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Background: Genicular artery embolization (GAE) is an innovative technique that has been investigated as a supplementary
treatment method for chronic pain secondary to knee osteoarthritis (OA).

Purpose: To evaluate the current evidence on the effectiveness and safety of GAE for OA-related knee pain.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic literature search was conducted in the PubMed, Web of Science, EMBASE, and Scopus databases to
identify studies related to knee OA treated with GAE. Treatment agents were categorized as Embozene, imipenem/cilastatin,
resorbable microspheres, and polyvinyl alcohol. The main outcomes were the mean difference (MD) in pre- and postembolization
pain based on the visual analog scale (VAS) or the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
scores as well as changes in the need for pain medication. Random- and fixed-effects models were applied for data analysis.

Results: Of 379 initially inspected publications, 11 (N¼ 225 patients; 268 knees) were included in the final review. The quality of the
studies was fair in 8 and poor in 3—categorized according to the National Institutes of Health quality assessment tool. Overall, 119,
72, 13, and 21 patients were treated with imipenem/cilastatin, Embozene, resorbable microspheres, and polyvinyl alcohol,
respectively. Symptomatic improvement was reported in all studies. The pooled effect size, characterized by MD, showed a
significant improvement in the VAS and WOMAC pain scores, with better functional status after GAE. Pre- versus postembolization
MDs in VAS scores ranged from 32 within the first week to 58 after a 2-year follow-up (equivalent to 54% and 80% improvement,
respectively). There was a similar trend in the overall WOMAC scores, with MDs ranging from 28.4 to 36.8 (about 58% and 85%
improvement, respectively). GAE resulted in a decreased need for pain medication for knee OA, with a 27%, 65%, and 73% decline
in the number of patients who used opioids, nonsteroidal anti-inflammatory drugs, and intra-articular hyaluronic acid injection,
respectively (P < .00001 for all). No significant difference between embolic agents was seen with regard to post-GAE pain
reduction. No severe or life-threatening complications were reported.

Conclusion: OA treated by GAE using different embolic particles can be considered generally safe, with good efficacy and no
reported serious complications.

Keywords: osteoarthritis; knee joint; knee pain; genicular artery embolization

Chronic knee pain related to osteoarthritis (OA) is a major
cause of disability in the population older than 50 years of
age, with a reported prevalence of 25% to 30%.9 Pain
related to OA of the knee necessitates various medical
treatments and leads to a decrease in overall quality of
life.25 Various therapeutic approaches have been imple-
mented and investigated for this condition, ranging from
nonpharmacological management of symptoms to total
knee arthroplasty.11 Depending on the severity of the OA,
the initial recommended management is usually lifestyle

modification and nonpharmacological measures, including
regular moderate exercise, weight loss, and activity mod-
ifications to mitigate risk factors for OA.4,39 While not
without risks, nonsteroidal anti-inflammatory drugs
(NSAIDs) are the medications of choice for mild to mod-
erate OA-related pain and can be administered in oral or
topical forms. When nonoperative measures fail, more
invasive treatment options, such as intra-articular gluco-
corticoid or hyaluronic acid injection, neurotomy, or neu-
romodulation techniques, can be considered.35 Knee
arthroplasty is usually reserved for patients with OA who
are no longer responsive to nonoperative treatment.24

More recently, genicular artery embolization (GAE) has
been proposed as an additional, often supplementary,
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method for management of mild to moderate OA of the
knee. Early studies have revealed promising results
with only self-limiting minor postprocedure complica-
tions.13 To date, there has been a paucity of cohesive
data regarding the effectiveness of GAE techniques for
OA-related knee pain, particularly compared with other
treatment avenues. Table 1 outlines the embolic agents
(all particulates) used in GAE. A comprehensive under-
standing of the properties of each embolic agent is nec-
essary to optimize its application. The ideal therapeutic
embolic agent can be given via any catheter without
any prior vortexing and exiting from the catheter tip
with no fear of nontarget distal embolization.

The purpose of the present study was to systematically
review and evaluate the current evidence for the effective-
ness and safety of GAE in the treatment of OA-related
knee pain. It was hypothesized that mild to moderate
OA treated by GAE using different embolic particles could
be considered generally safe with no reported serious
complications.

METHODS

Search Strategy

This systematic review was in line with the PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines. A systematic search in the PubMed,
Web of Science, EMBASE, and Scopus databases was con-
ducted to identify relevant studies from the date of incep-
tion until April 2020. The applied keywords included
[Osteoarthritis or Osteoarthrosis or Osteoarthritis-related
knee pain or Knee pain] combined with [Geniculate/ Geni-
cular Artery Embolization, GAE or embolization]. No lan-
guage or publication time restrictions were applied. All

searches were conducted over a 7-month period from Feb-
ruary to August 2020, as detailed in Appendix Table A1.

Study Selection and Data Extraction

The study-selection process is shown in Figure 1. Studies
using cadaveric specimen or animal subjects, technical devel-
opment and review articles without original treatment perfor-
mance data, studies examining treatment modalities other
than GAE, and studies that reported similar data on the same
patient population were all excluded. Titles and abstracts of
all obtained studies were independently reviewed by 4 inves-
tigators (P.T., E.T., A.C., and R.T.), and duplicate studies were
eliminated. The same 4 investigators then independently
reviewed the full text of all eligible studies. In case of incon-
sistency, consensus was achieved by discussion. At this stage,
those with missing information or insufficient data regarding
the evaluation of pain after the procedure or during the follow-
up were excluded. The process of search-strategy design,
database search, study selection, data extraction, and final
inclusion was overseen by a fellowship-trained board-
certified musculoskeletal radiologist (M.C.) and 2 interven-
tional radiologists (J.G. and R.T.).

