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A B S T R A C T

Purpose: The formation of macular hole after receiving anti-vascular endothelial growth factor (anti-VEGF)
therapy is rare. We report a case of macular hole that occurred after intravitreal injection of an anti-VEGF agent
for age-related macular degeneration (AMD) in a patient, who underwent vitrectomy combined with choroidal
neovascularization (CNV) removal.
Observations: A 64-year-old female with AMD affecting her right eye received an intravitreal injection of an anti-
VEGF agent. After treatment, we identified a full thickness macular hole (MH) that was associated with the rapid
resolution of the macular edema and contraction of the CNV. After performing vitrectomy combined with CNV
removal, the MH closed and her visual acuity improved. Examination of the removed CNV revealed a network of
microvessels devoid of pericytes.
Conclusions and importance: The present findings suggest that rapid resolution of macular edema and contraction
of the CNV and/or mild increase in the vitreous traction after anti-VEGF therapy could potentially cause MH.
CNV removal via the MH may be an acceptable procedure, if the MH remains open, the CNV is of the classic type,
and it spares a central portion of the fovea.

1. Introduction

Today, anti-vascular endothelial growth factor (anti-VEGF) therapy
is the first choice for treating age-related macular degeneration, myopic
neovascular maculopathy, macular edema secondary to branch retinal
vein occlusion (BVO) or diabetic macular edema. Anti-VEGF therapy
leads to inactivation of the CNV, resolution of the macular edema and
improvement in the visual outcome. In contrast, anti-VEGF therapy can
lead to several complications.1 Formation of macular hole (MH) after
intravitreal injection of an anti-VEGF agent is a rare complication. Here,
we evaluated a case of MH after anti-VEGF therapy for AMD in a patient
who underwent vitrectomy combined with CNV removal. There was a
good visual prognosis in the patient after the procedure.

2. Case report

A 64-year-old female, who had been suffering from a visual dis-
turbance in her right eye for at least a month, was referred to us for
treatment of her right eye in September 2016. Best-corrected visual
acuity (BCVA) in her right eye was 20/100 and a conventional fundus

examination indicated multiple drusen in both of her eyes. In her right
eye, subretinal hemorrhage was associated with wet AMD (Fig. 1A).
Fluorescein (FA) and indocyanine green (IA) angiography showed the
presence of classic choroidal neovascularization (CNV) in the macula
(Fig. 1B). Optical coherence tomography (OCT) indicated the presence
of subretinal CNV and macular edema (Fig. 1C and D). After obtaining
informed consent from the patient, an intravitreal aflibercept injection
was administered. OCT revealed resolution of the macular edema and a
reduction in the CNV following the first treatment (Fig. 1E and F).
However, after performing the third injection, the formation of full-
thickness MH was observed (Fig. 2A and B). Although the BCVA in her
right eye remained stable, she complained of a worsening central sco-
toma. OCT angiographic image indicated that the CNV was located in
the lower nasal area to the fovea and the base of the macular hole was
partially covered by the edge of the CNV (Fig. 2C and D).

After discussing the available treatment options, the patient decided
to undergo a vitrectomy combined with cataract surgery procedure in
her right eye at ten weeks after the onset of the MH. After phacoe-
mulsification and aspiration, an intraocular lens was implanted.
Subsequently, we then performed a pars plana vitrectomy with a 25-
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gauge trocar system (Video). Following core vitrectomy, peeling of the
internal limiting membrane (ILM) was performed around the MH
(Fig. 3A). The ophthalmic viscoelastic device was then slowly in-
troduced into subfoveal space via the MH in order to create an artificial
retinal detachment that was 1 disc diameter (DD). An additional 20-
gauge port was made next to the right side trocar port in order to in-
troduce a subretinal spatula that was used to detach the CNV from the
retinal pigment epithelium (RPE) via the MH (Fig. 3B). The CNV was
removed via the MH with 25G vitreous forceps (Fig. 3C). A 1.5 DD ILM
flap was created in the temporal area and used to cover the macular
area (Fig. 3D). The surgery was completed by fluid-air exchange and air
tamponade, with the patient instructed to maintain a prone position for

