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Background: Genicular artery embolization (GAE) is a novel therapy to treat patients with symptomatic knee osteoar-
thritis (OA) by reducing synovial arterial hypervascularity. This study evaluates the safety and efficacy of GAE for the
treatment of symptomatic knee OA.

Methods: A prospective, single-center, open-label U.S. Food and Drug Administration-approved investigational device
exemption study was conducted. Patients enrolled in the study were 40 to 80 years old, with moderate or severe knee
OA (Kellgren-Lawrence grade 2, 3, or 4), who previously had failure of conservative therapy. Baseline pain (visual analog
scale [VAS]) and symptom scores (Western Ontario and McMaster Universities Osteoarthritis Index [WOMAC]) were
assessed. After femoral arterial access was achieved, GAE of 1, 2, or 3 genicular arteries supplying the location of the
subject’s pain, as determined by digital subtraction angiography and cone-beam computed tomography, was performed
using 100-mm particles. Adverse events and symptoms scores were assessed at 1 week, 1 month, 3 months,
6 months, and 1 year after GAE.

Results: Over a 10-month period, 40 subjects were enrolled. The median age was 69 years (range, 49 to 80 years). The
median body mass index was 29 kg/m2 (range, 19 to 44 kg/m2). Knee OA severity was grade 2 in 18% of the patients,
grade 3 in 43%, and grade 4 in 40%. Technical success was achieved in 100% of the subjects. Transient skin discoloration
and transient mild knee pain after the procedure were common and expected. Treatment-related adverse events
included a groin hematoma requiring overnight observation in 1 subject, self-resolving focal skin ulceration in 7 subjects,
and an asymptomatic small bone infarct on magnetic resonance imaging at 3 months in 2 subjects. The WOMAC total and
VAS pain scores decreased by 61% and 67% at 12 months from a median baseline of 52 (of 96) and 8 (of 10),
respectively. Twenty-seven patients (68%) had a reduction of ‡50% in both WOMAC total and VAS pain scores.

Conclusions: This prospective trial demonstrates that GAE is effective and durable in reducing pain symptoms from
moderate or severe knee OA that is refractory to other conservative therapy, with an acceptable safety profile.

Level of Evidence: Therapeutic Level IV. See Instructions for Authors for a complete description of levels of evidence.

O
steoarthritis (OA) of the knee can be a debilitating
condition with marked impact on a person’s overall
quality of life1. Total knee arthroplasty (TKA) has a

well-established track record with excellent overall outcomes
and a relatively lowcomplication rate2. A fair numberof patientswith
knee OA, however, are suboptimal TKA surgical candidates. Certain
comorbidities, such as diabetes mellitus, obesity, coronary artery
disease, malnutrition, renal disease, cirrhosis, and immunosup-
pression, are associated with increased medical and surgical com-
plications. Patient age is another factor to consider; there is concern
in performing TKA in young patients who are at increased risk for
aseptic loosening, requiring multiple future revision surgeries. Sim-

ilarly, elderly patients may not be good surgical candidates, given
their associated comorbidities and increased risk of periprosthetic
fracture. Finally, some patients wish to postpone TKA until they are
better able to dedicate time and effort to their postoperative recovery
process3-5. Unfortunately, there is no currently available treatment
alternative for patients who have exhausted conservative manage-
ment (e.g., nonsteroidal anti-inflammatory drugs [NSAIDs], joint
injections, and physical therapy), yet are not candidates for TKA6.

OA has historically been considered a “wear-and-tear”
disease, resulting from years of stress-induced cartilage and
meniscal degeneration. However, recent data have suggested
that inflammation plays a role not only in the experience of pain
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secondary to OA but also as a driver of OA itself7. It is now
understood that inflammatory mediators secreted from the
synovium contribute to joint tissue destruction7. These
mediators, including cytokines, nitric oxide, prostaglandin
E2, and neuropeptides, are produced by the inflamed syno-
vium, altering the balance of cartilage matrix degradation and
restoration. Excess enzyme release ultimately contributes to
cartilage destruction, which in turn results in synovial
inflammation in a proverbial vicious cycle. As a sequela of
synovial inflammation, vascular endothelial cell proliferation
occurs, providing inflammatory cells access to the synovium
and other joint tissues and promoting hyperplasia and
inflammation in regional vessels, which furthers the de-
struction of bone and cartilage8. Angiogenesis may in fact
contribute to chronic pain by enabling the growth of unmy-
elinated sensory nerves alongside newly formed blood
vessels9.

