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Genicular Artery Embolization for
Symptomatic Knee Osteoarthritis

Description

Genicular artery embolization

(GAE), previously used to manage
recurrent hemarthrosis after total

knee arthroplasty (TKA), is now being
actively investigated for managing
symptomatic moderate to severe
osteoarthritis (OA) in patients resistant
to medical/conservative treatment and
not eligible for TKA.

This activity is designed to educate
radiologists about the pathophysiology
of OA, mechanism of action of GAE

on alleviating the symptoms, GAE’s
procedural technique, safety profile,
and recent advances.

Learning Objectives

Upon completing this activity, the
reader should be able to:

= Describe the pathophysiology of OA.

= Explain how embolization helps
improve patient symptoms.

= Explain the patient’s procedural
candidacy.

= Explain the vessel pruning technique
employed in this embolization
procedure.

Target Audience

= Radiologists
= Related Imaging Professionals
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Genicular Artery Embolization for
Symptomatic Knee Osteoarthritis

Ali Husnain, MD; Shah Jamal Wali, MBBS; Wali Badar, MD; Osman Ahmed, MD

Knee osteoarthritis (OA) is one of
the leading causes of chronic disabil-
ity in adults, affecting more than 9.3
million Americans.! Many options for
managing OA-associated symptoms
exist, ranging from conservative
therapy to invasive total knee replace-
ment. Conservative treatment in-
cludes weight loss, aerobic and mus-
cle-strengthening exercises, NSAIDs,
and tramadol.? Intra-articular steroid
injections are an accepted therapy,
but hyaluronic acid use remains con-
troversial, as studies have reported no
significant benefit compared to other
conservative therapies.>* Further,
intra-articular steroids may accelerate
the progression of OA.*

Total knee arthroplasty (TKA)
is a well-established treatment for
osteoarthritis; however, not every
patient is an ideal candidate for TKA,
owing to underlying comorbidities.®
Elderly patients with comorbidities,
moreover, may be at increased risk
of periprosthetic bone fracture. Ad-
ditionally, the daunting postoperative
recovery period serves as a deterrent
for patients considering TKA.%’

Genicular artery embolization
(GAE) is a minimally invasive proce-
dure that has shown benefit for man-
aging recurrent hemarthroses post-
TKA.® Recently, GAE has been used to
treat medically refractory OA-related
pain in patients who are not eligible
for or who do not desire to undergo
surgery. Multiple clinical trials have
demonstrated the efficacy of GAE in
controlling pain with an acceptable
safety profile.” ' In this review, we
will discuss the pathophysiology of
OA, along with procedural details and
recent advances regarding GAE.

Pathophysiology of
Osteoarthritis

Osteoarthritis once was consid-
ered a degenerative process from
progressive wear and tear of the
joint. However, recent research has
demonstrated that OA is mediated
by an inflammatory cascade and
represents a key clinical phenotype
of the disease.’®

When the intraarticular tissues are
exposed to excessive or abnormal
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stress, they generate inflammatory
mediators (chemokines and cytokines)
and proteases (matrix metalloprotein-
ases), which lead to an inflammatory
cascade and alteration of the normal
balance between cartilage breakdown
and restoration. Chronic bone and
synovial inflammation stimulate vas-
cular endothelial cells to form aberrant
neovasculature in response to an im-
balance between pro-angiogenic and
anti-angiogenic factors. Pro-angiogenic
factors consist of prostaglandin E2,
histamine, vascular endothelial growth
factor, interleukin-1, platelet-derived
growth factor, and nitric oxide.”” In
addition, unmyelinated sensory nerves
grow around the neovasculature,
resulting in pain-related symptoms.?

It is proposed that embolization of the
hyperemic knee vasculature curtails
this inflammation, inhibiting angio-
genesis and proliferation of unmyelin-
ated nerve fibers. Significant reduction
in nerve growth factor, a pain and
cartilage destruction mediator in OA,
have been demonstrated after GAE.*

