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OBJECTIVES: To evaluate the efficacy of inner retinal fenestration as a surgical technique for the treatment of optic disc pit

maculopathy (ODPM) in the paediatric population.

METHODS: This is a retrospective, interventional case series of paediatric patients with ODPM treated at two tertiary hospitals in
London by a single surgeon (SCW). All patients underwent pars plana vitrectomy with the creation of two inner retinal fenestrations
and endogas tamponade. The partial-thickness retinotomies were made radial to the optic disc pit using a 25-gauge MVR blade.
Anatomic and visual outcomes were determined by optical coherence tomography central retinal thickness and best-corrected
visual acuity (BCVA), respectively.

RESULTS: A total of six eyes were included. Average patient age was 12.0 + 3.5 years. Preoperatively all eyes demonstrated
intraretinal fluid and/or serous detachment of the central macula. Patients were followed for a mean of 22.7 £ 16.1 months after
surgery. Mean preoperative BCVA was logMAR 0.71 £ 0.29 (20/100). Mean postoperative BCVA was 0.49 + 0.30 (20/63) at 2 weeks,
0.35 £ 0.33 (20/45) at 3 months and 0.16 + 0.29 (20/32) at 1 year. Progressive resolution of intraretinal and subretinal fluid (SRF) was
observed in all eyes, with central retinal thickness significantly improved by 2 weeks postoperatively (637.83 = 209.09 um
preoperatively and 465.40 + 169.86 um postoperatively, p = 0.04). Recurrence of subretinal or intraretinal fluid was not observed.
CONCLUSION: Dual inner retinal fenestration is an effective technique that resolves fluid and restores vision in paediatric patients
with ODPM. These results support the hypothesis that enabling egress of fluid into the vitreous cavity can achieve long-lasting

amelioration of ODPM.
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INTRODUCTION

Optic disc pits are congenital disc abnormalities secondary to a
colobomatous malformation of the optic nerve head. They often
appear as a solitary, oval, grey-white depression at the infer-
otemporal margin of the optic disc. A corresponding congenital
loss retinal nerve fibre layer extending radially from the disc pit
can be associated with visual field changes [1, 2]. Acquired vision
loss can occur as a result of serous detachment of the macula,
known as optic disc pit maculopathy (ODPM) [3].

ODPM commonly presents as a serous retinal detachment of
the macula with or without intraretinal fluid accumulation or
retinoschisis. While it can occur as early as 3 years of age and as
late as the ninth decade of life, they are most frequently observed
in early adulthood [4, 5]. There is commonly an accompanying
funduscopic appearance mimicking retinoschisis [6]. Optical
coherence tomography (OCT) of the macula demonstrates
thickening and cystoid degeneration of the inner retina, along
with SRF accumulation. These changes often occur in the nasal
and central macula [7].

The source of the accumulating subretinal and intraretinal fluid
continues to be debated. Lack of leakage on fluorescein
angiography makes a breakdown of the blood-retina barrier or
vascular source unlikely. Cerebrospinal fluid (CSF) from the

peripapillary subarachnoid space is another possible origin. Some
doubt this theory due to differences in hydrostatic pressure
between the CSF and intraocular pressure, as well as the inability
to displace the macular fluid back to the CSF [3]. Studies analysing
the SRF aspirated at the time of surgery have conflicting results
[8, 9]. Histopathologic analysis of a canine optic disc pit model
suggests that there may be a connection between the vitreous
and macular fluid [4]. This has not been demonstrated in humans.
However, resolution of maculopathy following spontaneous
posterior vitreous detachment (PVD) has been reported, which
suggests the role of the vitreous in the pathophysiology of
ODPM [10].

While this maculopathy can spontaneously resolve, the natural
history of the disease process is variable. Apple et al. demon-
strated visual acuity of 6/60 or worse in 80% of eyes [11]. A more
recent UK national surveillance study showed that eyes with SRF
were more likely to progress, had worse outcomes when observed
and the best outcomes were seen with surgical intervention [5].
Multiple therapeutic approaches have been suggested to
prevent permanent vision loss, including laser photocoagulation,
intravitreal gas injection and pars plana vitrectomy with or
without internal limiting membrane peel, endogas tamponade
or endolaser [3, 12-27].
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Table 1. Preoperative characteristics in paediatric optic disc pit
maculopathy.

Preoperative patient characteristics

Mean patient age, years 120+3.5
Gender (% male) 66

Mean visual acuity, logMAR 0.71+0.29
OCT findings

SRF with IRF (%) 66

SRF alone (%) 17

IRF alone (%) 17
Lamellar hole (%) 0

This table provides demographic data and optical coherence tomography
findings on presentation.

logMAR logarithm of the minimal angle of resolution, OCT optical
coherence tomography, SRF subretinal fluid, IRF intraretinal fluid (or
retinoschisis).

