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Genicular artery embolization (GAE) was initially described
to treat patients with spontaneous hemarthrosis after knee
arthroplasty.1,2 Angiography in these patients demonstrates
synovial hypervascularity that can be targeted with emboli-
zation to control hemarthrosis.3,4 Okuno et al were the first
to apply this same technique to patients with knee
pain secondary to osteoarthritis (OA) who have not under-
gone arthroplasty.5 It was successfully demonstrated in
consecutive trials that transarterial embolization of genicu-
lar arteries in patients with osteoarthritic knee pain refrac-
tory to conservative management could significantly
improve knee pain and function.6,7 The presumed mecha-
nism behind the pain reduction involves ischemia of the
inflamed synovial tissue, including the irritated neurovas-
cular bundles that course within it.8–10 Since the initial trial
byOkuno et al in 2013,multiple studies havebeen conducted
worldwide culminating in a randomized control study in the
United States that highlighted the effectiveness of GAE
compared to a sham procedure.11–15 The purpose of this
article is to describe the literature on GAE and highlight the
latest findings from the randomized sham-controlled trial.

Anatomy

An in-depth understanding of the knee joint arterial anato-
my is necessary to successfully navigate and embolize the
appropriate vessels. The following arteries may be targeted
during GAE: the descending genicular artery, the medial
superior genicular artery, the medial inferior genicular
artery, the lateral superior genicular artery, the lateral
inferior genicular artery, and the anterior tibial recurrent
artery. An angiographic classification for the genicular
vascular anatomy was proposed recently: medially—M1
(3/3 arteries present) versus M2 (2/3 arteries present),
laterally—L1 (3/3 arteries present) versus L2 (2/3 arteries
present).16 Of note, the superior patellar artery and the
median genicular artery were studied by Okuno et al but
has not been included in any other studies given its small
vessel size and limited involvement in the knee joint. When
performing GAE, it is important to understand that the knee
joint is a highly vascular structure with numerous arterial
anastomoses that can potentially lead to nontarget
embolization.17
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Abstract Symptomatic knee pain is one of the most common joint diseases that affects millions
of people worldwide. The treatment for knee pain secondary to osteoarthritis (OA)
begins with conservative therapy and progresses to surgical intervention when
conservative therapy fails. Genicular artery embolization (GAE) offers an alternative
option for patients who are poor surgical candidates. Multiple studies have been
conducted worldwide demonstrating the safety and efficacy of GAE in patients with
mild to moderate OA. The purpose of this article is to describe the current literature on
GAE and highlight the latest findings from a randomized controlled trial comparing GAE
versus sham embolization.
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Procedure

Most commonly, contralateral femoral artery access is used
for GAE. After advancing a diagnostic catheter “up and over”
the aortic bifurcation, lower extremity digital subtraction
angiography is performed to identify the genicular vessels. A
microcatheter is then advanced into the individual vessels
and selective angiography is performed to assess for hyper-
vascularity appearing as a “tumor blush” (►Fig. 1). The
operator may choose to interrogate only the genicular arter-
ies that correlate with the region of pain in the knee. The
targeted arteries are then embolized very slowly with dilute
particles ranging from 75 to 300 μm until the “tumor blush”
is no longer evident on subsequent angiography (►Fig. 2).
Both permanent and absorbable particles have been de-
scribed for GAE. Patients are generally discharged
several hours after the procedure. Most commonly, patients
report increased pain during the first few days after the
procedure with pain relief and improved function starting 1
to 2 weeks after the procedure.

Outcomes

►Table 1 summarizes the basic demographic data from the
major pilot studies reported in the literature. One study by
Okuno et al (2015) is not included in the list since the
patients from the first study were also included in the
2017 study.5 The randomized sham control study by Bagla
et al is also not included since it is not comparable to the
others but will be discussed later.12 Okuno et al6 had the
highest sample size of 72 patients, while Lee et al7 had the
highest average age of 67.1. The reported patient body mass
index (BMI) was highest with Bagla et al (BMI: 35.0), while
gender distributionwas skewed toward females consistently
in almost all studies.11 Major differences in study designs
included variation in patient scoring tools. Visual analog
scale (VAS) was not used by Landers et al,14 while the
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) was not used by Lee et al,7 Landers et al,14 and
Little et al.15 Instead, both Landers et al14 and Little et al15

used the Knee injury and Osteoarthritis Outcome Score
(KOOS). Additionally, Embozene was the most used embolic

Fig. 1 Preembolization angiography from the superior medial
genicular artery demonstrating the hypervascularity (arrows) noted
in osteoarthritis patients.

Fig. 2 Postembolization angiography with absence of abnormal
vessels and return to normal anatomy.

Table 1 Summary of demographic data from initial pilot studies

Study n Age BMI M/F Avg KL grade VAS WOMAC KOOSa Embolic agent

Okuno et al6 72 64.4 25.1 23/49 � 2.0 72.0 42.5 NA IPM/CS, Embozene

Bagla et al11 20 59.4 35.0 9/11 2.4 76.0 61.0 NA Embozene

Lee et al7 45 67.1 24.9 17/54 2.7 5.6a NA NA IPM/CS

Landers et al14 10 62.2 31.0 4/4 � 1.5 NA NA 45.0 PVM, Embozene

Little et al15 38 60.0 30.0 18/20 2.4 60.0 NA 54.0 Embosphere

Abbreviations: BMI, bodymass index; IPM/CS, imipenem/cilastatin sodium; KOOS, Knee injury and Osteoarthritis Outcome Score; M/F, male/female;
PVM; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
aKnee injury and Osteoarthritis Outcome Score.
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material, but imipenem/cilastatin sodium (IPM/CS) and
polyvinyl alcohol have also been used.

