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ABSTRACT.

Purpose: To assess the incidence of normal vision following anatomically

successful macular hole surgery and associated clinical variables.

Methods: Multicentre, retrospective chart review. Preoperative, intraoperative

and postoperative clinical data were extracted from electronic medical records

from seven European vitreoretinal units. Inclusion criteria were as follows: eyes

undergoing primary vitrectomy for idiopathic full-thickness macular hole from

January 2015 to January 2018; postoperative macular hole closure confirmed by

spectral domain optical coherence tomography (OCT); preoperative pseu-

dophakia or phakic eyes receiving combined cataract surgery; one-year follow-

up. The primary outcome was ‘normal vision’ defined as a final best-corrected

visual acuity (BCVA) ≥ 20/25. Univariate, multivariate and decision-tree

analyses were conducted to evaluate the clinical variables associated with

‘normal vision’. Odds ratios (OR) and confidence intervals (CIs) were calculated.

Results: Of 327 eligible cases, 91 (27.8%) achieved ‘normal vision’ at 1 year.

Multivariate analysis identified variables significantly associated with ‘normal vision’:

shorter symptom duration (odds ratio [OR]=1.05; 95% confidence interval [CI]:1.02-

1.09; p = 0.002), smaller preoperative OCT minimum linear diameter (OR per 100-

micron increase = 1.65; 95%CI:1.31-2.08; p < 0.001) and better mean preoperative

BCVA (OR = 15.13; 95%CI: 3.59-63.65; p < 0.001). The decision-tree analysis

found that the most significant variable associated with ‘normal vision’ was symptom

duration. ‘Normalvision’wasachieved in70.6%ofeyesoperatedwithinoneweekfrom

symptom onset and in 45% of eyes with symptom duration between 1 and 3 weeks.

Conclusions: These findings suggested urgent surgery is justified for small

macular holes of short duration.
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Introduction

The purpose of idiopathic full-thick-
ness macular hole (IFTMH) surgery is
to close the macular hole and thereby
improve vision (Scott et al. 2003; Meng
et al. 2011).

In recent years, refinements in sur-
gical techniques have been associated
with excellent results in terms of hole
closure. Across many studies, there are
consistently high primary closure rates,
greater than 90% in many (Kusuhara
et al. 2008; Muselier et al. 2010; Essex
et al. 2016), and improving to more
than 95% for small to medium holes
(Zhao et al. 2018).

Despite this, the degree of functional
success is much more variable, even in
those with anatomically successful sur-
gery (Gupta et al. 2009; Jackson et al.
2013; Essex et al. 2018).

In particular, after vitrectomy some
eyes obtain excellent functional results
with a complete restoration of the
visual function.

Several studies have reported pre-
dictive factors of the functional result
following successful surgery (Gupta
et al. 2009; Kusuhara & Negi 2014;
Essex et al. 2018), but no study, so far,
has focused specifically on clinical
variables related directly to the best
visual outcome.
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Given that many cases will achieve
anatomic success, it becomes all the
more important to understand what
drives functional outcomes. Identifying
the factors that predict an excellent
functional outcome in eyes with ana-
tomic closure may help isolate the
visual benefits of surgery from the
anatomic benefits. This in turn may
allow clinicians to modify the key
outcome predictors and thus influence
functional outcomes.

Accordingly, the purpose of this
study was to identify factors that pre-
dict the likelihood of achieving normal
vision in eyes with successful macular
hole closure following pars plana vit-
rectomy.

Materials and Methods

Study design and setting

This was a multicentre, retrospective
study of consecutive eyes undergoing
primary successful pars plana vitrec-
tomy for IFTMH between January
2015 and January 2018 at seven clinical
sites in Europe: the Eye Clinic of the
University of Catania, Italy; the Eye
Unit Humanitas-Gavazzeni Hospital,
Bergamo, Italy; the Eye Clinic of the
University of Perugia; Department of
Ophthalmology of University of
Padova, Italy; the Ophthalmology
Department of the King’s College
Hospital, London; the Ophthalmology
Department of the Hospital of Lud-
wigshafen, Ludwigshafen am Rhein,
Germany; and the Department of Gen-
eral Ophthalmology in Lublin, Poland.

