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Introduction

Background and importance of condition

Full thickness macular holes (FTMH) are a relatively common and visually disabling condition. They can
occur as primary or idiopathic FTMH (iFTMH), and less commonly secondary, associated with a range
of other ocular conditions including trauma, retinal detachment, and myopia. iFTMH occur because

of age-related vitreous changes, that result in vitreous traction on the central fovea (‘vitreomacular
traction’ (VMT)) and full thickness hole formation in some people. iIFTMH are bilateral in approximately
10% of affected individuals, with a peak age of onset of 70 years and are approximately twice as
common in women as men. If left untreated the hole typically enlarges and results in a reduction

in visual acuity (VA) below the definition of blindness in the eye affected and typically less than 1.0
logMAR (6/60). IFTMH are a type of vitreoretinal interface abnormality (VRIA). A study using data

from the UK Biobank found that VRIA were one of the four most prevalent causes of identifiable visual
impairment in the UK.

The management of people presenting with iFTMH should aim to accurately identify those who might
benefit from treatment and then offer treatment in a timely way which optimises outcomes.

All treatments are aimed at closing the hole to restore vision. The surgical procedure vitrectomy

with endotamponade, has been the mainstay of treatment since its introduction in 1991 by Kelly and
Wendel, and can close the hole in most cases. Typically, if the hole is closed, vision improves by a mean
of 0.3 logMAR, although the level of vision after surgery is very variable depending on the baseline
level, with only 35% achieving a driving vision level of VA (0.3 logMAR (6/12)) dependent on case mix.

A large UK retrospective electronic records study in 2013 showed it was the second most common
indication for retinal surgery, with approximately 3500 surgeries carried out in the UK per annum,
rising with the ageing population.

Clinical need for a guideline

A range of additional surgical choices have been proposed to improve the success of vitrectomy for
iFTMH including tamponade selection, internal limiting membrane (ILM) peeling and other adjuvants.
Narrow gauge surgery and combined phacovitrectomy have been suggested to speed postoperative
recovery and have been widely adopted. The utility of postoperative face down positioning once
considered a vital part of the treatment has been questioned, and the time course of visual recovery,
important for planning a return to normal activities following treatment studied. Additionally,
alternative treatments including expansile gas injections without vitrectomy, and enzymatic vitreolysis
have been proposed as alternatives. The patient pathway from initial presentation to undergoing
treatment has changed with the widespread availability of optical coherence tomography (OCT). OCT
is a quick, painless, non-invasive imaging system which captures a cross-sectional image of the central
retina. OCTs are becoming more common in community care, with the large optometry chains investing
in the technology. They offer the ability to diagnose and classify holes accurately without the need for
experienced fundoscopy, permitting appropriate and more timely referral pathways. These choices

are important for all, from the people affected, to the surgeons, nurses, optometrists, and other allied
healthcare professional involved in the management of people with iFTMH.

The evidence-base to guide decision making in macular hole management is one of the more advanced
domains in vitreoretinal surgery with a large range and number of RCTs and systematic reviews. iFTMH
affect all ethnicities and are an internationally important cause of visual morbidity.
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Guideline objectives

The aims of the guideline are to evaluate and summarise the clinical evidence relating to the
management of people with iIFTMH, that can be used nationally and internationally to benefit patients.

Target Audience: Ophthalmologists, vitreoretinal surgeons, ophthalmic nurses, optometrists, and other
ophthalmic healthcare practitioners in any setting where people with iFTMH are referred, evaluated
and/or treated, as well as the patients themselves and their carers.

Scope: Initial presentation through to discharge, including guidance on referral.

Population studied: People with primary ‘idiopathic’ full thickness macular holes (iFTMH). iFTMH that
don't close after surgery (‘Persistent’ holes) and holes that initially close and then reopen (‘re-opened’
holes) are also considered. Partial thickness macular holes and secondary full macular thickness holes
are not included but will each be covered in future RCOphth concise practice point publications.
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Note on minimal important differences in macular hole closure rates and postoperative visual
acuity with treatment trials.

Macular hole closure rates are typically high, around 80-90% following vitrectomy surgery dependent
on a range of factors discussed further throughout this guideline. There is no agreed minimal important
difference (i.e., an amount that surgeons and patients agree is clinically relevant and would change
decision making) in closure rate. This would depend on the estimated closure rates of the precise
features of the iIFTMH being treated and the risks/advantages of the new treatment being evaluated.
10% has been used as’? a non-inferiority margin in trials of macular holes with interventions such as
different gases, and face down positioning.

Similarly, there is no agreed clinically relevant difference in visual acuity, although it usually taken

as being 0.12 logMAR or over (6 or more ETDRS letters) at 6 months postoperatively. This time point

is chosen as it is known that vision improves with time following surgery, but VA stabilises in most
cases at six months or more postoperatively. It is also known however, that sometimes especially in
larger holes and those treated with adjuvant procedures vision can continue to improve for a year or
more. As with closure the clinically relevant difference will vary to some extent by the baseline visual
acuity, with a smaller improvement being more relevant as visual acuity improves. It is also known that
patient satisfaction after surgery can be more related to improvements in metamorphopsia than visual
acuity®“. Further research to clarify meaningful differences to guide trials is needed.

Visual acuity can be measured and recorded in several ways. We have presented visual acuities as
logMAR with a Snellen equivalent in metres (e.g., 6/12, equivalent to 20/40 or 0.3 logMAR) in backets
for clarity. For visual acuity improvement we have used logMAR only. It should be noted 0.1 logMAR
is equal to 5 ETDRS letters.

Objectives

The guideline group decided on the following key sections:

1. Epidemiology

2. Aetiology

3. Training and facilities

4. Investigation and referral

5. Classification

6. Management options

7. Considerations specific to vitrectomy
8. Outcomes

9. Follow-up and further management
10. Complications

-—
-
.

Management of persistent and reopened iFTMH following initial surgery

-
N

. Topical treatments for iFTMH
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Guideline Methodology

Key questions for the guideline were developed using the PICO framework to provide a structured basis
for identifying the evidence. A systematic review of the literature was undertaken using the explicit search
strategies devised in collaboration with an information specialist from the London School of Hygiene and
Tropical Medicine. (See Appendix 2) Databases searched include Medline, Embase, and the Cochrane
Library for literature published between 1991 & 2022. The literature search focused on the best available
evidence to address the key review questions by including the following types of evidence; Published
guidelines, systematic reviews, randomised controlled trials, prospective and retrospective cohort and
case control studies and case series. Reference lists of publications were searched for additional evidence
sources. Papers not published in the English language and conference abstracts were excluded.

The evidence base for this guideline was identified and synthesised in accordance with previously
accepted Royal College of Ophthalmologists (RCOphth) guideline methodology. Each of the
selected papers was evaluated by the guideline development group using standard checklists before
conclusions were considered as acceptable evidence.

For key treatment decisions and choices, several summary evidence statements were composed. The
evidence sources that underpin these statements were graded using the Scottish Intercollegiate Guidelines
Network (SIGN) 50 grades of evidence (1++ to 4). These are given for sections 6-12 in Appendix 1. The
overall level of evidence that these statements were based upon were graded using the SIGN 50 grading
hierarchy (A to D), and with the Grading of Recommendations, Assessment, Development, and Evaluations
(GRADE) working group (High to very low) according to the certainty of evidence underpinning them.

The group allocated one author to lead each section whilst two other authors were assigned to input into
the draft and review it. When all sections were complete the group members all individually reviewed the
complete document and then met as a group to discuss and resolve disagreements and evidence scores.
Patient and public involvement into the process was facilitated by the UK Macular Society.

The finalised document was reviewed by two independent experts in the field and was also posted
on the Royal College of Ophthalmologists web site with a request for comment by all members.
The same process was followed in the subspecialist society groups involved (Euretina, American
society of retinal specialists (ASRS) and Canadian Retina Society (CRS) including the British and
Eire Association of Vitreoretinal Surgeons (BEAVRS). After feedback, errors and corrections were
addressed and a final document prepared.

GRADE Levels of Evidence

High = Further research is very unlikely to change our confidence in the estimate of effect (e.g., large,
well conducted, definite RCTs).

Moderate = Further research is likely to have an important impact on our confidence in the estimate
of effect and may change the estimate (e.g., small or potentially biased RCTs, non-randomised
comparative studies).

Low = Further research is very likely to have an important impact on our confidence in the estimate
of effect and is likely to change the estimate (e.g., observational studies).

Very low = Any estimate of effect is very uncertain.
www.gradeworkinggroup.org Accessed 20/11/24
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Sign 50 Grades of Recommendation

The grade of recommendation relates to the strength of the evidence on which the recommendation
is based. It does not reflect the clinical importance of the recommendation.

A: At least one meta-analysis, systematic review, or RCT rated as 1++, and directly applicable to
the target population; or A body of evidence consisting principally of studies rated as 1+, directly
applicable to the target population and demonstrating overall consistency of results.

B: A body of evidence including studies rated as 2++, directly applicable to the target population,
and demonstrating overall consistency of results; or Extrapolated evidence from studies rated
as 1++ or 1+

C: A body of evidence including studies rated as 2+, directly applicable to the target population and
demonstrating overall consistency of results; or Extrapolated evidence from studies rated as 2++

D: Evidence level 3 or 4; or Extrapolated evidence from studies rated as 2+

Scottish Intercollegiate Guidelines Network
(SIGN) Grades for Evidence

1++ High quality metanalyses, systematic reviews or RCTs with a very low risk of bias
1+ Well conducted metanalyses, systematic reviews or RCTs with a low risk of bias
1- Metanalyses, systematic reviews or RCTs with a high risk of bias

2++ High quality systematic reviews of case control or cohort studies. Case control or cohort studies
with a very low risk of confounding or bias and a high probability that the relationship is causal.

2+ Case control or cohort studies with a low risk of confounding or bias and a moderate probability
that the relationship is causal.

2- Case control or cohort studies with a high risk of confounding or bias and a significant risk that
the relationship is not causal

3 Casereports, case series

4 Expert opinion

www.sign.ac.uk/assets/sign50_2011.pdf Accessed 20/11/24
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Abbreviations

Brilliant Blue G dye Minimum linear diameter
BCVA Best corrected visual acuity OCT Optical coherence tomography
DD Disc diameter OR Odds ratio
Cl Confidence interval PPV Pars plana vitrectomy
DONFL Dissociated optic nerve fibre layer PTHM Partial thickness macular hole
ELM External limiting membrane PVD Posterior vitreous detachment
ERM Epiretinal membrane QoL Quality of life
ERP Epiretinal proliferation RCOphth Royal College of Ophthalmologists, UK
ETDRS E&ré);t;ﬁgt:’\ent elele =i rEiepEing RCT Randomised controlled study
FDP Face down positioning RPE Retinal pigment epithelium
FTMH Full thickness macular hole SANFL ZEE:{::;:rswelling EE ETE S I
ICG Indocyanine green dye SDOCT fgneqztgr?ésrc:;nain sfpiliael @e e
iFTMH ildiopathic full thickness macular hole SR Systematic review
ILM Internal limiting membrane of retina VA Visual acuity
IVTS Isr:g;g:iool?;l R VFQ Visual function questionnaire
LMH Lamellar macular hole VMA Vitreomacular adhesion
logMAR t??:siit?oif 0 il L i) 2 VMT Vitreomacular traction
mfERG Multifocal electroretinogram VRIA Vitreoretinal interface abnormality
MIVS Microincision vitrectomy surgery
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1. Epidemiology

1a. What is the incidence and prevalence of iFTMH

The incidence of iIFTMH has been reported to range between 3.1 to 7.8 per 100,000 of the general
population per year.54%8 Participants in these studies were majority white populations apart from one
Korean study. Another US study on health insurance beneficiaries aged 40 years or more estimated the
cumulative incidence to be around 41.1 per 100 000 person-years.®

1b. What are the demographic features of patients with iFTMH?

Age
Numerous published studies have reported that the incidence of iFTMH peaks between age 60 to 70 on
average.> 6891

Although the likelihood of developing FTMH was found to be higher with an increase in age, the change
appeared to be non-linear. Studies have demonstrated reducing incidence of FTMH after age of 70,2
75,2and 80.%617

Sex
iFTMH is a condition with a female preponderance. Overall, it was estimated that females are between
2 to 3.3 times more likely to be affected than males.> 6 8 9 17.18,19,22

There are however certain age groups whereby males were affected more. Cho et al.® showed higher
male to female ratio for age group under 30 and above 75 years old. Similarly, Ali et al.’ reported
higher male incidence for age <36 and >76 year. Two other studies concurred with the findings and
demonstrated more males aged 80 and over had iFTMH.5 6

One possible explanation of higher male incidence in the older age group is due to difference in
posterior vitreous detachment (PVD) between male and female.® Studies have reported an earlier
onset of PVD and a generally higher proportion of PVD in females compared with males.?425:26

On the other hand, male prevalence in younger age groups is likely due to secondary FTMH from other
causes such as trauma instead of iFTMH.* It was noted that patients with traumatic FTMH tend to be
male and younger.?”2 A Tasmanian study also confirmed higher male incidence in younger age groups
when analysis was done including both primary and secondary FTMH.>

Ethnicity
Several studies have illustrated the variations in iFTMH characteristics in different ethnic groups.

One US study found Asian Americans to have 177% increased risks of developing iFTMH compared
to White individuals.® Asians have also been found to present with larger iFTMH compared to white
patients.'8:29.30

Another UK study found iFTMH to be more common in Afro-Caribbean patients. They also present
younger compared to White and Asian patients.' 3! Similarly, it was noted Afro-Caribbean patients
present with larger iFTMH compared to White patients. 181929 30

One potential reason for this difference could be due to baseline foveal anatomic variations between
the ethnic groups. Few studies have reported a wider foveal floor amongst Afro-Caribbean and Asian
population comparing to White.?2:32:33 A study demonstrated a significant association between foveal
floor width and size of iIFTMH, with eyes of larger iFTMH having broader foveal floor sizes in the fellow
eyes, 22 possibly explaining the variability of iIFTMH size between different ethnic groups.

Idiopathic Full Thickness Macular Holes 1



1c. What is the incidence in the fellow eye?

The incidence of fellow eye involvement varies widely with different publications.
It has been estimated that around 2% - 7% have bilateral iFTMH at presentation.343536.37.38,39,40
The overall incidence of developing iFTMH in the fellow eye ranges from 5.3% to 22%.56:12.18:19.21,37,39,40

A few studies have also carried out subgroup analyses and found higher incidences of fellow eye
involvement of between 11.9% and 28.6% in those without PVD.20:3¢:3744 One study showed none of
the fellow eyes with PVD at presentation developed iFTMH over an average of 47 months follow-up,
although rare cases have been reported.®’

Other characteristics found to increase the risks of development of iFTMH in fellow eye are described
in Section 2.

Summary

iFTMH more commonly affect females in the age group of 60-70 years old. The majority of
iFTMHSs are unilateral, but there is up to a 29% risk of fellow eye involvement depending on
vitreous status.
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2. Aetiology

a. What are the aetiological factors for full thickness macular holes?

b. What are the risk factors for full thickness macular holes?

0

. What are the associated symptoms of full thickness macular holes?

d. What are the risk factors for occurrence in the fellow eye?

2a. What are the aetiological factors for full thickness macular holes?

Full-thickness macular holes (FTMH) can occur as an idiopathic primary event (iIFTMH, the subject of
these guidelines) or secondary to other abnormalities such as high myopia, trauma, chronic macular
oedema, intraocular inflammation, retinal detachment, or retinal dystrophies.

Formation of iFTMHs can be thought of as a sequence of complex mechanical events involving vitreous
traction on the foveal centre as the initiating event.**84° Age-related posterior vitreous detachment
(PVD), defined as separation between the posterior vitreous cortex and the ILM of the retina, often
underlies the generation of this vitreous traction. The understanding of PVD is evolving over time,

and currently the most accepted view is that PVD begins in the perifoveal macula.?%*"52 (Figure 1).

Figure 1: Normal age-related vitreous separation from the retina occurs progressively with 4
stages recognised. Initially separation occurs peri-foveally with vitreomacular attachment (stage
1), followed by foveal separation (stage 2), then more widespread separation except at the optic
disc head (stage 3) before finally separating at the disc (stage 4) when some patients present with
floaters. retinal photopsia and retinal tears. Idiopathic full thickness macular holes are thought
to occur largely as a result of vitreomacular traction because of pathological stage 1 vitreous
separation.

Stage 1:
perifoveal
vitreous

separation

Stage 2: vitreous
separation
from fovea

S —

Stage 4:
‘complete’ PVD
pr -

Stage 3: vitreous still
. attached at disc y

The progression of perifoveal PVD, in combination with abnormal focal attachment of vitreous to the
fovea, can cause cleavage between the Miiller cell cone and photoreceptors, giving rise to intraretinal
cystic lesions seen on OCT.%2:535455 As this anteroposterior traction continues, the force causes breaks
in both ILM and external limiting membrane (ELM), leading to retinal dehiscence and iFTMH (Figure 2).
There have also been suggestions that the dynamic tractional forces generated by posterior cortical
vitreous movement during eye rotation may play a contributing role.5%5¢
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Figure 2: a (vitreomacular adhesion, VMA), b-c (mild vitreomacular traction, VMT), d (VMT with
inner retinal cysts and signs of early outer retinal traction with cotton ball sign), e (VMT with inner
retinal cleavage), f (VMT with outer retinal traction and early dehiscence), g (VMT and outer retinal
dehiscence), h (VMT with subretinal fluid and outer retinal dehiscence).

The degree of outer retinal layer loss appears to correlate with the extent and intensity of vitreomacular
traction (VMT), with wider attachment causing more extensive loss of photoreceptors.>” Retinal glial
proliferation can take place in an attempt to self-repair, with variable success.>®%° Paradoxically, when
self-repair fails, glial cell migration around the hole edges can occur onto the perifoveal ILM. These

can then exert tangential traction with progressive contraction, leading to enlargement of the iFTMH.>®
Subsequently, the direct communication of vitreous fluid and outer retina causes hydration, leading to
the hole edges to thicken and evert.5%¢.62 This further aggravates the impedance of glial migration that
might otherwise help close the iIFTMH.*°

Summary

iFTMH most commonly occur secondary to age related posterior vitreous separation. Abnormal
focal foveal attachment during this process can exert anteroposterior traction on the central
fovea and initiate a sequence of events leading to development and enlargement of iFTMH.
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2b. What are the risk factors for iFTMH?

Age

* Increasing age is associated with increased risks of iFTMH, however the change appears to be
non-linear.® (see Epidemiology section).

e The effect of age corresponds with PVD, the initiating event for iFTMH.8

Sex

e Females have a higher risk than males.®® (see Epidemiology section).

Ethnicity

e One US study found Asian Americans had an increased risk of iFTMH compared to white
individuals.®

* Two UK based studies reported that Asian and Afro-Carribean patients presented with larger
iFTMHs compared to white patients.?°3°

Axial length

* Increased axial length is thought to be a risk factor for macular hole formation.®® It has
been proposed that the dynamic forces acting about the axis of ocular rotation are higher
in longer eyes, resulting in a greater propensity for iFTMH formation.®®

* Itwas also noted that age at the onset of iFTMHs significantly decreases as the magnitude
of myopia increases.®®

2c. What are the associated symptoms of full thickness macular holes?

The most common symptom of macular hole is reduced and blurred vision, which tends to worsen with
increasing hole size.*®* Other symptoms include central scotoma often associated with metamorphopsia
and/or micropsia and rarely photopsia.> ¢’ Symptoms may depend on ocular dominance (i.e., may not
be so noticeable to patients if the eye effected is the non-dominant eye).

2d. What are the fellow eye risk factors for occurrence of macular hole
in the fellow eye?

The following four factors have moderate to high certainty evidence:
* Presence of vitreomacular traction: 20% - 35.5%.%°
e Absence of PVD or presence of vitreomacular adhesion: 8.7% - 18.5%. 20:40:41,44.68
* Presence of outer foveal defect: 27.8% - 100%. 354068

e Presence of inner foveal cyst: 16.7% - 57%. #041.53.69

Two other factors have been suggested with very low certainty evidence:

* Possibly the presence of foveal hyper-reflective stress-line or foveal crack sign: 50% - 52.6%.4247

e Possibly multifocal electroretinography (mfERG) showing lower amplitude and higher implicit
time: 7.4% - 23.9%.7374

Idiopathic Full Thickness Macular Holes 15



Summary and practice point

Counsel patients regarding the risks of subsequent fellow eye involvement and advise to self-

monitor for macular hole symptoms, particularly in patients with fellow eyes with vitreomacular
traction/adhesion, outer foveal defect or inner foveal cysts.

Idiopathic Full Thickness Macular Holes



3. Training and Facilities

3a. Training

Macular hole surgery should be undertaken under the supervision of a fully trained vitreoretinal
specialist. Typically, this means specialist vitreoretinal fellowship training of 1 to 2 years before
appointment to the consultant (independent specialist) grade. During this fellowship training,
increased hands-on experience in macular hole surgery is obtained in addition to other vitreoretinal
procedures. Studies showed that equally good results in terms of hole closure and visual acuity can
be achieved by trainees operating under consultant supervision as by the specialists themselves.”>7®

3b. Facilities

Surgery for macular holes should take place in an operating theatre fully equipped for vitreoretinal
surgery. Surgery can be undertaken under general or local anaesthesia as a day-case procedure.

A posterior segment vitrectomy machine is required, along with the range of other vitreoretinal
equipment and tamponade agents. Vitrectomy forceps, other devices to aid ILM peel initiation (e.g.,
scrapers and loops), and adjuvant dyes to stain the ILM (brilliant blue G, indocyanine green and trypan
blue) are required as per the choice of the individual surgeon. Cryotherapy and laser (endolaser and
indirect laser) should also be available as required to treat retinal breaks. The nursing and support staff
in the facility should be adequately trained and experienced in assisting vitreoretinal procedures.

Suitable operating microscopes are currently of two kinds. The commonly used conventional
microscope allows for direct binocular visualisation, preferably with an external monitor and assistant
piece. Widefield viewing systems such as the Resight (Zeiss), BIOM (Oculus Inc.) or EIBOS (Haag-
Streit) are desirable and ideally integrated with a footswitch-activated or automatic image inverter
system. More recently, head-up 3D display systems have become popular, e.g., Ngenuity (Alcon), and
have the advantage of allowing a more detailed view for more of the staff present in the operating
theatre. Studies have shown that macular hole surgery can be carried out equally effectively using
both systems, with a systematic review suggesting reduced retinal light exposure and greater surgeon
comfort for the 3D visualisation system over a conventional microscope.””7®

Microscope integrated OCT can provide clinically relevant information to surgeons during surgery but is
not considered essential.”
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4. Investigation and Referral

Background

The shift from slit-lamp biomicroscopic staging of macular holes®® to an anatomical classification
system using optical coherence topography (OCT) imaging® (see Section 5), has improved the
diagnosis, management, follow up and monitoring of iFTMH. OCT allows a detailed evaluation of the
vitreoretinal interface and facilitates the differentiation between FTMH and a partial thickness macular
hole. The calliper function of the OCT can also be used in routine clinical practice to measure macular
hole size with acceptable repeatability 83 an important predictor of postoperative closure and
functional recovery following vitreous surgery.®4858 The minimum linear diameter is the most widely
used measure of iFTMH size. (Figure 3)

Figure 3: The minimum linear diameter (MLD) is measured in the OCT slice with the widest hole
dimensions; MLD is the minimal width at the approximate mid area of the hole. Two other examples
are shown in the lower two pictures. Base diameter is the widest diameter where the hole meets the
retinal pigment epithelium.

The most widely accepted OCT-based classification system was developed by the International
Vitreomacular Traction Study (IVTS) group.®' The IVTS classification defines an iFTMH as ‘a foveal
lesion with interruption of all retinal layers from the inner limiting membrane to the retinal pigment
epithelium’. FTMH can be further categorised according to the size of the hole and the presence or
absence of vitreomacular traction (VMT). iFTMHs can be subdivided into three subgroups based on
the minimum linear diameter: small (250 pm), medium (>250 pm to =400 um) and large (>400 pm)?"
(See Section 5).
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In their role as primary eyecare providers, combined with their increased adoption of advanced
imaging technologies,®” community optometrists play an important role in triaging referrals of patients
presenting with macular holes. Guidance is available from their professional body in the UK on the
examination and management of patients presenting with VMT and macular hole.88 The clinical
guideline recommends OCT imaging for the diagnosis of a macular hole (or referral to a colleague if
this is not available) and advocates referral of small, medium and large FTMH’s, with OCT monitoring
of VMT and impending macular holes depending on symptoms.

