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Abstract: Background/Objectives: Genicular artery embolization (GAE) has demonstrated potential
as a treatment for knee osteoarthritis by targeting inflammation and pain, although current evidence
remains limited. This study used imaging biomarkers to objectively assess synovitis and possible
ischemic complications following GAE. Methods: This was a prospective, single-center trial including
participants with mild-to-moderate knee osteoarthritis. Ultrasound, contrast-enhanced (CE), and non-
CE-MRI were performed two days before and one and six months after GAE. Ultrasound biomarkers
included synovial hypertrophy, effusion, and Doppler activity. A combined effusion-synovitis score
was assessed on non-CE-MRI, while CE-MRI allowed differentiation between synovium and effusion
and was used to calculate whole-joint and local synovitis scores. The post-GAE MRIs were reviewed
for ischemic complications. Results: Seventeen participants (aged 43–71) were treated. Significant
reductions were observed in ultrasound-assessed synovial hypertrophy and Doppler activity, as
well as in CE-MRI local and whole-joint synovitis scores. While reductions in effusion were noted
in both ultrasound and MRI, these changes did not reach statistical significance. At one month,
MRI revealed three cases of nonspecific osteonecrosis-like areas, which resolved completely by six
months. Conclusions: This study demonstrated a reduction in synovitis and no permanent ischemic
complication following GAE in knee osteoarthritis. Larger studies with longer follow-up are needed
to confirm the long-term efficacy and safety of the procedure.

Keywords: trans-arterial embolization; inflammation; knee osteoarthritis; magnetic resonance
imaging; ultrasound

1. Introduction

Knee osteoarthritis (OA) is a degenerative joint disease affecting millions of individuals
worldwide, with its incidence anticipated to rise, thereby increasing the socioeconomic
burden on healthcare systems [1–4]. Symptoms are characterized by pain, stiffness, limited
joint mobility, and muscle weakness [5,6]. Key risk factors include advanced age, female
sex, obesity, previous knee injuries, and occupational or sports-related activities [2,5].
Once understood as a simple wear-and-tear condition, knee OA is now recognized as
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a complex disease influenced by inflammatory and molecular factors. [7,8]. Diagnosis
typically involves physical examination and X-ray, while advanced imaging techniques
such as magnetic resonance imaging (MRI), ultrasound (US), and computed tomography
(CT) may be utilized in complex cases [9,10].

Current treatment options for knee OA include non-pharmacological strategies (e.g.,
exercise, weight loss, self-management), pharmacological interventions (e.g., oral pain
relievers, anti-inflammatory medication), intra-articular injections (e.g., corticosteroids,
hyaluronic acid), and surgical options for more advanced cases [3,5,6]. However, many
patients do not experience sufficient relief with these treatments, highlighting the need for
more effective therapeutic options.

Genicular artery embolization (GAE) is a minimally invasive procedure targeting
neovessels associated with chronic inflammation. Preliminary findings indicate that GAE
may reduce pain and improve function in patients with knee OA [11–13]. While the exact
mechanisms are still under investigation, a reduction in synovitis is believed to play a
significant role [12–15]. Most research has focused on patient-reported outcomes; however,
incorporating imaging biomarkers of synovitis may provide an additional and objective
assessment of GAE efficacy [12,16].

Two studies have demonstrated reductions in synovitis after GAE using the semi-
quantitative scoring system WORMS (Whole-Organ Magnetic Resonance Imaging Scores [17]),
which evaluates effusion and synovial thickening on non-contrast-enhanced MRI (non-CE-
MRI) [13,18]. However, contrast-enhanced MRI (CE-MRI) offers a more detailed assessment
of synovitis by distinguishing synovial tissue from effusion. Recently, Dablan et al. [19]
reported a reduction in synovitis after GAE using CE-MRI with the semi-quantitative
grading system developed by Guermazi et al. [20].

US is a cost-effective and accessible method for assessing biomarkers of synovitis,
including effusion, synovial hypertrophy, and Doppler activity [21]. To our knowledge, no
studies have yet evaluated the use of US in conjunction with GAE.

