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PURPOSE

This study aimed to assess the safety, efficacy, and patient-perceived satisfaction of genicular artery
embolization (GAE) for knee osteoarthritis (OA), including secondary OA, and to evaluate predictors
of symptom recurrence.

METHODS

Patients treated with GAE for OA-related knee pain at a single center (January 2024-February
2026) were included. Secondary OA was diagnosed when a known underlying cause existed. Out-
comes were assessed using a numeric rating scale (NRS) and the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) questionnaire. Clinical success was defined as an NRS
improvement > 2 points and a WOMAC reduction = 12 points (the minimally important difference).
Recurrence was defined as pain returning to baseline after initial improvement. Periarticular vascu-
lar blush was graded (1-3) relative to background soft-tissue stain. All cases used 0.5 g imipenem—
cilastatin (IPM/CS) suspended in 10 mL iodinated contrast.

RESULTS

Twenty-four patients (16 women) with 26 treated knees (mean age: 63.2 + 10.3 years) were ana-
lyzed; mean follow-up was 11 + 5.5 months, and mean decreases in NRS and WOMAC were 4.1 + 2.8
and 21.3 £ 16.9, respectively. Clinical success was 85% in primary OA and 33.3% in secondary OA;
satisfaction was 65.4% (17/26). No severe or permanent complications were observed. Recurrence
occurred in 30.8% at a mean of 6.9 + 5.8 months and was associated with lower total embolic vol-
ume (2.0 £ 1.1 mLvs. 4.0 £ 2.8 mL; P=0.02). A periarticular vascular grading system was introduced.

CONCLUSION

GAE appeared to be safe and effective with acceptable satisfaction, although outcomes were less
favorable in secondary OA. Higher IPM/CS volume was associated with a lower observed recurrence
rate, without an apparent increase in clinical complications. However, given the limited overall sam-
ple size and small number of recurrence events, this association should be interpreted as hypothe-
sis-generating rather than as evidence of an independent predictor of recurrence.

CLINICAL SIGNIFICANCE

This study demonstrated the feasibility of GAE in patients with secondary OA. The volume of em-
bolic agent used during GAE may influence post-treatment clinical outcomes in GAE treatment. In
this study, a higher IPM/CS volume was associated with a lower observed recurrence, potentially
reflecting continued embolization beyond initial angiographic pruning and more complete devas-
cularization.
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ne of the most common reasons for

knee pain in patients aged > 45 years

is osteoarthritis (OA)." OA is associ-
ated with increased morbidity, particularly
due to pain and functional impairment. With
increasing life expectancy and the rising
prevalence of obesity—two major risk fac-
tors for OA—the burden of OA on health-
care systems and public health continues to
grow, highlighting the need for more effec-
tive treatment options.? As OA is no longer
considered a simple wear-and-tear disease
and local inflammation is now viewed as one
of the key factors in its pathogenesis, allevi-
ating that inflammation has become a ma-
jor goal of OA treatment. This inflammation
can stimulate neural growth and thereby in-
crease pain sensitivity.?

Genicular artery embolization (GAE) has
emerged as a promising procedure that may
reduce inflammation in OA by embolizing
OA-related neoangiogenic vessels. Emboli-
zation of these neoangiogenic vessels, which
appear as a hypervascular blush on digital
subtraction angiography (DSA), is thought to
interrupt the vicious cycle between synovial
inflammation and neoangiogenesis in OA.**
However, the exact criteria for defining peri-
articular hypervascular blush on DSA, which
constitutes the target for GAE, remain un-
clear in the literature, particularly on images
obtained from the femoral artery rather than
through superselective catheterization of
the genicular arteries. On superselective ge-
nicular angiograms, normal staining can eas-
ily be misinterpreted as hypervascular blush
because there is no staining in adjacent areas
for comparison. Therefore, a clear definition
of the presence and grading of periarticular
hypervascular blush on DSA is still lacking.

* The safety and effectiveness of genicular
artery embolization (GAE) in specific sub-
groups—particularly patients with second-
ary osteoarthritis (OA)—remain insufficient-
ly studied.

* The concept of hypervascularity in muscu-
loskeletal embolization is heterogeneous
rather than uniform.

* GAE with imipenem-—cilastatin was associat-
ed with less favorable outcomes in patients
with secondary OA; however, treatment in
this subgroup was not associated with an
apparent increase in clinical complications.

