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ABSTRACT

Background There is considerable overlap of
contributors to cardiovascular disease and the
development of age-related macular degeneration
(AMD). Compromised ocular microcirculation due

to aging and vascular disease contribute to retinal
dysfunction and vision loss. Decreased choroidal
perfusion is evident in eyes with dry AMD and is thought
to play a role in retinal pigment epithelial dysfunction,
the rate of development of geographic atrophy, and

the development of neovascularization. The aim of the
study was to demonstrate that AMD is correlated with
a compromised blood flow in the ocular pathway and
show OA angioplasty as a potential treatment of late-
stage AMD.

Methods Based on the potential for the ophthalmic
artery (OA) to be an anatomical target for the treatment
of AMD as outlined above, five patients were found to
be eligible for compassionate use treatment, presenting
clinically significant late-stage AMD with profound
vision loss in one or both eyes, and are included in this
retrospective study.

Results OA narrowing, or significant calcium burden
at the ophthalmic segment of the internal carotid artery
compromising the origin of the OA was confirmed in all
cases. Subsequent OA cannulation was achieved in all
patients with some difficulty. Subjective patient reports
indicated that all patients perceived a benefit following
the procedure; however, improved postoperative visual
acuity did not confirm that perceived benefit for one of
the patients.

Conclusions Feasibility and safety of the OA
angioplasty were demonstrated, and a benefit perceived
in five patients with profound vision loss and a desire
to achieve improved quality of life. A clinical trial with
controlled schedule, imaging, and methodologies is
needed to confirm these results.

INTRODUCTION

Age-related macular degeneration (AMD) is the
leading cause of irreversible blindness among the
elderly in the developed world." AMD is a gradu-
ally progressive disease that evolves through stages.
The earliest sign of AMD is characterized by lipid-
and protein-rich extracellular deposits (drusen)
between the retinal pigment epithelium and Bruch’s
membrane in the central macula, associated with
pigmentary changes.” AMD is a complex disease
with multiple genetic and environmental risk

factors. The role of genetic factors in the develop-
ment of AMD is estimated to be between 46% and
71%. Susceptibility genes are particularly repre-
sented by immune modulation and complement
pathway*; however, it is understood that oxidative
stress, hypoxia, and compromised autophagy’ may
contribute to complement activation,® promoting
disease progression. AMD is also influenced by
environmental risk factors, including age, smoking,
gender, diet, and cardiovascular disease.”®

Currently, there are no available treatments for
non-exudative AMD; however, studies have shown
that dietary supplementation can play a protective
role by potentially slowing the progression.”" In
addition, although an unhealthy diet does not seem
to contribute to AMD, those patients with AMD
and an unhealthy diet may be more likely to prog-
ress to late-stage disease.'*

There is considerable overlap in contributing
factors to both cardiovascular disease and the
development of AMD.? ¥ ¥ Furthermore, compro-
mised ocular microcirculation due to aging and
vascular dysfunction contribute to retinal damage
and vision loss."” Decreased choroidal perfusion
is evident in eyes with non-exudative AMD'
and is thought to play a role in retinal pigment
epithelial dysfunction,” the rate of geographic
atrophy development,®®?! and the development of
neovascularization,*

In an effort to evaluate whether or not
the internal carotid artery (ICA) and/or the
ophthalmic artery (OA) contribute to decreased
retinal perfusion in eyes with AMD, a recent
study was conducted at the Martinos Center for
BioMedical Imaging (Boston, Massachusetts,
USA) using 7 Tesla magnetic resonance imaging
(7T MRI) and a custom built 32-channel head
receive array coil with a birdcage transmit coil
to non-invasively capture hemodynamic data
of both arteries. Patients with late-stage AMD
demonstrated a statistically significant decrease
in both lumen diameter (p<0.01) and volumetric
flow rates (p<0.01), and an increase in resistive
index (p<0.01), which measures dynamic flow
properties, in the OA of patients with AMD in
comparison with age-matched controls without
AMD. Further, they demonstrated as AMD
disease progresses, there is a statistically signif-
icant (linear trend test p=0.002) declining trend
of OA volumetric flow. No statistically significant
differences were found in flow rates or resistive
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Figure 1
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Diagnostic workup for case 002. (A) 3T brain MR angiography 3D reconstruction depicting the origin of both ophthalmic arteries (OAs).

