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ABSTRACT

Background Osteoarthritis (OA) is a chronic degenerative dis-
ease significantly impacting both patient quality of life and so-
cioeconomics. Traditional treatment options, including phar-
macological and surgical interventions, are often limited.
Advancements in our understanding of the pathological
mechanisms behind OA indicate the involvement of patholog-
ical angiogenesis. Transarterial microembolization (TAME), a
minimally invasive radiological procedure, may present an in-
novative therapeutic approach. This review aims to consoli-
date current knowledge and experiences regarding TAME as
a therapeutic modality for alleviating chronic joint pain asso-
ciated with OA. It explores the role of TAME, focusing on its
indications, patient selection, clinical outcomes, and future
perspectives. Potential complications and associated risks are
systematically addressed, alongside proposed strategies for
risk mitigation and effective management.

Method The presented patient cases originate from our insti-
tution, supplemented by a thorough review of relevant litera-
ture retrieved from PubMed.

Conclusion TAME represents a promising therapeutic ap-
proach, providing relief from the burden of joint diseases and
substantially enhancing patient quality of life. Clinical out-
comes emphasize the efficacy and safety of TAME in mitigat-
ing pain and improving functional capabilities in patients with
chronic joint pain associated with OA. With mounting evi-
dence of its therapeutic benefits and applicability to numer-
ous joint-related pathologies, TAME offers a valuable addition
to the arsenal of treatments for these conditions.

Key Points

= TAME is an innovative therapy for treating chronic joint
pain related to OA.

= TAME is a technically challenging minimally invasive inter-
vention requiring a high level of expertise.

= Understanding the challenges and complications of TAME
can reduce risk and enhance procedural outcomes.

Citation Format
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ZUSAMMENFASSUNG

Hintergrund Arthrose ist eine chronische degenerative Ge-
lenkerkrankung mit erheblichen Auswirkungen auf die Le-
bensqualitat der betroffenen Patienten. Die M&glichkeiten
konventioneller Behandlungsoptionen wie Schmerzmanage-
ment und chirurgische Eingriffe kommen haufig an ihre Gren-
zen. Fortschritte in unserem Verstandnis pathologischer Me-
chanismen, die der Arthrose zugrunde liegen, deuten auf die
Beteiligung der pathologischen Angiogenese hin. Die transar-
terielle Mikroembolisation (TAME), ein minimal-invasives
radiologisches Verfahren, kdnnte daher einen innovativen
Therapieansatz darstellen. Diese Ubersichtsarbeit soll den ak-
tuellen Wissensstand und die Erfahrungen in Bezug auf die
TAME als therapeutische Modalitdt zur Linderung chronischer
Gelenkschmerzen in Zusammenhang mit Arthrose zusam-
menfassen. Dabei soll der Fokus auf den Indikationen, der Pa-
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tientenauswahl, verfahrenstechnischen Aspekten, klinischen
Ergebnissen und Anwendungsmaoglichkeiten liegen. Poten-
zielle Komplikationen und damit verbundene Risiken sowie
Strategien zur Risikominimierung werden beleuchtet.
Methode Die vorgestellten Patientenfille stammen aus un-
serem Institut und wurden durch eine sorgfiltige Literatur-
recherche aus PubMed erganzt.

Schlussfolgerung TAME ist ein vielversprechender therapeu-
tischer Ansatz, der die Beschwerden von Gelenkerkrankungen
lindert und die Lebensqualitdt der Patienten erheblich verbes-
sert. Die klinischen Ergebnisse unterstreichen die Wirksam-
keit und Sicherheit von TAME bei der Linderung von Schmer-
zen und der Verbesserung der Funktionalitdt bei Patienten mit
chronischen Gelenkschmerzen im Zusammenhang mit Ar-

throse. Angesichts der zunehmenden wissenschaftlichen Be-
lege fiir den therapeutischen Nutzen und die Anwendbarkeit
bei zahlreichen Gelenkerkrankungen stellt die TAME eine
wertvolle Ergdnzung des Behandlungsspektrums fiir diese
Erkrankungen dar.

Kernaussagen

= TAME ist eine innovative Therapie zur Behandlung chroni-
scher Gelenkschmerzen im Zusammenhang mit Arthrose.

= Die TAME ist ein technisch anspruchsvoller, minimalinvasi-
ver Eingriff, der eine Expertise erfordert.

= Ein umfassendes Verstandnis von Komplikationen mindert
Risiken und optimiert die Behandlungsergebnisse des Ver-
fahrens.

