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Abstract
Background and aim: Rheumatoid arthritis (RA) is a chronic polyarthritic syndrome in which actively inflamed joints
coexist with others being in remission. Compatible bone scan (BS) reveals joints with increased activity due to degenerative alterations, whilst scanning with human polyclonal immunoglobulin (HIG) is capable to show which of the joints
present active inflammation of the synovial membrane. The aim of the study is to investigate the utility of molecular
imaging with HIG in patients suffering from RA.
Patients and methods: Forty patients (9 males plus 31 females), suffering from painful polyarthritic syndrome, with a
mean age 45.3±7 years and a duration of disease 18.3±4.2 months were enrolled in the study. Twenty-six of the patients
were serum positive to RA factor, considered as suffering from RA, whilst fourteen of them were RA factor negatives
and they were considered as patients with serum-negative polyarthritis. All patients were submitted to x-rays and ultrasound examination (US) in joints of interest, plus whole body BS with 99mTc-MDP and finally scan with 99mTc-HIG.
Results: A total of 1680 joints have been evaluated. In 6 of the patients-two with serum negative RA (252 joints), radionuclide imaging with HIG was within normal limits, despite the fact that in compatible bone scan degenerative alterations have been mentioned in 30 joints. In all these patients disease was evaluated as inactive (“arthrotic changes”). In the
remaining 34 patients-12 with serum negative RA (1428 joints), increased accumulation of HIG, concerning serum positive patients, has been mentioned to 163 joints (“arthritic changes”), whilst in the same group, BS revealed degenerative
changes to 265 joints. Concerning serum negative patients, the respective results were 64 versus 190 joints. Increased
uptake of HIG has been found in 189/226 swollen and painful joints (overall sensitivity according to clinical criteria
83.3%) and in 38 joints without any clinical evidence of inflammation, with clinical active inflammation presented after
follow-up to 35 of them, yielding thus specificity at the level of 92%.
Matched findings between these two methods have been mentioned to 185 out of 227 joints with an abnormal scan with
HIG. Abnormal x-rays and US findings have been mentioned in 67 of the joints.
Conclusions: According to the above mentioned, BS in RA reveals joints being actively inflamed or not, whilst radionuclide study with HIG is capable to distinguish actively inflamed joints, even in patients with serum negative RA, in a
greater extent than anatomical imaging modalities. Hippokratia 2011; 15 (1): 37-42
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Rheumatoid arthritis (RA) is a chronic disease with
the characteristic feature of persistent inflammatory synovitis. Tendon and bursal involvement are frequent and
clinically dominant in early disease1. The pathology involves two steps generally known as exudative and infiltrative phases. During the first phase there is an increased
capillary permeability of the synovial membrane and
exudation of plasma proteins into the synovial stroma
and the joint cavity, whilst the second phase consists of
infiltration of cellular elements1,2.
The synovial inflammation causes cartilage destruction, bone erosions and joint deformities. Most of patients
with RA and/or polyarthritic syndromes (PS) suffer from
persistent and fluctuating disease activity and episodes
of active inflammation and joints’ deformity. This vari-