A periarticular vascular blush grading sys-
tem was introduced based on intensity to
better characterize vascularity patterns
during GAE.

Short- and long-term safety and efficacy
of GAE have been demonstrated in multiple
studies.®® However, there are no clearly de-
fined patient selection criteria for GAE, and
its efficacy in certain types of OA, such as
secondary OA, remains insufficiently studied.
Another topic that requires further evalua-
tion is symptom recurrence or the need for
repeat intervention after GAE." Cusumano et
al.” reported a 28% recurrence rate between
12-24 months. Okuno et al."" reported a re-
currence rate of 10.5% when early and late
recurrence rates were combined. In the liter-
ature, repeat intervention has generally been
performed in patients with insufficient treat-
ment response and/or symptom recurrence;
in a meta-analysis published by Taslakian et
al.® the repeat intervention rate was 8.3%
over 2 years, and Lander et al."? reported a
60% repeat intervention rate after 12 months
in a small cohort (10 patients). Overall, the re-
currence rate after GAE and its potential pre-
dictors have not been thoroughly evaluated
in the literature.

This study aims to grade periarticular hy-
pervascular blush on DSA, assess the safety
and efficacy of GAE in the treatment of OA,
including in specific subgroups such as pa-
tients with secondary OA, and evaluate po-
tential predictors of symptom recurrence
and patient-perceived satisfaction following
treatment.

Methods

Ethical approval was obtained from the
Research Ethics Committee of Hacettepe
University (approval number: 2025/14-46;
date of approval: July 8, 2025). Due to the ex-
tension of the duration of the study, a second
ethics committee approval was obtained
(approval number: 2026/15-36, date of ap-

proval: July 28, 2026). Patients with OA-re-
lated knee pain refractory to conservative
treatment, including medical therapy, phys-
ical therapy, and/or intra-articular injections,
who underwent GAE at Hacettepe University
between January 2024 and February 2026
were retrospectively reviewed. The Strength-
ening the Reporting of Observational Stud-
ies in Epidemiology reporting guidelines for
observational studies were followed in the
study.

Diagnoses of OA were made based on
radiological and clinical findings by rheu-
matology, sports medicine, or orthopedics
and traumatology. GAE procedures were
performed by three experienced interven-
tional radiologists, each with > 7 years of
embolization experience. Secondary OA was
diagnosed when there was a known underly-
ing cause—such as trauma or inflammatory
arthritis—for degenerative changes in the
treated knee. In cases of secondary OA relat-
ed to inflammatory arthritis, the underlying
disease was largely under control with sys-
temic medical treatment, except for residual
symptoms in the treated knee. Patients treat-
ed with GAE for indications other than OA-re-
lated pain were excluded from the study.
Reasons for exclusion were as follows: seven
knees treated for post-total knee arthroplas-
ty (TKA) pain, three treated for control of
hemarthrosis, one patient lost to follow-up,
and one patient who died of an unrelated
cause (Figure 1).

Before each procedure, patients were
asked to rate their pain and fill out the West-
ern Ontario and McMaster Universities Os-
teoarthritis Index (WOMAC) questionnaire.'
Pre- and post-procedure knee pain were as-
sessed with a numeric rating scale (NRS) from
0-10, with 10 indicating the worst pain.

I 1 Knees treated with GAE during the study period (n = 38) I

—

U Excluded (n =12 knees)
U Treated for post—total knee arthroplasty (TKA) pain (n =7)
Q Treated for control of hemarthrosis (n = 3)
QLost to follow-up(n=1)
 Died of an unrelated cause (n = 1)

AV

I Qincluded in the study (n = 26 knees)

Figure 1. Flow diagram for inclusion and exclusion of knees. GAE, genicular artery embolization; TKA, total

knee arthroplasty.
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The WOMAC questionnaire was applied in
person or via phone contact' during the fol-
low-up. Patient-perceived satisfaction with
GAE was assessed using an investigator-de-
signed four-category ordinal scale: very satis-
fied, satisfied, dissatisfied, or very dissatisfied.
The scale was intentionally kept as simple as
possible to minimize respondent burden and
facilitate comprehension among patients
with diverse educational and health-literacy
backgrounds. Technical success was defined
as successful embolization of at least one ge-
nicular artery. Clinical success was defined
as improvement in pain of > 2 points and a
reduction in WOMAC score meeting the min-
imally important difference (MID) threshold
of 12 points.”>'® Recurrence was defined as
pain returning to baseline level after initial
pain alleviation.