The initial search revealed a total of 379 publications, with
330 unique publications after removing duplicates. Titles and
abstracts of these studies were screened for their relevance to
the topic of interest. After exclusion, 28 articles focused on
GAE, with or without combination of medical treatments,
were selected for an in-depth review. After excluding 17
papers because of insufficient data about follow-up, target
population, and reports not identifiable with the abstract (n
¼ 8), as well as same patient population (n ¼ 9), 11 and 6
studies were included eventually in the final qualitative and
quantitative meta-analysis, respectively.

TABLE 1
Difference Between Embolic Agents Applied in GAE Used for OAa

Product
Duration
of Action Size, mm

FDA Approved for
Embolization Specific Properties

Imipenem/cilastatin Temporary 10-70 No Small molecule antibiotic, resorbable
Particulate PVA (contour) Permanent 45-1200 Yes Irregularly shaped microparticles, nonresorbable
Embozene (Boston Scientific)

(polymethylmethacrylate)
Permanent 40-1300 Yes Calibrated sizes, polymeric, spherical,

nonresorbable, biodegradable coating
Gel-Bead (Teleflex Medical)

(gelatine)
Temporary 100-300, 300-500, 500-

700, 700-1000
Yes Calibrated sizes, gelatine microspheres

degradable in 4-12 weeks

aGAE, genicular artery embolization; FDA, Food and Drug Administration; OA, osteoarthritis. PVA, polyvinyl alcohol.
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In addition, we searched for ongoing trials and studies
submitted to ClinicalTrials.gov, EU Clinical Trials Regis-
ter, UMIN Clinical Trials, ANZCTR, CHICTR, and
ISRCTN registries up to August 2020, using the following
keywords: Geniculate/ Genicular artery embolization and
Osteoarthritis. As of this writing (August 2020), we found
12 randomized clinical trials that were underway to evalu-
ate the efficacy and/or safety of GAE for the treatment of
OA (see Supplemental Material, available online).

Quality Assessment

The quality of the included studies was evaluated by using the
Quality Assessment Tool for Case Series of the National Insti-
tutes of Health (www.nhlbi.nih.gov/health-topics/study-qual-
ity-assessment-tools). Two investigators (P.T. and E.T.)
independently rated 9 items about the aims of the study, case
selection, exact definition of their characteristics, and statis-
tical comparisons; in case of disagreement, a joint consensus
was achieved through consultation with senior authors (J.G.,
M.C., and R.T.). The results were almost consistent, indicat-
ing fair quality of the included studies (Table 2).

Data Extraction and Outcome Definition

Data extraction regarding type of the study (prospective,
case-control, or case series), publication year, country/region
of the study, number of patients, patient demographics, pre-
and postoperative pain score, pre- and postoperative

pharmacological treatments, type of embolic agents used,
technical and clinical success rate, perioperative complica-
tions, length of follow-up, and clinical outcomes were per-
formed by 2 independent authors (P.T. and R.T.).
Functional improvement was compared between studies
that used the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) questionnaire. The
WOMAC questionnaire is a self-administered index with
24 items, divided into 3 subscales: 5 items for pain (score
range, 0-20 points), 2 for joint stiffness (score range, 0-8
points), and 17 for functional status (score range, 0-68
points). The higher the score indicates the more severe the
level of functional limitation. Pain was compared between
studies using the visual analog scale (VAS) and WOMAC
pain subscale.

The main outcome was defined as the mean difference
(MD) between pre- and postembolization values of the pain
scales (VAS, WOMAC) as well as the number of patients who
consumed analgesic medications for their pain relief.

Statistical Analysis

Data analysis was conducted using Review Manager Ver-
sion 5.3 (Cochrane Collaboration). Both random- and fixed-
effect models were applied to calculate the pooled effect
size. The relative weight of each study was determined
using inverse variance and Mantel-Haenszel methods for
continuous and dichotomous variables, respectively. A sub-
group analysis was performed to evaluate the differences in

Sc
re
en

in
g

In
clu

de
d

El
ig
ib
ili
ty

Id
en

�fi
ca
�o

n

Studies included in 
qualita�ve synthesis

(n = 11) and 
qualita�ve synthesis 

(meta-analysis)
(n = 6)

Records screened
(n = 330)

Records iden�fied through 
database searching

(n = 379)

Records a�er duplicates removed
(n = 330)

Records excluded (n = 302):
Review ar�cles, treatment other 

than GAE, animal studies

Full-text ar�cles excluded, with 
reasons (n = 17)

· Insufficient data about 
follow/up, target popula�on 
and reports not iden�fiable 
with abstract (n = 8)

· Same pa�ent popula�on (n = 9)

Addi�onal records iden�fied 
through other sources

(n = 0)

Full-text ar�cles
assessed for eligibility

(n = 28)

Figure 1. Flowchart using PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines
demonstrating the study-selection process for the meta-analysis. GAE, genicular artery embolization.
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effectiveness of various embolic agents as well as across
different time points. The Egger test was employed to
assess publication bias in the Funnel plot using Stata Ver-
sion 16 (Stata). P <.05 indicated statistical significance in
all analyses.