Question 4.1: What is the best way of diagnosing iFTMH?

Spectral domain OCT is the most sensitive and specific way of diagnosing and classifying iFTMH
(GRADE: MODERATE; SIGN Grade C)

Although a variety of non-invasive retinal imaging modalities have been used to evaluate iFTMH
(e.g., fundus photography, adaptive optics, fundus autofluorescence) , the optimal imaging modality
for classification of FTMH is spectral domain OCT. Although a single horizontal line scan through the
fovea will usually confirm a FTMH, a series of closely spaced scans may be required to distinguish and
measure a small FTMH.®' The minimum linear diameter, measured horizontally at the narrowest point
of the hole on the slice with the widest dimensions should be measured manually using the caliper
function of the instrument. (Figure 3) The status of the vitreous in terms of vitreo-macular adhesion
should also be documented. (Figure 4).

Figure 4: Four examples of idiopathic full thickness macular holes. A and B (medium sized with VMT),
C (large without VMT), D (large without VMT and vitreous separation from disc (stage 4).
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Question 4.2: Which patients with iFTMH should be referred for
consideration of treatment?

Patients with iFTMH, regardless of size should be referred for assessment for surgery
(GRADE: MODERATE; SIGN Grade B)

Patients with VMT who previously had an iFTMH in their fellow eyes (previously called stage 1
macular holes) can usually be safely observed with OCT as 30-50% of these lesions will resolve
spontaneously.*”?° Referral should be considered depending on symptoms and patients warned to
present early if their vision deteriorates. If left untreated, iIFTMH are associated with increasing loss of
vision (typically less than 6/60). Evidence from randomised controlled clinical trials (RCTs)*" has shown
that macular hole surgery is superior to observation for all iIFTMH (See Section 6). Rates of closure

of iIFTMH following surgery (vitrectomy with a gas or air tamponade) are high, at over 90%,8¢ with

low rates of spontaneous closure if untreated.®? All patients with small, medium and large iIFTMH’s
should therefore be referred for vitreoretinal surgery if clinically appropriate and the patient wishes
to consider surgery. Hole size and the length of time for which the hole is present before surgery are
important predictors of successful hole closure and final functional outcome.?%°3 (See Section 8).

Question 4.3: Where should patients with iFTMH be referred?

Patients should be referred to consultant-led vitreoretinal service for further investigation
and formulation of a surgical treatment plan.

(GRADE: MODERATE, SIGN Grade C)

All patients referred from primary care should have an OCT scan to confirm the diagnosis of iFTMH
before referral to a vitreoretinal service for consideration of a surgical treatment plan. For referrals
from sources other than optometrists e.g., general practitioners (GPs), referral should initially be made
to a community optometrist with access to OCT imaging for diagnostic confirmation.®® Referrals to the
Hospital Eye Service for iFTMH should include history and symptoms (including symptom duration),
best corrected visual acuity (BCVA), and ideally be accompanied by an OCT scan.

In the absence of an OCT scan that confirms an iFTMH, or where the interpretation of the OCT scan
is uncertain; depending on local protocols, patients may be referred through a suitable intermediate
OCT triage service for example (Figure 5):

1. Local optometry networks providing a referral refinement service

2. Virtual hospital-based OCT clinics for referral triage. If directly linked to vitreoretinal services these
can allow streamlined listing for surgery if appropriate.

To avoid unnecessary time delay, and to streamline the referral pathway, patients should only be
referred to medical facilities that can perform vitreoretinal surgery. This should be a consultant-led
vitreoretinal (VR) service that operates to appropriate quality standards.®® In the UK vitreoretinal
surgeons are expected to have a regular, ideally continuous, audit of their surgical results (including
macular hole surgery), which should be presented annually as part of Consultant Appraisal and as
part of the periodic revalidation process.?® Similar accreditation processes operate in other countries.
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Figure 5: Flowchart showing care pathways for patients diagnosed with macular hole and
vitreomacular traction starting in community services
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Question 4.4: What information should people with iFTMH be given?

People with iFTMH should be given the opportunity to discuss their diagnosis, treatment, and likely
prognosis, and provided with relevant information in an accessible format.

(SIGN Grade D)
This may include information on the following:

The decision to refer for medical treatment is a shared decision process between the healthcare
practitioner and the patient. As such the information given to the patient at the point of referral should
reflect that discussion. Relevant information should be provided in an accessible format. Patients
should be given information in a timely and appropriate manner. They should be given the opportunity
to digest and discuss the information to reach a shared decision.

The format of the information may include verbal discussion, web links or written information.

All information should be personalised to the patient’s situation and be accessible to the patient

in a format they can understand. Written information (on paper or the internet) should be reviewed
annually to ensure it is still relevant and accurate. Information may include the diagnosis, the referral
process, the prognosis, and potential medical treatment. It is recognised that the referring healthcare
practitioner will have less specialist knowledge around macular hole treatment. They should only
provide information that is within their professional skill set.

Expected timescales for treatment should also be included in the information given to the patient.

This should reflect the capacity of the local service. Information should include:

- That medical intervention may be possible to improve the vision.
- That a vitreoretinal surgeon has the necessary skills and knowledge base to discuss treatments.
- That all medical interventions carry risks and are not guaranteed.

- That peripheral vision is not affected by a macular hole.

Patients should be given appropriate contact details to discuss any new concerns and/or the
treatment plan.
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5. Classification

a. How should macular holes be classified?

b. What factors affect treatment choice and outcomes (and should be noted at baseline)?

5a. How should macular holes be classified?

Macular holes are foveal defects that can be detected clinically or through optical coherence
tomography (OCT). They can be further divided into partial thickness (including atrophic, those
associated with epiretinal membrane including pseudoholes/ERM foveoschisis, and lamellar holes)
and full-thickness macular holes (FTMH). Although fundoscopically it can be difficult to differentiate,
OCT imaging shows distinct differences between these entities, and the vision is typically worse in
FTMH. (Figure 6)

Figure 6: Examples of partial thickness holes. Note in all cases the neurosensory retina has
continuity across the RPE.
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Pseudoholes and ERM foveoschisis are associated with epiretinal membranes exerting tractional
forces, causing either a steepening of foveal edge (pseudomacular hole) or a schitic change in the
central retina (ERM foveoschisis) but no loss of retinal tissues.®”

Lamellar holes are characterised by an irregular foveal contour, intraretinal schisis, cavitation with
apparent tissue loss and overhanging hole edges, and often associated with outer retinal loss and
epiretinal proliferation.®”

FTMHs are defined as a full thickness foveal discontinuity from the internal limiting membrane (ILM) to
retinal pigment epithelium (RPE) layer, with complete communication between the vitreous cavity and
the subretinal space.

FTMHs can either be primary (idiopathic) due to age related changes in the vitreomacular interface or
secondary, secondary to a range of conditions including high myopia, retinal detachment, trauma
and various syndromes including Allport’s syndrome. Only iFTMH are considered in this guideline.
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Gass first described 4 distinctive stages of development of iFTMH in 1988°8 and later updated these

in 1995.8° This biomicroscopic classification has since been widely used clinically and in research
studies. Table 1 shows a simplified Gass macular hole staging. With the advancementin OCT

imaging technology, the vitreomacular interface can be studied in greater detail giving rise to better
understanding of various vitreomacular disorders. Chan et al.** added the concept of a stage 0 macular
hole in 2004 in patients with unilateral FTMH with fellow eye of normal OCT macular appearance

but attached posterior hyaloid to the foveal centre (i.e., VMA). Subsequently, a panel of vitreoretinal
disease experts convened in 2013 and developed the International Vitreomacular Traction Study

(IVTS) group OCT-based anatomic classification system (Table 2).8' This OCT staging has largely
supplemented the Gass biomicroscopic staging system - allowing for comparison of previous published
reports and future studies. Table 3 shows how the traditional biomicroscopic classification correlates
with the OCT findings. The IVTS classification is now commonly used and has been shown to be
effective in standardising definitions.*® (Table 2)

Macular hole size is a particularly important subclassification as it is known to predict surgical success.
Many methods of measurements using OCT have been described including base diameter, minimum
linear diameter and height.®>'°° Researchers have also attempted to predict surgical outcome building
on these basic parameters with further derived indices such as macular hole index, hole form factor,
diameter hole index and tractional hole index as well as 3D shape measures such as volume.'01.102.103,104
However, for the purpose of measuring hole sizes according to IVTS, the horizontal minimum linear
diameter (MLD) is used which is measured at the narrowest hole point in the mid retina using the slice
with the maximum dimensions.** This has been the most widely used measurement both clinically and
in research, and it has been shown to have strong associations with anatomical and visual outcomes.
(Figure 3)

The 400 pm cut-off used to define large macular holes in both Gass and IVTS classifications were due
to numerous studies showing increased anatomical closure rates in stage 2 macular holes (<400 pm)
compared to larger ones following surgery.84105106107108 However, this cut-off has lately been contended
with newer studies showing surgical success remains high for holes larger than 400 um, likely attributed
to evolving surgical techniques employed resulting in better closure rates in these larger holes. Some
retrospective studies have found excellent surgical prognosis in FTMH up to 500 um.'%*"% A large UK
database study of over 1483 eyes with macular holes similarly showed surgical success rate only starts
to decline when the MLD exceeds 500 pm in size, to 90% or less.®% Another retrospective case series '
suggested a higher, second cut-off of 630 um where closure rates reduced again."? Recently, the CLOSE
Study Group (Classification for Large Macular Hole Studies) consisting of expert vitreoretinal surgeons
in the field of macular hole surgical treatment conducted a systematic review aiming to reclassify large
macular holes." They proposed further subclassifying large macular holes to Large (>400 to=550 um),
X-Large (>550 to=800 pm), XX-Large (>800 to=1000 um) and Giant (>1000 pm). However, there was
heterogeneity in the aetiology as this study included patients with primary, secondary and refractory
macular holes.
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Table 1: Adapted from Gass’s macular hole staging®®

Gass Staging Biomicroscopic Findings Anatomic Interpretation

1-A (impending hole) Central yellow spot Early serous detachment of foveolar retina
1-B (occult hole) Yellow ring with bridging interface Serous detachment of foveolar retina
2 Retinal defect <400 um inside yellow ring FTMH <400 um
3 Central round retinal defect = 400 pm FTMH = 400 pm with no PVD
with no Weiss ring
4 Central round retinal defect (any size) FTMH (any size) with complete PVD from
with Weiss’s ring optic disc and macula

FTMH = full-thickness macular hole; PVD = posterior vitreous detachment

Table 2: Adapted from Duker et al.®

IVTS Classification Subclassification

VMA « Perifoveal vitreous cortex detachment  Size of attachment
from retinal surface + Focal (<1500 um)

¢ Macular attachment of the vitreous - Broad (>1500 um)

cortex within 3-mm radius of fovea

« No detectable change in foveal * Isolated or concurrent retinal conditions

contour/retina

VMT « Perifoveal vitreous cortex detachment « As above
from retinal surface

e Macular attachment of the vitreous
cortex within 3-mm radius of fovea

< Distortion of foveal surface, intraretinal
structural changes, and/or elevation
of fovea above RPE without full-thickness
interruption of all retinal layers

FTMH e Full thickness foveal lesion that « Size (MLD)
interrupts all macular layers from - Small (5250 ym)

the ILM to RPE
* Medium (>250 pm and =400 um)
* Large (>400 pm)
» Presence or absence of VMT

» Primary or secondary causes

FTMH = full-thickness macular hole; ILM = internal limiting membrane; MLD = minimum linear diameter;
RPE = retinal pigment epithelium; VMA = vitreomacular adhesion; VMT = vitreomacular traction
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Table 3: Correlation between biomicroscopic and OCT classification (adapted from Duker et al.)®!

Modified Gass's Classification IVTS Classification

Stage 0 VMA
Stage 1 (impending macular hole) VMT
Stage 2 (small FTMH) Small (<250 microns in MLD) or medium (250-400

microns in MLD) FTMH with VMT

Stage 3 (large FTMH) Large (>400 microns in MLD) FTMH without VMT and
without complete PVD

Stage 4 (FTMH with complete PVD with separation of Small, medium, or large FTMH without VMT and with
vitreous form optic disc head) complete PVD

FTMH = full-thickness macular hole; PVD = posterior vitreous detachment; VMA = vitreomacular
adhesion; VMT = vitreomacular traction

5b. What factors affect treatment choice and outcomes (and should be
noted at baseline)?

The main factor that affects treatment option and outcomes of macular hole is the size, and

in particular MLD,>™* which directly correlates to the different Gass stages as well as the IVTS
classification. Other important factors of prognostic importance include presenting visual acuity
and duration of symptoms. Better baseline visual acuity and shorter duration of symptoms have
been shown to be associated with higher closure rates and better post-operative visual acuity.?3108
Presence of VMT and ERM would also affect the treatment option of intravitreal Ocriplasmin.

Four main treatment options have been described - observation, intravitreal expansile gas injection
(pneumatic vitreolysis), intravitreal Ocriplasmin and vitrectomy. (See Section 6a)

Summary
Both Gass’s biomicroscopic classification and IVTS OCT classification can be used to complement
each other in clinical practice.

With development in surgical techniques, closure rates in large macular holes are expected to
continue to improve. The cut-off of 400 pm for large macular holes should be retained, but there
is the potential for further subclassification, particularly based on an approximate 500 microns
size threshold.

MLD should be used to measure hole sizes due to its practicality and strong association to
surgical outcomes. It is also the most widely accepted measurement in research practice,
allowing for comparisons among studies. Therefore, it is important to select an accurate OCT
slice which represents the true extent of the macular hole with its maximum dimensions when
measuring MLD, either using radial scans or high-density horizontal scans through the hole.

Important baseline factors to consider are macular hole size/MLD, presenting visual acuity,
duration of symptoms, as well as presence of VMT and ERM. Treatment options are mainly
based on macular hole size.
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6. Different Management Options

Background

The management options that have been proposed and reviewed here for iFTMH are observation,
intravitreal ocriplasmin, and pars plana vitrectomy with intravitreal gas tamponade, often with
internal limiting membrane (ILM) peeling. A less commonly used approach is pneumatic vitreolysis.
Each management option is considered below.

Observation

Observation, either in a hospital clinic or optometry setting, may be appropriate for patients who

do not want intervention, or those hoping that their hole will close spontaneously. It is thought that
spontaneous closure is more likely for small iFTMHSs of short duration or following spontaneous release
of vitreomacular traction (VMT), and less likely for longstanding, large iFTMHSs, and those that persist
despite VMA release.86,93,106,116,117,118,119,120,121,122

A 2016 UK vitreoretinal practice survey (response rate ~50% of UK surgeons) indicated that 25% of
respondents would advise a period of observation for patients presenting with a symptomatic 235 pm
macular hole with persisting VMT.*¢ If waiting leads to an iFTMH closing spontaneously then that avoids
the downsides of surgery, but spontaneous resolution is relatively uncommon for established iFTMH
(unlike for VMT, where resolution in much more likely)."?3

In a prospective study of 122 participants with iFTMH undertaken prior to the introduction of OCT,
participants were grouped into three categories based on the duration of follow up: 1-3 years’; 4-5
years’; and at least 6 years’ follow up. Only three of the 25 participants in the z6-year group had
resolution, with none resolving in the other two groups, suggesting an overall resolution rate of only
2.5% (3 of 122 participants). During the period of observation, visual acuity reduced by at least two
lines in 45%, with 27.9% losing at least three lines.'?* In an observational pre-OCT series of 97 patients
with an average follow up of 66 months, spontaneous resolution occurred in six eyes (6.2%).'2°

In another pre-OCT series of 66 eyes with stage 3 holes and mean follow up of 4.7 years, three cases
(4.5%) resolved.’?3

A Cochrane review®' of macular hole surgery versus observation included three randomised controlled
trials (RCTs) published between 1996 and 2004, pre-OCT, and found that 11% of the stage 2 to 4 holes
closed in follow-up ranging from 6-12 months.'°¢"114121122 |n one of the included studies, comprising only
stage 2 holes, three of 19 eyes (15.8%) closed, but 14 (74%) progressed to stage 3 or 4 over 12 months.'2?
A related study by the same group included only participants with stage 3 or 4 holes, and closure
occurred in two of 56 (3.6%) eyes by 6 months.'? The third study included a mix of stage 2 (39.3%),

3 (45.9%) and 4 (14.8%) holes and reported that seven of 61 (11.5%) holes closed; six within 3 months
and one more between 3 and 12 months."

The most relevant data in the OCT-era came from randomised controlled trials (RCTs) of ocriplasmin
for the treatment of symptomatic VMT. The studies included participants with both VMT and iFTMH.

Of 47 MHs in the control group of two related studies, 10.6% had OCT-confirmed MH resolution

within 28 days of an intravitreal saline injection, increasing to 17.0% by 6 months™&"° Just over half
(53.2%) of the MHs were =250 um diameter. None of the 19 holes greater than 400 pm closed. It is
possible that a sham injection increases the chance of hole closure if it alters VMA, but in a subsequent
ocriplasmin RCT using a sham control (no intravitreal injection), four of 26 (15.4%) control participants
had resolution by month 3, with no further cases resolving thereafter.'?¢ The closure rates in this small
sample were 27.3% (three of 11 eyes) in holes =250um , 9.1% (one of 11 eyes) for MHs 250-400 pm, and
none of the four MHs =400 um resolved spontaneously.
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Question 6.1: What is the probability of spontaneous iFTMH closure with
observation?

The rate of spontaneous closure ranges from 2.5% to 27% depending on size and duration of the hole
and the method of imaging.

(GRADE LOW; SIGN Grade C) 124125, 123,91, 118, 119,120

The reported rate of spontaneous iFTMH closure ranges from a minimum of 2.5% over 1-6 years’
follow-up in one pre-OCT natural history study (GRADE 2+)'?* up to 27% after 6 months’ follow-up
in the control group of an OCT-era RCT (Grade 1+)"®"°, The size and duration of the hole most likely
influence its chance of closure,86:23.106.116:117.118,19,120121.122

The larger natural history studies and the three RCTs included in a Cochrane review were all conducted
prior to the introduction of OCT, so the observations may be less robust than currently. An extended
natural history study would now probably be considered unethical, as practice surveys indicate that
most patients are advised to undergo treatment and delayed treatment may adversely affect outcome.
The ocriplasmin RCT data included OCT image analysis by a masked reading centre, and that increases
the reliability of the assessment and reduces the risk of observation bias, but the trial populations only
included participants with VMT and most had small holes, so the results may not be generalisable to
other iFTMHs. Also, the RCTs were designed to assess the safety and efficacy of ocriplasmin and not

as natural history studies, the most relevant analyses were post-hoc subgroup analyses (with a risk of
reporting and publication bias), and there were very low numbers in the relevant control subgroup,

so there is less confidence in the point estimates of hole closure rates. Also, the closure rates vary
considerably across the available studies, pointing to a lack of consistency.

Pars plana vitrectomy and intravitreal tamponade

Pars plana vitrectomy and intravitreal gas tamponade is the standard approach for iFTMHs, often

in association with internal limiting membrane (ILM) peel (See Section 6€)%. Pars plana vitrectomy

is undertaken using a range of different port and instrument sizes, from 20 to 27 gauge (see Section
6b). A fluid-air exchange is usually followed by an air-gas exchange, wherein the air is replaced by

an isovolumetric (or near isovolumetric) injection of a perfluorocarbon gas. A 2018 UK vitreoretinal
practice survey (with a response rate of ~75% of UK surgeons) found that the most commonly used
intravitreal gas for a stage 2 hole <400 um was CF, (47%), followed by SF, (33%), C,F, (19%) and
occasionally air (1%),°¢ with the relative merits of each considered in Section 6f. Patients may or may
not be advised to posture after surgery, to float the gas bubble onto the iFTMH and encourage hole
closure. In the same 2018 practice survey, 82% of respondents advised postoperative head positioning
for a stage 2 hole <400 um, with periods ranging from 1 day (19%), to 2-4 days (30%), 5-6 days (23%)
and 1 week or more (9%).° The evidence in support of posturing is considered in Section 6d. Vitrectomy
may be combined with phacoemulsification and intraocular lens implantation (see Section 6g).

As vitrectomy is now the standard of care for iIFTMH there are no recent RCTs versus observation, as
such a study would most likely be considered unethical. However, a 2015 Cochrane review®! undertook
a meta-analysis of three early RCTs comparing vitrectomy and observation, for participants with

VA less than 6/15.10614121 The meta-analysis included one US multicentre RCT published in 1996 that
randomised 42 eyes with stage 2 FTMHSs, another related RCT by the same group, published in 1997,
that randomised 129 eyes with stage 3 and 4 holes, and lastly a single centre, single surgeon UK RCT
published in 2004, that randomised 185 eyes with stage 2, 3 and 4 holes.

At 6 to 12 months, visual acuity (VA) in the surgical group was -0.16 logMAR superior to observation
(95% confidence interval [95% CI] -0.23 to -0.09, n=270). The chance of hole closure was greatly
increased with vitrectomy versus observation (odds ratio [OR] 31.4, 95% Cl 14.9 to 66.3). There was
benefit for all stages of hole, with an overall surgical closure rate of 79.6%. Retinal detachment
occurred in 5% of operated eyes, but this rate reflects surgeries undertaken before the introduction
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of small gauge surgery, which is now the standard approach. The main identified sources of bias were
thought to emanate from VA testing of unmasked participants in all three studies, which is unavoidable
as it is not possible to mask surgery (performance bias). Other sources of bias included unmasked VA
assessors in two studies (detection bias),'*®"* and unmasked assessment of hole closure in one study
(detection bias)."* Using the GRADE system, the authors concluded that the quality of the evidence for
VA outcome at 6-12 months was ‘moderate’, and the quality of evidence for hole closure was ‘high'.

A recent meta-analysis combined the individual participant data from 12 RCTs, with a pooled
estimate of anatomic and functional outcomes from 940 participants undergoing iFTMH surgery.®?
The studies compared a variety of surgical techniques, such surgery with or without ILM peeling, but
all included pars plana vitrectomy and gas or air tamponade. The studies were published from 2005
to 2020, passing into the OCT era. The median age of the patients was 68 years, the median hole
diameter 492 pm, and mean preoperative VA was 0.84 logMAR (Snellen equivalent 6/41). Primary hole
closure occurred in 81.5%. At 6 months after surgery the mean VA had improved to 0.5 logMAR (6/19,
interquartile range [IQR] 0.3-0.78).

Two large UK database studies have investigated the real-world outcomes of iFTMH surgery. The first'?’
was published in 2013 and included 1,078 eyes undergoing primary macular hole surgery. The median
presenting logMAR VA of 0.80 (6/38) improved to 0.5 (6/19) after surgery, with 57.8% of eyes gaining
at least 0.3 logMAR. Repeat macular hole surgery was undertaken in 4.2%, indicating a maximum
anatomic success of 95.8%, but likely lower, as not all patients will have elected to undergo repeat
surgery if their hole failed to close with primary surgery. Complications included 2.4% undergoing
retinal detachment surgery, and 64.6% of phakic eyes undergoing cataract surgery within a year.

The second UK database study (J),® published in 2021, included 1,483 primary macular hole surgeries.
In the 1,253 operations (84.5%) with known anatomic outcome, holes closed in 95.7%. The median
presenting logMAR VA was 0.78 (6/36), improving to 0.42 (6/16) post-operatively, with 64.2% gaining
at least 0.3 logMAR.

The reason for the difference in database versus RCT outcomes is not certain but may result from
differences in case mix (trials have varying levels of selectivity), reporting bias (clinicians may be
anxious about sharing poor results within a database study, but have little flexibility to exclude
outcomes within a monitored RCT), and incomplete data (a common issue within database studies).

Question 6.2: Is pars plana vitrectomy and intravitreal tamponade a
safe and effective treatment for iFTMH?

Vitrectomy is an effective treatment for iFTMH, with risks that are well characterised and generally
acceptable.

85% or more people with stage 2-4 iFTMH would be expected to have anatomical success (macular
hole closure) following primary surgical repair (one vitrectomy) and improve around 15 ETDRS
letters, although both, anatomical and functional outcomes depend on the size of hole and
presenting vision as well as duration the hole has been present for prior to treatment.