ability determines the therapeutic strategy of rheumatologists3. Methods include subjective score of joint pain and
swelling. However, there is need for an objective method
to assess disease activity in the involved joints as the
“gold standard” which will be helpful in the management
of patients suffering from RA.
Bone scan is a sensitive, however non-specific diagnostic tool to study bone diseases, whilst in patients with
RA, the feature is increased uptake unrelated to disease
activity. Increased uptake of the radiopharmaceutical
could be attributed to remission with coexisting reactive bone repair4. Three-phase bone scanning is capable
to show indications of active inflammation in selected
joints, but it is impossible to perform a whole body dynamic acquisition in cases of polyarthritic syndromes.
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Biopsy of joints of interest is a painful and not tolerated
by the majority of patients method.
The lack of specificity of bone scan in the detection
of active inflammation is leading to radionuclides with
high affinity to the inflammatory process. Nonspecific
polyclonal human immunoglobulin G (HIG), labeled
with 111In or 99mTc, has been introduced as a more specific
agent for the detection of infection and inflammation with
a high diagnostic accuracy5-8. 99mTc agent is preferred due
to its lower radiation burden, better imaging quality due
to the physical characteristics of 99mTc and lower cost of
the procedure9. 99mTc radiolabeled human immunoglobulin IgG showed higher accumulation at the site of inflammation compared to 67Ga-citrate, radiolabeled albumin
and nanocolloid10.
The attributes of technetium-99m labeled polyclonal
IgG (99mTc-HIG-Technescan), has prompt us to clarify
the suitability of the agent for imaging active synovial
inflammation in patients with PS and RA, in comparison
with bone scan and anatomic imaging modalities.
Materials and methods
From November 2006 to April 2008 a total of 40 patients (31 females), with a mean age of 45.3± 7 (range
34-55) and a disease duration of 15-24 months (range
18.3± 4.2) suffering from PS, were enrolled in the study.
Twenty-six of the patients were serum positive to RA factor, considered as suffering from RA, whilst fourteen of
them were RA factor negatives and they were considered
suffering from serum-negative polyarthritic syndrome.
A detailed clinical examination has been performed
to all patients, and laboratory biochemical tests indicated
in cases of RA and PS were carried out, including:
White Blood Cells (WBC), Red Blood Cells (RBC),
Hemoglobin (Hb), Hematocrit (Ht), Platelets (Plt), Erythrocyte Sentimentation Rate (ESR), Rheumatoid Factor
(RF) test, Anti-citrullinic antibody (Anti-CCP), IgG, IgA
and IgM immunoglobulins C-Reacting Protein (CRP),
Anti-Nucleonic Antibodies (ANA), Histocompatibility
Antigen B27 (HLAB27).
All patients were submitted to anatomical imaging
modalities with x-rays and ultrasound of joints, plus radionuclide ones, including bone and HIG scanning.
Bone scanning was performed in a single-headed
GENESYS γ-camera equipment (ADAC, Milpitas, Ca,
USA) connected to a PEGASYS computer, 2-3 hours
post iv injection of 740MBq of methyleno-diphosphonate labeled with 99mTc (99mTc-MDP-Mallincckrodt Medical B.V., Petten, The Netherlands). In 20 of the patients,
Table 1: Results of Bone and HIG scans in all patients.
Patients

BS (+)

HIG (+)

Group A

6 pts (30 joints)

0

Group B

34 pts (455 joints)

34 patients (227 joints)

*p<0.05

*

dynamic acquisition (arterial and blood pool phase) was
done in joints of interest accordingly to patients’ complaints for pain. Five days apart from this, scanning with
99m
Tc labeled human immunoglobulin G (99mTc-HIGMallincckrodt Medical B.V., Petten, The Netherlands)
was performed, 4 hours post iv injection of 555MBq of
the radiopharmaceutical.
Forty-two joints were investigated with bone scan and
99m
Tc labeled human immunoglobulin G (99mTc-HIG) scintigraphy in each patient numbering: shoulders (2), elbows
(2), wrists (2), metacarpophalangeal (10), proximal interphalangeal (10), distal interphalangeal (8), hips (2), knees
(2), ankles (2) and sacro-iliac joints on the left and on the
right side (2), numbering a total of 1680 joints. Anatomical imaging modalities have been performed only to joints
of interest (joints with local pain and/ or edema).
Results
Accordingly to the HIG scanning results, patients
were divided into two groups: Group A, including patients with a negative HIG scanning, considered as having inactive disease, and Group B, including the patients
with positive HIG scanning, who were considered to
have active disease.
In 6 of the patients-two with serum negative arthritis
(252 joints), radionuclide imaging with HIG was within
normal limits, despite the fact that in bone scan degenerative alterations have been mentioned in 30 of the joints.
In all these patients disease was evaluated as inactive
(“arthrotic changes”).
In the remaining 34 patients-12 with serum negative
arthritis (1428 joints), increased accumulation of HIG has
been mentioned to 227 of the joints (“arthritic changes”),
whilst BS revealed degenerative changes to 455 joints.
Results are summarized in Table 1.
Concerning patients with active disease, two subgroups have been created: Subgroup 1 (S1), consisting
of serum (+) patients (positive RF test) and Subgroup 2
(S2), with serum (-) patients (negative RF test). Results
concerning BS and HIG scanning findings in the above
mentioned subgroups, are summarized in Table 2.
Increased uptake of HIG has been found in 189/226
“clinically active joints”, in terms of their being swollen and painful, yielding thus a sensitivity accordingly
to clinical criteria of 83.3% and in 38 joints without any
clinical evidence of inflammation (Figure 1). Follow-up
of the latter patients revealed clinical active inflammation
Table 2: Results of Bone and HIG scans in serum positive
and serum negative patients.
Pts with
active disease

