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Abstract

Background Rheumatoid arthritis (RA) is an inflammatory disease that can lead to progressive joint damage. Early
identification of synovitis is key in the management of patients with RA. The aim of this study was to assess synovitis
in patients with RA using ™ Tc-glucosamine single photon emission computed tomography/computed tomography
(SPECT/CT) imaging and compare this radiopharmaceutical’s diagnostic performance with ultrasound (US) imaging.
This prospective study included 22 participants with active RA and 380 joints were assessed with SPECT/CT and US
imaging. SPECT/CT imaging of the joints of interest was performed in each participant three hours after injection

of #™Tc-glucosamine, with US imaging of the same joints performed on the same day. The affected joints were quali-
tatively assessed for “"Tc-glucosamine uptake and compared with the findings on US imaging.

Results Abnormal increased uptake of ™ Tc-glucosamine, localized specifically to the synovial space, was noted

in the affected joints. The overall sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV) and diagnostic accuracy of *™Tc-glucosamine SPECT/CT imaging were 86%, 60%, 61%, 85% and 73%, respec-
tively. A sensitivity of 100% was noted in the identification of synovitis in the carpal and knee joints. Disease activity
in the distal interphalangeal (DIP) joints was not observed with either SPECT/CT or US.

Conclusions SPECT/CT imaging with ®™Tc-glucosamine is a valuable tool for assessing disease activity in the joints
of patients with RA. It has a very high sensitivity in detecting synovitis and it correlates very well with US imaging
in this regard.
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Background

Rheumatoid arthritis (RA) is a chronic inflammatory dis-
ease characterized by progressive damage to the joints.
Joint damage begins early in the course of the disease as
a consequence of the active inflammation, and can lead
to progressive and irreversible disability [1]. Therefore,
prompt diagnosis and early treatment are imperative in
patients with RA. For early diagnosis to be feasible, an
investigation that can offer an accurate assessment of dis-
ease activity, with very high sensitivity even in the setting
of subclinical disease, is required. Several methods to
evaluate disease activity in RA are available. These meth-
ods involve clinical assessment of involved joints, labora-
tory and imaging investigations, or a combination of two
or more methods.

A number of validated clinical scoring systems, includ-
ing the 28-Joint Disease Activity Score (DAS-28), the
Simplified Disease Activity Index (SDAI) and the Clini-
cal Disease Activity Index (CDAI), allow for the classifi-
cation of the patient as being in remission or presenting
with low, moderate or high disease activity [2, 3]. How-
ever, non-specific constitutional symptoms such as
fatigue and malaise, rather than arthritis, predominate in
some patients [4] and the subjective nature of a clinical
assessment reduces the diagnostic accuracy of these vali-
dated clinical scoring methods. Laboratory markers such
as C-reactive protein (CRP) and erythrocyte sedimenta-
tion rate (ESR) are nonspecific tests that are occasionally
helpful in distinguishing between inflammatory and non-
inflammatory conditions. However, these tests are not
diagnostic for RA and may be abnormal in many infec-
tious, malignant, and other disease conditions [5]. Sev-
eral imaging modalities can also be used and have been
shown to be useful in the management of patients with
RA. The most commonly used modality is X-ray imag-
ing, despite knowing that structural changes such as ero-
sion may not be evident in early disease [6—8]. X-ray has
the best-established role in identifying progressive joint
damage. However, its sensitivity is inadequate for identi-
fying synovitis and early erosive lesions [8, 9].

The new classification criteria often used to diagnose
RA, proposed by the American College of Rheuma-
tology/European League Against Rheumatism (ACR/
EULAR), incorporated the role of ultrasound (US) and
magnetic resonance imaging (MRI) in the detection of
synovitis, thus enabling earlier diagnosis and correct
classification of patients [3, 6]. In recent years, the use
of US imaging in the assessment of inflammatory joints,
especially due to RA, has increased.

Universally, US is one of the most widely available, safe
and cost-effective imaging modalities used for evaluat-
ing patients with RA. In addition, it offers the prospect
of a more accurate assessment of soft tissue inflammation
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than conventional clinical examination [10]. Synovitis
and effusions are readily observed with US, and it has
been shown to detect synovitis more accurately than
clinical examination [10]. However, the drawback of US
is that it is operator-dependent [4, 11] and cumbersome,
especially when almost every single joint in both hands
needs to be evaluated. Performing the procedure could
become even more labor-intensive and time-consuming
when additional joints besides those in the hands also
need to be examined. The currently accepted practice,
however, is to use morphological changes (synovial effu-
sion and hypertrophy) occurring on US gray scale imag-
ing and hypervascularity observed by power Doppler to
grade disease activity [12]. Both US gray scale and power
Doppler findings have been shown to be very sensitive to
changes in disease activity [10].