Introduction

Affecting over 100 million people worldwide, osteoarthritis (OA)
is the most common form of degenerative joint disease and the
leading cause of chronic musculoskeletal pain and functional lim-
itations [1]. Chronic musculoskeletal pain often results in reduced
daily activities and, consequently, a diminished quality of life for
affected patients [2].

Depending on the severity of the disease, therapeutic approa-
ches for OA range from pharmacological interventions, such as
anti-inflammatory drugs and pain relievers, to shock-wave ther-
apy, intra-articular corticosteroid injections, and surgical joint re-
placement [2]. However, alternative treatments like intra-articular
glucocorticoid injections could result in significant cartilage tissue
loss with prolonged use, thus potentially worsening OA [3]. More-
over, many patients in advanced stages of the disease no longer
respond to conservative forms of treatment or exhibit contraindi-
cations for long-term pain medication [4]. As a result, patients
who are too young for joint replacement or have a high periopera-
tive mortality due to their preexisting medical conditions still pose
a challenge for medical treatment today [5, 6].

In response to these challenges, transarterial microemboliza-
tion (TAME) has emerged as an innovative treatment strategy for
patients with chronic joint pain, particularly those resistant to
conservative treatments or experiencing persistent pain after sur-
gery.

This review aims to highlight the potential applications of
TAME in the treatment of chronic refractory joint pain in OA. The
pathophysiology, potential indications, technical aspects, and ad-
verse events are examined, with a specific focus on discussing
clinical applications in patients with OA.

Pathophysiological Mechanisms
and Angiogenesis in Osteoarthritis

Pathophysiologically, OA is characterized by irreversible damage
to the articular cartilage, remodeling of subchondral bone, forma-
tion of osteophytes, and thickening of the joint capsule [7], which
ultimately leads to irreversible joint damage [8, 9]. The underlying

pathomechanisms of these remodeling processes and the exact
causes of chronic joint pain, which is the leading clinical symptom
of OA, are very complex and not yet fully understood. Anecdotal
evidence suggests that chronic bone and synovial inflammation
result in the stimulation of angiogenesis, synovial hyperplasia,
and recruitment of inflammatory cells [10, 11]. A variety of fac-
tors including altered biomechanics and an increased release of
proinflammatory cytokines, chemokines, prostaglandins, matrix-
reducing enzymes (e. g., matrix metalloproteases), sphingolipids,
and vascular endothelial growth factor play a crucial role in this
process in arthritic joints [8, 11, 12]. The resulting imbalance of
pro- and anti-angiogenic factors leads to increased angiogenesis
in the subintima of the synovial membrane [8], the menisci [7],
the osteochondral junction [13], and the deep layers of the articu-
lar cartilage of the affected joint [14]. While healthy articular car-
tilage has a natural resistance to the formation of blood vessels
due to the specific structure of its proteoglycan matrix, the loss
of proteoglycans in arthritic articular cartilage leads to reduced
resistance and thus facilitates the formation of new vascular chan-
nels and consequently the penetration of new blood vessels [11,
15, 16]. Via common regulatory signaling pathways, these blood
vessels lead to growth stimulation of sensory nerve fibers [9],
which penetrate the synovium as well as non-calcified cartilage
and osteophytes at the osteochondral junction and are therefore
postulated to be the cause of arthritic joint pain [7, 8, 17]. In addi-
tion, angiogenesis is an essential stage of endochondral ossifica-
tion, and the sensory innervation of osteophytes may explain the
association between radiographic osteophyte formation and pain
perception [7, 8]. Thus, it is hypothesized that pathological angio-
genesis contributes to the development of structural damage and
pain in osteoarthritic joints [4, 18, 19, 20, 21, 22].

