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Abstract
Purpose To evaluate the correlations between anatomical and functional changes in idiopathic macular hole (IMH) surgery in
long-term follow-up.
Methods This is a prospective, interventional single centre case series. The final sample is formed by 14 eyes of 14 patients who
had undergone IMH surgery in our institution between 2005 and 2009 and were still followed up in 2019. Reported data were
pre- and post-operative best-corrected visual acuity (BCVA), retinal sensitivity and fixation stability values on MP-1 and
structural macular features on spectral domain optical coherence tomography. Optical coherence tomography angiography
(OCTA) was utilized to assess microvascular characteristics at the final visit. Only patients with a successful MH closure were
enrolled, excluding eyes affected by other relevant pathologies.
Results Mean BCVA improvement was significant after surgery (t test, p value < 0.001) and presented a slight, not
statistically significant raise, between the post-operative and long-term follow-up. Differently, mean retinal sensibility
(dB) showed a highly statistically significant difference between pre-operative and post-operative (t test, p value = .002)
and post-operative and last follow-up (p value < 0.001). In the long-term follow-up, subjects having integrity of the inner
segment/outer segment (IS/OS) layer showed no statistically significant difference in BCVA compared with subjects with
IS/OS discontinuity (t test, p value = 0.72). OCTA parameters of the operated eye showed no statistical significance
compared with the fellow eye.
Conclusions In successfully closed MHs, retinal sensibility measured by microperimetry significatively increases after a long
follow-up period even when BCVA remains stable or raises slightly. Vessel density organization tends to be quantitatively similar
to fellow eye several years after surgery.
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Background

Idiopathic macular hole (IMH) is a relevant vitreomacular
interface disorder causing metamorphopsia and poor central
vision [1]. IV-stage MH, according to Gass [2], appears as a
full-thickness round defect with diameter > 400 μm with a
complete posterior vitreous detachment [3]. International
Vitreomacular Traction Study (IVTS) Classification divides

MHs by dimensions in three types: small ≤ 250 μm, medium
between 250 and 400 μm and large ≥ 400 μm [4]. MH is a
vitreomacular interface (VMI) disorder involving posterior
vitreous cortex, inner limiting membrane (ILM) and the inter-
posing extracellular matrix [5]. Anatomical variants such as
high myopia/hypermetropia, trauma and previous retinal sur-
gery have been described as proven causes of the increased
risk for VMI disorders [6], although IMH are the most fre-
quent [7]. The aim of the surgery is to release traction forces
on the retina consenting anatomic restoration and BCVA im-
provement [8]. Via pars plana vitrectomy (VPP) has been
introduced as a therapy to treat full-thicknessMH that normal-
ly, if untreated, has arduous visual recovery since spontaneous
closure [9]. The ILM retinal peeling was introduced by
Eckardt in 1997 [10]. The use of this technique has improved
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MH healing rate and visual outcomes compared with the sur-
gery with only vitrectomy and gas tamponade [11].

Microperimetry is a rapid, safe and non-invasive psycho-
physical method that allows to determine retinal sensitivity
[12]; it permits to detect an exact correlation between macular
diseases and corresponding functional alterations [13].
Microperimetry has been defined as more sensitive than visual
acuity, contrast sensitivity and colour vision in determining
macular function after MH surgery [14, 15].

OCT angiography (OCTA) is a new imaging technique
that uses motion contrast to visualize the retinal microcir-
culation quickly and non-invasively [16]. OCTA advent
could permit a better comprehension of MH pathogenesis
and healing process [17].

The purpose of this study is to evaluate retinal anatomical
and functional changes in patients who underwent successful
surgery for MH with a follow-up of at least 9 years.

Patients and methods

This prospective, interventional single centre case series was
conducted at the Eye Clinic, Polytechnic University of
Marche, Ancona, Italy. Nineteen eyes from 19 patients with
large IV-stage FTMH (full-thickness macular hole) [2, 4] were
initially included. Study consent was obtained from all the par-
ticipants. The procedures of this study were in accordance with
the Declaration of Helsinki. Written consent was obtained from
all individual participants included in this paper, and it was
approved by the local Institutional Review Board (IRB). All
the patients underwent via pars plana 25-G vitrectomy with
ILM peeling and gas tamponade. No vital dye was utilized
for staining the ILM and octafluoropropane (C3F8) was
employed as gas tamponade. The cataract phacoemulsification
was carried out in all enrolled patients. Data were collected
from 2005 to 2019 and all the patients had a minimum
follow-up period of 9 years. Exclusion criteria were the follow-
ing: (1) the presence of a refractive error of more than 5 diopters
in the affected eye; (2) history of amblyopia, age-related mac-
ular degeneration, diabetic retinopathy or retinal vascular occlu-
sion; (3) history of intraocular surgery other than uncomplicated
cataract surgery. During the long follow-up period, the original
patient cohort dimension has decreased: one eye suffered from
retinal detachment few years after macular surgery and four
patients were lost to follow-up over the years. Ultimately, four-
teen eyes (78.9%) were enrolled and all of those presented a
successful surgery (closure of the hole).

