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Purpose: To report incidence, clinical presentation, and treatment outcome of full-thickness macular hole (FTMHs) diagnosed post
pars plana vitrectomy.

Methods: We retrospectively reviewed the demographics, best-corrected visual acuity (BCVA), indication for the primary vitrectomy,
time to diagnose the secondary FTMH, optical coherence tomographic (OCT) appearance, and treatment outcome of FTMHs,
occurring after vitrectomy performed between January 2019 and December 2020.

Results: Six of 523 vitrectomized eyes developed FTMHs, an incidence of 1.1%. There were five females and one male, mean age of
56.5 years (range 37-85). The indication for primary vitrectomy was rhegmatogenous retinal detachment (RRD) in three eyes, one eye
each for sub internal limiting membrane hemorrhage from a ruptured macroaneurysm, vitreous hemorrhage from polypoidal choroidal
vasculopathy (PCV), and pre-insertion of Ahmed glaucoma drainage device (GDD). FTMHs occurred within one week to three
months after vitrectomy (time from primary vitrectomy to the identification of the secondary MH was a mean of 1.03 months). Mean
BCVA in all six MH eyes was log MAR 0.9 (Snellen: 6/54). Anatomical closure was achieved after one surgery in three eyes, two
surgeries in 1 eye, after photodynamic therapy (PDT) in the PCV eye, and one patient declined surgery. The mean BCVA in the four
surgically closed MH eyes improved marginally from log MAR 0.82 (Snellen: 6/38) to log MAR 0.72 (Snellen: 6/30), mean follow-up
7.6 months.

Conclusion: Post-vitrectomy FTMH is rare, and RRD was the commonest indication for initial vitrectomy. We observed that all
secondary MHs were closed successfully using the inverted internal limiting membrane (ILM) flap technique with limited improve-
ment in vision. The visual outcome of these secondary MHs trails behind that of idiopathic MHs.

Keywords: full thickness macular hole, vitrectomy, complications of vitrectomy, epiretinal membrane, optical coherence tomogram,
inverted internal limiting membrane flap

Introduction

Significant advances have been made over the past three decades in understanding the pathogenesis of idiopathic macular
holes (MH); Gass led this effort."* Optical coherence tomography (OCT) has confirmed an earlier hypothesis regarding
the significance of tangential and anteroposterior traction in the pathogenesis of idiopathic MHs.? Formation of secondary
MH after vitrectomy (with hypothetical removal of anteroposterior traction component) has been reported by several
researchers.*> The evolution of post vitrectomy MHs is uncertain, partly because of its rarity and the diversity of
indications for the primary vitrectomy before the occurrence of the secondary MH. The causative mechanisms that have
been associated with post vitrectomy MH formation include tangential traction from the residual perifoveal vitreous
cortex,® cystoid degeneration,” and intraoperative (iatrogenic) trauma.® Epiretinal membranes (ERM) are present in
several cases, suggesting a causal association.’ Indication for the primary vitrectomy reported in the literature include
rhegmatogenous retinal detachment (RRD), ERM surgery, macular edema, diabetic vitrectomy, vitreous hemorrhage
removal, and pre-insertion of Baerveldt glaucoma implant amongst others. This research contributes vitrectomy indica-
tions and techniques to close the MH and reviews the current knowledge on this topic.
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Methods

We searched the hospital’s surgical log and identified all eyes that developed a full thickness macular hole (FTMH) after
undergoing vitrectomy between January 2019 and December 2020. We then extracted information retrospectively from
the records. All patients signed informed consent before undergoing the primary vitrectomy and before surgery to repair
the secondary MH. The same surgeon performed all the primary vitrectomies and performed the MH repairs.

Ethical approval was sought from the Eye Foundation Hospital Research Ethics Committee (EFHREC), which deter-
mined that the research was a retrospective review of case records and no significant risk to the patients and provided
a waiver for this research (EFHREC/10/2021). We conducted this research in compliance with the protocol stated in the
Helsinki declaration. A deliberate effort was made to ensure the identity of the presented cases was concealed.

