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Abstract Background Osteoarthritis (OA) is the commonest form of arthritis with pain and
disability as hallmark symptoms. Despite various nonpharmacologic, pharmacologic,
and surgical approaches, pain control may be hard to achieve. Over the last few years,
few studies have been conducted on managing knee OA using novel endovascular
genicular artery embolization (GAE) with varied outcomes. No such study has been
reported in India yet to the best of our knowledge.
Purpose The main aim of this article was to evaluate the efficacy and safety of
transcatheter GAE in relieving knee pain in patients with mild-to-moderate OA.
Materials and Methods Ten patients with radiographic knee OA and moderate-to-
severe pain refractory to conservative therapy were enrolled in a prospective observa-
tional study. GAE was performed with 100 to 300-μm spherical particles. Patients were
assessed with magnetic resonance imaging at the baseline. Visual analog scale (VAS)
and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) were
used to assess pain and disability respectively at the baseline, 1 month, and 3 months.
Clinical success was asserted by the downstaging of VAS and WOMAC scores. Adverse
events were recorded at all-time points. Descriptive and inferential statistics have been
performed using SPSS. A p-Value less than 0.05 was considered statistically significant.
Results Embolization of at least 1 genicular artery was achieved in all the patients
(100%). Clinical success was demonstrated in 08 (80%) of the patients. Median VAS
reduced from 07 at baseline to 3.5 at 3-month follow-up (p<0.001). Median WOMAC
score improved from 53 to 23.50 at 3-month follow-up (p<0.001). Minor complica-
tions were seen in two patients in the form of puncture site hematoma and mild
petechial spots over the knee.
Conclusion Ourpilot study demonstratesGAEas a safe andefficaciousprocedure to treat
knee pain secondary to OA. Further randomized comparative studies with a larger sample
size are needed to determine the true treatment effect versus the placebo effect.
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Introduction

Osteoarthritis (OA) is the commonest form of arthritis
with pain and disability as the main symptoms. Knee pain
secondary to OA is seen in around 40% of the population over
55 years, and around 10% of the population experience knee
OA symptoms that are incapacitating.1 It is a complex,
multifactorial disease for which no definite nonsurgical
treatment exists.2,3 Main focus of treatment in OA is pain
relief.4,5

Patients withmild-to-moderate OA are often treatedwith
medication and intra-articular injections. However, its man-
agement is challenging among patients who do not respond
to oral medications or intra-articular injections.5 Long-term
use of analgesics has its complications, while the efficacy of
intra-articular injections of hyaluronic acid and steroids has
inconclusive evidence in the literature.6

The majority of the patients with OA are associated with
chronic inflammation and synovial angiogenesis.7,8 It is
believed that angiogenesis, in conjunction with sensory
nerve growth, plays a crucial role in the development of
inflammation, pain, and architectural bone and cartilage
damage.9 Additionally, bone osteophytes and the articular
osteochondral junction exhibit increased angiogenesis.10,11

Hence, a possible treatment for abnormal angiogenesis and
accompanying perivascular nerve growth is warranted.

Embolization of these newly formed blood arteries with
various embolic agents has proven to be a successful alter-
native treatment for OA. The use of imipenem/cilastatin
sodium, or Embozene microspheres in previous research
has reduced pain perception scores in patients with mild-
to-moderate knee OA.5 Furthermore, endovascular genicular
artery embolization (GAE) for managing knee OA has been
conducted in different parts of the world.12–15 These studies
are very few with limited small sample size and their results
need validation. There is paucity of literature and data
regarding GAE within India.

The purpose of this studywas to explore the role of GAE as
a treatment modality to treat mild-to-moderate OA. The
primary objective of the study was to evaluate the safety
and efficacy of transcatheter GAE in relieving knee pain in a
patient with mild and moderate OA. The secondary objec-
tives were to evaluate the vascular pattern around the OA
knee joint and correlate with the site of pain and to explore
the preprocedure magnetic resonance imaging (MRI) fea-
tures and correlate with response to GAE.