(GRADE HIGH; SIGN Grade A)26.9193127

All the sources of evidence appraised indicate that the benefits of vitrectomy and tamponade outweigh
the risks for most patients with iFTMH, both in terms of VA and hole closure. The RCTs against natural
history were undertaken a long time ago, but the Cochrane review of these early studies indicates that
surgery offers logMAR acuity that is -0.16 superior to observation. The results are likely to be even better
now, with refinements to surgical technique.

Although not compared to natural history, the individual participant data meta-analysis showed a
closure rate of 81.5%, with clinically and statistically significant VA gains at 6 months. The two large
database studies reported noticeably higher closure rates. This may reflect advances in surgical
technique; however, bias cannot be easily excluded. There are risks to surgery, including cataractin a
majority of phakic patients, but these are well characterised.
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Ocriplasmin

Ocriplasmin is a truncated form of human plasmin produced by recombinant DNA technology in a
yeast (Pichia pastoris) expression system.'?® |t is a serine protease with proteolytic activity against key
constituents of the vitreous and vitreomacular interface, including laminin, fibronectin and collagen.’?®
Ocriplasmin aims to loosen and release VMA, which is often termed enzymatic vitreolysis. It is marketed
in Europe by Inceptua as Jetrea®, licensed for the treatment adults with of vitreomacular traction (VMT),
including when associated with macular hole of diameter = 400 um.'?® It is currently not marketed in the
UK but is available in some other countries. Recommendations for treatment in the UK are therefore not
given in this guideline. It is not suitable for cases where VMA has already released, and a pre-specified
subgroup analysis indicated that the success rate diminishes if there is also an ERM."®

National Institute for Health and Care Excellence (NICE) guidance recommends ocriplasmin as an
option for the treatment of VMT in adults only if:

* an epiretinal membrane is not present.
and
e patients have a iFTMH with a diameter of 400 um or less and/or

e they have severe symptoms.

Ocriplasim is administered as a single pars plana, intravitreal injection containing 0.125 mcg in 0.1 mL.
If ocriplasmin is to release VMT it usually does so within 28 days of injection, but if not, patients can
proceed to iFTMH surgery.'®

A Cochrane review (K)™° considered the use of ocriplasmin for the treatment of symptomatic VMT,

to include both VMT and iFTMH with persisting VMT The review included four US and European RCTs
comparing ocriplasmin versus sham injection or intravitreal placebo injection of vehicle/saline. A total
of 932 eyes were included, all with OCT-confirmed symptomatic VMA, and VA of at least 6/7.5, of
whom 229 had iFTMH. The trials included the phase 2 MIVI-IIT RCT (n 60; published in 2010; L), two
related phase 3 registration RCTs, TG-MV-006 and TG-MV-007, that were analysed together and often
referred to collectively as the MIVI-TRUST trial (n 652; 2012; M),"> and the phase 3b OASIS study (n 220;
2016; N),"?° which had two year follow up and excluded participants with epiretinal membrane.

All except the smallest study, MIVI-IIT, excluded participants whose iFTMH was greater than 400 pm,
with 44.7% of MHs = 250 pm in diameter, 36.8% 251-400 um, and 18.4% >400 um. The main outcomes
were assessed at 28 days and 6 months.

Compared to control, ocriplasmin treatment resulted in a greater likelihood of iIFTMH closure, with a
risk ratio of 2.87 (95%CI 1.50 to 5.51); 12.3% of participants had hole closure without treatment, versus
35.4% with ocriplasmin (95%Cl of difference between groups: 6.2% to 55.6%). This result was thought to
have a high certainty of evidence using GRADE.

Ocular adverse events were more common in the ocriplasmin treated participants, occurring in 69.7%
versus 57.1% (risk ratio 1.22; 95% CI 1.09 to 1.37), based on 909 eyes in the four studies of both VMT
and iFTMH. The increased adverse event rate was driven by a greater incidence of vitreous floaters,
photopsia, injection-related pain, blurred vision, visual impairment, and conjunctival haemorrhage.
Retinal tears and cataract were no more likely in the ocriplasmin group. The safety data were deemed
to have a moderate certainty of evidence using GRADE.

A more recent systematic review and meta-analysis of the use of ocriplasmin, for the treatment of both
VMT and iFTMH with VMT (n =1,0670, O),"*? included the same studies incorporated in the Cochrane
review, plus a Japanese randomised double-masked sham-controlled trial of 172 participants.

Unlike the Cochrane review, it included individual participant data. About a quarter of the combined
population had iFTMH.
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The chance of iIFTMH closure with ocriplasmin was 36.8% versus 9.3% in the control group, with an
adjusted odds ratio of 6.1, favouring ocriplasmin (95%ClI 2.7 to 13.7). In the iFTMH group, the unadjusted
incidence of vitrectomy was 53.4%, versus 72.0% in the control group (odds ratio 0.49, 95% Cl 0.28 to 0.87).

In those with iFTMH the mean VA change from baseline favoured the ocriplasmin-treated group with a
gain of 5.97 letters, versus 3.33 letters in the control group, with a mean adjusted difference between
groups of 2.32 letters (95%Cl of difference between groups, 0 to 4.63). The chance of gaining at least
10 letters was greater in the ocriplasmin group, but the confidence interval included 1 so it is not certain
that there is a difference (odds ratio 1.49, 95%CI 0.87 to 2.56). The chance of losing at least 10 letters
was lower in the ocriplasmin group, but the confidence interval also included 1 (odds ratio 0.43, 95%

Cl 0.15 to 1.25).

Heterogeneity was low. Overall, the risk of bias was considered low, both for hole closure and VA
changes.

Considering the VMT and iFTMH groups combined, adverse events that occurred more commonly

in the ocriplasmin-treated participants were floaters, photopsia, photophobia, eye pain, blurred
vision and visual impairment. Short-term visual impairment, usually within the first week, was more
common in the ocriplasmin group (25.1% versus 12.4%) but was not predictive of final VA. Usually
transient dyschromatopsia occurred in 4.5% of the ocriplasmin group versus 0.6% of controls. Retinal
detachment occurred in 1.9% of the ocriplasmin group and 1.2% of the control group.

In the iIFTMH subgroup, iFTMH progression occurred in 25% of ocriplasmin treated participants versus
18.4% of controls. A case of photoreceptor toxicity was reported in a patient with iFTMH, occurring 6
days after dosing, and manifesting as subjectively dimmed vision, floaters and nyctalopia. Examination
findings included reduced colour vision, iritis and enlarged iFTMH. The patient underwent vitrectomy,
after which there was retinal degeneration, retinal artery stenosis and retinal haemorrhage, with VA
reduced from 57 to 50 letters, but by year 2 VA had improved to 70 letters.

The OASIS study provided a breakdown of VA outcomes in those with and without iFTMH. The mean VA
gain in the ocriplasmin group was +12.2 letters, with 40% gaining at least 3 lines. The vision outcomes
were not significantly different to controls, albeit with fewer participants needing vitrectomy to achieve
these gains.

Despite positive primary outcomes from the above studies, versus sham/placebo, the adoption of
ocriplasmin has been poor. A 2016 UK practice surveys indicated that 6% of respondents would

advise ocriplasmin to treat a 235 pm macular hole with persisting VMT,*¢ but it is likely that usage has
declined since. One reason may be the drug cost, which exceeds the NHS tariff for vitrectomy,'** and
cost modelling that suggests vitrectomy is a cheaper primary therapy.’** Also, ocriplasmin has a lower
anatomic success rate than vitrectomy, albeit without the downsides of surgery.

Another reason was concerns™® that real world safety events are more prevalent, different, or more
severe than those observed in the MIVI-TRUST RCTs."®> Concerns emerged in a series of case reports

or small case series, which detailed adverse events attributed to ocriplasmin treatment, including
subjective and objective reduction in vision, visual field loss, dyschromatopsia, abnormal pupillary
responses, hole enlargement, reduced RPE adhesion, ellipsoid defects and electroretinography
abnormalities. However, determining the adverse event rates from case reports and small case series is
difficult due to an unknown denominator (number of ocriplasmin treatments), potential under or over
reporting, and reporting and publication bias (it is less likely that clinicians will report, and journals will
publish, uneventful treatments).

Perhaps, because of these safety concerns, the OASIS study included an electroretinogram (ERG)
sub-study, undertaken on 40 participants in the ocriplasmin treatment group and 21 in the sham
control group. In the ocriplasmin group, 16 (40%) had reduced ERG amplitude, versus one in the sham
group (4.8%). The ERG alterations resolved by study end in 13 (81.3%) of the ocriplasmin group and
the one control participant. OASIS also investigated ellipsoid defects in the central 1 mm zone, via

a masked, independent reading centre analysis of all available OCT images. At month 24, 25 of 108
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(23.1%) participants in the ocriplasmin group and 17 of 42 (40.5%) in the sham group had discontinuity
in the central ellipsoid line. The Roth 28-hue test was used to look for dyschromatopsia, with
abnormality reported in 42 of 146 (28.8%) participants in the ocriplasmin group, and 14 of 74 (18.9%) in
the sham group.

A UK study by the British and Eire Association of Vitreoretinal Surgeons (BEAVRS) attempted to address
uncertainty about ocriplasmin safety via a members’ survey.** All BEAVRS members with a registered
email address were contacted electronically in October 2014, requesting information on cases treated
with ocriplasmin. Respondents were asked to comment on the occurrence of various adverse events
described in the MIVI-TRUST study, and others identified subsequently, including dyschromatopsia,
ellipsoid changes, ERG changes, increased basal hole diameter and zonular instability. Of 173
members contacted, 48 (27.7%) responded, reporting results from 241 eyes. Retinal detachments
occurred in 3.3% of the BEAVRS cohort, versus 0.4% who developed a retinal detachment prior to any
surgery in MIVI-TRUST. Of the complications not identified in the MIVI-TRUST trials, there was increased
iFTMH basal diameter (in those without hole closure) in 46.9% and zonular instability at the time of
cataract surgery in 2.4%. Efficacy was lower than MIVI-TRUST, with small (<250 um) hole closure in

42 1% versus 58.3% (not significant), reducing to 12.7% vs 36.7% for medium (250-400 pm) macular
holes (p = 0.01).

Question 6.3: Is ocriplasmin effective at closing iFTMHs?

Compared to placebo or sham, ocriplasmin is effective in closing iFTMH less than 400 microns with
VMT with closure rates in approximately 35% of cases.

(GRADE HIGH; SIGN Grade A)"5120430.131132

There are four relevant RCTs that consider the rate of iFTMH closure, graded as 1+, 1++, 1++, and

1++, and two meta-analyses (both 1++). The Cochrane review (1++) and individual participant data
meta-analysis (1++) indicate that ocriplasmin is associated with iFTMHs closure in 35.4% to 36.8% of
participants, but this applies only to those with persisting VMA, and was based on a trial population
comprised mainly of small or medium holes (<400um), so results can only be generalised to this
population. Results are worse if epiretinal membrane co-exists.

To determine the level of evidence as High, and the recommendation as Strong, the GRADE system
requires that there is at least one meta-analysis or RCT rated as 1++, directly applicable to the
target population, with overall consistency of results. Notwithstanding the important debate in the
vitreoretinal community about the relative merits of ocriplasmin, these criteria have been met in the
four RCTs and two meta-analyses.

Question 6.4: Is ocriplasmin effective at improving visual acuity?

Ocriplasmin is effective at improving distance visual acuity by approximately 6 letters in iFTMH.
(GRADE HIGH; SIGN Grade A) 20130132

The evidence indicates that ocriplasmin is effective at improving mean VA by about 6 letters. This
is statistically superior to sham or placebo, but the difference is small (about 2 letters). The analysis
assumes that patients have access to vitrectomy if ocriplasmin fails to close the hole.

The estimated VA benefit is based on the individual participant data meta-analysis (1++)'%2,

as that included all the relevant RCTs and reported VA results separately for the iFTMH subgroup.
The recommendation is strong because there is consistency across five RCTs, graded 1+ to 1++,
and two meta-analyses graded 1++.
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Question 6.5: Is ocriplasmin a safe treatment for iFTMH?

A variety of side effects have been described with variable severity.
(GRADE MODERATE; SIGN Grade B) °" 132144

The Cochrane (1++) and individual participant data (1++) meta-analyses indicate that there are more
adverse events in the ocriplasmin than the control groups, including a greater incidence of floaters,
photopsia, photophobia, eye pain, subjectively blurred vision and dyschromatopsia. Cochrane
determined that the GRADE level of evidence on safety was moderate, lower than for efficacy,

due to imprecision.

The BEAVRS survey (Grade 2-) offers a useful insight into real world results and suggests a materially
greater incidence of adverse events than was reported in the MIVI-TRUST trials, but due to a low
response rate and the high risk of bias, the results need to be interpreted with great caution.

Close post-market safety surveillance remains important.

Pneumatic vitreolysis

Pneumatic vitreolysis involves an intravitreal gas injection to treat iFTMH. It is also used to release

VMT. Itis a novel treatment option that is not currently a standard approach, or one in common
use.'45146.147.148149 The aim is to introduce a gas bubble that moves within the vitreous cavity, creating
vitreous traction that releases VMT and thereby closes iFTMHSs. Treatment involves a single injection

of an expansile intravitreal gas, most often 0.3mls 100% C,F,,'*” often alongside anterior chamber
paracentesis to mitigate intraocular pressure elevation. The patient may be asked to undertake a
‘drinking bird’ manoeuvre, wherein they tilt their head forward and up several times daily, to move the
bubble and help release VMT. It has the advantage of lower cost than ocriplasmin and being easier and

simpler to deliver than vitrectomy.

An RCT of C,F, pneumatic vitreolysis for VMT, and a single arm study of pneumatic vitreolysis for
iFTMH, were undertaken by the DRCR Retina Network and published together (protocol AG and AH
respectively)."® Macular holes up to 250 um were eligible for protocol AH, with a median of 79um in
those recruited. Eligible VA ranged from 6/7.5 (20/25) to 6/120 (20/400). Patients were excluded if they
had high myopia (-8.00 dioptres or more) and untreated retinal tears, but retinal round holes were
allowed, and the investigator could determine if the extent of any lattice might predispose to retinal
detachment (full eligibility criteria are available at ClinicalTrial.gov, using identifier NCT03677869).

At week 24 the mean VA change from baseline in the iFTMH group was +9.2 letters (95% Cl, 4.3 to 14.4
letters), with 18 of 34 eyes (53%; 95% Cl, 37% to 69%) gaining 210 letters, and 3 eyes (9%; 95% Cl 3% to
23%) losing 10 letters or more. The holes closed in 10 of 35 cases receiving pneumatic vitreolysis (29%;
95% Cl 16-45%), but both studies (AG and AH) were terminated early due to high rates of retinal tear
(n=1) and rhegmatogenous retinal detachment (n=6) (7 of 59 eyes across both studies; 12%; 95% Cl 6%
to 23%), including one retinal tear (2.9%) and four retinal detachments (11.4%) in the iFTMH study.

A systematic review and meta-analysis compared pneumatic vitreolysis, ocriplasmin and vitrectomy.°
It included relatively open eligibility criteria, considering not just RCTs, but also non-randomised,
cohort, and retrospective studies, which the authors justified due to the paucity of high-quality
evidence. There were 79 eligible articles for a qualitative analysis and 10 for a quantitative analysis,
including patients with both VMT and iFTMH. The iFTMH closure rate was 46% with ocriplasmin,

47.8% with pneumatic vitreolysis, and 95% with vitrectomy. Safety events across eight eligible, mostly
non-comparative studies, including both iFTMH and VMT, included retinal detachment, retinal tears,
vitreous haemorrhage and gas migration into the anterior chamber. In one of the included studies,
comparing SF6 versus C3F8 gas tamponades, three of 57 (5.3%) participants developed a FTMH.™

Another synthesis of the literature noted that pneumatic vitreolysis resulted in FTMH closure in 59%
of cases, but with a wide 95%ClI of 12% to 100% (n=15).'>?
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Question 6.6: Is pneumatic vitreolysis a safe and effective treatment for
iFTMH?

The available data on pneumatic vitreolysis for iFTMH is limited. Thus, pneumatic vitreolysis should
not be carried out without special measures for outcome and complication monitoring.

(GRADE LOW; SIGN Grade C) *6.150

There are no high-quality comparative trials. The aborted uncontrolled iFTMH DRCR.net study
(protocol AH: Grade 2+ for efficacy and 2- for safety) suggests pneumatic vitreolysis closes iFTMHSs

in about 29% of cases, but with a wide 95% Cl of 16% to 45%. Likewise, the risk of retinal detachment
and tears is not well known, as the 12% rate across protocols AG and AH also has a wide Cl confidence
interval of 6% to 23%. Anatomic success and retinal detachment rates in the rest of the literature vary
widely, but these need to be interpreted with caution, as there is a high risk of reporting, publication

and other biases.

Practice points

Any period of observation of iFTMH needs to consider that this added delay may reduce

the chance of both visual and anatomic success following surgery (See Section 7).%31>3

Studies indicate that the visual acuity tends to decline during observation,'* hole size tends

to increase'™*'*5, and presenting vision, hole size and duration of symptoms are the main
determinants of anatomical and visual outcomes following vitrectomy.® Consequently, practice
surveys indicate that most FTMHSs proceed directly to treatment. Scanning immediately prior to
vitrectomy however should be considered especially in small holes in case of spontaneous closure
in the interim.

Vitrectomy is now an established and proven treatment, with well characterised risks and
infrequent complications.

The use of ocriplasmin has reduced in recent years, but it remains an option for small (<250
microns) holes with persisting VMT and no epiretinal membrane. Despite high quality evidence
suggesting it is more effective than sham/placebo, patients should be made aware of the known
complications, and the uncertainty and debate about the safety data. Currently in the UK it is not
marketed and not widely available.

There is only weak evidence indicating that pneumatic retinopexy is effective, focussing mainly
on small holes with persisting VMT. Given that a key trial was abandoned due to a concern that
the rate of retinal detachment was unacceptably high, patients should be made aware of the
hard-to-quantify risk of retinal detachment, and that this is a novel and unproven treatment.
Examination should carefully exclude any predisposing risk factors for retinal detachment prior
to treatment.
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Research Need

Whilst vitrectomy with gas tamponade is an established treatment, the best surgical technique
remains uncertain. Hence, comparative trials that refine techniques would be beneficial.

The specifics of these varying surgical options, and the related research need, are considered
in later sections.

The reasons for the discrepancy between the RCT and real world ocriplasmin data is not certain,
but there may not currently be sufficient interest within the vitreoretinal community to drive
further large studies.

Pneumatic vitreolysis has several potential advantages, but the termination of the DRCR.net
protocol AG study leaves several uncertainties. It may also make it difficult for researchers
to acquire funding for an RCT, unless careful case selection can mitigate the risk of retinal
detachment. Such a trial is needed prior to its widespread adoption.
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7. Vitrectomy considerations

Section 7a: Vitrectomy gauge

For many years 20-gauge vitrectomy was the standard of care for routine pars plana vitrectomy.
With the advent of trans-conjunctival self-sealing sutureless vitrectomy and small gauge
instrumentation, there has been a rapid change in the standard of care.®®'>7 First 25-gauge, then
23-gauge, and lastly 27-gauge vitrectomy platforms were introduced. Initially, there were many
surgeons who thought the 25-gauge instrumentation was not rigid enough, with some difficulty noted
in the transition from 20-gauge. When Eckardt introduced the 23-gauge system,'*®® many surgeons
dissatisfied with 25-gauge adopted 23-gauge as their gauge of choice. The instrumentation was
closer to a 20-gauge feel, with still the advantage of trans-conjunctival sutureless surgery. Oshima
introduced 27-gauge vitrectomy in 2010, initially with the same concerns as 25-gauge of being less
rigid and a difficult transition.” Since these innovations, several refinementsseveral refinements to 25
and 27-gauge systems have been made in rigidity and flow rates andrates and these gauges are now
widely used.

There is some evidence that trans-conjunctival self-sealing sutureless vitrectomy (termed collectively
microincision vitrectromy surgery (MIVS) is associated with improved patient comfort postoperatively.'é®

Presently, the 20-gauge platform has very limited utility in many countries.

Question 7.1: Does vitrectomy gauge size influence the visual and
anatomical outcomes of surgery for iFTMH?

There may be no difference in anatomical and visual outcomes between different gauge sizes.'¢" 162163
(GRADE: LOW, SIGN Grade: C)

Question 7.2: Does vitrectomy gauge size influence the level of
postoperative pain after surgery for iFTMH?

MIVS probably results in less postoperative pain than standard 20-gauge surgery.'6'162163
(GRADE: MODERATE, SIGN Grade: B)

Question 7.3: Does vitrectomy gauge size influence the risk of
endophthalmitis after vitrectomy surgery?

There may be a higher rate of endophthalmitis after 25-gauge MIVS as compared to traditional
sutured 20-gauge, but not 23-gauge as compared to 20-gauge. The higher rate of 25-gauge may
be reduced using bevelled incisions and avoidance of leaving an eye only fluid filled.

(GRADE: LOW, SIGN Grade: C)

Question 7.4: Does vitrectomy gauge size influence the risk of other
complications?

There may be no difference in the rate of other complications between different gauge sizes.'¢" 62163
(GRADE: LOW, SIGN Grade: C)
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Summary of evidence

We found 3 RCTs and one systematic review, none of which were specific to iFTMH and including only
a relatively small number of patients with iFTMH. The systematic review only included one of the 3
RCTs's1162163172 We found a small number of other retrospective series of patients comparing gauge size
in patients with iFTMH and other vitreoretinal conditions.'67168173174175.176 \WWe found 4 systematic reviews
of endophthalmitis after vitrectomy with different gauges.'¢8:169.170171

Wimpissinger et al (A) in a RCT of 23 versus 20-gauge vitrectomy of 60 people for a variety of VR
diseases found no statistically significant differences in visual acuity outcomes. The 23-gauge system
did however result in a significantly higher early postoperative comfort level and less conjunctival
injection (both assessed on a 4-point scale).'¢162163.172 Syrgical time was essentially equal, with a shorter
wound opening and closing time negated by a longer vitrectomy time for the 23-gauge system. Two
choroidal haemorrhages and one serous choroidal detachment occurred in the 23-gauge group with
none in the 20-gauge group, with no statistically significant difference.

Scholz et al (B) in a RCT of 20 versus 23-gauge vitrectomy in 103 patients with macular pucker and
iFTMH found that the gain in distance vision was higher in the 23-gauge group at 3 weeks but with no
difference at 6 months. The 23-gauge group had a lower risk of postoperative IOP elevation, greater
patient comfort in the early postoperative period (for foreign body sensation and itching measured on
visual analogue scales), and a shorter surgery time.

Nam et al (C) performed a RCT of 23 versus 25-gauge vitrectomy in 85 consecutive patients with
various indications for surgery. There was no difference between the two groups other than 7/47
patients in the 23-gauge group and 3/38 patients in the 25-gauge group required suturing of the
sclerotomies for leakage.

Recchia et al (D), with the American Academy of Ophthalmology, performed a literature search up until
2009 of any type of article addressing the safety and efficacy of MIVS. They found 76 articles which
were mainly case series. They concluded the efficacy was comparable but with the narrow-gauge
group demonstrating more rapid healing, less discomfort, but a similar incidence of adverse events

to 20-gauge.

We found 4 retrospective analyses (E, F, G, H) of different vitrectomy gauges in surgery which included
iFTMH. Surgical outcomes were similar but there was a suggestion that intraoperative retinal breaks
particularly around the vitrectomy entry sites were higher with 20-gauge as compared to narrower
gauges, although the retinal detachment rate was unchanged. Rizzo et al reported a retrospective
series of 2432 vitrectomies performed for epiretinal membrane formation and macular hole with 20, 23
and 25-gauge. The incidence of retinal detachment was not significantly different (p value not given),
with 1.7% (31 of 1862) after 25 or 23-gauge vitrectomy versus 1.2% (7 of 570) after 20-gauge vitrectomy.

In 2010, Bahrani et al (1) in a systematic review found six large retrospective comparative cases

series on the 25-gauge vitrectomy as compared to 20-gauge. They found a slightly higher rate of
endophthalmitis in the 25-gauge group but noted high heterogeneity between studies and concluded
the evidence base had very low certainty. They noted several factors may confound the results
including the use of air/gas, combined surgery, bevelled incision use, use of prophylactic antibiotics,
postoperative hypotony and diabetes mellitus.

