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We conducted this research to determine the prevalence rate and presentation patterns with microcystic macular oedema (MMO)
in glaucoma patients. The protocol was pre-registered on PROSPERO (CRD42022316367). PubMed, Scopus, Web of Science,
EMBASE, ProQuest, EBSCOHost, CENTRAL, clinicaltrials.gov, and Google Scholar were searched for articles reporting MMO in
glaucoma patients. The primary outcome was the prevalence of MMO, while secondary outcomes included the comparison
between MMO and non-MMO in terms of patients’ characteristics (age, gender), glaucoma stage, and ocular parameters (axial
length (AL), intraocular pressure, mean deviation, spherical equivalent). Data are reported as mean difference (MD) or log odds ratio
(logOR) along with their corresponding 95% confidence intervals (Cl) for continuous and dichotomous outcomes, respectively. The
quality of included studies was assessed using the NIH tool, and the certainty of evidence was assessed using GRADE framework.
Ten studies (2128 eyes) were included, revealing an overall prevalence rate of MMO of 8% (95%(Cl: 5-12%). When compared to non-
MMO group, MMO was associated with lower age (MD = —5.91; 95%Cl: —6.02: —5.20), greater risk of advanced glaucoma stage
(LogOR=1.41; 95%Cl: 0.72: 2.09), and lower mean deviation of the visual field (MD = —5.00; 95%Cl: —7.01: —2.99). No significant
difference was noted between both groups in terms of gender, axial length, or spherical equivalent. Three studies had good quality
while seven had poor quality. MMO is a prevalent observation in glaucoma patients and is associated with patients’ age and stage

of the disease. However, the certainty of evidence remains very low.
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INTRODUCTION

Glaucoma is a type of optic neuropathy that is distinguished by
the progressive loss of retinal ganglion cells (RGCs), which result in
a cupping of the optic disc with subsequent visual field (VF) loss
[1]. Approximately, 70 million people in the world suffer from
glaucoma, making it among the leading causes of irreversible
visual loss [2, 3]. The classic glaucomatous disc features include
characteristic cupping of the disc, thinning of the neuroretinal rim,
diffuse or local loss in the retinal nerve fibre layer (RNFL),
parapillary atrophy especially in the Beta zone, and retinal or optic
disc haemorrhages [4, 51.

Microcystic macular oedema (MMO), also known as microcystic
macular edema (MME), refers to the development of small hypo-
reflective round-elliptical cystoid spaces without a confined wall,
particularly limited to the INL of the retina. MMO is most
commonly seen in the parafoveal area [6, 7]. It is commonly
observed with the use of advanced diagnostic technologies,
including high resolution or spectral domain optical coherence
tomography [6, 8].

MMO was first described in multiple sclerosis (MS) [9]; however,
recent studies have shown the occurrence of MMO in optic
neuropathy [10, 11] of diverse causes [12-14]. Although the exact
pathophysiology of MMO is not well understood yet, many
suggested mechanisms have been reported including Miiller cell
dysfunction, retrograde trans-synaptic degeneration of bipolar
cells due to RGC loss, blood-retinal barrier disruption with local
inflammation, and vitreous traction from the internal limiting
membrane in the setting of inner retinal atrophy [12, 15].

That being said, recent studies highlight the occurrence of
MMO in glaucoma patients [16-18], particularly those with
primary open-angle glaucoma (POAG) [19, 20], with rates
ranging from 1.57% [20] to as high as 17.6% [17]. In addition,
MMO has been described to be predictive of severe disease as in
MS. Similarly, in 2021, Mahmoudinezhad et al. [21] observed that
MMO was associated with glaucoma progression and worse
outcomes.

To date, no meta-analysis has been conducted to estimate the
prevalence of MMO in glaucoma nor describe the difference
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between MMO and non-MMO glaucoma patients in terms of
patients’ characteristics, glaucoma stage, and ocular parameters.
Therefore, we conducted this systematic review and meta-analysis
to assess two hypotheses; the first is that MMO is a rare
observation (<5%) in glaucoma patients and the second is that
demographic characteristics, glaucoma stage, and ocular para-
meters are not associated with MMO presentation when
compared to non-MMO glaucoma patients.

METHODS

Protocol registration

This systematic review and meta-analysis were conducted as per
the Preferred Reporting for Systematic Review and Meta-Analysis
(PRISMA) recommendations [22]. The review protocol was
registered on PROSPERO (registration number: CRD42022316367).