Patient Selection and Assessment

Patient selection and assessment are crucial steps in considering
TAME as a viable treatment option. Patients typically include indi-
viduals with chronic musculoskeletal pain, particularly those diag-
nosed with OA, who experience persistent musculoskeletal pain
after unsuccessful conservative treatments or even after an endo-
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prosthesis. A further prerequisite is chronic knee pain despite ade-
quate drug therapy (duration of therapy >6 months) or an intoler-
ance or contraindication to non-steroidal anti-inflammatory drugs
and/or opioids. Furthermore, candidates for TAME include pa-
tients who are either considered too young or too medically com-
promised for endoprosthetic joint replacement, as well as those
experiencing persistent pain after undergoing joint replacement
surgery. In cases involving a joint prosthesis, it is imperative to ex-
clude other causes of pain, such as periprosthetic infection, in-
stability, arthrofibrosis, prosthesis loosening, or implant malposi-
tion, before proceeding with TAME. Patients with multiple
comorbidities who are deemed unsuitable for joint replacement
due to various reasons also qualify for this treatment. Contraindi-
cations for TAME encompass acute joint infection (considered an
absolute contraindication) and relative contraindications such as
renal insufficiency and coagulation disorders, characterized by an
INR greater than 1.5. As with any intervention, conducting a com-
prehensive evaluation of the patient’s medical history, pain symp-
toms, and radiological findings is essential to ensure the safety
and efficacy of the procedure. Pre-procedural imaging usually in-
cludes standard X-rays and ultrasound as part of the clinical as-
sessment. The use of MRI, while not universally required, is deter-
mined based on the specific clinical scenario and the joint under
consideration. MRI offers detailed visualization of soft tissues,
making it invaluable in cases where comprehensive assessment
of synovitis, cartilage integrity, and other soft tissue components
is necessary. Its application is particularly pertinent in complex
joints or when initial assessments with X-rays and ultrasound yield
inconclusive results, and if the clinical examination is ambiguous.
Therefore, the decision to incorporate MRI into the diagnostic
process is guided by its potential to enhance understanding of
the joint’s pathology, rather than as a routine requirement for all
cases. Examining MRI features before genicular artery emboliza-
tion (GAE) in knee OA, Choi et al. reported that bone marrow le-
sions, meniscal injury, and a high Kellgren-Lawrence (KL) grade
were associated with poor outcomes [23]. To date, TAME is a pro-
mising option for those who are unresponsive to traditional con-
servative therapies, and patient selection and assessment play a
pivotal role in tailoring the treatment to individual needs, thus
maximizing the potential benefits of this innovative approach
while minimizing potential risks. Given that the indication for
treatment is complex and crucial to the success of the procedure,
TAME should be meticulously planned in close collaboration be-
tween radiologists and orthopedic surgeons. This interdisciplinary
approach ensures that patient selection is based on a comprehen-
sive assessment, leveraging the expertise of both specialties to
optimize treatment outcomes. However, as the initial studies
mainly focused on the feasibility, efficacy, and safety of TAME in
various musculoskeletal conditions, there is currently insufficient
knowledge about which patients could really benefit most from
TAME. Studies including patients with milder symptoms are cur-
rently lacking. However, if TAME could notably delay or even pre-
vent joint replacement surgery, the potential economic impact
would be enormous. Future research should therefore aim to fur-
ther identify specific patient groups and diseases that would ben-
efit most from TAME to facilitate future patient selection.

Technical Aspects

Against the background of pathological angiogenesis in OA,
TAME, which was initially applied to address bleeding [24] or re-
duce the size of hypervascular tumors [25], has emerged as a ver-
satile therapeutic approach for various musculoskeletal condi-
tions. By accurately identifying and subsequently embolizing
these pathological blood vessels, TAME interrupts and subse-
quently normalizes blood supply in the affected tissue area. This
reduces the influx of inflammatory mediators, interrupting the in-
tricate interplay between angiogenesis, chronic inflammation,
and pain, thereby alleviating symptoms and potentially delaying
or even preventing further joint damage [10, 11]. While clinical
applications such as hemostasis and tumor reduction aim for the
complete embolization of the target tissue, in the musculoskeletal
context, TAME specifically targets pathological neovessels while
simultaneously preserving the larger feeding vessel. Therefore,
the endpoint of embolization in TAME is pruning of the neoves-
sels, rather than a complete closure of the feeding vessel.

The technical aspects of the TAME procedure can vary greatly
depending on the specific anatomical site and the musculoskele-
tal condition being addressed, which would exceed the scope of
this review. However, core principles underlying TAME remain
consistent across different anatomical sites: Following local anes-
thesia with prilocaine (Xylonest 1 %) under sterile conditions, fem-
oral or radial arterial access is established using a guiding catheter
(i. e., 3-5F) which is then advanced towards the anatomical target
area. Recently, a transpedal arterial access for genicular artery
embolization has also been described [26], with limited patient
numbers in order to promote this access as a standard, but it
might become useful in patients after failed femoral access [27].
Digital subtraction angiography is conducted by manually inject-
ing contrast medium to delineate the vascular anatomy and
pathological hypervascularization. Using a 1.7-F microcatheter,
for example, smaller branches of the supplying joint vessels are
then accessed, evaluating each of those branches individually to
identify potential hypervascularization by blush-like contrast
medium enhancement and triggering of pain. Once abnormal hy-
pervascularization has been identified and pain could be pro-
voked, permanent or non-permanent embolic agents, diluted
with iodinated contrast medium, are slowly injected into the tar-
get vessel until complete absence of the previously observed hy-
pervascularization is established. To reduce skin perfusion and
thus minimize the risk of skin damage, it is recommended to apply
ice to the embolized joint [18, 28, 29, 30]. Since various arterial
anastomoses are often present, several branches of the larger
supporting vessel must be examined to ensure successful emboli-
zation. Once the procedure is completed, the catheter is re-
moved, and hemostasis is achieved by manual compression or
the use of a closure device. After a successful procedure, patients
are observed depending on the access site for two to six hours to
monitor the puncture site, manage pain sensations, and address
any post-interventional complications. After this initial observa-
tion, patients are discharged on the same day.