All the patients with the exclusion of one (case 4) had a dilated slit-lamp binocular fundus examination using a 90D
non-contact lens and optical coherence tomography (OCT) (Optovue, Inc.) imaging of the macula before the diagnosis of
post vitrectomy FTMH. In case 4, the diagnosis of FTMH was made during surgery (intraoperatively) at the time of
silicone oil removal (SOR). None of the patients had a MH before the primary vitrectomy. All patients who had
coexisting FTMH with retinal detachment (RD) at the time of primary vitrectomy were excluded. Demographic
information extracted from the case record includes age and gender. Clinical examination findings include laterality,
timing and the indication of primary vitrectomy, details of the vitrectomy surgery, documented time of FTMH detection,
surgical technique for closure of the MH, best corrected visual acuity (BCVA) in the presence of MH and after MH
repair, the status of the MH at the last visit, duration of follow up and the presence of any ocular comorbidity.

The MH surgery was performed using the inverted internal limiting membrane (ILM) flap technique in three eyes and
an ILM peel technique in one eye. The inverted ILM flap technique involved staining the foveomacular ILM using
DuoBlue (combination of 0.01% trypan blue and 0.05% Brilliant Blue G). Then a small piece of ILM was mobilized
from an area beneath the superior arcade and advanced to the edge of the macular hole. This piece of ILM tissue was then
flipped over (inverted) to cover the MH and kept fixed to the MH with a bubble of PFCL. A PFCL air exchange was
performed, and the air-filled eye was closed using 7-0 vicryl sutures. There was no instruction to the patient to maintain
a face down posturing, and the patient could adopt any face position desired apart from facing upwards.

In one eye in which an ILM peel was employed for MH closure surgery, a similar technique of ILM staining was
used, and a complete peel of the ILM surrounding the MH was done, and 10% perfluoropropane (C3F8) gas was used as
tamponade, with no instruction to adopt a face down posture.

We also conducted a Medline search using the words “secondary macular hole” and “post vitrectomy macular hole.”
All publications found in English about post vitrectomy MH were selected and read by the authors (there were no
exclusion criteria for article selection). Also, from the references in these articles, other relevant publications were
selected and included amongst the reviewed materials.

Details of the pre and post MH repair BCVA are seen in Table 1. Table 1 also summarizes the clinical presentation
and outcome of the intervention. Table 2 presents the OCT characteristics of the MHs.

A Presentation of the Six Cases and OCT Images

Case |

A 52-year-old female presented with a significant amount of vitreous in the anterior chamber after left eye phacoemulsifica-
tion of cataract and intraocular lens implantation. She developed sustained elevated intraocular pressure (>30 mmHg) despite
being on maximum medical therapy and advanced stages of glaucomatous damage to the optic nerve. The management plan
by the glaucoma specialist was to place an Ahmed glaucoma drainage device (GDD) into the anterior vitreous cavity.
A combined surgery was performed using a general anesthetic in the same surgical session. First, a three-port pars plana
vitrectomy (PPV), followed by GDD insertion. After surgery, an air-filled vitreous cavity with a well-positioned drainage
tube in the anterior vitreous cavity was achieved. A FTMH was noticed following uneventful surgery on fundus examination
at the first postoperative clinic visit. Macular OCT showed a large FTMH with intraretinal cystic spaces Figure 1.
Significantly, intraoperatively, PPV did not involve any manipulation around the macula. Two attempts using an inverted
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Table | Presentation and Clinical Characteristics of Six Post-Vitrectomy Macular Hole Patients

morbidity or
other
association.

Cases Case | Case 2 Case 3 Case 4 Case 5 Case 6

Age 52 85 62 37 53 50

Sex F F F F F M

Eye Left eye Right eye Right eye Left eye Right eye Right eye

Vitrectomy Vit + Air Vit + Air Vit + SO Vit + SB + SO Vit + Gas Vit + IV

details and 01-2019 06-2019 01-2019 03-2020 Ranibizumab

date SOR + Phaco. SOR + Phaco. 05-2020

07-2019 06-2020

Primary Post phacoemulsification of | Sub ILM Macular “off” Macular “off” Macular “on” Vitreous and

indication for | cataract with vitreous in AC, | hemorrhage superior temporal Superior sub-macular

