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Abstract
Background and purpose

Arteriovenous malformations (AVMs) derived ophthalmic artery (OphA) branches are not common, however, their
management is very challenging. We aimed at evaluating the safety and efficacy of Trans OphA ethanol embolotherapy for
these lesions.

Materials and methods

We retrospectively reviewed 26 patients with AVMs fed by OphA, who underwent transOphA embolization using ethanol
from February, 2015 to December, 2019. Sixty-six transOphA embolotherapy procedures (range, 1-4 procedures; mean, 2.5
procedures) were performed. Degree of devascularization, visual field, visual acuity, and quality-of-life outcomes were
compared and analyzed at follow ups (mean, 32.6 months; month range 10-60). Complications were recorded.

Results

Twenty of the 26 patients (77%) reported complete or >90% AVM devascularization while six patients (23%) showed >70%
devascularization. Eleven patients (42%) presented with visual acuity impairments with 4 complete relief, 6 improvements.
Eight patients (42%) presented visual field defects with 4 complete relief, 3 with improvements. Ten patients (38.4%)
presented with diplopia and exophthalmos with 2 complete relief, 6 major improvements. Bleeding was controlled in all
cases (100%). All patients (100%) exhibited cosmetic deformities with 17 being completely relieved. Moreover, all patients
(100%) exhibited impaired daily life, which was resolved in 21 patients with 5 patients reporting major improvements. No
vision loss, death, or permanent disability in all patients.

Conclusions

TransOphA ethanol embolotherapy was found to be efficacious, safe and it achieved symptomatic resolution or
improvement of AVMs fed by OphA with acceptable complications without the risk of visual impairment.

Introduction
Arteriovenous malformations (AVMs), which mainly derived from ophthalmic artery branches (OphA) cause the periorbital
disfigurement, ulcer, bleeding, ocular and visual functional problems4, 7, 18. Surgical ligation of feeding arteries or partial
excision of AVM lesions can potentially induce the recurrence or worsening symptoms11. Endovascular interventions have
been used to treat AVMs that have a high risk of surgery and/or surgically inaccessible lesions, especially in the periorbital
and orbital regions 12, 25. TransOphA embolization using embolic agents (PVA particles, Gelfoam powder, n-Butyl-2-
Cyanoacrylate (NBCA) Glue, and Onyx) has been reported to be successfully used to treat various vascular malformations
and neoplastic lesions fed by OphA, including intraorbital arteriovenous fistulas 4, AVMs in craniofacial regions 3, and
meningiomas 28 15, 29. In AVMs fed by OphA, targeting of these aforementioned embolic agents to the nidus is difficult. In
addressing the limitations associated with low dispersion of embolic agents, ethanol embolotherapy has shown positive
outcomes in AVM treatment with acceptable complication risks 22. In the presence of high risks anatomical areas where the
central retinal artery arises off of the ophthalmic artery, reflux of embolic agents into this vessel could result in permanent
blindness. Endovascular embolization of AVMs fed by OphA is less well described in the literature and has been historically
limited by the technical challenges of transarterial embolization via the ophthalmic artery and the perceived risk of vision
loss. Based on an in-depth understanding of the angioarchitecture of AVMs, approaches, materials, and treatment results
over several years, one would expect that ethanol endovascular treatment modalities and principles would also evolve. 
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At present, we aimed at assessing the efficacy of transarterial embolization for AVMs fed by OphA using ethanol
embolotherapy. This study was approved by the Scientific Research Projects Approval Determination of Independent Ethics
Committee. Informed consents for procedures were obtained from all study participants.

Materials And Methods
Retrospective assessment of medical records and radiologic images was approved by the Institutional Review Board of the
hospital. Medical records for all patients with high-flow AVMs in a database of 86 patients with AVMs fed by OphA were
retrospectively reviewed. A total of 26 patients presenting with transarterial embolization between February, 2015 and
December, 2019 were enrolled for analysis in this study. At the time of treatment, average age of the 26 patients (17 male, 9
female) was 32.3 years (range, 16-57 years). The 26 patients presented AVMs at different locations: nose (n = 3), eye lid
(n=20), and orbital (n=3) (Table 1). 23 patients (77%) had previously received inappropriate treatments, including
embolization or surgical ligation of the external carotid artery branches (n=18), incomplete surgical resection (n=16), and
percutaneous puncture ethanol sclerotherapy (n=6) in another institutions, which induced lesion expansion and
deterioration (Table 1). Fourteen (54%) of the 26 patients reported that AVM had been diagnosed at birth with 8 (31%)
patients showing obvious lesion enlargement during pregnancy (n=5) or injury (n=3).

