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Purpose: To identify the correlation between preoperative optical coherence tomography (OCT) features and post-
operative visual outcomes in eyes with idiopathic macular holes (MHs).

Methods: Data from 55 eyes with idiopathic MHs which had been sealed by vitrectomy were retrospectively
reviewed. Correlation analysis was conducted between postoperative visual acuity (Vpestop, logarithm of the mini-
mum angle of resolution [logMAR]) and preoperative factors, including four OCT parameters: the anticipated
length (A) devoid of photoreceptors after hole closure, MH height (B), MH size (C), and the grading (D) of the via-
bility of detached photoreceptors. Additionally, the formula for the prediction of visual outcome was deduced.

Resullts: Vostop Was determined to be significantly correlated with the preoperative visual acuity (Vpreop) and OCT pa-
rameters A, C, and D (p<0.001). Based on the correlation, the formula for the prediction of Vystop Was derived
from the most accurate regression analysis: Vpostop=0.248XVpreopt+1.1%10°xA—0.121xD+0.19.

Conclusions: The length and viability of detached photoreceptors are significant preoperative OCT features for pre-
dicting visual prognosis. This suggests that, regardless of the MH size and symptom duration, active surgical in-
tervention should be encouraged, particularly if the MH exhibits good viability in the detached photoreceptor

layer.
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Although first recognized over 100 years ago, there has
been renewed interest in the pathophysiology and natural his-
tory of idiopathic macular holes (MHs) over the past two
decades [1]. The current surgical treatment for MHs includes
complete removal of the posterior cortical vitreous, internal
limiting membrane peeling, and intravitreal gas tamponade.
The closure rates of idiopathic MHs have improved and have
been reported to be as high as 85% to 100% [2-5]. With the
development of optical coherence tomography (OCT), clo-
sure of the hole within 24 hours after vitrectomy can be dem-
onstrated [6]. However, there exists some variability in the
extent of visual recovery, even after successful MH closure
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[7-9]. In addition, there is some controversy regarding the
predictive factors of visual outcome. Reported predictors
include preoperative visual acuity, MH size [10,11] and the
degree of preoperative lens opacification. Recently, several
studies have shown that the postoperative thickness or de-
fect size of the central photoreceptor was correlated with the
visual prognosis [12-14]. However, thus far there have been
only very limited data concerning the significance of central
photoreceptor status evaluated prior to surgery for MHs.

The principal objectives of this study were to determine
preoperative OCT features predictive of visual outcome after
surgery for idiopathic MHs, and, based on the features, to es-
tablish a specific predictive formula.

Materials and Methods

We retrospectively reviewed the medical records of pa-
tients who underwent surgery for idiopathic MHs from
August 2005 until June 2007 at the Samsung Medical Center.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Fig. 1. Evaluated preoperative parameters in the optical coherence
tomography image; calculated A refers to the anticipated length de-
void of photoreceptors after closing the macular hole (MH). The
length of al, a2, and [3 are measured to calculate A. al and a2 are
the curved lengths of the detached photoreceptors and [3 is the line
length of the retinal pigment epithelial layer not in contact with the
photoreceptors. MH height; B is the vertical length between the reti-
nal pigment epithelial layer and the highest portion of the MH. MH
diameter; C is determined at the minimal extent of the hole.

Institutional Review Board (IRB file number, 2009-02-045)/
Ethics Committee approval was obtained. The surgeries for
idiopathic MHs were conducted in 104 eyes during that
period. MHs related to high myopia (>-6.0 diopters), trauma,
diabetic retinopathy, or ocular disorders that might influence
vision were excluded. For inclusion in this study, the closure
of the MH had to have been achieved after a single operation
and have a postoperative follow-up period in excess of 6
months. If both eyes were eligible, only the eye which was
operated on first was included. MH closure was confirmed
via both slit lamp biomicroscopy and OCT. As such, 8 eyes
(7.7%) were excluded as a consequence of primary failure
and 41 eyes were excluded due to a short follow-up period.
With these criteria, 55 eyes from 55 subjects were enrolled
for analysis.

