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ORIGINAL ARTICLE

Purpose: To predict the post-operative visual outcome considering the pre-operative  factors and macular hole (MH) indices 
based on hole configuration in OCT.
Methods: Twenty-six eyes of 26 patients with full thickness MH (Stage II, III, and IV) were enrolled in this retrospective ob-
servational study between June 2017 and April 2019. Preoperative morphological parameters of MH such as base and min-
imum diameter, vertical height, left arm, and right arm length were calculated manually using the software in the cirrus 
optical coherence tomography (OCT) machine. MH Index (MHI), hole form factor (HFF), traction hole index, and diameter 
hole index were calculated and correlated with post-operative best-corrected visual acuity (VA) at last follow-up. 23-gauge 
pars plana vitrectomy, internal limiting membrane peeling with 12% C3F8 tamponade was performed in all patients and was 
followed up to 6 months postoperatively.
Results: The median value of patient’s age, duration of symptoms, pre- and post-operative best corrected VA were 60 years, 
9 months, 1.15 logMAR, 0.80 logMAR, similarly axial length, minimum hole diameter, base diameter of the MH, and central 
subfoveal macular thickness (CMT) were 22.8 mm, 646.5 μm, 736.5 μm, and 291 μm, respectively. Post-operative visual out-
come after MH surgery is better in patients with MHI ≥0.5, HFF ≥0.9, and CMT ≥300 μm. 
Conclusion: Pre-operative measurement of MH indices calculated from OCT images can be a prognostic factor in determin-
ing the post-operative visual outcome of MH surgery.
Keywords: Central subfoveal macular thickness; hole form factor; macular hole; macular hole index; visual outcome.
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Pars plana vitrectomy (PPV) with internal limiting mem-
brane (ILM) peeling is a widely used surgical modality 

for macular hole (MH) surgery. Post-operative achievement 
is ascribed to full removal of the posterior vitreous cortex 
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along with the ILM and subsequent release of tangential 
vitreous traction which is the most commonly accepted 
cause of MH.[1–9]

PPV with ILM peeling for full-thickness MH has reported 
primary closure rates of 76.4–100%.[9] Despite consider-
able advances in surgical techniques to operate MHs, visual 
outcome differs even after the MH has been successfully 
closed.[1,10] Based on recent case series of studies on MH, 
better visual outcome after surgery is related to young age, 
male gender, better baseline preoperative visual acuity 
(VA), shorter duration of symptoms, earlier staging of MH, 
small MH diameter, and successful hole closure.[11–20]

Stereoscopic ophthalmoscopy makes it difficult to visual-
ize the transverse image of the MH, thus other instruments 
such as optical coherence tomography (OCT) are being 
currently used to observe the structural changes in the 
morphology of MH in both pre-operative and postopera-
tive patients. The OCT which is a non-invasive retinal map-
ping device enables quantitative assessment of MH defor-
mation in a two-dimensional color map.[21–23]

Various literatures on OCT image of quantitative parame-
ters have been studied to predict MH post-operative vision 
in advance, such as MH index (MHI), traction hole index 
(THI), hole form factor (HFF), diameter hole index (DHI), 
minimum diameter (MD), and base diameter (BD).[1,12] Ex-
tensive research has also been undertaken to study prog-
nostic variables following MH surgery.[24–27]

To predict post-operative visual outcome, we assessed sev-
eral preoperative factors including patient’s age, pre-oper-
ative VA, duration of symptoms, staging of Gass classifica-
tion for MH and MHI, THI, HFF, DHI, and central sub-foveal 
macular thickness (CMT) of MH measured by OCT. The aim 
of this study was to assess the visual outcome improve-
ment after MH surgery based on above parameters and 
check its usefulness as a visual prognostic factor. We be-
lieve that this prognostic indicator has specific role in lower 
resource setup like Nepal, where pre-operative predictive 
factors can help achieve the realistic expectation of patient 
as well as surgeon.

Materials and Methods 
Patient’s data were collected retrospectively by reviewing 
the surgical records of 26 consecutive patients (26 eyes) 
who underwent MH surgery at the department of Vitreo-
retina, Lumbini Eye Institute from June 2017 to April 2019. 
The permission for the study was granted by the institu-
tional review committee (23 Nov, 2019, Ref No: 03/018/19) 
and adheres to the tenets of declaration of Helsinki.

The inclusion criteria for this study were: Gass Stages II, III, 
and IV full-thickness MH, standard 23-gauge PPV surgery 
with ILM peeling, and at least 6 months follow-up period 
following surgery. The study excluded eyes if they had 
pre-existing eye diseases (such as significant diabetic reti-
nopathy, proliferative vitreo-retinopathy, age-related mac-
ular degeneration, advanced glaucoma, optic atrophy, and 
other diseases) that limit VA, prior intra-ocular surgical his-
tory with the exception of cataract surgery and MH with 
retinal detachment.

