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Knee osteoarthritis (KOA) is a highly prevalent and debilitating condition associated with 
substantial physical, psychological, and socioeconomic burden. For patients in whom 
conservative therapy has failed and who are unable or unwilling to undergo arthroplasty, 
treatment options remain limited. Genicular artery embolization (GAE) has emerged as a 
minimally invasive investigational therapy performed by interventional radiologists and 
vascular specialists which targets the synovial inflammation and pathological 
neo-angiogenesis central to KOA pathophysiology. Preclinical studies, imaging analyses, 
and biomarker data support the mechanistic rationale for GAE, demonstrating reductions 
in synovitis, hypervascularity, and inflammatory mediators. Existing clinical studies 
report high technical success rates, reported improvements in pain and function, and low 
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complication rates following GAE. However, current evidence remains limited by the 
predominance of single-arm studies and the substantial placebo response associated with 
interventional pain procedures. Notably, three randomized sham-controlled trials have 
demonstrated mixed results, with one study showing significant benefit and two showing 
no significant difference compared with sham intervention. Multiple ongoing 
sham-controlled and investigational device exemption (IDE) trials are expected to better 
define the true treatment effect, optimal patient selection, and long-term role of GAE 
within evidence-based KOA management. 

INTRODUCTION 

Knee osteoarthritis (KOA) is a chronic debilitating disease 
characterized by pain, stiffness, and loss of function, im
pacting over 654 million patients worldwide (Laslett et al. 
2024). KOA carries a substantial public health burden, as 
the lifetime risk of developing it is estimated at 40% in men 
and 47% in women (Suri et al. 2012). KOA is also the most 
common cause of chronic pain and activity limitation in 
adults, with reduced physical activity leading to progressive 
deconditioning, functional decline, and disability. Patients 
with KOA have been shown to experience higher all-cause 
mortality rates than age-matched controls, likely mediated 
in part through reduced mobility, cardiovascular comorbid
ity, and physical deconditioning (Hawker 2019). Similarly, 
KOA is also associated with a higher incidence of coronary 
artery disease and represents a known risk factor for my
ocardial infarction (Chung et al. 2016; Courties et al. 2017; 
Schieir et al. 2017). Due to the loss of physical indepen
dence, KOA is also linked to poor mental health, including 
a higher risk for depression and suicidal ideation (Kye and 
Park 2017; Veronese et al. 2017). The combined physical 
and mental toll from KOA results in a large financial bur
den, both from direct medical costs and loss of work pro
ductivity (Hawker 2019; Losina et al. 2015). 
Initial therapies to manage KOA include both pharma

cologic (i.e. oral and topical NSAIDs, intra-articular corti
costeroids, etc.) and non-pharmacologic (i.e. physical ther
apy, weight loss, Tai Chi, etc.) interventions (Bannuru et 
al. 2019). Additional nonoperative therapies frequently uti
lized for symptomatic KOA include platelet-rich plasma in
jections, hyaluronic acid injections, genicular nerve ra
diofrequency ablation, stem cell-based therapies, and 
hybrid injection strategies. For end stage disease that has 
failed conservative therapy, total knee arthroplasty (TKA) is 
indicated. However, it is estimated that up to 50% of pa
tients who fail medical management are either not candi
dates for or elect not to undergo knee replacement, often 
due to potentially modifiable barriers such as psychosocial, 
financial, or access-related factors (Bannuru et al. 2019; 
London et al. 2011). As a result, a large treatment gap exists 
for patients with symptomatic KOA in whom alternative 
therapies are warranted. This treatment gap is estimated to 
represent 5 million patients in the United States alone with 
present gap-filling therapies including genicular nerve ab
lation, plasma rich platelets, stem cells, and/or hybrid in
jections (London et al. 2011). 
To address the ongoing unmet need for minimally inva

sive treatment options in KOA, Okuno et al. first reported 
the use of genicular artery embolization (GAE) in 2014 for 