As GAE targets vessels, it is crucial to assess the risk of ischemic complications. Three stud-
ies reported isolated asymptomatic cases of osteonecrosis-like MRI findings post-GAE [22–24],
while other studies did not find ischemic lesions on follow-up MRI [13,18,25–29].

This study expands our previous prospective research on GAE patients with mild-
to-moderate knee OA, which demonstrated significant improvements in pain relief, func-
tional capacity, quality of life, and physical performance [30]. Our objective is to evaluate
changes in synovitis after GAE using MRI and US, while screening for post-procedural
ischemic lesions.

2. Materials and Methods

This study, conducted at a single center with a prospective, single-arm design, builds
upon previous research evaluating patient outcomes after GAE in knee OA patients [30].
Ethical approval was obtained from the local ethical committee (Identifier: H-20081451),
and the study was registered on ClinicalTrials.gov (Identifier: NCT05360329). This section
provides a brief overview of the study design, including the participant criteria and treat-
ment procedures, as previously described. Additionally, we will outline the US and MRI
protocols used in this study, which were not covered in the original publication.

2.1. Participants

This study included 17 individuals diagnosed with mild-to-moderate knee OA, as
determined by the Kellgren–Lawrence grading system (grades 1–3) [31]. The inclusion
criterion was moderate-to-severe knee pain (VAS > 50 mm) during walking, including
walking on stairs, despite at least three months of physiotherapy. For participants experi-
encing bilateral knee pain, the more symptomatic knee was selected for GAE. Key exclusion
criteria included a BMI > 35 kg/m2, recent intra-articular injections or surgery, and other
medical conditions that could interfere with the procedure or imaging.

ClinicalTrials.gov
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For patients who met these criteria, baseline imaging assessments, including US and
MRI, were performed two days prior to GAE. Follow-up imaging was conducted at one
and six months post-procedure.

2.2. Genicular Artery Embolization Procedure

An experienced interventional radiologist carried out all GAE interventions. Under
local anesthesia, arterial access was obtained via the femoral artery in the groin using a
4-French catheter. Digital subtraction angiography was used to map the vascular anatomy
and identify pathological neovessels, which are characterized by a blush-like appear-
ance. These neovessels were selectively catheterized using a 1.7-French microcatheter and
guidewire. Embolization was performed using 100–300 µm Embosphere® Microspheres
(Merit Medical, South Jordan, UT, USA) diluted in 20 mL of iodinated contrast. The par-
ticles were injected gradually until the pathological vessels were occluded. To prevent
unintended skin embolization, ice packs were firmly positioned around the knee during
the procedure, and a cone-beam CT was used to ensure accuracy. The procedure was
deemed technically successful if at least one pathological area of neovessels was embolized.
Hemostasis was achieved via manual compression, and participants were monitored for
four hours post-procedure before being discharged on the same day. A comprehensive
explanation of the GAE technique, including patient selection and follow-up protocols, has
been detailed in our previous publication, which this study expands upon [30].

2.3. Ultrasound

We used a LOGIQTM E10 Series US scanner with a ML6-15-D Wideband Matrix Linear
Array Probe (GE Healthcare, Chicago, Illinois, USA). All scans were performed in a stan-
dardized manner, following the EULAR-scanning guidelines [32]. Synovial hypertrophy,
Doppler and effusion were scored separately applying the EULAR-OMERACT scoring
system [21]. To ensure accurate and comparable Doppler measurements, Doppler settings
were fixed as follows: Color-Doppler; frequency: 8.2 MHz; gain: 23.0; pulse repetition
frequency: 0.4 kHz; wall filter: 45; sample volume/placement: 3/16.

The suprapatellar, medial, and lateral recesses were scanned longitudinally with the
patient in a supine position. The knee was flexed to 30 degrees for the suprapatellar
recess and naturally extended for the medial and lateral recesses. Synovial hypertrophy
and Doppler activity were scored separately from 0 (none) to 3 (severe) in each of the
three recesses. Effusion was scored from 0 to 2 (none, minor, major) for the joint overall.
Osteophytes at the medial and lateral femorotibial compartments (supine position) and
Baker’s cysts at the posteromedial aspect (prone position) were assessed and noted as
present or absent. Both the treated and untreated knee were scanned. Examples of the US
assessments are shown in Figure 1.