three days.
Supplementary video related to this article can be found at http://

dx.doi.org/10.1016/j.ajoc.2017.12.003.
The removed CNV was partially surrounded by RPE. Numerous

microvessels were observed inside of the CNV (Fig. 4A). Ultrastructural
examination by focused ion beam/scanning electron microscopy (FIB/
SEM) revealed that there was a network of microvessels formed by
vascular endothelial cells that was devoid of any association with
pericytes (Fig. 4B).

At four days after the surgery, closure of the MH was observed.
Fundus examination at four weeks after the surgery showed the pre-
sence of the focal RPE atrophy, which corresponded to the location of

Fig. 1. Fundus findings at the first visit and the optical coherence
tomography (OCT) findings obtained at the first visit and after the
anti-vascular endothelial growth factor (VEGF) therapy. A: Fundus
photograph at the first visit. A yellowish round lesion (arrowheads)
was noted at the macula. B: Indocyanine green angiography finding
for the first visit. A well-defined round hyperfluorescence pattern
(arrowheads) was visible. Time=1′30". C, D: B-scan OCT findings
for the first visit. The choroidal neovascularization (CNV) was ob-
served as a highly reflective area that protruded into the subretinal
space. The overlying macular area revealed the cystoid edema. C:
horizontal scan, D: vertical scan. E, F: OCT findings after the first
injection of an anti-VEGF agent. After the injection, the macular
edema resolved and the CNV was reduced and localized. E: hor-
izontal scan, F: vertical scan. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web ver-
sion of this article.)

Fig. 2. Preoperative OCT findings. A, B: B-scan OCT findings after
the third injection of an anti-VEGF agent. Note the MH formation.
A: horizontal scan, B: vertical scan. C: En face OCT image at the
level of the retinal surface. The base of the macular hole was par-
tially covered by the edge of the CNV. D: OCT angiographic image
at the level of choriocapillaris. The CNV (arrowheads) was located
at the lower nasal area to the fovea.
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the CNV (Fig. 4C). A subsequent OCT revealed closure of the MH and a
focal defect of the ellipsoid zone (Fig. 4D and E). There was a reduction
in the patient's complaints and there was improvement of the BCVA in
her right eye to 20/40. Eight months after the surgery, her visual acuity
and fundus findings remained stable.

3. Discussion

MH after anti-VEGF therapy has been reported to occur in AMD,
myopic CNV and BVO.2–6 Spontaneous closure of MH after CNV has
also been reported.7 Since the MH remained unchanged for more than 2
months in our current case, it was necessary to perform vitrectomy.

There are several possible mechanisms that might be responsible for
the formation of MH after anti-VEGF therapy including, 1) alteration of
the vitreo-retinal interface due to inflammatory reactions related to
exudative changes of AMD and/or intraocular inflammation by

intravitreal injections of an anti-VEGF agent; 2) mild increase in the
vitreous traction after repeated injections of an anti-VEGF agent; 3)
changes in the retinal structure due to rapid resolution of the macular
edema caused by the anti-VEGF therapy; and 4) tangential traction
from the subretinal side due to contraction of the CNV after the
therapy.8,9 However, it is also possible that the formation of the MH
could have been completely unrelated to the anti-VEGF treatment.

It has been reported that the visual prognosis after surgery for MH
associated with CNV is dependent upon the damage of the macula and
RPE.10 In terms of the current case, the closure of the MH could have
been achieved without CNV removal. However, since the visual acuity
of the patient remained unchanged after anti-VEGF therapy, the sub-
foveal CNV was thought to be a major cause of the visual disturbance.
Also, the patient's preoperative FA and OCT findings showed that the
CNV was of the predominantly classic type in addition to being located
in the lower nasal area to the fovea. Furthermore, the base of the MH

Fig. 3. Intraoperative findings. A: Internal limiting membrane
(ILM) peeling around the macular hole. B: Insertion of a subretinal
spatula via the macular hole to remove the choroidal neovascular-
ization (CNV) from the surrounding tissue. C: Grasping the edge of
the CNV and removal of the CNV. D: Additional peeling of the ILM
at the temporal area in order to cover the ILM removed macula.