RESULTS

Summary of the Included Studies

The characteristics of included studies, such as publica-
tion year, number and characteristics of participants,
severity grade of knee OA, outcome measuring tools, and
follow-up duration, are presented in Table 3. Except for
1 study,27 all investigations had been published after
2017. Eleven studies with a total of 225 participants
(27% men; age range, 48-88 years) and 268 knees were
included.2,3,19-22,27-29,31,37 Different embolic agents were
applied, including imipenem/cilastatin (n ¼ 4 studies),
Embozene (n ¼ 7 studies), resorbable microspheres (n ¼
1 study), and polyvinyl alcohol (n¼ 1 study). Overall, 119,
72, 13, and 21 patients were treated with imipenem/cilas-
tatin, Embozene, resorbable microspheres, and polyvinyl
alcohol, respectively. Three studies did not reveal the
severity grade of their included patients based on the
Kellgren-Lawrence (KL) classification system. However,
the majority of participants in 6 other studies were KL
grades 1, 2, and 3, which constitute mild to moderate OA
involvement on knee radiographs. Most of the reported
studies included patients aged 40 to 60 years who had OA
with the VAS score >50 mm and refractory to

conservative therapies (NSAIDs, physical therapy, mus-
cle strengthening, and intra-articular hyaluronic acid
injection) with KL grades 1 to 3 on their knee radio-
graphs. Patients with a history of rheumatoid arthritis,
renal insufficiency, incorrectible coagulopathy, malig-
nancy, advanced atherosclerosis, and previous knee
arthroplasty were deemed ineligible to undergo GAE.

All of the studies reassessed their participants with mag-
netic resonance imaging (MRI)/radiographs postopera-
tively, with an exception of 1 study that did not mention
its follow-up imaging.19 The mean follow-up time after
embolization was at least 6 to12 months for most publica-
tions; however, 4 studies continued the follow-up for 1 to
3 months.3,19,31 Four studies reported the number of parti-
cipants who concurrently used medications for manage-
ment of OA, including opioids, NSAIDs, acetaminophen,
and intra-articular hyaluronic acid injection, before and
after the GAE procedure [2, 21, 27, 28]. No significant pub-
lication bias was detected (Egger bias coefficient ¼ -2.17
[95% CI, -10.32 to -5.96]; P ¼ .45) (Figure 2).

Effectiveness of GAE

The clinical effectiveness of GAE, including pain reduction
based on the VAS and WOMAC scales, is illustrated in
Table 4. The impact of GAE on changes in the VAS score
was evaluated at 6 different time points; 1 study included
day 1 postoperative assessment, which was not included in
the pooled analysis, as presented in Figure 3.21 Pre- and
postembolization scores of each study were collected, and
the pooled effect size was calculated at 1 week and at 1-, 3-,

TABLE 2
Quality Ratings of the Included Studies According to NIH Quality Assessment Tool for Case Series Studiesa

First Author (Year)

Question Numberb Overall Rating

1 2 3 4 5 6 7 8 9 Reviewer 1 Reviewer 2

Bagla et al2 (2020) Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y N/N Y/Y Y/Y Fair Fair
Okuno et al27 (2015) Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Fair Fair
Okuno et al28 (2017) Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Fair Fair
Shibuya and Okuno37 (2018) Y/Y N/N na/N N/N Y/Y N/N N/N N/N N/N Poor Fair
Lee et al21 (2019) Y/Y Y/N na/na Y/Y Y/Y Y/Y Y/Y Y/Y Y/Y Fair Fair
Kumar and Chandrashekhara19 (2020) Y/Y nr/N Y/Y Y/Y nr/nr Y/N N/N nr/N nr/nr Fair Poor
Padia et al29

(2020)
Y/Y Y/N nr/nr Y/Y nr/nr N/N Y/Y N/N nr/nr Fair Fair

Bagla et al3

(2020)
Y/Y N/N nr/nr Y/Y nr/nr Y/Y N/N N/N nr/nr Fair Fair

Piechowiak et al31

(2017)
Y/Y nr/N nr/nr Y/Y nr/nr Y/Y N/N N/N nr/nr Fair Fair

Lauko et al20

(2020)
Y/Y Y/Y na/na na/na Y/Y Y/Y Y/Y na/na Y/Y Fair Fair

Little et al22

(2020)
Y/Y N/N N/N nr/nr Y/Y N/N N/N N/N N/N Poor Poor

aN, no; na, not applicable; NIH, National Institutes of Health; nr, not reported; Y, yes.
bQuestions: (1)Was the study question or objective clearly stated? (2) Was the study population clearly and fully described, including a case

definition? (3) Were the cases consecutive? (4) Were the patients comparable? (5) Was the intervention clearly described? (6) Were the outcome
measures clearly defined, valid, reliable, and implemented consistently across all study participants? (7) Was the length of follow-up ade-
quate? (8) Were the statistical methods well-described? (9) Were the results well-described?
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6-, 12-, and 24-month follow-up. Results indicated that the
MD at those respective time points was 32 (95% CI, 14.9-
49), 36.67 (95% CI, 28.2-45), 40.75 (95% CI, 30-51.4), 42.80
(95% CI, 26.5-59), 45.79 (95% CI, 19.7-71.8), and 58 (95% CI,
53.3-62.6). P values were all <.00001); therefore, we could
state that knee pain, based on the subjective measure of
acute and chronic knee pain, had significantly improved
even within the first week after GAE (equivalent to 54%

decline). A sustained and downward absolute VAS score

trajectory was observed, which reached about 64% and
80% reduction at the 6- and 24-month follow-up, respec-
tively. This therapeutic trajectory, characterized by per-
centage change, is shown in Figure 4. This implied a
durable pain-control effect across the cohort of studies.