Positron emission tomography/computed tomography
(PET/CT) imaging of RA using fluorine- 18-fluorodeoxy-
glucose (*®F-FDG) is becoming a popular nuclear medi-
cine imaging modality in patients with RA. Evidence has
been reported extensively in the literature that PET-CT
is very sensitive in evaluating disease activity [13-19].
Technetium-99-metastable  ethylenedicysteine-deoxy-
glucose (**™Tc-ECDG), also referred to as **™Tc-glucosa-
mine, is a single-photon emission computed tomography
(SPECT) radiotracer for functional imaging [20]. This
radiopharmaceutical has not been as widely investigated
as 18F-FDG in evaluating disease activity in patients with
RA. However, few investigators have reported good sen-
sitivity of **™Tc-glucosamine in evaluating the disease
activity of patients with RA [11, 20]. Not every nuclear
medicine center has access to a PET/CT camera, mak-
ing 99mTc-glucosamine imaging an alternative in centers
with only SPECT/CT cameras. However, *™Tc-glucosa-
mine must be compared extensively to one of the valid,
sensitive, and reliable imaging modalities, such as US,
before it should be considered a good alternative to
BFE-FDG imaging in patients with RA. No studies that
extensively evaluated the diagnostic performance of this
radiopharmaceutical in RA have been reported in the lit-
erature. Therefore, the aim of this prospective study was
to compare the diagnostic outcome of *™Tc-glucosamine
with US in the evaluation of disease activity in patients
with RA.

Methods

Study design and population

For this prospective cross-sectional study, 22 patients
diagnosed with RA by an experienced rheumatology
consultant (25 years’ experience) according to the ACR/
EULAR classification criteria, were recruited to partici-
pate. The participants were recruited from the rheuma-
tology clinic at our institution between February and
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October 2022. Twelve participants had confirmed RA
affecting the hands, while 10 had confirmed RA affecting
the knees.

Inclusion criteria

«+ DParticipants who are > 18 years of age

» DParticipants must have been diagnosed with RA of
the joints in the hands according to the ACR/EULAR
classification criteria for RA.

Exclusion criteria

+ Pregnant participants
» Lactating participants
« DParticipants younger than 18 years of age

Synthesis of the radiopharmaceutical *mTc-glucosamine

The ECDG ligand was synthesized according to the pro-
cedure described by Yang et al. [21]. The ECDG ligand
was successfully formulated into buffered kits that were
stably stored in a -80 °C freezer. Fifty to sixty millicurie
(mCi) of Tc-99 m pertechnetate (*™TcO4-) was added to
a prepared, lyophilized ECDG kit vial. The solution was
then heated at 75 °C for 15 min. Quality control was per-
formed on the radiolabeled product by testing pH (pH
5.5) and radiochemical purity (>95%). Radiochemical
purity was determined by using high performance liquid
chromatography on a Varian Prostar 325 UV/Vis HPLC
machine (Varian Medical Systems Inc.; Palo Alto, CA,
USA) fitted with a radiometric GABI Star gamma detec-
tor (Raytest GmbH; Straubenhardt, Germany) and thin
layer chromatography (Raytest GmbH; Straubenhardt,
Germany).

99mTc_glucosamine administration

The prepared radiolabeled solution was added to 3 mL
of sterile saline and then filtered into a sealed sterile
vial. Additional saline was added to the vial to ensure
a final volume of approximately 5 mL. A participant
activity of 20-25 mCi was withdrawn for intravenous
administration.

Imaging protocol and processing

All 22 participants were scanned using a dual-head
gamma camera (Siemens Symbia T16 True Point SPECT-
CT; Siemens Medical Solutions; Malvern, PA, USA). The
SPECT/CT camera was equipped with a low-energy,
high-resolution collimator (LEHR). Three hours after
radiopharmaceutical administration, SPECT images
of the relevant joints (either the hands/wrist or knees)
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were performed at 25 s/stop, with 3° steps, in a 128 X128
matrix. This was followed by a low dose, non-contrast CT
with the patient in the same bed position. Tube voltage
of the CT was 110 kV and the tube current was 25mAs.
Images were processed using the Syngo workstation
(Siemens Medical Solutions; Malvern, PA, USA) on the
gamma camera. SPECT images were reconstructed using
an iterative algorithm and SPECT/CT fusion images
were obtained using the multimodality Syngo imaging
software on the workstation.