Animal Models

The synovial changes in OA and
the effects of GAE have been evalu-
ated in animal studies. Korchi et al
confirmed the presence of synovial
inflammation and hypervasculariza-
tion in knee OA of a canine model
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Figure 1. Lateral compartment pain in an
adult with bilateral knee osteoarthritis. (A)
Anterior-posterior projection DSA following
left SFA injection demonstrates genicular
arterial anatomy (arrows) including the
descending genicular artery (DGA, blue),
lateral superior genicular artery (LSGA,
black), lateral inferior genicular artery
(LIGA, red), anterior tibial recurrent artery
(ATRA, yellow). (B) Selective catheterization
of the LIGA (blue arrow; parent vessel)
demonstrates significant hyperemia

and neo-angiogenesis along the lateral
compartment (green arrow; target vessel).
This vessel was subsequently embolized
with 0.4cc of 200-micron microspheres. (C)
Postembolization demonstrates successful
embolization and pruning of the hyperemic
target vessels (green arrow) with preserved
flow within the parent genicular artery
(blue arrow). (D) Selective catheterization
of the LSGA (blue arrow; parent vessel)
demonstrates additional hyperemia and
neo-angiogenesis along the superior-lateral
aspect of the joint (green arrow; target
vessel).

Note the BB markers placed at the sites

of the patient’s focal pain. (E) Post
embolization with 0.5cc of 200-micron
microspheres demonstrates pruning of
hyperemic target vessels (green arrow)
with preserved flow within the parent LSGA
(blue arrow).
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using a comprehensive imaging
approach and reported a positive
correlation of image findings with
histopathological analysis. Imaging
included conventional MRI, dynamic
contrast-enhanced MRI, contrast-
enhanced MRI, and quantitative
digital subtraction angiography
(Q-DSA). The study also underscored
the role of early imaging in diagnosis
and monitoring disease progression.?
Ro et al evaluated the efficacy of
GAE by randomly assigning rabbit
knee OA models to GAE or sham
interventions.? A significant de-
crease in synovial inflammation and
CD3+ cell infiltration was reported
among the GAE group, indicating
the procedure’s potential to mitigate
OA-related symptoms.

Workup and Selection Criteria

Osteoarthritis severity is graded
according to the Kellgren-Lawrence
(KL) classification model based
on radiographic findings such as
presence of osteophytes, joint space
narrowing and sclerosis.* Subjective
scoring methods for assessing symp-
tom severity include the Western
Ontario and McMaster Universities
Osteoarthritis index (WOMAC), the
Knee Injury and Osteoarthritis Out-
come Score (KOOS), and the visual
analog scale (VAS). WOMAC (total
score range: 0-96; pain sub-scale
score range: 0-20) and KOOS (range:
0-100) involve parameters such as
pain, stiffness, physical function,
activities of daily living, sport and
recreation function, and related
quality of life. The VAS considers
only one parameter: pain (range:
1-10). Imaging metrics are also some-
times used to quantify symptom
severity, known as whole-organ mag-
netic resonance scoring (WORMS).
This approach utilizes conventional
MR images and comprises fourteen
articular features, focusing on artic-
ular cartilage loss and osteophytes,
which are recognized as central to
OA pathophysiology.”
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The GAE selection criteria typi-
cally involve patients with radiog-
raphy-proven, moderate-to-severe
OA (within 3 months), who are
experiencing moderate to severe
pain (VAS > 3), that persists despite
conservative treatments (for at least
6 months), and who are ineligible
for (or not desiring not to undergo)
TKA. Generally accepted contraindi-
cations include rheumatoid or other
inflammatory arthritis, irreversible
coagulopathy, acute knee trauma
mandating surgery, prior partial or
total knee replacement in the ipsilat-
eral knee, lower-extremity arterial or
venous insufficiency, severe iodinat-
ed contrast allergy or eGFR < 45. Pre-
procedural MRI is often performed
to rule out other underlying sources
of pain and poor treatment response,
such as structural abnormalities or
malignancy. A thorough history and
physical examination are performed
and symptom severity is assessed
using the subjective scoring methods
described above, with majority of the
current studies using WOMAC as the
scoring tool.??’

Procedural Technique/
Vascular Pruning Technique

Preparation and Setup

GAE is generally performed under
moderate sedation on an outpatient
basis. Routine prerequisites such as
performing basic lab investigations,
discontinuing oral anticoagulants,
and securing informed consent
are completed, and pain sites are
identified with radiopaque markers
for precision.?”’