Institutional review board approval
was obtained at each participating site,
unless it was determined locally that
the collection of anonymized data
formed part of a service evaluation or
audit (http://www.hra-decisiontools.
org.uk/research/question1.html [ac-
cessed on 02/04/2020]). The study pro-
tocol and data collection adhered to
the tenets of the Declaration of Hel-
sinki.

Eligibility

Inclusion criteria were as follows:
anatomic closure of an idiopathic
FTMH as evaluated by spectral
domain optical coherence tomography
(OCT), following primary pars plana
vitrectomy; pseudophakic eye at the
time of surgery, or phakic eye that

underwent uneventful cataract surgery
combined with vitrectomy; preopera-
tive and postoperative OCT imaging;
follow-up to 12 months (� 2 months;
defined as ‘1-year’ follow-up). The
following exclusion criteria were
applied: high myopia (>6 dioptres);
traumatic macular hole; amblyopia;
glaucoma; other eye pre- or postoper-
ative disease that could have had an
influence on visual outcome; previous
eye surgery apart from uneventful
cataract surgery; poor quality of OCT
imaging.

Intervention

A standard 23, 25 or 27-gauge pars
plana vitrectomy was undertaken by a
vitreoretinal fellow or consultant oph-
thalmic surgeon. Phacoemulsification
with intracapsular lens implant was
performed in phakic patients follow-
ing trocar insertion. A posterior vit-
reous detachment was induced if not
already present, with or without use
of intravitreal triamcinolone. The
internal limiting membrane was
removed with the assistance of indo-
cyanine green or brilliant blue dye
(Fallico et al. 2018). Some surgeons
used an inverted flap technique
(Michalewska et al. 2010). Air, sul-
phur hexafluoride (SF6), perfluoro-
propane (C3F8) or, in rare cases,
silicone oil was used as an intravitreal
tamponade. Postoperatively, patients
were advised to posture face down by
day from 3 to 7 days.

All patients underwent a complete
eye examination, including BCVA
measurement using Early Treatment
Diabetic Retinopathy Study (ETDRS)
charts, intraocular pressure (IOP) mea-
surement, slit lamp examination and
dilated fundoscopy preoperatively and
then at variable postoperative visits out
to 12 months.

Primary outcome

According to the International Council
of Ophthalmologist, a best-corrected
visual acuity (BCVA) ≤ 0.1 logarithm
of the minimum angle of resolution
(logMAR) is considered ‘normal
vision’ (Snellen equivalent, 20/25)
(Colenbrander 2002; Baker et al.
2019). The primary outcome of the
study was the incidence of eyes with
‘normal vision’ at 12 months from
primary vitrectomy.

Data collection

In each centre, two experienced oph-
thalmologists reviewed the charts of
each patient independently. Chart re-
viewers were masked to the study
objective. Preoperative, intraoperative
and postoperative data were collected.

Preoperative data included the fol-
lowing: demographics; BCVA; lens
status; time between onset of symp-
toms and surgery; OCT macular hole
parameters such as minimum linear
diameter and basal hole diameter. The
OCT minimum linear diameter and
basal hole diameter were manually
measured by using the caliper function
and a scan across the widest point of
the FTMH: the base diameter was
defined as the hole diameter at retinal
pigment epithelium level; and the min-
imum linear diameter (MLD) was
defined as the narrowest hole diameter
at the level of the mid-retina (Kusuhara
et al. 2004; Wakely et al 2012; Ch’ng
et al. 2018).

Intraoperative data included the fol-
lowing: types of surgery (vitrectomy or
combined phacovitrectomy); trocar
size; triamcinolone use; ILM peeling;
type of dye; inverted flap technique;
tamponade.