To date, a variety of permanent [18, 31] and non-permanent
[4, 32] embolic agents have been used. However, the ideal embol-
ic material for TAME in musculoskeletal tissues has yet to be deter-
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mined. To this end, a recent meta-analysis evaluated the efficacy
and safety of GAE using imipenem/cilastatin sodium solution
(IPM/CS), microspheres, resorbable microspheres, and polyvinyl
alcohol [33]. GAE was effective in improving pain scores using
the visual analog scale (VAS) and the Western Ontario and McMas-
ter Universities Osteoarthritis Index (WOMAC). No significant dif-
ference was found between the different embolic agents in terms
of pain relief [33].

Complications and Adverse Events

While TAME offers effective relief from chronic musculoskeletal
conditions, patients may experience some mild, transient side ef-
fects. Notably, while post-interventional complications have
shown a wide range in incidence from 7.1 % [19] to 80 % [26], it’s
crucial to highlight the absence of major complications that ne-
cessitate additional vascular intervention or even surgery. Compli-
cation rates, however, appear to be influenced by the size of the
embolic particles used. Smaller particles (<100 um) have been
associated with a higher rate of complications, as seen in both an-
imal models [34] and human studies [26]: In a study in a large an-
imal model, differences in complications were found depending
on the size of the embolic particles, with smaller particles (i.e.,
<100 um) leading to more complications [34]. This observation
is supported by Bagla et al., who reported two cases of transient
plantar sensory paresthesia after GAE with 75 um microspheres
[26]. These events were attributed to non-target embolization,
which likely compromised the arterial supply to a branch of the
tibial nerve [26]. Although both cases resolved without further
intervention, the authors decided to increase the particle size to
100 um for subsequent cases and found that no further adverse
neural consequences occurred [26]. Beyond this, no other major
complications were reported. Minor complications, such as sub-
cutaneous hemorrhage at the puncture site [18, 26, 28, 29] or
temporary cutaneous color changes in the treated area [4, 19,
20, 21, 26, 30], artery vasospasm [21, 22], and periprocedural
pain [4, 20, 21], typically resolved spontaneously. The incidence
of post-interventional complications appears to correlate with
the size of the embolizing agents used. Studies employing larger
particles, specifically 100-300 um Embospheres, report fewer
complications [18], whereas higher complication rates are ob-
served with smaller particles, such as 75um or 100 ym micro-
spheres [26]. The increased risk associated with smaller particles
is likely due to their propensity to migrate and occlude distal and
smaller vessels, leading to non-target embolization and uninten-
ded ischemia. Conversely, larger particles are less likely to enter
these smaller channels, thus reducing the risk of adverse events.
This emphasizes the critical need to select an embolizing agent
of appropriate size to ensure a balance between the effectiveness
of the embolization and patient safety.

Importantly, these issues resolved without the need for further
extensive treatment, emphasizing the overall safety and efficacy
of TAME as a valuable therapeutic approach for musculoskeletal
diseases [4, 19, 20, 21, 26, 30, 33].

Clinical Application of Transarterial
Microembolization in Osteoarthrosis

Pioneered by Okuno et al. in 2013, their successful treatment of
tendinopathies and enthesopathies marked the beginning of a
series of studies highlighting the efficacy of this technique in mus-
culoskeletal conditions [4]. In addition to its role in hemarthrosis
[35], TAME has been shown to offer pain relief in cases of muscu-
loskeletal pain associated with OA. In 2015, its use was extended
to patients with musculoskeletal pain in the knee associated with
OA, demonstrating sustained pain relief for up to one year after
the procedure [19]. Moreover, the benefits of TAME for the
shoulder and metacarpophalangeal joints were investigated in
further studies, thereby expanding the scope of its therapeutic
potential [20, 21, 22, 36].