All scans were performed and initially scored by a trained physician (L.H.), with
systematic photo and video documentation of all scored areas. These recordings were
subsequently reviewed by a recognized expert in musculoskeletal US (L.T.) blinded to the
treatment status of the patient. In cases of disagreement, a consensus score was obtained.

2.4. MRI

MRI of the target knee was performed using a 3T MAGNETOM Vida scanner equipped
with a “Tx/Rx Knee 18” coil (Siemens Healthineers, Erlangen, Germany). The field of view
for all sequences was 160 × 160 mm, covering from the suprapatellar recess, proximally,
to the patellar tendon insertion, distally. The MRI protocol included coronal T1-weighted
turbo spin echo (TSE), axial and sagittal proton density-weighted (PDw) fat-suppressed
(FS) TSE, and coronal short tau inversion recovery (STIR) sequences. Additionally, a sagittal
CE 3D T1-weighted volumetric interpolated breath-hold examination (VIBE) sequence
was performed and reconstructed into axial and coronal planes. Gadolinium (Gadovist,
Bayer Healthcare, Berlin, Germany) was used as the contrast agent at a dose of 0.2 mL
(0.1 mmol) per kg of body weight. Detailed sequence parameters are provided in the
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Supplementary Data (S1). The analyses were performed using syngo.via, software version
B70hf01 (Siemens Healthineers, Erlangen, Germany).
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Figure 1. Ultrasound biomarkers of synovitis: (a) suprapatellar recess with severe synovial hypertro-
phy (arrow); (b) suprapatellar recess with major effusion (cross); (c) lateral parapatellar recess with
severe Doppler activity (color) and a moderate osteophyte (arrow); (d) Baker’s cyst (arrows) with
synovial hypertrophy.

2.4.1. Non-CE-MRI

We used the axial and sagittal PDw FS TSE images to assess effusion-synovitis accord-
ing to the MOAKS (MRI Osteoarthritis Knee Score) system [33]. Effusion-synovitis was
graded as follows: grade 0 (physiological volume); grade 1 (small—fluid continuous in the
retropatellar space); grade 2 (medium—slight convexity of the suprapatellar bursa); and
grade 3 (large—evidence of capsular distention). It is important to note that this scoring
system is based on a combined evaluation of effusion and thickened synovium, as these
two components cannot be reliably distinguished on non-CE-MRI [33].

2.4.2. CE-MRI

We used sagittal and reconstructed axial contrast-enhanced 3D T1-weighted VIBE
images to semi-quantitatively assess synovial thickness at 11 anatomical sites within the
knee joint, following the method proposed by Guermazi et al. [20]. Synovial thickness
at each site was graded as grade 0 (<2 mm), grade 1 (2–4 mm), and grade 2 (>4 mm).
The whole-knee synovitis score was calculated by summing the scores from all 11 sites.
Additionally, a local synovitis score was determined by including only the treated areas,
specifically the parapatellar and parameniscal sites on the treated side of the knee. For
participants who were treated on both the medial and lateral sides, all four sites were
included in the local synovitis score. Figure 2 shows an example of the axial measurements
on a participant at baseline and 6 months post-GAE.

2.4.3. Ischemic Lesions

Coronal T1w TSE and STIR images were examined for signs of newly developed
ischemic lesions at both the 1-month and 6-month follow-up scans, with the baseline scan
serving as the reference point.
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Figure 2. CE-MRI at baseline and 6 months post-GAE. On axial CE-MRI, the synovial thickness of the
medial (white arrow) and lateral parapatellar (grey arrow) areas, as well as a possible Baker’s cyst
(dotted circle), were included in the whole-joint synovitis score along with areas scored at sagittal
images. This patient, treated on the medial side of the left knee, showed a reduction in both local and
whole-joint synovitis scores 6 months post-GAE (b) compared to baseline (a).

