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9 Assistance Publique-Hôpitaux de Paris, Hôpital Europ�een Georges-Pompidou, Service d’imagerie, 75015 Paris, France
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Purpose: The purpose of this study was to evaluate the safety and efficacy of transient genicular artery embo-
lization (GAE) using an ethiodized oil-based emulsion for the treatment of knee osteoarthritis (KOA).
Materials and methods: This prospective, single-arm, open-label, multicenter, first-in-human cohort trial was
registered on ClinicalTrials.gov (NCT04733092). The main inclusion criterion was diagnosis of KOA according
to a visual analogue scale (VAS) pain score ≥ 40 mm (score range: 0−100 mm), despite conservative treat-
ment for at least three months. Treatment efficacy was assessed using changes in VAS pain score, Mean
Western Ontario & McMaster Universities osteoarthritis (WOMAC) function score (normalized to 100; score
ranging from 0 to100) and outcome measures in rheumatoid arthritis clinical trials (OMERACT)-Osteoarthri-
tis Research Society (OARSI) set of responder criteria.
Results: Twenty-two consecutive participants (13 women; mean age, 66 § 9 [standard deviation (SD)]) were
included and underwent GAE. Emulsion consisted in a mixture of ioversol and ethiodized oil (ratio 1:3, respec-
tively) prepared extemporaneously. The rate of serious adverse events attributed to GAE within one month was
5% (1/22), corresponding to reversible worsening of renal function. Immediate technical success rate was 100%.
Mean VAS pain score dropped from 74.4 § 16.5 (SD) mm at baseline to 37.2 § 26.7 (SD) mm at three months (P
< 0.001). Mean WOMAC function score (normalized to 100: score ranging from 0 to 100) decreased from
57.3 § 17.1 (SD) at baseline to 33.5 § 25.9 (SD) at three months (P < 0.001). At three months, 16 out of 22 partic-
ipants (73%) were considered responders according to the OMERACT-OARSI set of responder criteria, including
high improvement in either pain or WOMAC function, or improvement in both pain and WOMAC function.
Conclusion: GAE using an ethiodized oil-based emulsion is safe and improves pain and function in partici-
pants with KOA for at least three months.
© 2023 The Author(s). Published by Elsevier Masson SAS on behalf of Société française de radiologie. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Keywords:

Ethiodized oil-based emulsion
Genicular artery embolization
Knee osteoarthritis
Pain management
Transient embolic agent
KL, Kellgren-Lawrence; KOA,
ty; OMERACT, Outcome meas-
deviation; VAS, Visual analogic
ties osteoarthritis index

* Corresponding author.
E-mail address:marc.sapoval2@aphp.fr (M. Sapoval).

Masson SAS on behalf of Société française de radiologie. This is an open access article under the CC BY-NC-ND license

uerub, H. Pereira et al., Genicular artery embolization for knee osteoarthritis: Results of the
nal Imaging (2023), https://doi.org/10.1016/j.diii.2023.12.003



ARTICLE IN PRESS
JID: DIII [m5G;December 14, 2023;7:47]

M. Sapoval, C. Querub, H. Pereira et al. Diagnostic and Interventional Imaging 00 (2023) 1−7
1. Introduction

Osteoarthritis is a very common progressive musculoskeletal dis-
ease with an estimated prevalence of 13.4% in Europe [1]. Osteoar-
thritis can affect all joints, but predominantly weight-bearing joints
such as the hip and knee [2−4]. Knee osteoarthritis (KOA) generates
2% of years lived with disability, and patients often have to reduce
their work and leisure activities [5,6]. There is no cure for KOA, and
current therapeutic strategies are used to reduce disease progression
and to mitigate symptoms [7]. Nonsteroidal anti-inflammatory drugs
are the medications of choice, associated with non-pharmacological
treatments, followed by intra-articular glucocorticoid or hyaluronic
acid injection. Neurotomy or neuromodulation techniques can also
be considered [8]. Ultimately, total or partial knee replacement is
offered for patients with persistent and severe pain [9]. There is a
need for minimally invasive techniques allowing for conservative
management in patients in whom surgery is not indicated [10].