As synovitis is associated with clinical symptoms and
reflects joint degradation in OA, synovium-targeted therapy
could help to alleviate the symptoms of the disease and perhaps
prevent structural progression. Genicular artery embolization
(GAE) is a minimally invasive procedure, in which the genicular
arteries supplying the synovial lining of the knee are selectively
catheterized during an angiogram to target aberrant neo-
vasculature associated with knee OA. The injection of small,

calibrated microspheres results in a reduction in arterial flow,
which may in turn reduce the synovial inflammation.

The purpose of this clinical trial was to evaluate the safety
and efficacy of GAE for patients with symptomatic moderate or
severe knee OA who are not candidates for TKA.

Materials and Methods

This was a single-center, single-arm prospective trial of
GAE. The study received an investigational device exemp-

tion (IDE) from the U.S. Food and Drug Administration (FDA)
(IDE G180048). The trial was registered with clinicaltrials.gov
(NCT03491397). The study was approved by the institutional
review board. Each subject signed an informed consent prior to
enrollment. The primary end point was tabulation of adverse
events (AEs) related to GAE, and the secondary end point was
treatment efficacy. Study design is shown in Figure 1. Research
coordination and the study device were funded by Varian
Medical Systems. The GAE procedure and all study visits were
self-funded by the authors’ institution.

Inclusion criteria are listed in Table I. After enrollment,
subjects underwent a directed history and physical examina-
tion. Symptoms related to knee OA were quantified using
the Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC)10. This is a commonly utilized set of
standardized questionnaires to assess pain, stiffness, and
physical functioning of the joints. The severity of knee pain
was also quantified using a visual analog scale (VAS) score
ranging from 0 (indicating no pain) through 10 (indicating
the worst pain imaginable). Baseline assessment included
imaging with knee radiographs and magnetic resonance
imaging (MRI) of the knee without contrast medium. Knee
radiographs were used to confirm the presence of OA and
grade the severity, based on the Kellgren-Lawrence score11.
MRI was used to exclude other potential pathological

Fig. 1

CONSORT (Consolidated Standards of Reporting Trials) flow diagram.

TABLE I Study Eligibility*

Inclusion criteria

Provided informed consent

Age of 40 to 80 yr

Ineligibility for or refusal of surgery

Moderate to severe knee pain (VAS of >4)

Kellgren-Lawrence grade of 2, 3, or 4

Local knee tenderness

Resistance to or failure of conservative treatment (e.g., NSAIDs,
PT, and joint injection) for at least 3 mo

Exclusion criteria

Mild knee pain (VAS of £4)
Clinical evidence of peripheral arterial disease

Recent or active cigarette use

Prior knee arthroplasty in the involved knee

Renal insufficiency (serum creatinine of >1.5 mg/dL)

*PT = physical therapy.
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Fig. 2-A Fig. 2-B

Fig. 2-C Fig. 2-D

Figs. 2-A through 2-F A 65-year-old man with pain in themedial aspect of the right knee secondary to OA. Fig. 2-A Knee radiograph showing joint-space

narrowing of the medial compartment, consistent with Kellgren-Lawrence grade-3 OA. Fig. 2-B Access was obtained in the right femoral artery with a

3-French sheath. Fig. 2-C Angiogram of the distal superficial femoral artery with a radiopaque marker placed at the site of the pain, showing

hypervascularity along the medial joint space. Fig. 2-D Rotational 3D reconstructed angiogram identifies the descending genicular artery as coursing

toward the region of pain.
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conditions of the knee, such as a fracture, ligament tear, or
malignant process. Image interpretation was performed by 2
separate board-certified radiologists with subspecialty train-
ing in musculoskeletal imaging.