Literature search

On March 10, 2022, we systematically searched nine databases:
PubMed, Scopus, EMBASE, Web of Science (WOS), ProQuest,
EBSCO, Cochrane Central Register of Controlled Trials (CENTRAL),
clinicaltrials.gov, and Google Scholar. As per the recent recom-
mendations, only the first 200 records from Google Scholar were
screened [23]. The search terms were formulated using the PICO
framework [24]: participants were glaucoma patients, no inter-
vention or comparison groups were included, and the primary
outcome was the presence of MMO in the INL of the retina. The
search included the following keywords (glaucoma OR ‘ocular
hypertension’ OR pseudoexfoliation) AND (microcyst). The addi-
tion of the keyword ‘pseudoexfoliation’ was to screen all eligible
studies where those reporting pseudoexfoliation glaucoma
patients (either as the overall population or as a subgroup to
patients with pseudoexfoliation syndrome) were included after
full-text screening. The search query was adjusted based on the
guidelines provided in each searched database respectively
(Supplementary Table 1).

Following the identification of finally eligible studies, a manual
search was conducted in order to find potentially missing relevant
articles. The search included the following approaches: (1)
screening the reference list of finally included articles, (2)
screening ‘similar articles’ of finally eligible studies through the
‘similar articles” option on PubMed [25], and (3) searching for
relevant studies through Google with the keywords (glaucoma +
microcyst).

Eligibility criteria

We included any original study reporting data regarding microcystic
changes of the retinal INL among patients with glaucoma of any
type or stage. No limitations were put on language, demographics,
study design, or year of publication. The presence of a non-MMO
group was not mandatory for inclusion or exclusion.

We excluded studies based on the following criteria: (1)
studies reporting MMO in ocular diseases other than glaucoma,
(2) the lack of MMO data, (3) studies including glaucoma
patients with MMO at baseline, (4) animal or in vitro studies, (5)
non-original articles (i.e., reviews, commentaries, guidelines,
editorials, correspondence, letters to editors), (6) case reports
and case series with <5 cases, (7) studies with unavailable full
texts, and (8) duplicated records or records with overlapping
datasets [identified by similar country, sample size, and patients’
characteristics].

Screening and study selection

The records found through the primary database search were
exported into EndNote software (Version 8) for the removal of
duplicates prior to the screening stage. Then, the remaining
records were exported to an Excel sheet for formal screening,
which was divided into three steps: (1) title screening, (2) abstract
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screening, and (3) full-text screening. Two groups of two reviewers
each helped with the title, abstract, and full-text screening of
retrieved records [BEK, HB, RAF, HAS]. If any discrepancies were
encountered amongst reviewers, a senior author was consulted to
reach a final decision [AA and MMO].

Data extraction

A data extraction sheet was developed following the review of
data reported in the finally included studies, which contained
three main parts. The first part included the studies’ information
(i.e., author name, year of publication, study design, sample size)
and patients’ characteristics (glaucoma type, definition, diagnosis
of MMO, male, and age). The second part was related to the main
outcome of the study, which is the rate of occurrence (prevalence
rate) of MMO. The third part was related to secondary outcomes,
which included the comparison between MMO and non-MMO
glaucoma patients in terms of axial length (AL), spherical
equivalent (SE), intraocular pressure (IOP), age, and glaucoma
stage (early vs. moderate vs. advanced). Four independent
reviewers performed the data extraction [BEK, HB, RAF, HAS],
and data were checked for accuracy before the analysis stage by
the senior authors [AA and MMO].

Quality assessment

We assessed the quality of the methodology of included case
series, cohort, and cross-sectional studies with the National
Health Institute (NIH) tool [26]. Two NIH tools were used: one for
case series (composed of 9 questions) and one for cohort
and cross-sectional studies (14 questions). Each question was
given a score of 0, 1, or 2 for not reported, no, or yes. The overall
quality was determined as good, fair, or poor based on the
overall score. Each study was evaluated by two sets of
two reviewers [BEK, HB, RAF, HAS]. Any conflict between the
authors was resolved through discussion or with senior author
consultation [AA and MMO]. The certainty of reported findings
regarding each outcome was assessed using the Grading of
Recommendations, Assessment, Development, and Evaluations
framework.

Data analysis

All meta-analyses were conducted per eye with the help of STATA
Software (Version 17). Important to mention that minor amend-
ments were made to our previous analysis plan (CRD42022316367),
mainly due to the unavailability of relevant data regarding
secondary outcomes [visual field index and MMO area %] in at
least two studies. These parameters were replaced with IOP, AL and
SE. We used the metaprop command to pool the overall prevalence
of MMO among glaucoma patients [27]. Meanwhile, we used the
metan command to pool the difference between MMO and non-
MMO groups in terms of secondary outcomes [28]. The choice of
random-effects and fixed-effects models was based solely on the
presence or absence of heterogeneity, respectively. The presence of
heterogeneity was confirmed through the /? statistic (of >50%) and
P value of <0.05.

The prevalence rate of MMO in glaucoma patients was pooled
using the random-effects model due to the presence of significant
heterogeneity (/* > 50%), and a subgroup analysis was conducted
based on the type of glaucoma.