2.5. Statistical Analysis

The power calculation for this study was based on the primary endpoint, the Visual
Analogue Scale (VAS) at 6 months, as reported in the original publication [30]. Therefore,
this study may be underpowered for detecting differences in imaging outcomes. Non-
parametric statistical methods were applied. Continuous variables were expressed as
medians, while categorical variables were reported as counts. Differences between baseline
and follow-up variables at 1 and 6 months were assessed using Friedman’s ANOVA [34].
Post hoc Wilcoxon signed-rank tests were conducted for pairwise comparisons if significant
differences were detected [35]. To assess the correlation between US and MRI, effusion and
local synovial hypertrophy scores were categorized as “improved”, “stable”, or “worsened”
due to non-comparable ordinal scales, and the Cohen’s kappa statistic was applied [36].
A p-value of <0.05 was considered statistically significant. All statistical analyses and
graphical illustrations were performed using Microsoft Excel (version 2406) and GraphPad
Prism (version 10).

3. Results

A total of 17 patients were successfully treated and followed up for six months after
GAE. Fifteen participants only received GAE on the medial side of the knee, while the
remaining two were treated on both the medial and lateral sides. Imaging was performed
two days before, as well as one and six months after GAE, with no participants lost to
follow-up. Baseline characteristics are shown in Table 1, with some variables repeated from
the original publication [30].

3.1. Ultrasound

At the six-month follow-up, local synovial hypertrophy in the treated areas improved
in 6 participants and remained stable in 11 (Figure 3a). This change was statistically
significant (Friedman’s ANOVA: p = 0.030; Wilcoxon signed-rank test: 1 month vs. baseline:
p = 0.625, 6 months vs. baseline: p = 0.031). Local Doppler activity improved in eight
participants and remained stable in nine (Figure 3b), also showing statistical significance
(Friedman’s ANOVA: p = 0.014; Wilcoxon signed-rank test: 1 month vs. baseline: p = 0.188,
6 months vs. baseline: p = 0.008).
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Table 1. Baseline characteristics.

n = 17 Treated Knee Contralateral Knee

Women/Men, n (%) 9 (53%)/8 (47%)
Age, years, median (range) 56 (43–71)

BMI, kg/m2, median (range) 27 (20–35)
Bilateral knee pain, n (%) 11 (65%)

Embolized knee, right/left, n (%) 10 (59%)/7 (41%)
Localization of treatment

Only medial, n (%) 15 (88%)
Medial and lateral, n (%) 2 (12%)

X-ray KL grade
1, n (%) 2 (12%)
2, n (%) 7 (41%)
3, n (%) 8 (47%)

Baker’s cysts, n (%) * 9 (53% **) 5 (29%)
Osteophytes, n (%) * 15 (88%) 14 (82%)

Pathological effusion, n (%) * 11 (65%) 6 (35%)
Baseline data presented in this table include variables previously reported in Hindsø et al., 2024 [30]. * Ultrasound
diagnosis. ** One participant had earlier Baker’s cyst removal surgery and was not included. BMI, body mass
index; KL, Kellgren-Lawrence.
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Figure 3. Ultrasound biomarkers of synovitis before and after GAE in the treated areas. Each line
represents one participant. n = 17. (a,b): The ultrasound score in the parapatellar recess corresponding
to the treated area was used. If both the medial and lateral sides were treated, the highest score was
recorded. (c): Effusion was assessed across all three recesses.

For the untreated areas of the treated knee, significant improvements were observed
in both synovial hypertrophy (Friedman’s ANOVA: p = 0.005; Wilcoxon signed-rank test:
1 month vs. baseline: p = 0.250, 6 months vs. baseline: p = 0.016), and Doppler activity
(Friedman’s ANOVA: p = 0.048; Wilcoxon signed-rank test: 1 month vs. baseline: p = 0.094,
6 months vs. baseline: p = 0.044). Post hoc tests revealed that the significant differences were
primarily driven by changes between baseline and 6 months, as no significant differences
were observed at the 1-month follow-up. In the treated knee, effusion improved in seven
participants, remained stable in nine, and worsened in one (Figure 3c); however, this
change was not statistically significant (Friedman’s ANOVA: p = 0.105). The results are
summarized in Table 2.