The study by Okuno et al was the earliest and probably the
most influential study on GAE.6 The study demonstrated that
GAE formild tomoderateOA led to significant improvements
in VAS and WOMAC compared to baseline at the 1-, 4-, 6-,
12-, and 24-month follow-up periods. A temporary embolic
composed of IPM/CS, an antibiotic that crystallizes in solu-
tion, was used for the majority of patients in this study. If
patients were allergic to IPM/CS, a permanent spherical
embolic was used (Embozene). No differences in outcomes
were noted when comparing patients who received IPM/CS
versus Embozene. Of the 72 patients who received GAE, 6
patients underwent repeat GAE within the study period.
While Okuno et al focused on patients withmild tomoderate
OA, Lee et al separated patients into mild to moderate and
severe OA subcohorts.7 Although GAE was effective in the
mild to moderate group, 3 of the 12 patients in the severe
group required total knee replacement by the end of the trial.

Given the success of GAE in these initial Asian studies,
Bagla et al performed a pilot study evaluating the efficacy of
GAE in a more obese U.S. population.11 Significant improve-
ment in pain and disability was again observed in the
6-month follow-up period. Landers et al completed a similar
pilot study in Australia with a small sample size of
10 patients.14 Although the patients had 2-year follow-up,
two patients withdrew from the study after 12 months,
decreasing the sample size to eight. Additionally, both
Embozene and polyvinyl alcohol particles were used as
embolic agents instead of a single agent. Investigators from
the United Kingdom have published the latest pilot study on
GAE with follow-up of 12 months. Although the study
supported prior results in the literature, it was the first to
use a patient satisfaction survey which demonstrated that
75% of patients considered the procedure a positive experi-
ence. Of the 38 patients in the study, 6 patients were not
embolized because of the presence of extensive anastomosis
(n¼3), lack of hyperemic target on initial angiography
(n¼2), and the presence of extensive cutaneous supply
(n¼1). The 32 patients who underwent embolization dem-
onstrated significant improvement in pain and function at
6weekswhichmaintained to 12months. Additionally, unlike
earlier studies, cone-beam CT and an ice pack to the knee
joint were both used to prevent nontarget embolization.

Up to this point, GAE has proven to be a safe procedure
with only mild complications reported.18 ►Table 2

summarizes the reported adverse events (AEs) from GAE in
the literature. Minor AEs include skin discoloration without
ulcers and puncture site hematomawhich both self-resolved
without further intervention. The observed skin discolor-
ation is thought to be secondary to nontarget embolization of
small cutaneous arteries. In the Japanese study inwhich both
permanent and absorbable particles were used, none of the
patients who received the temporary embolic developed the
skin changes. Of the studies that used only permanent
embolics, Little et al had one of the lowest rates of discolor-
ation which may be due to placing ice packs on the skin
overlying the targeted genicular arteries, resulting in vaso-
constriction of cutaneous vessels.15Other AEs that have been
reported include self-resolving fever in one patient and foot
numbness in two patients which resolved with gabapentin.

Randomized Control Study

The success of the early pilot studies set the stage for the first
randomized controlled trial comparing GAE to a sham pro-
cedure.12 Twenty-one patients were recruited and randomly
assigned to treatment (n¼14) or control (n¼7) arms.
Patients in the treatment group received GAE, while patients
in the sham group received lower extremity angiograms
without embolization. Sham group patients were offered
the option to crossover to the treatment group at the
1-month follow-up and all seven patients crossed over to
receive GAE. Statistically significant pain reduction was
noted in the treatment group versus sham at 1 month
(50.1mm VAS; SE¼10.6, 95% confidence interval: [29.0,
72.3], p<0.01). Long-term analysis to 12 months confirmed
improvements in VAS and WOMAC compared to baseline.
Although patients were removed from the study if they
required increasing analgesic, sensitivity analyses were con-
ducted to confirm the validity of the results. In summary, this
study provides evidence that the effect of GAE in reducing
pain and disability in patients with knee OA is significantly
greater than the effect of placebo.

Conclusion

Symptomatic knee OA is one of the most common joint
problems worldwide, affecting millions of people and caus-
ing substantial disability. Although there are many options
for conservative therapy prior to surgery, there is yet to be a
treatment modality that provides reliable, sustained relief

Table 2 Summary of adverse events

Study Skin discoloration Puncture-site hematoma Miscellaneous

Okuno et al6 4/72, 0.1% 12/72, 0.2% 0

Bagla et al11 13/20, 65.0% 1/20, 0.1% a2/20, 0.1%

Lee et al7 3/45, 0.1% 5/45, 0.1% b1/45, 0.02%

Landers et al14 0 1/10, 0.1% 0

Little et al15 4/38, 0.1% 1/38, 0.02% 0

aToe numbness.
bFever.
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without the risks of chronic medication. The available data
for GAE suggest that it may fill this void.
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