Osteoarthritis of the Knee Joint

The evidence that newly grown blood vessels and nerves could be
potential sources of pain in OA has spurred investigations into the
use of TAME for embolization of the genicular artery. While ar-
throplasty is inevitable in severe cases of knee joint OA, GAE has
proven successful in treating chronic knee joint pain that is refrac-
tory to conservative treatments in patients with mild to moderate
OA [18, 19, 20]. Anatomically, the geniculate arteries originate
from the distal segment of the superficial femoral artery, the po-
pliteal artery and anterior tibial artery include the descending
genicular artery, the medial and lateral superior genicular artery,
the median genicular artery, the medial and lateral inferior geni-
cular artery, and the anterior tibia recurrent artery [20, 37].
Several studies on the effectiveness of GAE for knee OA have
consistently shown that GAE is a safe and effective method for al-
leviating knee pain in patients with mild to moderate knee OA
who do not respond to conservative treatment [18, 19, 20, 36,
38]. » Table 1 summarizes the patient characteristics and clinical
outcomes. In those studies, the technical success rate was report-
ed to range from 84 % [18] to 100 % [20, 26, 38]. GAE rapidly im-
proved pain and physical functioning, as assessed using the VAS
and the WOMAC scores. A significant reduction in pain as well as
an improvement in physical function were observed at the
3-month [18], 6-month [26, 38], and 1-year follow-up [20] in pa-
tients with mild to moderate knee OA. Moreover, a long-term
study in 72 patients with mild to moderate knee OA achieved a
cumulative clinical success rate in 86.3 % after six months and
79.8 % after three years [20], defined as improvement in pain
symptoms six months after the first catheter arterial embolization
procedure [20]. Furthermore, MR imaging in 35 knee OA patients
revealed a significant reduction in the synovitis score between
baseline and two years after the intervention, with no reported
osteonecrosis, cartilage loss, or tendinopathy [20]. In a recent
multicenter, randomized, controlled trial, Bagla et al. demonstrat-
ed that genicular artery embolization (GAE) resulted in significant
pain relief and improved functional outcomes in patients with
mild to moderate osteoarthritis (OA), as compared to those in
the sham group. Functional improvement was quantitatively
assessed using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) score, revealing a mean decrease
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» Table 1 Characteristics and clinical outcomes of included studies on genicular artery embolization.

Mean VAS improved from 60 (SD=20.95% Cl 53—
66) at baseline to 36 (SD =24.95% Cl 28-44) at
3 months (p<0.001) and 45 (SD=30.95% Cl

KOOS subscales significantly improved from base-
line to 6 weeks (p<0.001), 3 months (p<0.001),

Mean WOMAC total scores decreased from
47.3+5.8 at baseline to 11.6 +5.4at 1 month, and

Mean VAS score significantly decreased from
72+ 16 at baseline to 38+23,29+22, 19+ 21,
13+21,and 14+17at 1, 4, 6, 12, and 24 months,

The mean total WOMAC score significantly de-
creased from 43 £ 8.3 at baseline to 24+ 14,
14.8+11,11.2+10,8.2+8.5,and6.2+6.4at 1, 4,
6, 12, and 24 months, respectively (all p<0.001).

KL 1-3: Mean VAS scores from baseline to 6
months post-GAE improved from 5.5+2.2 to

KL 4: Mean VAS scores from baseline to
6 months post- GAE changed from 6.3 £2.2 to

The mean VAS score improved from 76 mm + 14 at

Study Number Duration of Score Results
Reference of Follow-up
Patients (Months)
Little et al., 38 12
2021 18]
30-60) at 1 year (p<0.05).
and 1 year (p<0.05).
Okuno et al., 14 12
2015 [19]
to 6.3+6.0at 4 months.
Okuno et al., 72 (95 24
2017 [20] joints)
respectively (all p<0.001).
Lee etal., 41 (71 12
2019 [38] joints)
1.9+1.5 (all P=0.00).
5.9+2.0.
Baglaetal, 20 6
2020 [26]

baseline to 29 mm +27 at 6 months (p<0.01).
Mean WOMAC score improved from 61+ 12 at
baseline to 29+ 27 at 6 months (p<0.01).

Success Rate/Complications

84 % technical success (6 patients
were not embolized); 0% major
adverse events

4 patients with mild self-limiting
skin discoloration;

1 patient with small self-limiting
groin hematoma.

100 % technical success;

0% major adverse events

1 patient with self-resolving mod-
erate subcutaneous hemorrhage.

100 % technical success;

86.3 % clinical success rate at 6
months;

0% major adverse events

4 patients with transient cuta-
neous color change on the treated
knee.

100 % technical success;

0% major adverse events

5 patients with transient cuta-
neous color change on the treated
knee.

100 % technical success;

0% major adverse events

2 patients with self-resolving
plantar sensory paresthesia.