The GAE was performed by 1 of 3 board-certified in-
terventional radiologists. An example GAE is shown in Figs. 2-A
through 2-F. Procedures were performed with the patient
under moderate sedation (intravenous midazolam and fen-
tanyl) in an interventional radiology suite in the hospital.
Immediately prior to the procedure, the focal areas of pain
identified by the subject were marked with a radiopaquemarker.
Local anesthetic (1% lidocaine) was administered for a trans-
femoral approach. Access to the ipsilateral common femoral
artery was performed with a 21-gauge needle, with exchange to a
3-French vascular sheath. In subjects with a high body mass
index (BMI), contralateral femoral arterial access was obtained,
and a 6-French sheath was then advanced over the iliac artery
bifurcation to the common femoral artery of the target limb. A
digital subtraction angiogram of the superficial femoral and
popliteal arteries was performed through the sheath. This was
followed by intraprocedural rotational cone-beam computed
tomography (CT) of the knee in order to obtain a 3-dimensional
(3D) assessment of the arterial supply to the knee. Using a 1.7 to
2.4-French microcatheter, the specific genicular arteries sup-
plying the areas of the pain were catheterized. Embolization was
performed with 100-mm Embozene particles (Varian Medical
Systems). Embolization was performed until distal hyper-
vascularity resolved, yet normal arterial flow was preserved
within the selected artery. On completion of the procedure,
hemostasis was achieved with manual compression or the use of
an arterial closure device. Subjects were discharged from the
hospital 4 hours after the procedure.

Following treatment, subjects returned for follow-up visits
at 1 week (±4 days), 1 month (±2 weeks), 3 months (±2 weeks),
6 months (±2 weeks), and 12 months (±2 weeks). At these visits,

Fig. 2-E Fig. 2-F

Fig. 2-E Selective catheterization and digital subtraction angiogram of the descending genicular artery confirms the presence of hyperemia in the medial

joint space.Fig. 2-F After embolization with Embozenemicrospheres, a postembolization angiogramshows vessel patencywith the absence of hyperemia.

TABLE II Baseline Characteristics

Variables Findings

Age* (yr) 69 (49-80)

Sex (no. [%])

Male 9 (23)

Female 31 (78)

BMI* (kg/m2) 29.3 (18.8-43.7)

Baseline pain* (VAS) 8 (5-10)

Baseline WOMAC pain score* 11 (5-19)

Baseline WOMAC total score* 52 (23-88)

Side (no. [%])

Right 16 (40)

Left 24 (60)

OA location (no. [%])

Medial 27 (68)

Lateral 12 (30)

Patellofemoral 4 (10)

OA severity (Kellgren-Lawrence grade) (no. [%])

2 7 (18)

3 17 (43)

4 16 (40)

*The values are given as the median, with the range in parentheses.
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subjects completed the WOMAC and VAS questionnaires,
underwent a directed physical examination, and reported any new
AEs. At 3 months, subjects underwent a follow-up MRI of the
knee without contrast. At 12 months, subjects had knee radio-
graphs to assess the progression ofOA. At 12months, subjects also
completed patient-reported outcomes (PROs) and patient global
impression of change (PGIC) questionnaires.

Statistical Analysis
Cumulative rates of AEs were estimated with the 95% confidence
interval (CI). AEs were analyzed as a composite of all AEs,
composites based onmajor AE types or severity, and as individual
AE types. An enrollment of 40 subjects achieved 83% power to
test the difference between 10%of the upper bound of the 95%CI
for an AE rate of <0.01% (i.e., no such events seen) and 10%. At
this sample size, for AE rates of 0% to 50%, the difference between
the upper bound of the 95% CI and the estimated AE rate ranged
from 7.1% to 14.8%. These calculations were based on an exact
binomial distribution, assuming no loss to follow-up.

Efficacy Analyses
The primary efficacy end point was the change in the WO-
MAC total score from before GAE to 12 months after GAE.
Specifically, a 50% reduction in the WOMAC score was
chosen as the definition of clinical success. Univariate logistic
models were used to estimate an odds ratio of a reduction of
‡50% in WOMAC scores at month 12. Multivariable logistic
models were used to estimate the important predictors of
success, in which success was defined as a reduction of ‡50%
in WOMAC scores at month 12. All statistical tests and CIs
were 2-sided with a nominal significance level of p < 0.05
(95% confidence).

Results

Forty subjects were enrolled in the study, with the first
enrollment inMarch 2019 and the final enrollment in January

2020. The 12-month study visit of the final subject was completed
in January 2021. Baseline demographics are listed in Table II.

All GAE procedures were technically successful (Table III).
The procedure was performed with an ipsilateral femoral access
approach in 65% of the patients and a contralateral approach in
35%. The median number of genicular arteries embolized was 2
(range, 1 to 3). Arteries embolized included the descending
genicular, superior medial, inferior medial, superior lateral,
inferior lateral, and recurrent ascending tibial artery. The median
procedure time was 79 minutes, with a gradual improvement of
procedure time with increasing operator experience.