The red arrow denotes stenosis in the long limb segment of the ophthalmic artery. EcoDoppler analysis, white (B) the arrow head depicts stenotic
segment of the ophthalmic artery with (C) peak systolic velocities in the flow velocity waveform.

index in the ICA of the same AMD cohort as compared
with age-matched controls without AMD.?* These findings
indicate that the changes in the distal ICA, in or around the
OA, might be contributing to decreased retinal perfusion in
patients with AMD, and present a potential treatment target
in a patient population without therapeutic options.

In the consideration of OA angioplasty or AMD, treat-
ment of carotid artery disease by angioplasty and stenting in
patients with ocular ischemic syndrome has been shown to
mitigate vision loss,”* demonstrating the benefit of increased
ocular perfusion in those patients. In at least one case of

acute ischemic retinopathy, OA stenosis was diagnosed,
and balloon angioplasty of the OA performed, effectively
restoring vision.”> Hayreh and Zimmerman discovered that
the OA can have a markedly stenosed lumen at its origin from
the ICA with little or no stenosis found in the ICA itself,*
a situation that is echoed in the 7T MRI data discussed
previously.

The premise that AMD is correlated with a compromised
blood flow in the ocular pathway provided the foundation
for OA angioplasty as a potential treatment of late-stage
AMD.

Figure 2 Ophthalmic artery (OA) angioplasty for case 001. (A, B) 3D digital subtraction angiography reconstruction view of the internal carotid
artery/OA ostium. Yellow circle highlighting the OA stenosis at its origin. (B) Cone-beam CT of the OA. The red arrow represents the plaque
surrounding the OA origin and the yellow arrow represents the OA. (C) Balloon angioplasty at the OA short limb segment indicated by the black

arrow. (D, E) 2D and 3D perfusion imaging preprocedure and postprocedure.
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Table 1 Visual acuity (n=5)
Window  Window

Window  week 3 month3  Window

week 1 2110 90+30 month 6
BCVA Preoperative 7x3 days days days 180+30 days

n=5 n=5 n=4 n=5 n=4

LogMAR mean 1.55 (0.26) 1.28 (0.50) 1.28(0.39) 1.30(0.38) 1.31(0.44)
(SD)
Mean Snellen 20/710 20/383 20/372 20/400 20/406
Snellen min, max 400, 1334 150, 1334  200,1334 150, 1334 150, 1334

BCVA, best corrected visual acuity; LogMAR, logarithm of the minimum angle of resolution.

METHODS

Best corrected visual acuity (BCVA) was assessed at each visit,
eccentric/extrafoveal fixation was allowed, and notations such as
count fingers with distance measured was provided for patients
with late-stage disease with more profound vision loss. In all
patients, the eye with the worse BCVA was the treated eye. To
provide aggregate analysis of the available data, all count fingers
outcomes were converted to Snellen and all visual acuities to
logarithm of the minimum angle of resolution (LogMAR) to
determine means and SD.?’

Regulatory oversight

Based on the potential for the OA to be an anatomical target
for the treatment of AMD as outlined above, the treating inter-
ventional neuroradiologist sought and received approval from
Argentina’s National Administration of Medicines, Foods, and
Medical Technology (ANMAT) agency to treat patients under
the Compassionate Use framework provided by the ANMAT
Regulation 3315/2005.%® This approval provided limited permis-
sions to use product(s) with current CE mark to perform femoral
access neurovascular percutaneous transluminal angioplasty to
the OA and its structures. The Compassionate Use procedure
was approved to provide a potential treatment for those patients
with advanced AMD in an environment where conventional,
recognized therapy is ineffective or non-existent. Standard of
care is driven only by the treating physician’s determination of
appropriate evaluations or procedures at a given visit.