In the present review, postprocedural changes of the
WOMAC–pain subscale were congruent with the VAS
assessment (Figure 4). Pooled MDs evaluated at 5 different
time points (1, 3, 6, 12, and 24 months after GAE) were 28.4

TABLE 3
Characteristics of the Included Studiesa

Complications, n

First Author
(Year); Country

Study
Design Imaging

Patients
/Knees/
Men, n

Side
Affected,

Right: Left
Mean
Age, y BMI, kg/m2 KL Grade

Embolic
Agent Agent Dose and Volume

Overall/
Severe,

n
Based on

SIR

Follow-
up,
mo

Bagla et al2 (2020);
USA

P/MC MRI (after 1
mo)

20/20/9 11:9 59.4 35 3 (n ¼ 9);
2 (n ¼ 9);
1 (n ¼ 2)

E 75 or 100 mm E
spherical particles, 9
mL contrast
material added to
the 6 mL particles in
solution

16/0 A 6

Okuno et al27 (2015);
Japan

P/SC MRI 14/14/6 5:9 65.2 26.3 ± 6.3 0 or 1 (n ¼ 8),
2 (n ¼ 6)

E (n ¼ 3) and I/C
(n ¼ 11)

75 mm E spherical
particles (mean
volume used: 0.068/2
mL particle volume)
plus 10-70 mm I/C
(mean volume used:
2.5 mL/5 mL
suspension)

1/0 B 12 ± 5

Okuno et al28

(2017); Japan
P/SC MRI 72/95/23 49:46 64.4 25.1 1 or 2 (n¼ 62),

3 (n ¼ 33)
E (n ¼ 7) and I/C

(n ¼ 65)
75 mm E plus a

suspension of 0.5 g I/
CS in 5-10 mL
iodinated contrast
agent

16/0 B 24-48

Shibuya and Okuno37

(2018); Japan
P/SC MRI 2/2/0 1:1 72 nr 3 I/C 0.5-1 mL I/CS

plus a suspension of
0.5 g I/CS in 5-10 mL
iodinated contrast
agent prepared by
pumping syringes
for 10 s then injected
in 0.2-mL
increments

nr nr 2-24

Lee et al21 (2019);
Korea

R/SC MRI 41/71/17 35:36 67.2 24.9 ± 3.7 4 (n¼ 12), 1-3
(n ¼ 59)

I/C 0.5 g I/C in 7 mL
iodinated contrast
medium

10/0 B 12

Kumar and
Chandrashekhara19

(2020); USA

P/SC nr 21/21/nr nr 48-71 nr 2 (median) PVA nr 0/0 A 1

Padia et al29 (2020);
India

P/SC MRI (after 3
mo)

26/26/nr 14:12 69 (49-76) 28 (19-47) nr E 100 mm E 4/0 B 12

Bagla et al3

(2020)3USA
P/SC MRI 13/13/3 nr 64 31.4 nr RM nr nr nr 1

Piechowiak et al31

(2017); USA
P/SC MRI 5/5/3 nr (50-88) nr nr E 75 mm E 5/0 B 3

Lauko et al20

(2020); USA
P/SC Radiograph 1/1/0 0:1 64 nr nr E nr 1/0 A 6

Little et al22

(2020); UK
P/SC MRI 10/nr/nr nr nr nr nr Embosphere nr 1/0 A 3 (up to

now)
Total 225/268 48-88 54/0

aA, no therapy, no consequence; B, nominal therapy, no consequence; BMI, body mass index; E, Embozene; I/C, imipenem/cilastatin; KL,
Kellgren-Lawrence; MC, multicenter; MRI, magnetic resonance imaging; nr, not reported; P, prospective; PVA, polyvinyl alcohol; RM,
resorbable microspheres; SC, single center; SIR, Society of Interventional Radiology.
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(95% CI, 19.9-36.8), 30.1 (95% CI, 21.0-39.0), 31.7 (95% CI,
29.1-34.2), 34.8 (95% CI, 32.4-37.1), and 36.8 (95% CI, 34.6-
38.9), respectively (Figure 5).

Collectively, patient functional status, based on the
total WOMAC score (range, 0-96 points), had remarkably
improved after the GAE procedure. This reduction in
absolute WOMAC scores (implying improved pain/func-
tional status) gradually increased and reached
about 73%, 79%, and 85% improvement after 6, 12, and
24 months of follow-up, respectively. Furthermore,
P values remained statistically significant at these time
points (P <.00001). Evidently, the forest plot indicating
postoperational changes of the WOMAC pain subscale
(Figure 6) confirmed the aforementioned pain reduction
based on the VAS assessment. Figure 6 shows that the
MD value of the pain subscale was 7.34 at the first month
visit and reached 9.50 within 2 years. This amount of
improvement (equivalent to 78.5%) was very close to that
of the VAS (80%) after a 2-year follow-up. However, the
data were not robust enough to calculate effect sizes of
other WOMAC subscales. Moreover, we tried to compare
the effectiveness of the main types of embolic agents (imi-
penem/cilastatin vs Embozene) in decreasing total
WOMAC scores across the included studies (Figure 7).
No statistically significant difference in clinical effective-
ness based on the total WOMAC score was observed
between these 2 agents (P ¼ .56). However, Embozene
showed slightly less effectiveness in terms of functional
improvement within 1-month follow-up (P ¼ .56). The
effectiveness of GAE in decreasing the need for medica-
tions revealed about 27%, 65%, and 73% decline in the
number of patients who used opioids, NSAIDs, and
intra-articular hyaluronic acid, respectively (P < .00001

for all) (Table 5 and Figure 8). On the other hand, no
remarkable decline was observed for acetaminophen con-
sumption (equivalent to 10%; P ¼ .37).

Adverse Events

Symptomatic improvement was reported in all studies.
All adverse events were evaluated, and no severe or life-
threatening complications were reported. To provide a
uniform classification system and eliminate the subjective
interpretation of complications, studies were evaluated based
on the Society of Interventional Radiology classification sys-
tem for complications.17 The number of patients with any
postembolization adverse events in each study has been
depicted in Table 2. A total of 54 out of 214 participants with
an overall complication rate of 25.2% mentioned minor
adverse events, most commonly self-resolving transient cuta-
neous ischemia. Other reported minor complications included
puncture site hematomas, skin redness, and transient fever in
a few cases. No severe adverse events attributable to GAE,
such as weakness and joint instability, were reported. There
was a statistically significant difference in the risk ratios of
complication for Embozene (0.91; P < .00001) versus
imipenem/cilastatin (0.24; P < .00001) (Figure 9).