In 2010, Oshima et al (J) reported a retrospective, interventional, multicenter survey looking at

the incidence of endophthalmitis in MIVS, versus 20-gauge. They included 27 institutions with

46,868 consecutive patients, n=29,030 20-gauge, and n=14,838 23/25-gauge. The incidence of
endophthalmitis was 0.034% after 20-gauge and 0.054% after 23/25-gauge, with no difference
between the two groups. They also performed a systematic review and added six other studies to their
study, again showing no significant difference between the two groups. (h=77,956 in total; 20-gauge
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vitrectomy (0.030%; 95% Cl, 0.012 to 0.048) as compared to 23/25-gauge (0.08%; 95% Cl, 0.030 to
0.164) (P =0.207).

In 2013, Govetto et al (K) in a systematic review identified 3 small randomised and 18 non-randomised
studies that reported 68 cases of endophthalmitis in 148 643 participants. The overall OR of
endophthalmitis for MIVS versus standard vitrectomy was 2.3 but with wide confidence intervals,
overlapping 1 (95% Cl 0.8-5.8). They found an increased risk of endophthalmitis using a micro-
incisional straight approach compared with standard vitrectomy (OR, 15.1; 95% CI 2.01-179), but not for
a bevelled incisional approach (OR, 0.82; 95% Cl 0.23-2.28).

In 2018, Bhende et al (L) in a retrospective single centre series reported on 45 cases of endophthalmitis
from 111,876 vitrectomies (70,585 20-gauge and 41,291 23/25-gauge). The rate of culture positive
endophthalmitis overall was 0.021% overall, 0.031% for 20-gauge, and 0.005% for MIVS group
respectively. They concluded that narrow gauge transconjunctival surgery does not increase the risk of
endophthalmitis.

In 2019, Chen et al (M) reported a systematic review and meta-analysis of the incidence of
endophthalmitis after vitrectomy. The systematic review found a total of 31 studies with more than 500
patients in each, reported 199 endophthalmitis cases in 363,544 participants (0.05%). The incidence of
endophthalmitis after 20-gauge vitrectomy was 0.04% (88/229,435), compared with 0.03% (8/27,326)
after 23-gauge and 0.11% (33/29,676) after 25-gauge. A metanalysis of 12 comparative studies
reporting on 209,146 patients found that the incidence of endophthalmitis was higher after MIVS (23
G/25-gauge) compared with 20-gauge vitrectomy (OR ratio = 3.39, 95% Cl 1.39-8.23). In a subgroup
analysis, an increased risk of endophthalmitis after 25-gauge compared with 20-gauge vitrectomy
(OR ratio = 4.09, 95% Cl, 2.33-7.18), but not for 23-gauge versus 20-gauge (OR ratio = 1.14, 95% ClI,
0.47-2.78) The authors commented on the possible confounding effects of bevelled versus straight
incisions, gas versus fluid filled eyes, minimal versus more complete vitrectomy and systemic risk
factors but couldn’t analyse these further.

Summary and practice point

The overall level of evidence regarding whether vitrectomy gauge alters the outcomes or
complication rate of vitrectomy for iFTMH is low. There is evidence that patient comfort is
probably improved postoperatively with MIVS as compared to traditional sutured 20-gauge
surgery, but there is no evidence for a benefit of 27 over 25 over 23-gauge. The overall rate of
endophthalmitis after vitrectomy is low. There may be evidence that endophthalmitis is higher
after 25-gauge surgery than 20-gauge but not 23-gauge. This may relate to surgical technique
aspects in terms of incision geometry and the use of air/gas to help seal incisions. The choice is
largely based on surgeon and patient preference and availability of equipment.

Research need

It is essential that properly designed robust RCTs are undertaken to determine superiority of new
technologies against existing ones to avoid the introduction of new ones that may not provide
as good outcomes. These need to be designed and staged to consider learning curves and
appropriate masking. The Idea/Innovation, Development, Exploration, Assessment, Long-term
follow-up (IDEAL) framework should be considered."””
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Section 7b: ILM peeling

Background

After the original description of pars plana vitrectomy (PPV) and gas tamponade to treat iFTMH in 1991,
the next step in the evolution of macular hole surgery was the removal of the ILM to further improve
anatomical and functional outcomes, first described by Eckardt et al in 1997.

ILM peeling is believed to aid the closure of iFTMH by various mechanisms:

1. ILM contributes significantly to retinal rigidity, and its removal increases retinal compliance
aiding to the closure of the macular hole;"°

2. ILM may contain residual vitreous remnants after the separation of posterior hyaloid face,
and may also act as a scaffold for associated fibrocellular proliferation, leading to tangential
traction forces preventing hole closure;"®"'®2 and

3. ILM removal may lead to retinal glial cell proliferation which may paradoxically aid macular
hole closure'®182

The surgical manoeuvre of ILM peeling can lead to retinal microtrauma especially as a part of the
surgeon learning curve. Various retinal consequences have been described including the characteristic
retinal dimpling in the ILM-peeled area of the retina called ‘Dissociated Optic Nerve-Fibre Layer’
(DONFL) appearance, becoming apparent 2-3 months following surgery and first reported by Tadayoni
et al. after ILM peeling for ERMs."®3 This appearance is likely nerve fibre layer dehiscence rather than
true nerve fibre layer defects with no consistent corresponding functional abnormalities picked up by
scanning laser ophthalmoscope microperimetry.'®* Thus, its clinical relevance and impact on patients
remains to be demonstrated. Similarly, subacute swelling of arcuate nerve fibre layer (SANFL) has been
described in the early postoperative period most visible on infrared imaging and attributed to retinal
nerve fibre layer injury at the site of forceps pick up points. (Figure 7). Focal retinal haemorrhages and
nerve fibre layer defects,'® thinning of the ganglion cell complex,® migration of fovea towards optic
disc™® and even eccentric macular holes at the site of initiation of ILM peel have been described as
complications of ILM peeling.'8818°
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Figure 7: A-C, Postoperative appearance of a dissociated optic nerve fibre layer (DONFL) after

ILM peeling - note DONFL not visible on infrared imaging, clearly visible on blue reflectance imaging
and even more obvious on en face imaging taken at the level of the inner retina. Dark arcuate streaks

of subacute swelling of arcuate nerve fibre layer (SANFL) swelling seen within first three weeks after
surgery most clearly seen on infrared imaging at sites of ILM pick up points during forceps pinch peeling.

Question 7.5: Does peeling the ILM achieve better outcomes than not
peeling the ILM?

- PPV with ILM peel and gas tamponade achieves better anatomical closure of iFTMH when
compared to PPV and gas tamponade without ILM peel.'?°-13

(GRADE: HIGH, SIGN Grade: A)

- ILM peelsignificantly reduces the chances of late reopening of iFTMH."**
(GRADE: MODERATE, SIGN Grade: B)
- Thereis no difference in distance visual acuity between ILM peeling and non-peeling in holes

which close with the initial surgery i.e., there are no detrimental effects on distance visual acuity
of ILM peeling.'°°1°2193

(GRADE: HIGH, SIGN Grade: A)

- ILM peel reduces the number of interventions and is cost-effective in macular hole surgery.'#?%

(GRADE: MODERATE, SIGN Grade: B)
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Practice Points

ILM peel should be carried out in iFTMH of all sizes. Besides achieving a significantly better
anatomical closure, the risk of late reopening of iFTMH is also reduced. With various randomised
trials showing no clinically detrimental effect of ILM peeling on visual acuity and patient
reported outcomes and given the higher anatomic success of the primary surgery and its cost-
effectiveness, ILM peel should be considered an integral part of macular hole surgery.

Summary of evidence and comment

Anatomical outcomes

Several randomised trials have looked at the efficacy of ILM peeling in iFTMH surgery.'?%9"192 The Full
thickness macular hole and Internal Limiting Membrane Peeling Study (FILMS) was a large, UK-based,
RCT looking at the outcomes of ILM peel in stages 2 and 3 of iFTMH. Anatomical closure was observed
in 84% in the peel group compared to 48% in the no-ILM peel group at 1 month postoperatively
(P<0.001)."2 Thirty-eight percent of patients randomised to non-peeling group underwent further ILM
peel since the iIFTMH remained open after the primary surgery. Consequently, no statistically significant
difference in anatomical hole closure rates was observed at 3 and 6 months in this pragmatic RCT.

A systematic review and individual participant data meta-analysis undertaken under the auspices of
the Cochrane Collaboration looked at 4 RCTs in 2013 and concluded that ILM peeling compared with
no peeling increases the chance for a macular hole closure (stages 2, 3 and 4) and reduces the chances
of reoperations.'*3

A key question is whether ILM peel should always be carried out in macular hole surgery. ILM peel may
be considered necessary in large (>400 microns) and chronic (>12 months) macular holes, but its role in
iFTMH less than 250 microns has been debated. Tadayoni et al in a retrospective study found a success
of 100% in both ILM peel and no-peel groups with FTMH <400 microns. Only 15 and 18 iFTMH were
included in peel and no peel groups, respectively, with <400 microns so the evidence is not robust.”¢

It should also be noted that the authors used 17% C2F6 gas tamponade and 10 days of face-down
posturing even for FTMH <400 microns. Furthermore, ERM peeling was undertaken, if present, and
accidental removal of the ILM when peeling ERMs can occur. In smaller macular holes, anteroposterior
traction by vitreomacular adhesion may have a bigger role to play than the tangential traction

caused by the ILM. Release of this traction by PPV alone without ILM peeling works in a similar way to
spontaneous hole closure after release of vitreomacular traction or macular hole closure by expansile
gas or ocriplasmin. Hole shape may potentially be a factor in determining the necessity for ILM peeling.
Rectangular macular holes with a small difference between MLD and base diameter (i.e narrow width
factor) have a higher closure rate with Ocriplasmin treatment compared to triangular macular holes
with a larger basal width. It can be postulated that such cases may also have a high success rate with
PPV alone without ILM peel. However, the RCTs clearly establish the necessity for ILM peel in iFTMH of
G“. SiZeS.190’191’192

Additionally, not peeling the ILM may increase the chance for late reopening of the macular hole.

A meta-analysis of 5480 macular hole surgeries amongst 50 publications reported that the iFTMH
reopening rate was 7.12% in patients without ILM peeling as against 1.18% with ILM peeling (odds ratio:
0.16; 95% confidence interval: 0.11-0.22; Fisher's exact test: P < 0.0001), concluding that ILM peeling
during PPV for iFTMH reduces the likelihood for macular hole reopening.’®*
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Functional outcomes and retinal consequences of ILM peeling

Some studies have reported microscotomas and reduced retinal sensitivity after ILM peeling.'?®%°
More importantly, the visual acuity in large RCTs like FILMS did not report any statistically significant
differences in distance visual acuity between ILM peel and no-peel group at 6 months.”? These results
were based on intention-to-treat principle, and did not take into account the need for repeat surgery
with ILM peel in the persistently open macular holes i.e. patients who failed primary surgery in the
no-peel group went on to have ILM peel before the designated end-point at 6 months where visual
acuity (the primary outcome) was assessed. There was evidence though of improved distance visual
acuity at 3 months in the ILM peeling group.’® Christensen et al looked at visual outcomes in primary
hole closure to truly determine the effect of ILM peeling (including dyes used to stain the ILM) on the
functional outcomes of PPV for iFTMH."° There was a trend towards better mean BCVA in non-peel
group in stage 2 iFTMH compared to ILM peel group, although there was no difference in stage 3 holes.
Overall, the eyes with the primary hole closure achieved a significantly better vision compared to those
eyes that required a second surgery to achieve anatomical success. Hence, any potential functional
benefit of not peeling the ILM is offset by the increased risk of failure and the need for further surgery.
Furthermore, an analysis of eyes with primary closure in an individual participant data analysis of 3
RCTs on ILM peeling showed no significant difference in visual acuity i.e. not peeling the ILM did not
improve visual acuity even in those with primary closure (n=143, mean difference in logMAR visual
acuity 0.04(95% Cl -0.05-+0.13)) (personal communication).

E. ILM peeling techniques

Background
Vitrectomy with internal limiting membrane (ILM) peel and intravitreal gas tamponade is the

standard surgical technique for iIFTMH with anatomical closure rates reported to be as high as
85_100%'192,193,200,201,202,203

The ILM is the thin and translucent innermost layer of the retina, responsible for at least 50% of retinal
rigidity.’®® A number of surgical techniques, dyes and instruments have been developed to aid in its
identification and removal without collateral retinal damage.2%4

ILM peel
a) Staining of ILM

After removal of vitreous, the first step in the process of ILM peeling is the staining of the ILM. Given
that the ILM is transparent and microns only in thickness, the visualisation of this inner retina layer can
be achieved by using adjuvant dyes. There are various adjuvants that can be used for this purpose,
including indocyanine green (ICG), trypan blue (TB) and brilliant blue G (BBG). Triamcinolone
acetonide, albeit not a dye per se, has also been used for this purpose. Triamcinolone crystals adhere
to the ILM as white specks, and when removed with the ILM, create a contrast between the peeled and
non-peeled retina.?%

ICG has a strong affinity for ILM and was the initial dye used specifically to stain the ILM.2% It has

the great advantage of apparently part ‘detaching’ the ILM from the retinal surface, facilitating its
removal. Subsequently, concerns were raised about its potential toxicity, with some reports identifying
inner retinal and optic nerve damage, visual field defects and poor visual acuity outcomes. 207,208,209
Although the evidence for ICG toxicity is not absolute, the use of ICG has faded away. If used, it would
be recommended to use it in a low concentration with minimal exposure time and illumination due to
its photosensitising properties.

TB and BBG were subsequently developed and seem to have a better safety profile. TB stains both ILM
and ERM, whereas BBG has a selective affinity for ILM.210.2"
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b) ILM peel technique and instrumentation

ILM peel is initiated by creating an ILM flap safely, and a variety of instruments have been used to
achieve this including picks and microvitreoretinal blades-?°* Initial ILM flap can also be achieved

by gently scraping the ILM surface with a diamond-dusted membrane scraper or a micro-serrated
nitinol loop.2"? Frequently though, most surgeons utilise the direct ‘pinch and peel’ technique,

where customised vitreoretinal forceps are employed to lift the ILM off the retinal surface and pull
tangentially, creating an ILM flap with a rip point 180 degrees from the pull direction. Forceps design
and manual dexterity are critical here to avoid trauma to underlying retinal tissue. There have been
rapid improvements in forceps design, and the newer generation forceps have a large grasping
platform and texturised, laser-ablated tip surface potentially allowing for a safer ILM peel.?"® The ideal
starting point of ILM peel is debatable. ILM peel is thickest and most rigid at around 1000 microns from
the foveal centre.?*The temporal retina has a thin ILM and the nasal retina has the papillomacular
bundle. The ideal starting point may be around 1000 microns directly above or below the foveola.?0425

Once the ILM flap has been created, the peel can be propagated and completed using preferably
vitreoretinal forceps. This part of the procedure needs to be optimised to reduce shear stress on the
underlying retinal layers.

c) ILM peelsize

There is no consensus on the ideal ILM peel size. Ideally there should be a customised minimum ILM
peel specific to each iIFTMH shape, size and chronicity, which allows for the hole to close with less
consequences to the surrounding retina and visual function. Most vitreoretinal surgeons peel around
1 disc diameter (DD) of ILM from the foveal centre, although there is great variability in practice from
0.5 to 3 DD of peeled ILM.?®

Variations to standard ILM peel

Variations in the standard technique have been explored to achieve better functional and anatomical
outcomes. Fovea-sparing ILM peeling is one such technique first described by Ho et al for stage 2
iFTMH where sparing the central ILM would preserve the foveal microstructure, and potentially lead to
better functional outcomes.?'” Alternatively, as the size of iIFTMH increases, the success of surgery with
standard ILM peel reduces. The success rate of standard ILM peel surgery remains high at 90% or more
for iIFTMH with minimum linear diameter (MLD) of up to 500 microns before falling to less than 90%
above that threshold.2""

Ch’ng et al in a retrospective study of 258 eyes with large iFTMH with MLD > 400 microns, and
concluded that the anatomical success rate remained high with PPV and ILM peel above 90% for FTMH
< 500 microns, dropped to less than 90% for FTMH > 500 microns, with a further inflection point of 630-
650 microns, when the success rate dropped to less than 80%."" Another retrospective study of over
1500 eyes in a large UK prospectively collected database looked at outcomes of macular hole surgery
and concluded that macular hole closure was high at over 95% until a size of around 500pum where it
reduced to less than 90%.%¢

Hence alternative techniques have been explored to increase success rate for large iFTMH. The surgical
variation which has gained the most popularity in recent years is the inverted ILM flap technique, first
described by Michalewska et al in 2010.2'8 In this original description of this method, ILM is peeled

for around 2DD around the iFTMH, but instead of completely removing the ILM, a remnant is left in
place, attached to the margins of the macular hole. The peripheral ILM is trimmed using vitreous

cutter at minimal vacuum or scissors, leaving behind about 0.5 to 1 mm of ILM frill. This ILM remnant

is then inverted upside-down using forceps to cover the macular hole. Fluid-air-gas exchange is then
performed as in the standard surgery. The ILM flap is believed to work by acting as a scaffold for tissue
growth. The presence of Muller cell fragments on the ILM frill inside the macular hole stimulates glial
cell proliferation, helping the iFTMH to close.
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Since the initial description, there has been a lot of emphasis on ILM flaps for large macular holes, with
various studies demonstrating success rates between 85 and 100%.21%:220.221.222 After the original inverted
flap technique description, multiple variations in how ILM flaps are created have been described.
Michalewska again described the modified ‘temporal’ single-layered ILM flap technique where ILM was
only peeled in the temporal macula and left hinged to the temporal boundary of the iIFTMH.223 This was
then folded over the macular hole as a flat sheet to achieve the same effect as the 360-degree hinged
traditional ILM flap.

Question 7.6: Does the use of adjuvant dyes improve outcomes?

Staining the ILM with adjuvant dyes may improve the closure rate of macular hole surgery by
allowing more complete ILM peeling.

(GRADE: LOW, SIGN Grade: C)

Brilliant blue G is possibly associated with an improved visual acuity outcome when compared
with ICG,224.225

(GRADE: LOW, SIGN Grade: C)

Question 7.7: Does ILM peel size effect outcomes?

Alarge ILM peelssize (>1 disc diameter in radius) possibly improves the closure rate of iFTMH over
300-400 microns in MLD.

(GRADE: LOW, SIGN Grade: B)

Question 7.8: When should adjuvant techniques to improve IFTMH
closure be used?

The success of standard macular hole surgery of vitrectomy, ILM peel and gas tamponade decreases
above 500-600 microns in MLD when alternative techniques should be considered.'"

(GRADE: LOW, SIGN Grade: C)

An inverted ILM flap technique improves the anatomical closure rate of iFTMH (>500 microns in MLD)
when compared to conventional ILM peel and may improve distance visual acuity.?8:232.233,234,235

(GRADE: MODERATE, SIGN Grade: B)

Summary of evidence and comment

Staining of ILM with adjuvant dyes aids in its visualisation before ILM peeling is commenced. A study
comparing ICG, TB and ICG as surgical adjuvants in macular hole surgery showed that BBG was similar
to ICG in the ease of ILM peeling, and comparable to TB in optimising visual and functional outcomes;
hence combining the beneficial properties of both other dyes with an excellent safety profile.??* A meta-
analysis of 29 studies and 2514 eyes looking at the role of dyes in macular hole surgery concluded that
the iFTMH closure after ILM peeling with dyes was better than without dyes, and the highest safety
profile was with BBG followed by TB, TA and ICG in that order.??® Irrespective of the dye used, the dye
concentration and the retinal contact time should be minimised to reduce potential toxicity, with
contact periods as low as 5-10 seconds providing sufficient staining contrast.23¢

ILM peel requires customised instrumentation such as vitreoretinal forceps, diamond-dusted
membrane scrapers or a micro-serrated nitinol loops. There is some evidence suggesting that DONFL
appearance of the retina and cellular debris on the retinal surface of the peeled ILM may be more when
a membrane scraper is used compared to ILM forceps in the initiation and completion of ILM peel.?%”
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Five RCTs have looked at the extent of ILM peel and its impact on macular hole surgery 226:227,.228,229,230
There were sample size concerns in these studies and variable findings, but the combined suggest that
larger ILM peel sizes improve closure above 3-400 microns in size but not below. Further combined
analysis of the individual studies may clarify the situation.

The ILM flap technique appears to improve the closure of large iFTMH. There is less agreement though
on whether the presence of a non-neural ILM sheet in or above the macular hole affects the visual
prognosis in any way. Michalewska et al also found that ILM flap leads to higher anatomical success
as well as improved functional outcomes.?3® Alternatively, there has been some suggestion by other
authors that recovery of external limiting membrane and improvement in visual acuity may not be as
good with ILM flap when compared to traditional ILM peel.?**

There are 4 RCTs comparing ILM flaps with ILM peel. The original RCT was by Michalewska et al in
2010 described above.?'® In this single-centre (and single surgeon) trial including iFTMH of >400 um,
50 patients randomised to ILM flap had a 98% anatomical success rate (flat-open macular hole was
considered a success), whereas the standard ILM peel had an 88% success rate. When flat-open
FTMH were excluded, the success rate of ILM peel dropped to 69%. This is significantly lower than the
generally accepted standard of around 90%. Snellen charts were used for visual acuity testing and
there was no information on how the sample size for the trial was estimated. A major reason for the
low success rate of ILM peel may have been that only air tamponade was used following ILM peel
which is not the current established practice worldwide. Velez-Montoya and associates randomised
12 patients with iFTMH of >400 um in each of two groups, inverted ILM flap and conventional ILM
peeling, and found no differences in the macular hole closure rate between groups (p = 0.85) at 3
months follow-up.?32 Both groups improved after surgery by at least 0.2 logMAR but only the inverted
flap group reached statistical significance at the end of the follow-up period. The number of patients
recruited in this study was too small to draw a meaningful conclusion. A prospective randomised trial
by Manasa et al compared the outcomes in the standard ILM peel versus ILM flaps in 100 patients with
idiopathic macular holes 600um or larger.233 The standard peel group improved to a final mean BCVA
of 0.86 = 0.19 logMAR versus 0.67 = 0.30 in the flap group postoperatively (p = 0.001). The difference

in anatomical closure rate was statistically significant different between the 2 groups (p=0.02). They
concluded that ILM flap provides superior outcomes compared to standard peel and, hence, could

be considered as the surgical modality of choice in large iFTMH. However, follow-up was limited

to 3 months, there was inadequate sample size, and no masking of outcome assessors leading to
performance bias. Another prospective randomised control trial by Kannan and associates looked at
patients with FTMH of diameters ranging from 600pum to 1500pum. 234 The anatomical closure rate
was 76.7% with standard ILM peeling and 90% with the ILM flap. There was a clear trend of a higher
anatomical success rate and better functional outcomes with ILM flaps. Again, the study was not
adequately powered with only 30 patients in each group, and the difference did not reach statistical
significance. Additionally, there was no masking of personnel and outcome assessment leading to
performance and detection bias. In two of the latter three RCTs Snellen visual acuity charts were used.

A Cochrane Review looked at these 4 RCTS comparing ILM flap with conventional ILM peel for large
iFTMH (285 eyes of 275 patients).?** The authors found moderate certainty evidence that ILM flap
increases overall and type 1 closures (presence of neurosensory retina in iFTMH), and low certainty
evidence that ILM flap gives superior best-corrected visual acuity (BCVA) gains at 3 or more months
after surgery when compared with conventional ILM peel. Another meta-analysis by Chen at al looked
at these 4 RCTs and came to similar conclusions that ILM flap gave superior anatomic success, type 1
closures, postoperative logMAR BCVA and mean change of logMAR BCVA from baseline.?*°

A meta-analysis by Yu et al?*' analysed these 4 RCTs plus another RCT comparing ILM flaps to ILM
peel combined with subretinal macular fluid aspiration as a part of the procedure.?*> Anatomical
closure rate of iIFTMH and postoperative BCVA was better for ILM flaps, although it is possible the
subretinal fluid aspiration could have affected the results. A sub-group meta-analysis showed that
postoperative BCVA was better for the ILM flap group at 3 months when compared to ILM peel, but
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no significant difference was found at 6 months. A systematic review and meta-analysis by Shen at al
included 4 RCTs and 4 retrospective studies and concluded that closure rate for iFTMH was statistically
significantly higher for ILM flaps.?** The postoperative visual acuity was again better in the ILM flap
group at 3 months, but no difference in visual outcomes was found at 6 months. Another meta-analysis
by Marques at al showed higher anatomical closure rate but not superior BCVA outcomes for ILM flaps
when compared to ILM peel.?*

A recent retrospectively analysed consecutive case series using prospectively collected data of 191
patients with holes greater than 500 microns in MLD by two surgeons using a superior based single
layer ILM flap technique showed a significantly improved closure rate with an adjusted OR of 5.8, (95%
Cl=1.3to 25.6, p = 0.020).%*

Summary

Peeling of the ILM is an integral part of macular hole surgery. With the use of adjuvant dyes

and modern instrumentation, it can be carried out safely and reliably in almost all patients
undergoing macular hole surgery. Peeling of the ILM may have consequences for the underlying
retina, especially as a part of the learning curve of this surgery. Traditional ILM peel as a part of
vitrectomy leads to consistently high anatomical closure rates of 90 percent or higher for iFTMH
< 500 microns in MLD. For larger and chronic iFTMH, the ILM flap technique with all its variations
may be a useful approach in the armamentarium of a vitreoretinal surgeon. Further studies are
needed to look at the long-term functional outcomes of ILM flaps, and well as for a customised
approach to ILM peel for iFTMH of various sizes and chronicity.

