
ndium-l 11 (â€˜â€˜â€˜In)leukocyte scintigraphy has been
recognized as a reliable modality for localization and
evaluation of acute inflammatory processes (1,2).
However, it has not been used commonly for imaging
chronic inflammatory diseases. Though rheumatoid ar
thritis is regarded as a chronic disease, the active
changes in synovial membrane can mimic the pattern of
acute nonpyogenic inflammatory processes. This is
demonstrated by the migration of large numbers of
leukocytes (3). This study was undertaken to determine
the usefulness of@@ IIn leukocytes for imaging inflam
matory lesions of rheumatoid arthritis and whether the
results of this procedure can be correlated with the
absence or presence of ongoing inflammatory
processes.

MATERIALSAND METHODS

Forty milliliters heparinized whole blood was ob
tamed from each patient. The red blood cells were
allowed to sediment for 30 mm to 1 hr. This was facili
tated by the addition of 6% hydroxyethyl starch in
sterile polystyrene tubes. The resultant leukocyte-rich

ReceivedApr. 22, 1985;revisionacceptedNov.7, 1985.
For reprints contact: Kimiichi Uno, MD, Dept. of Radiology,

Chiba UniversitySchoolof Medicine, 1-8-I Inohana Chiba City,
Chiba, Japan 280.

plasma was removed and centrifuged at 450 g for 5 mm.
The leukocyte pellet was washed twice in saline, resu
spended and incubated with [â€˜â€˜â€˜In]oxinefor 20 mm at
room temperature. Fifty to 300 million leukocytes la
beled with 0.5-1 mCi of [â€˜Iâ€˜In]oxinewere administered
to the patients. Imaging was performed at 24 hr and
occasionally after 2 days. Whole-body images and spot
views were obtained with a scintillation camera using a
medium-energy collimator, and a 20% window cen
tered at the 173 and 247 keV gamma photon peaks of
I I â€˜In. Thirty-three patients (age between 29 to 73 yr)

were studied (Table 1). Female to male ratio was 10:1,
and the average period of disease since onset was 15 yr.
Radiographic stage of disease by acute rheumatoid
arthritis criteria ranged between I to IV (4). All pa
tients had drug treatments, 21 had steroids and 12 had
nonsteroidal therapy. None of these patients had an
infected joint as determined by their clinical course,
laboratory data and/or synovial fluid culture.

RESULTS

The incidence of pain and swelling in 66 wrist joints
and 66 kneejoints was compared with the accumulation
of â€˜â€˜â€˜Inleukocytes (Fig. 1). Most striking was the
absence of IIâ€˜Inimaging in any of the joints lacking
both pain and swelling. Twenty-seven wrist joints and
30 knee joints had both pain and swelling. Twenty-five
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This study evaluates the usefulness of labeled leukocyte imaging in patients wtUirheumatoid
arthritis. In 33 patients, the incidence of pain and swelling in 66 wrist joints and 66 knee joints
was compared wtth the accumulation of [@@ 1ln]leuk@y@es.No accumulation of [1111n]leukocytes
was seen in any of the patients' wrists (0/12) or knee joints (0/14) when both pain and swelling
were absent. In contrast, 93 % (25/27) of wrist joints and 80 % (24/30) of knee joints with both
pain and swelling were positive by [111ln]leukocyte scintigraphy. There was little correlation
between the stage of the disease, as determined by radiography, and [1111n]leukocyte
accumulation. This study suggests that [111In]leukocyte imaging may be a reliable procedure for
monitoringthe activity of rheumatoid arthritis, especially for confirming the lack of an ongoing
inflammatory response.
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Total33CasesClassic

RA31CasesDefinite
RA2CasesAge29â€”73yrmean:

51yrMale3Female30Clinical

course10 mo-57 yr
(mean:l5yr)Stage

(ARAcriteria)I2II2Ill16lv13Drug

treatmentSteroids21
CasesNSAID2

Cases

PAS(-3 P(â€”)S(--)

the radiographic stage of disease and [â€˜â€˜â€˜In]leukocyte
accumulation. This is because x-ray films do not reveal
immediate acute inflammatory processes in the joints.
Radiographs ofjoints affected by rheumatoid arthritis
(RA) demonstrate the changes which had occurred
over time, usually after many years. They are not par
ticularly useful in showing soft-tissue inflammation or
current disease activity. The negative scintigraphic cx
amination of two wrist and six knee joints with both
pain and swelling were considered to be in the late and
â€œflareupâ€•stages radiographically. Indeed, of three
patients, one was a burnt out case of joint rheumatoid
arthritis and the others had long standing RA. We felt
clinically that their pain, with some small effusion, was
due to secondary osteoarthritic disease rather than ac
tive RA.