DISCUSSION

The results of this meta-analysis indicate that OA treated
by GAE using Embozene, polyvinyl alcohol, resorbable
microspheres, or imipenem/cilastatin could be generally
considered a safe treatment with no serious complications.
It could be associated with significant and sustained dra-
matic pain improvement with better functional status.
There is no significant difference between embolic agents
in regard to post-GAE pain reduction or functional
improvement. To date, no randomized controlled trial has
evaluated the efficacy of GAE. To the best of our knowledge,
this is the first systematic review and meta-analysis to
assess the current evidence for the effectiveness and safety
of GAE in treatment of OA-related knee pain.

OA is recognized as a highly prevalent and leading cause
of disability in adults worldwide.12,40 This condition
imposes a considerable psychosocial, physical, and eco-
nomic burden on patients who experience OA. Numerous
palliative techniques and interventions have been proposed
to manage chronic pain, improve knee function, and pro-
long the time to joint replacement.1,5,6,11,15 The cornerstone
of OA management should include health education, life-
style modifications coupled with over-the-counter remedies
as well as regular moderate physical activity, and weight
reduction to protect the articular cartilage against further
stress.10 Pain-relieving medications can be considered an
adjunct to core treatments for mild to moderate OA by target-
ing pain-processing pathways. Local therapies, including
intra-articular corticosteroid, viscosupplementation with
hyaluronic acid injection, percutaneous neurolysis, and neu-
romodulation, have been proven to be alternatives in improv-
ing mild to moderate symptoms of OA of the knee.14,16,23,26,32

However, these interventions provide time-limited and

Figure 2. Funnel plot assessing publication bias. Std eff,
standard efficiency.
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moderate pain relief. When repeated, these can deteriorate
the integrity of joint structure because of probable complica-
tions, including tendon involvement, joint infection, sterile
synovitis, and local nerve damage.26

OA had been classified as a noninflammatory arthritis
for many decades; however, with the recognition of
inflammatory mediators and immune processes in OA, the
role of inflammation is perceived more strongly.36,38

TABLE 4
Summary of Pain and Functional Scores Before and After GAEa

Outcome
Measure

Bagla
et al2

(2020)

Okuno
et al27

(2015)

Okuno
et al28

(2017)
Lee et al21

(2019)

Kumar and
Chandrashekhara19 b

(2020)
Bagla et al3

(2020)
Piechowiak et al31

(2017)

Lauko
et al20c

(2020)

VAS pain
Baseline 76 ± 14 70 ± 5 72 ± 16 KL grades 1-3:

5.5 ± 2.2
KL grade 4: 6.3

± 2.2

7.6 out of 10 80.3 6.7 ± 1.6 out of 10 —

1 d — — — KL grades 1-3:
3.2 ± 2.1

KL grade 4: 4.1
± 2.1

— — — —

1 wk — 29 ± 17 KL grades 1-3:
3.1 ± 1.9

KL grade 4: 4.1
± 2.1

— — — —

1 mo 22 ± 19 21 ± 16 38 ± 23 KL grades 1-3:
2.9 ± 1.7

KL grade 4: 4.4
± 2.1

3 out of 10 49.82 ± 6.65 lower
vs baseline

4 ± 1.6 out of 10 —

3-4 mo 34 ± 26 13 ± 15 29 ± 22 KL grades 1-3:
2.2 ± 1.7

KL grade 4: 5.4
± 2

— — 3.8 ± 1.6 out of 10 —

6 mo 31 ± 28 — 19 ± 21 KL grades 1-3:
1.9 ± 1.5

KL grade 4: 5.9
± 2.1

— — — —

12 mo — — 13 ± 21 KL grades 1-3:
1.8 ± 2.1

KL grade 4: 5.3
± 1.1

— — — —

24 mo — — 14 ± 17 — — — — —
WOMAC–

total
Baseline 61 ± 12 47.3 ± 5.8 43 ± 8.3 — 38.6 ± 9.4 44

1 mo 24 ± 17 11.6 ± 5.4 24 ± 14 — 18 points lower vs
baseline

27.15 ± 6.24 lower
vs baseline

19.8 ± 9.4 5

3-4 mo 31 ± 21 6.3 ± 6 14.8 ± 11 — — — 21.2 ± 9.4 4
6 mo 31 ± 26 — 11.2 ± 10 — — — — 3
12 mo — — 8.2 ± 8.5 — — — — —
24 mo — — 6.2 ± 6.4 — — — — —

WOMAC–
pain

Baseline 14 12.2 ± 1.9 12.1 ± 2.3 — — — — —
1 mo 5 3.3 ± 2.1 6.2 ± 4 — — — — —
3-4 mo 7 1.7 ± 2.2 4.4 ± 3.5 — — — — —
6 mo 5 — 3.7 ± 1.8 — — — — —
12 mo — — 3 ± 3.1 — — — — —
24 mo — — 2.6 ± 3.4 — — — — —

aNo data regarding pain score was reported in other studies by Padia et al29 (2020) and Shibuya and Okuno37 (2018). Data are presented as
mean ± SD. Dashes indicate that the score is not reported. GAE, genicular artery embolization; KL, Kellgren-Lawrence; VAS, visual analog
scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

bThis study was not included in the final meta-analysis because of the lack of data on SD.
cThis study was not included in the final meta-analysis because it included just 1 case.
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Ensuing abnormal neoangiogensis and growing sensory
nerves from the pre-existing vasculature are the essential
elements in potentiating further inflammation and chemi-
cal cascade of pain in OA.28 These new vascularities have
provided a potential target for directed or selective emboli-
zation in genicular arteries to alleviate pain.