Postoperative data included the fol-
lowing: postoperative positioning; con-
firmed FTMH closure using spectral
domain OCT; BCVA at follow-up.

Statistical analysis

BCVA measurements were converted
to logMAR (Beck et al. 2003). The
proportion of patients with a final
BCVA ≤ 0.1 (normal vision, the pri-
mary outcome) was determined.

Factors that may potentially influ-
ence the primary outcome were indi-
vidually compared between cases and
controls in univariate analyses, using
chi-square or Fisher’s exact tests for
categorical variables; for quantitative
variables, since distributions were not
normal (Shapiro–Wilk test), the
Mann–Whitney test was used. Odds
ratio (OR) with 95% confidence inter-
val (CI) was also calculated; for con-
tinuous variables, Exp(B) from binary
logistic regression was used. Logistic
regression analysis was performed to
test for independence between each risk
factor and ‘normal vision’. Risk factors
that were significant at the p < 0.2 level
in the univariate analysis were included
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in the logistic regression. We further
investigated the predictive capability of
the variables using a regression based
on conditional inference decision trees.
Risk models were developed with the
use of decision-tree induction from
class-labelled training records (that is,
the training set was composed of
records in which 1 attribute was the
class label [or dependent variable], and
the remaining attributes were the pre-
dictor variables; the individual records
were the tuples for which the class label
is known), as previously described
(Reibaldi et al. 2015; Reibaldi et al.
2019).

A p value < 0.05 was considered
significant. Means are presented � s-
tandard deviation unless noted other-
wise.

Results

A total of 914 eyes underwent primary
vitrectomy for idiopathic FTMH. Of
these, 515 eyes were pseudophakic or
phakic that underwent uneventful com-
bined phacovitrectomy. Of these 515
eyes, 188 were excluded: 29 eyes did not
obtain macular hole closure after pri-
mary surgery; 93 eyes did not reach the
1-year follow-up; 66 eyes were ruled
out because of other exclusion criteria.
A total of 327 eyes met the eligibility
criteria and were included. Mean age
was 69 � 9 years; 126 patients were
male, and 141 were phakic and under-
went combined phacovitrectomy.

The incidence of ‘normal vision’ at
1-year follow-up was 27.8% (91/327).
The results of the univariate analysis
are reported in Table 1. Variables that
were significantly associated with a
‘normal vision’ outcome were as fol-
lows: better preoperative BCVA;
shorter duration of symptoms, small
minimal and basal OCT diameter. The
mean preoperative BCVA was better in
the ‘normal vision’ group compared
with the group without ‘normal vision’:
0.58 � 0.22 logMar versus 0.77 � 0.28
logMar, respectively (p < 0.001).

In the ‘normal vision’ cohort, the
mean duration of symptoms was
7 � 9 days, whereas it was
19 � 20 days in the cohort without
‘normal vision’ outcome: OR, 0.92
(95% CI: 0.90-0.95), p < 0.001. Mean
OCT minimum linear diameter was
303 � 139 µm and 462 � 186 µm in
the ‘normal vision’ cohort and in the
cohort without ‘normal vision’

outcome, respectively (OR per 100-
micron increase 0.55; 95% CI: 0.46-
0.66), p < 0.001. Likewise, mean OCT
basal diameter was smaller in the
‘normal vision’ cohort compared with
the group without ‘normal vision’:
683 � 255 µm versus 889 � 348 µm
(OR per 100-micron increase = 0.80;
95% CI: 0.73-0.87; p < 0.001).

Multivariate logistic regression was
conducted on variables that were sig-
nificant at univariate analysis and
showed the following factors were sig-
nificantly associated with a ‘normal
vision’ outcome: shorter duration of
symptoms (OR = 1.05; 95% CI: 1.02-
1.09; p = 0.002), smaller preoperative
OCT minimum linear diameter (OR
per 100-micron increase = 1.65; 95%
CI: 1.31-2.08; p < 0.001) and better
mean preoperative BCVA
(OR = 15.13; 95% CI: 3.59-63.65;
p < 0.001) (Table 2).

