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A radiosynovectomy (RS) should be indicated when recurrent articular bleeds related to chronic hemophilia synovitis
(CHS) exist, established by clinical examination, and confirmed by imaging techniques that cannot be constrained with
hematological prophylaxis. RS can be performed at any point in life, mainly in adolescents (>13-14 years) and adults.
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| 1. Introduction

Hemophilic arthropathy happens because of repeated bleeding into articulations resulting in swelling and degeneration of
cartilaginous and osseous tissues in the affected joint. Even though hematological prophylaxis averts arthropathy, it is not
always appropriate or accessible WI2IEIE The only approach for averting arthropathy in people with hemophilia (PWH)
without inhibitors is early primary prophylaxis, although it is not always entirely successful in avoiding articular problems &
21814, |n infants with inhibitors, prophylaxis with bypassing agents (aPCCs and/or RFVIla) is also recommended to
prevent articular complications B To prevent joint degeneration in the hemophilic joints due to the impact of blood
on the synovial membrane and the cartilage cells, early primary prophylaxis (intravenous infusion of the deficient factor) is
the gold standard of treatment of hemophilia. In patients with hemophilia A (deficit of factor VIII), emicizumab prophylaxis
has led to greater treatment satisfaction compared with FVIII prophylaxis, reflecting in part the low treatment burden of

emicizumab associated with its infrequent, subcutaneous administration. Emicizumab can also be used in patients with
inhibitors BIEIE],

Articular bleeds cause chondrocyte death and chronic hemophilia synovitis (CHS) resulting in a malicious circle of
synovitis-hemartrosis-synovitis. This circle has to be broken quickly to halt or slow the appearance of hemophilic
arthropathy. The hypertrophied synovium can be detected through palpation as a hard mass. Removal of the
hypertrophied synovial membrane may be performed by using radioisotopes [QIZQILLIL213|14]15][16]17][18]19[2021]  Figure
1 summarizes the mechanism of action of radioactive materials injected intra-articularly (radiosynovectomy-RS) [21122](23]
[24]



The articulation is punctured and a solution of colloidal radioactive material is intra-
articularly injected.

The diameter of the colloid particle is between 2 and S pm, which is little enough to be
phagocytized, but large enough not to enter bloodstream via capillary fenestrations.

Straight away after the injection, most of the radiocolloid is phagocytized by type 2
synoviocytes (synovial macrophages) and captured in the external cell layers of the
synovium.

The radioisotopes used in RS emit high energy f- radiation, which causes water
hydroly production of reactive oxygen species and cell death due to oxidative stress .

‘With a half-life ranging from 3 to 10 days, radioactive materials employed for RS
steadily emit radiation for some weeks.

In time, this causes necrosis and subsequent fibrosis of the synovium, a reduction in
synovial fluid production and, clinically, decrease of inflammation symptoms.

p- radiation has very exiguous tissue penetration, depositing more than 90% of energy
within 10 mm from the point of origin, therefore affecting almost completely the joint
cavitv .

Almost all of the radiation is absorbed by the synovium, synovial fluid, superficial layers
of cartilage and articular capsule.

Subchondralbone and other para-articular tissues, in turn, get insignificant doses of
radiation.

Figure 1. Mechanism of action of radiosynovectomy (RS).

The objective of radiosynovectomy (RS) is to lower the danger of CHS (Figure 2) and recurrent hemarthroses that
eventually degenerate the joint (hemophilic arthropathy). Hemophilia is a polyarticular disease, impacting mainly elbows,
knees and ankles.

Figure 2. Serious chronic hemophilia synovitis (CHS) in a hemophilic patient (arrow).

Therefore, it is important to remember that researchers are facing a multiarticular condition. Confirmation of the problem
has to be done with magnetic resonance imaging (MRI) (Figure 3) and/or ultrasonography (US) (Figure 4).



Figure 4. Ultrasonography (US) of the elbow exhibiting intraarticular fluid (arrow) and intense synovial enlargement
(asterisk).

| 2. When Should a Radiosynovectomy (RS) Be Indicated?