GAE is an innovative technique that is investigated as an
additional, often supplementary, method for palliation of

chronic pain secondary to knee OA. While GAE does not
appear to completely eliminate pain,13 its potential to affect
GAE’s natural progression has yet to be studied. Currently,
the available data seem to suggest GAE is a reasonable and
safe additional option to alleviate pain, decrease the use of
pharmacologic analgesic agents and injection therapies,
and improve functional status. Patients undergoing GAE
could theoretically experience knee joint replacement at an

Figure 3. Forest plot demonstrating pre- and postembolization changes in absolute scores of the visual analog scale score
at different time points. IV, inverse variance.
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older age compared with patients without previous GAE,11

a possible substantial benefit that will require long-term
follow-ups for better understanding.

No severe or life-threatening perioperative complications
were reported after the GAE procedure, which may be
attributable to the small amount of embolic material uti-
lized. Early pain reduction, self-resolution, and the low
minor complication rate may warrant increased interest
in GAE. These findings, however, should be interpreted
with caution until larger prospective randomized trial data
become available. Current limitations include the large
heterogeneity in the follow-up time, with most of the stud-
ies having <2 years’ follow-up and only 1 study having
about 4 years’ follow-up. Therefore, understanding of the
long-term effects of GAE is limited, and results regarding
sustained symptom relief and delay in need of total knee
joint arthroplasty were inconclusive. The pooled analysis
data in this study did not show any significant difference
in the effectiveness and clinical outcomes of Embozene
compared with imipenem/cilastatin based on the total
WOMAC scale. Therefore, as imipenem/cilastatin has not

Figure 5. Forest plot demonstrating pre- and postembolization changes in patient-reported function based on the Western Ontario
and McMaster Universities Osteoarthritis Index—total scores at different time points. IV, inverse variance.

Figure 4. Therapeutic trajectory demonstrating the percent-
age of improvement in pain and functional scores at different
time points (compared with baseline, considered 100%).
VAS, visual analog scale; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.
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yet been approved by the US Food and Drug Administra-
tion, it seems to be an equivalent embolic material for US
patients. However, embolization performed by Embozene
showed a higher minor complication rate compared to imi-
penem/cilastatin (0.24) (P < .00001), which may be attrib-
utable to particle size, suggesting a need for further
investigation analysis. An alternative explanation for dif-
ferences in outcomes (minor complication rates and effec-
tiveness) could be attributed to the various techniques
used by different institutions. As GAE evolves into a more
established technique, angiographic technical details and
intraprocedural endpoints will need to be further dis-
cussed and possibly consensus will be reached; however,
at this stage, technical differences could be a source for
higher effectiveness and lower complication rates among
cases.

Other possibilities include the self-resorbable nature of
imipenem/cilastatin versus the permanent presence of Embo-
zene in the blood vessel, leading to different ischemic time of
involved cutaneous branches. Additionally, differences in
embolization technique or desired angiographic endpoints
result in more aggressive embolization, which can increase
the possibility of nontarget embolization.

To date, outcome measures include patient-reported pain/
function changes and image-based assessments. Patient-
reported outcome measures are used across trials to evaluate
health status, and disease course or monitor patient progress
after the intervention.8,18 The widely used WOMAC has been
suggested as one of the highest-performing outcome mea-
sures for knee and hip OA in terms of reliability, validity,
responsiveness, and feasibility.34 By evaluating included
researches, we found that there was a lack of clarity and
uniformity in how an outcome measure was used, making
it more difficult to accurately interpret results between
studies. Reporting the WOMAC total score should also
contain results for the individual subscales of pain, stiff-
ness, and physical activity. Results of OA trials treated
with GAE should clearly report the specific subscale used
for the WOMAC and the associated score range. This
would allow readers to see whether the treatment effect
is consistent across the 3 domains. Alternatively, the Knee
injury and Osteoarthritis Outcome Score as an extension
of the WOMAC can be used to compare the functional out-
comes of all types of knee ailments, from traumatic inju-
ries to OA, while the WOMAC score is used to compare the
functional outcomes of OA treatments.33

Figure 6. Forest plot demonstrating pre- and postembolization changes in the absolute scores of the Western Ontario and
McMaster Universities Osteoarthritis Index–pain subscales at different time points.
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The most sensitive imaging modality in the assessment
of knee OA is MRI. The multifeatured Whole-Organ Mag-
netic Resonance Imaging Score (WORMS) was the first
scoring system published and has been commonly utilized
in research for more than a decade in the OA and

orthopaedic literature. WORMS scores should be used at
baseline and long-term GAE follow-up to assess the mar-
kers of baseline knee joint pathology and treatment
response.30 Among included studies, only Okuno et al28

showed modifications of the knee structure after GAE at

Figure 7. Forest plots demonstrating (A) the overall functional improvement (standard mean difference of WOMAC scores) and (B)
the overall functional improvement (mean difference of WOMAC scores) between different embolic agents within 1-month
follow-up. WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index. IV, inverse variance.

TABLE 5
Summary of Pain and Disability Scores Including the VAS and WOMAC Scores Before and after GAEa

First Author, Year

Opiate
(Daily þ as needed)

NSAID
(Daily þ as needed)

Acetaminophen
(Daily þ as needed) Hyaluronic Acid Injection

Baseline Final Follow-up Baseline Final Follow-up Baseline Final Follow-up Baseline Final Follow-up

Bagla et al2 (2020) 6 1 13 6 4 2 nr nr
Okuno et al27 (2015) nr nr 10 1 nr nr 6 0
Okuno et al28 (2017) 22 2 39 4 nr nr 43 2
Lee et al21

(2019)
nr nr 56 12 nr nr 49 3

Total 28 3 118 25 4 2 98 5

aNo data regarding conservative treatment before and after GAE were reported in the studies by Shibuya and Okuno37 (2018), Kumar and
Chandrashekhara19 (2020), Padia et al29 (2020), Bagla et al3 (2020), and Piechowiak et al31 (2017). GAE, genicular artery embolization; nr, not
reported; NSAID, nonsteroidal anti-inflammatory drug; VAS, visual analog scale; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index.
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Figure 8. Forest plot demonstrating overall changes in consumption proportion of concurrent pharmacologic medications pre- and
postoperatively. M-H, Mantel-Haenszel.