All the patients underwent a complete slit lamp ophthalmic
evaluation, LogMAR BCVA assessment and Goldmann
applanation tonometry. Pre-operative (1 week before surgery),
post-operative (6 months after surgery) and long-term (9–
14 years, mean 12 years) clinical evaluations were performed
to every patient.

All the OCT images were collected using the Heidelberg
Spectralis system (Heidelberg Engineering, Heidelberg,
Germany) and analysed with Heidelberg Eye Explorer soft-
ware. A certified examiner (AR) performed all the OCTscans.
A radial 20 degree, 6 line scans were averaged to measure the
basal diameter of the hole. Continuity of inner segment/outer
segment (IS/OS) layers was evaluated using grayscale OCT
images acquired in all the 6 scansions. IS/OS layers were
defined continuous or disrupted.

The MP-1 microperimeter (Nidek Technologies, Tokyo,
Japan) was used. Pupils were dilated using 1% tropicamide
and a reference frame was obtained using the integrated
infrared camera. Patients underwent a brief period of train-
ing and had 5-min adaptation before starting the examina-
tion. They were asked to fix the red cross of 2 degrees at
the centre of the visual field. Eye movements were tracked
during the acquisition. A double-staircase 4-2 strategy was
used during the test with a white background illumination
of 4 apostilbs (asb) and a light stimulus set at 10 dB with a
200-ms stimulus duration. Then, a grid of 45 stimuli with a
Goldmann III stimulus size was projected at the centre of
the 8 degrees of the visual field with 1 s distance between
stimuli. Parameters collected included retinal mean sensi-
tivity and retinal medium defect. Fixation stability was
calculated as the percentage of fixation points within the
2- and 4-degree diameter circle. We considered and calcu-
lated scotomatous defects as relative or absolute. Relative
scotoma was considered a specific retinal location where
sensitivity values fell below the normal population 95%
confidence interval. While, if the brightest possible stimu-
lus was not responded to, the locus was designated as ab-
solute scotoma [18]. An accurate calibration was conduct-
ed before the examinations and all the tests were performed
by the same experienced ophthalmologist (AF).

AngioVue system (Optovue RTVue XR Avanti; Optovue,
Inc., Fremont, CA, USA) was used to acquire OCTA images
at the last follow-up. Scans collected in the macula were 4.5 ×
4.5 mm. Parameters collected, analysed automatically by the
AngioVue OCTA software, included the following: whole
image vessel density (VD), foveal VD and volumetric poste-
rior pole analysis (foveal, parafoveal and perifoveal volume).
All the eyes with FTMH were compared with the fellow eye,
none of which developed any retinal pathology. We excluded
from the analysis low-quality images due to blinking artefacts
or eye motion.

Statistical Package for Social Sciences (version 17.0, SPSS
Inc.) was used for statistical analysis. Normal distribution of
data was checked before performing mean and standard devi-
ation tests. Two-tailed t test was used for continuous variables.
Non-parametric Wilcoxon test was used for not normally dis-
tributed data (BCVA, IS/OS layer interruption); p values <
0.05 were considered significant. Data obtained are summa-
rized in Tables 1 and 2.
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Results

A total of 14 patients were included in the analysis. Mean
patients age was 51 ± 8.49 years (median age 70); 6 (43%)
were males and 8 (57%) were females.Mean follow-up period
was 12.27 ± 2.65 years (95% CI 9.49 to 13.5). MH mean
diameter was 424.64 ± 71.07 μm (95% CI 71.07 to 424.64)
and 6 (43%) FTMH out of 14 presented a continuity of IS/OS
layer (Fig. 1).

Mean BCVA (LogMAR) was 0.72 (range 0.55–0.89; me-
dian 0.5) (20/100 Snellen equivalent) pre-operatively, 0.20
(range 0.03–0.37; median 0.1) (20/32, 3 lines of improvement
using ETDRS letter scores) post-operatively and 0.18 (range
0.06–0.30; median 0.2) (20/30, 3–4 lines of improvement
using ETDRS letter scores) at the last follow-up. Differences
in BCVA between pre-operative and post-operative and pre-
operative and last follow-up visit were statistically significant
(t test, p value < 0.001).

