et al: Rheu-
matoid arthritis and its variants: analysis of scinti-
photographic, radiographic, and clinical examina-
tions. Am J Roentgenol 131: 665-673, 1978

3. Bekerman C, Harry KG, Hoffer PB, et al: Radio-
nuclide imaging of bones and joints of the hand
Radiology 118: 653-659, 1975

Vol. 6, No. 4, 1992

10.

ik

13

. McCarty J, Ho lander JL, eds: Arthritis and allied

conditions. 4 textbook of rheumatology, Philadelphia,
Lea & Febiger, pp. 77-78, 1985

. Desaulniers M, Fuks A, Hawkins D, et al: Radio-

technetium polyphosphate joint imaging. J Nucl Med
15: 417-423, 1974

. Alarcon-Segovia D, Trujeque M, Tovar E, et al:

Scintillation scanning of joints with technetium-99m
(abst). Arthr Rheum 10: 262, 1967

. McCarty DJ, Polcyn RE, Collins PA, et al: Tech-

netium-99m scintiphotography in arthritis: technic
and interpretation. Arthr Rheum 13: 11-20, 1970

. Thakur ML, Lavender JP, Arnot RN, et al: Indium-

111-labeled autologous leukocytes in man. J Nucl
Med 18: 1014-1021, 1977

. Ropes MW, Bennett CA, Cobb S, et al: Diagnostic

criteria for rheumatoid arthritis. Annals of the Rheu-
matic Disease 18: 49-53, 1959

Uno K, Matsui N, Nohira K, et al: Indium-111
leukocyte imaging in patients with rheumatoid ar-
thritis. J Nucl Med 27: 339-344, 1986
Fernandez-Ulloa M, Hughes JA, Krugh KB, et al:
Bone imaging in infections: Artifacts from spectral
overlap between a Tc-99m tracer and In-111-leuko-
cytes. J Nucl Med 24: 589-592, 1983

. Al-Janabi MA, Critchley M, Maltby P, et al: Radio-

labelled white blood cell imaging in arthritis. Is it a
blood pool effect ? Nucl Med Commun 12: 1013-1024,
1991

Osman S, Danpure HJ, Jones AKP, et al: Use of
111In-tropolonate-labelled granulocytes for the quan-
titative measurement of inflammation in joints of
patients with rheumatoid arthritis before and after
steroid treatment and comparison with Tc-HMPAO-
labelled mixed leucocytes. Nucl Med Commun: 263,
1991 (abst)

Original 251