PPV resulting into uncontrolled over the rhegmatogenous | rhegmatogenous | rhegmatogenous | hemorrhage
IOP and advanced glaucoma. | macula from | retinal retinal retinal from active
Vitrectomy was done pre ruptured detachment detachment detachment polypoidal
GDD insertion into the macro — choroidal
anterior vitreous cavity. aneurysm vasculopathy

(PCV)

Time from 0.25 month 0.75 month I month post 3 months (MH 0.25 month I month

primary SOR; was noticed at

vitrectomy to 7 months post the time of SOR)

MH primary

formation (ie, vitrectomy.

when MH was

noted)

Visual acuity 6/60 6/60 CF 6/18 3/36 6/60

with MH

Attempted Yes (Two attempts) Yes No (Patient was | Yes Yes No (PDT was

MH repair not motivated to done)

(Yes or No) have further

surgery)

If Yes, what Inverted ILM flap Inverted ILM | —— Inverted ILM flap | ILM peel with —_

technique flap Gas

Duration of 7 2 7 9 13 12

follow up

(months)

MH closed or | Closed Closed Open Closed Closed MH closed after

open at last PDT

clinic visit

Visual acuity 6/24 6/60 CF 6/18 6/36 6/60

at last clinic

visit

Ocular co Glaucoma Glaucoma Glaucoma PCV managed

using intravitreal

Aflibercept

Abbreviations: CF, counting fingers; Vit, vitrectomy; MH, macular hole; SB, scleral buckle; SO, silicone oil; SOR, silicone oil removal; ILM, internal limiting membrane; PCV,
polypoidal choroidal vasculopathy; PPV, pars plana vitrectomy; GDD, glaucoma drainage device; MTX, methotrexate; AC, anterior chamber; 1V, intravitreal; PDT,
photodynamic therapy; IOP, intraocular pressure.
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Table 2 OCT Features of Macular Holes (microns)

Case | 2 3 4 5 6
MH minimum diameter 840 700 440 NA 450 400

Av =566
MH basal diameter 1620 1400 1620 NA 1010 >5500
ERM presence Yes Yes Yes NA Yes Yes
Intraretinal Cystic fluid Yes Yes Yes NA Yes Yes

Abbreviations: MH, macular hole; ERM, epiretinal membrane; NA, not available.

ILM flap technique were required before the MH was successfully closed. Pre- and postoperative BCVA and other clinical
information, including OCT details, are shown in Tables 1 and 2.

Cases 2

An 85-year-old female complained of reduced vision in her only seeing right eye. On fundus examination, she had a sub
ILM hemorrhage covering the right eye macula due to a ruptured macro aneurysm, Figure 2. Vision in her left eye was
Hand Motion due to a macular scar. The sub ILM hemorrhage was successfully removed using vitrectomy. FTMH
developed three weeks following vitrectomy surgery, as shown in Figure 3. OCT showed perifoveal epiretinal mem-
branes in the inner portion of the MH and intraretinal cystic spaces. The FTMH was closed using the inverted ILM flap
technique. More information can be seen in Tables 1 and 2.

Case 3

A 62-year-old female diagnosed with an RRD was referred to the clinic for care. On examination, we noticed she had
a left eye superior bullous rhegmatogenous retinal detachment involving the macula, with a superior retinal break

Figure | A large FTMH which developed one week after primary vitrectomy for the insertion of glaucoma drainage device (GDD) into the anterior vitreous space.
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Figure 2 Sub-internal limiting membrane (ILM) hemorrhage from a ruptured macro aneurysm.

Figure 3 FTMH, with accumulation of large intraretinal cystic fluid and ERM occurring three weeks after vitrectomy for the removal of sub ILM hemorrhage.

present. She underwent a vitrectomy with silicone oil tamponade. Postoperative vision improved to 6/36 (with a visually
significant cataract), and she had pre silicone oil removal supplemental retinal laser to peripheral retinal breaks. After six
months of initial vitrectomy, she had combined silicone oil removal with phacoemulsification of cataract and lens
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implantation. BCVA was 6/60 at the first-week post-surgery examination. One-month post-surgery clinic review, her
vision decreased to counting fingers (CF). An MH was diagnosed on examination, and an FTMH with ERM and
intraretinal cystoid spaces were seen on OCT, Figure 4. She declined further surgery to close the MH. Tables 1 and 2
provides clinical and OCT details.