Access and Catheterization

Three approaches can be used to
access the femoral artery: Ipsilateral
antegrade, contralateral retrograde,
and retrograde pedal.?® Access is
obtained under local anesthesia
and ultrasound guidance, then an
angiographic catheter is advanced
to the distal superficial femoral

artery, a critical step in identifying
the genicular branches responsible
for the hyperemic regions near the
radiopaque markers. Further refine-
ment is achieved by introducing and
advancing a microcatheter, often
1.7-2.4-French in size, super-se-
lectively into the genicular arteries
for precise targeting. Lower-profile
microcatheters (< 2 -French) may be
considered to enhance navigational
ease in complex anatomy.?

Contrast and Embolization

Contrast is administered from the
distal superficial femoral artery above
the origin of the descending genicular
artery. Both early and delayed phase
DSA are deployed to facilitate the
identification of genicular arteries or
any anatomical variants and target
hyperemic areas (Figure 1). Addition-
ally, cone-beam CT and angio-CT can
be used to map the feeding vessels
and to determine vessel obliquity.?’
Once the target vessel is reached,
the “pruning” method is employed
to inject embolic material (minis-
cule aliquots ranging 0.1-0.4 mL) to
achieve sub-stasis.

This technique effectively clears
hyperemic vessels while simultane-
ously ensuring sustained flow within
the parent genicular artery and
thereby mitigating the risk of
ischemic complications.? This was
validated in a pilot study by Badar et
al, who reported favorable clinical
outcomes and significant perfusion
reduction in the target vessels with
preserved flow in the parent vessel.”
For enhanced precision, micro-
spheres can be diluted with the
appropriate ratio of contrast and
saline and injected under fluoroscop-
ic guidance.?? The six main target
vessels are the descending genicular
artery (DGA), the superior medial
genicular artery (SMGA), the inferior
medial genicular artery (IMGA), the
superior lateral genicular artery
(SLGA), the inferior lateral genicular
artery (ILGA), and the anterior tibial
(ATRA) artery.'

March / April 2024



Genicular Artery Embolization for Symptomatic Knee Osteoarthritis

CME

REVIEW

Table 1. Clinical outcomes of genicular artery embolization studies*

YEAR PUBLISHED NO. OF

(DESIGN)

PATIENTS

AGE
(MEAN)

K-L GRADE

EMBOLIC USED

CHANGE IN VAS
AT 6 MONTHS

CHANGE IN WOMAC
AT 6 MONTHS

Okuno et al.® 2015 14 65.2 0-2 IPM/CS, Embozene - -
(Pros)

Okuno et al.*® 2017 72 64.4 1-3 IPM/CS, Embozene -73.6% -69.4%
(Pros)

Lee et al.l* 2019 41 67.2 1-3 IPM/CS -65.4% -
(Retro)

Lander et al.*? 2020 10 62.2 1-3 PVA, IPM/CS - -
(Pros)

Bagla et al.*® 2020 20 59.4 1-3 Embozene -59.2% -49.18%
(Pros)

Little et al.* 2021 38 60 1-3 Embosphere - -
(Pros)

Padia et al.*® 2021 40 69 2-4 Embozene -62.5% -62.5%
(Pros)

Bagla et al.*® 2022 21 63.5 1-3 Optisphere -75% -54.8%
(RSC)

Sapoval et al.?? 2023 22 66 >2 loversol/ - -
(Pros) Ethiodized oil

Abbreviations: Pros: Prospective; Retro: Retrospective; RSC: Randomized Sham-Controlled; KL: Kellgren-Lawrence; IPM/CS: Imipenem/Cilastatin sodium;

PVA: polyvinyl alcohol; VAS: visual pain analog; WOMAC: Western Ontario McMaster Universities Osteoarthritis Index

*For the sake of simplicity, only the 6-month follow-up outcomes were included for this table.

Assessment, Additional Treatment,
and Postprocedure Care

The resolution of distal hypervas-
cularity while keeping the parent
genicular artery and its branches
patent marks the technical success of
the procedure. Patients are advised
to remain supine and maintain their
access leg straight in the recovery
area for four hours. A steroid taper,
such as post-procedure methylpred-
nisolone, and 500 mg naproxen twice
a day for five days, can be prescribed
to manage short-term postprocedure
inflammation and pain.”