patients with medically refractory symptomatic KOA 
(Okuno et al. 2015). Initially developed and utilized by in
terventional radiologists and vascular specialists to manage 
recurrent hemarthrosis following TKA, GAE has more re
cently emerged as a potential therapeutic option for pri
mary KOA, with growing global and United States adoption 
(Badar, Al-Qawasmi, et al. 2025; Sapoval et al. 2024; 
Taslakian et al. 2025; Cusumano et al. 2024; Fleckenstein et 
al. 2025; Little et al. 2024). Although the present review fo
cuses primarily on native knee osteoarthritis, GAE has also 
been investigated in select patients with persistent pain 
or recurrent hemarthrosis following arthroplasty. Multiple 
clinical reports now document its favorable safety profile 
and therapeutic efficacy, and devices used for this indica
tion have recently received CE mark approval in Europe 
(Badar, Al-Qawasmi, et al. 2025; Sapoval et al. 2024; 
Taslakian et al. 2025; Cusumano et al. 2024; Fleckenstein et 
al. 2025; Little et al. 2024). This narrative review provides a 
comprehensive overview of GAE for KOA, summarizing cur
rent understanding of its mechanism of action, procedural 
technique, patient selection criteria, clinical evidence, and 
emerging future research directions. 

MECHANISM OF ACTION 

Often initiated by mechanical factors and joint injury, KOA 
is a complex disease with multiple clinical phenotypes. Al
though not the sole contributor, synovial inflammation 
plays a central role in the pathogenesis and progression of 
KOA and represents a key driver of pain and joint dysfunc
tion (Felson et al. 2016). Evidence from imaging studies and 
preclinical models consistently demonstrate synovitis in 
KOA, manifested by synovial lining hyperplasia, infiltration 
of inflammatory cells, and increased synthesis of pro-in
flammatory mediators within the joint environment. It has 
been shown that degenerating cartilage releases cartilage 
debris and catabolic cytokines, including TNF-α, IL-1β, and 
various matrix metalloproteinases, which enter the syn
ovial space and perpetuate a cycle of chronic low-grade 
inflammation (Gisslén and Alfredson 2005; Korchi et al. 
2019; Guermazi, Roemer, and Hayashi 2011; Alfredson et 
al. 2003). This inflammatory environment promotes patho
logic neo-angiogenesis within the synovium and adjacent 
cartilage (Gisslén and Alfredson 2005; Korchi et al. 2019; 
Guermazi, Roemer, and Hayashi 2011; Alfredson et al. 
2003). The ingrowth of newly formed blood vessels is ac
companied by perivascular nerve proliferation, facilitating 
nociceptive nerve extension into previously aneural regions 
of the joint (Pap and Distler 2005; Walsh et al. 1996; Hay
wood et al. 2003; Mapp and Walsh 2012; Berenbaum 2013). 
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These aberrant nerve fibers contribute to peripheral sensi
tization, leading to heightened pain responses to mechan
ical and chemical stimuli and play a central role in KOA-
related pain and functional impairment (Walsh et al. 1996; 
Haywood et al. 2003; Mapp and Walsh 2012; Berenbaum 
2013). 
GAE is hypothesized to exert its therapeutic effect in 

symptomatic KOA by targeting the synovial inflammation 
and pathological neo-angiogenesis that contribute to pain 
generation and disease persistence (Pap and Distler 2005; 
Okuno et al. 2017). In KOA, angiogenic hypervascularity de
velops within the synovium and periarticular tissues due to 
chronic inflammation (Gisslén and Alfredson 2005; Korchi 
et al. 2019; Guermazi, Roemer, and Hayashi 2011; Alfred
son et al. 2003). GAE selectively embolizes these patholog
ically hyperemic genicular arterial branches while preserv
ing perfusion to the parent vessels and surrounding normal 
tissues (Badar et al. 2023). By occluding these abnormal 
neovascular networks associated with inflammation, GAE 
is postulated to interrupt angiogenic signaling, reduce syn
ovial hypervascularity, and attenuate perivascular nerve 
proliferation, thereby modulating nociceptive pathways 
(Pap and Distler 2005). Collectively, disruption of these 
interconnected vascular, inflammatory, and neurogenic 
mechanisms is believed to contribute to the reduction of 
pain and improvement in symptoms observed after GAE. 
Importantly, these proposed mechanisms remain biologi
cally plausible but incompletely validated in humans, and 
the extent to which these changes directly translate into 
clinically meaningful symptom improvement remains an 
active area of investigation. 
Preclinical and clinical evidence supports the hypothesis 