Fig. 4. Histological findings for the removed choroidal neovascu-
larization (CNV) and the postoperative fundus findings. A: Light
micrograph of the CNV. Retinal pigment epithelium (RPE) partially
covered the CNV. Numerous microvessels are observed inside of the
CNV. Bar=200 μm. B: Focused ion beam/scanning electron mi-
croscopic findings. Network of microvessels devoid of pericytes
were noted. Bar= 10 μm. C: Postoperative fundus photograph. RPE
atrophy (arrowheads) was noted. D, E: Postoperative optical co-
herence tomography findings. Closure of the macular hole was
observed with a partial defect of the ellipsoid zone. D: horizontal
scan, E: vertical scan.
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was partially covered by the edge of the CNV. Previous multicenter
trials that compared submacular surgery and observation for AMD have
reported finding no benefits for the surgery with regard to the visual
prognosis.11,12 Therefore, surgical removal of CNV is no longer per-
formed for AMD at the present time. Problems of CNV removal could
potentially include retinal tear formation during surgery, cataract
progression, postoperative retinal detachment and bleeding, pro-
gressive RPE atrophy, and the late recurrence of CNV. Thus, this pro-
cedure has not been performed in our hospital for more than a decade.
In contrast, other previous studies have reported finding stabilization of
the AMD and improvement of the visual acuity of the patients, espe-
cially in the cases with classic CNV, although a selection bias could not
be definitively ruled out.13–15 Based on these previous reports and the
findings in the current case, we decided that the surgical removal of the
CNV should be used as the following indications were found for the
patient: 1) the CNV was of the classic type, 2) no additional retinal
damage would be caused by retinotomy as the CNV removal was per-
formed via the macular hole, 3) the procedure would lead to less risk of
RPE damage during the CNV removal except at the site of the CNV, and
4) there would be less risk of bleeding during the CNV removal after the
anti-VEGF therapy. Furthermore, because the half-life of the anti-VEGF
agent is known to be shortened after vitrectomy,16 stabilization of the
AMD by CNV removal would help to reduce the number of the anti-
VEGF treatments required.

As a result, the CNV in our current case exhibited a reduction in size
after the anti-VEGF therapy, there was less bleeding during the surgery,
and it was easy to grasp the CNV via the MH. Moreover, by performing
ILM peeling prior to the removal of the CNV, this may contribute to the
elasticity of the retinal tissue, thereby reducing the retinal damage that
occurs during the actual removal of the CNV.

To ensure there was closure of the MH, we created a large single
ILM flap to cover the entire macula. As a result, we were able to achieve
complete closure of the MH with air tamponade. Thus, this procedure
may contribute to a good visual recovery by preventing the unnecessary
use of folding smaller scraps of the ILM flap.

When the area of the removed CNV was observed by FIB/SEM, the
images indicated that there was a network of newly formed micro-
vessels that remained even after repeated anti-VEGF therapy.
Therefore, CNV removal might be an alternative option to consider
when treating selected cases of AMD.

4. Conclusions

In our current case, both MH closure and cure of the AMD were
achieved by using vitrectomy combined with CNV removal. Even so, at
the present time CNV removal is not considered to be a primary
treatment option for AMD. However, if the formed MH remains open,
the underlying CNV is predominantly classic and inactive, and the lo-
cation of the CNV spares a significant portion of the fovea, as was seen
in the current case, CNV removal may be an acceptable procedure for
improving the visual function and managing the AMD.

Patient consent

Written informed consent was obtained from the patient for pub-
lication of this case report and any accompanying images.
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