Serum (+)
S1

BS

22 pts/265 joints

12pts/190 joints

HIG scanning

22 pts/163 joints

12 pts/64 joints*

*p<0.05

Serum (–)
S2

*
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of synovial inflammation in terms of villo-nodular synovitis, in 88/150 joints presenting active synovial inflammation in HIG scanning.

Figure 1: Female patient with painful ankle joints without
signs of active inflammation: 99mTc-HIG scan revealed increased accumulation of the radioligand to both ankle joints
compatible with active synovial inflammation. Increased
local uptake of the radiopharmaceutical at the internal part
of the soft tissues of the left foot is attributed to soft tissue
inflammation.

to 35 of the above mentioned 38 joints, so specificity of
the method accordingly to the clinical criteria of inflammation, was estimated as high as 92%.
Matched findings between HIG and BS have been
found in 185/227 joints (81.5%) presenting active synovial inflammation. In Figure 2, concerning a male
patient with polyarthritic syndrome with low back pain
and negative bone scan HIG scan revealed increased accumulation of the radiopharmaceutical to the sacro-iliac
joints, compatible with sacro-ilitis and enthesopathy.
Dynamic acquisition revealed increased arterial and
blood pool phases, compatible with active inflammation to 18/40 studied joints of interest, whilst in the same
joints BS showed increased accumulation of the radiopharmaceutical to 16 of them and HIG scanning in the
same joints showed results matched to dynamic acquisition in the same 18, plus 2 more joints.
Anatomical imaging modalities (x-rays and US) have
been performed in the 34 patients of Group B, in a total of
150 joints, with increased accumulation of the HIG, plus
in 30 joints with no abnormal HIG findings, but abnormal
BS findings, compatible with degenerative changes. Abnormal findings were found in 67 of the joints (53 joints
with increased accumulation of HIG and 14 with abnormal BS findings). However, x-rays revealed only degenerative changes in the articular surfaces of the cartilage
and bones and only US was capable to show indications

Discussion
The assessment of disease activity in patients with
PS and/ or RA is a rather difficult procedure in terms of
the lack of availability of a “gold standard”. The number
of swollen and painful joints is generally used to measure the degree of disease activity, but these variables are
largely subjective and not reproducible11. The availability of an objective and reproducible method to evaluate
disease activity in RA and PS would be of value. Joints’
scintigraphy with polyclonal IgG immunoglobulin has
the potential to provide an objective way to detect and
quantify synovial inflammation in arthritis5. Labeling
of IgG can be performed with 111Indium12,13 and 99mTc5,14.
The advantages of 99mTc are its short half-life, suitable γ
energy photons for acquisition, low cost, low radiation
exposure and simple labeling procedure9.
There are publications supporting the use of 99mTcHIG in the evaluation of patients with RA and the differentiation between active and inactive disease. Berna
et al have postulated increased uptake of 99mTc-DPD in
both active and inactive joints in chronic RA, but increased 99mTc-HIG uptake is present only in actively inflamed joints15. In another study using an animal model
it has been shown that 99mTc-IgG localizes in sites of collagen-induced arthritis and quantitative studies can be
performed to assess the severity of the inflammation10.
Other authors have correlated the degree of 99mTc-IgG uptake with clinical staging and/ or degrees of swelling7,16.
According to our results the above mentioned agent is
capable to distinguish active and non-actively inflamed
joints and its uptake is correlated with clinical features,
such as swelling and pain. The assessment of severity of