that GAE can attenuate synovial inflammation in KOA. In 
a controlled preclinical study, Choi et al. utilized a rabbit 
model of KOA induced by anterior cruciate ligament tran
section and partial medial meniscectomy (Ro et al. 2023). 
Following MRI confirmation of synovitis, 15 animals were 
randomized to undergo either GAE or a similar sham proce
dure. Histologic analysis demonstrated that the GAE group 
exhibited reduced synovial proliferation, diminished villous 
hypertrophy, and lower degrees of stromal hyperplasia 
compared with sham controls (Ro et al. 2023). Additionally, 
CD3+ inflammatory cell density, a marker of chronic in
flammation and tissue injury, was significantly lower in the 
embolization cohort, further supporting the anti-inflam
matory potential of GAE (Ro et al. 2023). In another pre
clinical study by Matsuyama et al, intraarterial adminis
tration of imipenem/cilastatin sodium significantly reduced 
pain in a rat model of knee osteoarthritis when compared 
to (sham) intraarterial saline injection, as shown by in
creased mechanical pain thresholds and decreased nocicep
tive signaling in the spinal dorsal horn (Matsuyama et al. 
2025). The analgesic effect was observed only with local 
intra-arterial delivery (versus IV administration), support
ing a localized vascular mechanism rather than a systemic 
drug effect (Matsuyama et al. 2025). While not confirmed 
in humans, the findings of this study provide objective be
havioral and electrophysiologic evidence that microvascu

lar embolization may underlie the pain relief observed clin
ically with arterial embolization for knee osteoarthritis. 
Clinical imaging studies similarly suggest that GAE may 

reduce synovitis in human KOA. In a cohort of 33 patients, 
Dablan et al. evaluated contrast-enhanced MRI performed 
before and three months after GAE (Dablan et al. 2024). 
Synovitis severity, graded using a validated semi-quantita
tive scoring system described by Guermazi et al., demon
strated a significant decrease in synovial contrast enhance
ment scores from 5.1 to 2.9 post-procedure (Dablan et al. 
2024; Guermazi, Roemer, Hayashi, et al. 2011). Comple
mentary findings were reported by Badar et al., who as
sessed both qualitative and quantitative perfusion metrics 
before and after GAE using angiography and CT-perfusion 
(Badar et al. 2023). This study confirmed reduced perfusion 
in regions of pathologic hypervascularity, while perfusion 
to the parent genicular arteries remained preserved, indi
cating selective reduction of abnormal synovial hyperemia 
in GAE (Badar et al. 2023). Of note, neither study showed a 
negative impact on subchondral bone perfusion or evidence 
of osteonecrosis (Badar et al. 2023; Dablan et al. 2024). 
Biomarker analysis has also established a link between 

GAE and decreased inflammation. Taslakian et al. evaluated 
the biochemical and clinical response GAE in a cohort of 25 
patients through serial post-procedural biomarker analy
sis (Taslakian et al. 2025). In addition to demonstrating 
sustained reductions in WOMAC pain scores through 12 
months, the authors observed significant decreases in cir
culating vascular endothelial growth factor (VEGF) and in
terleukin-1 receptor antagonist (IL-1RA) levels following 
embolization (Taslakian et al. 2025). These findings suggest 
a biologically plausible association between localized 
symptom improvement and modulation of systemic inflam
matory pathways with GAE. While serum biomarker 
changes may not reliably reflect intra-articular biology, 
biomarker assessment as a response to therapy is a growing 
area of research within the IR literature. 

GENICULAR ARTERY EMBOLIZATION – 
TECHNIQUE AND APPROACH 

GAE is a minimally invasive, image-guided procedure per
formed by interventional radiologists and vascular special
ists with specialized expertise in embolotherapy. Although 
procedural nuances vary across operators, GAE is generally 
conducted in the outpatient setting with minimal or no 
sedation (Ahmed et al. 2025). Arterial access is typically 
obtained via the ipsilateral common or superficial femoral 
artery using an antegrade approach (Padia 2025). Following 
this, a diagnostic angiogram of the affected limb is per
formed. Initial non-selective angiography is used to iden
tify the principal arterial supply to the knee, including the 
descending genicular artery, superior medial genicular 
artery, superior lateral genicular artery, inferior medial 
genicular artery, inferior lateral genicular artery, and the 
recurrent anterior tibial artery (Ahmed et al. 2025; Padia 
2025). Embolization of the median genicular and superior 
patellar arteries may also be considered although this re
mains an area of debate and future research in interven
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tional radiology. Selective angiography delineates the com
plex periarticular genicular arterial network and highlights 
areas of pathologic synovial hypervascularity targeted dur
ing embolization (Figure 1 ). 
A microcatheter (often 2.0 Fr or smaller) is then used for 