Patient characteristics, such as sex, age,
body mass index, and Kellgren-Lawrence
(KL) score, and procedural details, including
the embolized arteries and their number,
the total amount of embolic agent used, and
pattern of periarticular vascular blush, were
reviewed retrospectively from the hospital
electronic medical record system and proce-
dural imaging. Follow-up assessments were
based on the most recent patient contact.

Periarticular vascular blush was graded
as follows: grade 1-blush less than the back-
ground soft-tissue staining; grade 2-blush
equal in intensity to the background soft-tis-
sue staining; and grade 3-blush greater than
the background soft-tissue staining. This
grading was performed on DSA images ob-
tained at the beginning of the procedure
after contrast injection through a 4F diag-
nostic Cobra catheter (Cordis Medical, Miami

Lakes, FL, USA) positioned approximately in
the mid-portion of the femoral artery (Figure
2). Grading was based on images obtained
from femoral artery contrast injection rather
than on images acquired after superselec-
tive genicular artery contrast injection. This
approach was preferred to allow compari-
son of periarticular vascular blush with the
surrounding soft-tissue staining, thereby
providing a more objective grading system,
because on superselective genicular artery
images even normal staining may be misin-
terpreted as hypervascular blush, and no sur-
rounding staining is available for comparison
to support objective grading.

Periarticular vascular grading was inde-
pendently performed by two radiologists,
one of whom had not participated in any
of the GAE procedures. In cases of disagree-
ment between the two readers, the final de-
cision was made by a senior interventional
radiologist.

Genicular artery embolization procedure

Before each procedure, informed consent
was obtained from the patients, including
off-label use of imipenem-—cilastatin (IPM/CS)
as an embolic agent. The most prominent
pain location was marked with an electrocar-
diogram (ECG) electrode. Vascular access was
obtained using a 4F vascular sheath in the
ipsilateral femoral artery via an antegrade
approach. When the antegrade approach
was not possible due to an abdominal pan-
nus, contralateral femoral artery access was
obtained via a retrograde approach. After a
4F diagnostic Cobra catheter (Cordis Med-
ical) was positioned approximately in the
mid femoral artery, DSA images of the knee
and surrounding tissues were acquired. Ge-
nicular arteries were identified on these im-

Figure 2. Periarticular vascular blush grading on angiography: a) grade 1-periarticular vascular blush
is less than background surrounding soft tissue stain; b) grade 2—periarticular vascular blush is equal to
background surrounding soft tissue stain; c) grade 3—periarticular vascular blush is greater than background
surrounding soft tissue stain

ages. Embolization of the genicular arteries
supplying the symptomatic site marked with
the ECG electrode was prioritized. However,
all angiographically apparent genicular ar-
teries contributing to the periarticular hyper-
vascular blush were embolized, regardless
of whether they arose ipsilateral or contra-
lateral to the symptomatic side. In all cases,
embolization was performed using 0.5 g
IPM/CS after superselective catheterization
with a 2.0F Progreat® microcatheter (Terumo
Medical). The lyophilized IPM/CS powder was
suspended in 10 mL of iodinated contrast
medium before embolization. Embolization
was performed in 0.2-0.3 mL increments of
the IPM/CS suspension. Embolization was
deemed successful when the hypervascu-
lar blush had completely disappeared while
preserving parent artery patency (pruning).
In Figure 3, angiographic images obtained
before and after GAE demonstrate a marked
reduction in periarticular vascular blush fol-
lowing embolization. The total amount of
embolic agent used was recorded at the end
of the procedure. Hemostasis was achieved
with manual compression at the arterial ac-
cess site, and patients were observed for > 4
hours after treatment.

Statistical analysis

Statistical analysis was performed with
SPSS 25 (IBM Corp., Armonk, NY, USA). Sta-
tistical significance was set at P < 0.05. Con-
tinuous variables were presented as mean +
standard deviation or median (interquartile
range) and categorical variables as frequen-
cies and percentages. Continuous variables
were assessed for normality (Shapiro-Wilk
test), and comparisons were performed
using appropriate parametric (paired-sam-
ples t-test/independent-samples t-test) or
non-parametric (Wilcoxon signed-rank or
Mann-Whitney U) tests according to data
distribution. Categorical variables were com-
pared using the chi-square test or Fisher’s
exact test, as appropriate. For periarticular
vascular grading, inter-reader agreement be-
tween two readers was evaluated using lin-
early weighted Cohen'’s kappa, as the grad-
ing system was ordinal.