All patients underwent complete preoperative evaluations,
including examinations for best-corrected Snellen visual

Grade 1

Grade 2

Fig. 2. Exemplary cases utilized for the grading of viability in detached photoreceptors (parameter D). Yellow dot lines indicate inner seg-
ment-outer segment junction of the photoreceptor layer; grade 2 (C,C") is assigned to tall and healthy-looking photoreceptors with fine and reg-
ular reflectivity (arrows), grade 0 (A,A") is assigned to short and irregular photoreceptors with coarse reflectivity (arrows), and grade 1 (B,B')
lies in between the two grades or represents an ambiguous judgment on any one section of the vertical or horizontal scans.
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acuity (BCVA), anterior segment examination, dilated fun-
dus examination with a 90-diopter lens, and OCT (Stratus
OCT ver. 3.0; Carl Zeiss Meditec, Dublin, CA, USA). In the
statistical analyses, BCVA measurements were converted to
the logarithm of the minimum angle of resolution (logMAR)
scale. All 55 eyes had been operated on by one surgeon (SWK).
The surgical procedure involved a standard three-port pars
plana vitrectomy, the induction of a posterior vitreous sepa-
ration with an angulated dissecting needle, the removal of
the macular internal limiting membrane, and fluid-gas exchange
with 14% perfluoropropane or 25% sulfur hexafluoride. In
all cases, the internal limiting membranes were removed
without the assistance of staining dye. The patients assumed
a face-down position for 1 to 2 weeks after surgery.

There were four preoperative OCT parameters assessed
(Figs. 1 and 2). The first parameter was the anticipated length
(A) devoid of photoreceptors after hole closure. Parameter A
was calculated by subtracting (al+a2) from B, in which al
and a2 were the lengths of the detached photoreceptors and 3
was the length of the retinal pigment epithelial layer not in
contact with sensory retina. The al, a2, and B were measured
using image processing software (ImageJ; Rasband WS, US
National Institutes of Health, Bethesda, MD, USA; 1997-2007).
The second parameter, MH height (B), was defined as the
vertical length between the retinal pigment epithelial layer
and the highest portion of the MH. The third parameter, MH
diameter (C), was acquired at the minimal extent of the hole.
The fourth parameter was the viability (D) of the detached
photoreceptors. The viability was graded from 0 to 2. Grade
2 indicated tall and healthy-looking photoreceptors with fine
and regular reflectivity on OCT scans. Grade 0 was assigned
to short and irregular photoreceptors with coarse reflectivity.
Grade 1 was in between the two grades or used to represent
an ambiguous judgment on any one section of the vertical or
horizontal scans. Representative examples of the grading are
provided in Fig. 2. All parameters were calculated by averag-
ing the vertical and horizontal scan images. Preoperative
OCT parameters A, B, and C were assessed by one observer
masked to the visual results. Parameter D, viability of the de-
tached photoreceptors, was assessed by three independent
observers who were also masked to the visual results. In case
of disagreement between observers, the grading of parameter
D was decided by a majority rule. Age, gender, preoperative
BCVA, duration of symptoms, and the four OCT parameters
were analyzed to determine their correlation with post-
operative BCVA.

From regression analysis, based on the correlation with
postoperative BCVA, we deduced the formula for the pre-
diction of the postoperative BCVA. The most accurate of
many formulae was selected by the p-value of the constant.
In order to validate the accuracy of the constructed formula,
we applied the formula to additional cases of idiopathic MHs
which had been treated by the same surgeon (20 cases from
July 2007 to March 2008). The formula was also applied to
cases treated at another center (20 cases treated at Asan
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Medical Center from June 2007 to June 2008). The surgical
methods at both centers were identical, except that at the lat-
ter center indocyanine green dye was applied to stain the in-
ternal limiting membrane.

Statistical analyses were conducted using SPSS ver. 13.0
(SPSS Inc, Chicago, IL, USA). The results were considered
significant at p-values of less than 0.05.

Results

The mean (+standard deviation [SD]) age of the 55 pa-
tients was 64.7+5.8 years. There were 20 males (36.4%) and
35 females (63.6%). The postoperative follow-up periods
ranged from 8 to 24 months. The mean (£SD) duration of
symptoms was 3.9£3.1 months. The mean logMAR BCVA
before surgery was 0.90+0.40. The mean logMAR BCVA
improved to 0.33+0.30 after surgery. Serious postoperative
complications were not noted.

Preoperatively, 43 eyes (78.2%) were phakic without a cata-
ract, 10 eyes (18.2%) exhibited a mild to moderate lens opacity,
and 2 eyes (3.6%) were pseudophakic. Phacoemulsification and
implantation of an intraocular lens combined with vitrectomy
was conducted in those 10 eyes. The development or pro-
gression of nuclear sclerotic cataracts was detected post-
operatively in 27 eyes (62.8%). All of these 27 eyes were
subjected to cataract surgery at 8.7+4.1 months after MH
surgery.