Mean retinal sensitivity (dB) was 10.60 ± 1.64 (95% CI
9.50 to 11.70) pre-operatively, 14.06 ± 2.85 (95% CI 12.15
to 15.98) post-operatively and 18.00 ± 1.92 (95% CI 16.71
to 19.29) at the last follow-up with a highly statistically sig-
nificant difference between pre-operative and post-operative (t
test, p value = 0.002), pre-operative and last follow-up (t test,

p value < 0.001), post-operative and last follow-up data (t test,
p value < 0.001) (Fig. 2).

Pre-operative absolute scotomas were 5.00 ± 4.71 (95%
CI 1.83 to 8.17); in the early post-operative period de-
creased to 2.18 ± 2.60 (95% CI 0.43 to 3.95) and at last
follow-up were 0.55 ± 0.93 (95% CI -0.08 to 1.17). Pre-
operative relative scotomas were 9.82 ± 5.60 (95% CI
6.06 to 13.58), in the early post-operative period de-
creased to 6.91 ± 5.72 (95% CI 3.07 to 10.75) and at last
follow-up were 2.91 ± 2.84 (95% CI 1.00 to 4.82). A sta-
tistically significant difference in the number of absolute
scotomas was found between pre- and post-operative (t
test, p value = 0.03), post-operative and last follow-up (t
test, p value = 0.015) and pre-operative and last follow-up
microperimetry (t test, p value = 0.004). A statistically
significant difference in the number of relative scotomas
was found between pre- and post-operative (t test, p val-
ue = 0.045), post-operative and last follow-up (t test, p
value = 0.006) and pre-operative and last follow-up
microperimetry (t test, p value = 0.001).

Fixation stability within 2 degree values (dB) was re-
spectively 92.73 ± 10.44 (95% CI 85.71 to 99.74) pre-op-
eratively, 97.64 ± 5.63 (95% CI 93.86 to 101.42) post-
operatively and 99.36 ± 1.03 (95% CI 98.67 to 100.05)
at the last follow-up. Fixation stability difference within
2 degrees (%) was statistically significant between pre-
operative and post-operative (t test, p value = 0.01) and
pre-operative and last follow-up data (t test, p value =
0.05); there was no statistical significance comparing
post-operative and last follow-up fixation stability data.

No statistically significant difference was found be-
tween mean defect (dB) and fixation stability within 4
degree (%) parameters during the follow-up period.
Mean values and standard deviation microperimetry data
are summarized in Table 1.

Non-parametric Wilcoxon test performed between sub-
jects with integrity and interruption of IS/OS layer after

Table 1 Microperimetry features

Pre-operative Post-operative Last follow-up Comparison between
pre-operative and
post-operative*

Comparison between
post-operative and
last follow-up*

Comparison between
pre-operative and
last follow-up*

BCVA (LogMAR) 0.72 (0.21) 0.20 (0.17) 0.18 (0.12) < 0.001 0.34 < 0.001

Mean sensibility (dB) 10.60 (1.64) 14.06 (2.85) 18.00 (1.92) 0.002 < 0.001 < 0.001

No. of absolute scotomas (pt) 5.00 (4.71) 2.18 (2.60) 0.55 (0.93) 0.029 0.015 0.004

No. of relative scotomas (pt) 9.82 (5.60) 6.91 (5.72) 2.91 (2.84) 0.045 0.006 0.001

Mean defect (dB) 1.17 (6.72) 1.82 (4.58) 0.98 (2.31) 0.84 0.62 0.92

Fixation stability 2 degrees (%) 92.73 (10.44) 97.64 (5.63) 99.36 (1.03) 0.01 0.29 0.05

Fixation stability 4 degrees (%) 99.36 (1.29) 99.64 (0.81) 100 (0) 0.6 0.17 0.13

*t test, p value

BCVA, best-corrected visual acuity; LogMAR, logarithm of the minimum angle of resolution; dB, decibel; pt, points

Table 2 OCTA features

Operated eye Fellow eye p value*

Whole VD 35.87 (7.55) 35.99 (7.45) 0.8

Fovea VD 18.68 (7.27) 19.01 (6.71) 0.53

Fovea volume 0.20 (0.04) 0.22 (0.05) 0.13

Parafovea volume 1.84 (0.13) 1.79 (0.08) 0.17

Perifovea volume 3.42 (0.25) 3.39 (0.26) 0.44

*t test, p value

VD, vessel density
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surgery showed no statistically significative differences in
BCVA 0.20 and 0.23 (20/32 and 20/33), respectively
(Wilcoxon test, p value = 0.72).