No significant changes were detected in effusion (Friedman’s ANOVA: p = 0.595),
synovial hypertrophy (p = 0.558), or Doppler activity (p = 0.974) in the untreated knee from
baseline to follow-up, as detailed in Supplementary Data (Table S1).
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Table 2. Ultrasound biomarkers of synovitis before and after GAE.

a. Embolized Area in Treated Knee

n = 17 Baseline 1 Month 6 Months Friedman’s ANOVA

Effusion X2 (2) = 4.5, p = 0.105
Grade 0, n 1 0 1
Grade 1, n 5 10 11
Grade 2, n 11 7 5

Synovial Hypertrophy X2 (2) = 7.0, p = 0.030
Grade 0, n 0 0 3
Grade 1, n 4 6 3
Grade 2, n 9 7 8
Grade 3, n 4 4 3

Doppler activity X2 (2) = 8.6, p = 0.014
Grade 0, n 6 10 11
Grade 1, n 5 3 4
Grade 2, n 6 3 2
Grade 3, n 0 1 0

Each number in the table represents the count of participants for the respective severity grade.
Effusion was assessed across all three recesses. For synovial hypertrophy and Doppler activity,
the medial parapatellar recess score is shown for the 15 participants treated only on the medial
side of the knee. For the two participants treated on both sides, the highest severity score between
the medial and lateral sides is reported.

b. Non-Embolized Areas of the Treated Knee

n = 17 Baseline 1 Month 6 Months Friedman’s ANOVA

Synovial Hypertrophy X2 (2) =10.6, p = 0.005
Grade 0, n 0 0 1
Grade 1, n 2 3 5
Grade 2, n 8 10 7
Grade 3, n 7 4 4

Doppler activity X2 (2) = 6.0, p = 0.048
Grade 0, n 4 8 10
Grade 1, n 7 5 4
Grade 2, n 5 4 3
Grade 3, n 1 0 0

Each number in the table represents the count of participants for the respective severity grade. For
the 15 participants treated only on the medial side of the knee, the highest scores recorded in the
lateral parapatellar and the suprapatellar recesses were used. For the two participants treated on
both the medial and lateral sides, the score from the suprapatellar recess was used.

3.2. MRI
3.2.1. Non-CE-MRI—Effusion-Synovitis

Six months post-GAE, MOAKS effusion-synovitis [33] had decreased in six, increased
in one, and remained stable in ten participants compared to the baseline as illustrated in
Table 3 and Figure 4a. However, this change was not statistically significant (Friedman’s
ANOVA: p = 0.081).

3.2.2. CE-MRI—Synovitis

At the end follow-up, the Guermazi [20] whole-joint synovitis score had decreased in
eight, increased in two, and remained stable in seven participants (Table 3, Figure 4b). This
change was statistically significant (Friedman’s ANOVA: p = 0.045; Wilcoxon signed-rank
test 1 month vs. baseline: p = 0.027, 6 months vs. baseline: p = 0.033).

The local synovitis score had decreased in nine, increased in one, and remained
stable in seven participants (Table 3, Figure 4c). This change was statistically significant
(Friedman’s ANOVA: p = 0.004; Wilcoxon signed-rank test 1 month vs. baseline: p = 0.039,
6 months vs. baseline: p = 0.012).
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Table 3. Non-CE- and CE-MRI before and after GAE.