In terms of secondary outcomes, the mean difference in
continuous outcomes (age, IOP, AL, MD, and SE) was calculated
along with its corresponding 95% Cl through the Inverse Variance
(IV) method due to the absence of significant heterogeneity.
However, when heterogeneity was encountered (i.e., MD of VF, the
restricted maximum likelihood method (REML) was used. Mean-
while, the Mantel Haenszel (MH) method was used to measure the
log odds ratio (logOR) of dichotomous outcomes (male gender
and stage of glaucoma) between MMO and non-MMO groups.
Importantly, the REML method was used to assess the logOR of
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Identification of studies via databases and registers

Records identified from:
PubMed (N = 100)
Scopus (N = 536)
EMBASE (N = 126)

WoS (N = 102)

EBSCO (N = 445)
ProQuest (N = 176)
CENTRAL (N = 14)
Clinicaltrials.gov (N = 3)
Google Scholar (N = 200)

Identification
L] o o e o o e o .

Records removed before
screening:
Duplicate records removed
through EndNote (N = 383)

Records marked as ineligible
by automation tools (N = 0)
Records removed for other
reasons (N = 0)

Records excluded
(N = 1287)

Reports not retrieved
(N=0)

A 4

Reports excluded:
- Did not assess MME (N =
10)

A\ 4

Duplicated record (N = 1)
Mixed disease state (N = 1)
Non-glaucoma (N = 8)
Review (N = 1)

Case report (N = 1)

Case series (<5 cases)

Records screened

(N=1319)
b0
£
c
g v
O
o Reports sought for retrieval

(N =32)

A 4

Reports assessed for eligibility
2 (N=32)
8
20
w

Manual search >
(N=1)
v
Studies included in qualitative

- analysis
k] (N =10)
3 Studies included in quantitative
e analysis
- (N=10)

(N=1)

Fig. 1 PRISMA flow diagram of the database search and screening processes. N Number.

early glaucoma stage between MMO and non-MMO groups due to
the presence of significant heterogeneity. The assessment of
publication bias was not feasible due to the inappropriate number
of included studies in each analysis (<10 studies). Finally, a leave-
one-out sensitivity analysis was performed to assess the impact of
removing one study at a time on the pooled effect estimate to
determine whether or not the reported estimate was driven by a
single study [29].

RESULTS

Database search results

This database search yielded 1702 records, of which 383 were
identified as duplicated and were excluded through the use of
EndNote (Version 8). The titles and abstracts of 1319 records were
then screened, out of which 1287 were found ineligible. The full
texts of 32 articles were then retrieved and screened. Eventually,
nine articles were found to be consistent with our eligibility
criteria and were assessed in this review. Noteworthy, one article
was found through manual search [14], resulting in a total number
of ten articles that were qualitatively and quantitatively analysed
[6, 8, 14, 16, 17, 19-21, 30, 31] [Fig. 1].
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Baseline characteristics of included studies

The baseline characteristics of included studies, as well as the
definition and diagnostic criteria implemented in each study,
are reported in Table 1. Three studies were cross-sectional
[16, 19, 30], one was a prospective cohort [17], two were
retrospective case series [6, 8], and four were retrospective
cohorts in design [14, 20, 21, 31]. Four studies were conducted in
the USA [6, 8, 14, 21], two in France [17, 31], three in Japan
[16, 19, 20], and one in Switzerland [30]. One study included
patients with paediatric glaucoma [8], two studies included
patients with mixed glaucoma types [20, 30], and seven studies
included patients with primary open-angle glaucoma
[6, 14, 16, 17, 19, 21, 31]. The stage of glaucoma was reported
in only four studies [6, 16, 20, 21].

Quality assessment

The quality of eight studies was assessed using the NIH tool for
cross-sectional and cohort studies. Overall, only one study showed
good quality [16], while the remaining studies showed fair quality
[14,17,19-21, 30, 31] (Table 2). Meanwhile, two case series studies
were evaluated using the NIH tool for case series, and both
showed good overall quality [6, 8] (Table 3).

Eye (2023) 37:3322-3333
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The overall prevalence of MMO in glaucoma

A total of ten studies reported the prevalence rate of MMO among
glaucoma patients [6, 8, 14, 16, 17, 19-21, 30, 31], out of which
MMO was found in 133 eyes out of 2128 glaucomatous eyes, with
a pooled prevalence rate of 8% [95%Cl: 5-12%, I = 91.28%] which
surpasses the rare event assumption (rejects our initial hypoth-
esis). The leave-one-out sensitivity analysis did not reveal any
remarkable change from the reported overall effect estimate
[Table 4]. The prevalence of MMO was then assessed based on the
type of glaucoma [Fig. 2], where MMO was more prevalent in
primary open-angle glaucoma [nine studies, ES=0.09; 95%ClI:
0.05-0.12], followed by paediatric glaucoma [one study, ES = 0.05;
95%Cl: 0.02: 0.10], pseudoexfoliative glaucoma [one study, ES =
0.01; 95%Cl: 0.00: 0.03], and normal-tension glaucoma [one study,
ES =0.01; 95%Cl: 0.00: 0.02], respectively. Representative images
of MMO in glaucoma and their associated visual fields are
presented as Supplementary Fig. 1.