Kaplan-Meier survival analysis with the
log-rank test was employed to assess the as-
sociation between embolic material volume
and recurrence-free survival after dichot-
omizing the embolic material volume as >
3.5 mL or < 3.5 mL. The association between
embolic material volume, modeled as a con-
tinuous variable, and recurrence hazard was
evaluated using Cox proportional hazards
regression analysis.

Genicular artery embolization in primary and secondary knee osteoarthritis «
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Figure 3. Representative angiographic images before (a) and after (b) genicular artery embolization
demonstrate a marked reduction in periarticular vascular blush following treatment.

Results

Overall, 38 knees were treated during the
study period. Twelve of the 38 were exclud-
ed from the study. This study included 24
patients (16 women, 66.7%) with 26 knees
that underwent GAE for OA-related pain.
The mean age was 63.2 + 10.3 years. Patients
and procedure characteristics are listed in
Table 1. Technical success was achieved in all
patients. The mean follow-up time was 11 +
5.5 months. The mean decreases in NRS and
WOMAC scores after GAE were 4.1 + 2.8 and
21.3 £ 16.9, respectively. The overall clinical
success rate was 73.1% [95% confidence in-
terval (Cl): 52.2%-88.4%)]. For primary OA,
the clinical success rate was 85% (95% Cl:
62.1%-96.8%). For secondary OA, the clin-
ical success rate was 33.3% (95% Cl: 4.3%-
77.7%). Seventeen treated knees (65.4%)
were reported to have some level of satisfac-
tion with GAE treatment, including 8 (30.8%)
rated as very satisfied and 9 (34.6%) as satis-
fied. Satisfaction was significantly associated
with clinical success (P < 0.01). Among the
17 treated knees with reported satisfaction,
only 1 (5.9%) did not achieve clinical success.
In contrast, among the 9 treated knees with-
out satisfaction, 3 (33.3%) achieved clinical
success.

Three knees (11.5%) were graded as 1, 7
(26.9%) as 2, and 16 (61.5%) as 3 according

to the periarticular vascular blush grading.
Inter-reader agreement was good (weighted
Cohen’s x: 0.72; 95% Cl: 0.49-0.94), with an
agreement of 80.8%. There was no significant
association between periarticular hypervas-
cularity grade and KL grade (P = 0.94).

Eight knees (30.8%) experienced recur-
rence during the follow-up. The mean time
to recurrence was 6.9 £ 5.8 months. Table 2
shows univariate analysis of variables be-
tween knees with and without recurrence.
A lower total amount of embolic agent used
was associated with recurrence with the in-
dependent-samples t-test (P = 0.02). Kaplan-
Meier analysis demonstrated significantly
longer recurrence-free survival among knees
that received > 3.5 mL of embolic material (P
= 0.02). However, total embolic volume was
not significantly associated with recurrence
hazard when modeled as a continuous vari-
able in Cox regression (P =0.22).

Periarticular vascular grade was not re-
lated to recurrence or clinical success rates
(P =0.66 for both). However, compared with
knees with grade 1-2 periarticular vascular-
ity, knees with grade 3 vascularity required
embolization of significantly more genicu-
lar arteries and a greater volume of embolic
agent (28 +1.2mLvs. 1.6 £ 0.8 mL, P=0.02;
and 42 +£27mLvs. 1.9+ 1.7 mL, P = 0.02,
respectively).
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Table 1. Patientsand procedure characteristics

Characteristics Total n =26

Age (year), mean £ SD
BMI (kg/m?), median [IQR]

63.2+10.3
28.5[25.5-32.4]

OA type, n (%)

Primary OA 20 (76.9%)
Secondary OA* 6 (23.1%)
Side, n (%)

Right 17 (65.4%)
Left 9 (34.6%)
Most prominent pain location, n (%)
Medial 15 (57.7%)
Lateral 8(30.8%)
Midline 3(11.5%)
KL score, n (%)

KL 1 3(11.5%)
KL 2 9 (34.6%)
KL 3 12 (46.2%)
KL 4 2 (7.7%)
Periarticular vascular grade, n (%)

Grade 1-2** 10 (38.5%)
Grade 3 16 (61.5%)
Embolized genicular arteries, n (%)***
DGA 14 (23.3%)
SMGA 10 (16.7%)
SLGA 15 (25%)
IMGA 6 (10%)
ILGA 15 (25%)
mberofeniant  on03
Total embolic agent used 34426

(mL), mean + SD

*2 trauma related secondary OA and 4 inflammatory
arthritis (2 ankylosing spondylitis, 1 ANCA-associated
vasculitis, 1 Sjogren’s syndrome) related secondary OA.
**3 knees with grade 1 and 7 knees with grade 2.
***Percentages are calculated using the total number of
embolized arteries as the denominator.