RS is the elimination of the hypertrophied synovium using an intraarticular injection of a radioisotope. Researchers
indicate a RS in the following circumstances 211671920} (1) Two or more events of hemarthrosis in the preceding 6
months; hypertrophied synovium must be confirmed by MRI and/or US. (2) An additional RS must be performed in PWH
with two or more episodes of articular bleed in the following 6 months. RS must only be done in specialized hemophilia
centers.



MRI and/or US may enhance our prompt detection of CHS, and they can be performed at any stage in life. According to
Doria et al. 22, even though MRI is the gold standard, US is highly helpful for assessing CHS. MRI can be performed
once or twice a year, while US can be carried out as many times as needed. Sierra-Aisa et al. compared US and MRI in
PWH 28 |t was found that US was valuable in uncovering joint bleeds, CHS and articular erosions, with results
comparable to those of MRI.

When RS has to be repeated, the procedure is identical to that performed for the first procedure. The result measures
have to be obtained 6 months after each RS and then every 6 months until the last follow-up evaluation. The most
important result measures are the amount of hemarthroses per month (reduction in hemarthroses), factor use, and the
clinical outcome [range of motion (ROM) of the involved joint].

Chemical synovectomy with rifampicin has been reported to be efficacious, inexpensive, simple, and especially practical
in developing countries where radioactive materials are not easily available 211281291801 Rifampicin seems to be more
efficacious when it is utilized in small joints (elbows and ankles), than when utilized in bigger ones (knees) [27[28] \When
RS and/or chemical synovectomy fail, arthroscopic synovectomy (or open synovectomy in some cases) should be
indicated. In a study, 6.3% of articulations required arthroscopic synovectomy or total knee arthroplasty (TKA) 22,

| 3. Technique of Radiosynovectomy

RS must be performed under factor coverage to avoid the risk of hemarthrosis during the procedure. The main
radioisotope used in the literature are 90Y (Yttrium-90), 186Rh (Rhenium-186) and 32P (Phosporus-32). All of them give
off beta radiation and their therapeutic penetration powers (TPP) in millimeters are 2.8 mm, 1 mm, and 2.2 mm,
respectively. In the knee researchers use Yttrium-90 [185 Megabecquerels (MBQq)]. Rhenium-186 is used for elbows (56—
74 MBq) and ankles (74 MBq). A small quantity of 99Tc (technetium) is introduced to perform articular scintigraphy after
the procedure (to confirm the right dispersion of the radioisotope into the joint) 22I16IL7I[18][19][20]

We do not use local anesthetic. An ordinary needle is sufficient. When the joint has been accessed, all the fluid (blood or
synovial fluid) is evacuated, and only then the radioisotope is introduced. The needle must be removed gradually whilst
simultaneously introducing an anti-inflammatory agent (e.g., betamethasone), so as to not cause skin burn. Figure 5
shows the technique and all the elements required for ankle RS.

Figure 5. Radiosynovectomy (RS) of the ankle joint with Rhenium-186 in a haemophilic patients. The needle has to be
removed gradually while at the same time introducing an anti-inflammatory agent.

| 4. Effectiveness of Radiosynovectomy

In relevant articles, 40% to 85% of articulations achieve good clinical outcomes; between 30% and 80% of joints exhibit a
reduction in hemarthroses; and 35% to 85% of individuals exhibit a reduction in factor use; in other words, the amount of

joint bleeds per month decrease from 3 to 6 on average before the procedure to 1 after the procedure [QILQIL12][13][14][15]
[6IA7IL8I19]20]21]



Between 1976 and 2013, researchers performed 500 RSs (with Yttrium-90 or Rhenium-186) in 443 joints of 345
individuals suffering from CHS [29. Their average age was 24 years (range, 6-53) and the follow-up was 18.5 years on
average (range: 6 months-38 years). Researchers performed 1 to 3 procedures with a 6-month interim between them.
Articular bleeding frequency declined by 64% on average.