Figure 9. Forest plot demonstrating overall complications risk ratio (event vs nonevent) across different embolic agents. I/
C, imipenem/cilastatin; M-H, Mantel-Haenszel.
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24 months by using the WORMS. A significant improve-
ment for synovitis was depicted with no other significant
changes in cartilage, marrow abnormality, bone cysts, bone
attrition, osteophyte, menisci, and ligaments compared
with the baseline. Hence, the utilization and standardiza-
tion of a specific imaging protocol for semiquantitative
whole-organ assessments will be central to future meticu-
lous GAE research.

In terms of health economy, surgical procedures are the
major driver of the high total cost compared with routine
medications among patients with OA-related knee pain. Lit-
tle data exist to draw a definite conclusion, especially when it
comes to cost-effectiveness analysis and comparison for
quality-adjusted life years of GAE. In a study by Davies and
Isaacson,7 GAE for knee OA was shown to be more expensive
than NSAIDs, but less than cyclooxygenase-2–selective
drugs when expected future complication costs were consid-
ered. However, for a better comparison, quality-adjusted life
years, long-term follow-up, and available prices of a wide
variety of products will be needed in future trials.

As far as the general limitations of the study are con-
cerned, available studies lacked a control group (other treat-
ment modalities). Additionally, the studies have been
reported from a limited number of geographical regions.
Thus, further patient-centered investigations of the GAE
safety and effectiveness in other geographical regions, with
a larger sample size from different ethnic groups and longer
duration of follow-up, is needed to improve the quality of
evidence in terms of durability, efficacy, and safety of this
treatment. If true and sufficiently robust, GAE can have
significant implications on the current treatment paradigm
for patients who experience OA of the knee.

CONCLUSION

Our systematic review revealed that mild to moderate OA
treated by GAE using different embolic particles could
generally be considered safe, with no reported serious com-
plications. The procedure resulted in significant and sus-
tained pain improvement as well as better functional status
in the studies reviewed. However, because of the paucity of
high-quality trials, further research is warranted to evalu-
ate GAE’s long-term outcomes, its comparative efficacy
with other treatment modalities, and its role in the thera-
peutic approach.
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APPENDIX

TABLE A1
Search Strategya

Search Query Results, n

PubMed

#1 “Osteoarthritis”[ MeSH] OR “Osteoarthritis, Knee”[MeSH] OR “Osteoarthritides”[All Fields] OR
“Osteoarthrosis”[All Fields] OR “Osteoarthroses”[All Fields] OR “Degenerative Arthritides”[All Fields]
OR “Degenerative Arthritis”[All Fields] OR “Arthrosis”[All Fields] OR “Arthroses”[All Fields] OR
“Osteoarthrosis Deformans”[All Fields] OR “Knee Osteoarthritides”[All Fields] OR “Knee
Osteoarthritis”[All Fields] OR “Osteoarthritis of Knee”[All Fields] OR “Osteoarthritis of the Knee”[All
Fields] OR “knee pain”[All Fields] OR “pain of knee”[All Fields] OR “knee joint pain”[All Fields] OR “pain
of knee joint”[All Fields] OR “knee disabilit*”[All Fields] OR “disability of knee”[All Fields] OR
“disabilities of knee”[All Fields] OR “disability of knee joint”[All Fields] OR “disabilities of knee joint”[All
Fields] OR “disability of the knee”[All Fields] OR “disabilities of the knee”[All Fields] OR “disability of
the knee joint”[All Fields] OR “disabilities of the knee joint”[All Fields] OR “pain of the knee”[All Fields]
OR “pain of the knee joint”[All Fields]

77,671

#2 “Embolization, Therapeutic”[MeSH] OR “Embolotherapy”[All Fields] OR “Embolotherapies”[All Fields] OR
“Therapeutic Embolization*”[All Fields] OR “geniculate artery embolization*”[All Fields] OR “geniculate
arteries embolization*”[All Fields] OR “embolization of geniculate arter*”[All Fields] OR “GAE”[All
Fields] OR “embolization of the geniculate arter*”[All Fields] OR “genicular artery embolization”[All
Fields] OR “genicular arteries embolization”[All Fields] OR “embolization of genicular arter*”[All Fields]
OR “embolization of the genicular arter*”[All Fields] OR “arterial embolization”[All Fields] OR
“embolization of arter*”[All Fields] OR “geniculate artery embolisation*”[All Fields] OR “geniculate
arteries embolisation*”[All Fields] OR “embolisation of geniculate arter*”[All Fields] OR “embolisation of
the geniculate arter*”[All Fields] OR “genicular artery embolisation”[All Fields] OR “genicular arteries
embolisation”[All Fields] OR “embolisation of genicular arter*”[All Fields] OR “embolisation of the
genicular arter*”[All Fields] OR “arterial embolisation”[All Fields] OR “embolisation of arter*”[All Fields]

46,003

#3 #1 and #2 24

(continued)
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Table A1 (continued)