Pre-operative data included patient’s age, gender, pre-
senting complaints, etiology of MH, laterality, duration of 
symptoms, and presence of comorbid conditions. Patients 
were divided into four age subgroups: Group 1: ≤60 years; 
Group 2: 61–65 years; Group 3: 66–70 years; and Group 
4: >70 years. The duration of symptoms was divided into 
<6 months and ≥6 months. All patients underwent com-
prehensive preoperative ophthalmological examinations 
including retinoscopy, uncorrected and best-corrected VA 
(BCVA) was documented using Snellen’s chart which was 
then converted to LogMAR for analysis. Axial length was 
measured using Zeiss IOL master 500 (Zeiss Meditec, Ger-
many) and intraocular pressure measured with Goldmann 
applanation tonometer, dilated fundus examination was 
carried out with slit lamp biomicroscopy and peripheral 
retina was checked with indirect ophthalmoscope with 
scleral depression. MHs were staged according to the Gass 
classification based on OCT examination. Cirrus HD-OCT 
500 (Zeiss Meditec, Germany) cross-sectional horizontal 
scans of the MHs were imaged and measured manually by 
the software measuring tool in the OCT machine preoper-
atively by a single investigator for central retinal thickness, 
hole diameter at the level of retinal pigment epithelium 
(BD), minimum inner diameter of the hole (MD), maximum 
hole height from the retinal pigment epithelium to the vit-
reoretinal interface (hole height), left arm length and right 
arm length corresponding to the distance between the left 
and right edge of the base and MD, respectively.

We searched for a useful index based on the pre-operative 
MH configuration on OCT recordings. MHI was defined as 
the ratio of the hole height to the BD. THI is defined as the 
ratio of the hole height to the MD. HFF is defined as the ra-
tio of the sum of the right and left arm length to the BD. DHI 
defined as the ratio of MD to BD (Fig. 1). These parameters 
were correlated with the post-operative BCVA.

Standard 23-gauge three port transconjunctival PPV was 
performed by a single surgeon. Posterior vitreous detach-
ment was induced using triamocinolone acetonide (10 
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mg/mL) whenever necessary followed by removal of the 
residual thin premacular posterior cortex and peripheral 
vitreous. All of the eyes underwent ILM peeling after stain-
ing with 0.025% brilliant blue G dye. In all eyes, fluid-air ex-
change was performed followed by gas tamponade (12% 
C3F8). Patients were instructed to keep their head in prone 
position for at least 2 weeks after surgery. Patients were 
then examined on 1st postoperative day, then at 2 weeks, 2 
months, and 6 months.

Statistical Analysis
Data were entered and analyzed with Statistical Package 
for the Social Sciences (SPSS) (Version 20, SPSS, IBM, Chi-
cago, USA). Wilcoxon rank sum test was used to analyze 
comparisons between pre-operative and post-operative 
measurements. The Spearman coefficient and Kruskal–
Wallis test were calculated to assess correlations between 
post-operative logMAR BCVA at last visit following surgery 
and the parameters that define the geometry of the MH 
and staging of MH respectively. Categorical variables were 

compared by Pearson Chi-squared test. A p-value of less 
from statistical tests than 0.05 was considered statistically 
significant.

Results
Twenty-six eyes of 26 patients (10, 38.5% male; 16, 61.5% 
female) with full thickness MHs were included in this study. 
The median values of patients’ age, duration of symptoms, 
pre- and post-operative logMAR BCVA, axial length, mini-
mum hole diameter, BD of the MH, and central sub foveal 
macular thickness were 60 years, 9 months, 1.15 logMAR, 
0.80 logMAR, 22.8 mm, 646.5 μm, 736.5 μm, and 291 μm, re-
spectively, with interquartile range of 14.25 years, 8 months, 
0.4 logMAR, 0.4 logMAR, 0.89 mm, 281.25 µm, 364.75 µm, 
and 172 µm, respectively. The demographic characteristics 
of the patient’s age are shown in Table 1. Patients mostly 
presented with decreased vision 96.2% (25 eyes), followed 
by metamorphopsia 3.8% (one eye). Majority of MH were 
idiopathic 88.5% (23 eyes) whereas 11.5% (three eyes) had 
traumatic etiology. Male to female ratio was 1:1.6. Bilateral 
involvement was recorded in three patients of which two 
were females. According to Gass staging, 19.2% (five eyes) 
patients had Grade II, 53.8% (14 eyes) had Grade III, and 
26.9% (seven eyes) had Grade IV MH. The Median MHI, HFF, 
THI, and DHI were 0.5, 0.72, 1.0, and 0.79 with interquartile 
range of 0.30, 0.28, 0.0, and 0.16, respectively.