SD
NR
NR

Age
Mean
NR
NR

Male
N

NR
NR

Eyes
160
51

Sample Size
Patients

160

51

The difference between MMO and non-MMO glaucoma
patients in terms of patients’ characteristic

The difference in male gender between MMO and non-MMO
glaucoma patients was reported in three studies [873 eyes]
[16, 20, 21], and the meta-analysis revealed no significant
difference between MMO and non-MMO glaucoma patients
[logOR = —0.60; 95%Cl: —1.26: 0.06; I = 23.16%] [Fig. 3]. However,
the leave-one-out sensitivity analysis revealed a statistically
significant difference in gender between both groups with the
exclusion of the study of Hasegawa et al. [16] [LogOR = —0.92;
95%Cl: —1.71: —0.13] [Supplementary Fig. 2].

Four studies [1386 eyes] [16, 20, 21, 30] reported the difference
in age between MMO and non-MMO groups. The meta-analysis
revealed that MMO patients were significantly more likely to
present with younger age when compared to the non-MMO
group [MD = —5.91; 95%Cl: —6.62: —5.20, I = 0.00%] (Fig. 4). The
leave-one-out sensitivity analysis did not reveal any significant
change in the reported effect estimate after ruling out one study
at a time [Supplementary Fig. 31.

Diagnostic Method

OoCT
SD-OCT

Definition
Numerous INL
microcysts
throughout

the macula
Multiple, small
hyporeflective
roundish-
elliptical cystoid
spaces, without
the presence of
cyst wall, located
in the INL and
not confluent
with cystoid
spaces in other
retinal layers

MME

The difference between MMO and non-MMO glaucoma
patients based on glaucoma stage

Three studies [16, 20, 21] assessed the difference in MMO and
non-MMO glaucoma patients based on stage. No significant
difference in the odds of early glaucoma was noted between
MMO and non-MMO groups [three studies (1168 eyes), LogOR =
—0.57; 95%Cl: —2.86: 1.72; I> = 78.16%] [Fig. 5. Surprisingly, the
leave-one-out sensitivity analysis revealed significantly lower
odds of early glaucoma in MMO patients when compared to
non-MMO following the exclusion of the study of Mahmoudi-
nezhad et al. [21] [LogOR= —1.84; 95%Cl: —3.51: —0.17]
[Supplementary Fig. 4].

However, MMO patients were less likely to present with moderate
glaucoma when compared to non-MMO patients [three studies (524
eyes), LogOR = —1.14; 95%Cl: —1.86: —0.43, I = 0.00%)] [Fig. 6]. The
leave-one-out sensitivity analysis did not reveal any significant
change in the reported effect estimate after ruling out one study at
a time [Supplementary Fig. 5].

On the other hand, MMO patients were more likely to present
with advanced glaucoma as compared to non-MMO patients
[three studies (1168 eyes), LogOR=1.41; 95%Cl: 0.72: 2.09,
? = 0.00%] [Fig. 7]. The leave-one-out sensitivity analysis did not
reveal any significant change in the reported effect estimate after
ruling out one study at a time [Supplementary Fig. 6].

Design

Retrospective Cohort
Retrospective

Case Series

moderate,
and severe

Stage
R
Mild,

Glaucoma
Type
POAG
POAG

Country
USA
USA

)

continued

The difference between MMO and non-MMO glaucoma
patients in terms of ocular parameters

Four ocular parameters were assessed, including AL, IOP, SE, and
MD of visual field. No statistically significant difference was noted
between MMO and non-MMO groups regarding AL [two studies

secondary open-angle glaucoma, NR not reported, MME microcystic macular edema, INL inner nuclear layer, OCT optical coherence tomography, SD spectral domain, SS swept-source, VF visual field, HRA.

YOP year of publication, USA United States of America, POAG primary open-angle glaucoma, PEXG pseudoexfoliative glaucoma, NTG normal-tension glaucoma, PACG primary angle-closure glaucoma, SOAG

Author/YOP
Wen et al. [14]
Govetto et al.

Table 1.

SPRINGER NATURE Eye (2023) 37:3322-3333
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Table 2. Quality assessment of included cohort and cross-sectional studies using the NIH quality assessment tool.

Author, YOP Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Overall
Quality

Wolff et al. [17] Y N Y Y NR Y N N N N Y NR NR N Fair

Brazerol et al. [30] Y Y Y Y NR Y N N N N Y NR NR N Fair

El Maftouhi et al. [31] Y N Y Y NR Y N N N N Y NR Y N Fair

Hasegawa et al. [16] Y Y Y Y NR Y Y Y N N Y NR Y N Good

Hasegawa et al. [19] N Y Y Y NR Y NR N N N Y NR NR N Fair

Mahmoudinezhad Y Y N Y NR Y Y Y N N Y NR NR Y Fair

et al. [21]

Murata et al. [20] Y Y N Y NR Y NR Y N N Y NR NR N Fair

Wen et al. [14] Y Y N N NR Y NR N N N Y NR NR N Fair

Quality was rated as poor (if a study scored 0-4 out of 14 questions), fair (if a study scored 5-10 out of 14 questions), or good (if a study scored 11-14 out of 14
questions).