Materials and Methods

This hospital-based prospective observational study was
performed in the Department of Radiodiagnosis and Ortho-
pedics at Postgraduate Institute of Medical Education and
Research, Chandigarh. Ethical approval was obtained from
Institutional Ethical Committee. The patient information
sheet was provided to the patients and written informed
consent was obtained from them. All the procedures were
conducted according to the principles of the Declaration of
Helsinki. It was conducted for one and half years approxi-

mately. The patients were enrolled from February 2021 to
March 2022 and follow-up completed by June 2022. Training
and calibration of the investigators were done before the
start of the study.

Inclusion and Exclusion Criteria
All included patients had moderate to severe knee pain
(visual analog scale [VAS] >5, Western Ontario and
McMaster University Osteoarthritis Index [WOMAC] score
>48) and were resistant to at least 3 months of conservative
therapies (anti-inflammatory drugs, physical therapy,
muscle strengthening, and intra-articular injection of hya-
luronic acid). Other criteria’s included Kellgren–Lawrence
[K–L] grade 1 to 3, normal renal function, as studied by
estimated glomerular filtration rate (calculated from serum
creatinine), and no contraindications to embolization
agents and iodinated contrast agents (previous episodes
of severe anaphylaxis).

Patients were excluded if they had a local infection at the
knee joint, systemic malignancy, critical limb ischemia,
rheumatoid arthritis, prior knee surgery, presence of osteo-
necrosis on preprocedure MRI, and refusal to participate in
the study.

Data Collection
The study involved the recording of detailed clinical history
along with radiological and biochemical investigations. The
patient’s clinical history included assessment of knee pain
and its severity, disability, duration of symptoms, duration,
and details of pharmacologic management, other minimally
invasive procedures (intra-articular steroid injections),
and physiotherapy. Pain severity was assessed using the
VAS on a scale of 0 to 10 (a score of 0–3 was categorized as
mild, 4–6 as moderate, and 6–10 as severe pain). Disability
was measured by using the WOMAC questionnaire, which
includes 24 questions on daily activities. The WOMAC
scoring system consists of three subscale scores for pain,
physical function, and joint stiffness. Clinical examination
for the site, the severity of tenderness, and range of move-
ments in the knee joint were performed by an orthopaedic
surgeon.

Radiological investigations like X-ray knee anterior–pos-
terior and lateral view were performed. K–L grade was
assigned depending upon theX-rayfindings.MRI assessment
was performed within 1 week before treatment. MRI exami-
nation was performed at 3tesla MRI. It included multiplanar
pre- and postcontrast T1-weighted images, T2-weighted
images as well as proton density fat-saturated and multi-
planar short tau inversion recovery sequences. Images were
interpreted by a musculoskeletal radiologist and features of
OA were evaluated. Images were analyzed for the presence
and degree of cartilaginous defect, osteophyte formation,
subchondral cyst, and bone marrow lesions. In addition,
meniscal injury, joint effusion, and synovitis were also
assessed. Blood biochemistry investigations such as kidney
function tests (blood urea and serum creatinine) and coa-
gulogram (platelet count and international normalized ratio)
were obtained at baseline before embolization.
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Embolization Technique
Under regional site anesthesia, guided percutaneous femoral
vascular access was achieved via a 5F introducer sheath. The
common femoral artery was accessed using an ipsilateral
anterograde approach in all the patients. After intravenous
administration of 2,500 IU heparin, a 5F catheter was
advanced into the popliteal artery. Digital subtraction angi-
ography was performed by injecting 6 to 8mL of low
molecular weight iodinated water-soluble contrast medium
using optimum uniform hand pressure at an approximate
flow rate of 4mL/s. Precise depiction of the descending
genicular artery, superior and inferior medial genicular
arteries, superior and inferior lateral genicular arteries,
median genicular artery, and recurrent genicular artery
was done. After identifying abnormal neovascularity and
correlating them with a site of pain, a microcatheter was
selectively advanced into the targeted arteries, and nitro-
glycerin diluted with saline was injected into each artery to
prevent spasms of these small caliber arteries. After that
particulate spherical particle (100–300 microns) diluted
with contrast was injected until abnormal neovascularity
was eliminated. Postprocedural hemostasis of the femoral
puncture site was achieved using hand-assisted manual firm
compression for at least 10minutes and limb immobilization
for 8 hours after sheath removal. The subjects were observed
for 12 hours before discharge. The end-points of the proce-
dure ascertained were embolization of at least one genicular
artery with the elimination of abnormal neovascularity or
reporting of any adverse events. All procedures were per-
formed by an interventional radiologist.