In another report, researchers encountered that decrease of the number of hemarthoses after RS was 68% on average
when RS-1 was used, 62% with RS-2, and 61% with RS-3 18 The volume of the synovium declined 31%. World
Federation of Hemopbhilia (WFH) clinical score improved 19%. WFH radiological score did not improve 2418l |n one of
our reports, researchers found that knees required more RSs than elbows or ankles, and that the more serious
hypertrophied synovial membranes required a greater number of RSs 1121,

In another report, researchers found that RS was effective in all cohorts of patients, separately from the existence of
inhibitor, the kind of articulation affected, the grade of CHS, and the existence of articular destruction (arthropathy) in the
radiological examination L4, In our center, researchers have also demonstrated that each RS performs separately in CHS
(18] |n another report, researchers found that the variables analyzed improved to an equal grade in articulations with joint
destruction in simple radiography (AJDSR) and without AJDSR. No joint without AJDSR required RS-3; this was the only
dissimilarity our investigation found between joints without AJDSR and those with AJDSR when RS was performed 19,

In 2001, Silva et al. reported 130 RSs utilizing Phosporus-32 with a mean follow-up of 36 months [&. Excellent and good
outcomes (hemarthrosis decrease from 75% to 100%) were obtained in 79.2% of patients at 6 months to 8 years. No
correlation between results and age or degree of arthropathy was found. No complications were observed.

In another report of 125 RSs, 54% got complete arrest of hemarthroses. 73% of patients reported improved mobility of the
injected articulation. 79% of patients had a substantial amelioration in QoL attributable to the treated joint. No
complications were observed 19,

The results of RS with 90Y in 163 joints of PWH were published by Heim et al. 11, The median age at the time of the
injection was between 11 and 15 years and the median follow-up period was 11 years. Over 80% of PWH reported a
decrease in the amount of articular bleeds and 15% experienced full cessation of hemarthroses.

Mortazavi et al. analyzed 66 Phosporus-32 RS in 53 patients 2. The mean follow-up was 31 months. The mean age of
patients at the time of RS was 16 years. It was found that 77% of individuals experienced a 50% decrease in bleeding
incidence after RS.

In 2009, Calegaro et al. evaluated the effectiveness of RS with 153-Sm-HA (185 Mbq) in 31 patients (30 males). Their
mean age was 20 years (8 to 34 years). The use of 153 Sm-HA in the treatment of CHS was effective for elbows and
ankles, but less effective for knees 13!,

In 2010, Cho et al. analyzed clinical outcomes and radiologic evaluation of 58 RS (53 patients) utilizing Holmium-166-
chitosan complex in PWH 4. The mean age of patients was 14 years. The mean follow-up was 33 months. After the
injection, the mean frequency of bleeding of the elbow diminished from 3.76 to 0.47 times a month, the knee from 5.87 to
1.12 times a month, and the ankle from 3.62 to 0.73 times per month, respectively.

Turkmen et al. performed 67 Yttrium-90 RS in 67 patients 21 Their mean age was 17 years. The mean follow-up was 40
months. It was concluded that Yttrium-90 RS in the knee joint is an important resource for the treatment of CHS, markedly
reducing joint bleeding.

| 5. Complications of Radiosynovectomy

Our reported percentage of adverse events is 1%. The adverse events that researchers have encountered are the
following MSILGILANEILATL: (1) |jitle skin burns repaired in 1-2 weeks just by cleaning them. They occur when the
radioactive material is unintentionally introduced out of the joint (Figure 6); (2) infection (septic arthritis) which requires
surgical management (arthrotomy and joint debridement) plus intravenous antibiotics; (3) swelling following injections
solved with rest and NSAIDS (Nonsteroidal Anti-inflammatory Drugs). Researchers specifically recommend
cyclooxigenase-2 (COX-2) inhibitor inhibitors B32],



Figure 6. Small radioactive burn of the adjacent skin (square) after knee radiosynovectomy (RS).
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