Baseline 1 Month 6 Months Friedman’s ANOVA

Non-CE-MRI—MOAKS
Effusion-synovitis X2 (2) = 5.0, p = 0.081

Grade 0, n 1 1 0
Grade 1, n 4 6 11
Grade 2, n 7 7 3
Grade 3, n 5 3 3

CE-MRI—Guermazi
Whole-joint synovitis, median

[IQR] 12 [8;15] 11 [8;14] 11 [6;13] X2 (2) = 6.2, p = 0.045

Local synovitis, median [IQR] 3 [2;4] 2 [1.5;3] 2 [1;3] X2 (2) = 11.1, p = 0.004
MOAKS (MRI Osteoarthritis Knee Score; [33]) from grade 0 to 3, best to worst. Guermazi [20] whole-joint synovitis
score ranging from 0 to 22, best to worst. The local synovitis score is a derived Guermazi score only including
treated areas (parameniscal and parapatellar) and ranging from 0 to 8 (0 to 4 for participants only treated at one
site of the knee), best to worst.
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n = 17. (a) MOAKS (MRI Osteoarthritis Knee Score; [33]) from grade 0 to 3, best to worst. (b) Guer-
mazi [20] whole-joint synovitis score from 0 to 22, best to worst. (c) The local synovitis score is a
derived Guermazi score only including treated areas (parameniscal and parapatellar) and ranging
from 0 to 8 (0 to 4 for participants only treated at one site of the knee), best to worst.

3.2.3. Agreement Between US and MRI Scores

Participants were categorized as improved, stable, or worsened based on changes in
the US-assessed local synovial hypertrophy score from baseline to 6 months, and similarly
for the local MRI synovitis score, which was also based on synovial thickness. A Cohen’s
kappa score of 0.57 indicated a moderate agreement between the two modalities. The
MRI-assessed effusion-synovitis and US-assessed effusion were compared using the same
method, yielding a similar Cohen’s kappa score of 0.56. Detailed heat maps for both
comparisons are provided in Supplementary Data (Figures S1 and S2).

3.2.4. Ischemic Lesions

At the 1-month follow-up MRI, three participants exhibited newly developed, atypical
subchondral lesions with sharply defined borders, displaying low signal intensity on
T1-weighted images, and high signal intensity on STIR sequences. However, by the 6-
month follow-up, these lesions had completely resolved with no sequelae (Figure 5). Three
radiologists, with 22, 9, and 5 years of musculoskeletal experience, were uncertain about
whether these areas indicated temporary localized ischemia without necrosis, or normal,
fluctuating subchondral reactions due to underlying OA.
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Figure 5. Ischemic-like lesions on MRI. Three cases of nonspecific ischemic-like lesions one month
after GAE (white arrows), all completely resolved by six months. The three participants were
embolized in the following areas: (a) medial side of the right knee, (b) medial and lateral side of the
right knee, and (c) medial side of the left knee. In all three cases, the lesions corresponded to the
treated areas.

4. Discussion

This prospective study demonstrated a statistically significant reduction in synovitis
after GAE, as measured by MRI and US biomarkers, observed not only in the embolized
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areas but also throughout the treated knee. Although effusion decreased, the change was
not statistically significant, possibly due to the small sample size and potential type II errors.
US examination of the untreated knee showed no changes. MRI at one month showed
three cases of osteonecrosis-like areas, all of which were resolved by six months without
any lasting ischemic complications.

Studies by Okuno et al. [18] and Little et al. [13] investigated changes in effusion/
synovitis after GAE with the semi-quantitative scoring system WORMS [17], finding
significant improvements two years and one year after GAE, respectively. However, non-
CE-MRI, in contrast to CE-MRI, does not allow for differentiation between effusion and
synovium. Effusion can be influenced by day-to-day activity, while synovial thickening is a
better indicator of chronic inflammation. Dablan et al. [19] used a similar approach to ours,
using the CE-MRI scoring system by Guermazi et al. [20], based on synovial thickness, and
found a significant reduction in both local and whole-joint synovitis. CE-MRI, however,
can be challenging in clinical settings due to the cost and patient contraindications.

To our knowledge, no other studies have utilized US in relation to GAE. US, like CE-
MRI, can differentiate between effusion and synovium. Additionally, Doppler US can serve
as a biomarker for the blood flow in the tissue, which is of great interest in this treatment
approach that specifically targets and occludes blood vessels. US is a cost-effective and
widely accessible method with significant potential for both screening GAE candidates and
conducting follow-up assessments.