Then Spaide et al. described a novel surgical technique of a single
inner retinal fenestration at the time of vitrectomy [28]. They
theorised that fenestration could redirect flow and allow for an
egress of fluid into the vitreous cavity, which may alleviate the
accumulation of fluid. Subsequently, a case series of adult patients
showed resolution in 94% of patients [29]. The purpose of this study
was to determine the efficacy of inner retinal fenestrations for the
treatment of ODPM in the paediatric population.

MATERIALS AND METHODS

This was a retrospective, interventional case series with institutional review
board approval. The study adhered to the tenets of the Declaration of
Helsinki. Paediatric patients treated at both Great Ormond Street Hospital
and Moorfields Eye Hospital were included. All patients included under-
went vitrectomy with inner retinal fenestrations. Cases were ascertained
through a review of a single surgeon’s (SCW) medical records.

The diagnosis of ODPM was based on the presence of an optic disc pit in
combination with intraretinal and/or SRF accumulation. All patients were
evaluated with a complete ophthalmic examination including best-
corrected visual acuity (BCVA). OCT was obtained for all patients at each
visit before and after surgery (Spectralis SD-OCT, Heidelberg Engineering,
Heidelberg, Germany).

Surgery was performed for persistent or worsening SRF associated with
decreased visual acuity. All cases were performed by a single surgeon
(SCW) between March 2015 and December 2018. Using 25-gauge
vitrectomy, PVD and core vitrectomy were performed. Subsequently, two
partial-thickness inner retinal fenestrations were created using a 25-gauge
MVR blade. These fenestrations were made temporal to the optic disc pit,
parallel to the papillomacular bundle. Fluid-air exchange with endogas
tamponade was used in all cases. None of the eyes had internal limiting
membrane peeling or peripapillary endolaser at the time of surgery.

Main outcomes included postoperative visual acuity and anatomical
improvement on OCT. The Wilcoxon signed-rank test (SPSS, Version 23.0,
IBM) was used to compare visual acuity and central retinal thickness (CRT)
pre and post operatively. A qualitative analysis of serial OCT scans was also
performed.

RESULTS

Preoperative clinical characteristics are summarised in Table 1. A
total of six eyes were included from six patients. Four patients
were male. Mean patient age was 12.0 + 3.5 years, with a range of
8-16 years. Patients were followed for a mean of 227+
16.1 months after surgery (range 6-48 months).

Preoperatively all eyes demonstrated subretinal and intraretinal
fluid in the central macula on OCT, with the exception of one case
where outer retinal schisis was present without SRF. All eyes had fluid
accumulation or schisis of the outer retinal layers. In addition, four
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Fig. 1 Visual acuity and OCT central retinal thickness after
vitrectomy with inner retinal fenestrations. A This graph trends
the mean best-corrected visual acuity with standard deviation
from baseline to 12 months postoperatively. Visual acuity gains
were statistically significant compared to baseline starting at
3 months postoperatively (p<0.04). All statistically significant
improvements in visual acuity are indicated with an asterisk. B This
graph trends the mean OCT central retinal thickness and standard
deviation from baseline to 12 months postoperatively. Statistically
significant gains were seen as early as 2 weeks postoperatively
(p < 0.04). All statistically significant changes in retinal thickness are
indicated with an asterisk.

patients had fluid in the inner retinal layers. Macular detachment was
observed in five of the six cases. None of the patients had PVD on
exam or OCT.

In terms of the visual outcomes, mean preoperative BCVA was
logarithm of the minimal angle of resolution (logMAR) 0.71 + 0.29 (20/
100), with a range of 03-1.0 (20/40-20/200). Mean postoperative
BCVA was logMAR 0.49 + 0.30 (20/70) at 2 weeks, 0.35 £ 0.33 (20/50)
at 3 months, 0.26 + 0.32 (20/40) at 6 months and 0.16 + 0.29 (20/32) at
1 year (Fig. 1A). Visual acuity began to improve within the first
postoperative month, even in the presence residual intraretinal fluid
and macular detachment. Visual gains were significant at 3 months (p
=0.04), 6 months (p=0.04) and 12 months (p =0.04) postopera-
tively. The greatest visual gains were seen between 2 weeks (049 £
0.30) and 3 months (0.35 £ 0.33) postoperatively (p = 0.04).

With regard to anatomical outcomes, progressive resolution
of intraretinal and SRF was observed in all eyes (Fig. 1B). Mean-
preoperative OCT CRT was 637.83 +209.09 um. Mean postoperative
OCT CRT was 46540 + 169.86 um at week 2, 362.75+51.71 um at
month 3, 316.00 + 33.43 um at month 6 and 311.00 + 40.36 um at 1
year. The improvement in CRT was statistically significant by 2 weeks
postoperatively (p = 0.04). Despite the immediate improvements in
CRT, it required up to 6 months for a majority of fluid to resolve.
Most patients required a minimum of 12 months for complete
resolution of fluid (Fig. 2A, B). Recurrence of macular detachment or
intraretinal fluid was not observed. None of the patients experienced
any complications secondary to surgery, including cataract, retinal
detachment or glaucoma.
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Fig.2 Anatomic improvement after vitrectomy with inner retinal fenestrations. A This figure includes pre- and postoperative OCT scans for
all six cases with corresponding best-corrected visual acuity. These images demonstrate the progressive resolution fluid and improved visual
acuity after vitrectomy with inner retinal fenestrations. B This figure utilises two example cases (Cases 2 and 6) to demonstrate the anatomic
and visual improvement from baseline to the most recent postoperative visit.
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DISCUSSION