Patients had presented with various signs and symptoms, including pain, pulsating mass, swelling, reduction of the visual
field, deteriorated visual acuity, bleeding, and skin ulcerations. Clinical data from pretreatment imaging studies as well as
ocular and visual symptoms (acuity measurement and visual field test) for every patient were retrieved.

Endovascular procedures

Endovascular procedures were performed under general anesthesia with saline-flushed catheters under routine
heparinization. To assess angioarchitectures of AVMs, including feeding arteries, draining veins, nidus of AVMs,
angiograms for both internal and external carotid arteries were obtained.

Vascular access was achieved through right common femoral artery. The 5F guiding catheter was placed at the C2
segment of the internal carotid artery after which an angiogram was initiated. In all cases, there were the hypertrophy of
OphA branches, indicating transOphA embolization was feasible. Choroidal blush and safety point [origin of central retinal
artery (CRA)] were identified on the angiogram (Fig. 1). Then, a 1.7F microcatheter (ev3) was navigated by 0.014
microguide wire (Bonston) into a branch of OphA and positioned distal to origin of the central retinal artery to minimize
reflux. The aim was to place the tip of the microcatheter super selective in the nidus or as close as possible to it with both
inflow and outflow zones (distal part of feeding artery/arteries and proximal part of draining vein) (Fig. 2). Then, the
contrast medium was injected while avoiding its back streaming to the proximal part of the ophthalmic artery before
ethanol injection under fluoroscopy. Since ethanol is radiopaque, its reflux was indicated by reflux of the contrast medium.
Reflux of the contrast medium over the microcatheter indicated a decrease in the speed of ethanol injection.

After several test injections, the amount of ethanol used during embolization was based on the amount of contrast medium
required to fill the portion of AVMs being treated by manually injected ethanol. Arteriography was performed 5-10 min after
each ethanol injection to determine whether blood flow stasis had been achieved. Then, embolization was performed to
obliterate all or part of nidus until all the desired clinical results were achieved (Fig. 3). Coils were used in 3 patients. For
these cases, coils (Nester; Cook Medical, Bloomington, Ind) were first deployed to decrease the blood flow in the nidus via
direct puncture approach. Next, the ethanol was injected.

Evaluation of clinical data and follow-up results

Data on symptoms and quality of life (QoL) at follow up (through telephone conversations) was obtained by completion of
questionnaires assessing specific symptoms before and after endovascular treatment. For patients whose treatments were
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complete, telephone questionnaires and physical examinations were performed at 1- and 3-month intervals, respectively,
after last procedures. Clinical follow-ups were done by phone within 2 weeks of embolization followed by 4-week clinical
visits for follow-ups. The assessed symptoms included pain, visual status (vision acuity and visual field), cosmetic
deformity, and impairments of daily life activities. Patient symptoms before and after embolization were compared using a
5-point scale as previously reported 17: 1, worsening; 2, no change; 3, minor improvements; 4, major improvement; and 5,
complete relief based on previous reports. major improvement; and 5, complete relief. Major improvement and complete
relief were considered as significant improvement after embolization. In addition, the occurrence of any side effects or
complications and satisfaction associated with treatment were documented.

Assessments of radiological images during follow-up was achieved by comparison of final angiograms by three
experienced interventional neuroradiologists. Results of post-treatment digital subtraction angiography (DSA) were
interpreted as: 1, <50% shunt reduction; 2, >50% shunt reduction; 3, >70 shunt reduction; 4, >90% shunt reduction; and 5,
complete AVM occlusion. The detected complications, classified as minor or major, in relation to the embolization
procedure were then analyzed5.

Statistical analysis

Statistical analyses were performed using SPSS V.21.0 (SPSS, Chicago, Illinois, USA) and SAS 9.2 (SAS Institute, Cary,
North Carolina, USA). Paired nominal data were matched with the Mc-Nemar test to determine the significance of
differences between pre-embolization and post-embolization angiography and clinical long-term results. p <0.05 was
considered statistically significant. Paired-samples t test was used to calculate the difference in numeric variables (such as
visual acuity) pre- and posttreatment. Snellen acuity was converted to logarithm of minimal angle of resolution values.

Results
A total of 66 embolization procedures (range 1-4, mean 2.5) were performed on the 26 patients. Majority of the patients
were treated in multiple stage embolization sessions. One embolization session was performed on 1 patient, two sessions
on 13 patients, and more than three sessions on 12 patients. The mean volume of injected ethanol in each procedure was
5.9 ml (range 0.6-11.5 ml), whereas mean follow-up time was 32.6 months (range 10-60). Notably, 77% of patients had
100% closure of AVM (Fig. 3) or 57.7% had >90% closure of AVM angiographically confirmed while one patient had >50%
closure of AVM (Table 1).