selective catheterization of genicular arteries (Padia 2025). 
Selective angiography enables detailed evaluation for areas 
of pathologic synovial or subchondral neo-angiogenesis, 
often visualized as focal hyperemia or abnormal vascular 
“blush.” (Ahmed et al. 2025) When target neovascularity 
is identified, embolization is performed using the “prun
ing” technique, in which hyperemic microvascular flow is 
occluded while preserving antegrade perfusion within the 
parent genicular artery (Ahmed et al. 2025; Padia 2025). 
A variety of agents for embolization have been described, 
including temporary agents (e.g., imipenem–cilastatin, li
piodol-based emulsions) and permanent or resorbable mi
crospheres (Ahmed et al. 2025). Limited head-to-head data 
exists comparing embolic types, with most agents showing 
similar efficacy and utilization driven by operator prefer
ence and device availability. Recent data however does sug
gest less side effects and post-procedure pain with tem
porary/resorbable embolics (Badar, Alkhani, et al. 2025b). 
At present, embolization protocols remain heterogeneous 
across published studies, including variation in embolic se
lection, number of treated vessels, procedural endpoints, 
and angiographic technique. As such, embolic choice and 
procedural strategy remain largely operator dependent and 
institution specific. 
Typically, up to four genicular branches are treated per 

session. A completion angiogram from the superficial 
femoral artery is subsequently performed to confirm reduc
tion or resolution of neo-vascularity. At the conclusion of 
the procedure, all catheters and wires are removed, and 
hemostasis is achieved using either a vascular closure de
vice or manual compression. Patients are monitored for 
2–4 hours for access-related complications (i.e. hematoma) 
before discharge (Padia 2025). Post-procedurally, patients 
may experience mild transient knee soreness for up to one 
week, typically managed conservatively with NSAIDs, ac
etaminophen, or rarely oral corticosteroids. Temporary skin 
discoloration may occur—more commonly with permanent 
embolic agents—and can persist for several weeks to a 
month. Symptomatic improvement following GAE may be 
observed as early as one week, although maximal benefit 
often occurs by one month (Ahmed et al. 2025). 
GAE is generally well tolerated, with a low overall rate of 

complication cited in literature by operators experienced in 
embolotherapy (Abussa and Jeremic 2025). Patients are in
structed to monitor for access site issues such as hematoma 
or pseudoaneurysm. GAE-related complications are rare 
and include localized skin ischemia or necrosis, deep ve
nous thrombosis, vasculitis, and transient sensory pares
thesias. Notably, no cases of osteomyelitis, osteonecrosis, 
or permanent neurologic injury have been reported in the 
literature to date with some studies reporting out to 4 years 
(Okuno et al. 2017). 

Figure 1. Selective angiography demonstrating    
genicular arterial anatomy and targets for genicular        
artery embolization.   
Digital subtraction angiography of the knee demonstrates the periarticular genicular ar
terial network with focal regions of pathologic synovial hypervascularity (dotted out
lines). Labeled vessels include the superior medial (SM), superior lateral (SL), descend
ing genicular artery (DGA), inferior medial (IM), inferior lateral (IL), and recurrent 
anterior tibial artery (ATRA). These hyperemic microvascular territories represent typi
cal embolization targets during genicular artery embolization, while preserving ante
grade flow within the parent arteries. 
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CLINICAL OUTCOMES AND PATIENT SELECTION 

