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Abstract

Purpose To investigate the associated factors

of foveoschisis and foveal detachment without

macular hole in highly myopic eyes.

Methods A cross-sectional study of 124 eyes

of 68 highly myopic patients was performed.

The patients underwent complete ocular

examination, fundus photography, and optical

coherence tomography (OCT).

Results Of the 124 eyes, 10 (8%, 10/124) had

foveoschisis or foveal detachment without a

macular hole on OCT examination. On the

basis of univariate analysis, six variables were

associated with the pathologic changes,

including age over 40 years (P¼ 0.018),

spherical equivalent over 10D (P¼ 0.042), axial

length over 31mm (P¼ 0.001), macular

chorioretinal atrophy (P¼ 0.00003), posterior

staphyloma (P¼ 0.0003), and vitreoretinal

interface factors, including epiretinal

membrane, posterior vitreoschisis, and

vitreomacular traction (P¼ 0.00002). In the

multivariate analysis, three factors were

independently associated with foveoschisis

and foveal detachment without macular hole

in high myopia: axial length, macular

chorioretinal atrophy, and vitreoretinal

interface factors.

Conclusions Foveoschisis and foveal

detachment without macular hole are

sight-threatening disorders in highly myopic

eyes. Axial length, macular chorioretinal

atrophy, and vitreoretinal interface factors

were independently associated with these

pathological conditions. Thus, both

intraocular and outer ocular wall factors

play important roles and merit further

study.
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Introduction

Myopia is a highly prevalent condition,

especially in Southeast Asia, with reported rates

as high as 80%.1,2 A previous study in Taiwan

found that the prevalence of high myopia (less

than �6.0 D) at the age of 18 years was 24% in

girls and 18% in boys.3 It often results in

sight-threatening ocular pathology. Macular

hole with posterior retinal detachment (RD) is a

well-known complication of posterior

staphyloma in highly myopic eyes.4 There were

some highly myopic patients who presented

with poor vision without a macular hole or RD,

which made it difficult to explain the reason for

poor visual acuity based on biomicroscopy.

Recent studies using OCT demonstrated

asymptomatic macular holes, foveal retinal

detachment without a macular hole, and

myopic traction maculopathy in highly myopic

eyes.5–7

The management of foveoschisis and foveal

detachment without a macular hole in highly

myopic eyes remains unclear and inspires much

debate. In order to provide the most appropriate

management methods, it is important to know

the factors associated with these sight-

threatening diseases. Early diagnosis and

prompt management might be beneficial.

The purpose of this study was to use OCT to

identify and evaluate the prevalence of factors

associated with foveoschisis and foveal

detachment without a macular hole in highly

myopic eyes.
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Methods

Subjects for this study were prospectively recruited from

patients who visited the ophthalmology clinic of Chang

Gung Memorial Hospital-Kaohsiung Medical Center,

between January 2005 and December 2005. Subjects with

the diagnosis of high myopia and meeting eligibility

requirements were selected for participation. This study

was approved by the hospital’s institutional review

board and was performed in accordance with the World

Medical Association’s Declaration of Helsinki. Informed

consent was obtained for each subject before enrolment.

Patients enrolled in this study underwent a complete

ophthalmologic examination, which included best-

corrected visual acuity testing with Landolt’s C chart,

intraocular pressure measurement, slit-lamp

examination, dilated slit-lamp examination with stereo

biomicroscopy, and indirect ophthalmoscopy. A-scan

testing was obtained for the measurement of axial length.

OCT-3 was performed on one or both eyes of each subject

after pupil dilation. Colour photography and B-scan

ultrasonography were obtained for the diagnosis of

macular chorioretinal atrophy (diffuse or patchy) and

posterior staphyloma.

Highly myopic eyes were defined as having a spherical

equivalence (SE) of less than –6 D or an axial length

(AXL) greater than 26.5 mm. Exclusion criteria included

systemic diseases, previous ocular surgery within 6

months, and glaucoma due to thin retinal thinkness.

The OCT-3 system used in this study (model 3000,

software version B 3.0, Carl Zeiss Meditec, Dublin, CA,

USA) permits cross-sectional imaging by acquiring a

sequence of 128 interferometric axial reflectance profiles

(A-scans) of the retina. The OCT-3 fast-scan protocol

completed total data acquisition in 1.92 s. To obtain a

map of retinal thickness at the macula, six equally spaced

intersecting radial scans through the center of the fovea

were performed. Each radial scan had a diameter of

6.0 mm and comprised a circular area centred on the

fovea. Ophthalmic photographers who were skilled in

the use of the OCT-3 system performed all OCT scans

through a dilated pupil.

Foveoschisis was defined as separation of the

neurosensory retina into two or more layers in the foveal

area. Foveal detachment without a hole was defined as

retinal detachment confined to the macular area, but

without macular hole. Both were combined with or

without epiretinal membranes or vitreomacular traction.