Ultrasound imaging

Ultrasound was performed by an experienced mus-
culoskeletal ultrasonographer on the same day as the
9mTc-glucosamine using a Samsung HS70A (Innova-
tive Ultrasound Imaging, Inc; San Diego, CA, USA)
high frequency 15 MHz transducer with power Doppler
functions.

Data collection and analysis

The data of each patient were collected using an Excel
2019 spreadsheet (Microsoft Corporation; Redmond,
WA, USA) and analyzed by means of the statistical pack-
age Stata version 16 (StataCorp LP; College Station, TX,
USA). Results for variables such as sex were presented as
frequencies and percentages. Age was presented as the
median and interquartile range. The sensitivity, specific-
ity, positive predictive value (PPV), negative predictive
value (NPV) and diagnostic accuracy for *™Tc-glucosa-
mine imaging were calculated.

Image interpretation

The attenuated corrected and non-corrected SPECT
images were qualitatively assessed for an abnormally
increased uptake of the radiopharmaceutical local-
ized in the joint space on CT by an experienced nuclear
medicine consultant (7 years’ experience). Abnormally
increased uptake of **™Tc-glucosamine suggestive of dis-
ease activity was identified as activity exceeding that of
the surrounding muscle. On US imaging, synovitis was
identified by an experienced musculoskeletal radiology
consultant (10 years’ experience) by assessing synovial
hypertrophy detected on US gray scale and a positive
power Doppler signal. Both the nuclear medicine physi-
cian and radiologist were blinded to each other’s findings.

Ethical considerations

Ethics approval was obtained from the institutional
Health Sciences Research Ethics Committee (HSREC)
(reference number UFS-HSD2020/1292/2411). Written
informed consent was obtained from each participating
patient.
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Results

The median age was 59 years (interquartile range [IQR]
49-68 years) and the vast majority of patients were
female (n=21; 95.5%). Optimal images with a good tar-
get-to-background ratio were obtained for all the par-
ticipants. All the participants with positive disease on
9mTc-glucosamine imaging had an abnormally increased
uptake of the radiopharmaceutical localized to the syn-
ovial space, with no bone uptake. An example is illus-
trated in Fig. 1, showing **™Tc-glucosamine SPECT/CT
and SPECT images of the knee of a 72-year-old female
with abnormal increase uptake of the radiopharmaceu-
tical in both knees, localized to the synovial space, with
no abnormal bone uptake. Twelve (54.5%) participants
had the joints of their hands and wrists evaluated, while
in the remaining 10 (45.5%) patients, the knee joints
were evaluated. A total of 380 joints were evaluated for
disease activity, representing 360 joints in both hands,
which included the metacarpophalangeal (MCP) joints,
proximal interphalangeal (PIP) joints and distal inter-
phalangeal (DIP) joints. Twenty-four carpal joints and
20 knee joints were also assessed for disease activity.
Each knee joint was further subdivided into four regions
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(suprapatellar, lateral, medial, and popliteal regions).
Both US and *™Tc-glucosamine imaging did not detect
disease activity in any of the DIP joints.

Assessing the total number of joints and regions,
9mTe-glucosamine imaging had an overall sensitivity of
86%, specificity of 60%, PPV of 61%, NPV of 85% and
accuracy of 73%. The diagnostic performance of **™Tc-
glucosamine imaging in the various group of joints is
summarized in Table 1. The diagnostic accuracy of *™Tc-
glucosamine imaging was 70% when considering all four
regions in each of the knee joints (a total of 80 locations),
as shown in Table 2.

Discussion

To the authors knowledge, this has been the first pro-
spective study to directly compare SPECT/CT **™Tc-glu-
cosamine imaging with US imaging in the evaluation of
disease activity in joints affected by RA. Using arthros-
copy or MRI as the gold standard, a number of studies
found that gray scale and Doppler US imaging had a very
high diagnostic accuracy in the evaluation of synovitis in
patients with RA [8, 22]. We observed an overall sensitiv-
ity of 86% for *™Tc-glucosamine SPECT/CT imaging in
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Fig. 1 ®™Tc-glucosamine SPECT/CT and SPECT images of the knee of a 72-year-old female showing abnormal increase uptake of tracer
in both knees, localized to the synovial space, with no abnormal bone uptake
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Table 1 Diagnostic performance of *™Tc-glucosamine imaging in the different joint groups

Joint group Sensitivity (%) Specificity (%) PPV? (%) NPV? (%) Accuracy (%)
Hand (n=336) 83 65 70 80 74
Carpal (n=24) 100 73 25 100 86
Knee (n=20) 100 90 33 100 95

2 PPV, positive predictive value; °PNPV, negative predictive value

Table 2 Diagnostic performance of ™ Tc-glucosamine imaging in the different regions of the knee joint