Research Need

Well-designed trials with an adequate sample size and follow up period comparing the
anatomical and functional outcomes of the standard technique of PPV with ILM peel versus PPV
with ILM flap could be performed. Systematic reviews with individual participant data analysis
could examine size thresholds and which ILM flap technique is optimum. Furthermore, future
studies should assess the role of postoperative face down positioning and gas type with the use
of ILM flaps.
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Section 7c. Tamponade considerations

Background

Since its introduction, intraocular tamponade has been a key part of iFTMH surgery.'”® Tamponade is
believed to aid hole closure by three different mechanisms. The tamponade agent spans the hole to
prevent trans-hole fluid flow from the vitreous cavity, allowing effective retinal pigment epithelium
mediated subretinal fluid removal and, probably, in addition, reduction of concomitant retinal oedema.
The tamponade also creates interfacial surface tension forces between the edges of the macular hole
and the gas bubble, which may act to pull the edges of the hole together, promoting hole closure.
Finally, hypothetically the tamponade may act as a ‘surface’ to allow glial cell migration between the
retinal edges.>8101.245

The “buoyant force” of a gas bubble on a macular hole in the face-down position (FDP) is thought to be
less important, particularly, if all tangential force has been removed with removal of the ILM and any
co-existent ERM. Bridging of the gap by the tamponade is the principal mechanism of action but it is
possible the buoyant force may be additive in certain circumstances. 24

The choice of the optimum tamponade for macular hole surgery is an important clinical question.

Its duration affects visual recovery and patients’ activities. Several considerations are relevant in this
regard, including the requirement for positioning, the period of reduced vision whilst the gas is present,
the ability of the patient to go to high altitudes (e.g., air travel) and the potential risk of complications.
These are modulated by hole specific factors such as size and chronicity i.e., large and more chronic
holes may require longer tamponade than small and more recent onset ones.?324

Although Kelly and Wendel used sulphur hexafluoride (SF6) gas as a tamponade agent, when the
procedure was subsequently adopted, most surgeons initially chose to use long-acting gas (C3F8) to
maintain gas related hole bridging for as long as possible. Some surgeons have also used silicone oil
for similar reasons. However, there has been a gradual change in practice to increasing use of medium
(C2F6) and short-acting gases (SF6) or even air. At the same time there has also been a recognition that
FDP (see posturing section) may not be as important as initially thought in most macular holes.?

It can be hypothesised that there is a relationship between tamponade choice and posturing
requirement that relates to the amount of time the gas needs to bridge the hole. Gas can still bridge
the defect of a macular hole without face-down positioning in an upright position if the gas fill of the
vitreous cavity exceeds 50%, and long-acting tamponades will maintain this fill for a longer period
than air or short-acting gases.?*” The precise time the tamponade needs to bridge a macular hole to
result in hole closure is, however, uncertain. Indeed, the known spontaneous closure of macular holes
as well as that following enzymatically induced vitreo-macular separation shows that tamponade
may not be necessary for all macular holes to close. Moreover, a recent RCT that included 80 eyes
(mean MLD 317 microns, 14 holes >400 microns treated with ILM flap) randomised to 3 days FDP versus
no specific positioning instructions, using OCT for the first three days showed that approximately

90% of holes were closed by postoperative day 2, and none of the eyes with confirmed closure by
postoperative day 3 had later reopening by 3 months.?*8Therefore, a longer lasting tamponade may not
be necessary for some patients based on certain parameters, such as macular hole size and symptom
duration. Macular hole size is known to be an important factor for surgical failure and a key parameter
to consider for tamponade selection. Hole chronicity is also significant with likely reduced retinal
compliance resisting closure.**

There are, thus, several factors that surgeons must consider when choosing an intraocular tamponade.
Studies evaluating the effectiveness of differing tamponade agents in the treatment of iFTMH have
used differing posturing regimes, included holes of differing size and chronicity, and some did not take
into consideration important manoeuvres known to affect hole closure (e.g., ILM peeling), making
interpretation of the evidence complex.
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Question 7.9: Which is the most effective tamponade agent to use
with vitrectomy for iFTMH?

SF6, C2F6, C3F8 are all equally effective in achieving hole closure and distance visual acuity
improvement when combined with vitrectomy and standard ILM peeling.24%.250.251:252,253

(GRADE: MODERATE, SIGN Grade: B)

Airis inferior to SF6 in achieving hole closure in those less than 400 microns when combined with
vitrectomy and standard ILM peeling without FDP. It may be as effective as SF6 in small holes less
than 250 microns.?:2%3

(GRADE: MODERATE, SIGN Grade: B)

There is no evidence that differing tamponade agents alter the effect of hole size and postoperative
FDP in achieving closure.?52

(GRADE: VERY LOW, SIGN Grade: C)

Silicone oil does not improve hole closure as compared to gas tamponade when combined with
vitrectomy and standard ILM peeling. The effect on visual acuity is uncertain but the use of oil is
known to be associated with a higher rate of complications, including unexplained visual loss,
than gas.?%?

(GRADE: VERY LOW, SIGN Grade: C)

Summary of evidence and comment

Based on 3 RCTs and 1 systematic review and aggregate metanalysis which included 2 of the 3 RCTs
published to date, we found no statistically nor clinically significant difference in closure rate or visual
outcome between SF6 versus C2F6 or C3F8.2:249.250,.251,.252

A recent Australian, registry-based, cohort study of approximately 2500 eyes also found that SF6
gas was non-inferior based on a 5% margin as compared to longer acting gases for holes of all
sizes. Similarly, the UK BEAVRS group in a large database study of approximately 1500 eyes found no
difference in closure nor visual acuity between the three gases in holes of any size. In both series the
hole size was included in the regression analysis.

The aggregate metanalysis found no clear evidence for an interacting effect of postoperative FDP and
hole size in the comparisons. However, the trials published to date have had a variable case mix with
disparate trial designs in terms of postoperative positioning, making conclusions imprecise with low/
very low levels of certainty for this question.

Air has several advantages over SF6 including its shorter duration, its non-expansible nature with
therefore a lower risk of raised IOP, not being a greenhouse gas in contrast to all the fluorinated

gases particularly SF6, and finally being free. There has been one adequately powered RCT of 144
eyes showing that air tamponade was inferior to SF6 tamponade for hole closure with FTMHSs of = 400
microns in diameter without FDP based on a 10% non-inferiority margin. 90% (63 of 70) of the eyes
randomised to air closed versus 100% (74 of 74) randomised to SF6. Another RCT of 104 eyes with low
power to assess effect, and of unclear design found similar effects with air without FDP, 89% closure
but a 100% success rate with FDP for holes <400 microns compared to 100% in both groups with SF6.

It is possible air could be non-inferior in small holes, with closure being 100% in both groups in the first
mentioned RCT but the study did not have an adequate sample size to definitively assess this group.
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Silicone oil has not been shown to have any significant benefit regarding hole closure compared

to gas. The evidence is very uncertain with no RCTs, and we were unable to assess visual outcomes.
There are several limitations of silicone oil use including the necessity of a second surgery for removal
and the potential for adverse events and toxicity and therefore its use is likely to remain limited to
specific situations.

Adverse events were generally left to investigators to report at their own will rather than evaluated
based on a pre-existing list and checked at each time point, incompletely reported and conclusions
are limited.

The inconsistency of the analysed data in terms of hole size and the variability in postoperative
positioning make the strength of the evidence base uncertain in large holes and when face down
positioning is not instructed.

Summary and practice points

Short and longer acting gases may be all suitable for macular hole surgery with vitrectomy and

ILM peeling based on several patient specific factors (chronicity, size, posturing preferences and
compliance, travel requirements etc.). A patient-centred perspective should be followed in these
cases, as well as keeping in mind factors including the time to visual rehabilitation after surgery.
Air tamponade should only be considered in small holes where it may be as effective as gas.

Recently, ILM flap techniques have been described and, consequently, adopted by many
vitreoretinal surgeons. ILM flaps appear to improve closure and may reduce the need for longer
gas tamponade or postoperative positioning in larger holes. (See Section 7b).

Research need

Robustly designed RCTs with agreed reporting parameters, definitions of anatomical and
functional success, prospectively determined adverse event reporting and including patient
preference could help improving the evidence base for an appropriate tamponade selection.
Particularly relevant comparisons with 2-armed RCT designs could be performed between short-
and long-term gases without prescribed postoperative FDP, with planned sub-analyses for the
effects of hole size and duration. Similarly, air could be usefully compared with short acting gas
for small- and medium-sized holes with shorter durations and perhaps combined with short-
term postoperative positioning instructions. There has been recent interest in surgery without
tamponade relying on ILM flaps to close the hole and further results are awaited with interest.25
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Section 7d: Combined phacovitrectomy

Background

Cataracts are very common following vitrectomy, especially in the >60-year-old age group and when
long-acting gases are used. Visually significant cataract occurs in most patients undergoing vitrectomy
for iIFTMH within a year of surgery.2552% Cataract surgery following vitrectomy has been associated

with a higher rate of posterior capsule rupture and other intra-operative difficulties, including those
associated with the lens-iris diaphragm syndrome (also referred to as reverse pupil block).257

Combined phacovitrectomy has been widely adopted during macular hole surgery to avoid the

need for subsequent cataract surgery, speeding full visual rehabilitation.?*® Given discrepancies
between demand and capacity in the UK NHS and other publicly funded health services, combined
phacovitrectomy has the potential of being more cost-effective than sequential surgery (i.e.,
phacoemulsification and intraocular lens implantation before or after vitrectomy) and obviates
patients having to wait for their cataract surgery to be performed.?° The utility, safety and benefit of
phacovitrectomy with ILM peeling was clearly demonstrated in the FILMS study, a high quality RCT
comparing ILM peeling to no ILM peeling for iFTMH that mandated phacovitrectomy in all phakic
patients.'3'%5 However, potential adverse effects of the procedure, as compared to vitrectomy followed
by phacoemulsification if indicated, have been proposed by some to include a longer surgical time,
higher incidence of posterior synechiae formation, posterior capsule opacity, intraocular lens-related
complications, and a variable myopic shift in refraction (Summarised in 2¢°) There is also the potential
for phacoemulsification and IOL implant related complications, for example corneal edema, which
could make the primary aims of the vitrectomy surgery including ILM peeling more challenging to
achieve. An alternative strategy is phacoemulsification and IOL implant performed as a separate
procedure sequentially a few weeks prior to vitrectomy surgery. This, however, could delay to greater
or lesser extent, depending on waiting times, the repair of the macular hole.

Question 7.10: Is combined phacovitrectomy more effective than
sequential (either before or after) cataract surgery?

Anatomical & visual outcomes:

There is no definitive evidence that macular hole closure or reopening is affected by the sequence
of surgery. Visual recovery can be delayed by cataract formation following vitrectomy, which can
foect quality Of life.260,261,262,263,264,265,266,267,268

(GRADE: MODERATE, SIGN Grade: B)

Complications:

Posterior capsular tears may occur significantly less frequently with combined surgery than
cataract surgery following vitrectomy (Risk ratio 0.43; 95% Cl, 0.25-0.73). The incidence of other
complications is not significantly different.260.261.262,263,264,265,266,267,268,269

(GRADE: LOW, SIGN Grade: C)

Refractive outcomes:
Refractive outcomes are not significantly different with either sequence of surgery.268.270.271

(GRADE: MODERATE, SIGN Grade: B)

Overall recommendation

Combined phacovitrectomy probably offers advantages over sequential surgery in terms of earlier
recovery of vision. But at 12 months and after cataract surgery (if required), there are no significant
differences.
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Evidence summary:
We found 3 systematic reviews, 2 RCTs, 2 prospective series and several retrospective case series.

Practice points

Cataract surgery is near inevitable on long term follow up after macular hole surgery with
gas. Combined phacovitrectomy can be carried out without an increased risk of complications
or worsened refractive outcomes as compared to cataract surgery following vitrectomy.
Cataract development and subsequent surgery following vitrectomy however risks delaying
visual recovery.

Section 7e: Postoperative posturing

Introduction
Face down positioning (FDP) after macular hole surgery continues to be routinely advised to patients
by many vitreoretinal surgeons.?7

The rational to support FDP is based on several factors that rely on the benefit of the extended duration
of tamponade provided by the gas bubble. FDP is thought to isolate the FTMH from intraocular fluid
and hence permit absorption of subfoveal fluid and re-apposition of the macular hole edges.>®

In addition, buoyancy force from the gas bubble may keep the macular hole against the retinal
pigment epithelium.?*>24¢ Surface tension from the gas bubble may help displace the fluid under the
edge of the hole.?” Both surface tension and buoyancy force effect is maximised with FDP as that
ensures the centre of the hole is at the highest point of contact with the tamponade. In addition, the
gas bubble may provide a scaffold for reparative glial cells to cover and close the hole.>*:2™

However, there are also several arguments against FDP. FDP can be physically challenging for patients.
The majority of patients describe FDP as difficult or very difficult.2’>Rare but serious complications

such as pulmonary embolism, ulnar nerve palsies and thrombophlebitis have been reported with
FDP.276 Patient compliance with positioning is also often not achieved in clinical practice.?’” In addition,
evidence suggests that isolating the macular hole from intraocular fluid in the first 24 hours is likely the
most important factor in terms of achieving hole closure and a large gas bubble could achieve effective
tamponade and isolate the FTMH even without FDP.¢

To date, there have been 8 RCTs that have tested FDP versus no FDP post-operatively for macular hole
repair. There have also been systematic reviews and meta-analysis assessing the body evidence on the
topic with the most recent meta-analysis published in 2023.

Question 7.11: Is face down posturing (FDP) more effective than no face
down posturing (nFDP)?

For macular holes less than 400 microns in MLD, FDP achieves similar closure rate and similar
vision gains compared to non-FDP, 230:253.276,278,279,280,281,282

(GRADE: MODERATE, SIGN Grade A)

For macular holes 400 microns or greater in MLD, FDP may achieve higher closure rate.
230,279,280,282,283,284,285

(GRADE: LOW, SIGN Grade B)

FDP may result in a slight benefit in terms of visual acuity.2%¢

(GRADE: LOW, SIGN Grade A)

Idiopathic Full Thickness Macular Holes 51



In cases where no FDP is recommended, ILM peel should be carried out, a large gas fill with long-
acting gas tamponade (not air) used and patients asked to avoid supine positioning. 247:253,276.278,280,287

(GRADE: MODERATE, SIGN Grade A)

In cases where FDP is recommended, 3 days 80% of the time or 5 days for at least 8 hours daily and
avoiding supine positioning at all times should be suggested. 23288

(GRADE: LOW, SIGN Grade B)

FDP or no FDP closure rates are not impacted by the type of gas used, however air should be avoided
in no FDP cases. 2*!

(GRADE: LOW, SIGN Grade B)

Patients with sub-optimal gas fill (90% fill on day 1 or around 80% at day 4) should be considered
for FDP. 247.248,276,278

(GRADE: LOW, SIGN Grade C)

No FDP position provides enhanced patient comfort and quality of life compared to FDP. 253.281.283

(GRADE: LOW, SIGN Grade C)

Summary of how you reached levels of evidence

In total, eight RCTs and 5 systematic reviews and metanalysis were used to establish the level of
eVidence.230’247‘248’253’276’278’279’280’281’283’284‘285’287

Risk of bias (ROB) for each RCT was low for the outcome of macular hole closure rates for all RCTs
except Guillaubey?®® where it was unclear how random sequence generation was carried out. The ROB
for each RCT was moderate for VA outcomes as patients could not be masked to intervention (FDP
versus nFDP).

In terms of the meta-analysis, all 5 meta-analyses 230.281.284.285287 had clear, well-defined question

and detailed description of methods used to identify and evaluate studies was described. A systematic
and reproducible literature search strategy was presented. Study quality was taken into account.

The studies included in each meta-metanalysis had similar patient populations and similar methods
to assess outcomes including hole closure and visual acuity assessment.

There is high quality RCT evidence and meta-analysis evidence to suggest that no FDP is non-inferior to
FDP in in terms of hole closure rate for iFTMH < 400 microns.

In terms of iFTMH 400 microns or greater in MLD, there remains conflicting evidence in terms of impact
of FDP versus no FDP on hole closure rate. Historically, evidence synthesis appears to suggest a positive
effect of FDP on hole closure rate for this sub-group. Meta-analysis by Hu et al®® included four RCTs
and demonstrated in sub-group analysis an increase odds of hole closure with FDP versus no FDP for
holes over 400 microns (OR =0.23, 95% CI [0.07, 0.71, p=0.01). Ye et al?®® carried in their meta-analysis
also demonstrated in sub-group analysis an increase odds of hole closure with FDP versus n FDP
(OR=2.95, 95% Cl:1.10,7.94, P=0.03). Tsai et al?®* also demonstrated a positive treatment effect for FDP
on closure rate (OR = 3.34 (1.57,7.14).

However, the largest and most recent metanalysis by Chaudhary et al?®' did not demonstrate a
difference between FDP versus no FDP with respect to iFTMH closure for iFTMH of all sizes, although the
confidence intervals were wide (risk ratio 1.05 (95% Cl: 0.99, 1.12, P=0.09, Grade rating LOW). In terms
of absolute effect (95% CI) on hole closure rate for FDP vs no FPD, this translated to 43 more per 1,000
cases (from 9 fewer to 104 more). A prespecified analysis to determine subgroup interaction based on
hole size (<400 microns and =400 microns) was reported and did not demonstrate a benefit for FDP for
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holes > 400 microns (no effect, ICEMAN tool: LOW credibility). Of note, Chaudhary et al reported risk
ratio versus odds ratio reported in previous meta-analysis. ORs and risk ratios diverge when event rates
are high, as in the case for hole closure after surgery. Moreover, the lower Cls in previous metanalysis
described above suggest a small benefit with FDP which is similar conclusion that can be drawn from
Chaudhary et al's meta-analysis based on the upper Cl of their findings.

Ultimately, the totality of evidence synthesis to date on effect size of FDP on hole closure rate for iFTMH
400 microns or greater in MLD demonstrates lack of precision which lowers the confidence in any
recommendation on positioning for this sub-group of patients. Therefore, it is important that patient
values and preferences are incorporated into decision making as it pertains to recommendation of FDP
or no FDP for iFTMH 400 microns or greater in MLD.

Practice points
FDP does not improve closure for iFTMH < 400 microns.

FDP can be recommended for iFTMH 400 microns or greater, however, patients should be
informed about the uncertainty around a definitive positive impact of strict FDP on hole closure
rate and patient values and preferences should guide decision making.

FDP may result in a slight benefit in terms of visual acuity.

For recommendation for no FDP, there are some important caveats that should be considered.
The surgical technique in majority of RCTs involved ILM peeling and gas tamponade (not air).
Studies demonstrate that a large gas fill is likely an important factor for success and if on day

1 the gas fill is noted to be suboptimal, consideration should be given to encouraging FDP.
Pseudophakia may allow for larger gas fill compared to phakic eyes. Importantly, patients who
follow no FDP should avoid supine positioning at any time for the first week post-operatively.

Research need
1. Lack of precision in effect size for FDP versus no FDP on hole closure rate in iFTMH 400
microns or greater suggests need for further robust RCTs on the topic.

2. Dichotomous classification of iIFTMH in small (<400 microns) and large (400 microns
or greater) is an arbitrary classification. Future studies including individual participant
data meta-analysis should be carried out to assess other thresholds such as 500 microns
or 600 microns to assess the impact of positioning on hole closure rate.

3. There is paucity of RCT data on key patient reported outcome measures and patient
experience on the role of positioning in macular hole surgery and future studies should
incorporate validated measures to assess such outcomes.

4. Impact of positioning on hole closure rates after ILM flaps should be assessed in future RCT.
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8. Outcomes

Outcomes of macular hole surgery can be divided into anatomical and functional. Functional
outcomes include visual acuity, metamorphopsia, and patient related outcome measures, such as the
individual participant data VFQ-25.

Anatomical outcome

Anatomical outcomes have historically been binary - either open or closed. However, with higher
quality imaging, it is possible to detect different closure patterns (See figure 8) Twenty years ago,
closure was divided into Type 1, in which there was full restoration of the retinal layers, and Type 2, in
which the hole appeared closed but there remained exposed RPE.?°° Eyes that had Type 2 closure had
worse visual acuity, and less visual improvement. With improved resolution, OCT classifications of
closure have become more detailed. In addition, newer surgical techniques, such as retinal autografts,
or amniotic membrane insertion, have raised questions regarding whether “closure” is restoring retinal
anatomy, or merely plugging the hole. The most detailed classification of closure recognises three
types of closure, each of which are further sub-divided into three subtypes.?®' Type 0 corresponds to

an open hole, the edges of which may be flat (0A), elevated (0B), or oedematous (0C). Type 1 closure
includes all holes closed with some restoration of normal foveal microstructure. In Type 1A, all layers
of the fovea are restored. In Type 1B, the inner layers are restored, but there is a persistent outer retinal
defect. In 1C closure, the outer retinal layers are present, but the inner layers are not restored. Type 1
closure is observed after macular hole surgery with ILM peeling or inverted ILM flap. Type 2 closure

is observed most frequently following amniotic membrane or retinal autograft techniques. In Type 2
closure there is an interruption to the normal foveal layers, although there is no exposed RPE. In Type
2A, the interruption extends through the entire foveal thickness, 2B affects only the outer retina, and
2C the inner retina. Type 1 closure was associated with the best post-operative visual acuity, and Type
2 closure had better vision than Type 0. In practice most reports of anatomical outcomes are limited to
open or closed.

Figure 8: Postoperative appearances. A (type 1a closure), b (type 1b closure with cystoid macular
oedema), c (type 1c closure with DONFL appearance), d (type 2 closure or now known as type OA),
e (type 1b closure), f (type 1b closure with subfoveal cysts) , g (type 1a closure with ILM flap visible),
h (type 2b closure).
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Anatomical hole closure is achieved with one operation in over 90% of macular hole surgeries in large
(>1,0000 eyes) real world database studies.?%?°2 The probability of successful closure is influenced by
the size of the hole, its duration, the surgical technique employed, and post-operative management.
The latter two issues will be addressed elsewhere in these guidelines.

Hole size

Historically macular holes with a minimum linear diameter greater than 400 microns have been
regarded as large.??* More recently, the International Vitreomacular Traction Study Group proposed
further subdivision of holes into small (<250 microns), medium (250m - 400 microns), and large (>400
microns)® Holes less than 250 microns are more likely to close with enzymatic vitreolysis compared
to larger holes. However, with current macular hole surgery techniques, there is little difference in

the success rates for holes less than 450 microns with closure rates of >90%.8° The success rates only
declines when the hole diameter is greater than approximately 500 microns.8%2°¢ The CLOSE study
examined anatomical outcomes in 1135 eyes =400 microns in 31 published articles.”® They found that
in large holes (400-535 microns), the closure rate was 97%. In X-large holes (536-799), the single
operation success rate declines to 90%. Holes between 800 and 1,000m were classified as XX-large,
and those above 1,000 microns were labelled as giant. The authors showed that success rates with
standard ILM peeling were excellent until the hole diameter exceeded 535 microns. For X-large holes,
ILM flaps have good results. Holes over 800 microns are uncommon but may require other adjuvant
techniques to achieve higher rates of closure, although the evidence base is very low on these sized
holes currently.

As the size of the hole is important in determining the prognosis and dictating the surgical technique,
accurate and reliable measurement is crucial. Unfortunately, measurement of macular hole diameter

is usually done manually, and there is significant interobserver variation.®* Accuracy may be improved
using multiple radial scans, or high-density horizontal scans. Automated measurement of macular hole
dimensions would be less subject to interobserver variation and may be more reliable.?°> Furthermore,
holes enlarge over time, so a hole that is 460 microns at presentation may be 540 microns by the time
of surgery.2°¢:2°7 Given these uncertainties, surgical decision-making should ideally be based on more
than one measurement, and at least one of these measurements should be no more than four weeks
prior to surgery.