The decision-tree analysis for pre-
diction of ‘normal vision’ is shown in
Fig. 1. The most significant variable
associated with ‘normal vision’ out-
come was the duration of symptoms,
expressed in week time (p < 0.001).

The subgroup with a less than one-
week duration of symptoms had the
largest proportion of patients with
‘normal vision’ (70.6% vs 29.4% with-
out ‘normal vision’). The secondary
related variable was a preoperative
BCVA ≤ 0.88 logMAR in eyes with
duration of symptoms between 3 and
24 weeks (p = 0.014).

Discussion

More than one in four patients in this
study obtained a final BCVA of 20/25
Snellen or better. The three main clin-
ical variables associated with this good
functional result were a shorter dura-
tion of symptoms, smaller hole size and
better preoperative BCVA.

Lately, the high rate of anatomical
success following macular hole surgery
has meant vitreoretinal surgeons’
attention has turned to factors that
might improve visual gains, beyond
simply closing the macular hole. In this
context, most studies have focused on a
postoperative visual outcome of 20/40
(Jaycock et al. 2005; Gupta et al. 2009;
Wakely et a. 2012; Essex et al. 2018),

Table 1. Univariate analysis of variables in eyes with and without normal vision at 1 year

following primary vitrectomy for IFTMH.

Variables

Eyes with

normal

vision

n = 91

Eyes without

normal vision

n = 236 p Value OR (95% CI)

Mean � SD age (years) 68 � 8 69 � 9 0.224 0.98 (0.96–1.01)
Male sex, n (%) 39 (42.9) 87 (36.9) 0.375 0.78 (0.48–1.28)
Mean � SD preoperative

BCVA (logMAR)

0.58 � 0.22 0.77 � 0.28 <0.001* 0.04 (0.01–0.14)

Preoperative pseudophakic, n (%) 52 (57.1) 156 (66.1) 0.158 1.46 (0.89–2.40)
Duration of symptoms (weeks) 7 � 9 19 � 20 <0.001* 0.92 (0.90–0.95)
Minimal MH diameter

(per 100-micron increase)

303 � 139 462 � 186 <0.001* 0.55 (0.46–0.66)

Basal MH diameter

(per 100-micron increase)

683 � 255 889 � 348 <0.001* 0.80 (0.73–0.87)

23 gauge vitrectomy, n (%) 44 (48.4) 133 (56.4) 0.216 1.38 (0.85–2.24)
25 gauge vitrectomy, n (%) 27 (29.7) 72 (30.5) 0.894 1.04 (0.61–1.77)
27 gauge vitrectomy, n (%) 20 (22.0) 31 (13.1) 0.061 0.54 (0.29–1.00)
Intraoperative triamcinolone, n (%) 26 (28.6) 84 (35.6) 0.243 1.38 (0.82–2.34)
ILM peeling, n (%) 91 (100) 235 (99.6) 1.000 0 (–)
Inverted flap, n (%) 12 (13.2) 41 (17.4) 0.406 1.38 (0.69–2.77)
ILM brilliant blue dye, n (%) 90 (98.9) 231 (97.9) 0.682 0.51 (0.06–4.46)
ILM indocyanine dye, n (%) 1 (1.1) 5 (2.1) 0.682 1.95 (0.22–16.91)
Air tamponade, n (%) 30 (33.0) 42 (17.8) 0.004 0.44 (0.25–0.76)
SF6 tamponade, n (%) 69 (75.8) 198 (83.9) 0.110 1.66 (0.92–3.00)
C3F8 tamponade, n (%) 21 (23.1) 45 (19.1) 0.444 0.79 (0.44–1.41)
Silicone oil tamponade, n (%) 0 (0.0) 8 (3.4) 0.112 – (–)

BCVA = best-corrected visual acuity, CI = confidence interval, IFTMH = idiopathic full-thick-

ness macular hole, ILM = internal limiting membrane, IOL = intraocular lens, MH = macular

hole, OR = odds ratio, SD = standard deviation.