Region Sensitivity (%) Specificity (%) PPV® (%) NPV® (%) Accuracy (%)
All regions (n=80) 96 44 44 96 70
Suprapatellar (n=20) 75 100 100 86 86
Lateral (n=20) 100 17 44 100 58
Medial (n=20) 100 15 33 100 57
Popliteal (n=20) 100 25 25 100 63

2 PPV, positive predictive value; °NPV, negative predictive value

identifying active disease in patients with RA compared
to US imaging. This finding was consistent with an ear-
lier hypothesis by Manolios et al. [11], who confirmed
that ®™Tc-glucosamine imaging of patients with RA had
a good correlation with MRI findings and could identify
synovitis in all affected joints [11]. In our study, the sensi-
tivity of *™Tc-glucosamine imaging reached the 100% in
the knee and carpal joints, compared to 83% in the joints
of the hands. This finding might be suggestive of US
being slightly more sensitive in detecting disease activ-
ity in the small joints of the hand than **™Tc-glucosamine
imaging.

The overall specificity of *™Tc-glucosamine imaging
in our study was 60%. Angelides et al. [20] reported that
9mTe_glucosamine uptake was present at sites of osteo-
arthritis (OA) and subclinical OA. We suspect that the
specificity of 60% might be associated with radiopharma-
ceutical uptake in unknown sites of osteoarthritis, sub-
clinical disease, or a combination of both. The site with
the highest level of specificity (90%) were the knees when
considered as a single site, and not split into the four
separate regions. However, when broken down into the
different regions, the specificity dropped to 44%, which
was most probably due to abnormal *™Tc-glucosamine
uptake in the medial and lateral regions, with specifici-
ties of 15% and 17%, respectively, as shown in Table 2.
Again, this might be attributed to the identification of
subclinical disease not observed on the US imaging, or
non-specific uptake in co-existing OA. What might have
favored the identification of subclinical disease was the
fact that in six of the ten participants who had a follow-
up US six weeks after their baseline US, sonographic

evidence of synovitis was discovered in a total of 10 knee
regions previously negative for synovitis on the baseline
US examination, although it had been positive on the
baseline **™Tc-glucosamine imaging. An example of this
observation is illustrated in Fig. 2, which shows *™Tc-
glucosamine SPECT/CT and SPECT images of the knee
of a 51-year-old female with abnormal increase uptake
of the radiopharmaceutical in all four regions of the left
knee joint. Baseline ultrasound imaging was initially
negative for disease in the popliteal, medial, and lateral
regions of the joint, but positive on subsequent 6 weeks
follow-up imaging. This figure also shows that SPECT/
CT imaging localizes the radiopharmaceutical uptake in
the synovial space without bone involvement. This was a
finding peculiar to all the participants.

It has been reported in the literature that various
nuclear medicine imaging modalities compare well with
conventional imaging in identifying active disease in
patients with RA [13, 14, 23-29].

The most popular modality is 18F-FDG PET/CT imag-
ing, which seems to be similar to **™Tc-glucosamine
imaging, as both radiopharmaceuticals are radiolabeled
analogs of glucose.

Beckers et al. determined that positive 18F-FDG PET
findings correlated well with US imaging in detecting
active disease in the joints of patients with RA [17], simi-
lar to the finding observed in our study. We, however, do
recommend that a more robust study similar to ours be
performed with 8F-FDG PET/CT.

A limitation of this study was not identifying and/or
excluding participants with possible co-existing OA. It
has previously been shown that patients with OA might
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Fig.2 *™Tc-glucosamine SPECT/CT and SPECT images of the knee of a 51-year-old female showing abnormal increase uptake of tracer in all four
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regions of the left knee joint. Baseline US imaging was initially negative for disease in the popliteal, medial, and lateral components, but positive

on subsequent six weeks follow-up imaging

have mildly increased **™Tc-glucosamine uptake [20],
a finding that might be difficult to differentiate from
subclinical RA. This is however an area that might need
further investigation in the future.

Conclusions

This study demonstrated that SPECT/CT imaging with
9mTc_glucosamine had a high sensitivity in detecting
synovitis in patients with RA, which compares well
with US imaging. However, the specificity was low,
which could be attributed to nonspecific uptake of the
radiopharmaceutical in patients with co-existing OA or
the identification of subclinical disease that had been
missed on US imaging. We are of the opinion that this
is an area that might warrant more research for clarity.
Overall, ®™Tc-glucosamine might have a role to play in
the evaluation of disease activity in patients with RA,
especially in centers that do not have PET/CT cameras
for "®F-FDG PET/CT imaging.
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