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Abstract
Background To evaluate the spontaneous change in size over the time of idiopathic full-thickness macular holes (IFTMHs)
using optical coherence tomography (OCT).
Methods This retrospective observational study included 24 eyes of 24 consecutive patients waiting for IFTMH surgery. On
OCT horizontal B-scan passing through the center of the fovea, the minimum linear diameter (MLD), the basal diameter
(BD), and the presence of vitreomacular adhesion (VMA) were evaluated. The mean total and daily MLD and BD variations
were calculated as both absolute and percentage values.
Results The MLD and BD size increase was statistically significant (P < 0.0001). The MLD size increase was significantly
greater for small (<250 μm) versus both medium (≥250 to ≤400 μm) and large (>400 μm) IFTMHs in all analysis: the total
absolute (P= 0.0248), the daily absolute (P= 0.0186), the total percentage (P= 0.0020), and the daily percentage (P= 0.0008)
variations. For the BD, the significance between the same groups was achieved only in the daily percentage change (P=
0.0220). The presence of VMA did not influence the amount of MLD and BD increase. The rate of increase was dependent on
the size of hole at presentation (MLD: small: 1.67 microns per day; medium: 0.61 microns per day; large: 0.44 microns per day).
Conclusions Both MLD and BD increase over the time in IFTMHs. There is a significantly greater rate of increase in hole
size in smaller holes compared with larger. Therefore, prioritisation for small IFTMH may be justified.

Introduction

Idiopathic full-thickness macular hole (IFTMH) has an
incidence of between 7.4 and 7.9 per 100,000 individuals
per year. With a predominance for women between the sixth
and seventh decade of life, it commonly causes metamor-
phopsia and central vision loss [1, 2].

Previous studies have observed a progressive enlargement
of IFTMHs over time, whereas spontaneous resolution is a
rare event [3–9]. It is believed that the increase in size is due
to both the hydration of the hole edges and cysts formation,

and the secondary traction by the glial cell proliferation on the
internal limiting membrane (ILM) surface [10, 11].

Spectral domain optical coherence tomography (SD-
OCT) has been recognised as a valuable tool for assessing
the IFTMH [12–16]. Its use has become increasingly
important to predict both anatomical and functional out-
comes and to aid preoperative surgical planning.

The aim of this article is to analyse the change in size
over the time of IFTMHs using the SD-OCT imaging. In
particular, we studied the mean variation of both the mini-
mum linear diameter (MLD) and the basal diameter (BD) in
pursuit of an average value of progression useful in pre-
dicting hole size at a specific time point. Prior studies have
assessed the change in IFTMH size but, to the best of our
knowledge, this is the first work that provides a daily mean
value of this change [3–8].

Materials and methods

This retrospective observational study included 24 eyes of
24 consecutive patients with a diagnosis of IFTMH
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recruited between July 2015 and August 2017 at the Oph-
thalmology Department of St Thomas’ Hospital, London,
UK. The study was conducted in accordance with the tenets
of the Declaration of Helsinki and it was approved by the St
Thomas Hospital Research and Ethics Committee.

The diagnosis of IFTMH was based on the optical
coherence tomography (OCT) imaging and each studied eye
was scanned at least twice before surgery. The number of
days between the baseline and the follow-up examinations
was also recorded.

The exclusion criteria were the following: non-idiopathic
aetiology of the hole (i.e. traumatic or myopic), any corneal
or lenticular opacity affecting the quality of OCT images,
myopia ≥ 6D, previous history of glaucoma or ocular
hypertension, previous ocular trauma, previous vitrectomy
or retinal laser treatment, macular and retinal pathology of
any cause (such as age-related macular degeneration,
uveitis, retinal vascular diseases).

For each patient, the following data were collected from
the case notes at both examinations: gender, age, laterality,
lens status, and best-corrected visual acuity (BCVA) of the
involved eye. BCVA was collected from Snellen acuity
chart values and converted to logarithm of the minimal
angle of resolution (LogMAR) scores for the purposes of
statistical analysis. All OCT scans were acquired with
Heidelberg Spectralis SD-OCT (Heidelberg Engineering,
Heidelberg, Germany), software version 1.10.0.0. The
standard imaging protocol used consisted of a volume scan
of the macula covering a 6.0 mm × 6.0 mm area. This scan
was composed of 25 horizontal B-scans acquired in an
automated real-time (ART) mode for averaging 16 frames
to improve image quality. The image alignment eye-
tracking software (TruTrack; Heidelberg Engineering Inc.)
and the AutoRescan function were used to optimize scan
concordance.