Visual outcomes

Visual outcomes were summarized Table 2. Prior to embolization, 11 patients (42.3%) had a deficit in visual acuity, which
experienced complete relief in 36.6% of patients, major improvement in 27.2% of patients, minor improvement in 27.2% of
patients, and unchange in 9%. All patients without preoperative visual deficit remained unchanged (p<0.01; Fig. 4a). With
regard to the visual field, 8 of all 26 patients (30.7%) showed impairment. Of these 8 patients, 50% had complete relief, 25%
major improvement, 12.5% minor improvement, and 12.5% no change with regard to visual field deficits. In contrast, all
patients without preoperative visual field impairment remained unchanged (p<0.01; Fig. 4b). 

Ten patients (38.4%) presented with diplopia and exophthalmos; 2 were completely relieved, 6 had major improvements
while 2 had minor improvements. Worsening of functions was not observed.

QoL questionnaire

Questionnaires from the 26 patients were included in the evaluation (Table 2). Bleeding as well as levels of pain, cosmetic
deformities, and impairments in daily life before and after endovascular treatment were recorded and statistically analyzed.
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Statistically significant differences (p<0.05) in pain or bleeding between pre-embolization and post-embolization patients
were observed. Pain was resolved in 6 (23%) patients and was significantly improved in 1 (4%) patient. Bleeding was
controlled in 12 (46%) cases with none reporting any recurrent pain or hemorrhage due to AVM after endovascular
treatment. All patients presented cosmetic concerns, which were main reasons for seeking intervention. After treatment, 17
(65.4%) patients had complete relief of cosmetic deformities while 1 still showed minor cosmetic deformities. Eight (30.8%)
of the patients had clearly visible improvements in their cosmetic deformities after endovascular treatment.

The 26 patients (100%) reported impairments in their daily lives, which were directly related to AVM. Twenty-one (80.8%) of
the patients had no impairments in their daily lives after treatment with 5 (19.2%) of the patients experiencing major
improvements. There were no impairments in daily life after endovascular treatment.

Complications

There were no procedure-related vision loss, stroke, permanent disability, or death. Ten (38.5%) of the patients developed
complications. These complications included two cases with concurrent of superficial skin necrosis and kin bulla, and four
cases of skin bulla alone. Wound dressing healed all superficial skin necrosis and bullae cases, and there were no further
invasive treatments, including skin grafts that were needed. Three cases presented with blurry vision that was attributed to
spasm of central retinal artery after transarterial embolization. They had resolved completely after embolization with low-
molecular weight heparin (q12 hours for the first 72 hours). One case of transient nerve injury, which presented with
hyperalgesia in the frontal region, spontaneously resolved with conservative treatment within one month.

Discussion
AVMs derived from OphA are rare, with limited relevant reports on treatment outcomes. Our findings show that transOphA
ethanol embolotherapy is an effective and safe treatment modality in the series. We established that transOphA ethanol
embolotherapy alone achieved satisfactory clinical and imaging outcomes for these lesions with accepted complications
and no procedures-related permanent vision impairment. For cases with visual impairment caused by AVMs, a higher rate
of postembolotherapy visual recovery was achieved.

Previous studies reported that treatment of AVMs fed by OphA is clinically challenging due to complex hypervascularity of
AVMs and the risk of vision loss from OphA involvement 1, 4, 21. Endovascular treatment is effective for AVMs 5, 8, 24, and
ethanol embolotherapy of periorbital and orbital AVMs improves symptoms to some extent 14, 15, 25, and yet the overall
results are not satisfactory. However, due to its close proximity to retinal central artery, which regulates visual acuity and
extraocular movements, therapeutic approaches that are specific for treatment of AVMs fed by OphA are scarce. 

Accessibility to AVM nidus comprises transarterial, transvenous or direct puncture approaches, but there is no consensus
about which is best. Percutaneous ethanol sclerotherapy extravasates into surrounding tissues resulting in catastrophic
complications, including ocular infarctions or reversible blurred vision 14. Su et al. 25 reported that one AVM patient in the
periorbital region received percutaneous ethanol sclerotherapy and developed a blurred vision. Transvenous embolization is
reserved for lesions with a venous sac 24, which was absent in the cases included in this study. Twelve (46%) of the
patients in this study who underwent ethanol sclerotherapy via the direct puncture approach failed to control intractable
epistaxis, progressive visual or ocular symptoms. Therefore, it is necessary to try transarterial embolotherapy for AVMs fed
by OphA. From an anatomical point of view, hypertrophy of OphA branches in the present cohort provided the ideal access
to nidus via transOphA approach. In terms of these points, we preferred to use transOphA approach as access to nidus of
choice for the treatment of AVMs.