Measurement of Clinical Success
The clinical evaluation was performed by orthopaedic
surgeons at baseline, immediate postprocedure, 1 month,
and 3months after the procedure. The parameters for clinical
success were asserted by the downstaging of VAS and
WOMAC scores. The primary end-point established was
more than or equal to 2 scale reduction in pain score as
evaluated by VAS and more than or equal to 30% improve-
ment in WOMAC pain score. The secondary end-point was
more than or equal to 50% downstaging in WOMAC total
score.

Safety of the Treatment
This was assessed by observing for local adverse effects
(related to the site of injection and arterial access) or
systemic effects on the kidney or liver. Postprocedural com-
plications in form of necrosis, skin ulcer, knee tendon/liga-
ment injury, loco regional peripheral paresthesia, and other
complications were reviewed. Major complications are the
ones that result in prolonged hospitalization, the unplanned
requirement of medical attention, irreversible damage, or
death.

Statistical Analysis
Statistical analyseswere performed using IBM SPSS Statistics
for Windows, Version 25.0. IBM Corp, Armonk, New York,
United States. Results on continuous measurement are pre-

sented as mean and standard deviation, median, interquar-
tile range, and categorical as frequency and percentage.
Inferential statistics like Friedman’s test were used to
compare values over three different periods. Posthoc
analysis was performed using Wilcoxon signed-rank tests.
A p-value less than 0.05 was considered statistically signifi-
cant. Bonferroni adjustment was done for the posthoc test
resulting in a p-Value of 0.017 (0.05/3).

Results

A total of 10 patients (males¼02, females¼08) were
enrolled in the study. The mean age of the study participants
was 55.9�7.65 years. The majority of the patients were
overweight with a mean body mass index (BMI) of 28.15
kg/m2. Four patients reported pain in the medial and the
patellofemoral compartment. Bilateral knee discomfort and
restricted motion at the knee joint were reported by 50% of
the patients. The duration of pain was more than 12 months
in 50% of the patients. All patients had received nonsteroidal
anti-inflammatory drugs (NSAIDs) as baseline pharmacolog-
ical therapy, with 40% of the cohort reporting having
received it for over 6 months. None of the patients reported
taking opioids for their pain. In addition, 60% of the patients
reported having taken some form of physiotherapy, and 10%
had received intra-articular steroid injection. None of the 10
patients reported receiving nerve blocks; nor did any patient
undergo prior knee surgery (►Table 1).

Radiographs showed mild OA in one patient (grade 1), and
moderate knee OA in nine patients (grade⅔). On MRI evalua-
tion, the cartilaginous defect was noted in 60% of the cases,
whilemarrowedemacouldbepickedup in90%of thepatients.
Themeniscal injury was present in 03 patients (grade 1 injury
in two patients and grade 2 injury in the third patient). Joint
effusion and abnormal synovial hypervascularity could be
appreciated in all patients (►Figs. 1 and 2). An abnormal
vascular blush (consistent with neo angiogenesis) could be
seen in all 10 patients (►Table 1).

Technical successwas attained in 100% of the cases. In 80%
of the cases, the embolization could be performed with less
than 2mL of the embolizing solution. The mean number of
arteries successfully embolized per subject was 03. The
target arteries were identified, and their frequencies have
been summarized in►Table 2. No major complications were
encountered in any of the patients. Minor complications
were seen in two patients in the form of puncture site
hematoma in one patient and mild petechial spots over the
knee in one patient. Both resolved spontaneously on follow-
up. No subsequent embolizationprocedureswere required in
the study.

