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Abstract

An inflamed painful joint is one of the most common indications for the patient to be referred to a rheumatologist
or an orthopedician. In relation to the aetiology, the therapeutic approach might be systemic, local or a combination of
them in some cases, always with the thought of balancing risk with benefit for the patient. In all cases, independently of
the cause, the goal of therapy is to improve the quality of life through the reduction of pain, improvement of mobility
and preservation of function. Nuclear Medicine has to offer Radiosynoviorthesis, an effective alternative procedure for
treating inflamed small joints. Various radionuclides are available for radiosynoviorthesis. Their selection depends on
the size of the joint to be treated. Small joints are mainly treated with ['*’Er] erbium under a fluoroscopic or sonographic
guidance, usually with a simultaneous instillation of a corticoid. Candidates for radiosynoviorthesis should have been
under a six-month systemic treatment without encouraging results or should have undergone at least one unsuccess-
ful intra-articular injection of a long acting glucocorticoid. Since 1973, when ['®Er] erbium was firstly suggested as a
therapeutic agent for radiosynoviorthesis of the finger joints, there has been quite enough experience in its” application.
It has been found to be cost effective in providing long term relief of pain and deformity of the inflamed joints in com-
parison to other therapeutic approaches. Additionally, there is no radiation risk and can be performed on an out patient
basis. Therefore it can stand as an effective alternative procedure for treating early stages of chronic synovitis in RA
(rheumatoid arthritis) patients, with minor damage of the cartilage and the adjacent bones, and for synovitis secondary

to inflammatory arthropathies. Hippokratia 2010; 14 (1): 22-27
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A painful joint may appear as a musculosceletal pre-
sentation of a systemic disease, or as a local degenera-
tive procedure. Small joints’ arthritis concerns mainly the
peripheral joints of hand and foot. It appears usually as a
result of degenerative diseases such as osteoarthritis, of
rheumatologic diseases such as rheumatoid arthritis, SLE
or scleroderma, of diseases characterized by crystal depo-
sition such as gout, of autoimmune diseases such as pso-
riatic arthritis and might also be of traumatic aetiology]1.
Therefore, in relation to the aetiology, the therapeutic ap-
proach might be systemic, local or a combination of them
in some cases, always with the thought of balancing risk
with benefit for the patient.

While feet are mostly affected by a degenerative joint
disease, through an imbalance between stress bearing
capacity and actual stress (occupational or sport over-
use of the joints, overweight, posttraumatic axial devia-
tion, ligamentous instability)?, hands seem to be present
many different joint involvement patterns, characteristic
of specific diseases. For example, in rtheumatoid arthri-
tis* the metacarpophalangeal (MCP) and the proximal
interphalangeal (PIP) joints are most frequently, sym-
metrically affected, whereas, in psoriatic arthritis* there

is an asymmetrical ipsilateral involvement of the joints
of the fingers, which look like sausages, or a transverse
involvement of the distal interphalangeal (DIP) joints.
Furthermore, in finger polyarthrosis® the DIP joints (He-
berden’s polyarthrosis) and/or the PIP joints (Bouchard’s
polyarthrosis) and/or the first carpometacarpal joint (rhi-
zarthrosis) are affected.

In all cases, independently of the cause, the goal of
therapy is to improve the quality of life through reduc-
tion of pain, improvement of mobility and preservation
of function. The usual treatment programms’ consist of
medication, radiopharmaceutic or surgical intervention,
rehabilitation, patient instruction, psycological support
and social advice. Given the potential toxicity of the
systemic therapy (disease modifying drugs, immunosup-
pressive drugs, corticosteroids, nonsteroidal anti-inflam-
matory drugs), local joint therapy® (intraarticular corti-
costeroid injection, radiosynoviorthesis, chemosynovec-
tomy’, surgical treatment) is becoming an increasingly at-
tractive option. Surgical measures cost a lot of effort and
financial expenses and have mainly disappointing results
at finger joints? (eg. Swanson endoprosthesis as replace-
ment for the PIP joints, arthrodesis with Kirschner wires
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of the DIP joints). On the other hand, radiosynoviorthesis
has a favourable cost to benefit ratio, due to its’ low rate
of side effects, its’ availability as an outpatient procedure
and its’ application to all joints, especially to the small,
peripheral ones®.