Current clinical evidence suggests that GAE is a feasible 
and generally safe intervention for symptomatic KOA, al
though definitive therapeutic efficacy remains incom
pletely established due to the limited number of high-qual
ity sham-controlled studies. Technical success rates 
approach 100% across published studies (Abussa and Jere
mic 2025). Multiple prospective trials and systematic re
views from international cohorts report consistent clinical 
outcomes. Fleckenstein et al. presented one of the largest 
series to date, showing a reduction in median KOOS pain 
scores from 7 at baseline to 3 at 12 months in 333 patients 
(Fleckenstein et al. 2025). In a prospective study of 72 pa
tients, Okuno et al. observed durable symptomatic im
provement extending to 4 years, with 2-year post-proce
dure MRI demonstrating significant reductions in synovitis 
(Okuno et al. 2017). Similarly, an FDA IDE prospective 
study by Cusumano et al. reported sustained benefit, with 
47.7% of patients achieving >50% improvement in WOMAC 
scores at 24 months (Cusumano et al. 2024). A pooled 
meta-analysis of 351 treated knees demonstrated reduc
tions in VAS pain scores ranging from 30–41 points (0–100 
scale) at 6–12 months (Taslakian et al. 2023). However, in
terpretation of these findings should be tempered by the 
predominance of single-arm study designs and the recog
nized placebo response associated with interventional pain 
procedures. A summary of existing contemporary studies is 
provided in Table 1 . 
GAE occupies a clinical niche similar to other minimally 

invasive therapies for symptomatic KOA, including genicu
lar nerve radiofrequency ablation, corticosteroid injections, 
platelet-rich plasma, and hyaluronic acid injections. Com
pared with intra-articular injections, GAE may offer greater 
durability of symptom improvement through modulation 
of synovial hypervascularity and inflammation rather than 
transient intra-articular analgesia alone. Relative to genic
ular nerve ablation, GAE differs mechanistically by target
ing vascular and inflammatory pathways rather than no
ciceptive neural transmission. Radiofrequency ablation is 
supported by a more mature evidence base and has demon
strated efficacy in several randomized studies; however, re
peat procedures are commonly required because of nerve 
regeneration. In contrast, GAE is typically performed as a 
single-session intervention with minimal sedation require
ments. At present, direct comparative studies between GAE 
and other nonoperative modalities remain limited. 
As highlighted previously, GAE is primarily indicated 

for patients with moderate-to-severe KOA and persistent 
symptoms despite nonsurgical therapy and for those who 
are poor surgical candidates or wish to delay arthroplasty. 
Typical inclusion criteria in the literature require failure of 
at least 3–6 months of conservative management, includ
ing some combination of physical therapy, topical or oral 
NSAIDs, intra-articular corticosteroids, viscosupplementa
tion, acetaminophen, tramadol, and/or radiofrequency 
nerve ablation (Cusumano et al. 2024). With respect to 
radiographic severity, most studies demonstrate more fa
vorable outcomes in mild-to-moderate KOA (Kell

gren–Lawrence grades 2–3) compared with advanced dis
ease (KL 4) (Badar, Al-Qawasmi, et al. 2025). Callese et al., 
in a cohort of 236 patients, reported that lower KL grade 
and OARSI medial joint space narrowing <3 were predictive 
of clinical success (Callese et al. 2025). Emerging data sug
gest that modifications toward more aggressive emboliza
tion techniques (i.e. embolization >3 arteries) may mitigate 
the effect of radiographic severity, with some reports noting 
comparable outcomes even in advanced KOA (Callese et 
al. 2025). As such, KL4 grade disease is not considered 
an exclusion criteria for GAE. While genicular nerve abla
tion is frequently cited as an effective treatment for ad
vanced knee osteoarthritis, GAE offers several theoretical 
and practical advantages, including a single, one-time in
tervention, minimal sedation requirements (often limited 
to local anesthesia), and evidence suggesting greater dura
bility (>6 months) of clinical benefit. 
Pre-procedure MRI has also been investigated as a prog

nostic tool for patient selection. Choi et al. demonstrated 
that large bone marrow lesions and severe meniscal injury 
were associated with poorer response to GAE (Choi et al. 
2020). Badar et al. reported similar findings, with large car
tilage defects and lateral meniscal tears predicting subop
timal outcomes (Badar, Alkhani, et al. 2025a). Conversely, 
Dablan et al. found that patients with higher baseline syn
ovial contrast enhancement scores experienced greater 
post-procedure pain reduction, suggesting a moderate neg
ative correlation between synovial inflammation burden 
and clinical improvement (Dablan et al. 2024). 
GAE is generally well tolerated, with low complication 

rates reported across studies. Transient skin discoloration 
occurs in approximately 10–30% of patients, particularly 
when permanent microspheres are used (Taslakian et al. 
2023). Minor access-site hematomas occur in 2–3% of cases 
(Taslakian et al. 2023). Importantly, the safety of total or 
partial knee arthroplasty following prior GAE has also been 
evaluated. Albrecht et al. reported outcomes in 47 patients 
who underwent TKA after GAE, noting only four adverse 
events—two related to wound healing—and concluded that 
GAE is not a contraindication to subsequent arthroplasty 
(Albrecht et al. 2025). 