Due to risks of visual and extraocular complications, trans-OphA embolization has been considered to be a less-than-
optimal strategy 15. Visual complications originating from transarterial embolization of lesions using a liquid embolic
agent include palpebral and orbito-frontal arteriovenous fistulas, and meningiomas of skull base 28. Terada et al. reported
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that one out of four cases of embolization of meningiomas (through OphA branches) experienced postembolization visual
deficits 26. Furthermore, Lv et al. reported that 3 pure intraorbital arteriovenous fistula patients underwent transarterial
embolization using Onyx, leading to permanent blindness due to Onyx reflux and occlusion of the central retinal
artery 15. An adult man experienced multiple branch arterial occlusions resulting in severe visual field defects after
treatment of eyelid AVM. Visual deteriorations rate account for the reflux of embolic agents 23.

To avoid the reflux, the understanding of anatomic safe points of OphA and hemodynamics facilitated the achieve of
successful and safe embolization. In treating AVMs fed by OphA, neurointerventionalists must consider anatomic safe
points of OphA and hemodynamics. It is advisable to carefully distally position the microcatheter tip. “Safety point” is
recognized on angiogram, and is considered as a secure limit for embolization beyond safety points with a minimal risk of
visual deficits 1. These precautions guarantee the preservation of the central retinal artery. As a result, all patients were
exclusively treated with ethanol injection via OphA without procedural visual impairments. In addition, previous studies
have concluded that since embolized defective blood vessels can redirect and transport embolic material to unintended
locations, changes in blood flow correlate with visual complications 19. Therefore, multiple staged embolizations and low
ethanol volumes in each session might contribute to a reduced risk of reflux, leading to low complications.

The choice of embolic agents (ethanol) depends on effectiveness and safe profile. The available embolic agents including
PVA particles, Onyx, and gluehave a limited distal access to nidus13, especially in cases of long distances between
microcatheter tip and point of shuntsEthanol achieved the desired embolic effect in addressing the long distance
embolization because of its high fluidity and a more distal lesional penetration 22.Ethanol is also reported to be the best
agent to achieve endothelial ablation of the AVM nidus 24. It achieves potential cure by causing fracture up to the internal
elastica lamina of the vascular walls, eliminating angiogenesis factors, eventually leading to permanent occlusion of the
exposed vessels and prohibiting further neovascularization24. The main goal of AVMs was to eradicate shunts, which
induced OphA-related risks and symptoms including bleeding, pain, vision impairment, and cosmetic deformities. In this
study, 100% closure of AVM was achieved in 20 (77%) patients, which was higher than the results of previous studies that
reported nearly complete obliteration with Onyx in eight of 18 (44.4%) cases 27, and polyvinyl alcohol particles or NBCA in
10 (14.5%) of patients, even 58.4% by combined surgical and presurgical embolization 8. AVMs cause visual impairment or
visual loss via arterial steal 2, 10. In the cohort, eleven patients (42.3%) presented with visual acuity impairments with 3
complete relief, 6 improvements. Despite that ischemic time is reported to be an indicator of poor prognosis of vision
improvement14, our study clearly showed eradicating arteriovenous malformation using ethanol embolotherapy facilitated
improvement of visual outcomes in the cases with vision impairment. The potential cause for the improved visual function
may be the increased perfusion of retina after obliterating the fistulas and reducing arterial steal.

The procedural visual impairment is a complication worthy of special attention. Three (11.5%) of the 26 patients in this
study had visual deteriorations, which was similar compared to findings from previous studies, which reported 8%-30%
visual deterioration rates using embolization with Onyx as the main approach 4, 16. Visual deteriorations may be attributed
to thromboembolism or unintentional obstructions of the CRA 6. Notably, these three cases spontaneously resolved
completely 24 hours after conservative treatment without the residual permanent impairment. We hypotheses that ethanol
concentrations in the feeding artery are reduced in the reflux process with degree of ethanol damage reduced. 