A retrospective study designed to evaluate the case series and
first 6 months of postoperative follow-up was developed and
reviewed by an independent review board, and approval to
proceed was obtained. The retrospective study to evaluate this
series of patients treated under the Compassionate Use approval
was conducted in accordance with Argentine Data Protection
Law No 25 326, the Declaration of Helsinki, and local regula-
tions. All patients provided consent to allow their data to be used
for analysis and publication purposes.

Patient population

Identification of a potential patient was provided by the
treating ophthalmologist. A referral was then made to the
interventional neuroradiologist for vascular evaluation and
consideration for intervention. Patients were required to have
late-stage AMD (history of wet or dry) as shown by the pres-
ence of geographic atrophy or stabilized history of choroidal
neovascularization, visual acuity of 20/400 or worse, history
of cardiovascular disease, and the likelihood of safe access and
dilation of the OA anatomy to be eligible for treatment.

In all cases, the eye with the worse visual acuity was selected
for treatment. Although the macula in these patients was
severely compromised with reduced likelihood of a detectable
improvement in vision, these patients were identified as viable
candidates since an unsuccessful intervention was unlikely to
affect their quality of life. Patient eligibility was confirmed
jointly between therapeutic specialists prior to surgical inter-
vention, and all patients provided written consent, indicating
full understanding of the nature of the treatment and associ-
ated risks.

Interventional methods and materials

Review of systems, adjustments in concomitant and anti-
platelet therapies, hydration, surgical preparation for femoral
access, anesthesia, vasodilator use, analgesia, and ancillary
devices were managed according to the interventionist’s stan-
dard of care.

On the day of intervention, patients were admitted and
administered 10 000 units of heparin and an additional 1000
units/h to achieve and maintain a target activated clotting time
of 250-300s. Percutaneous access was achieved in the femoral
artery, the ICA accessed, and various 0.014" guidewires and
microcatheters (0.0165 in) were employed in the event of
challenging anatomy and to achieve OA cannulation. Local
injection of a calcium channel blocker (nimodipine) into the
OA via the microcatheter was used as needed to mitigate vaso-
spasm pre- and postintervention. A rapid exchange neurovas-
cular balloon catheter (pITA, phenox, Bochum) was advanced
over the guidewire to the OA. The balloon was centered in
the OA ostium with § mm protruding into the OA short limb,
followed by up to two balloon inflations to 10 atm for 20s
each. Following dilation, all devices were removed, standard
closure was performed, and patients were monitored and
discharged according to standard practice, and returned to
their referring ophthalmologist for follow-up examinations.

Diagnostic and Intraoperative imaging
Patients underwent 3T MRI with angiography with the field of
view centered on the OA origin using a 32-channel head coil

Table 2 Visual acuity by patient (n=>5)

Window Window Window Window
week 1 week 3 month 3 month 6
Preoperative 7 £3 days 21 +£10 days 90 +30 days 180 +30 days
Patient (Snellen) LogMAR (Snellen) LogMAR (Snellen) LogMAR (Snellen) LogMAR (Snellen) LogMAR
001 20/1334 1.82 20/150 0.88 20/400 1.30 20/150 0.88 20/150 0.88
002 20/1334 1.82 20/1334 1.82 20/1334 1.82 20/667 1.52 20/667 1.52
003 20/400 1.30 20/150 0.88 20/200 1.00 20/400 1.30 20/200 1.00
004 20/400 1.30 20/200 1.00 20/200 1.00 20/200 1.00 - -
005 20/667 1.52 20/1334 1.82 = = 20/1334 1.82 20/1334 1.82
LogMAR, logarithm of the minimum angle of resolution.;
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from Philips (Eindhoven, Netherlands) and an EcoDoppler
analysis prior to the interventional procedure in an attempt to
identify compromised blood flow in the OA (figure 1). From
the work of Hayreh and Zimmerman,*® it was expected that
compromised flow in the OA would manifest as a discrete
lesion in the OA ostium or short limb, a general luminal
narrowing of the OA ostium or short limb, and/or vascular
disease in the ICA extending over or around the OA ostium.
However, a discrete lesion in the OA short limb was not
readily discernable by MRI in all patients. Better definition
of the OA was achieved by intracranial DSA. Conventional
two-dimensional digital subtraction angiography combined
with three-dimensional rotational angiography (Philips;
Amsterdam, Netherlands) are the current standard intracra-
nial imaging techniques used during percutaneous translu-
minal angioplasty procedures.