BMI, body mass index; IQR, interquartile range; OA,
osteoarthritis; SD, standard deviation; KL, Kellgren—
Lawrence; DGA, descending genicular artery; ILGA,
inferior lateral genicular artery; IMGA, inferior medial
genicular artery; SLGA, superior lateral genicular artery;
SMGA, superior medial genicular artery.

All patients experienced skin discolor-
ation in the early post-procedural period,
which resolved within hours after GAE. One
patient developed minor skin ulceration,
which healed spontaneously without treat-
ment (mild adverse event). No moderate/
severe or permanent complications were ob-
served in this study.

Cay etal.



Table 2. Comparison of knees with and without recurrence

Variable No recurrence Recurrence P value
(n=18) (n=8)

Age (year), mean + SD 64.4+9.1 60.6 +12.9 0.39

BMI (kg/m?), median [IQR] 29.1[24.9-33.5] 28.4[25.9-31.8] 0.69

Total embolic agent used (mL), mean + SD 4+28 2+ 1.1 0.02*

Number of embolized arteries, median (IQR) 2.0 (2.0-3.0) 1.0 (1.0-3.25) 0.31

Sex, n (%) 1.00

Female 12 (66.7%) 5 (62.5%)

Male 6 (33.3%) 3(37.5%)

OA type, n (%) 1.00

Primary OA 14 (77.8%) 6 (75%)

Secondary OA 4(22.2%) 2 (25%)

KL score, n (%) 0.40

KL 1-2 7 (38.9%) 5 (62.5%)

KL 3-4 11(61.1%) 3(37.5%)

Periarticular vascular grade, n (%) 0.66

Grade 1-2t 6 (33.3%) 4 (50.0%)

Grade 3 12 (66.7%) 4 (50.0%)

*Mean difference, 2.0 mL; 95% Cl, 0.4-3.6 mL; effect size (Hedges'g) = 0.8.

13 knees with grade 1 and 7 knees with grade 2.

BMI, body mass index; IQR, interquartile range; OA, osteoarthritis; SD, standard deviation; KL, Kellgren-Lawrence; Cl, confidence interval.

Discussion

In this study, consistent with the existing
literature, GAE was associated with pain re-
duction and functional improvement after
treatment.®3'7° The overall clinical success
rate was 73.1%. Clinical success was less fa-
vorable in patients with secondary OA, with
a clinical success rate of 33.3%. GAE was not
associated with a higher complication rate
in the secondary OA subgroup. No severe
or permanent complications were observed,
and no patients reported symptoms wors-
ening after GAE. Further evaluation of GAE
outcomes in secondary OA remains import-
ant, given that an increase in complications
or post-procedural symptom exacerbation
was not observed in this study. The primary
rationale for including knees with second-
ary OA was not to compare clinical success
rates between primary and secondary OA,
as the pathophysiology of synovitis may dif-
fer substantially across etiologies, including
within the secondary OA subgroup. Rather,
the study aimed to demonstrate that GAE
can be performed in patients with secondary
OA without an apparent increase in compli-
cation rates. Detailed clinical information
about knees with inflammatory arthritis is
presented in Supplementary File 1.

Among the nine knees for which patients
reported dissatisfaction with the treatment, 3
(33.3%) of them met clinical success criteria.
This may reflect high patient expectations,