Both primary and secondary end-point clinical success was
achieved in eight (80%) patients. The comparison of VAS
score, pain WOMAC, and total WOMAC score is presented
in►Tables 3 and 4. All three parameters reduced significantly
from baseline to 3months (p<0.05). In the post-embolization
assessment, 60% of patients stopped taking NSAIDs for pain
and only two (20%) patients out of six continued to receive
physiotherapy for pain management.
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Discussion

Thefindings of thestudyshoweda significant reduction inpain
and disability among the study participants. Technical success
in 100% and clinical improvement among 80% of the partic-
ipants at 3months follow period proves the safety and efficacy
of this novel technique of GAE in patients with mild-to-
moderate OA who do not respond to conservative treatment.
Understanding potential anastomosis pathways, technical
details, awareness of the end-point beyond which emboliza-
tion should be stopped, and most significantly, competence
with hardware such as microcatheters by the interventional
radiologist isnecessary for performinga safeGAE. To thebestof
the author’sknowledge, onlya fewstudies havebeenpublished
so far with none being reported from India.

Obesity is a well-known risk factor for symptomatic
knee OA and weight management is considered important

while treating patients who have OA.16 Nearly 90% of
patientswere overweight or obese. Themean BMI of patients
in this study was 28.15 kg/m2 that is both lower than
reported by Bagla et al15 (35 kg/m2) and higher than Okuno
et al12 (25mg/m2). Despite variations inmean BMI, the study
found similar reductions in pain and disability. It is generally
documented that even patients with unilateral knee OA at
baseline eventually advanced to bilateral disease in 80% of
the cases in 12 years.16 Bilateral disease was seen in 50% of
patients.

In line with earlier research in the literature,12,15 abnor-
mal hyperemic synovium in form of abnormal angiographic
blush was visualized in the site of maximum knee pain in all
subjects (►Figs. 3 and 4). The technical success achieved in
all the patients in this study is similar to Okuno et al12 and
Bagla et al.15 The mean number of arteries successfully
embolized per patient in this study was three that is in
concordance with the findings of Okuno et al12 who embol-
ized a mean of 3.2 arteries per patient and Bagla et al15 who
embolized a mean of 2.5 arteries per patient.

The primary and secondary end-point clinical success
achieved in eight (80%) patients is consistent with thefindings
of Okuno et al12 who first demonstrated the use of trans-
catheter GAE in a patient with moderate OA. Despite the

Table 1 Baseline characteristics

Age Mean� SD
(range)

55.9� 7.65 years
(44–68 years)

Gender Males 02 (20)

Females 08 (80)

BMI Normal 01 (10)

Overweight 07 (70)

Obese 02 (20)

Site of pain Bilateral 05 (50)

Left 02 (20)

Right 03 (30)

Compartment
Involved

Medial 04 (40)

Patellofemoral 04 (40)

Unspecified 02 (20)

Duration of pain <12 months 05 (50)

>12 months 05 (50)

Use of NSAIDs Present 10 (100)

Physiotherapy <6 months 04 (40)

>6 months 02 (20)

Intra-articular
steroid injection

Present 01 (10)

Kellgren–
Lawrence
grade of OA

Grade 1 01 (10)

Grade 2 and 3 09 (10)

MRI findings Cartilaginous
defect

06 (60)

Marrow edema 09 (90)

Meniscal injury 03 (30)

Joint effusion
and abnormal
synovial
hypervascularity

10 (100)

Abbreviations: BMI, body mass index; MRI, magnetic resonance imag-
ing; NSAIDs, nonsteroidal anti-inflammatory drugs; OA, osteoarthritis;
SD, standard deviation.