Other measures of macular holes have been proposed. These include the macular hole index, which is
the ratio of the hole diameter to the height, macular hole form factor, and other indices. However, there
is little evidence that any of these calculated measurements are more accurate predictors of outcome
than macular hole diameter.??® Furthermore, these indices are closely correlated with standard
measurements of hole size.

Vitreoretinal adhesion
There is no evidence that differences in vitreoretinal adhesion to the hole have any effect on anatomical
outcomes.86

Ethnicity

Black or South Asian ethnicity has been linked to reduced rates of anatomical closure,?*° however it is
also linked to larger hole size, and possibly to greater duration,’®2°° and not all studies have shown that
ethnicity is an independent risk factor for failure.

Duration

As duration is linked to size, it is difficult to be sure if duration is an independent predictor of anatomical
closure, but an individual participant study of data extracted from 12 RCTs has shown that every
additional month of duration is associated with a reduced probability of closure, independent of the
hole diameter.>
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Question 8.1: Does symptom duration affect anatomical outcome in
iFTMH?

Increasing symptom duration reduces the chance of closure. The effects are most marked in small
recent onset holes.”

(GRADE: MODERATE, SIGN Grade: B)

Visual acuity outcomes

Anatomical outcomes for macular hole surgery are predictable and are dependent on hole size

and surgical technique. In holes up to 800 microns, with appropriate surgery (e.g. with ILM flaps in
holes over 500 microns), closure rates can exceed 90%. Visual acuity outcomes are more variable
and are influenced by factors other than hole size and surgery. A large UK study found that 46% of
eyes achieved a post-operative vision equivalent to 70 letters or better.t¢ This shows an improvement
from studies conducted a decade earlier, in which 33% regained 70 letters or better.3°° Some series
have shown 60% of eye regaining 70 letters. Postoperative visual acuity is associated strongly with
preoperative visual acuity which was 0.78 in Steel et al®¢ and ~0.65 in the study by Lachance et al.3"
Visual acuity also improves with longer follow-up,?°?3% so studies that follow patients for longer tend
to have better visual acuity results.

Although visual outcomes vary, there is broad agreement on the factors that affect final vision. Better
pre-operative vision is strongly associated with better post-op vision.8¢:298,300.301.302 Smgller hole
diameter is associated with better final visual acuity,®¢"* however, smaller holes are also associated
with better pre-operative vision, and some studies have not found that hole size is an independent
predictor of final vision.2%" Apart from hole diameter, an elevated edge of the hole is another OCT
parameter that may be associated with better final vision.3%'

Holes with a shorter duration will have better vision.86 301392 A recent study that examined duration as

a risk factor found that the final vision decreased by 1 ETDRS letter for every two months duration.®®
Increasing age is associated with worse visual outcomes in some studies,3°° but in others, age was not a
risk factor for poor vision, but age-related-macular degeneration was.®¢ As there is a close relationship
between increasing age and the prevalence of age-related macular degeneration, it seems likely

that association of age with worse visual outcome is due to the increased risk of pre-existing macular
disease. In the absence of age-related macular degeneration, older age should not be regarded as a
negative prognostic indicator. There is broad agreement that pseudophakia at follow-up is associated
with better final visual acuity.3"
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Question 8.2: Does symptom duration affect visual outcome with surgery
iniFTMH?

Increasing symptom duration reduces the postoperative visual acuity. The effects are most marked
in small recent onset holes.**

(GRADE: Moderate, Sign Grade: B)

Practice point

Increasing symptom duration reduces both anatomical and visual outcomes and waiting time

to surgery will affect the results of surgery. People presenting with iFTMH would optimally have
surgery at timing at least commensurate with their symptom duration (i.e., a person with a 2-month
history of a macular hole should have surgery within 2 months, those with a 3-month history should
have surgery within 3 months, etc.) Surgery should not be delayed in any case more than 3-4
months.

The time between onset of symptoms and surgery can be divided into three components®*
1. Onset of symptoms to first consultation with eye care provider.
2. Initial contact with eye care provider to listing for surgery.

3. Listing for surgery to the day of operation.

Itis difficult to reduce the time from onset to initial consultation in everyone, as some patients
are asymptomatic. As part of normal public health messaging, people should be encouraged
to consult an appropriate eye health care provider as soon as possible if they experience any
deterioration in their vision. Reducing the delay from deciding to have surgery to the day of
the operation requires investment in additional operating time, so may be costly. Reducing the
delay from initial consultation to listing for surgery is relatively achievable, and inexpensive, in
comparison to other measures. For example, patients with suspected iFTMH can be seen in a
fast-track OCT clinic and listed directly for surgery via telephone consultation.2®

Patient-related outcome measures

Although most patients with FTMH will have good vision in the fellow eye, the presence of an iFTMH
nonetheless has an impact on their vision related quality of life. Using the VFQ-25, studies have shown a
consistent pre-operative composite score of around 70, improving to 80 after surgery.303304,305,306,307 | the
FILMS trial VFQ-25 scores were higher, at 80 before surgery, and 86 post-operatively.3?® There is relatively
little data on which pre-operative factors predict quality of life (QoL) outcome. There is good correlation
between pre-operative and post-operative QoL scores.3% Patients with worse QoL scores pre-operatively
tended to have greater improvement. Although some studies have shown improved visual acuity predicts
improved QoL score,3* most have found no relationship between improved VA and increased QoL
score.30%306307 Where metamorphopsia is measured, an improvement in the M-chart metamorphopsia
score seems to be a better predictor of an increased VFQ-25 composite score.305:3%7

Metamorphopsia

Metamorphopsia is easy to detect, but more difficult to quantify. M-charts have been used in most series;
however, the lines are made up of small dots, and a visual acuity of 6/24 or better is required for accurate
assessment. Arimura3?® found that metamorphopsia, as measured with M-charts improved in 19 out of
22 patients who had macular hole surgery. Other researchers have confirmed that metamorphopsia
improves after successful hole closure, and this improvement is not always related to improvement

in visual acuity).? An alternative to M-charts that can be used in eyes with vision of 6/60 or better is
D-charts. D-charts also show an improvement in metamorphopsia following macular hole surgery.3'°
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9. Follow-up and further management

Background

There is wide variation in practice with timing of post operative review of iFTMH patients across the
United Kingdom."?” Traditionally, a day 1 postoperative check has been performed and several studies
have been performed to assess the necessity for this, based on earlier studies suggesting a high risk of
problems.3"" Macular hole surgery is now typically carried out as day case surgery, making day 1 review
less convenient. The rate of local anaesthesia has also increased from 33% in 2001, to 66% in 2010, and
88% in 2019, making general anaesthesia-related problems less common.'?7 312,313

Raised intraocular pressure is the most common post operative complication of concern,?”. 314,315,316, 317
however studies have tended to produce conflicting results,*” with a reducing trend for postoperative
adverse events with transconjunctival sutureless surgery.'”*3'® The use of prophylactic intraocular
pressure (IOP)-lowering treatments has also varied between studies. Day 1 review has an associated
economic cost and is also inconvenient for patients, who may be required to travel long distances to
access a specialist vitreoretinal service.

As a result of this many units have stopped day 1 review. In a BEAVRS survey of 250 surgeons in 2023
with a 35 % response rate, 63% of units now no longer carry out day 1 review. Of the units that no longer
carry out day 1 review, 34% review within the first 1 week and 50% within the first two weeks. (Hakim et
al, BEAVRS Meeting 2023)

The number of postoperative review visits outside the immediate postop period is also variable.
Re-opening of holes after 3 months post operatively is uncommon (See chapter 11). Related to the
progressive recovery of photoreceptor function, visual acuity is usually better with longer follow up.2°”
319,320 An initial review at 2-4 weeks postoperatively, when the fovea is visible, aims to detect closure,
and complications such as retinal detachment, IOL problems or raised intraocular pressure. A further
review at 3-6 month is then typically carried out, depending on the type of gas tamponade used, for
visual acuity assessment and the detection of other longer-term problems such as cataract if relevant
and cystoid macular oedema (see chapter 10).

Question 9.1: Should the patient be reviewed on Day 1

The absolute requirement for a day 1 review is uncertain. The incidence of events that require
intervention on day 1 vary with a mean of 4.7% (95% CI 3.0-13.9), with raised IOP being the most
frequent. Prophylactic IOP-lowering agents (topical 1% apraclonidine or CAl/Beta blocker
combinations at time of surgery) should be considered to reduce this occurrence when Day 1 review
is omitted, particularly for cases with glaucoma or previously raised intraocular pressure.

(GRADE: LOW, SIGN Grade: C)

Questions 9.2: What is the longest acceptable initial follow up

The optimal timing of this is not certain but typically patients are seen within the first 4 weeks,
when the gas bubble has absorbed enough to assess hole closure. It will also depend on whether
day 1review has been carried out (if not typically seen sooner) and the risk of other complications
(e.g., pre-existing glaucoma).

(GRADE: VERY LOW, SIGN Grade: D)
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Question 9.3: How often and when should the patient be reviewed after
the first postoperative visit?

There is very low certainty evidence to assess the precise requirement for timing or frequency of
review after the initial postoperative review appointment. Patients should be seen after all gas

has absorbed. The type of gas tamponade used, and management of any complications affect the
decision. Thus, it is down to the clinician managing the patient and patient preference. Visual acuity
improves for at least 6 months and can continue to improve for several years.

(GRADE: VERY LOW, SIGN Grade: D)

Question 9.4: What should be included in a post-operative review?

There is very low certainty evidence but widespread agreement on what should be included in post-
operative review. As a minimum, post-operative review should include:

* Discussion between patient and clinician of any issues since surgery, discuss patient queries
and check drop and posturing compliance.

e Visual acuity assessment (ideally with refraction following gas bubble absorption and
typically 2 months or more following surgery)

e Intraocular pressure check

e Slit lamp examination of anterior and posterior segments including measurement of the level
of gas bubble remaining.

* Ifthe gas absorption allows a view of the macula, OCT scan to determine the status of the
previously present iFTMH.

* Medication review to manage any new issues such as intraocular pressure spikes or
inflammation.

(GRADE: VERY LOW, SIGN Grade: D)

Summary of evidence and comment

We found one systematic review 37 of 2,262 patients from 14 non-randomised retro- and prospective
studies, which included 78 eyes with iFTMH, with a total day 1 intervention rate of 4.7% (95% CI 3.0-
13.9), the majority of which were raised |IOP. High heterogeneity by indication for surgery was found,
and subgroups analyses could not be made because of data inadequacy.

Alexander et al,**in a retrospective analysis of 273 patients with a range of VR surgical indications
(33 with iFTMH), found that 3.7% had clinical findings significant enough to require a change in
management, but only 0.7% (2/273) had raised IOP (>30mmHg) on day 1. All patients received
prophylactic treatment with oral acetazolamide and a topical beta blocker.

Hakim et al, in a prospective UK study of 430 eyes undergoing a range of VR surgical procedures,
included 62 with macular hole (BEAVRS meeting, Birmingham 2023). Of the 430, 22(5%) had day 1
problems, of which 10 (45%) were raised IOP over 30mmHg. Of the 10 patients with high IOP, 50% had
pre-existing glaucoma or ocular hypertension and 80% had gas used (exceptions were 1 oil and 1 air
cases). No IOP prophylaxis was given. In the iFTMH group, 6% (4/62) had raised IOP.

Brennan et al,??' in a retrospective study of 176 eyes after a range of VR surgical indications all with
day 1 review performed, found that 22% (4/18) of the patients with iFTMH had a day 1 IOP >30mmHg.
No IOP prophylaxis was given.
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Ringeisen et al,'¢ in a retrospective study of 428 (39 with iFTMH) patients examined on day 1, found
that 17(4%) had a IOP >30mmHg. No IOP prophylaxis was given.

Wong et al,3® in a prospective study of 235 patients (22 with iFTMH) examined on day 1, found a 20%
occurrence of raised IOP>30mmHg when gas was used. No IOP prophylaxis was given.

We found two RCTs showing that postoperative IOP spikes can be reduced by prophylaxis. Benz et al,32?
in an RCT of 50 eyes (5 with iIFTMH), showed a statistically significant reduction in postoperative IOP
comparing a combination drop of timolol 0.5%/dorzolamide 2% to placebo, given at the completion

of surgery. Sciscio and Caswell,32* in an RCT of 26 eyes of patients undergoing surgery for iFTMH,
administered topical apraclonidine 1% 2 hours prior to and at completion of surgery, and found a
significant reduction in day 1 postoperative IOP relative to placebo.

Practice points

Day 1 review varies according to surgeon practice, patient particulars, and the capacity to

see patients on day 1. Some surgeons use it as an additional opportunity to stress aspects of
postoperative care. It should be noted that if day 1 review is being omitted, careful consideration
should also be made regarding gas concentration procedures, avoidance of expansile gas mixes
and consideration of IOP reduction prophylaxis.

Furthermore, there should be written patient information leaflets advising the patient what
to expect, drops, posturing advice and symptoms which should trigger urgent attention with
emergency contact numbers for surgical unit.

Patient discharge should be considered when hole closure has been achieved, tamponade
absorbed or removed, or when hole closure has not been achieved and no further treatment is
desired. Typically, patients are reviewed at approximately 1-3 weeks postoperatively then again
at 3-6 months before discharge. If the patient is phakic following surgery, lens assessment should
be carried out and cataract surgery scheduled if indicated before discharge.
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10. Complications

Complications of macular hole surgery can be divided into 1) intra-operative, 2) early post-operative,
3) late post-operative. We are not reviewing complications related to local or general anaesthesia in
this guideline.

1. Intra-operative

a. Retinal breaks (<20%) may occur at the posterior pole or retinal periphery during the induction
of posterior vitreous separation, or in the retinal periphery during vitreous shaving. The incidence
of retinal tears appears lower with small gauge sclerostomy vitrectomy techniques.200. 324,325,326, 327
Intraoperative detection and treatment usually avoids subsequent retinal detachment.
(See Section 7a)

b. Retinal/RPE/choroidal damage (variable, vision effecting <5%) secondary to instrument
trauma during ILM peeling. (See Section 7b)

c. Suprachoroidal haemorrhage (Between 1:1000 to 10,000) is a risk with any intraocular
procedure and is not believed to be of any increased incidence in macular hole surgery.

d. Lens damage variable, <10% may occur due to inadvertent touch of the lens capsule by the
vitrectomy instruments. Usually this occurs in the 10 o’clock or 2 o’clock meridians in line with
the sclerostomies. The lens opacity may be localised or progress to form a general or posterior
subcapsular cataract. Their presence may increase the risk of PCR with subsequent cataract
surgery.

2. Early post-operative

a. Elevated intraocular pressure (10-20%) may occur as early as the first post-operative day and
may be due to variable expansion of the gas tamponade agent, or gas dilution errors, as well as
by trabecular meshwork obstruction from inflammatory/cellular debris. It is commoner in eyes
with preexisting raised intraocular pressure and glaucoma, and in eyes with complications
including lens surgery related complications. Steroid-related ocular hypertension can occur due
to the topical steroid given post-operatively and usually occurs by 7-14 days post-operatively.328
Late IOP elevation has been reported in ~4% at 4 years. (See Section 9)

b. A transient posterior, star-shaped, feathery cataract is very common post-operatively in phakic
eyes, induced by the desiccation effect of the gas tamponade on the posterior lens and usually
clears within 2-3 weeks.

c. Retinal detachment (<5%) may occur due to a new peripheral retinal break forming possibly
due to movement of the gas bubble against the residual vitreous base, or because of a missed
retinal break or one identified but inadequately treated with retinopexy during the vitrectomy
procedure. Retinal detachments can be detected inferiorly before complete resolution of the
tamponade bubble has occurred.'?7 288,330

d. Visual field defects (<5%) were one of the first complications of macular hole surgery to be
reported. Various hypotheses have been proposed including traction on the nerve-fibre layer
during induction of vitreous separation at the optic disc edge, elevated intraocular pressure
during the procedure, air stream pressure on the optic disc during fluid-air exchange, or
desiccation of the nerve fibre layer in the presence of air/gas tamponade.3* The incidence
was initially high in early reports in the 1990s but has declined in more recent studies.33?

e. Subfoveal cysts or outer foveal defects (>50%). Whilst not a complication per se these can be
seen on OCT in the early post-operative period following reabsorption of gas and are probably
due to the edges of the hole closing without completion of the reabsorption of the subfoveal fluid,
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and outer retinal restoration.53 333334335 The reported prognosis for resolution within 12 months
is high and they are not associated with a worsened prognosis.

f. Cystoid macular oedema (<10%) Thought to be typical Irvine-Gass related. However, not shown
to be higher after combined phacovitrectomy however.?¢! Typically, treated with topical non-
steroidal anti-inflammatory drug (NSAID) and steroids, or less commonly intravitreal steroids.

g. Retinal changes related to ILM peeling: A variety of inner retinal changes have been
described following ILM peeling, typically without symptoms or consequences. (See Section
7b) Eccentric macular hole(s), often again not causing symptoms and stable for long periods
of time, have also been reported, occurring in 0.25% - 2.5% of cases. They are possibly related
to retinal damage during ILM peeling and/or contraction of residual ILM or secondary
premacular proliferation stimulated by ILM peeling.336:337

h. Paradoxical dye-related macular changes (<1%) linked to the dyes used in ILM peeling has
been reported. They have been more frequently observed when using ICG at high concentrations
and during longer and higher light level exposures (See Section 7b)

i. Endophthalmitis (Between 1:1000 to 10,000) Common to all intraocular procedures and
not thought to be higher in surgery for iIFTMH as compared to other vitreoretinal procedures
(See Section 7a).

3. Late post-operative

a. Cataract (>80%). Related to age, long-acting gas use and the oxidant effect of vitrectomy on
the posterior lens. Combined phacoemulsification and vitrectomy surgery for macular hole is
advocated by many surgeons. (See Section 7d).

b. Reopening of macular hole (<5%) following successful surgery (See Section 11b).

c. Sympathetic ophthalmitis (~1-3/10,000) Very rare but reported after single vitrectomy
procedures including narrow gauge transconjunctival surgery. Commoner with multiple
surgeries. Usually treatable with good outcome if diagnosed early and treated with steroids
and immunosuppressants. 338 339,340
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1a: Revision surgery for persistent iFTMH
after unsuccessful surgery

Background

Most iFTMH anatomically close in the early postoperative course, typically within the first 3 days.2®
341 Late closure after gaseous tamponade resorption has been described but is rare.3*? Similarly, once
closed, later reopening is uncommon if ILM peeling has been performed (~0.5-1% after ILM peeling
versus 5-10% after closure without ILM peeling).’®* (See Section 11c) Visual acuity improvement
following successful closure is more gradual, with most improvement occurring in first 6 months but
longer-term improvement occurring in some eyes up to 2-5 years particularly in larger and persistent
holes with ancillary procedures. (See Section 8)3*

For holes that don’t close after initial surgery (persistent holes) several treatment options have been
suggested including reinjection of tamponade and face down positioning; increasing the area of

ILM removed; autologous platelet concentrate; lens capsular flap transplantation; autologous free
ILM flap transplantation; macular hole hydro-dissection and retinal expansion, autologous retinal
graft, silicone oil, human amniotic membrane, perifoveal relaxing retinotomy, and arcuate temporal
retinotomy. Most of previously mentioned procedures carry greater interventional risk than simple
re-gas or ILM peel extension. Silicone oil requires a third surgery to remove. Most ancillary procedures
to promote closure in persistent holes should be considered “experimental”,.344:345.346,347,348,349,350

Success rates for revision surgery in these persistent holes have varied depending on the initial clinical
features of the primary hole (size, visual acuity, duration) and the type of primary surgery performed
but are typically in the order of 70-90%. Closure in a persistent hole usually results in improved
vision,3%.352

Question 11.1: Should surgery be considered for persistent iFTMH?

Re-do surgery should be considered dependent on patient wishes, clinical features and initial
surgery.

(GRADE: MODERATE, Sign Grade: B)*'35

Most persistent holes enlarge slightly after failed primary surgery, with a small drop in visual acuity
over 24 months follow up. The overall probability of persistent iFTMH closure with revision surgery is
78% (95% confidence interval 71-84%). A 10 letter (2 line) gain in vision can be expected in 58% (95%
confidence interval 45-71%) of patients undergoing surgery for persistent iFTMH. 15% regain a VA of
6/12 Snellen (0.3logMAR). Vision can continue to improve for 24 months after surgery.

Question 11.2: At what stage should re-treatment be offered for
persistent holes after initial surgery?

Reoperation should be considered once all tamponade has been resorbed and/or 4 weeks have
elapsed since surgery as a balance between earlier intervention and the small possibility that
delayed closure will occur.

(GRADE: LOW, SIGN Grade: C)3+?

Question 11.3: What treatment should be offered for holes that don’t
close with initial surgery?

Assuming an ILM peel has been performed, simple procedures with either insertion of gas or
enlarging the ILM peel result in closure in 50-90% of persistent holes. Positive prognostic indicators
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for these relatively simple procedures alone being successful include holes that reduce in size after
initial surgery, an increasing Macular Hole Index (MHI: height of hole divided by base diameter),
the presence of an elevated fluid cuff around the hole and repeat surgery within 3 months of
primary surgery.

There is very low certainty evidence that any other type of procedure is better than insertion of gas
or enlargement of the peeled area. Comparison between techniques is very incomplete and clear
recommendations cannot be made,34°:350.354

There have been 2 small RCTs comparing air versus SF6 tamponade in the use of amniotic membrane
3¢ and Densiron versus 20% C,F, without other procedures®¢ for re-do surgery for persistent iFTMH;
both were limited by a high risk of bias.

(GRADE: LOW, SIGN Grade B)344:345,346,347,349,350

Research need

Trials of new procedures need to be designed and staged to consider learning curves and
appropriate masking. The Idea/Innovation, Development, Exploration, Assessment, Long-term
follow-up (IDEAL) framework should be considered.'”” Large scale RCTs on the role of adjuvants
and other procedures on persistent iIFTMH may be considered. Cases should be stratified by
presenting vision, size of the hole and duration of symptoms and follow up should be for at least 6
months. National or international cooperation will be required to achieve the required sample sizes.
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11b: Reopened iFTMH after initially successful
primary surgery

Background

The success rate of vitrectomy for iIFTMH is high, but there have been several series published outlining
late reopening after successful closure, called ‘re-opened holes’. These are distinct from holes that
don't close with primary surgery which have been described in Section 11a. The incidence of re-
opened holes is unclear, with variable values reported in the literature as well as various risk factors
for their occurrence proposed. The anatomical (macular hole closure) and functional (visual acuity
improvement) success rate of surgery for re-opened holes has been suggested to be higher than that
for persistent holes (i.e., iIFTMH that do not close after the primary surgery).357:358.359

Question 11.4: What is the rate of re-opening of MHs after successful
MH surgery?

The proportion of eyes with reopening of iIFTMH varies from 0.39% to 11%.'94266,351,357,359,360,361 Paques M,
Massin P, Blain P, et al. Long-term incidence of reopening of macular holes.Ophthalmology 2000;107:760-766.

(GRADE: MODERATE, SIGN Grade B)

Question 11.5: Are there any surgical manoeuvres that reduce the rate of
re-opening of MHs after successful MH surgery?

ILM peeling probably reduces the rate of MH reopening. The reopening rate without ILM peeling was
estimated as 7.1%, compared with 1.2% with ILM peeling (odds ratio: 0.16; 95% CI 0.11-0.22)."4

(GRADE: MODERATE, SIGN Grade B)

Question 11.6: Are there other risk factors for re-opening after successful
MH surgery?

No other consistent risk factors have been identified. Eyes with cystoid macular edema after
cataract extraction following vitrectomy may have an increased risk of iFTMH reopening.'9425¢

(GRADE: LOW, SIGN Grade C)

Summary of evidence

We identified two high quality systematic reviews, the most recent of which included 4 retrospective
studies reporting 51 reopened holes of 1512 iFTMH undergoing surgery.3' The previous metanalysis
included 50 largely retrospective studies of 5,480 macular hole surgeries.”* The incidence rates are
based on these two reviews and several other retrospective studies only. The rate in eyes that have
undergone ILM peeling is substantially less than with ILM peeling (OR 0.16; 95%Cl: 0.11-0.22; p<0.0001).
The second systematic review estimated the effect size of ILM peeling on preventing re-opening as
stated above.