Figure 2: 99mTc-HIG scan in a male patient with low back
pain and negative bone scan: increased accumulation of the
radiopharmaceutical to the sacro-iliac joints, compatible
with sacro-ilitis and enthesopathy.
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inflammation, may not be feasible with this agent15. De
Bois et al evaluated the sensitivity of 99mTc-IgG scintigraphy in testing for the detecting joints’ swelling ranging
between 78% for the ankles and 100% for the proximal
interphalangeal joints17. Authors considered that swelling
correlated more than pain with 99mTc-IgG scintigraphy,
because in RA swelling is usually a manifestation of inflammation, whilst pain can be also produced by joint destruction. Our results are presenting an overall sensitivity
of 83.3% and in addition we have mentioned increased
uptake of the radiopharmaceutical in 38 joints without
any clinical evidence of inflammation.
Since histological examination in order to prove
active inflammation in these joints was not available,
we can’t be quite sure whether HIG scintigraphic results must be considered as false positive or whether
this technique is superior to clinical examination with
regard to the detection of arthritis. However, histologically proven inflammation of the synovial membrane,
even in the absence of clinical signs of arthritis has been
mentioned in cases of RA18. Similar results have been
postulated by other authors who found that 99mTc-HIG
scanning detected 87% of joints presenting signs of
swelling and/ or pain19. In this publication significant
correlations were found between individual scores of
joint uptake and clinical scores of pain and swelling. In
another study concerning the evaluation of patients with
RA with 99mTc-HIG scintigraphy, pathological uptake
of the radiopharmaceutical was noted in 46% of joints
evaluated as painful, 89% of swollen joints and 94% of
both painful and swollen joints20. Both the visual and
the quantitative scintigraphic indices correlated significantly with the clinical index, the number of painful
joints, the number of swollen joints and several biological markers of inflammation.
Of special interest are the results of de Bois et al who
have mentioned that the sensitivity of 99mTc-IgG scintigraphy in detecting synovitis activity, as determined histologically (85%), was higher than the sensitivity of joint
swelling (65%). In the absence of clinically detectable
knee joint swelling the sensitivity of 99mTc-IgG scintigraphy was 83%21. Other authors reported that 99mTc-IgG
scintigraphy had a sensitivity of 69% and specificity of
88% in cases with tenderness and 72% and 81%, respectively, in cases with swelling. Total scintigraphic scores
were correlated with serum levels of C-reactive protein22.
Liberatore et al23 compared scintigraphic results
between 99mTc-HIG scanning, scanning with 99mTc
hexamethyl-propylenoamine-oxime (HMPAO) labeled
white cells (99mTc-WBC) and with 99mTc-albumin nanocolloids (99mTc-NC) in cases of RA. According to these
results 99mTc-HIG scanning seems to be more useful
than 99mTc-NC in the initial stages of the disease, whilst
99m
Tc-WBC scanning was negative in a consistent percentage of the joints previously assessed as clinically
and 99mTc-HIG scanning positive. The greater frequency of 99mTc-HIG scanning positivity at the beginning