The mean predicted length devoid of photoreceptors (A)
was 172.94154.3 um in the horizontal scan and 168.9+141.6
um in the vertical scan. The mean height of the MHs (B) was
662.9£146.7 pm. The mean of the initial MH diameter (C)
was 402.0+151.3 um. In the grading of the viability (D) of
the detached photoreceptor layer, 13 eyes (23.6%) were clas-
sified as grade 0, 21 eyes (38.2%) as grade 1, and 21 eyes
(38.2%) as grade 2. Inter-observer variability in the grading
system of parameter D was identified in 12.8% of cases, in
which the respective grading was decided by a majority rule.
There was no case with 3 different levels of grading. In the
remaining 87.2% of cases, all three observers reached com-
plete agreement in the grading of parameter D.

The postoperative BCVA was determined to be sig-
nificantly correlated with the preoperative BCVA, the pre-
dicted length devoid of photoreceptors, MH diameter, and
the grading of the viability of the detached photoreceptor lay-
er (Pearson’s correlation coefficient, r=0.474, p=0.000;
=0.567, p=0.000; r=0.399, p=0.000; and r=-0.541, p=0.000,
respectively). In contrast, patient age, gender, duration of
symptoms, and MH height (B) were not correlated with post-
operative BCVA (p=0.136, p=0.219, p=0.874, and p=0.948,
respectively). The grading of photoreceptor viability in each
case was analyzed by the preoperative MH diameter, a
well-known prognostic factor for MH surgery (Table 1).

We noted a significant correlation between two parameters
(»p=0.001, chi-square test). There were only a few cases with
grade 0 among the eyes with MH diameters less than 400 pm.
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Fig. 3. Visual acuity (VA, logarithm of the minimum angle of resolution [logMAR]) calculated from the predictive formula and actual post-
operative VA in the 55 eyes (A), in the new group of 20 eyes (B), and in 20 eyes from another center (C).

Among the eyes with MH diameters larger than 400 um, the
eyes with grade 1 or 2 photoreceptor viability demonstrated
better postoperative vision than those with grade 0 photo-
receptor viability (p=0.007, Mann-Whitney test).

On the basis of the correlation, we deduced the specific
formula to predict the postoperative BCVA. The following
formula was derived from the most accurate regression
analysis. Vpostop=0.248%Vireop 1. 1x10°x Apx A—~0.121xD+0.19
(Vpostop=postoperative BCVA [logMAR]; Vreop=preoperative
BCVA [logMAR]; A=anticipated length devoid of photo-
receptors after hole closure [um]; Ay=in horizontal scan;
A=vertical scan; D=viability of detached photoreceptors [the
grade number]).

Although the MH diameter (C) also exhibited a correlation
with the postoperative BCVA, it could not be included in the
formula using the most accurate regression analysis. In the
formula, the p-values that revealed the accuracy of each con-
stant were 0.001, 0.002, 0.005, and 0.042, respectively. The
discrepancy between the predicted mean BCVA and the ac-
tual postoperative mean BCVA was 0.0005+£0.20 logMAR in
the 55 eyes (Fig. 3A).

After applying the above formula to new groups of cases in
the two study centers, the discrepancy between the predicted
mean BCVA and the actual postoperative mean BCVA was
0.004+0.11 logMAR in one group (treated by the same sur-
geon) (Fig. 3B) and 0.05+0.17 logMAR 1in the other group
(treated by a single surgeon at the other center) (Fig. 3C).

Discussion

Analysis of MHs by OCT has provided us with a better un-
derstanding of MH geometry, prognosis, and features. Many
studies have attempted to determine the prognostic values of
OCT in MH surgery [12-14]. MH size measured by OCT be-
fore operation is a well-known predictor of visual prognosis
[11]. Postoperatively, the anatomical closure of the MH does
not always ensure a good functional result [12,13,15]. Villate
et al. [14] recently emphasized that the morphology and
thickness of the foveal photoreceptor layer evaluated post-
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operatively by OCT correlated well with macular function.
However, their study evaluated the central photoreceptor sta-
tus postoperatively. In addition, the majority of previous re-
ports regarding the prognostic factors of MH surgery did not
provide preoperative information for the prediction of con-
crete visual outcomes in individual cases.