Case 4

A 37-year-old female myope was diagnosed with a left eye macula involving total retinal detachment with multiple
peripheral retinal breaks, reducing BCVA to 6/36. Preoperative OCT showed a detached macula and no MH, Figure 5.
She had a combined encircling band, vitrectomy, and silicone oil tamponade. Her vision improved to 6/18. At the time of
silicone oil removal, an FTMH was noticed after the silicone oil was removed. Therefore, an ILM flap was created and
inverted over the MH. Postoperatively the MH was closed with ILM tissue covering the foveomacular area when
examined using the OCT, Figure 6. Vision remained the same, and she received topical ocular hypotensive medications to
control intraocular pressure to both eyes.

Case 5

A 53-year-old female presented with a superior “macular on” RRD and attached vitreous, Figure 7. Vitrectomy was
uneventful with uncomplicated induction of posterior vitreous detachment (PVD), retinal reattachment, and air tampo-
nade. On postoperative examination, the retina was reattached, but an FTMH with ERM and intraretinal cystoid spaces
(Figure 8) was noticed at the one-week clinic visit, reducing vision from 6/6 to 3/36. As there was a delay in MH surgery,
the MH was observed to begin to self-close, Figure 9. However, re-vitrectomy with ILM peel and gas tamponade resulted
in complete closure of the FTMH, Figure 10. Vision improved to 6/36.

Case 6

A 50-year-old male was referred to the retina clinic and diagnosed with a large subretinal hemorrhage in the right eye
secondary to active polypoidal choroidal vasculopathy (PCV). His vision was CF at presentation. He received monthly

Figure 4 FTMH noticed one month after silicone oil removal; ERM and intraretinal fluid is present. Also present is a “bump” in the outer retinal layers (of uncertain
significance) which may be due to tangential traction.
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Figure 5 Rhegmatogenous retinal detachment involving the macula, and absent macular hole.

Figure 6 The inverted internal limiting membrane flap is seen over the fovea in the attached retina. The MH is closed and there is a presence and continuity of the outer
retinal layers.

intravitreal injections of Aflibercept, which resulted in the resolution of hemorrhage and return of vision to 6/12. There
was recurrent hemorrhage from the PCV lesion with associated vitreous hemorrhage. A vitrectomy for vitreous
hemorrhage removal was performed. One month after this vitrectomy, he developed an FTMH with a large amount of
subretinal fluid (SRF) and macular detachment, Figure 11. After undergoing photodynamic therapy (PDT), the SRF
resolved, and the macular hole closed (Figure 12). The Snellen visual acuity has remained 6/60, the same as before MH
closure.

Discussion and Review

We report a 1.1% incidence of secondary MH after vitrectomy, the primary indications for vitrectomy, and the treatment
outcomes of a series of post vitrectomy FTMHs and review the existing literature. The occurrence of FTMH after
vitrectomy is rare.® The incidence of FTMH after vitreoretinal surgery varies widely. Sokol et al reported the highest
incidence of 4.4% after diabetic vitrectomy for tractional retinal detachment.'® The incidence of FTMH after RRD repair
has been reported to be between 0.9 to 1.9%.”'"*'? In our study, the incidence after vitrectomy for RRD was 0.57%. After
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Figure 7 Superior macular “on” retinal detachment with attached macula and attached vitreous.

Figure 8 FTMH noticed one week after vitrectomy. There is prominent ERM and intraretinal cystoid edema. Also, there is a “bump” in the outer retinal (of uncertain
significance). Tangential traction is present in this case.
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Figure 9 Attempted self-closure of the FTMH, following a delay in MH surgery.

Figure 10 Closure of right eye FTMH with ILM peeling and gas tamponade. Notice the significant thinning of the left eye fovea (CFT = |94microns), which was present in
the right eye before the primary vitrectomy for macular “on” rhegmatogenous retinal detachment.

ERM surgery, the incidence of 2.1 to 2.6% has been reported by Rush et al.'* Though the largest series on post
vitrectomy FTMH did not report any incidence, in general, for vitrectomy (considering all indications), the incidence of
FTMH ranges from 0.24 to 0.60.>° Our incidence of 1.1% is higher than the previously reported range. This finding may
be because we included eyes that developed MH soon after surgery, which was excluded from other studies.
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Figure Il FTMH and a large amount of subretinal fluid. ERM and minimal intraretinal cystic fluid are also present.