Follow-up

Clinical success is determined by
amelioration of symptoms at 1, 3, 6,
and 12-month follow-up and based
on the scoring methods. Physical
exams are also performed to rule out
any potential adverse events. In the
majority of cases, patients with mild
to moderate OA report significant im-
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provement within 1-3 months, which
may last for years.!* For severe OA,
studies have reported initial symp-
tom improvement with relapse on
long-term."13 In cases of persistent
symptoms, repeat intervention has
been described.!? For patients who
remain non-responsive to treatment,
TKA remains a viable option.'»*15

Types of Embolic Agents

The particulate embolics can be
categorized into temporary and
permanent. Effective temporary
embolics encompass imipenem/
cilastatin sodium (IPM/CS).>-** IPM/CS
represents a combination of antibi-
otic crystals that generate transient
embolic effects when blended with
a contrast medium, resulting in
particle sizes between 10 and 70 pm.*
Permanent embolics ranging in size
from 70-300 um have also been used
in certain studies that prove their

efficacies. These include Embozene
(75-100 pm; Varian Medical Systems,
Palo Alto, CA), Embospheres (100-300
um; Merit Medical Systems, South
Jordan, UT), Optisphere (100-300 pum;
Medtronic, Minneapolis, MN), and
polyvinyl alcohol (10-70 um; Contour,
Boston Scientific, Marlborough,
MA).1%1332 More recently, ethiodized
oil-based emulsion (ioversol/ethio-
dized oil) (Optiray/Lipiodol; Guerbet,
Villepinte, France) has been evaluated
in a prospective study with significant
results.® Still, the choice of ideal em-
bolic remains a matter of debate.

Adverse Events

The most common adverse events
(Society of Interventional Radiology
class A and B, Cardiovascular, and
Interventional Radiological Society
of Europe grade 1 and 2) associated
with GAE are skin changes, including
but not limited to transient erythema,
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discoloration, and ulceration result-
ing from non-targeted embolization
of cutaneous arteries; puncture

site hematoma; paresthesia; and
fever. No serious adverse event has
been reported.*

A systematic review by Casadaban
et al reported transient skin erythema
in 119% (21/186) of patients across
three included studies. Embozene
exhibited a higher rate (63%) and
longer duration (1-3 months) com-
pared to IPM/CS (2.5% and 3 weeks,
respectively). The plausible reason
for this disparity may be the perma-
nent nature of embozene compared
to IPM/CS. Puncture site hematoma
was reported in 10% (18/186) patients,
with resolution within 1-3 weeks.*
Bagla et al reported paresthesia in
the great toe and plantar region in
two cases, which ultimately resolved
within two weeks.®® Lee et al reported
a sole instance of fever that subsided
within a day, with a prevalence of
0.5% among 186 cases.!! Padia et al
reported hematoma formation at the
femoral puncture site, which resolved
without any sequelae. Skin ulceration
was reported in 18% (7/40) of patients
and did not require any treatment.
Two small, asymptomatic bone
infarcts in non-weight bearing areas
were identified on a 3-month fol-
low-up MRI. One case of fat necrosis
was found in the lower thigh.!

The risk of cutaneous ischemia
can be alleviated by applying ice
packs to the affected knee skin to
induce vasoconstriction before
embolization. Padia et al reported a
reduction from 18% to 0% by utiliz-
ing this technique.?® Furthermore,
higher microsphere volumes (= 3
mlL) in one setting were reported to
be associated with increased risk of
cutaneous adverse events.” How-
ever, this volume cutoff pertains
to a specific embolic type (200 um
Hydropearl microspheres) and
dilution method (1:3) which limits
generalizability to other embolics.
More studies are needed to consoli-
date this volume threshold.
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Anatomical Variants of the
Geniculate Arteries

The popliteal artery is the continu-
ation of the superficial femoral artery.
At the knee joint level, the popliteal
artery gives the DGA that supplies
the anterior portion of the knee joint.
Below the origin of the DGA are the
SLGA and the SMGA, which supply
the lateral and medial portions of
the knee joint, respectively. More
distally, arising from the popliteal
artery, are the ILGA and IMGA.
Finally, the ATRA, which arises from
the anterior tibial artery, is the most
inferior artery supplying the knee.
Bagla et al proposed a classification
system for the arteries of the knee
joint by analyzing the angiographic
findings from 41 GAE procedures.
The following branching patterns
were observed: M1 (presence of all
three medial branches: DGA, SMGA,
IMGA), M2 (presence of two of the
three medial branches: either DGA
and SMGA, or DGA and IMGA), L1
(presence of all three lateral branch-
es: SLGA, ILGA, ATRA) and L2 (pres-
ence of two or three lateral branches:
either ATRA and SLGA, or ATRA and
ILGA). Understanding these variants
is crucial as it may help decrease the
risk of non-target embolization and
prolonged radiation exposure.