underscoring the importance of pre-proce-
dural counseling to clarify that the primary
goal of treatment is to control OA-related
symptoms and improve function, rather
than to guarantee their complete resolution.
Alternatively, this finding may suggest that
more stringent criteria for defining clinical
success are needed. Although clinical suc-
cess was defined as an improvement of > 2
pointsin the NRS along with animprovement
in the WOMAC score, the clinical success
group demonstrated a much higher mean
pre-to-post-procedural NRS reduction of 5.4
+ 1.9 points in this study. Another less-stud-
ied topic in the GAE literature is symptom
recurrence and its potential predictors after
treatment. Importantly, some GAE studies do
not explicitly report whether patients expe-
rienced recurrence or required repeat inter-
vention.®®2° A study,'> however, reported that
60% of their patients underwent repeated
GAE in the long term. In this study, the recur-
rence rate was 30.8% at a mean follow-up of
11 £ 5.5 months. In the univariable compar-
ison, knees with recurrence received a lower
mean embolic volume than those without
recurrence. In univariable survival analysis,
an embolic volume > 3.5 mL was associated
with longer recurrence-free survival; how-
ever, embolic volume was not significantly
associated with recurrence hazard when an-
alyzed as a continuous variable using Cox re-
gression. However, these results may reflect
a non-linear, threshold-type association; as
this study has a limited number of recurrence

events, this finding should be interpreted as
exploratory and hypothesis-generating.

A possible explanation for the association
between recurrence and embolic volume is
that a higher embolic volume may enable
more complete devascularization of the
abnormal hypervascular blush, potentially
improving control of pain-related neovascu-
larity. The proposed mechanism underlying
this effect may be related to the periarticular
anastomotic network. A study? evaluated
the importance of this network and showed
that retrograde GAE (R-GAE) is a safe and
feasible catheterization route with potential
early efficacy. Perfusion territories accessed
via R-GAE may, however, differ from those
reached with antegrade GAE, underscoring
the hemodynamic impact of genicular anas-
tomoses. Consistent with this concept, we
have observed that continuing IPM/CS em-
bolization beyond the point of initial angio-
graphic pruning can unmask collateral/anas-
tomotic filling between genicular arteries,
allowing embolic material to reach hypervas-
cular regions retrogradely that may not be
opacified—or adequately treated—during
the initial antegrade run. Accordingly, when
a collateral/anastomotic pathway is identi-
fied during GAE, embolization of the collat-
eral/anastomotic pathway with IPM/CS may
be considered by advancing the microcath-
eter further into the genicular artery and/or
by using a controlled injection with gradual-
ly increasing pressure under continuous flu-

Genicular artery embolization in primary and secondary knee osteoarthritis



oroscopic monitoring (Supplementary File
2). Amin et al.’® found no link between per-
manent embolic agent volume and clinical
response and instead pointed to reperfusion
of treated vessels as the cause of recurrence.
The discrepancy between their findings and
those of the present study may be related, at
least in part, to differences in embolic agent
type. In musculoskeletal embolization, IPM/
CS may not only act as a temporary embolic
agent but may also have potential anti-in-
flammatory and analgesic effects and may
preferentially affect inflammation-associated
neovascularity.?>%

Defining the embolic endpoint of GAE
as angiographic pruning is inherently sub-
jective and remains controversial in the lit-
erature.”*” This subjectivity may also apply
within a single center when procedures are
performed by multiple operators, as in the
present study. Although no significant dif-
ferences were observed among operators in
recurrence rates or in the number of embo-
lized arteries, total embolic volume differed
significantly, with one operator using greater
volumes than the others. This difference may
not necessarily reflect differences in proce-
dural technique, as all three operators were
in close communication and followed similar
procedural principles. Rather, it may be at-
tributable to the adoption of continued em-
bolization beyond the point of initial pruning
in later cases, most of which were performed
by the operator who used higher embolic
volumes.

Taheri Amin et al.?® attempted to estab-
lish more objective criteria for pruning by
quantifying blush size before and after em-
bolization and calculating the blush reduc-
tion ratio. Although that study showed that
reaching a defined pruning endpoint led
to significant NRS improvement, baseline
blush size or blush reduction alone did not
predict clinical response. Similarly, although
the periarticular hypervascularity grading
system in our study was based on intensity
rather than size, no significant relationship
was observed between periarticular vascular
grading and clinical response.

Three of the eight patients with recur-
rence underwent a second GAE procedure.
Knee vascular grading at the second pro-
cedures (two grade 3 and one grade 2) was
the same as at the first procedures in all
three patients. The mean embolic volume
used during the second procedures was 2.8
+ 2.1 mL higher than that used during the
initial sessions. The higher embolic volume
required during the second GAE procedures,

despite similar vascular grades, was likely
related to additional attempts to embolize
relevant collateral pathways. In these repeat
procedures, embolization was extended
beyond the initially treated territory when
collateral filling was identified, resulting in
greater embolic volume use. All three pa-
tients reported more pronounced pain relief
and greater satisfaction in the short term (at
1 month) with the second procedures com-
pared with the first procedures.