Manual measurements were performed independently on
OCT images by two blinded expert investigators (J.R. and
M.B.) using Spectralis SD-OCT software callipers, and the
mean value was used for analysis. The B-scan passing
through the fovea was chosen as reference image for mea-
surements. The MLD and the BD were evaluated. The MLD
was defined as the narrowest point in the mid retina parallel
to the retinal pigment epithelium (RPE), while the BD as the
basal aperture of the hole, just above the RPE, as previously
described (Figs. 1, 2 and 3) [17]. Furthermore, the presence
of vitreomacular adhesion (VMA), defined as a vitreous
attachment on the hole edges, was also recorded. Holes
were subsequently divided in three groups considering the
baseline MLD and following the International Vitreoma-
cular Traction Study (IVTS) Group criteria which define
small (<250 μm), medium (≥250 to ≤400 μm) and large
(>400 μm) full-thickness macular hole (FTMH) [18]. The
mean MLD and BD values, in μm, were calculated for all

eyes and for each size group. The mean total and daily
MLD and BD variations, expressed as both absolute (μm)
and percentage (%) values were calculated for all eyes and

Fig. 1 MLD and BD increase measurement of a small IFTMH by
using the horizontal OCT B-scan passing through the fovea. a Base-
line: the MLD was 115 μm and the BD was 464 μm. b Follow-up after
139 days: the MLD was 371 μm and the BD was 958 μm. Thus, while
at baseline the IFTMH was classified as small, at the follow-up visit it
was classified as medium

Fig. 2 MLD and BD increase measurement of a medium IFTMH by
using the horizontal OCT B-scan passing through the fovea. a Base-
line: the MLD was 296 μm and the BD was 670 μm. b Follow-up after
112 days: the MLD was 376 μm and the BD was 893 μm. In both
observations this IFTMH was classified as medium
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for each size group. Comparisons between the groups were
also made.

Categorical variables were reported as count and per-
centage in each category, quantitative variables as mean,
standard deviation, and range (minimum and maximum).
Inter-observer agreement was assessed by the Lin’s con-
cordance correlation coefficient (CCC) along with the 95%
confidence interval calculated with the bias-corrected and
accelerated bootstrap method considering 2000 resamplings
(95% CI). Comparison of categorical variables between
baseline and follow-up was performed with McNemar’s
test. The absolute, percentage, and daily percentage change
between baseline and follow-up of quantitative variables
was analysed with the Wilcoxon signed rank test, and the
comparison of the groups determined by the hole dimension
at baseline was conducted with the Kruskal–Wallis test
followed by the Dwass, Steel, Critchlow–Fligner method
for multiple comparison in case of statistical significance.
No other adjustment for multiple comparison was done. A
bilateral p value < 0.05 was considered as indicative of
statistical significance. The analysis was conducted with
SAS 9.4 (AS Institute Inc., Cary, NC, USA) for Windows.

Results

Twenty-four (13 right and 11 left) eyes of 24 consecutive
patients with diagnosis of IFTMH were enroled in this

study. There were 16 (66.7%) females and the mean age
was of 70.63 ± 5.35 (range, 60–80) years. The mean
period of time between the baseline and the follow-up
examinations was 114.63 ± 31.85 (range, 69–170) days.
The mean BCVA was 0.80 ± 0.13 (range, 0.5–1) Log-
MAR at baseline and 0.83 ± 0.14 (range, 0.5–1) LogMAR
at follow-up examinations. The visual acuity decreased in
seven (29.17%) patients over this period, with a statistical
significant difference (P= 0.016) between the baseline
and the follow-up examinations. Four (16.7%) eyes were
pseudopakic and 20 (83.3%) were phakic preoperatively.