YOP year of publication, Y yes, N no, NR not reported, NIH National Institute of Health.

Q1: Was the research question or objective in this paper clearly stated? Q2: Was the study population clearly specified and defined? Q3: Was the participation
rate of eligible persons at least 50%? Q4: Were all the subjects selected or recruited from the same or similar populations (including the same time period)?
Were inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all participants? Q5: Was a sample size justification, power
description, or variance and effect estimates provided?’ Q6: For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s)
being measured? Q7: Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed? Q8:
For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure,
or exposure measured as continuous variable)? Q9: Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented
consistently across all study participants? Q10: Was the exposure(s) assessed more than once over time? Q11: Were the outcome measures (dependent
variables) clearly defined, valid, reliable, and implemented consistently across all study participants? Q12: Were the outcome assessors blinded to the exposure
status of participants? Q13: Was loss to follow-up after baseline 20% or less? Q14: Were key potential confounding variables measured and adjusted
statistically for their impact on the relationship between exposure(s) and outcome(s)?

Table 3. Quality assessment of included cohort and cross-sectional studies using the NIH quality assessment tool.

Author, YOP Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs Q9 Overall Quality
Jiramongkolchai et al. [8] Y Y Y Y Y Y Y Y Y Good

Govetto et al. [6] Y Y Y Y Y Y Y Y Y Good

Quality was rated as poor (if a study scored 0-3 out of 9 questions), fair (if a study scored 4-6 out of 9 questions), or good (if a study scored 7-9 out of 9
questions).

YOP year of publication, Y yes, N no, NR not reported.

Q1: Was the study question or objective clearly stated? Q2: Was the study population clearly and fully described, including a case definition? Q3: Were the
cases consecutive? Q4: Were the subjects comparable? Q5: Was the intervention clearly described? Q6: Were the outcome measures clearly defined, valid,
reliable, and implemented consistently across all study participants? Q7: Was the length of follow-up adequate? Q8: Were the statistical methods well-

described? Q9: Were the results well-described?

[532 eyes], MD = —0.04; 95%Cl: —0.68: 0.60, P = 0.00%)]. Similarly,
no significant difference was noted between MMO and non-MMO
glaucoma patients in terms of IOP [two studies [532 eyes];
MD = —0.04; 95%Cl: —1.04: 0.96, ¥ =0.00%] and SE [two studies
[532 eyes]; MD = 0.08; 95%Cl: —0.93: 1.10, * = 0.00%]. The primary
analysis revealed no significant change in the MD of visual field
[three studies [1168 eyes]; MD= —3.36; 95%Cl: —6.91: 0.19,
P = 0.00%]. However, the leave-one-out sensitivity analysis revealed
significant difference with the exclusion of the study of Hasegawa
et al. [16] [MD = —5.00; 95%Cl: —7.01: —2.99].

Other outcomes

The assessment of the difference of central corneal thickness
(CCT) [21], visual acuity (VA) [21], number of anti-glaucoma
medications (AGM) [21], RNFL thickness [30], and the type of
glaucoma [30] between MMO and non-MMO glaucoma patients
was not feasible due to the lack of appropriate number of
studies (<two studies).

GRADE assessment

Since our evidence was based primarily on observational studies,
the grading of available evidence in each of the assessed outcomes
was reported as very low. A full description of the certainty of
evidence regarding each outcome is reported in Table 5.

Eye (2023) 37:3322-3333

DISCUSSION

This is the first systematic review and meta-analysis to investigate
the prevalence rate of MMO among glaucoma patients and to
compare MMO to non-MMO glaucoma patients in terms of
patients’ characteristics, glaucoma stage, and ocular parameters.
Our results reveal that MMO is not a rare observation among
glaucoma patients since it exceeds the rare event assumption with
an overall rate of 8%, which is slightly higher (9%) in the POAG
subgroup. That being said, we propose that the actual rate of
MMO in glaucoma could even be higher than ours because MMO
is difficult to diagnose, most probably overlooked, and commonly
under-reported in the literature. In addition, MMO may be missed
using OCTs with a lower number of B-scans, lower resolution, or
older generations.

Since MMO is diagnosed based on the presence of hypo-
reflective peri-foveal crescentic microcysts (without a cyst wall)
confined to the INL of the retina, the use of the ‘en-face’ OCT in
this setting would be recommended [17, 20, 31] to properly
observe these microcystic changes, which are often used
interchangeably with MMO [6, 16, 17]. Our findings reject the
initial hypothesis of rare event assumption (<5%); thus, we
recommend clinical ophthalmologists to consider MMO investi-
gation in glaucoma diagnostic workup and follow-up. Most of
the reported literature discussed the prevalence of MMO among
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Table 4. The results of the main meta-analysis and leave-one-out sensitivity analysis of the prevalence of MME among glaucoma patients.