Angiogenesis and inflammatory mediators are known to play a
role in the development of KOA [11]. Inflammation drives synovial
angiogenesis, and proangiogenic factors are known to stimulate
nerve growth [12]. Neovascularization and the accompanying sen-
sory neonerves have been hypothesized to be one of the sources of
pain in osteoarthritis. Moreover, knee inflammation probably drives
peripheral and central sensitization which is associated with pain
severity [13]. Targeting angiogenesis and inflammation could thus
contribute to reduce pain severity in KOA.

Based on these assumptions, Okuno et al. proposed genicular
artery embolization (GAE) using imipenem/cilastatin to treat symp-
tomatic KOA with good results on pain relief [14]. However, this anti-
biotic is not available worldwide in this indication, thus limiting this
approach. Since then, studies have demonstrated that GAE is effective
in reducing pain and disability without major complications using
permanent microparticles [15−18]. However, permanent emboliza-
tion of genicular arteries carries a risk of ischemic skin and/or bone
damage [19]. Assuming the optimal embolic agent for GAE would be
a temporary one and available worldwide, it was hypothesized that
GAE using an ethiodized oil-based emulsion, whose temporary
embolizing properties and safety for use in human are well-known,
would be safe and effective [20−22].

The purpose of this prospective, single-arm, first-in-human clini-
cal trial was to evaluate the safety and efficacy of temporary GAE
using an ethiodized oil-based emulsion for the treatment of painful
KOA.
2. Materials and methods

2.1. Study design

LipioJoint-1 was a prospective, single-arm, open-label, first-in-
human cohort trial performed in two academic centers having
received approval from the relevant ethics committee. All partici-
pants provided written informed consent. The study was funded by a
grant from Guerbet and was sponsored by Assistance Publique-
Hôpitaux de Paris (AP-HP; D�el�egation �a la Recherche Clinique et �a
l’Innovation, Paris, France). It was conducted under the guidance of
an independent data and safety monitoring board convened by AP-
HP. This study was registered on ClinicalTrials.gov (NCT04733092).

All consecutive patients of two academic hospitals (recruiting
medical centers) between March 2021 and June 2022 were assessed
for eligibility. Main inclusion criteria were primary KOA according to
the American College of Rheumatology classification and of Kellgren-
Lawrence (KL) grade ≥ 2; visual analogue scale (VAS) pain score ≥
40 mm despite analgesic medication for at least three months; failure
or intolerance of or patient unwilling to take opioid treatment; failure
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or refusal of intra-articular corticosteroid injection; patient not eligi-
ble for surgery (or refusing surgery) [23−25].

Main exclusion criteria were intra-articular injection in target
joint within the previous three months; treated hyperthyroidism;
traumatic injury, current hemarthrosis or bleeding in the target joint
within the last week; known severe allergy to iodinated agents; stage
3 or higher chronic kidney disease (creatinine clearance < 60 mL/
min); patient unable or unwilling to comply with the follow-up
schedule; participation in another interventional study.

2.2. Ethiodized oil-based emulsion preparation

Emulsion consisted in a mix of 1:3 (v:v) ioversol 300 mgI/ml
(Optiray� 300, Guerbet) and ethiodized oil (Lipiodol� Ultra-Fluide,
Guerbet) prepared extemporaneously in the angiography room.
Using a dedicated mixing and injection system (Vectorio�, Guerbet),
2 mL of ioversol were gently pushed into 6 mL of ethiodized oil fol-
lowed by 20 back-and-forth movements to obtain a homogeneous
emulsion.

2.3. Genicular artery embolization

All GAEs were performed under local anesthesia by a panel of two
interventional radiologists (CQ and MS) with five and twenty years of
experience in arterial embolization, respectively. All GAEs were per-
formed through antegrade ipsilateral femoral artery puncture. A
Cobra C 2.5-Fr diagnostic catheter (Cordis) and a 1.7-Fr Pursue micro-
catheter (Merit Medical, Inc) were typically used for selective angio-
gram and super-selective embolization of the target arteries. The
microcatheter was gently pushed as distally as possible into the
artery feeding the hypervascular typical blush of KOA. All the arteries
supplying painful areas were super-selectively embolized. The emul-
sion was injected slowly into the arteries and appeared as multiple,
radiopaque deformable droplets slowly conveyed by the arterial
flow. The endpoint was total arterial occlusion. Control angiogram of
the foot was performed at the end of embolization to excluded poten-
tial migration of embolic material.