The most common complications reported skin necrosis owing to over injection and reflux of ethanol4, 9, especially in the
periorbital skin. Park et al. reported that intra-arterial ethanol injection causes skin necrosis because tiny, angiographically
invisible normal arteries become exposed to ethanol. Minimizing intra-arterial ethanol injections contribute to reduction of
overall complication rates 20. Majority of AVMs fed by OphA in this study were in the superficial skin of the eyelid. Eyelid
necrosis which spontaneous healed was observed in this study. Therefore, close patient monitoring of these adverse events
and complications following ethanol sclerotherapy is necessary. In addition, ethanol may exert its effects to sites that are
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distant from the target site, including the venous system, thereby causing thrombophlebitis, hemoglobinuria,
cardiopulmonary collapse, and death, which were not observed in this study.

This study has some limitations. First, this was a retrospective, single-center study with a relatively small sample size that
was attributed to the rarity of AVMs fed by OphA. Second, being a fairly uncommon disease with relatively small number of
patients, inherent selection biases due to observational designs and monocentric nature of the current study could have
affected the findings.

Conclusions
Ethanol for transarterial embolotherapy of AVMs fed by OphA showed positive outcomes for improvement of clinical
symptoms, including visual functions and cosmetic deformities with acceptable complications. Transarterial
embolotherapy might be advocated. Staged embolizations were found to be safe and clinically effective based on
understanding of “safety point” and injection rate. TransOphA ethanol embolization is recommended as the mian routine
treatment of AVMs fed by OphA.
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Tables
Table 1. Prior treatments/procedures and presenting signs and symptoms of 26 AVM patients

Previous
therapy 

No. of patients
(%)

Symptoms and signs No. of patients
(%)

Location No. of patients
(%)

ISR+PAL 11 (42.3) Pain 7 (26.9) Right eyelid 6(23.1)

ISR+PAE 2 (7.7) Visual acuity
impairment

11 (42.3) Left eyelid 2(7.7)

PAE  7 (26.9) Visual field impairment 8 (30.7) Left orbital 6(23.1)

Sclerotherapy 6 (23.1) Diplopia and
exophthalmos

10 (38.4) Right orbital 2(7.7)

    Cosmetic deformities 26 (100) Left
orbitofrontal

5(19.2)

    Bleeding 12 (46.1) Right nasal
cavity

3(11.5)

        Nose 1(3.8)

Table 2 Results of the quality-of-life questionnaire
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    After treatment  

Symptoms Before
treatment

Complete
relief

Major
improvement

Minor
improvement

No relief Worsening p
Value

Pain 7/26(26.9%) 6/7(85.7%) 1/7(14.25) 0/7(0) 0/7(0) 0/26(0) 0.031

Visual acuity
impairment

11/26(42.3%) 4/11(36.6%) 3/11(27.2%) 3/11(27.2%) 1/11(9.0%) 0/26(0) 0.015

Visual field
impairment

8/26(30.7%) 4/8(50.0%) 2/8(25.0%) 1/8(12.5%) 1/8(12.5%) 0/26(0) 0.021

Diplopia and
exophthalmos

10/26(38.4%) 2/10(20%) 6/10(60.0%) 2/10(20.0%) 0/10(0) 0/26(0) 0.001

Cosmetic
deformities

26/26(100%) 17/26(65.3%) 8/26(30.7%) 1/26(3.8%) 0/26(0) 0/26(0) 0.001

Impairment in
daily life

26/26(100%) 21/26(46.1%) 5/26(19.2%) 0/26(0) 0/26(0) 0/26(0) 0.001

Bleeding 12/26(46.1%) 12/12(100%) 0/12(0) 0/12(0) 0/12(0) 0/26(0) 0.001

p<0.05 was considered statistically significant.

Figures
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Figure 1

Patient with nose arteriovenous malformation presenting with mass/disfigurement and epstasis. (A) Internal carotid
angiogram in the lateral view shows fistula and venous drainage (arrow) fed mainly by ophthalmic artery branches of
OphA. Arrowheads delimitate the location of the choroidal crescent. Safety point (arrow) and ideal point (double arrow) are
indicated. Tip of the microcatheter (arrow) in Ophthalmic artery was placed into draining veins as near the nidus as
possible. First treatment session comprised transOphA embolization with ethanol (B). Patient returned after one month for
a second session that comprised transOphA embolization with ethanol of residual lesions (data not shown). (C) Angiogram
of arterial phase 12 months after embolization showing complete obliteration of AVM. Symptoms of the patient improved
significantly. Patient reported no focal pain or discomfort at 12-months follow-up.
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Figure 2

a In patients with preoperative impaired vision acuity, 63.6% showed significant improvement while all patients without
preoperative visual deficit remained equal (p<0.01). b Out of all patients with visual field impairment, 75 % improved and all
patients without preoperative visual field impairment remained unchanged (p<0.01).


