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Purpose: The purpose of this study was to determine a cutoff for progression of
idiopathic full-thickness macular hole (MH) size.

Methods: Retrospective analysis of consecutive patients waiting 4 weeks for MH
surgery. Two observers performed 3 repeat sets of MH size measurements on optical
coherence tomography (OCT) high-density radial scans taken at first presentation and
4 weeks later before surgery. Primary outcome was the definition of a cutoff for true
enlargement of MH size versus measurement error. Secondary outcomes were risk
factors for change in minimum linear diameter (MLD) size and best-corrected visual
acuity (BCVA).

Results: Fifty-one patients were included with a mean MH size of 334 μm (±179 μm;
range 39 to 793 μm). The cutoff for an increase inMLD size calculated as the outer confi-
dence limit for the 99.73% limits of agreement was 31 μm. This was independent of MH
size. Using this cutoff,MLD size increased in 9/34 (26.5%) of patientswithout and in 14 of
17 (82.4%) of patients with vitreomacular traction (VMT; P < 0.001). Mean BCVA deteri-
orated in patients in whom the MH had progressed from 0.62 (±0.23) logMAR to 0.82
(±0.29; P< 0.001), whereas there was no significant change in BCVA in patients without
MH progression (P = 0.25). In 31% (16/51) of patients, classification of their MHs (small
≤250 μm, medium 251–400 μm, and large >400 μm) changed over the 4-week period.

Conclusions:Using a cutoffdiscriminates change frommeasurement error. A significant
proportion of MHs progressed by 4 weeks, particularly in the presence of VMT.

Translational Relevance: The established cutoff enables clinicians to differentiate true
MH enlargement frommeasurement error.

Introduction

Macular holes (MHs) are considered an indication
for non-urgent, elective vitreoretinal surgery, which
leaves an uncertain time frame as towhen these patients
should undergo surgery. Although pars-plana vitrec-
tomy (PPV) with internal limiting membrane (ILM)
peel and gas tamponade is the standard surgical treat-
ment, other treatment optionsmay be considered based
on the minimum linear diameter (MLD) and other
characteristics, such as the presence of vitreomacular
traction (VMT).1–6

It is known that the majority of MHs enlarge if
untreated, however, the time frame is not clear. Most
previous observations have been made over the course

of several months to several years based on biomicro-
scopic examinations, fundus photographs, and fluores-
cein angiograms, and at a time when optical coherence
tomography (OCT) was not available.7–10

One recent study demonstrated the enlargement of
MHs based on high-density linear OCT scans over a
period of 2 to 47 weeks, particularly if associated with
VMT.11 The definition, however, of what constitutes
enlargement is not clear. Measurement of the MLD
was performedmanually by an observer using the OCT
software caliper tool. Consequently, determination of
theMLD and progression is subject to intra- and inter-
observer error. For example, Madi et al.11 reported a
reduction in MH size of between −6 and −82 μm in
7 cases and an enlargement of between 5 and 260 μm
in 34 cases, based on one reading by one observer.
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Without knowing measurement precision, it is diffi-
cult to know what proportion of cases represent an
actual change in MH size and what is measurement
error.

The aim of this study was, therefore, to deter-
mine the precision of MH size measurement using
high-density radial OCT scans in order to determine
the cutoffs for a change in MH size. These cutoffs
were then used to investigate if there was significant
short-term enlargement of MH size over a 4-week
period.

Material and Methods

This is a retrospective analysis of consecutive
patients who presented with an MH to the Ophthal-
mology Department, Hospital rechts der Isar, Techni-
cal University of Munich, Germany, between July 2018
and January 2021, and who had been on the waiting list
for surgery for a period of 4 weeks (range 3 to 5 weeks).
Inclusion criteria were the presence of an idiopathic
full-thickness MH. Exclusion criteria were secondary
MHs, myopia >8 diopters, co-existing ocular pathol-
ogy apart from cataract, and previous ocular surgery
apart from cataract surgery.