One important AE that occurred was a small groin
hematoma from the femoral arterial access site, necessitating
an unplanned overnight hospital observation. Transfusion was
not required, and follow-up ultrasound showed a normal
femoral artery without sequelae. The remaining AEs related to
GAE were few and minor. These included focal epidermal layer
skin ulceration (1 cm in diameter) at the knee in 7 subjects
(18%), likely due to embolization of nontarget cutaneous
branches. These symptoms arose 7 to 10 days after the proce-
dure and resolved with no treatment within 3 days. After the
7th case of ulceration, which occurred in the 25th study subject,
the treatment protocol was modified to place an ice pack on the
skin during the embolization. Following this modification, no
further cases of ulceration occurred. Two cases of clinically
asymptomatic focal bone infarct were identified on the 3-
month MRI, 1 in the tibia and 1 in the patella. Both infarcts
measured <2 cm in size and occurred in the non-weight-
bearing portions of the joint. There was a single case of focal fat
necrosis in the lower thigh, presenting as firmness of the deep
tissues. Imaging with knee radiographs at 12 months showed
1 patient (3%) with mild progression of the OA, and the re-
maining patients had no progression.

TABLE III Technical Procedural Parameters

Findings

Duration of procedure* (min) 78.5 (49-165)

Radiation dose* (gray · cm2) 49.2 (13.6-158.2)

Amount of contrast used* (mL) 70 (30-150)

Arteries embolized (no. [%])

Descending genicular 21 (53)

Recurrent ascending tibial 1 (3)

Superior lateral genicular 8 (20)

Superior medial genicular 11 (28)

Inferior lateral genicular 12 (30)

Inferior medial genicular 10 (25)

Median genicular 0 (0)

No. of arteries embolized (no. [%])

1 19 (48)

2 19 (48)

3 2 (5)

*The values are given as the median, with the range in parentheses.

Fig. 3

Mean WOMAC total scores over time. The I-bars indicate the upper and

lower limits of the 95% confidence interval (CI), which were calculated with

formula: 95% CI = the mean ± 1.96 · standard error of the mean.
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Efficacy outcomes are shown in Figure 3, Table IV, and
Table V. Twenty-seven (68%) of the 40 subjects achieved
clinical success from GAE, defined as a reduction of at least
50% in the WOMAC total score from baseline to 12 months.
Furthermore, 17 (43%) of the 40 subjects had a reduction of
‡75% in the WOMAC score at 12 months. Using a lower
threshold of a 25% reduction in the WOMAC, 34 (85%) of 40
subjects had clinical success at 12 months. The median WO-
MAC total score for the entire cohort decreased with time
during the study period, from 52 at baseline to 19 at 12months.
The median of the percent changes in the WOMAC score
decreased by 61%. Twenty-seven (68%) of the 40 subjects
reported a reduction in pain on the VAS (a scale from 0 to 10)
of ‡50% from baseline to 12 months. Of the 27 subjects who
demonstrated clinical success during the study period at
3 months, only 1 subject (4%) reported partial symptom
recurrence at 12 months. The remaining 26 subjects (96%)
reported a sustained benefit at 12 months, demonstrated by a
decrease of ‡50% in the WOMAC score. The median VAS pain

score was 8 (of 10) at baseline, and then decreased to 3, 3, 3, and
3 at 1, 3, 6, and 12 months, respectively. PGIC, as part of the
patient-reported outcome measure, demonstrated an overall
positive patient experience regarding GAE (Table VI).

Thirteen (33%) of 40 patients showed <50% improve-
ment in the WOMAC score. Among the nonresponders, 5
subjects subsequently underwent TKA (4, 5, 6, 6, and 12months
after GAE). There were no reported complications from surgery
in these patients. Specific attentionwasmade to assess for wound
and healing complications, such as tissue necrosis, wound
dehiscence, and infection.

Univariate analysis was performed to identify baseline
factors that could potentially signal a clinical success versus
failure (Fig. 4). There were trends toward a better clinical
response in females, with a mean 0.88-point change in the VAS
and 17-point change in the WOMAC. A high severity score at
baseline trended as a poor prognostic factor in improvement in
all 3 measurements of the VAS, WOMAC pain, and WOMAC
total score.

Discussion

End-stage knee OA is successfully treated with TKA; how-
ever, effective conservative management of knee OA for

people who are not surgical candidates or are trying to delay
surgery remains a challenge.