At the 1-month follow-up MRI, three participants showed atypical osteonecrosis-
like subchondral lesions in the areas corresponding to the embolization. Five similar
asymptomatic cases were reported in three previous studies at 1- and 3-month follow-up
scans [22–24]. Other studies have specifically reported that no ischemic lesions were found
on MRI. In our study, all participants had a second follow-up MRI at 6 months and, at
this stage, all these lesions had completely resolved with no sequelae. Based on these
findings, three consulting specialists suggested that the observed areas might represent
temporary localized ischemia or incidental findings of normal fluctuating subchondral
reactions related to the underlying OA condition. Given that GAE involves the targeted
pruning of blood vessels, it is crucial to thoroughly investigate any potential ischemic
complications related to the procedure. Our results highlight the importance of long-term
follow-up and careful consideration of the patients’ underlying disease when interpreting
imaging parameters, distinguishing between fluctuations in their baseline condition and
the possible effects of the treatment.

Our study has several limitations, including a small sample size, the lack of a control
group, and limited follow-up duration. The sample size was based on power calculations
for the primary VAS outcome in the original study [30], which may be insufficient for
robust imaging analyses, increasing the risk of type II errors. When comparing US and
MRI findings, the use of validated scoring systems with different ordinal scales prevented
direct comparisons. In small datasets, Cohen’s kappa can produce an erroneously low
value, as even a few outliers or disagreements can disproportionately affect the overall
measure of agreement. The untreated knee could not serve as a control due to variability in
the participants’ conditions; 11 participants had bilateral knee pain while 6 did not, and
the sample size hindered meaningful subgroup analyses. Despite these limitations, our
findings provide preliminary evidence that merits further investigation in larger studies
with longer follow-up periods to establish more robust conclusions.

Future GAE studies should investigate whether pre-procedural imaging can predict
the presence of an angiographic hyperemic blush. This requires standardized angiographic
procedures because variations in microcatheter placement and contrast injection tech-
niques affect the appearance of the blush. Additionally, research should explore whether
pre-procedural imaging biomarkers of synovitis can predict treatment response, as sug-
gested by prior studies [19,25,37,38], and whether post-procedural imaging correlates with
patient-reported outcomes. These strategies could enhance patient selection, safety, satis-
faction, and cost-effectiveness. Furthermore, future studies should assess benefits beyond
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pain relief, such as slowing joint destruction by reducing inflammation, ideally through
larger controlled trials with extended follow-up periods. MRI studies should also employ
appropriate sequences to evaluate and report ischemic complications.

5. Conclusions

This study provides preliminary evidence suggesting that GAE may effectively reduce
synovitis in patients with mild-to-moderate knee OA, as demonstrated by US and MRI
assessments. Statistically significant improvements were observed in synovial hypertrophy
and Doppler activity, while reductions in effusion were noted but did not reach statistical
significance. Importantly, no permanent ischemic complications were detected, as the three
transient osteonecrosis-like areas observed at the one-month follow-up resolved completely
by six months. Further research with larger cohorts and a longer follow-up is needed to
confirm the safety and efficacy of GAE for managing knee OA.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/diagnostics14222564/s1, S1: MRI protocol; Table S1: Ultrasound
biomarkers of synovitis before and after GAE in the non-treated knee; Figure S1: changes in MRI vs.
ultrasound-assessed synovial hypertrophy; Figure S2: changes in MRI-assessed effusion-synovitis vs.
ultrasound-assessed effusion.
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7. Krakowski, P.; Rejniak, A.; Sobczyk, J.; Karpiński, R. Cartilage Integrity: A Review of Mechanical and Frictional Properties and

Repair Approaches in Osteoarthritis. Healthcare 2024, 12, 1648. [CrossRef]
8. Bonnet, C.S.; Walsh, D.A. Osteoarthritis, Angiogenesis and Inflammation. Rheumatology 2005, 44, 7–16. [CrossRef]

https://www.mdpi.com/article/10.3390/diagnostics14222564/s1
https://www.mdpi.com/article/10.3390/diagnostics14222564/s1
https://doi.org/10.1136/ard-2023-225324
https://www.ncbi.nlm.nih.gov/pubmed/38429104
https://doi.org/10.1016/S0140-6736(19)30417-9
https://www.ncbi.nlm.nih.gov/pubmed/31034380
https://doi.org/10.1016/j.joca.2021.05.007
https://www.ncbi.nlm.nih.gov/pubmed/34023527
https://doi.org/10.1056/NEJMcp1903768
https://doi.org/10.1001/jama.2022.1980
https://doi.org/10.3390/healthcare12161648
https://doi.org/10.1093/rheumatology/keh344