Outcomes of GAE

Since 2015, the efficacy of GAE in
reducing VAS, WOMAC, and KOOS
scores has been demonstrated in
multiple studies. These include:

+ A 2015 prospective pilot study of
11 patients that found significant
improvement in WOMAC scores at
12 months compared to baseline.’

+ A 2017 prospective study of 72
patients demonstrated significant
improvement in WOMAC scores
at 12 months, as well as WORMS
scores at baseline and 2 years
postprocedure showing significant
improvement in synovitis.*

+ A 2019 retrospective study of
41 patients with severe and
mild-to-moderate knee OA demon-
strated significant improvement
through 10 months. In the severe
OA group, the VAS score returned
to baseline at the 3-month fol-
low-up."A detailed breakdown of
these and five other studies show-
ing the impact of GAE on knee OA
is provided in Table 1.

Future Steps and Possible
Limitations in Implementation

These studies have included only
patients with mild-to-moderate (KL
1-3) OA. Less is known about the
outcomes of GAE in severe OA with
KL 4. Moreover, studies comparing
TKA or intra-articular steroids with
GAE and different types of embolic
agents could provide more explicit
evidence. Results from the MOTION
34 (GAE vs intra-articular steroids)
and GAUCHO (IPM/CS vs micro-
spheres) trials, for example, are
expected in the near future.

Current literature comprises
single-arm and small, randomized
studies. In addition, some studies
have also reported positive place-
bo effects with sham procedures.
Therefore, the ongoing GENESIS
2 (double-blinded randomized sh-
am-controlled) trial with large sam-
ple size could provide robust results.
Outcomes in most of the studies
have been reported based on subjec-
tive scoring methods. For instance,
pre- and postprocedure WORMS was
evaluated in only one study.*

Furthermore, new objective
measures identified by Taslakian
et al! and Badar et al® are paving
the way to better understanding
of treatment effects and warrant
further research. Studies involving
patients from different geographical
areas and ethnicities would also be
helpful, as studies performed thus
far have focused on only a few geo-
graphical regions.

March / April 2024



References

1) Dillon CF, Rasch EK, Gu Q, Hirsch R. Preva-
lence of knee osteoarthritis in the United States:
arthritis data from the Third National Health
and Nutrition Examination Survey 1991-94. J
Rheumatol. 2006;33(11):2271-2279.

2) Brown GA. AAOS clinical practice guideline:
treatment of osteoarthritis of the knee: evi-
dence-based guideline, 2nd edition. J Am Acad
Orthop Surg. 2013;21(9):577-579. doi:10.5435/
JAAOS-21-09-577

3) Deyle GD, Allen CS, Allison SC, et al.
Physical Therapy versus Glucocorticoid
Injection for Osteoarthritis of the Knee.
N EnglJ Med. 2020;382(15):1420-1429.
doi:10.1056/NEJM0a1905877

4) Jevsevar D, Donnelly P, Brown GA, Cummins
DS. Viscosupplementation for Osteoarthritis of
the Knee: A Systematic Review of the Evidence.
J Bone Joint Surg Am. 2015;97(24):2047-2060.
doi:10.2106/JBJS.N.00743

5) Kompel AJ, Roemer FW, Murakami AM,
Diaz LE, Crema MD, Guermazi A. Intra-artic-
ular Corticosteroid Injections in the Hip and
Knee: Perhaps Not as Safe as We Thought?
Radiology. 2019;293(3):656-663. doi:10.1148/
radiol.2019190341

6) Mathis DT, Lohrer L, Amsler F, Hirschmann
MT. Reasons for failure in primary total knee
arthroplasty - An analysis of prospectively
collected registry data. J Orthop. 2021;23:60-66.
doi:10.1016/j.jor.2020.12.008

7) Sharkey PF, Lichstein PM, Shen C, Tokarski
AT, Parvizi J. Why are total knee arthroplasties
failing today--has anything changed after 10
years? J Arthroplasty. 2014;29(9):1774-1778.
doi:10.1016/j.arth.2013.07.024