The most recently published American Academy of
Orthopaedic Surgeons (AAOS) clinical practice guidelines rec-
ommended the following conservative treatments for sympto-
matic knee osteoarthritis: low-impact aerobic exercises and
strengthening, weight loss, and the use of NSAIDs or tramadol12.
The guidelines were unable to recommend for or against the use
of intra-articular corticosteroid injections and could not recom-
mend the use of hyaluronic acid injections. Furthermore, recent
data have suggested that injection of glucocorticoids may accel-
erate the progression ofOA, and therefore treatments are generally
limited to £3 injections13. A randomized trial of glucocorticoid
injections versus physical therapy demonstrated that patients who
underwent a regimented physical therapy program had less knee
pain and functional disability at 1 year compared with patients
who had joint injection14. Finally, intra-articular treatment with
hyaluronic acid has shown mixed results, with several meta-
analyses showing no significant benefit15. Regarding physical
therapy, insurance barriers and lack of patient compliance because

TABLE IV Changes in Pain and Function After GAE

Outcome
and Time

Score Change
from Baseline*

Percent Change
from Baseline*

VAS pain

Month 1 24.5 (29 to 2) 260.20 (2100 to 33.33)

Month 3 24.5 (210 to 2) 260.20 (2100 to 33.33)

Month 6 25.0 (28.5 to 21) 262.50 (2100 to 210)

Month 12 25.0 (29 to 0) 266.67 (2100 to 0)

WOMAC pain

Month 1 26.0 (217 to 3) 254.70 (2100 to 60)

Month 3 27 (215 to 6) 259.94 (2100 to 100)

Month 6 27 (214 to 6) 262.50 (2100 to100)

Month 12 27.5 (214 to 6) 265.69 (2100 to 100)

WOMAC total

Month 1 220.5 (271 to 20) 255.26 (296 to 40)

Month 3 229.5 (274 to 26) 264.84 (298 to 54)

Month 6 226.50 (281 to 19) 258.11 (2100 to 54)

Month 12 229.00 (282 to19) 260.54 (2100 to 54)

*The values are given as the median, with the range in parentheses.

TABLE V Effectiveness of GAE as Assessed by VAS and WOMAC Scores

Month

Reduction in VAS Pain Score
(no. [%])

Reduction in WOMAC Pain Score
(no. [%])

Reduction in WOMAC Total Score
(no. [%])

‡25% ‡50% ‡75% ‡25% ‡50% ‡75% ‡25% ‡50% ‡75%

1 31 (78) 24 (60) 12 (30) 28 (70) 21 (53) 10 (25) 28 (70) 22 (55) 8 (20)

3 31 (78) 25 (63) 15 (38) 30 (75) 24 (60) 15 (38) 34 (85) 27 (68) 16 (40)

6 36 (90) 30 (75) 16 (40) 32 (80) 25 (63) 15 (38) 33 (83) 25 (68) 14 (35)

12 34 (85) 27 (68) 17 (43) 35 (88) 27 (68) 15 (38) 34 (85) 27 (68) 17 (43)
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of intensive time requirements limit this option in the long term.
These factors result in an important need for emerging therapies
in this arena.

To date, 4 separate prospective trials of GAE have been
completed16-19. The first GAE trial by Okuno et al. in 2017
studied 95 knees in 72 patients16. Imipenem-cilastatin sodium
was used as the embolic material in most cases. The intent-to-
treat clinical success rate at 6 months of follow-up was 86.3%
(95% CI, 78% to 92%). The mean total WOMAC score
decreased from 43 at baseline to 24, 14.8, 11.2, 8.2, and 6.2 at 1,
4, 6, 12, and 24 months, respectively (p < 0.001 for all). While
the results from that initial trial showed a great deal of promise,
most patients underwent embolization with imipenem-
cilastatin, which is not readily available in the United States.
Furthermore, the treatment population was relatively homo-
geneous with regard to ethnicity, the median BMI was lower
than that typically seen in Western populations, and patients
with Kellgren-Lawrence grade-4 OA were excluded from the
study. The 3 other trials also demonstrated promising results
with respect to safety and efficacy17-19. However, they were
limited in their follow-up duration and had a relatively small
sample size. In all 3 trials, patients with Kellgren-Lawrence
grade-4 OA were excluded from the study.