2.4. Outcomes

Follow-up consisted in a clinical evaluation by a trial investigator
(interventional radiologist or rheumatologist) at one week, one
month and three months. Adverse events were collected at each visit
to assess safety. Efficacy was assessed using validated patient ques-
tionnaires, the VAS pain and Western Ontario and McMaster Univer-
sities osteoarthritis index (WOMAC) questionnaire (Likert scale
normalized to 100; score ranging from 0 to 100 mm) and evaluated
at each visit [26]. All adverse events were reviewed by the indepen-
dent data and safety monitoring medical board (JPB, FB, EC, CLB).

The primary outcome was the rate of serious adverse events
attributed to GAE within one month. Secondary outcomes included
immediate technical success rate (success of catheterization and
embolization of at least one target artery), number of adverse events,
rate of responders (outcome measures in rheumatoid arthritis clinical
trials - Osteoarthritis Research Society (OMERACT-OARSI) set of
responder criteria), rate of participants reaching the patient accept-
able symptom state defined as a VAS score of < 32.3 mm, and ques-
tionnaire scores at follow-up [27,28]. OMERACT-OARSI set of
responder criteria were defined as either significant improvement in
pain or in WOMAC function (relative change ≤ �50% and absolute
change ≤ �20) or improvement in both pain and WOMAC function
(relative change ≤ �20% and absolute change ≤ �10). Severity of
adverse events was assessed using the classification of the Society for
Interventional Radiology [29].



Fig. 1. Study flowchart. *One patient was included twice for the embolization of his second knee (the second inclusion was performed five months after the first one).

Table 1
Characteristics of the 22 participants.

Variables Values

Age (year) 66 § 9 [48−79]
Women 13 (13/22; 59%)
BMI (kg/m2) 31.0 § 5.3 [22.4−47.4]
Target knee (right) 14 (14/22; 64%)
Kellgren and Lawrence score

3 10 (10/22; 45%)
4 12 (12/22; 55%)

VAS pain score (0−100 mm) 74.4 § 16.5 [50.0−100.0]
WOMAC* (0−100 mm)

Index 58.4 § 15.7 [28.1−88.5]
Pain 59.3 § 13.7 [40.0−85.0]
Stiffness 65.3 § 18.5 [37.5−100.0]
Function 57.3 § 17.1 [23.5−91.2]

Pathological compartment (most painful)
Medial 14 (14/22; 64%)
Lateral 6 (6/22; 27%)
Femoropatellar 2 (2/22; 9%)

Continuous variables are expressed as means § standard deviations. Cate-
gorical data are expressed as raw numbers, followed by proportions and
percentages into parentheses. BMI: body mass index, VAS: Visual analog
scale, WOMAC: Western Ontario and McMaster Universities Osteoarthritis
Index.
* WOMAC scores were normalized to 100 (score range 0−100 mm).
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2.5. Statistical analysis

All analyses are reported according to the STROBE statement
(http://www.strobe-statement.org/). The main analysis was con-
ducted on an intention-to-treat basis. Since this trial was a first-in-
human trial with a safety primary endpoint, sample size and power
were not calculated. Sample size was chosen based on the estimated
enrolment rate and acceptable study length. The normality of the dis-
tribution of continuous variables was assessed using Shapiro-Wilk
test [30]. Continuous variables were expressed as means § standard
deviations (SD) for normally distributed data and otherwise as
medians and ranges. Categorical data were expressed as raw num-
bers, proportions and percentages. Missing data were not replaced.
Paired t-tests or Wilcoxon matched-pairs signed-rank tests were
used for within-group comparisons between each follow-up visit and
baseline.

Analyses were performed with the SAS software, version 9.4 (SAS
Institute). A P value < 0.05 was considered to indicate significant dif-
ference.