OCTA parameters of the operated eye showed no statistical
significance compared with the fellow eye (Fig. 3). Data are
shown in Table 2.

Discussion

Vitrectomy associated to ILM peeling, nowadays, is con-
sidered the conventional surgical technique treating MH
[9]. Many recent studies have shown that ILM peeling is
a procedure that can cause traumatic effects and progres-
sive modifications to underlying inner retinal layers shortly

after the surgery [19]. Iatrogenic retinal repercussions are
described as dissociated optic nerve fibre layer (DONFL),
swelling of the arcuate nerve fibre layer (SANFL) and a
reduction in papillo-foveal distance [20]. On the other
hand, it has been demonstrated that functional changes
appeared to be reversible and did not compromise final
visual recovery; in addition, it has been validated that this
technique increases primary anatomical closure [1, 20].
ILM removal is associated with a higher success rate in
large size MH rather than < 400 μm holes [20]. Recently,
new surgical procedures to treat large MH have been de-
veloped, like the inverted ILM flap technique [21] or am-
niotic membrane apposition over the hole [22], usually
spent for bigger dimension MHs (> 700 μm). Our study
considered large holes according to IVTS classification

Fig. 1 Spectral domain optical coherence tomography (SD-OCT) pre-
operative scan is on the top, showing a large IV-stage full-thickness mac-
ular hole (FTMH); successful FTMH surgery leads to the closure of the

hole (middle). OCT scan after 10 years of follow-up is shown on the
bottom with evident retinal pigmented epithelium (RPE) disruption
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with 424.64 ± 71.07 μm mean diameter, representing the
suitable candidates for vitrectomy associated to ILM peel-
ing technique.

OCT technology permits all retinal layers assessment and
several authors evaluated retinal changes in MH surgery
[23–27]. Qualitative studies of the outer retinal layers were
doubtless more instructive than studies reporting only retinal
thickness. Besides ILM peeling associated retinal traumatic
effects, more recent analysis focused on prognostic retinal
defects. Patients showing OCT restoration of the photorecep-
tor IS/OS junction after MH surgery presented a good post-
operative BCVA, while the functional outcome was poorer in
those cases without IS/OS line [24]. We previously showed
that pre-operative RPE layer integrity may be indicative of
good photoreceptor restoration and visual recovery in patients
with surgically closed MHs [25]. In recent times, different
authors found out more: an intact external limiting membrane
(ELM) seemed necessary for IS/OS line restoration [26]; post-
operative VAwas better when both IS/OS and ELM lines were
restored rather than only IS/OS layer [27]. We have confirmed
in our study IS/OS and ELM lines tight interconnection in the
recovery progress. In long-term post-operative time, all eyes
with IS/OS junction defect (6 eyes, 43%) had an ELM defect
too.We noted slightly better visual acuity in eyeswith restored
IS/OS junction line, compared with eyes with IS/OS junction
defect, which was 0.20 and 0.23, respectively, but these find-
ings were not statistically significant.

OCTA features permitted a new approach in retinal micro-
vasculature understanding. Recently has been shown [28] that
the deep capillary plexus had a wheel-like pattern with denser
vascular network in early-stage MHs, compared with poorer
microvasculature of larger late-stage ones. Demirel et al. [28]
evaluated OCTA characteristics after surgical MH repair com-
pared with fellow eye and healthy controls. Surgical eyes re-
vealed lower flow indexes, higher FAZ areas and lower vascular
densities than those of the healthy eyes and the eyes of the
control group. Unfortunately, our patients underwent surgery
prior to this technology advent and our OCTA results could
necessarily focus on the last follow-up testing. We compared
treated eye vessel density and volume parameters with the fel-
low eye ones. Outcomes presented a modest quantitative reduc-
tion in VD of operated eyes statistically not significant suggest-
ing a retinal microvasculature organization similar to the unaf-
fected eye long time after successful MH closure. It is possible
that in long-term retinal recovery, vessel density architecture
could reorganize itself. This could conceivably explain why
our results did not match with recent literature considering, in
one hand, the lack of long-termOCTA studies afterMH surgery,
and, in the other, that the absence of pre-surgical comparison
represents a limitation in our data.