Principles of Radiosynoviorthesis

Radiosynoviorthesis’ (RSO) is the restoration (orth-
esis) of the synovia by the local application of radioac-
tive agents (radiolabelled particulates and radionuclide-
loaded colloid particles), which emit beta rays. In the
different types of arthritides, as well as in the activated
arthrosis (osteoarthritis), the main cause of pain and dis-
comfort is the underlying synovitis. Therefore, through
radiosynoviorthesis one tries to influence the synovial
process favorably as an alternative to early surgical
synovectomy, especially when a surgical approach is
contraindicated'®.

The injection of the radiopharmaceutical into the
joint cavity is followed by phagocytosis!! of it’s’ mol-
ecules by the outermost cellular layer of the synovial
membrane (Figure 1 A). Due to this selective irradiation,
the result is apoptosis and ablation of the inflamed syno-
vial membrane. A reduction in the number and the size
of the synovial villi is observed and a decrease of the
involved hyperaemia (thrombotic occlusion of capillar-
ies) as well.

There is also a reduction in the filtration and reabsorp-
tion of the synovial fluid. After a few months the synovial
membrane is fibrosed without signs of mononuclear infil-
tration (Figure 1B). In this way, further destruction of the
joint cavity by immunological reactions is prevented and
a long term remission is achieved'?.

Table 1: Groups for RSO™.

Figure 1: Mechanism of Action of RSO

(A) {-Emitting colloidal particles (yellow stars) phagocytized
by inflamed hypertrophic synovial lining with proliferating
synoviocytes (pink). Top cartilage layer remains unaffected.
(B) Subsequent cell damage and sclerosis of synovial mem-
brane

Indications

According to the guidelines of the European Associ-
ation of Nuclear Medicine, candidates® for radiosynovi-
orthesis should have been under a six-month systemic
treatment without encouraging results or should have
undergone at least one unsuccessful intra-articular in-
jection of a long acting glucocorticoid. The earlier in the
course of the disease!', the better results are expected
from the application of the procedure (Table 1). Among
common indications for RSO stand rheumatoid arthri-
tis, spondyloarthropathy (reactive or psoriatic arthritis),
hemarthrosis or synovitis in the hemophiliac, chronic
pyrophosphate arthropathy, pigmented villonodular sy-
novitis, persistent effusion after joint prosthesis, osteo-
arthritis (with mild or moderate radiographic changes)
and inflammatory joint diseases such as Lyme disease or
Behcet’s disease'’.

Group Clinical response | Disease Pre-existing morphological changes
rate
A (Appropriate) > 80% Rheumatoid arthritis No changes

Haemarthrosis in haemophilia
Haemarthrosis in Willebrand’s disease
Villonodular synovitis

B (Acceptable)

60%-80%

Rheumatoid arthritis
Seronegative arthritis
Osteoarthritis

Repeating injection in previous
responder

Steinbrocker I, 11

Minimal or moderate

C (Helpful) < 60% Rheumatoid arthritis Steinbrocker III, IV
Osteoarthritis Severe destruction
D (Not indicated) | No response Need for surgical interventions

Previous non-responder
Deformed joints
Unstable joints
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Table 2: Steinbrocker functional classification of arthritis'®.

Class I Complete functional capacity with ability to carry on all usual duties without handicaps.
Class 11 Functional capacity adequate to conduct normal activities despite handicap of discomfort or limited mobility
of one or more joints.
Class III | Functional capacity adequate to perform only few or none of the duties of usual occupation or of self-care.
Class IV | Largely or wholly incapacitated with patient bedridden or confined to wheelchair, permitting little or no self-
care.
Contraindications Pretreatment evaluation

The procedure should not be used’ in case of pregnan-
cy, breastfeeding, ruptured baker’s cyst (concerning the
knee joint) or local skin infection. It should be applied in
children and young patients (<20 years) only if the benefit
of treatment is likely to outweigh the potential hazards.
Extensive joint instability and osteoarthritis with severe
joint destruction are relatively contraindicated.