3. Results

3.1. Participants’ characteristics

Among 61 patients assessed for eligibility, 22 consecutive partici-
pants were included in the trial (Fig. 1). There were 13/22 (59%)
women and 9/22 (41%) men, with a mean age of 66 § 9 (SD) years.
One of these participants took part in the trial on two consecutive
occasions and underwent embolization of both knees in two separate
sessions (five months apart). Twenty-two out of 22 (100 %) partici-
pants completed the three months’ follow-up. All participants had
moderate to severe KOA, with KL grade 3 and 4 for 10/22 (46%) and
12/22 (54%) participants, respectively. At inclusion, mean VAS pain
score was 74.4 § 16.5 (SD) mm despite level 1 or level 2 analgesic
medication for 22/22 (100%) and 10/22 (45%) participants respec-
tively. Mean WOMAC function and index scores were 57.3 § 17.1
(SD) (range: 16−62) and 58.4 § 15.7 (SD) (range: 27−85) respec-
tively. Eleven out of 22 (50%) participants had bilateral osteoarthritis
3

and 15 (68%) described morning stiffness in the target knee. Eighteen
out of 22 (82%) participants had received intra-articular corticoste-
roid injections in the target knee more than three months before
inclusion (Table 1). Among the 9/22 (41%) participants requiring anal-
gesic medication the week before GAE, 2/22 (9%) required level 2
analgesia.
3.2. GAE procedure details

A median of two (range: 1−4) arteries per knee were embolized
with 0.9 § 0.3 (SD) mL of emulsion per artery (Fig. 2). Data on the
procedure are provided in Table 2.



Fig. 2. Angiograms of the right knee in a 76-year-old man with Kellgren and Lawrence grade 3 knee osteoarthritis.
A, Before embolization, selective angiography of the common trunk of superior lateral and superior medial genicular arteries shows hypervascular inflammatory blush (arrows).
B, During embolization using ethiodized oil of the common trunk, angiogram shows emulsion droplets (arrows).
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The immediate technical success rate was 100% (22/22). No
patient described pain during GAE. No adverse events occurred dur-
ing GAE. Control angiograms did not reveal any occlusion of the distal
arterial network.

The first five participants were hospitalized overnight in observa-
tion in order to monitor local outcome. Thereafter, GAE was per-
formed on an outpatient basis and participants were instructed to
contact the interventional radiology department in the event of pain
or any local symptoms (at the puncture site or on the target knee).

3.3. GAE safety analysis

The rate of serious adverse events attributed to GAE within one
month was 5% (1/22), corresponding to a clinically significant
increase in serum creatinine beginning one day after GAE (baseline,
82 mmol/L; maximal level at day 2, 156 mmol/L), which then
returned to normal 13 days later (classified as serious adverse event)
in a 79-year-old woman. No worsening of knee pain was reported
immediately after GAE. One participant experienced knee edema for
four days, associated with erythema lasting two days after emboliza-
tion (classified as mild adverse event). Another participant experi-
enced erythema of the target knee for four hours (classified as mild
Table 2
Genicular artery embolization procedural data in 22 participants.

Variables Values

Hypervascular arteries
Descending genicular artery 16 (16/22; 73%)
Superior medial genicular artery 10 (10/22; 45%)
Superior lateral genicular artery 8 (8/22; 36%)
Inferior medial genicular artery 13 (13/22; 59%)
Inferior lateral genicular artery 6 (6/22; 27%)
Recurrent genicular artery 2 (2/22; 9%)

Fluoroscopy time (min) 15.5 § 5.4 [7.7−28.3]
Radiation dose (mGray) 75.6 § 33.1 [16.0−126.0]
Dose area product (mGray/m2) 1350.5 (1080.0, 2495.0)

Continuous variables are expressed as means § standard deviations
(SD) for normally distributed variables and medians (Q1, Q3) other-
wise. Categorical data are expressed as raw numbers followed by pro-
portions and percentages into parentheses.