The anatomic success of IMH surgery is considered when
the MH is closed, even if it not commonly corresponds with
the functional goal [29]. The operation is considered a func-
tional success if there is a ≥ 2 Snellen line (equivalent ≥ 0.3
LogMAR units) improvement [30]. Many studies have shown
that after macular surgery, the BCVA improves [31].

Fig. 2 Comparison between pre-operative (top), 6-month post-operative
(middle) and 10-year follow-up (bottom) microperimetry. The progres-
sive reduction of the number of localized scotomas is shown. In the lower
part of the picture, a coloured attenuation scale (dB) is present
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In our study, all the MHs were closed after surgery without
relapsing cases after the long-term follow-up. BCVA im-
proved significantly post-surgery (p value < 0.001) but with-
out significant value between post-operative visit and long-
term follow-up (p value = 0.34).

Microperimetry provides an accurate and repeatable exam-
ination of the retinal sensitivity in selected retinal areas; more-
over, it tended to be more sensitive than VA in detecting mac-
ular dysfunction [15, 29]. For this reason, to assess the func-
tional success of the surgery, we used microperimetry measur-
ing retinal sensitivity and the fixation behaviour. We found
that post-operative retinal mean sensitivity improved signifi-
cantly (p value = 0.002), consistent with BCVA attitude. In
addition, the mean sensitivity between post-operative exam
and the long-term follow-up presented further significant gain

(p value < 0.001). To estimate retinal sensitivity, we also com-
pared patient scotomas before and after the treatment and at
the long-term follow-up. In accordance with mean sensitivity,
number of relative and absolute scotomas significantly de-
creased both post-operatively and comparing post-operative
test and the long-term follow-up (p value = 0.03 and p value =
0.015 for absolute scotomas, respectively; p value = 0.045
and p value = 0.006 for relative scotomas, respectively). The
fixation stability within 2 degrees presented quantitative im-
provement in post-operative data, displaying a significant gain
right after surgery (p value = 0.01) and positive correlation
comparing pre-operative and last follow-up (p value = 0.05).
The distribution of fixation points presented an augmented
accuracy in the long-term follow-up intensifying the point
concentration through the centre of fixation area. Our data

Fig. 3 Optical coherence
tomography angiography
(OCTA), vessel density (VD) and
SD-OCTcomparison between the
operated eye (left of the figure)
and fellow eye (right of the fig-
ure). No statistically significant
difference in analysed OCTA pa-
rameters was found. The IS/OS
layer is continuous in both the
eyes on OCT scan
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suggests an extended retinal readjustment after an anatomical
successful MH surgery, improving retinal sensitivity and fix-
ation stability over the years.

The limitations of the current study include a limited num-
ber of patients enrolled and the lack of OCTA pre-surgical
imaging. The long-term follow-up in this case represents an
adversity in the maintenance of patient cohort mostly for the
increasing amount of patients lost to follow-up over time. In
our case, 5 of 19 (26%) patients were excluded: four patients
were lost to follow-up and one eye suffered from retinal de-
tachment few years after macular surgery. Therefore, further
studies using bigger sample of patients and possibly a direct
comparison between pre-operative and long-term follow-up
OCTA would add information to advance our understanding
of retinal changes associated with MH surgical repair.

Using MP-1, Richter-Mueksch et al. [15] demonstrated
fewer improvement of fixation stability in patients who
underwent recent macular pucker surgery, suggesting that a
longer time is needed for better visual function recovery. In the
UK multicentre database study, 48.6% eyes showed BCVA
improvement at 12 weeks after MH surgery and 58.3% at 52
weeks [31], confirming retinal functional enhancement in
time. Our study corroborates this finding adding further infor-
mation thanks to microperimetry and relevant long-term fol-
low-up.Mean retinal sensitivity improvement in the long-term
follow-up (at least 9 years), conversely to no statistical in-
crease of BCVA compared with post-operative control, sug-
gests protracted retinal functional recovery and reorganization
after surgery without evident visual improvement.

Photoreceptor regeneration and readjustment com-
bined to interneuron synaptic plasticity are a gradual
and maybe constant phenomenon, expressed as a func-
tional recovery, gross and easy to be objectified initially,
subtle and refined after time.

Conclusions

In summary, we demonstrated that in successfully closed MHs,
retinal sensitivity measured by microperimetry significatively
increases after a long follow-up period even when BCVA re-
mains stable or raises slightly. Vessel density tends to be quan-
titatively similar to fellow eye several years after surgery.
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