Radiopharmaceutical selection for RSO
of the small joints

Various radiopharmaceuticals are available for ra-
diosynoviorthesis, in a colloidal or particulate form. The
most commonly used worldwide are [*°Y] ytrium silicate/
citrate colloid, ['*Re] rhenium sulfur colloid, ['*Er] er-
bium citrate colloid and [*P] chromic phosphate. Their
selection depends on the physical half live of the radionu-
clide, the mean tissue penetrance of the emitted b-parti-
cles, the size of the particles in use, their biodegradability
and irreversible binding of the radionuclide to them, as
well as the size of the joint to be treated. The smaller the
joint, the shorter the range of the emitted beta particles
should be. Besides, the thickness of the synovium and the
amount of the synovial fluid affect radiation delivery'®.
For radiosynoviorthesis of the small joints*? as the MCP,
PIP and metatarsophalangeal (MTP), ['®Er] erbium ci-
trate colloid is used. Other joints, that can be treated with
["®Er] erbium as well, are DIP, tarsometatarsal (TMT),
the proximal tibiofibular joint and the thumb base joint or
first carpometacarpal (CMC I).

['*Er] erbium decays under emission of beta parti-
cles!'” to stable ['®Tm] thulium. It has a physical half life
of 9.5 days and the maximum energy of the b particles
is 0.34 MeV. The maximum range in soft tissue is 1mm,
whereas the mean range lies between 0.2 and 0.3mm.
The fraction of gamma rays is negligible; therefore a
distribution posttherapeutic scintigraphy is not possible.
The administered activity and the injected volume vary
according to the volume of the joint to be treated. Usual
applications’ consist of 20-40 MBq in Iml for MCP
joints, 30-40 MBq in 1ml for MTP joints and 15-20
MBq in 0.5 ml for PIP and DIP joints. As many joints
can be treated at the same session, the total activity of
erbium injected should not exceed 750 MBq at a single
session.

Before proceeding to a radiosynoviorthesis, careful his-
tory and physical examination are of fundamental impor-
tance. X-ray films or magnetic resonance imaging of the
affected joints, ultrasound and scintigraphy are also neces-
sary to obtain optimal results®. In evaluating the patient the
clinical stage classification and the functional classification
of rheumatoid arthritis according to Steinbrocker et al'® has
proved to be useful (Table 2). However, an increasing pref-
erence of the radiologic stage classification according to
Larsen'”? has been observed within recent years, not only
for rheumatoid arthritis, but also for psoriatic arthritis and
Behcet’s disease with peripheral joint involvement (Table
3). Although x-ray examination is an indespensible diag-
nostic tool, the most decisive examination for the detection
of arthritis is the joint soft tissue scintigraphy?'.

This is the second phase of the triple phase bone scin-
tigraphy; in which joint images are produced approxi-
mately 5-10 minutes post injection.

The images represent the distribution in the blood
pool and the soft tissues. Only with the proof of a clear
synovitis through scintigraphy does radiosynoviorthesis
seem promising and therefore indicated. As for sonog-
raphy?®, it helps the physician evaluate the structure and
the thickness of the synovial membrane (Figure 2). Espe-
cially, in hands and feet tenovaginitis and tenosynovitis
are differentiated easily this way.

Technique

At every joint there are usually various puncture sites
available. To avoid an injury of the related structures (ves-
sels, nerves, tendons, tendon sheaths) or an extra artricu-
lar administration, it is advisable to proceed under a flu-
roscopic or sonographic guidance®’. Injection into a joint
must be performed under sterile conditions, after applica-
tion of local skin anesthesia. The position of the needle
in smaller joints may easily be controlled by radiography
under fluoroscopic guidance, using a 22-gauge needle. A
joint should be punctured with one single plunge through
the joint capsule, without searching around with the nee-
dle??*, Administration of just enough contrast medium to
document that the needle is intraarticular is helpful.

The volume of the injected contrast agent should be as
small as possible®, because the stabilizing agent of ethyl-
enediaminetetraacetic acid (EDTA), that it includes, causes
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Table 3: Larsen radiologic stage classification of arthritis'.

Grade 0

Normal conditions. Changes not related to arthritis, may be present.