Fifteen eyes (57.7%) of the total patients were presented at 
or before 60 years. All females presented before 66 years of 
age and 50% of the males presented after 65 years. This ear-
ly presentation of females than males was statistically sig-
nificant. (P=0.018, Pearson Chi-square) Table 2 represents 
the age group and the BCVA at the last follow-up visit.

Patients presented at or before 60 years had a better 
post-operative logMAR BCVA at last follow-up (6 months) 
which was not statistically significant. (P=0.032, Spearman 
correlation) Table 3 shows the comparative VA pre- and 
post-operatively as per WHO criteria for visual impairment. 
After surgery, 15.4% of eyes regained normal VA.

Fig. 1. Diagram showing various macular hole indices.

Table 2. Post-operative logMAR BCVA according to age groups

Age group BCVA at last follow-up at 6 months (logMAR unit) Number of patients

 0.00 0.30 0.60 0.80 1.00 1.10 1.30 

≤60 1 3 2 3 4 0 2 15
61–65 0 0 2 2 1 1 0 6
66–70 0 0 0 1 0 0 1 2
>70 0 0 0 2 0 0 1 3
Total patient 1 3 4 8 5 1 4 26

logMAR: Logarithm of minimum angle of resolution; BCVA: Best corrected visual acuity.

Table 1. Demographic characteristics of the patients

Age Range Male (%) Female (%) Total (%)

≤60 4 (15.38) 11 (42.30) 15 (57.7)
61–65 1 (3.84) 5 (19.23) 6 (23.1)
66–70 2 (7.7) 0 (0) 2 (7.7)
>70 3 (11.5) 0 (0) 3 (11.5)
Total 10 (38.5) 16 (61.5) 26 (100)



176 European Eye Research

Similarly, patients presented before 6 months had better 
post-operative logMAR BCVA at last follow-up which was 
statistically significant. (P=0.032, Spearman correlation). 
Table 4 shows post-operative VA and the duration of pre-
senting symptoms.

At the last follow-up Gass classification of Stages II and 
III, FTMH had better visual outcome than Stage IV which 
was not statistically significant. (P=0.075, Kruskal–Wallis 
test). Table 5 shows the BCVA at the last visit with regard 
to MH grading as per Gass classification. Table 6 shows 
the correlation between hole indices and coefficient. 
MHI and HFF had positive but DHI had negative corre-
lation with THI and all these variables were statistically 
significant.

Post-operative VA was better in the MHI group ≥0.5 com-
pared to MHI group <0.5 (Fig. 2). Post-operative VA was 
comparatively better in the HFF group ≥0.9 compared to 
HFF group <0.9 (Fig. 3). Post-operative logMAR BCVA for 

CMT ≥300 μm showed better visual outcome compared to 
CMT group <300 μm (Fig. 4).

Discussion
OCT analysis provides a better understanding of the ge-
ometry and features of MH. This study has evaluated the 
relationship between preoperative OCT parameters and in-
dices in diagnosing and staging of MHs and predicting the 
postoperative visual outcome following surgery. The study 
has also considered other variables such as age, gender, 
duration of symptoms, and pre-operative VA.

Better pre-operative VA, younger age with shorter duration 
of symptoms showed better postoperative BCVA in the 
present study which is similar to the observations by Suda 
et al.[28] and Kusuhara et al.[23] Impaired neuro-regenera-
tion, alterations in calcium homeostasis, reduced N-cad-
herin-dependent retinal regeneration and accumulation 
of macrophages in the sub-retinal or retinal pigment epi-
thelium layers accounts for poor visual outcomes in ageing 
population.[28]

Evaluation of MH configuration and sub-foveal macular 
thickness with OCT has provided useful information re-

Table 5. Post-operative logMAR BCVA according to Gass staging

Gass staging LogMar BCVA at last follow-up visit Number of patients

 0.00 0.30 0.60 0.80 1.00 1.10 1.30 

Grade II 1 1 1 1 1 0 0 5
Grade III 0 2 3 4 3 0 2 14
Grade IV 0 0 0 3 1 1 2 7
Total patient 1 3 4 8 5 1 4 26

logMAR: Logarithm of minimum angle of resolution; BCVA: Best corrected visual acuity.