Model Model Description ES (95% CI) P

1 Excluding [Wolff et al.] [17] 0.07 (0.04-0.11) 91.20%
2 Excluding [Brazerol et al.] [30] 0.10 (0.06-0.14) 92.23%
3 Excluding [El Maftouhi et al.] [31] 0.09 (0.05-0.12) 91.94%
4 Excluding [Hasegawa et al.] [16] 0.09 (0.05-0.12) 92.00%
5 Excluding [Hasegawa et al.] [19] 0.08 (0.04-0.11) 91.62%
6 Excluding [Jiramongkolchai et al.] [8] 0.09 (0.05-0.13) 92.20%
7 Excluding [Mahmoudinezhad et al.] [21] 0.08 (0.05-0.12) 92.40%
8 Excluding [Murata et al.] [20] 0.10 (0.06-0.14) 89.58%
9 Excluding [Wen et al.] [14] 0.10 (0.06-0.14) 89.37%
10 Excluding [Govetto et al.] [6] 0.06 (0.04-0.08) 69.66%
Final Model Inclusive of all studies 0.08 (0.05-0.12) 91.28%

ES effect size (pooled prevalence), ¥ measure of heterogeneity, MME microcystic macular edema, C! confidence interval.

The overall prevalence of MME among glaucoma patients based on glaucoma type

%

Author ES (95% Cl) Weight
1

POAG )

Wolff et al., 2014 p— — 0.18(0.11,0.27) 3.74

Brazerol et al., 2017 - 0.02 (0.01,0.04) 11.41

El Maftouhi et al., 2021 - 0.06 (0.04,0.11) 8.97
Hasegawa et al., 2015 - 0.06 (0.04, 0.10) 9.16
Hasegawa et al., 2016 | —— 0.23(0.12,0.39) 1.59
Mahmoudinezhad et al., 2021 r—.— 0.08 (0.05,0.11) 9.42
Murata et al., 2016 * : 0.01(0.00, 0.02) 12.12
Wen et al., 2016 - 0.04 (0.02,0.08) 9.48
Govetto et al., 2017 : —_— 0.55(0.41,0.68) 1.64
Subtotal (1*2 =93.22%, p = 0.00 '<> 0.09 (0.05, 0.12) 67.51
PEX

Brazerol et al., 2017 *> 0.01(0.00, 0.03) 11.77

Pediatric Glaucoma

Jiramongkolchai et al., 2016 --— 0.05(0.02, 0.10) 8.53
NTG
Murata et al., 2016 * 0.01(0.00, 0.02) 12.20

Heterogeneity between groups: p|=
Overall ("2 =91.71%, p = 0.00); o 0.05(0.03, 0.07) 100.00
1
1
1

Random-effects Model 0 1

Fig. 2 Forest plot showing the overall prevalence of MME based on type of glaucoma. MME Microcystic Macular Edema, ES Effect Size,
POAG Primary Open-Angle Glaucoma, PEX Pseudoexfoliation Glaucoma, NTG Normal-Tension Glaucoma.
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The Difference in Male Gender Between MME and non-MME Glaucoma Patients

MME  Non-MME Log odds-ratio  Weight
Study Yes No Yes No with 95% CI (%)
Hasegawa et al., 2015 4 9 52 152 ——— 0.26[-0.96, 1.48] 16.87
Mahmoudinezhad etal., 2021 7 18 139 151 —l— -0.86 [-1.76, 0.04] 62.14
Murata et al., 2016 2 5 183 151 —a— -1.11[-2.76, 0.55] 20.99
Overall - -0.60 [ -1.26, 0.06]
Heterogeneity: I” = 23.16%, H> = 1.30
Test of 6, = 6;: Q(2) = 2.60, p =0.27
Testof6=0:z=-1.77, p=0.08

4 2 0 2

Fixed-effects Mantel-Haenszel model

Fig.3 Forest plot showing the difference in male gender between MME and non-MME glaucoma patients. MME Microcystic Macular Edema.

The Difference in Age Between MME and non-MME Glaucoma Patients

MME Non-MME Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Brazerol et al., 2017 8 66 3.7 210 72 8 [ ] -6.00[ -6.73, -5.27] 94.99
Hasegawa et al., 2015 13 557 159 204 57.7 10.7 —— -2.00[ -8.20, 4.20] 1.31
Mahmoudinezhad et al., 2021 25 57.23 8.72 290 61.99 9.93 -4.76 [ -8.78, -0.74] 3.1
Murata et al., 2016 10 549 9.6 626 615 14.9 — -6.60[-15.87, 2.67] 0.59
Overall * -5.91[ -6.62, -5.20]
Heterogeneity: I> = 0.00%, H* = 1.00
Test of 6, = 6;: Q(3) = 1.92, p = 0.59
Testof 8 =0: z=-16.33, p = 0.00

45 40 5 0 5

Fixed-effects inverse-variance model

Fig. 4 Forest plot showing the difference in age between MME and non-MME glaucoma patients. MME Microcystic Macular Edema, SD

Standard Deviation.