In cases 001 and 005, although narrowing of the OA was
not severe, important amount of calcium burden was observed
by VasoCT reconstruction at the ophthalmic segment of the
ICA comprising its origin.

At the fluoroscopy suite setting, the image protocol for OA
stenosis was based on angiographic DSA and the intraoperative
cone-beam CT performed with a Philips BiPlane (Eindhoven,
Netherlands) or monoplane angiographic flat detector 20/10
system. Intraoperative images were successfully captured for
the precise OA origin and the relationship with an atheroma
nearby or in the artery, and processed with VasoCT software
from a Philips workstation® (figure 2).

RESULTS AND DISCUSSION

Demographics and baseline characteristics

This cohort of five patients reflect a 60/40 split male to female,
and an aged population, with a mean of 80.4 years and a range
of 77 to 84. One of the patients (004) presented clinically
significant late-stage AMD with profound vision loss in both
eyes (OU) and the remaining patients in the left eye (OS) only.
All patients presented with hypertension, two of them with a
history of dyslipidemia (001 and 003), and one of those with a
history of cardiac stenting and chronic obstructive pulmonary
disease (001) and the other (003), Hashimoto’s disease.

Procedural results

The OA was successfully cannulated in all patients but with
some difficulty due to the acute take-off angle of the OA,
partial restriction of the OA ostium, and challenging device
performance. Multiple guidewires, microcatheters, and tip
shaping were necessary in most cases to accomplish OA cannu-
lation. The balloon catheter was successfully advanced into the
OA in all the patients. In patient 002, repeated attempts to
advance the balloon catheter into the OA caused the guidewire
to back out due to excessive stiffness of the balloon catheter
and poor back-up support. When balloon catheter cannula-
tion was successful, complete inflation of the balloon was
confirmed by fluoroscopy.

Adverse events

The patients were managed postoperatively according to the
standard of care and all patients had an uneventful postop-
erative period in this regard. All patients experienced minor
adverse events associated with femoral access endovascular
procedures, including localized inflammation or mild pain at
the surgical site. The only intraoperative complication (patient
003) involved a 0.035” guidewire tracking into a false lumen

of the right ICA causing a small dissection, which was treated
by placement of a carotid artery stent. The dissection was
resolved at the time of treatment without sequelae, and the
remainder of the planned intervention was completed. The
patient demonstrated a postoperative modified Rankin Scale
score of 0 at 90 days. No other adverse events occurred and
there were no neurological complications or deaths in this
cohort of patients.

Ocular results
Visual acuity
Owing to the nature of treatment in a standard clinical setting
and resulting variability of postoperative visit timelines
between patients, data were grouped in as narrow a window
as possible because a prospective visit schedule was not used.
As shown in table 1, mean preoperative BCVA was 20/710
and improved to 20/383 (1.55 to 1.28 LogMAR) at 1week
postoperatively, representing a mean gain of nearly three lines,
remaining stable through month 6. Patients 005 and 004 did
not have data available for week 3 and month 6, respectively.

Table 2 provides the visual acuity listing associated with
each patient by visit. Patient 001 experienced a 10-line gain
in the early postoperative period, that reduced after 3 weeks
and returned to the 10-line gain through month 6. Patient 002
demonstrated no change in the early postoperative period;
however, by month 3 the participant gained three lines of
vision, which was maintained through month 6. Patient 003
demonstrated a gain of approximately 4 lines of vision early,
which fluctuated in the postoperative period, but stabilized at
a 3-line gain at the 6-month follow-up. Patient 004 gained
three lines early, which was maintained over 3 months. Patient
005 demonstrated an early postoperative loss of 3 lines, which
was maintained through months 3 and 6. It should be noted
that patient 005 did not experience any procedure-related
events, or ophthalmic signs that could explain the vision loss,
and demonstrated fluctuating acuity that returned to preoper-
ative levels during additional postoperative follow-up, approx-
imately 9 months postoperatively.