* Statistically significant.
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whilst no study has, to our knowledge,
investigated the incidence and clinical
variables associated with a ‘normal’
BCVA of at least 20/25 Snellen.

Functional recovery following mac-
ular hole surgery can be slow (Jaycock
et al. 2005). Visual function tends to

stabilize at about 2 years (Karacorlu
et al. 2019), but improvement can
occur up to 5 years postoperatively
(Purtskhvanidze et al. 2013). There-
fore, when it comes to evaluating visual
outcome, the length of the follow-up is
important. In clinical practice, patients

with a successful anatomical and visual
outcome are unlikely to be followed up
long-term. To overcome this issue, in
our study, we only included patients
that were followed up at least for one
year, which was usual practice in most
of the participating centres.

Preoperative macular hole size is a
well-known predictor of functional
outcome, but it is important to sepa-
rate this association from macular hole
closure (Ezra & Gregor 2004). Our
study only included eyes with macular
hole closure, which isolates any func-
tional changes from macular hole clo-
sure. Increased minimum linear
diameter and basal diameter have both
been reported to be inversely correlated
with postoperative visual acuity gain

Table 2. Independently significant risk factors for normal vision outcome in the multivariate

logistic regression.

Variables OR OR (95% CI) p Value

Duration of symptoms 1.05 1.02–1.09 0.002

Minimal MH diameter (per 100-micron increase) 1.65 1.31–2.08 <0.001
Preoperative BCVA 15.13 3.59–63.65 <0.001

BCVA = best-corrected visual acuity, CI = confidence interval, MH = macular hole, OR = odds

ratio.

Fig. 1. Decision-tree analysis of the variables associated with ‘normal vision’ following primary vitrectomy for idiopathic full-thickness macular hole.

e327

Acta Ophthalmologica 2021



(Haritoglou et al. 2007; Gupta at al.
2009; Wakely et al. 2012). Our univari-
ate and multivariate analyses confirm a
similar association for ‘normal vision’.

Likewise, our univariate and multi-
variate analyses showed that a better
preoperative visual acuity is associated
with a greater likelihood of achieving
‘normal vision’. This finding corrobo-
rates previous studies, albeit using a
more stringent outcome measure (Scott
et al. 2000; Jaycock et al. 2005; Gupta
et al. 2009; Kusuhara & Negi, 2014;
Essex et al. 2018).

However, looking at the result from
the decision-tree analysis, the most
prominent association with a ‘normal
vision’ outcome was a shorter duration
of symptoms. The decision-tree analysis
has been effectively applied to clinical
settings thanks to its usefulness in
managing nonlinear relationships, find-
ing multilevel interactions between pre-
dictors, generating rules and simplifying
interpretation and visualization. This
allows the primary related factor to be
identified from all the others (Reibaldi
et al. 2016). The decision-tree analyses
revealed that the primary related factor
associated with a ‘normal vision’ out-
come was a shorter time between symp-
toms onset and surgery. In particular,
patients receiving surgery within one
week and three weeks from the onset of
symptoms achieved a final visual acu-
ity ≥ 20/25 Snellen in 70% and in 45%
of cases, respectively. This percentage
plunged to 5% when the duration of
symptoms was longer than 6 months. In
those patients with a duration of symp-
toms between 3 weeks and 6 months,
21% achieved ‘normal vision’.