of the disease compared to 99mTc-NC is the different
kinetic of the tracers to the inflammation sites. 99mTcNC penetrates the synovium due to increased capillary
permeability24. The uptake of 99mTc-HIG at the synovial
membrane in cases of RA is influenced by the exudation of plasma proteins and the presence of immunoglobulin Fc-fragment receptors on the inflammatory
cellular infiltrate25,26. The discrepancy of the results between 99mTc-HIG plus clinical examination and 99mTcWBC scan is attributed to the indication that leucocytes
reach a significant concentration in the inflamed joints
after the clinical signs of the disease have appeared21.
Other authors have supported that 99mTc-HIG scintigraphy can be used as a non-invasive objective parameter
to monitor arthritis activity in patients with RA pre and
post intra-articular corticosteroid treatment27. In another study, clinical and laboratory variables of arthritis
activity as well as the scores of 99mTc-IgG scintigraphy
were significantly lower after gold treatment compared
to the scores before treatment. However, the difference
between the mean scores of 99mTc-IgG scintigraphy before and after treatment was statistically significant for
more joints than such difference in scores for joint pain
and joint swelling28. Other authors compared 99mTcHIG and three-phase 99mTc-MDP bone scintigraphy for
evaluating the efficacy of Yttrium-90 silicate radionuclide synovectomy29. According to their results, 99mTcHIG scintigraphy appears to be a valuable method that
complements clinical assessment of the efficacy of Y90 silicate therapy in rheumatoid knee synovitis, starting in the early post-treatment period. However, threephase 99mTc-MDP bone scintigraphy may be valuable in
the late postsynovectomy period.
In our study, in the subgroup of patients with serum negative PS, a total of 64 joints presented increased
uptake of 99mTc-HIG, compatible with active synovial
inflammation. Other authors have reported that Tc-99m
polyclonal immunoglobulin-G has been shown to be a
successful agent in the depiction of active inflammation
in rheumatoid arthritis and its variants30. All clinically
active joints in variants of RA patients accumulated
99m
Tc-HIG and showed increased 99mTc-MDP uptake.
These joints had a very similar Tc99m-HIG retention pattern to the RA joints. The detection rate of active joint
inflammation with 99mTc-HIG was much higher than
that with 99mTc-MDP. Warchol et al has postulated that
immunoglobulin G and nanocolloid accumulate preferentially in inflammatory joints and therefore might
be useful to differentiate between inflammatory and
degenerative lesions in patients with small joints arthritis31. In another publication concerning brucellosis
with arthritis, bone scanning did not detect soft tissue
complications, but 99mTc-HIG scintigraphy was useful
for the detection of both osteoarticular and soft tissue
complications32. Other authors in a patient with lupus
erythematosous and polyarticular joint complaints, did
not find abnormal IgG uptake compatible with active
synovial inflammation33.
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The side effects of anti-inflammatory drugs given
to improve the symptoms and quality of life of patients
with RA can be reduced by the use of specific immunotherapies. The introduction of biological therapies for
the management of RA started a revolution in the therapeutic armamentarium with the development of several
novel monoclonal antibodies (mAbs). Monoclonal antibodies specifically bind to their target, which could
be adhesion molecules, activation markers, antigen or
receptors to interfere with specific inflammation pathways at the molecular level. These new generation of
mAbs can be radiolabelled, directly or indirectly, by
a variety of radionuclides, depending upon the specific diagnostic application. For the evaluation of RA
patients, several mAbs and their fragments, including
anti-TNF-α, anti-CD20, anti-CD3 and anti-E-selectin
antibody, have been radiolabelled mainly with 99mTc
or 111In. The clinical impact of scintigraphy with these
radiolabelled antibodies in RA patients is that it holds
two types of information: 1) it allows better staging of
the disease and diagnosis of the state of the activity by
early detection of inflamed joints and 2) it might provide the possibility to perform evidence-based biological treatment of RA with a view to assess whether an
antibody will localize an inflamed joint, before using
the same unlabelled antibody therapeutically. This is of
clinical importance for the selection of patients to be
treated34,35.
Positron emission tomography (PET) with fluoro-deoxy-glucose (FDG) may be helpful for early evaluations
of the extent of RA throughout the whole body. FDG-PET
represents the inflammatory activity of joints in patients
with RA accurately and sensitively and the visual FDG
uptake may be useful for evaluating metabolic activity of
synovitis and measure the disease activity in RA36. In addition, FDG-PET has been proven useful in the detection
of secondary active synovitis in osteoarthritic joints and
in the majority of clinically inflamed joints37. Others have
mentioned that visual assessment of FDG uptake shows a
significant correlation with clinical evaluation of disease
activity in patients with RA undergoing anti-inflammatory treatment38. Other PET radiopharmaceuticals binding to peripheral benzodiazepine receptors expressed on
macrophages, have been proven to be useful to quantify
inflammation in patients with RA39. However, PET studies are much more expensive than HIG scanning and they
are not widely used in order to evaluate patients suffering
from RA and PS.
Conclusions
According to the above mentioned, BS in RA and PS
reveals joints being actively inflamed or not, whilst radionuclide study with 99mTc-HIG is capable to distinguish
actively inflamed joints, even in patients with serum negative PS. In addition radionuclide imaging with IgG human polyclonal immunoglobulin can detect active synovial inflammation prior to clinical signs and in a greater
extent than anatomical imaging modalities.
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