Search Query Results, n

EMBASE

#1 “Osteoarthritis”/mj OR “knee osteoarthritis”/mj OR “Osteoarthritides”: ti, ab, kw OR “Osteoarthrosis”: ti, ab, kw
OR “Osteoarthroses”: ti, ab, kw OR “Degenerative Arthritides”: ti, ab, kw OR “Degenerative Arthritis”: ti, ab,
kw OR “Arthrosis”: ti, ab, kw OR “Arthroses”: ti, ab, kw OR “Osteoarthrosis Deformans”: ti, ab, kw OR “Knee
Osteoarthritides”: ti, ab, kw OR “Knee Osteoarthritis”: ti, ab, kw OR “Osteoarthritis of Knee”: ti, ab, kw OR
“Osteoarthritis of the Knee”: ti, ab, kw OR “knee pain”: ti, ab, kw OR “pain of knee”: ti, ab, kw OR “knee joint
pain”: ti, ab, kw OR “pain of knee joint”: ti, ab, kw OR “knee disabilit*”: ti, ab, kw OR “disability of knee”: ti, ab,
kw OR “disabilities of knee”: ti, ab, kw OR “disability of knee joint”: ti, ab, kw OR “disabilities of knee joint”: ti,
ab, kw OR “disability of the knee”: ti, ab, kw OR “disabilities of the knee”: ti, ab, kw OR “disability of the knee
joint”: ti, ab, kw OR “disabilities of the knee joint”: ti, ab, kw OR “pain of the knee”: ti, ab, kw OR “pain of the
knee joint”: ti, ab, kw

90,368

#2 “arterial embolization”/mj OR “Embolotherapy”: ti, ab, kw OR “Embolotherapies”: ti, ab, kw OR
“Therapeutic Embolization*”: ti, ab, kw OR “geniculate artery embolization*”: ti, ab, kw
OR “geniculate arteries embolization*”: ti, ab, kw OR “embolization of geniculate arter*”: ti, ab, kw OR
“GAE”: ti, ab, kw OR “embolization of the geniculate arter*”: ti, ab, kw OR “genicular artery
embolization”: ti, ab, kw OR “genicular arteries embolization”: ti, ab, kw OR “embolization of genicular
arter*”: ti, ab, kw OR “embolization of the genicular arter*”: ti, ab, kw OR “arterial embolization”: ti,
ab, kw OR “embolization of arter*”: ti, ab, kw OR “geniculate artery embolisation*”: ti, ab, kw OR
“geniculate arteries embolisation*”: ti, ab, kw OR “embolisation of geniculate arter*”: ti, ab, kw OR
“embolisation of the geniculate arter*”: ti, ab, kw OR “genicular artery embolisation”: ti, ab, kw OR
“genicular arteries embolisation”: ti, ab, kw OR “embolisation of genicular arter*”: ti, ab, kw OR
“embolisation of the genicular arter*”: ti, ab, kw OR “arterial embolisation”: ti, ab, kw OR
“embolisation of arter*”: ti, ab, kw

14,210

#3 #1 and #2 40

Scopus

#1 ((TITLE-ABS-KEY (“Osteoarthritis” OR “knee osteoarthritis” OR “Osteoarthritides” OR “Osteoarthrosis” OR
“Osteoarthroses” OR “Degenerative Arthritides” OR “Degenerative Arthritis” OR “Arthrosis” OR “Arthroses”
OR “Osteoarthrosis Deformans” OR “Knee Osteoarthritides” OR “Knee Osteoarthritis” OR “Osteoarthritis of
Knee” OR “Osteoarthritis of the Knee” OR “knee pain” OR “pain of knee” OR “knee joint pain” OR “pain of
knee joint” OR “knee disabilit*” OR “disability of knee” OR “disabilities of knee” OR “disability of knee joint”
OR “disabilities of knee joint” OR “disability of the knee” OR “disabilities of the knee” OR “disability of the
knee joint” OR “disabilities of the knee joint” OR “pain of the knee” OR “pain of the knee joint”)) AND (TITLE-
ABS-KEY (“arterial embolization” OR “Embolotherapy” OR “Embolotherapies” OR “Therapeutic
Embolization*” OR “geniculate artery embolization*” OR “geniculate arteries embolization*” OR
“embolization of geniculate arter*” OR “GAE” OR “embolization of the geniculate arter*” OR “genicular
artery embolization” OR “genicular arteries embolization” OR “embolization of genicular arter*” OR
“embolization of the genicular arter*” OR “arterial embolization” OR “embolization of arter*” OR “geniculate
artery embolisation*” OR “geniculate arteries embolisation*” OR “embolisation of geniculate arter*” OR
“embolisation of the geniculate arter*” OR “genicular artery embolisation” OR “genicular arteries
embolisation” OR “embolisation of genicular arter*” OR “embolisation of the genicular arter*” OR “arterial
embolisation” OR “embolisation of arter*”)))

34

Web of Science

#1 ALL¼(Osteoarthritis OR Osteoarthr* OR Arthr* OR Osteoarthritis of the Knee OR knee pain OR pain of knee
OR knee joint pain OR pain of knee joint OR knee disabilit* OR disability of knee OR disabilities of knee OR
disabilities of knee joint OR disability of the knee OR disabilities of the knee OR pain of the knee OR pain of
the knee joint)

Indexes¼SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED,
IC Timespan¼All years

663,784

#2 ALL¼(arterial embolization* OR Embolotherap* OR geniculate artery embolization* OR geniculate arteries
embolization* OR embolization of geniculate arter* OR GAE OR genicular artery embolization OR
embolization of genicular arter* OR embolization of the genicular arter* OR embolization of arter* OR
geniculate artery embolisation* OR geniculate embolisation)

Indexes¼SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED,
IC Timespan¼All years

42,151

#3 #1 and #2 281

aAll searches were performed on August 11, 2020. MeSH, Medical Subject Headings.
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