Not surprisingly, univariate and mul-
tivariate analyses also yielded a signifi-
cant association between a shorter
duration of symptoms and a ‘normal
vision’ outcome. Previous authors high-
lighted the prognostic role of the dura-
tion of symptom, with better
postoperative visual outcome in those
with shorter duration of symptoms.
Park et al (1999) found that symptoms
for fewer than 6 months were associ-
ated with a greater percentage of
patients with a postoperative BCVA of
at least 20/50. Several studies reported
poor outcome if the duration of symp-
toms exceeded 12 months (Scott et al.
2000; Stec et al. 2004; Jaycock et al.
2005). A meta-analysis evaluated prog-
nostic factors for visual outcome fol-
lowing macular hole surgery and

showed that the duration of symptoms
had no influence on smaller macular
hole, whilst it was a significant prog-
nostic factor for stage 3 and 4 macular
holes (Kang et al. 2000). More recently,
Essex et al. (2018) reported a postoper-
ative visual acuity of at least 20/40 in
49.2% of 2,329 eyes following primary
macular hole surgery. Duration of
symptoms longer than 36 months was
associated with a worse postoperative
visual result.

The functional outcome is thought to
depend on the anatomic condition of
the outer retinal layers (Baba et al. 2000;
Inoue et al. 2009). A shorter duration of
the macular hole has been associated
with an early and complete restoration
of the integrity of the macular
microstructure and, in particular, the
external limiting membrane (Ka�zmier-
czak et al., 2018). This, in turn, should
promote a better functional result, con-
sistent with our results.

Our results support prompt surgery
in cases with a shorter duration of
symptoms. The chance of achieving
‘normal vision’ falls from 71%, to
45%, to 21% in those with a macular
hole duration of ≤1 week, >1 and
≤3 weeks, >3 and ≤24 weeks, respec-
tively. Beyond 24 weeks’ duration, the
chance of achieving ‘normal vision’ is
so low (<5%) that urgent surgery is
unlikely to achieve this endpoint. These
do not support the observation of
macular holes, in the hope that they
may close spontaneously, particularly
when the rate of spontaneous closure
ranges from only about 4% to 11.5%
(Liang & Liu 2019).

A possible explanation of the asso-
ciation between shorter duration of
symptoms and better vision outcome
may be at least partly explained by a
study by Berton et al. (2019). The
authors investigated the enlargement
of idiopathic macular hole prior to
surgery. The progression of small
FTMH (<250 µm) was significantly
greater compared to larger holes, jus-
tifying an early surgical approach for
these eyes (Berton et al. 2019).

A key limitation of this study is its
unrandomized, retrospective design,
which allows us to detect associations,
but we cannot assert that they are
causal. A possible inclusion bias might
have had an influence on our findings.
The inclusion of cases treated in differ-
ent countries, by different surgeons,
using variable techniques may

introduce confounding variables, but
conversely it enhances the generaliz-
ability of our results. Additionally, the
duration of symptoms could be mate-
rially influenced by patient reliability
and recall bias. Nonetheless, the uncer-
tainty of clinical history matches that
occurring in clinical practice, so this
retains clinical utility. Indeed, despite
the inherent uncertainty surrounding
macular hole onset, the duration of
symptoms remains of the clearest pre-
dictors of outcome. Unfortunately, this
association was most marked in those
with a very short duration of symp-
toms, and many patients may not
present within this timeframe. The
one-year follow-up is reasonable com-
pared with most other reports, but it
could underestimate the maximum
visual outcome in some cases. Visual
acuity is the most accepted functional
outcome measure, but it may fail to
fully capture symptoms such as meta-
morphopsia. Strengths of this study
include detailed data collection and the
selection of cases with macular hole
closure, to enable us to focus on the
variables that influence a favourable
vision outcome, independent of surgi-
cal success. The use of a very stringent
definition of success may mean we are
better able to detect subtle predictors
of functional gain.

In conclusion, this study suggests
that small macular holes, better pre-
senting BCVA and a short duration of
symptoms are all associated with a
significantly greater chance of achiev-
ing ‘normal vision’ independent of their
known association with macular hole
closure. Whilst our study design can
only establish associations, rather than
causation, it nonetheless argues for
prompt referral of patients with a small
macular hole and acute symptoms, as
expedited surgery has the greatest
chance of achieving a BCVA of 20/25
or better.
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