A study® graded angiographic vasculari-
ty of the Achilles tendon during transcathe-
ter arterial microembolization for refractory
Achilles tendinopathy as absent, minimal,
moderate, or massive. Grading angiographic
vascularity in such a manner is quite subjec-
tive; the higher-vascularity group (grade 2-3)
demonstrated greater clinical success (92.2%
vs. 64.5%) when they dichotomized the grad-
ing (grade 2-3 vs. grade < 1). An angiograph-
ic vascularity grading system specifically
developed for or applied to GAE seems to be
missing. In this study, periarticular vascular
blush was graded into three grades. To pro-
vide a more objective assessment, the inten-
sity of periarticular knee vascular blush was
compared with the background staining of
the surrounding soft tissues. Knees treated
with GAE for indications other than OA-relat-
ed pain, including hemarthrosis control and
post-TKA pain, were excluded, as these con-
ditions are more likely to demonstrate more
intense periarticular blush and could there-
fore skew the grading system.

No significant association was found
between vascularity grade (grades 1-2 vs.
grade 3) and either clinical success or recur-
rence. However, knees with grade 3 vascu-
larity required embolization of significantly
more genicular arteries and a greater volume
of embolic agent than those with grades 1-2
vascularity. These findings suggest that, to
adequately control more severe periarticu-
lar hypervascularity, embolization of addi-
tional genicular arteries and administration
of a larger volume of embolic agent may be
necessary. This is consistent with the find-
ings of Taheri Amin et al.* who reported
that a higher embolic volume was required
in cases with larger hyperemic blush size to
achieve the same embolic endpoint. In con-
trast to the study by Amin et al.,”® however,
no significant association between KL grade
and periarticular hypervascularity grade was
observed in the present study. In their study,
the difference in blush size across KL grades
was driven primarily by KL grade 4 knees,
which had the largest blush size among KL
grades. However, only two KL grade 4 knees
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were included in the present study. This, to-
gether with the relatively small sample size,
may have limited the ability to detect a re-
lationship between periarticular vascularity
grade and KL grade, if such a relationship
truly exists. Another concern regarding the
size-based grading proposed by Taheri Amin
et al.,*® compared with the intensity-based
grading employed in our study, is that size-
based grading may not clearly distinguish
whether the entire blush supplied by an em-
bolized artery represents pathologic hyper-
vascularity or includes normal periarticular
staining of the knee.

This study has multiple limitations. The
relatively small overall sample size, limited
number of recurrence events, and variable
follow-up durations reduced the precision
and statistical power of the recurrence pre-
dictor analyses. Therefore, these findings
should be interpreted with caution and
should not be regarded as definitive evi-
dence of independent predictors of recur-
rence. Second, the proposed grading system
lacks external validation. One of the readers
who performed vascular grading had partici-
pated in the clinical follow-up of the patients
and was therefore not formally blinded to
clinical outcomes, although outcome data
were not readily available during the grading
session.

Third, the angiographic images used for
vascularity grading were not standardized.
Variations in injection pressure, catheter po-
sition, contrast medium concentration, and
the number of frames acquired in the over-
view series may influence the apparent in-
tensity of the angiographic blush. Neverthe-
less, the present dataset reflects real-world
clinical practice and the routine technical
variability encountered during GAE proce-
dures.

In addition, although embolization was
continued beyond the point of initial angio-
graphic pruning, an increased rate of clinical
complications was not observed; however,
post-procedure magnetic resonance imag-
ing was not routinely performed, and radio-
logic complications (e.g., osteonecrosis) may
therefore have been underdetected. Nota-
bly, GAE-related osteonecrosis has only been
reported following the use of permanent
embolic agents. To the best of our knowl-
edge, no cases of osteonecrosis after GAE
performed with IPM/CS have been reported
in the literature to date.”

Nevertheless, our results may aid patient
selection for GAE, provide insight into the
potential mechanisms underlying symptom
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recurrence, and guide future studies investi-
gating its possible causes.

GAE was safe and effective, with an ac-
ceptable patient satisfaction rate in con-
trolling OA-related symptoms, although out-
comes were less favorable in secondary OA.
Higher IPM/CS volume was associated with a
lower observed recurrence rate, without an
apparent increase in clinical complications.
However, given the limited overall sample
size and small number of recurrence events,
this association should be interpreted as hy-
pothesis-generating rather than as evidence
of an independent predictor of recurrence.
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