Figure 12 Type “2” closure of the FTMH, with exposure of the RPE. There is resolution of the subretinal fluid. Undulating appearance of the RPE due to the PCV.

FTMH after vitrectomy has not been an area of keen research, partly because of low incidence and more interest in
the more commonly reported idiopathic macular hole. Our Medline search on this topic showed that the most recent
report was Kang et al in 2019.° Before this, we found less than ten publications (excluding case reports) over the past
decade using the Medline search. Therefore, a considerable gap exists in knowledge regarding the causes and pathoge-
netic mechanisms, treatment, and outcomes.

A. Age

There have been several reports on the age of patients who develop FTMH after vitrectomy. The youngest age was
reported by Schlenker et al, who reported this complication in a 9 year old female who had retinal detachment with
associate optic pit.” Lee et al and Garcia-Arumi et al also reported this complication in a 27 year old and a 29 year old,
respectively.”'* The youngest patient in our current series is a 37 year old female myope who had a macula involving
RRD. The oldest age in our series is 85 years and is similar to the 86 years reported by Medina et al. The mean age from
previous reports falls within the range of 45-69 years. Our mean age of 56.5 years falls within this reported age bracket
and agrees with the finding by Schlenker that the age of patients was relatively younger than the age reported for
idiopathic macular holes.

B. Sex

Traditionally females have been demonstrated to be at increased risk of developing idiopathic MHs and probably have
larger horizontal diameter holes. In the current study, 83% of the patients were females. Rates of females in other
reported series are Kang et al 51%, Lee et al 70%, Kumagai et al 53%, and Ido Didi et al. 67%. It, therefore, appears that
the female predisposition to idiopathic MHs also extends to this form of secondary MH. However, Schlenker reported
a male dominance of 61% in his series of 18 patients, and higher male ratios have also been reported in other smaller case
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series on MHs after retinal detachment repair. These studies all examined MH formation after retinal reattachment
surgery. RRD tends to occur more in males; this may significantly influence and skew the finding in favor of males. Kang
et al, however, observed that there was no sex predilection in one of the largest series considering 38 eyes.

C. Pathogenetic Mechanism of Macular Hole Formation

Different mechanisms have been suggested to be responsible for FTMH in post vitrectomy eyes. In post vitrectomized
eyes, the absence of vitreous eliminates the concept of anterior-posterior traction, which is known to influence idiopathic
MH formation significantly. However, the evidence seems to support the existence of tangential traction as a mechanism
for creating this secondary MH. Some studies have used OCT to confirm the presence of ERM in eyes with FTMH post
vitrectomy.”'>"'¢ In some cases, the ERM has occurred before and even after the occurrence of the hole. OCT enables the
determination of ERM presence and can demonstrate the tractional effect of the ERM. Khurana et al, in their report of 25
FTMHs occurring after retinal reattachment surgery, concluded that ERM was integral to hole formation.” Another
significant series reported by Kang et al noticed the occurrence of ERM (using OCT for detection) in 71% of eyes.® In
our study, OCT demonstrated the presence of ERM at the time of MH formation in five eyes. In two eyes (cases 3 and 5),
there was an inward indentation of the outer retina, which was unusual and could be caused by tangential tractional
forces induced by the ERM (Figures 4 and 8).

The presence of cystoid macular is another mechanism thought to be responsible for this complication, as argued by
Lee and Schlenker.>’ Significantly, a minority of studies have reported on the presence of CME before the occurrence of
MHs. In the five MHs, we imaged using OCT, intraretinal cystoid spaces were present. The occurrence of this CME, we
believe, is secondary to MH formed and not the cause of the MH. Another mechanism of MH formation is iatrogenic
trauma during vitrectomy surgery.® Possible causes of iatrogenic trauma include direct instrument contact, traction
induced MH during ILM or ERM peeling, and the direct impact of a jet of high-velocity air or infusion fluid on the
macula. A replay of the surgical video, if available, will reveal any unrecognized physical impact on the macula.
Eccentric and foveal MHs have been reported to occur after vitrectomy and ILM peeling. The incidence of this
complication ranges between 0.6 and 2.2%.'” Grasping of the retinal tissue with the forceps at the time of ILM or
ERM peeling, and the weakening of the retina’s glial (Muller cell) structure has been proposed to be responsible for the
occurrence of this unique complication.'” None of these forms of iatrogenic trauma occurred in the current study, and
there was no attempt at peeling ILM or ERM in any of the six primary vitrectomies. Finally, other suggested mechanisms

of secondary MH formation include the presence of a taut internal limiting membrane and residual vitreous contraction.'”