Patient data collected included age, sex, duration
of the MH based on the duration of symptoms, and
lens status (phakic or pseudophakic). Best corrected
visual acuity (BCVA) was obtained at first presenta-
tion (baseline) and after 4 weeks prior to surgery, using
a decimal chart. For statistical analysis, the readings
were converted to the logarithm of the minimum angle
of resolution (logMAR). Patients underwent a high-
density radial OCT scan (48 sections) at initial presen-
tation as well as after 4 weeks before the surgery. The
center point of the radial pattern scan was manually
centered on the center of the MH, while requesting
the patient to focus on a target light presented to
the fellow eye. A TruTrack active eye tracking system
(Spectralis OCT; Heidelberg Engineering, Heidelberg,
Germany) was used to enable best available concor-
dance between repeat scans of the same MH. All
OCT images were evaluated in the 1:1 μm mode by 2
independent observers (vitreoretinal consultants) and
the presence or absence of VMT and of an epireti-
nal membrane (ERM) were noted. Each observer
measured the MLD size of the MHs at baseline and
after 4 weeks. These measurements were performed
3 times by each observer for the same MH both at
baseline and after 4 weeks. The observers were masked
to each other´s readings as well as to their previous
readings.

The study was conducted according to the guide-
lines of the Declaration of Helsinki and approved by
the Ethics Committee of the Technical University of
Munich (TUM) on the February 16, 2021 (Registration
Number: 80/21 S). Patient consent was waived due to
the retrospective nature of the data analysis (Article 27
Data Protection BayKrG, Bavarian Hospital Law).

Statistical Analysis

To assess repeatability (intra-observer agree-
ment) and reproducibility (interobserver agreement)
Bland-Altman analyses were performed. The primary
measurement of each observer was used to calculate
the mean for each MH and the difference between the
two sets of measurements for eachMH plotted against
their mean. Measurements were tested for normality
(Shapiro-Wilk) and homogeneity of variance (Levene).
An analysis of variance (ANOVA) was used to test
for proportional bias and to compare means between
the sets of measurements within the two repeat sets
of measurements of each observer, and between the
first and among all three sets of measurements for
both observers. Coefficients of repeatability (CR) were
calculated as 2SD. Limits of agreement (LOA) with
95% and 99.73% confidence intervals (CIs) were calcu-
lated for all mean differences, with the 99.73% LOA
using the mean of 3 measurements, which are known
to be narrower (more precise) than the 95% LOA using
one measurement of each observer.12

The cutoffs for MH size change were calculated
as the outer confidence limits for the 95% and
99.73% LOA (CLLOA) for a normal distribution with
CLLOA = mean ± kSD (Equation 10) and kapprox =
1.96 + t0.975, n−1

√
2.92√
n (Equation 14) of Carkeet and

Goh (for n> 40).13 The value k (tolerance factor) deter-
mines that a minimum proportion of 95% (t = 1.96)
or 99.73% (t = 3.00) of the population lies between
mean ± kSD for the outer 95% and 99.73% LOA. The
99.73% cutoffs were then used to determine whichMH
had changed.

Univariate analysis was performed for MH size
change with each of the following variables: VMT,
ERM, age, sex, duration of symptoms, BCVA, and
lens status (phakic or pseudophakic) using a Kruskal
Wallis test. All variables that were significantly associ-
ated with MH change were included in a generalized
binary linear model.

Continuous variables were reported as mean
(± standard deviation). Level of significance was
set at P < 0.05. A Bonferroni correction was made for
multiple tests.
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Results

Fifty-one eyes of 51 patients were included (19
men and 32 women) with a mean age of 66.06 years
(±9.02 years) and a mean symptom duration of 20.37
weeks (±25.06 weeks). Thirty-nine (76.5%) patients
were phakic and 12 (23.5%) were pseudophakic. Mean

time interval between the OCT scans at first presenta-
tion (baseline) and after 4 weeks was 28.59 days (±7.52
days). An ERMwas present in 8 of 51 (15.7%) patients
and 17 of 51 (33.3%) patients had an associated VMT,
which had released in 2 of 17 (11.76%) eyes after 4
weeks without MH closure.

Mean MLD MH size at baseline was 334 μm
(±179 μm; range 39 to 793 μm) and after 4 weeks

Figure 1. Bland Altman Blots for the intra-observer agreements for observer 1 (a) and observer 2 (b). The differences of the MLDmeasure-
ments are plotted against their mean.
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Figure 2. Bland Altman Blots for the interobserver agreements between both observers based on one single measurement of eachMH by
each observer (a) and based on themean of three repeatmeasurements of eachMHby each observer (b). Themean of threemeasurements
reduces the variance thus narrowing the limits of agreement (LOA) and improving precision.