FUTURE DIRECTIONS 

Contemporary clinical evidence for GAE is constrained by 
the predominance of retrospective studies and single-arm 
prospective cohorts, many of which lack a comparator or 
sham control. As a result, these investigations do not fully 
account for the substantial placebo effect associated with 
interventional pain procedures, which may reach up to 40% 
in patients with symptomatic KOA (Doherty and Dieppe 
2009; Bannuru et al. 2015). To date, three randomized 
sham-controlled trials evaluating GAE have been published 
and collectively provide inconclusive evidence regarding 
therapeutic efficacy. A U.S. based multicenter study from 
Bagla et al demonstrated a significant treatment effect for 
GAE when compared with a similar sham at 1 month (Bagla 
et al. 2022). Landers et al from Australia found no differ
ence in outcomes when comparing GAE to sham, however 
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Table 1. GAE-Related Studies – Summary Table with PubMed ID and Outcomes           

Study Year Sample 
Size 

Embolic Agent Comparator Arm Primary Clinical Outcome Summary (Efficacy + 
AEs) 

Okuno et al. 2015 n=14 IPM/CS, Embozene None WOMAC pain and total scores: −84–88% vs 
baseline at 12 mo (p < 0.001) 
no major adverse events 

Okuno et al. 2017 n=72 IPM/CS, Embozene None WOMAC pain and total scores: −79–86% vs 
baseline at 24 mo (p < 0.001) 
no major adverse events 

Lee et al. 2019 n=71 IPM/CS None Visual analogue scale pain score: −65% vs 
baseline at 10 mo 
no major adverse events 

Bagla et al. 2020 n=20 Embozene None Visual analogue scale and WOMAC total scores: 
−49–59% vs baseline at 6 mo (p < 0.01) 
no major adverse events 

Landers et 
al. 

2020 n=10 IPM/CS None Knee Injury and Osteoarthritis Outcome Score 
pain and function: +5–8% vs baseline at 24 mo 
no major adverse events 

Little et al. 2021 n=38 Embosphere None Visual analogue scale pain and Knee Injury and 
Osteoarthritis Outcome Score pain: −25% to 
+26% vs baseline at 12 mo (p < 0.05) 
no major adverse events 

Padia et al. 2021 n=40 Embozene None Visual analogue scale pain score: −67% vs 
baseline at 12 mo; 
treatment-related adverse events included minor 
skin ulceration and asymptomatic bone infarct 

Bagla et al. 2022 n=21 
(GAE), 

7 
(sham) 

Optisphere Sham Procedure Visual analogue scale pain score: −67% vs 
baseline at 12 mo (p < 0.001) 
minor treatment-related adverse events 
(purpura, skin changes, access-site hematoma) 

Taslakian et 
al. 

2023 n=16 Embozene None Visual analogue scale pain score: −73% vs 
baseline at 12 mo (p = 0.031) 
treatment-related adverse events included 
transient skin changes and one asymptomatic 
focal patellar osteonecrosis 

Landers et 
al. 

2023 n=59 IPM/CS Sham Procedure Knee Injury and Osteoarthritis Outcome Score 
pain: −41% vs baseline at 12 mo 
no treatment-related adverse events 

Chau et al. 2023 n=12 Embozene None Visual analogue scale pain score (walking): −48% 
vs baseline at 6 mo (p < 0.05) 
treatment-related adverse events included 
transient skin discoloration and short-term post-
procedural pain increase 

Shaker et al. 2023 n=16 Embosphere None −67% vs baseline at 6 mo (p < 0.001) 
no major treatment-related adverse events 

Gorsi et al. 2024 n=10 Embozene None Visual analogue scale pain score: −45% vs 
baseline at 6 mo 
treatment-related adverse events included 
transient skin discoloration and minimal access-
site bruising 

Sapoval et 
al. 

2024 n=22 LipioJoint (ethiodized 
oil emulsion) 

None Visual analogue scale pain score: −50% vs 
baseline at 3 mo (p < 0.001) 
treatment-related adverse events included one 
reversible renal function worsening and transient 
knee erythema/edema 

van 
Zadelhoff et 

al. 