A whole-bodyscanof a patientwithmalignantrheu
matoid arthritis (Fig. 2) showed strong accumulation
of â€˜â€˜â€˜Inleukocytes in multiple joints where pain and
swelling were prominent. An x-ray examination of both
wristjoints ofthis patient revealed osteolytic changes of
the arthritis mutilans. A case of classic RA (stage IV,
class 2) had marked accumulation ofâ€•â€˜Inleukocytes in

TABLE I
Some Parameters of Cases Examined

wristjoints (93%) and 24 kneejoints (80%) had positive
images. The accumulation ofâ€•â€˜Inleukocytes correlat
ed very well with the activity of inflammed joints deter
mined by the clinical signs of both pain and swelling.
However, there seemed to be little correlation between

Indium
positive

P : Pain S :Swelling

I I Wrist66joints
@ Knee66joints

K IIII
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Radiographic Stage
ARA Criteria

I IWrist66joints

@@@JKnee62joints

FIGURE 1
Clinical signs, bone changes and [111In]whiteblood cell accumulation. Lack of 111lnaccumulation correlated extremly well
withabsence of pain or swelling.Accumulation@ 1lnleukocytecorrelated verywellwithactivityof Inflammedjointswith
both pain and swelling. There was little correlation between stages, determIned by radiography, and 111Inleukocyte
accumulation



WBC 10300

ESR 116/h.

RAHA 1280

@RP6 +

RA +

I

FIGURE2
Case of malignantRA(stage Ill,class 3). Noteaccumulation
of 111lncoincidedwithpain (x)and swelllng(O)inevery Joint.
X-rayexaminationof both hands and wrists revealed osteo
lytlc changes of arthrftis mutilans

FIGURE3
Classic RA (stage IV,class 2)with maxillary sinusitis (A, white arrow) had marked accumulation of [111ln]Ieukocytes in the
rightmaxillarysinus, knee, (B)and foot joints (C).Bothknees had marked swellingwithpain (D)and showed narrowingof
joint space radiographically (E)
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ii 11n-WBC SCAN
the right maxillary sinus, knees, and joints of both feet
(Fig. 3). A Water's view showed diffuse opacity in the
right maxillary antrum. Indium-i 11 leukocyte accu
mulation was seen in the knee joints with pain and
swelling. Narrowing ofjoint space was noted on radio
graphs. In another case of classic RA (Fig. 4), 11
leukocytes accumulated in both symptomatic wrist
joints. X-ray films revealed bone changes ofstage IV in
the corresponding areas. An additional example in
which theleft kneejoint showed marked â€˜â€˜â€˜Inleukocyte.
accumulation, while the right knee (which was totally
replaced 1 yr previously) showed no accumulation. Fi
nally, a patient with osteoarthritis with joint space
narrowing and osteoarthritic changes demonstrated by

x-ray, did not have an abnormal accumulation of leuko
cytes even on spot views (Fig. 5).

DISCUSSION

Rheumatoid arthritis has been regarded as a chronic
disease, yet leukocytes have been observed in the syno
vial fluid during active stages. The number of leuko
cytes in the synovial fluid parallels the severity of the
inflammation of the synovial membrane (5). In one
study of rheumatoid arthritis exudates (6), cellular
counts indicated that up to 2 X 1O@cells/day (or 3% of
circulating neutrophils) could migrate into a single
joint. Elevated leukocyte counts, > 2,000 cells per mm@
were seen only in patients with rheumatoid arthritis (7).
Counts over 12,000 cells/mm3 all came from clinically
active knees, and those below 6,000 cells/mm3 were all
from inactive knees (8). McCall et al. reported that
gallium-67 (670a) uptake in the joints increased stead
ily with increased synovial leukoc@te concentration.
Results from our laboratory indicate that 670a also
localizes in normal bone and joints (9). In a report by
Rosenthall et al. (JO), the accumulation of 670a in a
bone or joint did not always reflect infection. The use
fulnessof â€˜â€˜â€˜Inleukocytelabelingto detectinflamma
tory conditions has been demonstrated experimentally
and clinically validated compared to [67Oajcitrate
(3,11). Indium-ill leukocyte imaging was reliable in
patients with relatively acute inflammations (i.e., of
less than 2 wk), but false-negative studies were ob
served in patients with prolonged illness (12,13). In
dium-l 11 leukocyte images of normal knee joints
showed accumulation of â€˜â€˜â€˜Inequivalent to that of
other normal soft tissues. This makes it easier to distin
guish the presence of inflammation than 670a. Taken
together, these studies have shown that it is difficult to
determine acute inflammatory responses in rheumatoid
arthritis joints without actual leukocyte counts. How
ever, because â€˜â€˜â€˜Inhas been used to successfully image
other acute inflammatory processes we wished to exam
inc its utility in rheumatoid arthritis.

Although technetium-99m methylene diphosphonate
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FIGURE4
Classic RA(stage IV,class 2). A: [111In]leukocyteimages
and radiographs of hands and wrists. B: Note absence of
accumulation around right knee prosthesis and intense ac
cumulation in left knee
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FIGURES
Patient withosteoarthrftis showed no
evidence of inflammationIn hemato
logical examination. (CRP: C-reactive
protein, RA: rheumatoid arthrftis test,
RAHA:rheumatoidarthrftishemoagg
lutinationtest). Note absence of ab
normal 111lnaccumulation in joints
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