4

adverse event). No skin ulceration, local paraesthesia or puncture site
complications were observed.
3.4. Clinical efficacy of GAE

Knee pain and function improved from one week to three months
after GAE (Table 3, Fig. 3). Mean VAS pain score decreased from
74.4 § 16.5 (SD) mm (range: 50−100 mm) at baseline to 37.2 § 26.7
(SD) mm (range: 0−100 mm) at three months (P < 0.001). WOMAC
function score (normalized to 100; score ranging from 0 to 100) at
three months decreased to 33.5 § 25.9 (SD) (range: 0−67), represent-
ing a mean change from baseline of �23.6 § 22.7 (SD) (P < 0.001). At
one and three months, 16/21 (76%) and 16/22 (73%) participants
were considered responders according to the OMERACT-OARSI set of
responder criteria respectively [27].

Among 10 participants with KL grade 3, 8 (80%) were considered
responders at three months. Among 12 participants with KL grade 4,
eight (67%) were considered responders at three months. At three
months, 9/22 (41%) participants reached a patient acceptable symp-
tom state (VAS pain score < 33.2 mm) (Table 4) [28].
4. Discussion

This is the first report on the use of ethiodized oil in a musculo-
skeletal indication. The results of our study demonstrate that tran-
sient GAE, using an ethiodized oil-based emulsion, is safe and
effective in the treatment of symptomatic KOA. The only procedure-
related complication was a reversible deterioration in renal function,
likely related to the injection of an iodinated contrast agent for intra-
arterial navigation.

Previous experiences with other embolic material have demon-
strated a good overall safety profile but not without possible side
effects [16,18]. The safest embolic agent seems to be imipenem/cilas-
tatin, but it is not accessible in several countries. In their systematic
review, Torkian et al. reported that a total of 54/214 participants
(25.2%) experienced minor adverse events, most commonly, self-
resolving transient skin ischemia [31]. In another systematic review,
Casadaban et al. reported transient erythema of the skin in the region
of GAE without ulceration in a total of 21 out of 186 (11%)



Table 3
Pain andWestern Ontario and McMaster Universities osteoarthritis index scores change after genicular artery embolization.

1 week 1 month 3 months

Variable n 1 week Change P value n 1 month Change P value n 3 months Change P value

VAS pain score (0−100 mm) 22 35.5 § 22.9 �38.9 § 26.3 <0.001 21 37.2 § 21.3 �36.0 § 20.6 <0.001 22 37.2 § 26.7 �37.2 § 28.2 <0.001
WOMAC (0−100 mm)

Pain 22 32.6 § 21.6 �26.4 § 20.1 <0.001 21 36.0 § 21.3 �22.9 § 21.4 <0.001 22 35.9 § 26.4 �23.4 § 23.7 <0.001
Stiffness 22 36.4 § 22.8 �29.0 § 23.9 <0.001 21 41.7 § 24.2 �23.8 § 25.0 <0.001 22 40.9 § 30.9 �24.4 § 29.5 <0.001
Function 21 30.8 § 24.2 �26.2 § 23.1 <0.001 20 33.5 § 23.7 �23.3 § 23.1 <0.001 21 33.5 § 25.9 �23.6 § 22.7 <0.001
Index 20 32.8 § 23.1 �25.1 § 21.2 <0.001 20 34.6 § 22.5 �23.2 § 22.1 <0.001 21 34.7 § 25.9 �23.5 § 22.6 <0.001

Variables are expressed as means § standard deviations.
VAS indicates visual analog scale, WOMAC indicates Western Ontario and McMaster Universities osteoarthritis index.
WOMAC scores are normalized to 100 (score range 0−100 mm).
* Change: Mean change from baseline.

Fig. 3. Change in visual analog scale (VAS) pain score (A) and Western Ontario and McMaster Universities osteoarthritis index (WOMAC) function score (B) over the three-month
follow-up period.

Symptoms are improved when scores decrease. WOMAC function score is normalized to 100 (score ranging from 0 to100 mm).
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participants, which resolved without intervention in all patients. The
events occurred in 17/27 (63%) of GAEs using permanent micropar-
ticles, lasting one to three months, and in 4/159 (2.5%) of GAEs using
imipenem/cilastatin lasting about three weeks [19]. In order to
reduce this risk of non-target embolization and subsequent skin,
nerve and/or bone ischemia, researchers have suggested the applica-
tion of ice pads to create vasoconstriction when using permanent
microparticules [32]. However, there is no evidence that this
Table 4
Responders and patients reaching acceptable symptom state at follow-up.