Abbreviations: VAS - Visual Analog Scale; SD - standard deviation; Cl - confidence interval; KOOS - Knee Injury and Osteoarthritis Outcome Score;
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index; KL - Kellgren-Lawrence grading system; GAE - genicular artery embolization

of 24.7 points (Standard Error [SE] = 10.4), with a 95 % Confidence
Interval (Cl) of 3.5 to 45.9. This change was statistically signifi-
cant, with a p-value of 0.02, indicating a substantial improvement
in patient functionality post-treatment [39]. Minor complications
such as a small groin hematoma [18] or transient skin color
changes [20] were self-limiting. Importantly, no major complica-
tions were observed in these studies. These findings underscore
the efficacy of GAE as a treatment option for chronic knee joint
pain in mild to moderate knee OA. » Fig. 1 demonstrates repre-
sentative images of genicular artery embolization in a 57-year-
old female patient with right-sided, medially dominant OA of the
knee. The patient had previously undergone multiple treatments,
including hyaluronic acid injections and cortisone, which only re-
sulted in a short-term reduction in pain.

However, it is important to note that the severity of knee OA,
as assessed using the KL-scale, evidently affects GAE outcomes
[38]. While a significant and long-lasting reduction in pain was ob-
served in patients with mild to moderate knee OA (KL grade 1-3)
after GAE, patients with severe knee OA (KL grade 4) only experi-
enced a short-term reduction in pain intensity during the first

month after the intervention, followed by a gradual return to the
original severity level within 3 months after GAE [38]. This phe-
nomenon might be attributed to the substantial loss of articular
cartilage in severe knee OA, resulting in direct bone-on-bone and
causing significant pain [1]. Furthermore, it should be noted that
while TAME has been shown to relieve pain and, to some extent,
may improve functional outcomes, it does not alleviate structural
limitations such as range of motion restrictions or joint contrac-
tures. This distinction is important for physicians to understand
the specific benefits of TAME and to set appropriate expectations
for patients regarding the procedure’s impact on joint mobility
and structural abnormalities.

While partial or complete arthroplasty as a last resort is a pos-
sible treatment option in advanced stages of OA, postoperatively,
10 % of patients still complain of persistent joint pain [5, 6]. For
these patients, GAE is a potential treatment that may help to alle-
viate persistent pain, potentially eliminating the need for further
revision surgery. However, it is important to clarify that persistent
pain in patients with total knee arthroplasty can have a variety of
causes, including instability, wear, low-grade infections, and peri-
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» Fig. 1 Right knee of a 57-year-old female patient with medially
dominant OA of the knee before (a, c) and after (b, d) transarterial
microembolization. a Superselective digital subtraction angiogra-
phy (DSA) from the medial superior genicular artery before embo-
lization indicates abnormal neovessels (arrow) adjacent to the
medial condyle (MC). b Post-embolization DSA of the medial su-
perior genicular artery demonstrates elimination of the pathologi-
cal periarticular vascular network around the pain point at the
medial joint space (arrow). ¢ Superselective DSA of the medial in-
ferior genicular artery reveals hypervascularization around the
medial tibial plateau at the pain point (short arrow). d Post-embo-
lization DSA of the medial inferior genicular artery with evidence of
complete embolization of the hypervascularity (short arrow). Ab-
breviations: LC - lateral condyle; MC — medial condyle; DSA - digital
subtraction angiography.

prosthetic fractures. These causes must be thoroughly investiga-
ted and definitively ruled out before considering TAME as a treat-
ment option. As TAME is absolutely contraindicated in these
cases, a consultation with an experienced orthopedic surgeon is
essential and should be considered mandatory to assess the suit-
ability of TAME for patients with painful total knee arthroplasty.
This critical requirement for patient selection protects against in-
appropriate use of TAME and ensures that treatment is tailored to
the underlying pathology. » Fig. 2 illustrates GAE in a 64-year-old
female with persistent pain of the medial knee joint following
knee joint prosthesis.

Osteoarthritis of the Shoulder Joint

OA of the glenohumeral joint is estimated to affect over 30 % of
people over 60 years of age in the USA [40]. While previous stud-
ies have successfully used TAME as a treatment approach for pa-
tients with persistent symptoms of adhesive capsulitis [21, 41,
42], there is a lack of studies demonstrating the application of
TAME for shoulder joint OA. To date, there is only one report in
the literature on the use of TAME for the treatment of OA in the
shoulder joint: in their case report Katoh et al. demonstrated

» Fig. 2 Digital subtraction angiography (DSA) of a 64-year-old fe-
male with left knee joint prosthesis and persistent medial knee joint
pain. In the overview angiography a hypervascularized areas are al-
ready visible in projection onto the medial joint space (arrowhead).
b The DSA after superselective probing of the descending genicular
artery clearly demonstrates hypervascularized areas projecting
onto the medial joint space. ¢ Following embolization with 100-
300 um Embosphere microspheres, the hypervascularized areas are
no longer visible.

transarterial periarticular embolization in a patient with post-trau-
matic OA of the shoulder [28]. However, although the patient re-
ported significant pain relief as early as one day postintervention,
long-term follow-up data is missing [28].