Gaps in knowledge from the 4 previously described trials
are answered by the current study. Forty percent of the patients
in the current study had severe OA (Kellgren-Lawrence grade
4). Our study included patients with various ethnic back-
grounds and a wide range of BMI values (range, 19 to 44 kg/
m2). From a technical standpoint, the same embolic material
(100 mm of Embozene) was used in all subjects, lending uni-
formity to the data. In previous studies, the mean number of
genicular arteries embolized was 2.5 to 3.2. In our study,
however, the use of 3D cone-beam CT provided us with a
refined analysis of the vascular anatomy, which allowed us to
embolize a mean of only 1.6 arteries (amedian of 2 arteries) per
procedure.

The trial showed a low rate of AEs. While focal skin
necrosis occurred in 18% of the subjects secondary to non-

target embolization, protocol modification to include an
application of an ice pack during the procedure resulted in no
further skin complications. It should be noted that most
patients had some degree of transient skin discoloration on the
knee. The 2 instances of bone infarction were asymptomatic,
and in fact both subjects had a clinical success based on a
reduction in the WOMAC score. However, future trials should

TABLE VI Patient-Reported Outcomes and Global Impression of Change (N = 38)

No. (%) of Patients

1. Since the procedure, how would you describe the change (if any) in activity limitations, symptoms, emotions,
and overall quality of life related to your knee arthritis?

a. No change (or condition has gotten worse) 3 (8)

b. Almost the same, hardly any change at all 2 (5)

c. A little better, but no noticeable change 3 (8)

d. Somewhat better, but the change has not made any real difference 2 (5)

e. Moderately better and a slight but noticeable change 9 (24)

f. Better and a definite improvement that has made a real and worthwhile difference 6 (16)

g. A great deal better and a considerable improvement that has made all the difference 13 (34)

2. Knowing what you know now, would you have the procedure done again?

a. Yes 29 (76)

b. No 9 (24)

Fig. 4

Univariate analysis. An odds ratio (OR) of >1 favors clinical success

(defined as ‡50% reduction in WOMAC at 12 months).
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address this issue in case infarction is larger in area or occurs in
the weight-bearing portion of the joint. No neurologic or distal
vascular (i.e., below-the-knee) complications occurred. It
should be noted, however, that people with active cigarette use
or clinical evidence of peripheral arterial disease were excluded
from this study and are likely poor candidates for GAE.

Our trial demonstrated marked reductions in pain and
improvement in overall function (as shown by a decrease in
WOMAC and VAS scores) in 68% of subjects. While the
minimal clinically important difference for the WOMAC was
reported as 16% (or a 10-point decrease), the present study
chose a much higher threshold in order to mitigate a potential
placebo effect20. Other randomized studies of surgery and joint
injection have shown mild improvement in the WOMAC score
in the placebo or observation arm15. Furthermore, the maxi-
mum response was seen at 3 months (not at 1 month) and
persisted at 12months. These features are not typically seen in a
placebo arm, in which a mild effect on symptoms should wane
over time.

For a minimally invasive treatment to be impactful, it
must not preclude more invasive treatments in the future.
Thirteen subjects (33%) did not meet the definition of clinical
success at 12 months in our study. Four subjects subsequently
underwent intra-articular joint injections, without any adverse
sequelae. Two subjects underwent TKA during the study
period, and 1 after the 12-month follow-up. All surgeries were
uneventful, and the subjects made a full recovery without AEs
or delayed healing.

Some limitations to this study exist. The patient popu-
lation was heterogeneous with respect to age, degree of OA
severity, and ethnic background. However, in a trial of 40
patients, multivariate analysis of these baseline demographics
was limited. This was a single-arm trial, without a placebo or
control arm. Therefore, it is possible that some degree of
benefit is derived from the placebo effect in this trial21. How-

ever, by using a high threshold (a 50% reduction in the WO-
MAC) and follow-up to 12 months, the placebo effect can be
somewhat mitigated. While a placebo arm may be ethically
inappropriate as the angiogram itself carries some degree of
potential risk, an observation arm would be ideal in future
randomized studies.

In conclusion, this single-arm trial of GAE for knee OA
demonstrated an acceptable safety profile. At 12 months after
the GAE, 68% of subjects continued to have marked sympto-
matic improvement. The treatment effect was seen in both
moderate and severe OA. Future comparative trials will
determine the most appropriate nonsurgical treatment algo-
rithm for knee OA. n
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