Although anecdotal, all patients expressed a perceived func-
tional benefit in their day-to-day lives as a result of the treatment.

DISCUSSION

As previously discussed, there is a single published case of
OA angioplasty used to successfully restore vision in a patient
presenting with OA stenosis and acute ischemic vision loss.”’
However, this is the first known publication describing the use
of OA angioplasty for the treatment of AMD. Our prelimi-
nary experience in a small cohort of patients suggests that OA
angioplasty may be performed safely, and there is subjective
evidence of efficacy.

In the fluoroscopy suite setting, the image protocol for
identification of OA stenosis was based on angiographic DSA
and the intraoperative cone-beam CT. Intraoperative images
were successfully captured for the precise OA origin and the
relationship with an atheroma nearby or in the artery and
processed with VasoCT.*

Balloon cannulation and dilatation of the OA was success-
fully achieved in all cases, although with some degree of
difficulty due to the limitation of having to use commercially
available intravascular devices.

The challenges associated with the procedure itself, as well
as the resulting procedural times, were associated with being
restricted to the use of commercially available imaging and

40f6 Lylyk 1, et al. J Neurolntervent Surg 2022;14:968-972. doi:10.1136/neurintsurg-2021-018222
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intravascular catheter-based devices. Although the cone-beam
CT imaging was sufficient to visualize OA stenosis intraopera-
tively, the preference would be for a non-invasive technology
that could be used outside the fluoroscopy suite. Regarding
intravascular devices, although the compassionate use path
allows for the use of CE marked products, there are currently
no intravascular catheter-based devices available that are
designed specifically to access the OA, which branches from
the ICA at an acute angle. Access to stenosed OA can be diffi-
cult due to small lumen size, and a smaller profile, more flex-
ible balloon designed specifically for this application might
facilitate the procedure. Procedure times should be shortened,
and specifically designed devices could assist with this.

Weaknesses presented by the current data include a small
cohort of patients and subjective data, which should be inter-
preted with caution. Placebo effect is a concern and there
were no prospective requirements on evaluation timing or
methodology. It can be confirmed, however, that the method-
ologies used were uniformly applied and are consistent with
standard of care. In addition, microperimetry and spectral
domain optical coherence tomography were performed on
most patients; however, the outcomes were inconclusive. With
regard to microperimetry, it is hypothesized that central fixa-
tion necessary to accurately and reproducibly perform this test
was not available in this population of patients with profound
central vision loss. For spectral domain optical coherence
tomography, in recent years there have been advances in the
evaluation of deeper choroidal layers of the retina with the
development of swept source optical coherence tomography.
This technology may be better equipped to provide objective
evidence of increased choroidal perfusion. In addition, new
imaging technologies are in development, which may provide
improved resolution and allow for better preprocedure and
postprocedure characterization of the OA and surrounding
anatomy. One such technology integrates fiber optic technol-
ogies into an intravascular catheter-based optical coherence
tomography system. This type of intravascular imaging cath-
eter may allow for the in vivo visualization of cerebral arteries
and in situ stents with high image resolution.*’

Wet AMD has limited treatment options that are invasive,
costly, and at best will slow the disease progression. Dietary
supplementation is the only treatment and monitoring disease
progression is the only path for dry AMD. These limitations,
recent work in the area of OA stenosis in eyes with AMD, and
the experiences reported here indicate that treating the retina
alone may not suffice.

CONCLUSION

The preliminary evidence provided by this small case series
suggests that OA angioplasty can be performed safely, despite
technical challenges associated with the use of currently avail-
able devices. Designing a specific tool set for access and treat-
ment of the OA could contribute to shortening procedural
times and reducing case complexity. Although preliminary effi-
cacy is noted, a clinical trial with controlled schedule, imaging,
and methodologies would be desirable in an effort to challenge
and replicate the results reported here. Furthermore, the OA is
a viable target to increase blood flow to the eye, restore retinal
perfusion, and perhaps disrupt the disease process.
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