» Fig. 3 shows representative images of TAME in a 51-year-old
patient with OA-related pain (KL grade 4) of his left shoulder. Both
cortisone and multiple hyaluronic acid injections had previously
been unsuccessful and the patient did not want to undergo surgery
due to his young age and the fact that he was still mobile and active.

Osteoarthritis of the Trapeziometacarpal Joint

Trapeziometacarpal (TM) OA, occurring at the base of the thumb,
is a prevalent form of OA that affects approximately 15 % of adults
over 30 years of age [43]. It significantly impairs thumb opposi-
tion, leading to considerable movement restrictions. Treating
these patients is often challenging due to their relative youth,
high activity levels, and demanding requirements for hand mobi-
lity [44]. Recently, TAME has been employed as a treatment ap-
proach for patients with persistent symptoms of TM-OA. In a first
feasibility study involving 31 patients, Inui et al. evaluated intra-
arterial IPM/CS infusion for the treatment of TM-OA refractory to
conservative treatments [32]. A technical success rate of 100 %
and no major adverse events were reported. Intra-arterial infusion
of IPM/CS significantly improved pain perception and functional
capacity, both short-term at 2 and 6 months and long-term at 24
months, as assessed using the numerical rating scale and the
Quick Disabilities of the Arm, Shoulder, and Hand questionnaire.
Overall, the clinical success rate was 81 % after 6 months and
74 % after 24 months, thus making intra-arterial IPM/CS infusion
a suitable treatment option [32]. These rates were established
based on patient-reported outcomes, specifically their self-assess-
ment on the Patient Global Impression of Change (PGIC). A pa-
tient’s condition was deemed to have met the criteria for “clinical
success” if they reported their state as “much improved” or “very
much improved” on the PGIC scale at 24 months post-treatment.
This high percentage of positive long-term outcomes highlights
the potential of intra-arterial IPM/CS infusion as a viable treatment
option in this study [32].
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» Fig.3 Left shoulder of a 51-year-old patient with OA of the
shoulder (Kellgren/Lawrence grade IV) before (a, c) and after (b, d)
transarterial microembolization. a Superselective digital subtrac-
tion angiography (DSA) of the ramus acromialis before emboliza-
tion indicates abnormal neovessels (arrow). b Post-embolization
DSA demonstrates elimination of the hypervascularized areas, with
preservation of the carrier vessel. c Superselective probing of the
anterior circumflex artery. DSA reveals a hypervascularized area in
projection onto the medial part of the humeral head (arrow). d Fol-
lowing embolization with 100-300 um Embosphere microspheres,
DSA demonstrates complete elimination of the hypervascularized
area.

In the example illustrated in » Fig. 4, we present a case of TAME
treatment for TM-OA in a 67-year-old female patient. Initially, the
patient experienced significant pain, particularly during pressure
or forceful movements of the hands. As this case report is drawn
from clinical observations within our clinic and does not constitute
a formal study, specific quantitative measures such as hand force
measurements and clinical scores were not collected. However,
following the application of TAME, the patient reported a notable
improvement in both pain and functional ability. These qualitative
outcomes underscore the potential efficacy of TAME in alleviating
symptoms and enhancing hand function in patients with TM-OA,
even in the absence of quantifiable metrics typically associated
with controlled studies.

Osteoarthritis of the Interphalangeal Joints

OA of the finger most commonly occurs in the distal interphalan-
geal joint, predominantly in women over 50 years of age [45].
Symptomatic OA of these joints leads to stiffness and compro-
mised hand function, thus impairing daily activities of affected pa-
tients. Due to its potential to limit range-of-motion, arthrodesis is
a last-resort treatment, typically reserved for those patients suf-
fering from severe pain and joint deformity [46]. While TAME has
been explored as a possible intervention for interphalangeal joint
OA, the evidence supporting its use is limited and inconclusive. In-

a b

» Fig.4 Right thumb of a 67-year-old female patient with trape-
ziometacarpal osteoarthrosis (Eaton/Littler Stage Ill) before a and
after b transarterial microembolization. a Digital subtraction an-
giography (DSA) with contrast injection from small vascular bran-
ches from the princeps pollicis artery before embolization. Hyper-
vascularization with a “blush” around the trapeziometacarpal joint
at the pain point (arrow). b Post-interventional DSA after emboli-
zation with 100-300 pm Embosphere microspheres, with evidence
of a reduced but still minimally demarcated hypervascularization
(arrow head). Due to their small size, those vessels could not be
probed.