Grade |

in Sudeck’s atrophy.

Slight abnormality. One or more of the following changes are present: periarticular soft tissue swelling,
periarticular osteoporosis and slight joint space narrowing. When possible, use for comparison a normal
contralateral or a previous radiograph of the joint in the same patient sa grade 0, as demonstrated in standard
films. Soft tissue swelling and osteoporosis are sometimes reversible changes. This is an early, uncertain
phase of arthritis. The compatible changes may occur without arthritis in old age, in traumatic conditions or

Grade 11

Definitive early abnormality. Erosions and joint space narrowing corresponding to the standards. Erosion is
obligatory except in the weight-bearing joints (in standard films erosion is present in all joints except tarsus).

Grade 111

Medium destructive abnormality. Erosion and joint space narrowing corresponding to the standards.

Grade IV

Severe destructive abnormality. Erosion and joint space narrowing corresponding to the standard. Bone
deformation is present in the weight-bearing joints.

Grade V
in the weight-bearing joints.

Mutilating abnormality. The original articular surfaces have disappeared. Gross bone deformation is present

destabilization of the radiopharmaceutical. Simultaneous-
ly with the radiopharmaceutical a glucocorticosteroid is
administered®**’, in order to bridge the lag phase between
the time of the injection and the time of the effect of RS,
to lower the risk of radiation-induced synovitis and to in-
hibit a possible extraarticular leakage of the radiopharma-
ceutical. Triamcinolone® is often used at a dosage of 8mg
(0,2ml) for MCP and 4mg (0,1ml) for PIP joints. What
seems of great significance is the fact that overpressure
during administration should be avoided. For this reason
a dose of small volume and high specific activity is pref-
fered”. Sometimes, due to the synovial hypertrophy and the
joint space narrowing, there is hardly any inner space for
the administration of the radiopharmaceutical.

Then, it is preferable to inject a few drops of the
activity (followed by air) and proceed to a re-radiosyn-
oviorthesis a few months later>. Before removal of the
needle, flushing with saline solution is recommended to
keep the puncture channel free of beta emitting particles.
After removing the needle, the puncture site is squeezed
off with a gauze, fixed with an elastic bandage and the
joint, under manual pressure upon the puncture site, is
carefully moved a couple of times.

Then a splint or a cast is formed to the physiologic
position of the joint and the joint is immobilized for 48-
72 hours>*2%, The treated joint should be at a state of mild
relaxation for approximately 1 week. When toe joints are
treated, the patient leaves on a wheelchair and is advised
to walk only to the restroom for the aforementioned pe-
riod of time*.

After RSO

The patient should be urged to report by telephone
about 4-6 days after the radiosynoviorthesis for pos-
sible side effects. After this period, a follow-up visit at
3-4 months, 6 months and 1 year post therapy is recom-

mended*>!2. Pain reduction typically occurs 1-3 weeks
post injection, but occassionally may delay a couple of
weeks more . Patients should be informed’ that the proce-
dure is 60%-80% effective and that there is the possibility
of a temporary increase in synovitis. Active training of
the periarticular soft tissue apparatus is recommended in
order to achieve the maximum functional capacity of the
joint®. A tingling sensation or stabbing pain in the joint
might appear, for which a cold compress or ice directly
to the joint and not through the bandage could be applied.
Potential complications®* of treatment are local haemor-
rhage, bruising, extravasation and radiation necrosis, and
very rarely infection or allergic reaction. Thrombosis due
to immobilization and lymphoedema may occur. Since
the radionuclide is applied in form of a colloid of appro-
priate size, it remains mostly within the joint, with no
significant radiation exposure to other organs or parts of
the body. The risk for induction of a future malignancy is
estimated as exceptionally small***. Patients who have
failed to respond to the first radionuclide injection report
pain reduction and improvement of joint function follow-

Figure 2: Woman 60 years old, with soft tissue swelling and
RA test (+)
Synovitis and bone erosions of the PIP 1%
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Table 4: Comparison of isotope properties'”.