Fig. 1 A 59-year-old female with right knee pain. (A) X-ray right knee
(anteroposterior view) showing reduction of joint space (medial>
lateral) with marginal osteophytes. (B) Proton density (PD) fat-satu-
rated coronal image showing cartilage loss and exposure of sub-
chondral bone in the medial femoral condyle and medial tibial
plateau. (C) PD fat-saturated sagittal images showing reactive joint
effusion, patchy marrow edema in medial femoral condyle (D).
Postgadolinium T1-weighted axial image showing synovitis.
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technical success, a significant clinical response could not be
achieved in two patients. These patients were obese and had
K–L grade 3 on the radiograph. If compounding risk factors are
not addressed, GAE may not result in positive long-term
benefits. Higher K–L grades, as opposed to those with moder-
ate OA (K–L grades 1 and 2), may also not respond to GAE.12

Further, MRI revealed full-thickness cartilage defects and
meniscal tears in these two patients, factors that are known
to be associatedwith poor response to GAE.17However, due to
the very small sample size statistical significance could not be

inferred. One of these patients underwent intra-articular
joint injection, whereas the other underwent a total knee
replacement.

Okuno et al used imipenem/cilastatin sodiumas a temporary
embolic agent and the permanent irreversible embolic agent
was used in case imipenem/cilastatin was contraindicated.
Contrarily, the permanent embolic agent 100 to 300 spherical
particles (Embospheres, Merit Medical Systems, Inc. 1600West
Merit Parkway South Jordan, Utah)was used in this study due to
a lack of availability and lack of prior experience employing this
agent for embolization. Also, these particles are routinely used
for prostate artery embolization. Bagla et al15 used a permanent
embolic 75 or 100 μm spherical particles agent.

No major adverse events following GAE for endovascular
treatment of musculoskeletal joint-related pain are reported
to date12–15 including in this study. Hematoma around the
puncture site was seen in 1 patient (10%) that was self-
limiting. One patient (10%) developed discoloration of over-
lying skin likely due to transient cutaneous ischemia that
resolved on 1-month follow-up. However, the study by Bagla
et al reported skin discoloration in 65%, and plantar sensory
paraesthesia was seen in 10% of patients. Plantar sensory
paraesthesia was reported in this study. This might be
explained by the use of a larger particle size (100–300 μm)
as compared with the previous study. Similarly, sized
particles were used by Little et al18 who used cone-beam-
computed tomography, did GAE using 100 to 300 μm
particles, and applied icepack over the skin to be embolized.
Around 12% of subjects experienced nontarget skin tissue
embolization in their study. This study did not use icepack in
anyof the patients and still, therewas skin discoloration only

Fig. 2 A 44-year-old female with left knee pain. (A) X-ray left knee
(anteroposterior view) showing no significant abnormality. (B) Pro-
ton-density (PD) fat-saturated axial image showing mild joint effusion
with lateral patellar subluxation with degenerative changes in the
lateral femoral condyle and lateral patellar facet with thinning and
fraying of the patellar cartilage. (C) PD fat-saturated coronal image
showing thickened hyperintense lateral collateral ligament with small
subchondral cysts in the lateral femoral condyle. (D) Postgadolinium
T1-weighted axial image showing synovitis.

Table 2 Target arteries in the study population

Target arteries No. of
cases

Percentage

Descending genicular artery 09 90.0

Medial superior genicular arteries 09 90.0

Medial inferior genicular arteries 07 70.0

Lateral inferior genicular arteries 03 30.0

Anterior tibial recurrent artery 01 10.0

Median genicular arteries 01 10.0

Lateral superior genicular arteries 01 10.0

Table 3 Comparison of median VAS score, pain WOMAC score,
and total WOMAC score at different time intervals

Parameters Time
intervals

Mean� SD Median
(IQR)

p-Value

VAS
score

Pre-
treatment

7.40� 0.69 7.0
(7–18)

0.001a

Post
1 month

5.20� 1.23 5.0
(4–6.23)

Post
3 months

4.10� 1.28 3.5
(3–5.25)

Pain
WOMAC
score

Pre-
treatment

14.30� 2.05 14
(12–16.25)

0.001a

Post
1 month

8.30� 2.86 08
(06–10)