8) Cornman-Homonoff J, Kishore SA, Waddell
BS, et al. Genicular Artery Embolization for
Refractory Hemarthrosis following Total Knee
Arthroplasty: Technique, Safety, Efficacy,

and Patient-Reported Outcomes. J Vasc Interv
Radiol JVIR. 2021;32(8):1128-1135. doi:10.1016/j.
jVir.2021.04.020

9) Okuno Y, Korchi AM, 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(2):336-343. doi:10.1007/
s00270-014-0944-8

10) Okuno Y, Korchi AM, Shinjo T, Kato S,
Kaneko T. Midterm Clinical Outcomes and MR
Imaging Changes after Transcatheter Arterial
Embolization as a Treatment for Mild to Moder-
ate Radiographic Knee Osteoarthritis Resistant
to Conservative Treatment. J Vasc Interv

Radiol JVIR. 2017;28(7):995-1002. doi:10.1016/j.
jvir.2017.02.033

11) Lee SH, Hwang JH, Kim DH, et al. Clinical
Outcomes of Transcatheter Arterial Embolisa-
tion for Chronic Knee Pain: Mild-to-Moderate
Versus Severe Knee Osteoarthritis. Cardio-
vasc Intervent Radiol. 2019;42(11):1530-1536.
doi:10.1007/s00270-019-02289-4

March / April 2024

Genicular Artery Embolization for Symptomatic Knee Osteoarthritis

12) Landers S, Hely R, Page R, et al. Genicular
Artery Embolization to Improve Pain and
Function in Early-Stage Knee Osteoarthri-
tis-24-Month Pilot Study Results. J Vasc Interv
Radiol JVIR. 2020;31(9):1453-1458. d0i:10.1016/].
jvir.2020.05.007

13) Bagla S, Piechowiak R, Hartman T, Orlando
J, Del Gaizo D, Isaacson A. Genicular Artery
Embolization for the Treatment of Knee Pain
Secondary to Osteoarthritis. J Vasc Interv
Radiol JVIR. 2020;31(7):1096-1102. doi:10.1016/].
jvir.2019.09.018

14) Little MW, Gibson M, Briggs J, et al. Genicu-
lar artery embolization in patients with osteoar-
thritis of the knee (GENESIS) Using Permanent
Microspheres: Interim Analysis. Cardiovasc
Intervent Radiol. 2021;44(6):931-940. doi:10.1007/
$00270-020-02764-3

15) Padia SA, Genshaft S, Blumstein G, et al.
Genicular Artery Embolization for the Treat-
ment of Symptomatic Knee Osteoarthritis. JB
JS Open Access. 2021;6(4):€21.00085. doi:10.2106/
JBJS.0A.21.00085

16) Bagla S, Piechowiak R, Sajan A, Orlando J,
Hartman T, Isaacson A. Multicenter Random-
ized Sham Controlled Study of Genicular Artery
Embolization for Knee Pain Secondary to
Osteoarthritis. J Vasc Interv Radiol. 2022;33(1):2-
10.e2. doi:10.1016/.jvir.2021.09.019

17) van den Bosch MH]J, van Lent PLEM, van
der Kraan PM. Identifying effector molecules,
cells, and cytokines of innate immunity in
OA. Osteoarthritis Cartilage. 2020;28(5):532-543.
doi:10.1016/j.joca.2020.01.016

18) Lane NE, Brandt K, Hawker G, et al. OARSI-
FDA initiative: defining the disease state of osteo-
arthritis. Osteoarthritis Cartilage. 2011;19(5):478-
482. doi:10.1016/j.joca.2010.09.013

19) Bonnet CS, Walsh DA. Osteoarthritis,
angiogenesis and inflammation. Rheuma-
tol Oxf Engl. 2005;44(1):7-16. doi:10.1093/
rheumatology/keh344

20) Casadaban LC, Mandell JC, Epelboym Y.
Genicular Artery Embolization for Osteoar-
thritis Related Knee Pain: A Systematic Review
and Qualitative Analysis of Clinical Outcomes.
Cardiovasc Intervent Radiol. 2021;44(1):1-9.
doi:10.1007/s00270-020-02687-z

21) Taslakian B, Swilling D, Attur M, et al.
Genicular Artery Embolization for Treatment
of Knee Osteoarthritis: Interim Analysis of

a Prospective Pilot Trial Including Effect on
Serum Osteoarthritis-Associated Biomarkers. J
Vasc Interv Radiol JVIR. 2023;34(12):2180-2189.
e3. doi:10.1016/j.jvir.2023.08.029

22) Korchi AM, Cengarle-Samak A, Okuno Y, et
al. Inflammation and Hypervascularization in
a Large Animal Model of Knee Osteoarthritis:
Imaging with Pathohistologic Correlation.