D. Time Interval Between Primary Vitrectomy and Presentation of MH

The time between vitrectomy and detection of FTMH varies considerably. Some studies eliminated early-onset MHs for
the simple reason that iatrogenic trauma could not be excluded in such cases. Kumagai et al excluded eyes in which MH
developed within one month of primary surgery for the reason stated above.'® Some other studies did not exclude early-
onset (short interval) MHs as in our study. Therefore, we recorded a mean time of MH presentation of 1.04 months
(range 0.25 to 3 months). Similarly, others have reported short intervals, including Lee et al 0.6months and Schlenker
et al two days.

E. Size of Macular Hole

The choice of MH surgical technique is affected by MH size. Also, the anatomical success of idiopathic MH surgery has
been closely associated with MH size. Macular holes less than 400 microns have been shown to have considerably higher
anatomical success with conventional surgery compared to those > 500 microns. In the current study, the size of the MH
was defined as the minimum hole diameter drawing a line with the “inbuilt” OCT caliper parallel to the retinal pigment
epithelium. The mean MH size in this current study is 566 microns (Table 2). Other reports in this area of research have
not considered MH size. We observed that the rapidity of occurrence and the large size of the MHs was unique to this
series compared to other idiopathic MH. For example, case 1 developed an 840-micron size MH within one week of
surgery, case 2 a 700-micron MH within three weeks, and case 5 a 450 micron MH within one week. These three cases
had an entirely attached macula before primary surgery (ie, no retinal detachment involving the macula). The acuteness
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and rapid progression to a large MH contrast with the evolution of idiopathic MHs, known to follow a stage-wise
development proposed by Gass (ie, stages 1 to 4). This observed rapid progression could negatively affect the visual
outcome of these secondary MHs.

F. Primary Diagnosis Before Initial Vitrectomy

Several authors have reported rhegmatogenous RD as the commonest primary indication for vitrectomy for this
complication. In our study, three eyes (50%) had primary vitrectomy for RRD, the commonest indication.
Rhegmatogenous RD was noted as the commonest primary indication for surgery in 7 out of the eight publications
reviewed by Kang et al. Furthermore, in Lee’s publication, RRD accounted for 50% of the cases, the most number of
cases. Other studies have considered and reported their findings on the occurrence of FTMH in an all-RD group of
patients. The largest of these series on FTMH occurring after RD repair was reported by Khurana et al, who studied 25
eyes, Garcia — Arumi studied 20 eyes, and Schlenker reported his findings in 18 RD eyes. Khurana established the
significance of ERM in causing the MH after RD surgery, while Schlenker suggested the role of CME in the pathogenesis
of MH. He also reported on the association of post RD repair MH with macular off RD and multiple surgeries to reattach
the retina. Medina et al reported similar findings as Schlenker and described findings of an association with ERM and
myopia. However, that RD is the commonest primary indication for post vitrectomy MHs, may be related to previous
reports of RD being the commonest indication for vitrectomy and the occurrence of ERM in several cases of RD post
vitrectomy."”

Other reported indications for primary vitrectomy resulting in FTMH include vitreous hemorrhage from different
causes, idiopathic and secondary ERM, proliferative diabetic retinopathy (PDR), proliferative vitreoretinopathy (PVR),
submacular hemorrhage, related to silicone oil removal (SOR), lamellar macular hole, macular edema, and vitreomacular
traction.