2024 n=58 
(29 

GAE, 
29 

sham) 

Permanent 
microspheres 

(Embozene 75–100 
µm) 

Sham Procedure Knee Injury and Osteoarthritis Outcome Score 
pain: +48% vs baseline at 4 mo (p = 0.31) 
treatment-related adverse events included 
transient skin erythema and two cases of 
persistent lateral ankle paraesthesia 

Dablan et al. 2024 n=33 IPM/CS None Visual analogue scale pain score: −51% vs 
baseline at 3 mo (p < 0.001) 
treatment-related adverse events included 
transient skin discoloration 

Cusumano 
et al. 

2024 n=40 Embozene (100 µm) None Western Ontario and McMaster Universities 
Osteoarthritis Index total score: −59% vs 
baseline at 24 mo 
treatment-related adverse events included self-
limited skin ulceration, one groin hematoma, and 
asymptomatic small bone infarcts 
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Hasan et al. 2025 n=2 Embosphere 
(100–300 µm) 

None Case 1: KOOS +214% 
Case 2: KOOS +130% 
no treatment-related adverse events 

Amin et al. 2025 n=45 Embosphere 
(100–300 µm) 

None Numeric Rating Scale pain score: −35% vs 
baseline at 6 mo (p < 0.001) 
no treatment-related adverse events reported 

Ghanaati et 
al. 

2025 n=30 Mesenchymal stem 
cells (70M cells) 

Contralateral 
untreated knee 
(within-patient 
internal control) 

Visual analogue scale pain score: −71% vs 
baseline at 12 mo (p < 0.001) 
treatment-related adverse events limited to 
transient skin discoloration 

Callese et al. 2025 n=236 Embozene (100 µm) None Western Ontario and McMaster Universities 
Osteoarthritis Index clinical success: ≥50% 
improvement achieved in 54% of patients at 12 
mo 
no major treatment-related adverse events 
reported 

Amin et al. 2025 n=35 Embosphere 
(100–300 µm) 

None Knee Injury and Osteoarthritis Outcome Score 
pain: +57% vs baseline at 6 mo (p < 0.01) 
treatment-related adverse events included mild 
transient skin discoloration 

Inui et al. 2025 n=89 IPM/CS or NBGM200 
(temporary agents) 

None Numeric Rating Scale pain score: −70% vs 
baseline at final follow-up (mean 31 mo; p < 
0.001) 
treatment-related adverse events included 
transient pain flare and small access-site 
hematoma 

Harrison et 
al. 

2025 n=30 Embosphere None Numeric Rating Scale pain score: −28% vs 
baseline at 12 mo (p = 0.01) 
no treatment-related adverse events reported 

Little et al. 2025 n=15 SakuraBead 
resorbable alginate 
microspheres (≈200 
µm) 

None Visual analogue scale pain score: −63% vs 
baseline at 6 mo (p < 0.001) 
treatment-related adverse events included 
transient knee skin redness and mild self-limited 
rash 

Fleckenstein 
et al. 

2025 n=333 
(444 
knees) 

IPM/CS None Numeric Rating Scale pain score: −57% vs 
baseline at 12 mo (p < 0.001) 
treatment-related adverse events included 
transient skin discoloration and one femoral 
pseudoaneurysm managed conservatively 

Sapoval et 
al. 

2025 n=46 
(50 
knees) 

Ethiodized oil–based 
emulsion 
(ioversol:etiodized oil) 

None Visual analogue scale pain score: −47% vs 
baseline at 12 mo (p < 0.001) 
treatment-related adverse events included one 
transient renal function decline and one minor 
access-site complication, no target-knee 
complications 

Badar et al. 2025 n=39 
(52 
knees) 

HydroPearl 200 µm 
(permanent) or 
LipioJoint-type 
emulsion (temporary) 

None Western Ontario and McMaster Universities 
Osteoarthritis Index pain score: −33% vs baseline 
at 3 mo (p < 0.001) 
treatment-related adverse events included 
transient skin changes, knee swelling, and one 
access-site hematoma 

Badar et al. 2025 n=34 
(42 
knees) 

PEG microspheres 
200 µm (HydroPearl) 