One other retrospective study?¢¢ of 211 patients that underwent iFTMH repair, with 61% having ILM
peeling at the first surgery, divided patients into four groups: A pseudophakic group (n=56), a group
that underwent cataract extraction after vitrectomy (n=86), a group that didn’t require cataract
extraction (n=41), and a group that had concurrent cataract extraction with vitrectomy for iFTMH
(n=28). The overall reopening rate was 11% (24 eyes) with a mean follow up to 27 months (range 3-118).
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The highest rate of reopening occurred in the group with subsequent cataract surgery with a four-fold
increased rate of reopening (95% Cl: 1.7 to 11.2; p=0 .002). Eyes with cystoid macular oedema had a
seven-fold increased risk of reopening. Other studies have not found the same association.

Question 11.7: How should iFTMH that reopen after successful closure be
managed?

ILM should be peeled in revision surgery if not already performed.
(GRADE: MODERATE, SIGN Grade B) 347:351.354,357

Other manoeuvres that have been tried are evaluated in the persistent macular hole section. There
is insufficient evidence to manage re-opened holes differently and the evidence base for any of the
many procedures recommended for persistent holes is not sufficient to make recommendations.

(GRADE: LOW, SIGN Grade C) 238.239,347,354

Question 11.8: What are the results of surgery for reopened iFTMH?

Reopened holes can be successfully closed in approximately 80% of cases. The mean improvement
from preoperative to postoperative levels is approximately 0.25 logMAR (~ 6/10 Snellen equivalent)
with a gain of 22 Snellen line BCVA in approximately 75%. The closure rate is thus approximately
the same as that for persistent holes but the visual results are marginally better (see persistent
hole section).

(GRADE: MODERATE, SIGN Grade B)**'

Summary of evidence

We identified one high quality systematic review*' and the incidence rates are based on this review and
several other retrospective studies. Reopened macular holes are rare when primary ILM peeling has
been performed as is routinely done in many centres and hence management of these cases, as distinct
from persistent holes is unclear with few published high-quality series.
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12. Topical treatments for primary iFTMH,
persistent and re-opened holes

Background

It has been suggested that topical treatments may be effective for some macular holes. The most
accepted hypothesis of iIFTMH formation is that they are secondary to tractional forces at the retinal
surface. (See Section 2) However, there are cases of FTMH formation without evident traction and
reported cases of MH formation post vitrectomy after relieve of surface traction.3¢* A non-tractional
pathophysiological mechanism was suggested by Tornambe, whereby a disruption in the integrity of the
foveal surface allows fluid to enter the retina with resultant macular oedema and FTMH formation.5?
Based on this hydration hypothesis, topical steroids, NSAIDs, and carbonic anhydrase inhibitors alone,
or in any combination have been tried. Reports have mainly been made in persistent or re-opened holes,
but there are a few also more recently in primary (i.e. naive to treatment) FTMHs, 365366367

Question 12.1: Can primary iFTMH be treated successfully with topical
treatment?

Some small iFTMH may be successfully closed with visual improvement with topical treatment
alone although the response rate and criteria predictive of a successful outcome are unclear.

(GRADE: LOW, SIGN Grade C)

Summary of evidence

We found 4 retrospective case series of less than 40 patients in total with primary iFTMH treated
successfully with drops alone. They only reported successfully treated cases.365366:367 The 5th reported

a consecutive series of 13 eyes of 13 patients who were offered topical treatment before surgery and
treated over a 3-year period where 7/13 closed with topical treatment alone.?%° It is worth noting that 1
patient developed a fungal keratitis and 2/13 developed raised intraocular pressure. Generally, authors
have noted that results are best in holes less than 200 microns with high baseline visual acuity, which
are also positive predictive factors for spontaneous closure.

A variety of drops regimes have been used.

Question 12.2: Can persistent or re-opened MHs be treated successfully
with topical agents only?

Some re-opened and persistent holes may be successfully treated with drops only, although the
response rate and criteria predictive of a successful outcome are unclear.

(GRADE: VERY LOW, SIGN Grade D)

Summary of evidence

There have been only anecdotal case reports and small series of both re-opened and persistent holes
being successfully treated in terms of closure with topical agents. A variety of drops regimes have been
used. Response rate to treatment, side effects and relapse are all unclear.370.371.372

Research need

The role of topical regimes in iFTMH both initially, prior to surgery, and in those cases with
persistence or reopened holes needs to be explored in prospective interventional, preferably
placebo controlled randomised trials.
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QUESTION 2a

MEDLINE
Retinal Perforations/
(macula$ adj2 hole$).tw.
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(vitreomacular adj3 (adhesion$ or traction$)).tw.
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Vitreous Detachment/
(vitreous adj2 detach$).tw.
(etiolog$ or aetiolog$).tw.
or/4-8

. 3and9

. exp case reports/
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-
=)
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13. or/11-12

14. 10 not 13

15. limit 14 to english language

16. limit 15 to yr="2000 -Current"

17. (vitrectom$ or peeling or perfluoropropane or gas or tamponade or endotamponade or gauge).ti.
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19. fellow.ti.

20. Ocriplasmin.ti.

21. or/17-20

22. 16 not 21

23. limit 22 to (comment or editorial or letter)
24. 22 not 23
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1. retina macula hole/

2. (macula$ adj2 hole$).tw.

3. or/1-2

4. (vitreomacular adj3 (adhesion$ or traction$)).tw.
5. VMT.tw.

6. vitreous body detachment/

7. (vitreous adj2 detach$).tw.

8. (etiolog$ or aetiolog$).tw.

9. or/4-8

10. 3and 9

11. exp case report/

12. (case adj2 report$).tw.

13. or/11-12

14. 10 not 13

15. limit 14 to english language

16. limit 15 to yr="2000 -Current"
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17. (vitrectom$ or peeling or perfluoropropane or gas or tamponade or endotamponade or gauge).ti.
18. (limiting adjl membrane).ti.

19. fellow.ti.

20. Ocriplasmin.ti.

21. or/17-20

22. 16 not 21

23. limit 22 to conference abstract status

24. 22 not 23

25. limit 24 to (editorial or letter or note)

26. 24 not 25

QUESTION 2b

MEDLINE

Retinal Perforations/
(macula$ adj2 hole$).tw.
or/1-2

exp Myopia/

myopia.tw.

Hyperopia/
hyperopi$.tw.

eye injuries/ or eye injuries, penetrating/

0 00NN

(eye$ or oculan).tw.

—_
o

. (injur$ or trauma$ or wound$).tw.
. 9and 10
. idiopathic.tw.

_ A
w N~

. (female$ or gender$).tw.

—_
N

. Age Factors/ or "Age of Onset"/
.4or50r6or7or8or11or12or13 or14
. risk factors/

risk$.tw.
. 16 or17

3and15and 18
. exp case reports/

[ N, . N W —
NS o oI o

. (case adj2 report$).tw.

. or/20-21

. 19 not 22

. limit 23 to english language

. limit 24 to yr="2000 -Current"

. (peeling or perfluoropropane or gas or tamponade or endotamponade or gauge).ti.

N DN N DN
N o o w N

. (limiting adj1 membrane).ti.
. 26 or 27
29. 25 not 28

N
[o]

Embase

1. Retina Macula Hole/

2. (macula$ adj2 hole$).tw.
3. or/1-2
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exp myopia/
myopia.tw.
hypermetropia/

4
5

6

7. hyperopi$.tw.
8. eyeinjury/

9. (eye$ or ocular).tw.

10. (injur$ or trauma$ or wound$).tw.

11. 9and 10

12. idiopathic.tw.

13. (female$ or gender$).tw.

14. age/

15. 4or50or6or7or8or11or12or13or14

16. risk factor/

17. risk$.tw.

18. 16 or 17

19. 3and15and 18

20. exp case report/

21. (case adj2 report$).tw.

22. or/20-21

23. 19 not 22

24. limit 23 to english language

25. limit 24 to conference abstract status

26. 24 not 25

27. limit 26 to yr="2000 -Current"

28. (peeling or perfluoropropane or gas or tamponade or endotamponade or gauge).ti.
29. (limiting adj1 membrane).ti.

30. 28 or 29

31. 27 not 30

QUESTION 2c

MEDLINE

1. Retinal Perforations/
2. (macula$ adj2 (hole$ or break or tear)).tw.
3. or/1-2

4. (fellow adj2 eye$).tw.
5. 3and4

6. case reports/

7. (case adj2 report$).tw.
8. or/6-7

9. 5not8

—_
o

. limit 9 to english language
11. limit 10 to yr="2000 -Current"

Embase

1. Retina Macula Hole/

2. (macula$ adj2 (hole$ or break or tear)).tw.
3. or/1-2
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4. (fellow adj2 eye$).tw.
5. 3and4

6. case report/

7. (case adj2 report$).tw.
8

9

or/6-7

5not 8
10. limit 9 to conference abstract status
11. 9not10

12. limit 11 to english language
13. limit 12 to yr="2000 -Current"

QUESTION 3 a,b,c

MEDLINE
Retinal Perforations/
(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2
Surgery, Computer-Assisted/
Computer User Training/
Computer Simulation/
Computer-Assisted Instruction/
Imaging, Three-Dimensional/
3D.tw.

. heads-up.tw.

0 oo Nk WD

-
= o

. (digital$ adj2 assist$ adj2 vitreoretinal).tw.

—_
N

. (train$ or education$ or tutorial).tw.

—_
w

. (virtual$ or simulat$).tw.

—
>

. Telemedicine/

-
ol

. (telemedicine or tele-educat$).tw.

-
[@))

. exp Education, Medical/

—
~

Teaching/

=y
(o]

. Inservice Training/

—
o

Physician's Practice Patterns/

N
o

. Professional Practice/

N
-

. Professional Competence/

\Y
I\

. Clinical Competence/

N
w

. "Surveys and Questionnaires"/

N
H

. (skill$ or competenc$ or supervision).tw.

N
U1

. ((trainee or experienced or performance) adj3 (surgical or surgeon$ or opthalmologist$
or member$)).tw.

26. (residenc$ or resident$ or curriculum).tw.

27. Ophthalmologists/ec, ed, og, st, sn, sd, td [Economics, Education, Organization & Administration,
Standards, Statistics & Numerical Data, Supply & Distribution, Trends]

28. Ophthalmology/ec, ed, mt, og, st, sn, sd, td [Economics, Education, Methods, Organization &
Administration, Standards, Statistics & Numerical Data, Supply & Distribution, Trends]

29. (facilities or equipment).tw.
30. or/4-29
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31. 3and 30

32. case reports/

33. (case adj2 report$).tw.

34. or/32-33

35. 31 not 34

36. limit 35 to english language
37. limit 36 to yr="2000 -Current"

Embase

Retina Macula Hole/

(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2

computer assisted surgery/
three-dimensional imaging/

computer simulation/

human computer interaction/

3D.tw.

heads-up.tw.

© 00Nk WS

—_
o

. (digital$ adj2 assist$ adj2 vitreoretinal).tw.

-
N

. (virtual$ or simulat$).tw.

-
N

. (train$ or education$ or tutorial).tw.

—_
w

. Telemedicine/

-
N

. (telemedicine or tele-educat$).tw.

=y
vl

. medical education/

-
o))

. Teaching/

—
~

In service Training/

_
0]

. clinical practice/

—
0

professional practice/

N
o

. professional competence/

N
-

. clinical competence/

I\
N

. questionnaire/

N
w

. (residenc$ or resident$ or curriculum$).tw.

N
N

. (skill$ or competenc$ or supervision).tw.

N
(631

. ((trainee or experienced or performance) adj3 (surgical or surgeon$ or opthalmologist$
or member$)).tw.

26. (facilities or equipment).tw.
27. or/4-26

28. 3and 27

29. case report/

30. (case adj2 report$).tw.

31. or/29-30

32. 28 not 31

33. limit 32 to english language
34. limit 33 to conference abstract status
35. 33 not 34

36. limit 35 to yr="2000 -Current"
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QUESTION 4a

MEDLINE
Retinal Perforations/
(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2
Tomography, optical coherence/
Tomography/
(optical$ adj2 coherence$ adj2 tomograph$).tw.
Computed Tomography Angiography/
(HD-OCT or SD-OCT or OCT-A or SS-OCTA or SD-OCTA).tw.
(angioplex or cirrus or spectralis or stratus or rtvue).tw.
. or/4-9
. ((fundus or fundal) adj2 (photograph$ or camera or image or imaging)).tw.

o N AW

_
N 2 O

. fundus autofluorescence.tw.
. MMor12
. 3and 10 and 13

. case reports/

_  ma A
O 1 b~ W

. (case adj2 report$).tw.
or/15-16

. 14 not 17

limit 18 to english language

20. limit 19 to yr="2000 - 2022"

—
© o N

Embase
retina macula hole/
(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2
optical coherence tomography/
tomography/
(optical$ adj2 coherence$ adj2 tomograph$).tw.
optical coherence tomography - scanning laser ophthalmoscope/
computed tomographic angiography/
(HD-OCT or SD-OCT or OCT-A or SS-OCTA or SD-OCTA).tw.
. (angioplex or cirrus or spectralis or stratus or rtvue).tw.
. or/4-10
. ((fundus or fundal) adj2 (photograph$ or camera or image or imaging)).tw.

0 oo Nk NS

_ A A A
w NN 2O

. fundus autofluorescence.tw.
. 120r13

. 3and 11 and 14

. case report/

— e o )
JNo oo

(case adj2 report$).tw.
. or/16-17

15 not 18
. limit 19 to english language
21. limit 20 to yr="2000 - 2022"

— —
S ©
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22. limit 21 to conference abstract status
23. 21 not 22

QUESTION 4b,4c

MEDLINE
Retinal Perforations/
(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2
"Referral and Consultation"/
(referral$ or referred or referable).tw.
(consultation$ or appointment$).tw.
(care adj4 pathway$).tw.
or/4-7
3and8

. case reports/

o N AW

-
= o

. (case adj2 report$).tw.

. or/10-11

. 9not12

. limit 13 to english language
15. limit 14 to yr="2000 -Current"

JE G . §
AW N

Embase
Retina Macula Hole/
(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2
patient referral/
consultation/
(referral$ or referred or referable).tw.
(consultation$ or appointment$).tw.
(care adj4 pathway$).tw.
or/4-8
. 3and9
. limit 10 to english language
. limit 11 to yr="2000 -Current"
. limit 12 to conference abstract status
. 12 not 13
. case report/

© PN U A WN

R G UL U U G G N
O 1 WD PO

. (case adj2 report$).tw.
or/15-16
. 14 not17

— —
o N

Patient referral questions Q4d, Q8d, Q10d

MEDLINE

1. Retinal Perforations/

2. (macula$ adj2 (hole$ or break or tean).tw.
3. or/1-2
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4. Patient Education as Topic/

5. patient education handout/

6. (patient$ adj3 (educat$ or information)).tw.
7. (counseling or counselor).tw.

8. Treatment Refusal/

9. (patient$ adj3 (refus$ or declin$)).tw.
10. or/4-9

11. 3and10

12. exp case reports/

13. (case adj2 report$).tw.

14. or/12-13

15. 11 not 14

16. limit 15 to english language

17. limit 16 to yr="2000 -Current"

Embase

1. retina macula hole/

2. (macula$ adj2 (hole$ or break or tean).tw.
3. or/1-2

4. patient education/

5. patient engagement/

6. (patient$ adj3 (educat$ or information)).tw.
7. (counseling or counselor).tw.

8. treatment refusal/

9. (patient$ adj3 (refus$ or declin$)).tw.

10. or/4-9

1. 3and 10

12. exp case report/

13. (case adj2 report$).tw.

14. or/12-13

15. 11 not 14

16. limit 15 to english language

17. limit 16 to yr="2000 -Current"

QUESTION 5a

MEDLINE

1. Retinal Perforations/

2. (macula$ adj2 (hole$ or break or tear)).tw.
3. or/1-2

4. exp disease progression/

5. ("stage 1" or "stage 2" or "stage 3" or "stage 4").tw.
6. (staging or classif$).tw.

7. (anatom$ adj1 defin$).tw.

8. (nomenclature or standardize or standardise).tw.
9. (OCT adj2 (diagnos$ or management)).tw.
10. or/4-9
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1. 3and 10

12. case reports/

13. (case adj2 report$).tw.

14. or/12-13

15. 11 not 14

16. limit 15 to english language
17. limit 16 to yr="2000 -Current"

Embase

Retina Macula Hole/

(macula$ adj2 (hole$ or break or tear)).tw.

or/1-2

disease classification/

disease exacerbation/

("stage 1" or "stage 2" or "stage 3" or "stage 4").tw.
(staging or classif$).tw.

(anatom$ adj1 defin$).tw.

(nomenclature or standardize or standardise).tw.

© 00Nk WS

—_
o

. (OCT adj2 (diagnos$ or management)).tw.
. or/4-10

. 3and M

. case report/

R G U G |
A WD~

. (case adj2 report$).tw.
. or/13-14
. 12 not15
limit 16 to conference abstract status
. 16 not 17
limit 18 to english language
. limit 19 to yr="2000 - 2023"

N—‘—‘—‘—‘—‘
S ©®»No I

QUESTION 5b

MEDLINE
Retinal Perforations/
(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2
observation.tw.
(wait$ or watch$).tw.
(resolution adj10 hole$).tw.
(spontaneous$ adj2 (close$ or closure)).tw.
(no adj1 (surgery or surgical)).tw.
or/4-8

. 3and9

. exp case reports/

0o Nk WS

[ G U §
N 2 O

. (case adj2 report$).tw.
. or/11-12
14. 10 not 13

-
w
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15. limit 14 to english language
16. limit 15 to yr="2000 -Current"

Embase

1. Retina Macula Hole/

2. (macula$ adj2 (hole$ or break or tear)).tw.
3. or/1-2

4. observation.tw.

5. (wait$ or watch$).tw.

6. (spontaneous$ adj2 (close$ or closure)).tw.
7. (resolution adj10 hole$).tw.

8. (no adj1 (surgery or surgical)).tw.

9. or/4-8

10. 3and9

11. case report/

12. (case adj2 report$).tw.

13. or/11-12

14. 10 not 13

QUESTION 6a

Cochrane Library

#1 MeSH descriptor: [Retinal Perforations] this term only
#2 macula* NEAR/2 (hole* or break or tear)

#3 #1or#2

#4 MeSH descriptor: [Vitrectomy] this term only

#5 vitrectom*

#6 PPV*

#7 MeSH descriptor: [Fibrinolysin] this term only

#8 MeSH descriptor: [Fibrinolytic Agents] this term only
#9 MeSH descriptor: [Proteolysis] this term only

#10 MeSH descriptor: [Peptide Fragments] this term only
#11 ocriplasmin* or Jetrea* or Microplasmin*

#12 MeSH descriptor: [Endotamponade] this term only
#13 MeSH descriptor: [Fluorocarbons] this term only

#14 MeSH descriptor: [Sulfur Hexafluoride] explode all trees
#15 sulfu* hexafluoride*

#16 hexafluoroethane*

#17 perfluoropropane*

#18 octafluoropropane*

#19 SF6 or C2F6 or C3F8

#20(gas or air) NEAR/2 (endotamponade or tamponade)
#21vitreolysis

#22#4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or
#21

#23#3 and #22

Idiopathic Full Thickness Macular Holes 85



MEDLINE

0 0o Nk WS

R W UL U U G —
o~ W DN 2O

16.

17.

18.

19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

comparative study/

controlled clinical trial/

control groups/

cross-over studies/

single-blind method/
double-blind method/

exp randomized controlled trial/
random allocation/
meta-analysis/

. network meta-analysis/

. "systematic review"/

. controlled clinical trials as topic/

. randomized controlled trials as topic/
. meta-analysis as topic/

. (compare$ or control$ or group or groups or versus or interventional or noninferior$ or

equivalence or random$).tw.
or/1-15

Retinal Perforations/
(macula$ adj2 (hole$ or break or tear)).tw.
17 or 18

vitrectomy/

vitrectom$.tw.

PPV$.tw.

Fibrinolysin/

Fibrinolytic Agents/
Proteolysis/

Peptide Fragments/

(ocriplasmin$ or Jetrea$ or Microplasmin$).tw.

Endotamponade/
Fluorocarbons/

sulfur hexafluoride/
sulfu$ hexafluoride$.tw.
hexafluoroethane$.tw.
perfluoropropane$.tw.
octafluoropropane$.tw.
(SF6 or C2F6 or C3F8).tw.

((gas or air) adj2 (endotamponade or tamponade)).tw.

vitreolysis.tw.
or/20-37

19 and 38

16 and 39

Embase

1.
2.
3.

Retina Macula Hole/
(macula$ adj2 (hole$ or break or tear)).tw.
Tor2
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4. exp vitrectomy/

5. vitrectom$.tw.

6. PPV$.tw.

7. ocriplasmin/

8. fibrinolytic agent/

9. peptide fragment/

10. (ocriplasmin$ or Jetrea$ or Microplasmin$).tw.
11. Endotamponade/

12. sulfur hexafluoride/

13. sulfu$ hexafluoride$.tw.
14. hexafluoroethane$.tw.
15. fluorocarbon/

16. dimeticone/

17. perfluoropropane$.tw.
18. polydimethylsiloxane$.tw.
19. perfluoro-n-octane.tw.
20. ((gas or air) adj2 (endotamponade or tamponade)).tw.
21. (SF6 or C2F6 or C3F8).tw.
22. vitreolysis.tw.

23. or/4-22

24. 3and 23

QUESTION 6b, 6c

Cochrane Library

#1 MeSH descriptor: [Retinal Perforations] this term only
#2 macula* NEAR/2 (hole* or break or tear)

#3 #1OR#2

#4 MeSH descriptor: [Vitrectomy] explode all trees
#5 vitrectom*

#6 PPV*

#7 #4 OR #5 OR #6

#8 20 near/3 gauge

#9 23 near/3 gauge

#1025 near/3 gauge

#11 #8 OR #9 OR #10

#12 #7 AND #11

#13 #3 AND #12

MEDLINE

comparative study/

controlled clinical trial/

control groups/

cross-over studies/

single-blind method/
double-blind method/

exp randomized controlled trial/

No v WS
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8. random allocation/

9. meta-analysis/

10. network meta-analysis/

11. "systematic review"/

12. controlled clinical trials as topic/

13. randomized controlled trials as topic/
14. meta-analysis as topic/

15. (compare$ or control$ or group or groups or versus or interventional or noninferior$ or equivalence
or random$).tw.

16. or/1-15

17. Retinal Perforations/
18. (macula$ adj2 (hole$ or break or tean).tw.
19. 17 0r18

20. vitrectomy/

21. vitrectom$.tw.

22. PPV$.tw.

23. or/20-22

24. ("20" adj3 gauge).tw.
25. ("23" adj3 gauge).tw.
26. ("25" adj3 gauge).tw.
27. or/24-26

28. 23 and 27

29. 16 and 19 and 28

Embase

1. comparative study/

2. controlled clinical trial/

3. control group/

4. crossover procedure/

5. single blind procedure/

6. double blind procedure/

7. exp randomized controlled trial/
8. randomization/

9. meta-analysis/

10. network meta-analysis/

11. "systematic review"/

12. "controlled clinical trial (topic)"/
13. "randomized controlled trial (topic)"/
14. "meta analysis (topic)"/

15. "systematic review (topic)"/

16. (compare$ or control$ or group or groups or versus or interventional or noninferior$ or equivalence
or random$).tw.

17. or/1-16

18. Retina Macula Hole/

19. (macula$ adj2 (hole$ or break or tean).tw.
20. 18 or 19

21. exp vitrectomy/
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22. vitrectom$.tw.