J Vasc Interv Radiol. 2019;30(7):1116-1127.
doi:10.1016/j.jvir.2018.09.031

23) Ro DH, Jang MJ, Koh J, et al. Mechanism
of action of genicular artery embolization
in a rabbit model of knee osteoarthritis.
Eur Radiol. 2023;33(1):125-134. doi:10.1007/
s00330-022-09006-9

CME

REVIEW

24) Katz JN, Arant KR, Loeser RF. Diagnosis and
Treatment of Hip and Knee Osteoarthritis: A
Review. JAMA. 2021;325(6):568-578. d0i:10.1001/
jama.2020.22171

25) Peterfy CG, Guermazi A, Zaim S, et al.
Whole-Organ Magnetic Resonance Imaging
Score (WORMS) of the knee in osteoarthritis.
Osteoarthritis Cartilage. 2004;12(3):177-190.
doi:10.1016/j.joca.2003.11.003

26) hoi JW, Ro DH, Chae HD, et al. The Value
of Preprocedural MR Imaging in Genicu-
lar Artery Embolization for Patients with
Osteoarthritic Knee Pain. J Vasc Interv Radiol
JVIR. 2020;31(12):2043-2050. d0i:10.1016/j.
jvir.2020.08.012

27) Sterbis E, Casadaban L. Genicular Artery
Embolization Technique. Tech Vasc Interv Radiol.
2023;26(1):100878. doi:10.1016/j.tvir.2022.100878

28) Heller DB, Beggin AE, Lam AH, Kohi MP,
Heller MB. Geniculate Artery Embolization:
Role in Knee Hemarthrosis and Osteoar-
thritis. RadioGraphics. 2022;42(1):289-301.
doi:10.1148/rg.210159

29) Badar W, Anitescu M, Ross B, Wallace S,
Uy-Palmer R, Ahmed O. Quantifying Change in
Perfusion after Genicular Artery Embolization
with Parametric Analysis of Intraprocedural
Digital Subtraction Angiograms. J Vasc Interv Ra-
diol JVIR. 2023;34(12):2190-2196. doi:10.1016/j.
jvir.2023.08.041

30) Woodhams R, Nishimaki H, Ogasawara G, et
al. Imipenem/cilastatin sodium (IPM/CS) as an
embolic agent for transcatheter arterial emboli-
sation: a preliminary clinical study of gastroin-
testinal bleeding from neoplasms. SpringerPlus.
2013;2:344. doi:10.1186/2193-1801-2-344

31) Bagla S, Piechowiak R, Sajan A, Orlando J,
Canario DAH, Isaacson A. Angiographic Anal-
ysis of the Anatomical Variants in Genicular
Artery Embolization. J Clin Interv Radiol ISVIR.
2022;6(01):18-22. doi:10.1055/s-0041-1729464

32) Torkian P, Golzarian J, Chalian M, et al.
Osteoarthritis-Related Knee Pain Treated
With Genicular Artery Embolization: A
Systematic Review and Meta-analysis. Orthop
J Sports Med. 2021;9(7):23259671211021356.
doi:10.1177/23259671211021356

33) Sapoval M, Querub C, Pereira H, et al.
Genicular artery embolization for knee osteo-
arthritis: Results of the LipioJoint-1 trial. Diagn
Interv Imaging. Published online December

14, 2023:52211-5684(23)00239-5. doi:10.1016/j.
diii.2023.12.003

34) Merit Medical Systems, Inc. Multicenter, PrO-
spective, Randomized, Controlled Trial Comparing
Genlcular Artery EmbOlization Using Embosphere
Microspheres to Corticosteroid iNjections for the
Treatment of Symptomatic Knee Osteoarthritis:
MOTION Study. clinicaltrials.gov; 2024. Ac-
cessed December 31, 2023. https://clinicaltrials.
gov/study/NCT05818150

Applied Radiology 13