None Western Ontario and McMaster Universities 
Osteoarthritis Index pain score: −23% vs baseline 
at 24 mo (p = 0.003) 
treatment-related adverse events included 
transient skin discoloration, knee swelling, and 
one access-site hematoma, no severe events 

noted in subset analysis that patients who had all genicu
lar arteries embolized had statistically significant improve
ment in KOOS score when compared with sham (Landers et 
al. 2023). Similarly, van Zadelhoff et al. from the Nether
lands demonstrated no significant difference between GAE 
and sham intervention at 4-month follow-up (van Zadel
hoff et al. 2024). Collectively, these findings highlight the 
importance of ongoing level 1 sham-controlled studies to 
determine whether observed clinical improvements exceed 
placebo response and to better define which patient popu
lations may derive meaningful benefit from GAE. 

Several ongoing prospective trials are designed to ad
dress these methodological limitations and more rigorously 
define the role of GAE in the management of symptomatic 
KOA. The GENESIS-2 trial in the United Kingdom is a large 
sham-controlled study that recently completed enrollment, 
with results anticipated in 2026–2027 (Little et al. 2023). 
The GRAVITY trial, a U.S.-based study comparing GAE with 
best medical therapy, is expected to complete enrollment 
by early 2026. The SHAM-PAIN study, an NIH-sponsored 
pilot feasibility trial, will compare GAE with a sham inter
vention and is projected to begin enrollment in 2026. In ad
dition, industry-sponsored FDA IDE studies—RESORB and 
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SURE—aim to evaluate GAE using resorbable embolic ma
terials in comparison with intra-articular corticosteroid in
jections. The results of these ongoing investigations will be 
critical in clarifying the true treatment effect, durability, 
optimal patient selection criteria, and comparative role of 
GAE relative to existing nonoperative therapies for sympto
matic KOA. 
The FDA’s “Breakthrough Device” designation is a pro

gram meant to accelerate the clinical development, evalu
ation, and regulatory assessment of medical technologies 
intended to address serious or permanently disabling con
ditions for which existing treatment options are limited. 
Within the landscape of knee osteoarthritis and GAE, this 
pathway has been applied to multiple embolic technolo
gies, with four embolic platforms receiving Breakthrough 
Device designation to date. This status enables prioritized 
regulatory engagement and facilitates the efficient ad
vancement of associated Investigational Device Exemption 
(IDE) clinical trials. The sequence of these designations il
lustrates an evolving regulatory and scientific focus on ex
panding embolic strategies for KOA. Early approvals be
tween 2021 and 2022 centered on permanent embolic 
materials, reflecting initial efforts to establish procedural 
efficacy with existing devices used in interventional radiol
ogy (Little et al. 2024). More recent designations in 2025, 
including Lipiojoint, a transient liquid embolic, and Nex
sphere-F™, a bioresorbable microsphere, indicate a strate
gic pivot toward temporary vascular occlusion and a general 
shift in embolic utilization for GAE. This paradigm is based 
on the premise that transient ischemia may adequately 
suppress synovial inflammation while potentially reducing 
the risk of unintended ischemic injury associated with 
“over-embolization” using permanent embolics. 

CONCLUSION 

Genicular artery embolization has emerged as a promising 
but still investigational minimally invasive therapy for pa
tients with symptomatic KOA who have exhausted conser
vative treatment options and/or wish to delay arthroplasty. 
A growing body of preclinical, mechanistic, and early clin
ical evidence supports the biological plausibility and pro
cedural safety of GAE, although definitive therapeutic ef
ficacy remains incompletely established. Published studies 
have demonstrated reported improvements in pain, func
tion, and imaging markers of synovitis following GAE, while 
complication rates remain low and technical success rates 
approach 100%. Available data also suggest that prior GAE 
does not appear to negatively affect future arthroplasty 
outcomes. 
However, current literature remains substantially lim

ited by the predominance of retrospective and single-arm 
study designs, as well as mixed findings from sham-con
trolled randomized trials. Several high-quality ongoing 
studies aim to address these limitations and better define 
the true clinical efficacy, optimal patient selection criteria, 
and long-term durability of GAE. If ongoing sham-con
trolled and IDE trials confirm a clinically meaningful treat
ment effect beyond placebo response, GAE may ultimately 
become an important addition to the therapeutic arma
mentarium for symptomatic KOA, helping to address a sub
stantial and longstanding treatment gap for millions of pa
tients. 
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