Regarding MLD and BD measurements, a high degree
of agreement was found. The CCC at the baseline eva-
luation was 0.991 (95% CI: 0.983, 0.996) for the MLD
and 0.995 (95% CI: 0.9888, 0.999) for the BD; at the
follow-up evaluation, CC= 0.990 (95% CI: 0.979, 0.996)
for the MLD, and CCC= 0.975 (95% CI: 0.909, 0.995)
for the BD.

At baseline, 12 (50.0%) were classified as small, 7
(29.2%) as medium, and 5 (20.8%) as large IFTMHs,
whereas at the follow-up visit 4 (16.7%) were classified as
small, 9 (37.5%) as medium, and 11 (45.8%) as large
IFTMHs, with a statistical significant difference (P=
0.019) between the two observations (Figs. 1, 2, and 3).

The mean MLD and BD values for the totality of
IFTMHs and for each size group and their daily and total
increase between the two examinations, expressed as both
absolute and percentage values, are shown in Table 1.

With regard to the mean MLD and BD values, all factors
were statistically significant different between the three
IFTMHs size subgroups except for the BD at the follow-up
examination (Table 1).

The MLD and BD for the entire group was statistically
significant for both the absolute and the percentage varia-
tions (P < 0.0001). By contrast, comparing the increase
between each IFTMHs size group values, the change was
significantly larger for the MLD of small IFTMHs than that
of both medium and large IFTMHs, whereas for the BD the
significance was achieved only in the daily percentage
change (Table 1).

Considering the presence of VMA, this was recognisable
in eight (33.3%) patients. The presence of VMA did not
influence the amount of MLD and BD increase over the
whole period (P= 0.520 and P= 0.976, respectively) and
the daily change (P= 0.520 and P= 0.783, respectively).

Discussion

IFTMHs are defined as an anatomic defect of the fovea
characterised by the interruption of all neural retinal layers
from the ILM to the RPE due to vitreomacular traction [18].
Until Kelly and Wendel first reported in 1991 that

Fig. 3 MLD and BD increase measurement of a large IFTMH by using
the horizontal OCT B-scan passing through the fovea. a Baseline: the
MLD was 542 μm and the BD was 1551 μm. b Follow-up after
105 days: the MLD was 676 μm and the BD was 1556 μm. In both
observations this IFTMH was classified as large
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vitrectomy was successful in the closure of macular holes,
IFTMH had long been regarded as an incurable disease
[19, 20]. Since then, different surgical techniques have been
developed to treat this pathology, including intravitreal
injection of ocriplasmin [17, 21]. As SD-OCT allows to
obtain detailed images of the anatomy of the macula, it has
become an increasingly useful tool to help clinicians in
choosing the best surgical option for IFTMHs and to predict
the postsurgical outcome.

In literature, many different methods of measuring
FTMHs on OCT scans have been described, including
macular hole inner opening, MLD, BD, hole form factor,
macular hole index, diameter hole index, and tractional hole
index [12–14, 16]. However, Wakely et al. demonstrated
that there is no real advantage to be gained by calculating
derived indices from the basic ophthalmic measurements, as
they were originally proposed to reflect changes in macular
morphology and tractional forces, thought to be acting upon
the macula during the hole formation [16]. They stated that
macular hole inner opening is probably the hardest variable
to measure reliably and consistently. MLD exhibited the
lowest level of model discrimination with respect to the key
outcome measure of anatomical success and preoperative
BD was easy to measure and strongly associated with
anatomical and visual outcomes: they could then be used as
fairly effective predictors of postoperative outcomes [16].
For this reason, we decided to consider only MLD and BD
as useful parameters to evaluate IFTMHs changes.

In our study, we analysed the natural evolution of a series
of IFTMHs using the SD-OCT images by examining the
average, total, and daily change of both MLD and BD para-
meters over a period of time. As it is well known that surgery
is variably postponed from the diagnosis of IFTMH, we
believe that this information could be useful for clinicians in
prioritising their chosen technique at the moment of the sur-
gical procedure and to predict both the anatomical success
and the postoperative visual outcome. Indeed, it has been
reported that the preoperative macular hole size may deter-
mine the chosen surgical technique and that a smaller pre-
operative macular hole attains a higher rate of closure rate and
a better prognosis for visual rehabilitation [12–17, 22, 23].