392 μm (±166 μm), with a mean difference of 57.39 μm
(±68.93 μm; P < 0.001). At baseline 21 (41.2%) MHs
were ≤250 μm, 13 (25.5%) MHs were 251 to 400 μm,
and 17 (33.3%) MHs >400 μm, and, after 4 weeks, 12
(23.5%)MHswere≤250 μm, 16 (31.4%)MHswere 251
to 400 μm and 23 (45.1%) MHs were >400 μm. Mean
BCVA deteriorated by 0.10 (±0.19) logMAR from 0.63
(±0.25) at baseline to 0.73 (±0.28) logMAR after 4
weeks (P < 0.01).

The CR for intra-observer agreement (repeata-
bility) between the first and second series of
measurements were 31 μm for observer 1 (P =
0.33) and 33 μm for observer 2 (P = 0.40), and
the CR for interobserver agreement (reproducibil-
ity) between the two observers first set of measure-
ments was 31 μm (P = 0.84), reducing to 15 μm
(P = 0.48) between the mean of their 3 sets of
measurements.
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Differences between measurements to their mean
together with the 95% and 99.73% LOA are displayed
as Bland Altman plots for the first two measurements
of each observer (Fig. 1), and for the first measure-
ments of both observers as well as for the mean of
three repeat measurements of both observers (Fig. 2).
There was homogeneity of variance of the differences
in MLD measurements across all MH sizes (P = 0.58)
and no bias, indicating that the differences in measure-
ments were not related to the magnitude of the MH
size.

Using the mean of 3 repeat measurements the
confidence limits for the outer 95% and 99.73% LOA
(CLLOA) for an increase in MLD were 19.68 μm and
30.03 μm, and for a decrease in MLD −18.14 μm and
−28.4 μm, respectively.

MHs were therefore classified as having progressed
in size if the mean MLD had increased by ≥31 μm
in the OCT scans at 4 weeks compared to baseline
and reduced in size if the MLD had decreased by ≥29
μm. Using these cutoff values, 23 of 51 (45%) of MHs
increased in size over the 4-week period and no MH
became smaller.

Increase of MH size in the 4-week period was signif-
icantly associated with the presence of VMT (P <

0.001), MLD size at baseline (P = 0.03), and duration
of symptoms (P = 0.02), but not with the number of
days between OCT scans (P= 0.92), sex (P= 0.14), age
(P = 0.51), lens status (P = 0.79), or the presence of an
ERM (P = 0.49). MeanMLDMH size at baseline was
larger inMHs that did not progress (387 μm,±194 μm)
than in MHs that progressed (271 μm [±138 μm], P =
0.02). MH size increased in 9 of 34 (26.5%) of patients
without VMT and in 14 of 17 (82.4%) of patients with
VMT (P < 0.001), with a mean increase in MH size of
91 μm (±41 μm) and 137 μm (±62 μm), respectively (P
= 0.065).

Although there was no significant reduction in
BCVA during the 4 weeks in patients without MH
progression (0.63 [±0.27] to 0.66 [±0.27], P = 0.25),
BCVA deteriorated in patients in whom the MH had
progressed by 0.20 (±0.21) logMAR (0.62 [± 0.23] to
0.82 [±0.29], P < 0.001).

There were no differences between patients without
or with VMT in terms of number of days between
repeat OCT scans from first presentation to 4 weeks
(29.3 [±7.9] vs. 27.2 [±6.6] days, P = 0.23), age (65.6
[±10.0] vs. 67.0 [±6.7] years, P = 0.38), duration of
symptoms (19.1 [±17.6] vs. 23.1 [±37.2] weeks, P =
0.30), BCVA at baseline (0.63 [±0.24] vs. 0.63 [±0.27]
logMAR, P = 0.65), and the presence of an ERM (P
= 0.70). Mean MLD size at baseline, however, was
larger in MHs without VMT (370 [±183] μm) than
in MHs with VMT (262 [±149] μm, P = 0.04) and

there weremore phakic patients in the groupwithVMT
(P = 0.04).

In the generalized linear model, there was a signif-
icant association between progression of MHs and
the presence of VMT at baseline (P = 0.008) but not
with MLD size at baseline (P = 0.84) or duration of
symptoms (P = 0.13).