Isotope Particle size Emission Halph-life Soft tissue penetration
(pm) (days) mean/max (mm)
169-Erbium 2-3 beta 9.5 0.30/1.0
177-Lutetium 2-10 beta, gamma 6.73 0.67/2.0

ing re-treatment 6 months later. The simultaneous instil-
lation of a corticoid often brings permanent recovery in
contrast to steroidal ineffectiveness before radiosynovi-
orthesis'>*.

Clinical effect

Since 1973, when ['®Er] erbium was firstly suggested
as a therapeutical agent for radiosynoviorthesis of the fin-
ger joints®, there has been quite enough experience in its’
application. Although there is no uniform, validated sys-
tem for scoring the effect of RSO, which makes compari-
son between different studies difficult, reported success
rates range from 40% to 95% for the different joints and
underlying pathology?>'%. At the early years of RSO, good
to very good results leading to restoration of normal func-
tion have been reported in 54% 6 months after treatment
in a study consisting of 1261 finger joints by Menkes et
al’¢, as well as in a study by Rampon et al*’. Boussina et al
reported good to excellent results concerning pain relief
and joint mobility in 71.5% and 79.4% 6 months and 12
months after RSO, respectively®®. At that time, another
study by Tubiana et al. reported 62.5% good and very
good results 1 year post RSO treatment of MCP and PIP
joints®. In later years, Gamp found good and satisfactory
results 6 months after RSO in 70% of MCP joints and
54% of PIP joints.

These results were noticed in 68% of both MCP and
PIP joints 1 year after treatment and 64% and 41% re-
spectively at 2 years follow-up*. More recently, accord-
ing to a double-blind, randomized, placebo-controlled,
international multicentre study in patients with RA and
recent (<24 months) ineffective corticosteroid injections
into their finger joints, there has been reported, a six
months follow-up with a 92% decrease in pain, a 82%
decrease in swelling and a 64% increase in mobility of
the MCP and PIP treated joints in comparison to the pla-
cebo-injected joints, which showed 72%, 53% and 42%
respectively*!. Best results come from a study of Mdd-
der et al, who report 95% good results, concerning pain
relief and 83% total improvement, concerning joint mo-
bility and swelling, in patients with rheumatoid arthritis
and corticosteroid resistant small joints (MCP, PIP, DIP,
MTP) six months post therapy?.

These relatively good results are attributable to op-
timal injection parameters such as high specific activ-
ity, small injection volume and fluoroscopic control. In
overall, after the application of RSO, a reduction of pain,
swelling and stiffness of the joint is observed, as well as

an improvement in the range of movement and quality of
life*>#. The effect rate of the procedure is estimated at
about 79% for the upper and 60% for the lower extremi-
ties at a period of six months*. The higher effect rate of
the upper extremities, which is in accordance with anoth-
er randomized, double-blind, placebo-controlled study of
the upper extremity joints®, is attributed to the absence of
weight-bearing mechanical forces in them. A less favor-
able outcome for RS has been reported in more severely
damaged joints and in diseases other than RA, especially
osteoarthritis!3#+34,

According to a survey*’ undertaken by PJ Ell and G
Clunie, radiosynoviorthesis is practiced in about 24% of
nuclear medicine centres in Europe. Rheumatoid arthritis
is the most prevalent disease (71% of treated patients)
and the most frequently treated joints are knee (46%) and
finger joints (20%). Corticosteroid is routinely co-inject-
ed in 60% of cases.

Conclusion

With a 35 year record of use, radiosynovectomy of
the small joints is an effective alternative procedure for
treating early stages of chronic synovitis in RA patients,
with minor damage of the cartilage and the adjacent
bones, and for synovitis secondary to inflammatory ar-
thropathies”'**. It has been found to be cost effective
in providing long term relief of pain and deformity of
the inflamed joints in comparison to other therapeuti-
cal approaches!'>*°.  Additionally, there is no radiation
risk and can be performed on an out patient basis’. As
for the future prospects of the technique, Lutetium-177
(""Lu) labeled hydroxyapatite particles’ (Table 4) are
considered a promising radiopharmaceutical in radiation
synovectomy of small-sized joints, owing to its favor-
able decay characteristics and feasible and cost-effective
production route in comparison to Erbium. Nevertheless,
further investigations are yet to come.
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