23. PPV$.tw.

24. or/21-23

25. ("20" adj3 gauge).tw.
26. ("23" adj3 gauge).tw.
27. ("25" adj3 gauge).tw.
28. or/25-27

29. 24 and 28

30. 17 and 20 and 29

QUESTION 6d, 6e

Cochrane Library

#1 MeSH descriptor: [Retinal Perforations] this term only
#2 macula* NEAR/2 (hole* OR break OR tear)

#3 #1OR#2

#4 MeSH descriptor: [Vitrectomy] this term only

#5 vitrectom*

#6 PPV*

#7 #4 OR #5 OR #6

#8 MeSH descriptor: [Epiretinal Membrane] this term only
#9 MeSH descriptor: [Basement Membrane] this term only
#10internal NEAR/2 limit* NEAR/2 membrane*

#11 ILM

#12 peel*

#13 MeSH descriptor: [Surgical Flaps] this term only

#14 flap

#15 MeSH descriptor: [Indocyanine Green] this term only
#16 MeSH descriptor: [Rosaniline Dyes] this term only
#17 (infracyanine OR indocyanine) NEAR/1 green

#18 (brilliant OR trypan) NEAR/1 blue

#19BBG OR ICG

#20MeSH descriptor: [Fovea Centralis] this term only
#21fovea* NEAR/2 spar*

#22membrane NEAR/2 scraper

#23forcep*

#24finesse NEAR/1 flex NEAR/1 loop

#25#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR
#21 OR #22 OR #23 OR #24

#26#3 AND #7 AND #25

MEDLINE

comparative study/
controlled clinical trial/
control groups/
cross-over studies/
single-blind method/
double-blind method/

oA wDnh =
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7. exp randomized controlled trial/

8. random allocation/

9. meta-analysis/

10. network meta-analysis/

11. "systematic review"/

12. controlled clinical trials as topic/

13. randomized controlled trials as topic/
14. meta-analysis as topic/

15. (compare$ or control$ or group or groups or versus or interventional or noninferior$ or
equivalence or random$).tw.

16. or/1-15

17. Retinal Perforations/

18. (macula$ adj2 (hole$ or break or tear)).tw.
19. 17 0r18

20. vitrectomy/

21. vitrectom$.tw.

22. PPV$.tw.

23. or/20-22

24. Epiretinal Membrane/

25. Basement Membrane/

26. (internal adj2 limit$ adj2 membrane$).tw.
27. ILM.tw.

28. peel$.tw.

29. Surgical Flaps/

30. flap.tw.

31. Indocyanine Green/

32. Rosaniline Dyes/

33. ((brilliant or trypan) adj1 blue).tw.

34. BBG.tw.

35. ((infracyanine or indocyanine) adj1 green).tw.
36. ICG.tw.

37. Fovea Centralis/

38. (fovea$ adj2 spar$).tw.

39. (membrane adj2 scraper).tw.

40. forcep$.tw.

41. (finesse adj1 flex adj1 loop).tw.

42. or/24-41

43. 16 and 19 and 23 and 42

Embase

comparative study/
controlled clinical trial/
control group/
crossover procedure/
single blind procedure/
double blind procedure/

No Uk WD

exp randomized controlled trial/
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8. randomization/

9. meta-analysis/

10. network meta-analysis/

11. "systematic review"/

12. "controlled clinical trial (topic)"/

13. "randomized controlled trial (topic)"/
14. "meta analysis (topic)"/

15. "systematic review (topic)"/

16. (compare$ or control$ or group or groups or versus or interventional or noninferior$ or
equivalence or random$).tw.

17. or/1-16

18. Retina Macula Hole/

19. (macula$ adj2 (hole$ or break or tear)).tw.
20. 18 or 19

21. exp vitrectomy/

22. vitrectom$.tw.

23. PPV$.tw.

24. or/21-23

25. epiretinal membrane/

26. basement membrane/

27. (internal adj2 limit$ adj2 membrane$).tw.
28. ILM.tw.

29. peel$.tw.

30. surgical flaps/

31. flap.tw.

32. indocyanine green/

33. trypan blue/

34. brilliant blue/

35. ((infracyanine or indocyanine) adjl green).tw.
36. ((brilliant or trypan) adj1 blue).tw.

37. (BBG or ICG).tw.

38. retina fovea/

39. (fovea$ adj2 spar$).tw.

40. (membrane adj2 scraper).tw.

41. forcep$.tw.

42. (finesse adj1 flex adj1 loop).tw.

43. or/25-42

44. 17 and 20 and 24 and 43

QUESTION 6f

Cochrane Library

#1 MeSH descriptor: [Retinal Perforations] this term only
#2 macula* NEAR/2 (hole* or break or tear)

#3 #1or#2

#4 MeSH descriptor: [Vitrectomy] this term only

#5 vitrectom*
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#6 PPV*

#7 #4 or #5or #6

#8 MeSH descriptor: [Endotamponade] this term only
#9 MeSH descriptor: [Fluorocarbons] this term only

#10 MeSH descriptor: [Sulfur Hexafluoride] this term only
#11 sulfu* hexafluoride*

#12 hexafluoroethane*

#13 perfluoropropane*

#14 polydimethylsiloxane*

#15 perfluoro-n-octane

#16 (gas or air) NEAR/2 (endotamponade or tamponade)
#17 SF6 or C2F6 or C3F8

#18 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17
#19#3 and #7 and #18

MEDLINE

comparative study/

controlled clinical trial/

control groups/

cross-over studies/

single-blind method/
double-blind method/

exp randomized controlled trial/
random allocation/

0 oo Nk WS

meta-analysis/

-
o

. network meta-analysis/

-_
N

. "systematic review"/

-—
N

. controlled clinical trials as topic/

_
w

. randomized controlled trials as topic/

-
N

. meta-analysis as topic/

-
ul

. (compare$ or control$ or group or groups or versus or interventional or noninferior$
or equivalence or random$).tw.

16. or/1-15

17. Retinal Perforations/

18. (macula$ adj2 (hole$ or break or tean).tw.
19. 17 0or18

20. vitrectomy/

21. vitrectom$.tw.

22. PPV$.tw.

23. or/20-22

24. Endotamponade/

25. Fluorocarbons/

26. sulfur hexafluoride/

27. sulfu$ hexafluoride$.tw.
28. hexafluoroethane$.tw.
29. perfluoropropane$.tw.
30. polydimethylsiloxane$.tw.
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31. perfluoro-n-octane.tw.

32. ((gas or air) adj2 (endotamponade or tamponade)).tw.
33. (SF6 or C2F6 or C3F8).tw.

34. or/24-33

35. 16 and 19 and 23 and 34

Embase

comparative study/

controlled clinical trial/

control group/

crossover procedure/

single blind procedure/

double blind procedure/

exp randomized controlled trial/
randomization/

0 oo N R WD S

meta-analysis/

—_
o

. network meta-analysis/

-
N

. "systematic review"/

12. "controlled clinical trial (topic)"/

13. "randomized controlled trial (topic)"/

14. "meta analysis (topic)"/

15. "systematic review (topic)"/

16. (compare$ or control$ or group or groups or versus or interventional or noninferior$

or equivalence or random$).tw.
17. or/1-16
18. Retina Macula Hole/
19. (macula$ adj2 (hole$ or break or tear)).tw.
20. 18 or 19
21. exp vitrectomy/
22. vitrectom$.tw.
23. PPV$.tw.
24. or/21-23
25. Endotamponade/
26. sulfur hexafluoride/
27. sulfu$ hexafluoride$.tw.
28. hexafluoroethane$.tw.
29. fluorocarbon/
30. dimeticone/
31. perfluoropropane$.tw.
32. polydimethylsiloxane$.tw.
33. perfluoro-n-octane.tw.
34. ((gas or air) adj2 (endotamponade or tamponade)).tw.
35. (SF6 or C2F6 or C3F8).tw.
36. or/25-35
37. 17 and 20 and 24 and 36
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QUESTION 6g

Cochrane Library

#1 MeSH descriptor: [Retinal Perforations] this term only
#2 macula* NEAR/2 (hole* or break or tear)

#3 #1or#2

#4 phacovitrectom*

#5 phaco-vitrectom*

#6 (simultaneous or concomitant) NEAR/1 (phaco* or LOL*)
#7 #4 or #5or #6

#8 #3 and #7

MEDLINE

comparative study/

controlled clinical trial/

control groups/

cross-over studies/

single-blind method/
double-blind method/

exp randomized controlled trial/
random allocation/

Vo N kAW

meta-analysis/

—_
o

. network meta-analysis/

-
N

. "systematic review"/

—_
N

. controlled clinical trials as topic/

—_
w

. randomized controlled trials as topic/

—_
N

. meta-analysis as topic/

—_
Ul

. (compare$ or control$ or group or groups or versus or interventional or noninferior$
or equivalence or random$).tw.

16. or/1-15

17. Retinal Perforations/

18. (macula$ adj2 (hole$ or break or tear)).tw.

19. or/17-18

20. phacovitrectom$.tw.

21. phaco-vitrectom$.tw.

22. ((simultaneous or concomitant) adjl (phaco$ or LOL$)).tw.
23. or/20-22

24. 16 and 19 and 23

Embase

comparative study/
controlled clinical trial/
control group/
crossover procedure/
single blind procedure/
double blind procedure/

exp randomized controlled trial/

© Nk N

randomization/

Idiopathic Full Thickness Macular Holes 94



9. meta-analysis/

10. network meta-analysis/

11. "systematic review"/

12. "controlled clinical trial (topic)"/

13. "randomized controlled trial (topic)"/
14. "meta analysis (topic)"/

15. "systematic review (topic)"/

16. (compare$ or control$ or group or groups or versus or interventional or noninferior$
or equivalence or random$).tw.

17. or/1-16

18. Retina Macula Hole/

19. (macula$ adj2 (hole$ or break or tean).tw.

20. 18 or 19

21. phacovitrectomy/

22. phacovitrectom$.tw.

23. phaco-vitrectom$.tw.

24. ((simultaneous or concomitant) adjl (phaco$ or LOL$)).tw.
25. or/21-24

26. 17 and 20 and 25

QUESTION 7a-c

MEDLINE

Retinal Perforations/

(macula$ adj2 (hole$ or break or tear)).tw.

or/1-2

((anatomical or function$ or surgery or surgical or hole) adj2 (outcome$ or success$ or closure)).tw.
(hole$ adj2 form adj2 factor).tw.

(macula$ adj2 hole adj2 closure adj2 index).tw.

(macula$ adj2 hole adj2 index).tw.

(choroidal adj2 vascularity adj2 index).tw.

o NG kA WD

((diameter or tractional) adj3 (hole adj2 index)).tw.

-
o

. (hole adj2 diameter adj2 ratio$).tw.

-
N

. Patient Reported Outcome Measures/

-—
N

. Patient Satisfaction/

_
w

. (patient$ adj2 report$ adj2 outcome$).tw.
. PROMS.tw.
. (patient$ adj2 (expectation or satisf$ or dissatisf)).tw.

_
(o) N ® 2 B

. (vision adj1 related adj1 quality adj2 life).tw.
(VR-QOL or VRQOL).tw.

. (VF14 or VF-14).tw.
(VFQ 25 or VFQ-25).tw.

. (VFQ 39 or VFQ-39).tw.

. (SF 36 or SF-36).tw.

. Visual Activities Questionnaire.tw.

— o —
BN RS0 ® N

. Visual Disability Assessment.tw.
24. Visual Function Index.tw.
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25. visual function$ 14.tw.

26. "Visual Symptoms and Quality of Life questionnaire".tw.
27. "Visual Function and Quality of Life questionnaire".tw.
28. "Quality of Life and Vision Function Questionnaire".tw.
29. or/4-28

30. Treatment Outcome/

31. Visual Acuity/

32. (visual adj1 acuit$).tw.

33. or/31-32

34. 30 and 33

35. 29 0r 34

36. 3and 35

37. Assessment of patient-reported outcomes in retinal diseases a systematic review.m_titl.
38. 36 or 37

39. case reports/

40. (case adj2 report$).tw.

41. or/39-40

42. 38 not 41

43. limit 42 to english language

44. limit 43 to yr="2000 - 2022"

45. limit 44 to (editorial or letter)

46. 44 not 45

Embase

retina macula hole/

(macula$ adj2 (hole$ or break or tear)).tw.

or/1-2

((anatomical or function$ or surgery or surgical or hole) adj2 (outcome$ or success$ or closure)).tw.
(hole$ adj2 form adj2 factor).tw.

(macula$ adj2 hole adj2 closure adj2 index).tw.

(macula$ adj2 hole adj2 index).tw.

(choroidal adj2 vascularity adj2 index).tw.

o N kAW

((diameter or tractional) adj3 (hole adj2 index)).tw.

—_
o

. (hole adj2 diameter adj2 ratio$).tw.

-
—_

. patient-reported outcome/

—
N

patient satisfaction/

—_
w

. (patient$ adj2 report$ adj2 outcome$).tw.
PROMS.tw.
. (patient$ adj2 (expectation or satisf$ or dissatisf)).tw.

— o —
o n

. (vision adj1 related adj1 quality adj2 life).tw.
(VR-QOL or VRQOL).tw.

. (VF 14 or VF-14).tw.
(VFQ 25 or VFQ-25).tw.

. (VFQ 39 or VFQ-39).tw.

. (SF 36 or SF-36).tw.

. Visual Activities Questionnaire.tw.

— o —
BSOS o ® X

23. Visual Disability Assessment.tw.
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24. Visual Function Index.tw.

25. visual function$ 14.tw.

26. "Visual Symptoms and Quality of Life questionnaire".tw.
27. "Visual Function and Quality of Life questionnaire".tw.
28. "Quality of Life and Vision Function Questionnaire".tw.
29. or/4-28

30. treatment outcome/

31. visual acuity/

32. (visual adj1 acuit$).tw.

33. or/31-32

34. 30 and 33

35. 29 0r 34

36. 3and 35

37. case report/

38. (case adj2 report$).tw.

39. or/37-38

40. 36 not 39

41. limit 40 to conference abstract status

42. 40 not 41

43. limit 42 to english language

44, limit 43 to yr="2000 - 2022"

QUESTION 8a, 8c

MEDLINE

1. comparative study/

2. controlled clinical trial/

3. control groups/

4. cross-over studies/

5. single-blind method/

6. double-blind method/

7. exp randomized controlled trial/

8. random allocation/

9. meta-analysis/

10. network meta-analysis/

11. "systematic review"/

12. controlled clinical trials as topic/

13. randomized controlled trials as topic/
14. meta-analysis as topic/

15. (compare$ or control$ or group or groups or versus or interventional or noninferior$

or equivalence or random$).tw.
16. or/1-15
17. Retinal Perforations/
18. (macula$ adj2 (hole$ or break or tean).tw.
19. 17 0or18
20. prone position/
21. (postur$ or position$ or prone).tw.
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22. facedown.tw.

23. face-down.tw.

24. (face adj2 down).tw.

25. nonsupine.tw.

26. non-supine.tw.

27. (non adj2 supine).tw.

28. seated.tw.

29. or/20-28

30. 16 and 19 and 29

31. case reports/

32. case report$.tw.
33.310r32

34. 30 not 33

35. limit 34 to english language
36. limit 35 to yr="2000 -Current"

Embase

1. comparative study/

2. controlled clinical trial/

3. control group/

4. crossover procedure/

5. single blind procedure/

6. double blind procedure/

7. exp randomized controlled trial/

8. randomization/

9. meta-analysis/

10. network meta-analysis/

11. "systematic review"/

12. "controlled clinical trial (topic)"/

13. "randomized controlled trial (topic)"/
14. "meta analysis (topic)"/

15. "systematic review (topic)"/

16. (compare$ or control$ or group or groups or versus or interventional or noninferior$

or equivalence or random$).tw.
17. or/1-16
18. Retina Macula Hole/
19. (macula$ adj2 (hole$ or break or tean).tw.
20. 18 or 19
21. prone position/
22. body position/
23. (postur$ or position$ or prone).tw.
24. facedown.tw.
25. face-down.tw.
26. (face adj2 down).tw.
27. nonsupine.tw.
28. non-supine.tw.
29. (non adj2 supine).tw.
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30. seated.tw.

31. or/21-30

32. 17 and 20 and 31

33. limit 32 to conference abstract status
34. 32 not 33

35. case report/

36. case report$.tw.

37. or/35-36

38. 34 not 37

39. limit 38 to english language
40. limit 39 to yr="2000 -Current"

QUESTION 8b

MEDLINE

Retinal Perforations/

(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2

exp Anti-Bacterial Agents/

antibiotic$.tw.

Chloramphenicol/

chloramphenicol.tw.

Ciprofloxacin/

0 0o NN

ciprofloxacin.tw.
. Fusidic Acid/
. (fusidic adj1 acid).tw.
. Neomycin/

_ A A A
w NN 2O

. heomycin.tw.

. Ofloxacin/

. ofloxacin.tw.

. or/4-15

exp Anti-Inflammatory Agents, Non-Steroidal/

P e . T N
©o N o goa

. nsaid$.tw.

—
0

nonsteroidal anti-inflammator$.tw.

N
o

. hon-steroidal anti-inflammator$.tw.

N
—_

. bromfenac.tw.

N
N

. ketorolac.tw.

N
w

. nepafenac.tw.

N
N

. voltarol.tw.
. or/17-24
. exp Steroids/

N NN
~N O

. dexamethasone.tw.

N
[o0)

. fluoromethalone.tw.

N
O

. (prednisolone or prednisone).tw.

w
o

. steroid$.tw.
. or/26-30

32. exp adrenergic beta antagonists/

w
—_
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33. (beta adj2 blocker$).tw.

34. exp carbonic anhydrase inhibitors/
35. (carbonic adj2 anhydrase adj2 inhibitor$).tw.
36. acetazolamide.tw.

37. brimonidine.tw.

38. brinzolamide.tw.

39. dorzolamide.tw.

40. iopidine.tw.

41. or/32-40

42. 16 or 25 or 31 or #1

43. 16 and 3

44, 25and 3

45. 31and 3

46. 41and 3

47. 3and 42

48. exp case reports/

49. (case adj2 report$).tw.

50. or/48-49

51. 47 not 50

52. limit 51 to english language
53. limit 52 to yr="2000 -Current"

Embase

Retina Macula Hole/

(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2

exp antibiotic agent/

antibiotic$.tw.

Chloramphenicol/

chloramphenicol.tw.

Ciprofloxacin/

0o Nk WS

ciprofloxacin.tw.
Fusidic Acid/

. (fusidic adj1 acid).tw.
Neomycin/

— o e )
W n=o

. heomycin.tw.

. Ofloxacin/

. ofloxacin.tw.

. or/4-15

exp nonsteroidal antiinflammatory agent/

P e N Y= . N
® N o o »

. nsaid$.tw.

—
0

nonsteroidal anti-inflammator$.tw.

N
o

. hon-steroidal anti-inflammator$.tw.

N
-

. bromfenac.tw.

N
N

. ketorolac.tw.

N
w

. nepafenac.tw.
24. voltarol.tw.
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25. or/17-24

26. exp steroid/

27. dexamethasone.tw.

28. fluoromethalone.tw.

29. (prednisolone or prednisone).tw.

30. steroid$.tw.

31. or/26-30

32. exp beta adrenergic receptor blocking agent/
33. (beta adj2 blocker$).tw.

34. exp carbonate dehydratase inhibitor/
35. (carbonic adj2 anhydrase adj2 inhibitor$).tw.
36. acetazolamide.tw.

37. brimonidine.tw.

38. brinzolamide.tw.

39. dorzolamide.tw.

40. iopidine.tw.

41. or/32-40

42. 16 or 25 or 31 or 41

43. 3and 42

44. limit 43 to conference abstract status
45. 43 not 44

46. exp case report/

47. (case adj2 report$).tw.

48. or/46-47

49. 45 not 48

50. limit 49 to english language

51. Llimit 50 to yr="2000 -Current"

QUESTION Q9 a,b,c,fand11a

MEDLINE

1. Retinal Perforations/

2. (macula$ adj2 (hole$ or break or tear)).tw.

3. or/1-2

4. (post-operat$ adj3 (examin$ or review$)).tw.

5. (postoperat$ adj3 (examin$ or review$)).tw.

6. (post-operat$ adj2 follow adjl up).tw.

7. (postoperat$ adj2 follow adj1 up).tw.

8. (surg$ adj2 follow adj1 up).tw.

9. (treat$ adj3 review$).tw.

10. Retreatment/

11. (retreat$ or re-treat$).tw.

12. ((repeat$ or further or additonal or frequen$) adj3 surg$).tw.
13. ((repeat$ or further or additonal or frequen$) adj3 treat$).tw.
14. ((repeat$ or further or additonal or frequen$) adj3 intervention$).tw.
15. ((repeat$ or further or additonal or frequen$) adj3 therap$).tw.

16. discharge$.tw.
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17. or/4-16

18. 3and 17

19. case reports/

20. (case adj2 report$).tw.

21. or/19-20

22. 18 not 21

23. limit 22 to english language
24. limit 23 to yr="2000 -Current"

Embase

Retina Macula Hole/

(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2

(post-operat$ adj3 (examin$ or review$)).tw.
(postoperat$ adj3 (examin$ or review$)).tw.
(post-operat$ adj2 follow adj1 up).tw.
(postoperat$ adj2 follow adj1 up).tw.

(surg$ adj2 follow adj1 up).tw.

© 00Nk NS

(treat$ adj3 review$).tw.

—_
o

. Retreatment/

-
—_

. (retreat$ or re-treat$).tw.

-
N

. ((repeat$ or further or additonal or frequen$) adj3 surg$).tw.

—_
w

. ((repeat$ or further or additonal or frequen$) adj3 surg$).tw.

-
N

. ((repeat$ or further or additonal or frequen$) adj3 treat$).tw.

-
Ul

. ((repeat$ or further or additonal or frequen$) adj3 intervention$).tw.

-
o))

. ((repeat$ or further or additonal or frequen$) adj3 therap$).tw.
or/4-16

. 3and 17

case report/

— e
S © ® X

. (case adj2 report$).tw.

. or/19-20

. 18 not 21

. limit 22 to english language

NN NN
A w D>~

. limit 23 to conference abstract status
. 23 not 24
. limit 25 to yr="2000 -Current"

NN
(o))

QUESTION 9d,e and 11b,c,d

MEDLINE

Retinal Perforations/

(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2

treatment failure/

Recurrence/

Reoperation/

(fail$ adj3 clos$).tw.

No v WS
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8. non-clos$.tw.

9. (reopen$ or reoperat$).tw.

10. (surg$ adj3 (first or fail$ or repeat$ or further or additonal)).tw.
11. (refractory or recurrent or persistent or recalcitrant).tw.
12. or/4-11

13. 3and 12

14. case reports/

15. (case adj2 report$).tw.

16. or/14-15

17. 13 not16

18. limit 17 to english language

19. limit 18 to yr="2000 -Current"

20. limit 19 to (editorial or letter)

21. 19 not 20

Embase

Retina Macula Hole/

(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2

treatment failure/

recurrent disease/

reoperation/

(fail$ adj3 clos$).tw.

non-clos$.tw.

0 oo Nk WS

(reopen$ or reoperat$).tw.

—_
o

. (surg$ adj3 (first or fail$ or repeat$ or further or additonal)).tw.

-
N

. (refractory or recurrent or persistent or recalcitrant).tw.
. or/4-11

. 3and 12

. case report/

_ A A
o~ W DN

. (case adj2 report$).tw.

. or/14-15
13 not 16

. limit 17 to conference abstract status
17 not 18

. limit 19 to english language

. limit 20 to yr="2000 -Current"

. limit 21 to (editorial or letter)

. 21 not 22

—
BN=S0 N

QUESTION 10a,b

MEDLINE

1. Retinal Perforations/

(macula$ adj2 (hole$ or break or tear)).tw.
or/1-2

Postoperative Complications/

WD
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(postoperative adj2 complication$).tw.
(post-operative adj2 complication$).tw.

(longterm adj2 complication$).tw.
or/4-8

10. Incidence/ or Prevalence/

5
6
7. (long$ adjl term adj2 complication$).tw.
8
9

11. Epidemiological Monitoring/
12. (incidence or prevalen$).tw.
13. (proportion or frequen$).tw.
14. or/10-13

15. 3and 9 and 14

16. case reports/

17. (case adj2 report$).tw.

18. or/16-17

19. 15 not 18

20. limit 19 to english language
21. limit 20 to yr="2000 -Current"

Embase

1. Retina Macula Hole/

2. (macula$ adj2 (hole$ or break or tear)).tw.
3. or/1-2

4. postoperative complication/

5. (postoperative adj2 complication$).tw.
6. (post-operative adj2 complication$).tw.
7. (long$ adj1 term adj2 complication$).tw.
8. (longterm adj2 complication$).tw.

9. or/4-8

10. incidence/

11. prevalence/

12. epidemiological monitoring/

13. (incidence or prevalen$).tw.

14. (proportion or frequen$).tw.

15. or/10-14

16. 3and 9 and 15

17. case report/

18. (case adj2 report$).tw.

19. or/17-18

20. 16 not 19

21. limit 20 to conference abstract status
22. 20 not 21

23. limit 22 to english language

24. limit 23 to yr="2000 -Current"
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