ODPM is a rare condition, and evidence for managing paediatric
cases is limited to individual case reports. Previously, conservative
management and observation was recommended for paediatric
patients, as 25% of cases are reported to be resolved sponta-
neously [30]. However, long-standing SRF has recently been
shown to have a poorer prognosis. It is suspected that the
presence of SRF may lead to outer retinal atrophy, often resulting
in poor visual outcomes [5]. Even when fluid spontaneously
resolves, vision function (measured by BCVA, microperimetry, and
electrodiagnostic testing) is not commonly restored [31-33].

This is the first paediatric-only case series to address the surgical
management of ODPM. We chose to modify the original
technique described by Spaide et al. and study the use of dual
(rather than single) inner retinal fenestrations. With dual fenestra-
tions we hoped to compensate for the more severe and typically
more chronic clinical presentation seen in our paediatric patients,
as well as greater healing response in children and thus potential
closure of the fenestration. The results of our study demonstrate
that this technique allows for fluid resolution and visual recovery.

OCT revealed a reduction in inner and SRF postoperatively. The
greatest resolution of fluid occurred between 3 and 6 months
postoperatively. Residual fluid present at 6 months often required
at least 12 months before completely resolving. We found that
serous macular detachment improved before the inner retinal
fluid or retinoschisis. As the SRF approached complete resolution,
the inner retinal fluid then began to resolve. As the inner retinal
fluid is loculated in a series of pockets, there is likely greater
resistance to fluid out of the layer.

In addition to anatomical improvement on OCT, our patients
also achieved excellent visual gains. Interestingly, visual acuity
began to improve immediately after surgery, even when patients
had not demonstrated a significant reduction of fluid on OCT. This
was a similar finding in the adult case series [29]. While there was
some visual improvement in the immediate postoperative period,
visual gains were greatest after the macular detachment resolved.
Final visual outcomes were better in our paediatric series
compared to adults [17, 19, 23, 25, 26, 29, 34]. This suggests that
paediatric patients may have a better reserve for improvement,
even in the presence of SRF, than the adult population.

None of our patients experienced any complications from surgery.
To date, none have developed cataract or required further surgery.
In addition, none of our patients required repeat intervention. Other
surgical techniques such as vitrectomy with PVD induction and gas
tamponade (with or without laser or inner limiting membrane (ILM)
peel) have been described in the adult and young-adult population,
but with a higher reoperation rates compared to inner retinal
fenestration [15, 17-19, 23-26, 29, 34, 35].

Paediatric vitrectomy is often difficult to perform, as the vitreous is
strongly adherent to the retina in young patients, increasing the risk
of retinal tears or retinal detachment during PVD induction. In fact,
case reports of surgical intervention for paediatric ODPM demon-
strated difficulty completing a complete PVD or limiting the
detachment to the posterior pole [20, 24]. Paediatric case reports
(and children included in an adult case series) demonstrate that
vitrectomy, PVD induction and gas with or without ILM peel or laser
photocoagulation show variable to good anatomic results. However,
repeat surgical intervention was often required and final visual acuity
often was limited [16, 20, 21, 23, 24]. This suggests that our technique
may be more efficacious.

This study has several limitations. The retrospective nature of this
study does not allow for a control group to establish if vitrectomy,
PVD and endogas without fenestrations, or even vitrectomy alone,
can provide similar results. In addition, our small sample size may not
represent the full range of paediatric ODPM presentations and
outcomes. Despite these limitations, our results suggest that
vitrectomy with two inner retinal fenestrations can safely provide
anatomic and functional improvement without requiring additional
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treatment. This is the first case series, to our knowledge, in the
management of paediatric ODPM. It is also the first case series to
establish the use of inner retinal fenestrations at the time of
vitrectomy for the treatment of paediatric ODPM. It supports the
theory that fenestrations can redirect flow and encourage an egress
of fluid into the vitreous cavity. This allows for restoration of anatomy
and reversal of the pathologic processes induced in ODPM, offering
visual recovery to our paediatric patients.

Summary
What was known before

® Outcomes of surgery for paediatric optic disc pit maculopathy
are variable. Single inner retinal fenestration is an effective
technique in adults.

What this study adds

® Good anatomic and visual outcomes demonstrated in a series
of paediatric optic disc pit maculopathies, with significant
improvement in vision despite chronicity. Dual inner retinal
fenestration appears to be effective.
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