In the current study, case 1 developed an FTMH after vitrectomy before inserting an Ahmed Glaucoma Drainage
Device (GDD) into the anterior vitreous cavity. The MH in this patient (case 1) required two attempts to close it using the
inverted ILM flap technique. We also reported that a vitrectomy for removing sub-ILM hemorrhage secondary to
a ruptured retinal arterial macroaneurysm (RAM) was a cause for FTMH. RAM has been associated with the occurrence
of early-onset and delayed MH formation. One case of FTMH following vitrectomy for a sub-macular hemorrhage from
RAM was reported in the series by Kang.® Sato et al presented three cases of RAM associated with early-onset MHs.?°
Case 3 in Sato’s series had a sub ILM hemorrhage which was removed using vitrectomy. They hypothesized that early-
onset MHs might arise from micro laceration occurring at the fovea due to a gap between the intraocular pressure (IOP)
and very elevated pressure in the subretinal space derived from systolic blood pressure immediately after the rupture of
the macroaneurysm and tangential retinal traction related to the hydrodynamics of arterial hemorrhage, or both. The MH
was noticed three weeks after the vitrectomy in our patient but could have occurred earlier. It was, therefore, an early
onset MH. ERM was present in this eye (Figure 3) and could have contributed to the occurrence of the MH, as has been
suggested to happen in delay onset cases of MH due to RAM. Our case was an 85-year-old woman, similar in age to the
87-year-old woman reported by Sato.

Another cause of vitrectomy reported in the current study is vitreous hemorrhage secondary to active polypoidal
choroidal vasculopathy (PCV) with submacular hemorrhage. There was one case of FTMH formation in PCV with
vitreous hemorrhage reported in the series by Kang et al. There are few reports of FTMH occurring after PCV treatment
with intravitreal antiVEGF. The occurrence of an FTMH is a rare complication of PCV. Our case developed MH after
recurrent subretinal and then vitreous hemorrhage. The MH developed after one month of vitrectomy. Macular OCT
evaluation performed soon after the vitrectomy showed a relatively thin retina with significant subretinal fluid. Tangential
foveomacular tractional forces acting within the outer and inner retina are likely responsible for the MH formation.

Garcia- Arumi et al reported 14 cases after RD which was repaired with vitrectomy and encircling band. In the
current report, case 4 had a combined encircling band, vitrectomy, and silicone oil for a total retinal detachment involving
the macula. Her retina was reattached with a single surgery. At the time of removal of silicone oil (ROSO), an MH was
noticed by the surgeon. An ILM flap was mobilized and inverted over the MH. It is possible that this MH was present
before the ROSO but was missed. However, the MH was not present before the primary vitrectomy since a preoperative
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OCT showed an intact detached foveomacular area, Figure 5. It is also possible that a partial thickness hole or a pseudo-
macular hole was mistaken for an FTMH. Intraoperative OCT (i0CT) would have helped confirm a diagnosis of FTMH
during the ROSO, but iOCT was not available. However, a post-ROSO OCT showed the presence of an ILM flap over
a discontinuous inner retina, with an intact outer retina, Figure 6. Outer retinal reconstruction has been shown to occur
after the inverted ILM flap technique used to treat FTMH.?! Apart from case 4, an FTMH also occurred one month after
the ROSO in case 3. MH after ROSO occurred in 5 cases reported by Kang et al.° Medina et al'® reported two cases of
MH formation while silicone oil was still in the eye. In our opinion, ROSO may be associated with ERM formation,
contraction of preexisting ERM, foveomacular traction and resultant FTMH. The convexity of silicone oil meniscus at
the fovea does not make it an ideal tamponade for MH. ROSO could favor the tangential forces induced by residual
vitreous cortex or ERM and result in FTMH formation.

G. Macular Hole Treatment and Outcome

Published literature on this topic has reported on the treatment and outcomes of this form of secondary MHs. Generally,
the reporting of results shows that high rates of anatomical success can be achieved with repeat vitrectomy, ILM peeling,
and various forms of tamponade (including gas and silicone oil). However, the visual outcome is variable and depends on
the primary pathology. Lee, Kang, and Khurana have reported good visual results after MH closure. Kang observed that
poor visual outcome was associated with long eyeballs (high myopia) and poorer preoperative BCVA. Medina et al
observed that visual recovery was limited even when MH closure was achieved; they also noticed a significant
association between macula “off” RD and high myopia on the outcome. This finding is supported by the conclusion
derived by Garcia- Arumi et al, who reported that the limited visual outcome depended on macula “off” status. In the
current study, three eyes had a macula “on” status and were not myopic but had limited improvement in vision. Case 4
had a primary macula “of” RD and had better vision. In case 4, the MH was identified during ROSO and addressed
promptly. Perhaps the time before repairing the MH could be an important factor, influencing visual outcome. Case 5,
who had a macula “on” RD but delayed MH repair, had limited improvement in BCVA. Therefore, it is safe to suggest
that factors which influence the visual outcome of this group of MHs are still open to research and could be dependent on
the underlying or preexisting condition and MH-related factors, including MH size and time interval before repairing
the MH.