Post
3 months

6.40� 3.43 5.50
(3.75–8.50)

Total
WOMAC
score

Pre-
treatment

54.20� 4.39 53.0
(50–57.75)

0.001a

Post
1 month

36.0� 8.71 35.0
(28–43.25)

Post
3 months

23.60� 7.60 23.50
(18–28)

Abbreviations: IQR, interquartile range; SD, standard deviation; VAS,
visual analog scale; WOMAC, Western Ontario and McMaster Universi-
ties Osteoarthritis Index.
aStatistically significant.
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in one patient (10%). The use of smaller microcatheters and
superselective embolization while avoiding cutaneous
branches carefully may be one of the explanations for it.

The need for pain medications also decreased significantly
post-GAE. Patients takingoralNSAIDs reduced from100 to40%
and patients availing physiotherapy reduced from60 to 20% at

3 months follow-up. Reduction in need for pain medication
was reported by Okuno et al12 and Bagla et al15.

The study has a few limitations too like the small study
population size, short-term follow-up, and the absence of an
experimental control arm to analyze the contribution of

Fig. 3 (A) Angiography of the branches of the descending genicular
artery (GA) shows hypervascular “blush” over the medial inferior
aspect of the knee. (B) Angiography after embolization depicts the
end-point of “pruning” of the hypervascular synovium. The parent GA
remains patent. (C) Angiography of the branches of the superior
medial GA shows hypervascular “blush over the medial inferior aspect
of the knee.” (D) Angiography after embolization depicts the pruning
of the hypervascular synovium with patent parent artery.

Table 4 Posthoc comparison of median VAS score, pain
WOMAC score, and total WOMAC score

VAS score
Z value;
p-Value

Pain
WOMAC
score
Z value;
p-Value

Total WOMAC
score
Z value;
p-Value

Post 1 month—
Pretreatment

�2.694;
0.007�

�2.81;
0.005�

�2.81; 0.005�

Post 3 months—
Pretreatment

�2.82;
0.005�

�2.81;
0.005�

�2.81; 0.005�

Post 3 months—
Post 1 month

�2.81;
0.005�

�2.81;
0.006�

�2.81; 0.005�

Abbreviations: VAS, visual analog scale; WOMAC, Western Ontario and
McMaster Universities Osteoarthritis Index.
�Statistically significant.

Fig. 4 (A) Angiography of the branches of the descending genicular
artery shows hypervascular “blush” over the medial inferior aspect of
the knee. (B) Angiography after embolization depicts the end-point of
“pruning” of the hypervascular synovium. The parent genicular artery
remains patent. (C) Angiography of the branches of the superolateral
genicular artery shows hypervascular “blush” over lateral superior
aspect of the knee. (D) Angiography after embolization depicts the
end-point of “pruning” of the vessel. The parent genicular artery
remains patent. (E) Angiography of the inferior lateral genicular artery
shows hypervascular “blush” over the inferolateral aspect of the knee.
(F) Angiography after embolization depicts the end-point of “pruning”
of the hypervascular synovium with patent parent artery.
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placebo to the observed effect. It is vital to consider the effect
of a placebo in any interventional procedure that is planned
for pain relief. The complexity of analyzing pain outcomes
after an interventional procedure should not be underesti-
mated, and it must be given top priority before designing
future studies in calculating appropriate responses to GAE.
Owing to the small sample size, subanalyses to identify
parameters of ideal patient selection could not be performed.
Also, the study period was short, and it was not sufficient to
identify the permanence of GAE in our study group. Assess-
ment of pain-free period is an important determinant for
performing GAE in any patient

In conclusion, GAE in subjects withmild-to-moderate knee
OA using permanent spherical microspheres is a safe and
interventionally achievable procedure with promising bene-
fits at early post-treatment follow-up. This study corroborates
the growing evidence that GAE improves pain, joint function,
and overall quality of life in patients with knee OA. Evaluating
GAE with more advanced study designs and with randomiza-
tion is expected to producehigher-quality evidence to support
the role of GAE in the nonsurgical management of OA.
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