Variable 1 week 1 month 3 months

Responders*
Kellgren-Lawrence score

All 16 (16/22; 73%) 16 (16/21; 76%) 16 (16/22; 73%)
3 9 (9/10; 90%) 9 (9/10; 90%) 8 (8/10; 80%)
4 7 (7/12; 58%) 7 (7/11; 64%) 8 (8/12; 67%)

Patients with acceptable
symptom statey

10 (10/22; 45%) 9 (9/21; 43%) 9 (9/22; 41%)

Variables are expressed as raw numbers followed by proportions and percentages
into parentheses.
VAS indicates Visual analog scale; WOMAC indicates Western Ontario and McMas-
ter Universities Osteoarthritis Index; OMERACT indicates outcome measures in
rheumatoid arthritis clinical trials; OARSI indicates Osteoarthritis Research Society.
* OMERACT-OARSI set of responder criteria including high improvement in pain

or in WOMAC function (relative change ≤�50% and absolute change ≤�20) or
improvement in pain and in WOMAC function (relative change ≤ �20% and absolute
change ≤�10) [27].

y VAS pain score < 32.3 mm [28].
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approach is effective, especially for deeper tissues such as bone and
nerves. In the current study, no non-target embolizations were
reported suggesting that the rapid arterial recanalization ensured by
the use of this emulsion is key to explaining this good safety profile.
Indeed, the temporary embolic properties of ethiodized oil-based
emulsions have been widely demonstrated in the treatment of pri-
mary liver cancer by conventional transarterial chemoembolization
[20]. Moreover, the “showering” effect of transient GAE is fully in line
with the TAME concept initially proposed by Okuno et al. to treat
painful joints [14].

For conventional transarterial chemoembolization, a stable
water-in-oil emulsion is produced by continuous pumping of
water-soluble chemotherapy into pure ethiodized oil [20]. Typi-
cally, the emulsion is injected through a microcatheter and creates
small radiopaque droplets that progressively slow down the
arterial flow, up to total occlusion. A few minutes later, the flow
reappears and sequential repeated sessions of conventional trans-
arterial chemoembolization can be repeated via the same route,
thanks to the temporary nature of this arterial occlusion. Because
there is no need for chemotherapy in GAE, we designed and pat-
ented (WO2022/123049) this emulsion made of water-soluble
contrast agent and ethiodized oil in a proportion that was opti-
mized in the research lab. Before designing this first-in-human
study, we conducted an in vivo preclinical study (unpublished per-
sonal data) in which we confirmed that this emulsion was able to
temporarily embolize (10 min) the arteries (kidney, knee, shoul-
der, and rete mirabile). The safety profile was also good since we
did not observe any skin/tendon/bone damage.
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In this study, a marked clinical benefit, with improvement in VAS
pain, WOMAC index and WOMAC function scores was described in par-
ticipants with moderate to severe KOA (KL grade 3−4). On a per-patient
basis, 73% of the participants could be classified as responders using the
OMERACT-OARSI set of responders’ criteria, and 41% were asymptom-
atic at three months. Bagla et al. described similar improvement in both
pain and WOMAC global scores despite the participants having less
severe KOA (KL grade 1−3) [16]. In the Genesis trial, mean pain
improvement was lower than ours despite less severe KOA (KL grade 1
−3) [18]. In our study, clinical improvement was observed in partici-
pants with severe KOA (KL grade 4) whereas these patients are often
excluded from trials, probably because it is assumed that GAE would be
ineffective in these patients with impaired cartilage. Indeed, Lee et al.
reported a non-significant improvement in pain score for participants
with KL grade 4 [17].

The main limitations of the study are the small number of partici-
pants, the absence of a comparative group with random treatment
allocation and short follow-up. In addition, our study was designed
to focus on safety and the findings on efficacy should be interpreted
with caution.

In conclusion, GAE using an ethiodized oil-based emulsion is safe,
reduces pain and improves knee function in participants with painful
KOA for at least three months. This embolic agent appears to be a
favorable option by comparison with permanent microparticles or
imipenem/cilastatin that both have limitations. If our results are con-
firmed in larger, randomized, controlled trials, ethiodized oil-based
emulsion could become one option for GAE.
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