In our study, three eyes were repaired using an inverted ILM flap and air tamponade, while one eye had ILM peel and
gas. The inverted ILM flap technique for closure of large MH has become famous for large MHs,>' 2* but has not been
previously reported in any series on MH after vitrectomy. The average size of the 6 MHs (minimum diameter) shown in
Table 2 is 566 microns (range 400-840 microns). The inverted ILM flap effectively repaired all the MHs, and all
remained closed after a mean follow-up of 7.6 months. We noticed an improvement in BCVA in two out of the four
surgically closed MHs (both eyes had a 2 Snellen line improvement in BCVA), while in two eyes, BCVA remained the
same as preoperative vision.

The occurrence and closure of MH from PCV after intravitreal VEGF has been reported previously.?**> Interestingly
in the one eye with an MH following hemorrhage from active PCV, the MH closed spontaneously following a session of
PDT. Our case is the first report of MH closure after PDT following a detailed search on PubMed to the best of our
knowledge. After PDT, MH closure was associated with resolution of subretinal and intraretinal fluid and reattachment of
the retina, as seen in Figure 12. Resolution of the subretinal fluid after PDT resulted in the near re-apposition of the MH
edges. There was a type 2 closure, with RPE exposed.?® As reported for idiopathic MH, this type of closure is associated
with a poor visual outcome.?® Therefore, not surprising, vision in this eye remained the same as before PDT.

Case 3 in our series declined surgery to close the MH. The MH increased in size in her eye, but the vision remained
the same. Observation of MH and monitoring hoping for self-closure of the MH is a strategy, and there have been reports
of spontaneous closure of the MH with improvement in BCVA.® In our study, case 5 demonstrated OCT features of
attempted spontaneous hole closure while waiting for MH surgery, as seen in Figure 9. Lastly, we should mention that
topical treatment of secondary MH has been reported with anatomical success and improvement in vision.*’

The retrospective nature of this study and small sample size are significant limitations. The small sample size did
not allow for any statistically significant analysis. However, our reporting of this series suggests that visual recovery
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after the repair of post vitrectomy MH is limited and not as reported after idiopathic MH. This finding implies that
these secondary macular holes should be prevented when possible. Since ERM presence and tangential traction have
been associated as a causative factor, prophylactic ERM and internal limiting membrane peeling should be considered
in at-risk eyes during the primary vitrectomy. Such eyes will include cases in which there is preoperative ERM in RRD
and other causes of retinal and vitreous hemorrhage. One must consider the risk of complications of ILM peeling
against the low incidence of secondary MH. ILM peeling can itself induce MHs. Also, since delaying surgical repair of
MH was associated with poor visual outcomes in our study, immediate repair of the MH as soon as diagnosed is
advised.

Conclusion

Though rare, occurrence of an FTMH should be considered a possible complication of vitrectomy for RRD and other
indications. This group of secondary MHs differs considerably from idiopathic MHs. Despite the association in several
cases to contraction of ERM, more research is required to understand their pathogenesis, preferred treatment, and factors
influencing treatment outcome since these have shown to be different from idiopathic MHs. Various forms of hemor-
rhage, including pre retinal, subretinal, sub internal limiting membrane, and vitreous hemorrhage as seen with RAMA,
PCV, PDR, and other retinovascular diseases, are important predispositions of FTMHs. The interval between the
formation of FTMH and the repair may be an essential factor influencing the visual outcome. The inverted ILM flap
technique provides a good option for successful anatomical closure in large diameter holes. We also reported hole closure
after PDT for MHs related to PCV.
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