Table 4. Post-operative logMAR BCVA according to duration of symptoms groups

Duration of symptoms groups BCVA at last follow-up at 6 months (logMAR unit) Number of patients

 0.00 0.30 0.60 0.80 1.00 1.10 1.30 

<6 months 1 3 2 4 0 0 2 12
≥6 months 0 0 2 4 5 1 2 14
Total patient 1 3 4 8 5 1 4 26

logMAR: Logarithm of minimum angle of resolution; BCVA: Best corrected visual acuity.

Table 3. Pre-operative and post-operative vision according to 
the WHO VA category

WHO VA category Pre-op Post-op BCVA
 BCVA group at last follow up
  (6 months) visit

 n (%) n (%)

6/6–6/18 0 (0) 4 (15.4)
6/24–6/60 12 (46.2) 17 (65.4)
5/60–3/60 5 (19.2) 5 (19.2)
2/60–1/60 9 (34.6) 0 (0)
Total 26 (100) 26 (100)

WHO: World health organization; VA: Visual acuity; BCVA: Best corrected visual acuity.

Table 6. Correlation between THI and other hole indices

Hole indices Coefficient P-value
  (Spearman correlation)

MHI 0.778 <0.001
HFF 0.654 <0.001
DHI -0.433 0.027

THI: Traction hole index; MHI: Macular hole index; HFF: Hole form factor; DHI: Diam-
eter hole index.
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garding visual prognosis, which is supported by various 

other studies.[4,11,19,23] We proposed MH indices such as 

MHI, HFF, THI, DHI, and central subfoveal macular thickness 

(CMT) that reflects the pre-operative macular deformation 

which could be used to predict the post-operative visual 

outcome.

This study showed that MHI values of ≥0.5 experienced a 
better postoperative VA compared to MHI values of <0.5 
which is comparable to the results by Kusuhara et al.[23] 
Holes with greater MHI values represent eyes with limited 
preoperative macular deformation which can be benefit-
ted mostly from a PPV.

Puliafito et al.[29] first created HFF and found 80% anatom-
ical success rate in patients with HFF >0.9. In the study by 
Ullrich et al.,[11] all patients with an HFF >0.9 were operat-
ed successfully in the first approach with better anatomical 
success rate. In this study, post-operative VA was better in 
HFF ≥0.9 compared to HFF <0.9.

Shpak et al.[30] revealed that the preoperative central sub-
field retinal thickness directly reflects the volume of tissues 
required to restore the foveal anatomy after surgery and 
is a strong predictor of anatomical results of MH surgery. 
It could predict both the anatomical closure of the hole 
and the restoration of the outer retinal structure. In our 
study, better post-operative VA was acquired by the patient 
whose CMT was ≥300 μm as compared to those with CMT 
<300 µm. Hence, the reduction below this “reserve” volume 
is a significant unfavorable prognostic sign.

THI represents the relationship between the two traction-
al forces (antero-posterior vitreomacular traction and tan-
gential traction) responsible for causation of MH and could 
be correlated closely with postoperative BCVA.[28] In this 
study, a significant positive correlation was found between 

Fig. 2. Scatter plot demonstrates the relationship of pre-operative and 
post-operative log MAR BCVA (6 months) after macular hole sur-
gery with MHI groups.
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Fig. 3. Scatter plot demonstrates the relationship of pre-operative and 
post-operative log MAR BCVA (6 months) after macular hole sur-
gery with HFF groups.
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Fig. 4. Scatter plot demonstrates the relationship of pre-operative and 
post-operative log MAR BCVA (6 months) after macular hole sur-
gery with central subfoveal macular thickness groups.
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THI, MHI, and HFF whereas a significant negative correla-
tion was found with DHI. It indicates the strong role of tan-
gential traction in MH formation and is directly related to 
the MD of the MH.

The limitation of this study are many; among them small 
sample size, short follow-up period following surgery and 
retrospective nature of the study are the major ones. Other 
shortcomings are a single center-based study and inclu-
sion of surgery by a single surgeon with single technique. 
We believe that a study with larger population and differ-
ent centers could help us support the statement for prog-
nostic factors.

Conclusion
OCT facilitates an accurate diagnosis and staging of MH 
and based on its parameters it also helps in determining 
the anatomical outcome and functional prognosis preop-
eratively.

Several pre-operative factors such as younger age, early 
presentation, better pre-operative VA, and early Gass stag-
ing along with pre-operative measurement of MH parame-
ters such as MHI ≥0.5, HFF ≥0.9, and CMT ≥300 μm on hole 
configuration calculated from macular OCT act as a prog-
nostic factor for better post-operative visual outcome after 
MH surgery. Knowledge of these visual prognostic factors 
help the operating surgeon to counsel the patient in effec-
tive way with expectation of more realistic post-operative 
visual outcome.
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