POAG; however, other types of glaucoma, including secondary
glaucoma, paediatric glaucoma, or angle closure glaucoma have
received little attention. Although our subgroup analysis reveals
a greater prevalence of MMO among POAG patients when
compared to other types, our findings are not reflective of the
actual rates since the other types of glaucoma were reported in
only one study. Therefore, future research should be focused on
investigating all types of glaucoma to determine whether or not
MMO is an observation reflective of the underlying pathology in
a certain type of glaucoma.

MME is defined as vertical vacuoles predominantly located in
the INL on OCT or B scans [6, 14, 30, 31]. MMO has been first
described in multiple sclerosis patients [9]. After that, MMO has
been reported in many conditions, including POAG [21]. The
pathophysiology of MMO in glaucoma patients is not yet well
understood. However, Gelfand et al. [9] suggested that it occurs
due to blood-retinal barrier disruption or due to the occurrence
of a local inflammatory process. Meanwhile, Abegg et al. [12]
explained the occurrence of MMO in optic neuropathy due to
retrograde trans-synaptic degeneration of the INL and retinal
ganglion cells with secondary formation of cystic spaces. MMO is
most commonly located in the parafoveal area [7]. It is thought
that a relationship with Miiller cell function exists due to MMO's
almost exclusive localisation within the inadequately vascu-
larises perimacular rim [13]. In vitro models of different
retinopathies, Miller cells reduced the expression of their major
potassium channel Kir4.1, which disrupted the rapid water
transport through Miller cell membranes; thus, leading to
cellular swelling [32].

MME is thought to be correlated with disease progression and
worse clinical outcomes. In the study of Gelfand et al. [9] patients
with multiple sclerosis and MMO had a significantly worse disability
and higher scores of disease progression than those without MMO.
Furthermore, it was observed that the presence of MMO was

Eye (2023) 37:3322-3333

associated with a poor long-term functional outcome in patients
with age-related macular degeneration compared with these
patients without MMO [32]. In the same context, we suggest that
MMO is associated with glaucoma progression and a worse disease
state. Our analysis revealed that MMO patients, when compared to
non-MME patients, were at higher risk of advanced glaucoma. This
was further supported by the observation that MMO was associated
with reduced risk for both early and moderate glaucoma stages.
Similarly, Govetto et al. [6] and Abegg et al. [12] also reported that
the prevalence of MMO increased significantly at the later stages of
glaucoma. Our findings go in line with the observations of
Mahmoudinezhad et al. [21] that show that MMO is significantly
associated with severe glaucoma and worse visual field outcomes
which are reflective of advanced stage and disease progression.
That being said, our observations are based mainly on moderate
quality research with very low certainty; therefore, we recommend
the conduct of more studies, including different types and stages of
glaucoma, with enough sample size and power to properly
determine if MMO is associated with disease progression and/or
poor visual outcomes.

Interestingly, younger age has been reported as one of the
main risk factors for the occurrence of MMO in glaucoma
patients [21]. Our findings support this observation as MMO
was more likely to be diagnosed at a younger age when
compared to non-MME. The association between young age and
the presence of MMO could be explained by the thicker neural
and glial tissues in younger patients, which may make
identifying cystic spaces easier [33]. However, this still warrants
further investigation.

Our analysis highlights a significant difference in MD of the VF
between MMO and non-MME patients, which is in line with the
reported literature [21, 31]. Mahmoudinezhad et al. [21] found
that patients with MMO were significantly associated with worse
baseline superior MD, baseline MD, baseline visual field index
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The Difference in Early Glaucoma Between MME and non-MME Glaucoma Patients
MME  Non-MME Log odds-ratio ~ Weight
Study Yes No Yes No with 95% CI (%)
Hasegawa et al., 2015 1 12 63 141 —— -1.68[-3.74, 0.38] 32.41
Mahmoudinezhad et al., 2021 10 15 45 245 —l— 1.29[ 043, 2.15] 41.40
Murata et al., 2016 0 10 181 445 ———W—— -2.15[-4.99, 0.70] 26.20
Overall el -0.57 [ -2.86, 1.72]

Heterogeneity: ©° = 3.10, I* = 78.16%, H” = 4.58
Test of 6, = 6;: Q(2) = 10.74, p = 0.00
Testof 8 =0:z=-0.49, p=0.62

Random-effects REML model

Fig. 5 Forest plot showing the difference in early glaucoma between MME and non-MME patients. MME Microcystic Macular Edema.