In our study, we observed a significant MLD and BD
increase in all patients. The rate of increase was dependent
on the size of hole at presentation (MLD: small: 1.67
microns per day; medium: 0.61 microns per day; large: 0.44
microns per day). There was statistical significance for both
the absolute variation value and the percentage change. No
spontaneous resolution of the holes were observed among
our patients. The literature reports a closure rate of between
2.7 and 8.6% [6, 9]. Two different mechanisms have been
proposed to explain the progressive enlargement of a full-
thickness macular hole. The hydration theory hypothesizes
that the hydration of the hole edges with cysts formationTa
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could be one of the forces triggering the enlargement [10].
A second theory suggests that glial cells may proliferate
onto the ILM surface creating a secondary traction, leading
to the enlargement and preventing the healing of the hole by
releasing only the vitreous traction [11].

Previous works have found an enlargement of IFTMHs
in a percentage of patients ranging from 33.6 to 85% over a
period of 1–6 years [3, 5–7]. However, these observations
were made using fundus photograph and fluorescein
angiogram images rather than the more precise measure-
ment using the SD-OCT [3, 5–7].

To the best of our knowledge, the only work which
analysed the change in size of IFTMHs over the time by
using SD-OCT was that of Madi et al. [8] They observed
that over an average period of 8 weeks, 64% of patients had
an increase of MLD, with a mean of 74 μm [8]. By contrast,
we evaluated both the MLD and the BD. Ruiz-Moreno
demonstrated that both of these were inversely correlated
with the postoperative BCVA. Haritoglou and Kim found
that a larger BD was associated with a poorer final BCVA,
whereas neither found any significant correlation with MLD
[15, 24, 25]. The MLD increase in just 64% of patients in
the work of Madi could be explained by the shorter follow-
up period compared with our data [8].

In our study, the same measurements were performed by
two independent investigators and, as MLD and BD can be
measured manually, this improved the reliability of the data.
The measurements of the two examiners did not result in a
statistically significant difference (CCC between 0.98 and
0.99) and a mean value was used to reduce the subjective
error. By contrast, measuring IFTMH size variation over the
time using values given by a single examiner may pose an
increased possibility of a subjective error [2, 5–8].

We used the new IVTS classification system introduced
by the IVTS Group to evaluate if the baseline MLD influ-
enced the amount of the increase of both MLD and BD
[18, 26]. Our data demonstrated that the increase of MLD of
small IFTMH was greater than that of medium and large
IFTMH. This observation is consistent with the findings of
Madi et al. who highlighted that smaller holes had a greater
likelihood of enlarging [9].

In regards to vitreomacular interface, we did not observe
any vitreous separation over the follow-up period among
patients who presented with VMA. This is in contrast with
previous works, in which the percentage of patients with a
complete vitreomacular detachment increased [3, 6, 8]. This
could be due to both the length of follow-up and the number
of patients in our work. We also found that the amount of
IFTMHs enlargement was independent of the presence of
VMA. This observation is in agreement with the findings of
Philippakis et al. who did not find a relation between the
progression of VMA and the enlargement of IFTMHs [27].
On the contrary, Hikichi and Madi found that that VMA

was associated with a higher rate of progression [3, 8].
More studies are needed to clarify the impact of VMA in
determining IFTMHs enlargement.

In conclusion, our work provides two useful parameters
in choosing the best surgery for patients affected by an
IFTMH who have to undergo surgery after a determinate
time lapse from the initial assessment. This could be even
more useful when a SD-OCT examination at the date of
surgery is not available. This information could be helpful
for clinicians to provide patients with accurate information
about the rates of anatomical and functional success after
surgery. However, the limitations of these parameters as
predictors, the retrospective nature of the study, the limited
number of subjects, and the short follow-up period must be
taken into consideration. Therefore, a larger and longer
prospective study on MLD and BD change over the time
might be useful to strengthen our findings.

Summary

What was known before

● IFTMHs usually enlarge over the time.
● SD-OCT is a valuable tool to assess the characteristics

of IFTMHs.
● Many parameters on SD-OCT have been used to

describe IFTMHs, including the MLD and the BD.

What this study adds

● The MLD and the BD can be used to forecast the
enlargement of IFTMHs over a certain period of time.

● The best surgery for a IFTMH can be chosen knowing
the initial MLD and BD and how much time elapsed
from their assessment.
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