Diagnostics 2024, 14, 2564 12 of 13

9. Hayashi, D.; Roemer, F.W.; Guermazi, A. Imaging of Osteoarthritis by Conventional Radiography, MR Imaging, PET–Computed
Tomography, and PET–MR Imaging. PET Clin. 2019, 14, 17–29. [CrossRef]

10. Mathiessen, A.; Cimmino, M.A.; Hammer, H.B.; Haugen, I.K.; Iagnocco, A.; Conaghan, P.G. Imaging of Osteoarthritis (OA): What
Is New? Best Pract. Res. Clin. Rheumatol. 2016, 30, 653–669. [CrossRef]

11. Epelboym, Y.; Mandell, J.C.; Collins, J.E.; Burch, E.; Shiang, T.; Killoran, T.; Macfarlane, L.; Guermazi, A. Genicular Artery
Embolization as a Treatment for Osteoarthritis Related Knee Pain: A Systematic Review and Meta-Analysis. Cardiovasc. Intervent.
Radiol. 2023, 46, 760–769. [CrossRef]

12. Hindsø, L.; Riis, R.G.C.; Hölmich, P.; Petersen, M.M.; Nielsen, M.B.; Lönn, L.; Taudorf, M. Current Status of Trans-Arterial
Embolization in Pain Management of Musculoskeletal Inflammatory Conditions—An Evidence-Based Review. Cardiovasc.
Intervent. Radiol. 2021, 44, 1699–1708. [CrossRef] [PubMed]

13. Little, M.W.; O’Grady, A.; Briggs, J.; Gibson, M.; Speirs, A.; Al-Rekabi, A.; Yoong, P.; Ariyanayagam, T.; Davies, N.; Tayton, E.;
et al. Genicular Artery Embolisation in Patients with Osteoarthritis of the Knee (GENESIS) Using Permanent Microspheres:
Long-Term Results. Cardiovasc. Intervent. Radiol. 2024, 1–13. [CrossRef]

14. Okuno, Y.; Korchi, A.M.; Shinjo, T.; Kato, S. Transcatheter Arterial Embolization as a Treatment for Medial Knee Pain in Patients
with Mild to Moderate Osteoarthritis. Cardiovasc. Intervent. Radiol. 2015, 38, 336–343. [CrossRef] [PubMed]

15. Epelboym, Y.; Lee, L.; Okuno, Y.; Korchi, A. Genicular Artery Embolization as a Treatment for Refractory Osteoarthritis Related
Knee Pain. Skelet. Radiol. 2023, 52, 2309–2321. [CrossRef] [PubMed]

16. Casadaban, L.C.; Mandell, J.C.; Epelboym, Y. Genicular Artery Embolization for Osteoarthritis Related Knee Pain: A Systematic
Review and Qualitative Analysis of Clinical Outcomes. Cardiovasc. Intervent. Radiol. 2021, 44, 1–9. [CrossRef]

17. Peterfy, C.G.; Guermazi, A.; Zaim, S.; Tirman, P.F.J.; Miaux, Y.; White, D.; Kothari, M.; Lu, Y.; Fye, K.; Zhao, S.; et al. Whole-Organ
Magnetic Resonance Imaging Score (WORMS) of the Knee in Osteoarthritis. Osteoarthr. Cartil. 2004, 12, 177–190. [CrossRef]

18. Okuno, Y.; Korchi, A.M.; Shinjo, T.; Kato, S.; Kaneko, T. Midterm Clinical Outcomes and MR Imaging Changes after Transcatheter
Arterial Embolization as a Treatment for Mild to Moderate Radiographic Knee Osteoarthritis Resistant to Conservative Treatment.
J. Vasc. Interv. Radiol. 2017, 28, 995–1002. [CrossRef]

19. Dablan, A.; Erdim, Ç.; Güzelbey, T.; Cingöz, M.; Arslan, M.F.; Mutlu, İ.N.; Kılıçkesmez, Ö. Effectiveness of Genicular Artery
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