itial attempts to apply TAME in this context have been documen-
ted. However, the lack of comprehensive follow-up data, as seen
in studies with high attrition rates, limits the ability to draw defi-
nitive conclusions regarding its safety and efficacy. Therefore,
such treatments should be considered exploratory, and recom-
mendations for their use cannot be reliably made based on the
current literature. There is a clear need for further research,
including well-designed clinical trials with substantial follow-up,
to fully evaluate the potential of TAME for OA of the interphalan-
geal joints.

Osteoarthritis of the Hip Joint

With an estimated lifetime risk of symptomatic hip OA at 25 %, it is
a highly prevalent form of OA [47]. In a preliminary study invol-
ving 13 patients, Correa et al. assessed the effectiveness and safe-
ty of TAME of the lateral femoral circumflex artery [48]. The study
demonstrated significant improvements in WOMAC and VAS
scores over a 6-month follow-up period. However, the cohort
was very mixed, with only 3 out of the 13 patients being treated
for hip OA, while the other 10 patients suffered from greater tro-
chanteric pain syndrome [48]. Thus, further expanded random-
ized studies are needed to better evaluate the potential role of
TAME in hip OA.

» Fig.5 demonstrates representative images of circumflex
femoral artery embolization in a 59-year-old male patient with
symptomatic OA of the right hip (KL grade 2).

Osteoarthritis of the Ankle Joint

While OA of the ankle joint is less common than knee or hip OA,
the consequences for the individual patient can be severe [49].
Therapy options are limited and range up to arthrodesis with
long recovery times. However, to the best of our knowledge,
no report on TAME in OA of the ankle joint has been previously
published.
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» Fig.5 Right hip of a 59-year-old male patient with hip OA (Kell-
gren/Lawrence grade Il) before a and after b transarterial micro-
embolization. a Digital subtraction angiography (DSA) with contrast
injection from the descending branch of the lateral femoral cir-
cumflex artery before embolization. Hypervascularization with a
“blush” around the femoral neck. b Post-interventional DSA after
embolization with 100-300 um Embosphere microspheres, with
evidence of completely reduced hypervascularization.
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» Fig. 6 Right foot of a 75-year-old male patient with OA of the low-
er ankle joint (Kellgren/Lawrence grade IV) before a and after

b transarterial microembolization. a Digital subtraction angiography
(DSA) with contrast injection from the lateral tarsal artery before
embolization. Extensive hypervascularization with a “blush” around
the lower ankle joint at the pain point. b Post-interventional DSA
after embolization with 100-300 pm Embosphere microspheres,
with evidence of reduced but still minimally demarcated hypervas-
cularization (arrow head) and patent main feeding arteries.

» Fig. 6 demonstrates a case involving the application of TAME
for addressing lower ankle joint OA in a 75-year-old male patient,
who initially suffered extensive pain during walking and rolling
movements. This clinical case report does not include quantitative
metrics like ankle ROM, force measurements, function scores, or
gait analysis. However, post-TAME, the patient reported notable
pain reduction and improved mobility, demonstrating TAME’s po-
tential to enhance quality of life for OA patients, even in the ab-
sence of detailed quantitative data.

Conclusion

The presented studies and cases collectively highlight the thera-
peutic promise of TAME in mitigating chronic musculoskeletal
pain linked to OA and its diverse histopathological conditions and
anatomical sites. As such, TAME stands as a promising therapeutic
approach, providing patient relief from the burdens of joint dis-

eases and significantly enhancing their quality of life. With an ex-
panding evidence base highlighting its therapeutic advantages
and the potential for application across a diverse spectrum of
joint-related pathologies, TAME is increasingly recognized as a sig-
nificant enhancement to the treatment options available for these
conditions in selected cases. This recognition underscores TAME’s
role in offering a minimally invasive alternative that can provide
relief and improve the quality of life for patients who meet specific
criteria for this treatment approach.

While TAME is recognized as a safe and effective option for se-
lected cases of chronic musculoskeletal pain, it is imperative to ac-
knowledge that its applicability and efficacy are contingent upon
the specific conditions of individual patients. This tailored ap-
proach necessitates comprehensive understanding of potential
challenges that may arise during the intervention, as well as the
importance of vigilant management of post-treatment complica-
tions. The implementation of preventive measures, along with
early detection and adept management strategies by experienced
interventional radiologists are pivotal for optimizing patient out-
comes and mitigating the likelihood of complications.
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