Discussion

Because MHs have been shown not to be perfectly
round in shape14 and their MLD may lie in any merid-
ian, we routinely use a high-density radial OCT scan
pattern, which considers all meridians and is likely to
improve detection of the largest MLD as compared to
a horizontal linear one. As far as we are aware, cutoffs
for deciding if an MH has increased or decreased in
size have not previously been determined. We used the
mean of three measurements, which has been shown to
significantly improve precision of measurement.12 This
is crucial to differentiate between true change in MH
size versus measurement error. Using the confidence
limits around the upper 99.73% LOA, a 31 μm change
inMHsize between baseline and 4weekswas defined as
cutoff for increase (and −29 μm for decrease) in MLD
size of anMH. This cutoff was independent of the size
of the MH. If only 1 measurement of each rater were
used, the cutoff would be >60 μm.

The timing of vitreoretinal (VR) surgery is influ-
enced by several factors including the expected impact
on anatomical and functional outcomes. For small
MHs associated with VMT, some surgeons may even
prefer to wait for a few weeks to allow for sponta-
neous resolution of VMT and MH closure to avoid
surgery.15 Whereas the reported rate of spontaneous
resolution of VMT is about 10% to 32%,16–18 MH
closure despite VMT release lies only within 2.7% to
8.6% over the course of several months.7,15,19,20 Madi
et al.11 observed spontaneous release of VMT in 70%
of eyes over a median period of 8 weeks with no case
of spontaneous MH closure. In our series, 11.76%
of VMT released after 4 weeks without MH closure,
whereas 88.2% of MHs with VMT progressed in size
and accompanied by a significant drop in BCVA. Our
findings support those of Madi et al.11 for the presence
of VMT as the outstanding risk factor for progression.
They compared the readings of one observer on high-
density horizontal linear OCT scans at baseline and at
a median of 8 weeks and noted that the number of
large MHs >400 μm had increased from 24% to 49%,
whereas we found an increase from 33% to 45% within
4 weeks. This may also be influenced by the different
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OCT scan patterns used and the variable duration of
symptoms prior to presentation.

Several treatment options for MHs exist depend-
ing on their OCT characteristics and the surgeon’s
and patient’s preference, with the treatment strategies
usually decided upon at the time the patients are listed
for surgery. In patients with MHs ≤400 μm associated
with VMT, treatment with ocriplasmin is an option.
The success rate, however, reduces from 58% for MHs
≤250 μm to only 25% for MHs 251 to 400 μm,1 hence
some surgeons prefer a primary PPV in MHs >250
μm irrespective of the presence or absence of VMT.
For large MHs >400 μm ocriplasmin is no longer an
option,2 some surgeons may even consider using an
ILM-flap during PPV to increase the chance of MH
closure, which is known to decrease in large MHs.3–6
We found in our series that in 31% (16/51) of patients
the choice of treatment on the day of listing would have
potentially changed by the time of the scheduled opera-
tion 4 weeks later. In 9 patients, their MHs were no
longer ≤250 μm and 6 were then also no longer eligi-
ble for ocriplasmin. In addition, seven patients planned
for PPV with routine ILM-peeling also received an
ILM-flap due to the increase in MH size. Further-
more, the choice of the type of gas tamponade and the
duration of advised postoperative face-down posturing
also depends on the size of the MH.21,22 This not only
emphasizes the need for a repeat OCT scan just prior to
the planned procedure to adjust the surgical approach
if required, but also the need for having a defined cutoff
for what constitutes a change in MH size.

Our study has several limitations. It includes only
moderate numbers with repeat imaging at only two
time points. Although the observers were masked, it
is possible that the time period between the two sets
of OCT images influenced the measurements of the
MHs between baseline and 4 weeks. However, the
cutoff value was calculated based only on the repeat
measurements of the MLD size at baseline, to which
both observers were masked. Even though the repeat
OCT scans were taken in the TruTrack mode, there
will be an error associated with repeat scanning which
we did not measure, and which would likely increase
the cutoff value for progression. The provision of
cutoffs, however, for a change in MH size using radial
OCT scans will be helpful for deciding on progres-
sion. Additional work is required to measure inter-
OCT device precision so that cutoffs for change can be
determined and generalized between different centers,
and further studies are needed to assess the effect of the
size progression on the postoperative visual outcome.

In summary, we have for the first time provided
cutoffs for determining MH size progression and
applied these cutoff values to patients awaiting MH

surgery for a period of 4 weeks. We could demon-
strate that MHs progress at a quicker rate than has
been apparent particularly in the presence of VMT,
accompanied by deterioration in pre-operative BCVA.
Because this may impact on the choice of treatment,
MHs should be re-evaluated just prior to surgery based
on a repeat OCT scan.
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