The results of the current study strongly suggest that the
preoperative length devoid of photoreceptors and the preser-
vation of the detached photoreceptors are closely associated
with the visual outcome after surgery for the treatment of idi-
opathic MHs. A variable extent of atrophy in the photo-
receptors at the detached margin of the hole was noted in one
report in which 22 postmortem eyes with idiopathic MHs
were evaluated [16]. Other postmortem studies of closed
MHs demonstrated that the photoreceptor inner and outer
segments were relatively preserved in the perifoveal area.
The central fovea was filled with glial tissues in which the
photoreceptors could not regenerate, as photoreceptors grow
from intact photoreceptor cell bodies [17,18]. These findings
might now be studied again with OCT. Alterations in the
photoreceptor layer, as evidenced by disruptions in the junc-
tion between the inner and outer segments, have been de-
scribed around MHs [19,20]. We hypothesized that the pre-
operative OCT status of the detached photoreceptor layer
might be correlated with visual prognosis in MH patients.
The results of the current study showed that the length devoid
of photoreceptors and the viability of the detached photo-
receptor layer were significantly correlated with post-
operative visual outcomes. In a previous report, micro-
perimetry in patients with full thickness MHs demonstrated
an absolute scotoma, which corresponded to the neuro-
sensory defect, with surrounding concentric isopters of rela-
tive scotoma in the regions of the retina surrounding the hole
[21]. We suspect that the anticipated length devoid of photo-
receptors after hole closure should correspond to the extent
of the absolute central scotoma and that the viability of de-
tached photoreceptors should correspond to the paracentral
relative scotoma. One of the principal roles of surgery for
MHs seems to be the promotion of the reapproximation of
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Table 1. Macular hole (MH) diameter and viability of the detached photoreceptor layer

Photoreceptor viability

MH diameter (um) Grade 0 Grade 1, 2 p-value”
No. (%) Va (logMAR) No. (%) Va (logMAR)
<400 2 (3.6) 0.30+0.14 29 (52.7) 0.184+0.14 0.241
>400 11 (20.0) 0.7240.41 13 (23.6) 0.3140.13 0.007

VA=postoperative best corrected visual acuity; logMAR =logarithm of the minimum angle of resoultion.
Mann-Whitney test; TGrading representing the viability of the detached photoreceptor layer.

the detached photoreceptors to the retinal pigment epi-
thelium, thereby preventing the photoreceptors and their cell
bodies from further degeneration. Spectral domain OCT and
ultra-high resolution OCT allow for a more accurate pre-
operative analysis of central photoreceptor viability [20].

The diameter of the MH has been identified as a major
prognostic factor for visual outcome [22,23]; this result was
reproduced in this study. However, the factor of MH diameter
could not be incorporated into the formula for the prediction
of postoperative vision as it yielded worse predictability
compared to other parameters. It is worth noting that ap-
proximately half of the cases with MHs in excess of 400 um
in diameter exhibited relatively well-preserved photoreceptor
viability on preoperative OCT and that markedly better
postoperative vision was observed in those eyes (Table 1).
The findings of the current study suggest that surgery for the
treatment of MHs should be strongly encouraged, regard-
less of MH size, when the detached photoreceptors are well
preserved. In contrast, if the preoperative BCVA is rela-
tively poor and the detached photoreceptors demonstrate
poor viability, the patient should be preoperatively in-
formed of the possibility of a poor visual outcome. This also
highlights the essential role of early surgical intervention in
MH patients, as poor viability of detached photoreceptors is
anticipated in association with chronic MHs.

The limitations of the current predictive formula include
the possibility of overestimating visual benefits after sur-
gery, as only the cases in which anatomical closure was
achieved were included. The predictive value would be lower
if primary anatomical failure or a recurrent MH occurred in
a significant proportion of eyes. However, the rate of MH
sealing after the first operation was 92.3% and without re-
currence in our cases, and it has been reported higher than
90% in recent studies [24-26]. Also, as we can see in addi-
tional case series, the formula could predict the post-
operative BCVA within an acceptable error range, regard-
less of surgeon-related factors.

In conclusion, the length and the viability of the detached
photoreceptor layer, as well as preoperative visual acuity,
can be regarded as important prognostic factors for visual
outcomes after surgery for the treatment of idiopathic MHs.
The proposed formula for the prediction of postoperative
vision might prove useful for preoperative counseling in
such patients.
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