The Difference in Moderate Glaucoma Between MME and non-MME Glaucoma Patients

MME  Non-MME Log odds-ratio Weight
Study Yes No Yes No with 95% CI (%)
Hasegawa et al., 2015 2 11 56 56 —— -1.70[-3.26, -0.15] 32.83
Mahmoudinezhad et al., 2021 8 17 34 34 - -0.75[-1.72, 0.21] 41.40
Murata et al., 2016 2 8 148 148 —— -1.39[-2.95, 0.18] 25.77
Overall R -1.14 [ -1.86, -0.43]
Heterogeneity: I> = 0.00%, H* = 1.00
Test of 6, = 6;: Q(2) = 1.22, p = 0.54
Testof 6 =0:z=-3.14, p = 0.00

5 0 5

Fixed-effects Mantel-Haenszel model

Fig. 6 Forest plot showing the difference in moderate glaucoma between MME and non-MME patients. MME Microcystic Macular Edema.

The Difference in Advanced Glaucoma Between MME and non-MME Glaucoma Patients

MME  non-MME Log odds-ratio ~ Weight
Study Yes No Yes No with 95% CI (%)
Hasegawa et al., 2015 10 3 85 119 —— 1.54[ 0.22, 2.86] 29.80
Mahmoudinezhad et al., 2021 8 17 34 256 - 1.27[ 0.35, 2.18] 46.52
Murata et al., 2016 8 2 297 329 —— 1.49[-0.07, 3.05] 23.68
Overall L 4 1.41[ 0.72, 2.09]
Heterogeneity: I = 0.00%, H* = 1.00
Test of 6, = 6;: Q(2) =0.14, p=0.93
Testof 6 =0: z=4.02, p =0.00

5 0 5

Fixed-effects Mantel-Haenszel model

Fig. 7 Forest plot showing the difference in advanced glaucoma between MME and non-MME patients. MME Microcystic Macular Edema.

(VFI), and baseline VF defects. The authors also reported that
MMO location is more frequently seen in the superior hemifield,
which is in line with the usual glaucomatous VF loss. Furthermore,
El Maftouhi et al. [31] reported a strong correlation between the
presence of pseudocysts and paracentral scotoma as measured
by central VF analysis. In the study of Murata et al. [20], the
authors noted that VF defects detected in 10-2 degrees are more
serious than those observed in 24-2 degrees by VF, which is
interesting since, in the majority of observed and reported MMO
cases, the defects were seen in the parafoveal area. This
observation could be reflective of severe disease progression;
however, it still warrants further investigation. In this regard, we
recommend ophthalmologists to observe MMO-related VF
defects in 10-2 degrees as well during glaucoma workup and
follow-up assessments.

SPRINGER NATURE

In our study, we noted no significant difference between MMO
and non-MME glaucoma patients in terms of ocular parameters of
axial length, spherical equivalent, or IOP. This could be related to
the low number of available studies assessing these points. Also,
the meta-analysis of the difference between both groups in terms
of other parameters such as CCT, VA, number of AGM, and RNFL
thickness was not feasible due to the lack of sufficient data.
Therefore, further research is still needed in this regard.

Limitations and recommendations for future research

Although our study provides insight into the occurrence rate of
MMO as well as associated factors, our study encountered several
limitations, and therefore, the findings reported here should be
interpreted with caution. First, the reported prevalence rate of MMO
among glaucoma patients in our study might not be reflective of

Eye (2023) 37:3322-3333
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the actual rate in clinical practice. For instance, MMO is
underdiagnosed and is minimally looked for in diagnostic
workup. In addition, the majority of included studies were cohort
and/or case series, with minimal studies being of cross-sectional
design, which is the most appropriate design for estimating the
prevalence of this finding. Second, the reported confidence
interval in a number of our analyses was wide, indicating
imprecision in the reported findings, and this can be explained
by the small number of included studies. Third, we encountered
considerable heterogeneity in some analyses, which could not be
assessed due to the minimal number of studies. Fourth, the
quality of the majority of included studies was fair, and
subsequently, the certainty in reported findings was deemed as
very low. Finally, we could not meta-analyse the difference
between MMO and non-MME glaucoma patients in terms of
certain variables due to the unavailability of relevant data (i.e.,
CCT, VA, AGM, RNFL thickness, and type of glaucoma). Therefore,
we encourage the conduct of properly-designed studies for the
assessment of MMO prevalence (cross-sectional studies) and for
the assessment of differences between MMO and non-MME
glaucoma patients (case-control studies) while putting the
previously mentioned variables into account.

CONCLUSION

Microcystic macular oedema surpasses the rare event assumption
and is a frequent observation in patients with glaucoma. It is also
observed in younger patient populations and is associated with
disease progression. Those with the early and moderate disease
had a reduced risk of MMO, while those with advanced stages had
both statistically and clinically significant increased risk of
presenting with MMO. However, the certainty of these findings
remains very low. Properly-designed research is still warranted to
confirm these findings.
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