Vitreoretinal interface factors were defined as including

epiretinal membrane (ERM), posterior vitreoschisis

(PVS), and vitreomacular traction.

Data were analysed using w2 test and Fisher’s exact test

(if the expected value was under 5) for the univariate

analysis of factors associated with foveoschisis and

foveal detachment without a hole. Probability values of

Po0.05 were considered statistically significant. In

addition, logistic regression was used to estimate odds

ratios (OR) and 95% confidence intervals (CI) for further

independent variables. Variables that were significant at

the Pp0.1 level in the univariate analysis were included

in backward logistic regression analysis to select the final

list of independent variables. All analyses were

computed using SPSS software (v10.0, SPSS Inc. Chicago,

IL, USA).

Results

One hundred and twenty-four highly myopic eyes from

68 patients were included in this study. Twenty-six

patients were male and 42 were female. The mean age

was 39 years (range, 15–78 years). The mean SE was

�11.45 D (range, �6 to �27 D). The mean AXL was

29.07 mm (range, 25.99–34.07). The BCVA ranged from

counting finger to 20/20. Forty-three eyes (35%) had

posterior staphyloma and 81 eyes (65%) did not.

Thirty-four eyes (27%) had diffuse or patchy

chorioretinal atrophy in the macula. Sixteen eyes (13%)

had vitreoretinal interface factors, including eight eyes

with ERM and the other eight eyes with PVS in the

macula.

Out of the 124 eyes, 10 had foveoschisis or foveal

detachment without a macular hole on OCT examination.

The prevalence was 8% (10/124). The characteristics of

these patients are summarized in Table 1. The age of the

patients with foveal detachment and foveoschisis ranged

from 37 to 73 years (mean, 53 years). Eight of the 10 eyes

(80%) were from patients over the age of 40 years. The SE

in these eyes ranged from �7.6 to �22.25 D (mean,

�14.69 D). Nine of the 10 eyes (90%) had posterior

staphyloma. AXL in these eyes ranged from 26.66 to

32.79 mm (mean, 30.06 mm). BCVA in these eyes ranged

from 20/1000 to 20/33 (mean, 20/133). Colour fundus

photography showed that 9 of 10 eyes had chorioretinal

atrophy in the macula, six had diffuse atrophy, and three

had patchy atrophy. On OCT, seven of 10 eyes (70%) had

foveoschisis. Seven eyes (70%) had vitreoretinal interface

factors, including six eyes with ERM and only one eye

with PVS and traction.

In the univariate analysis, Table 2 shows the factors

associated with foveoschisis and foveal detachment

without macular hole in highly myopic eyes. A trend

towards higher risk was seen for age over 40 years, SE

over 10 D, AXL over 31 mm, macular chorioretinal

atrophy, posterior staphyloma, and vitreoretinal interface

factors (P¼ 0.018, 0.042, 0.001, 0.00003, 0.0003, and

0.00002, respectively). There was no significant

association with sex or laterality of the eye (P¼ 0.739 and

1.745, respectively).
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These six associated variables were included in the

multivariate analysis. AXL over 31 mm, macular

chorioretinal atrophy, and vitreoretinal interface factors

were independently associated with higher risk of

foveoschisis and foveal detachment without a macular

hole in highly myopic eyes (Table 3). AXL over 31 mm

was associated with an increased risk of foveoschisis and

foveal detachment without a macular hole in highly

myopic eyes (adjusted OR 17.7; 95% CI 1.5–216.9,

P¼ 0.024). The presence of macular chorioretinal atrophy

was associated with increased risk for both conditions

(adjusted OR, 13.3; 95% CI, 1.3–138.3, P¼ 0.030). The

presence of vitreoretinal interface factors was associated

with increased risk (adjusted OR, 37.2; 95% CI, 3.6–380.9,

P¼ 0.002).

Discussion

In this study, the prevalence of foveoschisis or foveal

detachment without a macular hole was 8% (10/124

eyes) in highly myopic eyes. The reported prevalence

rate ranges from 9 to 34% in previous studies in Japan

and Italy.5,7,8 The reason for the slightly lower prevalence

rate in this study could be due to the random inclusion of

Table 1 Clinical features in high-myopia patients with foveoschisis or foveal detachment without macular hole

Case no. Age Sex Eye BCVA Myopia (D) AXL (mm) Posterior
staphyloma

Choroioretinal
atrophy

OCT finding

1 48 M R 20/33 �16 27.57 þ Diffuse Foveoschisis, ERM
2 57 F R 20/400 �20 32.38 þ Diffuse Foveoschisis, ERM
3 37 F L 20/1000 �22.25 32.79 þ Diffuse Foveal detachment,

foveoschisis, ERM
4 73 F R 20/333 �15 31.99 þ Pathy Foveoschisis, macula

retinoschisis
5 43 F L 20/200 �17 31.76 þ Diffuse Foveoschisis, ERM
6 61 F L 20/666 �7.625 27.20 þ Diffuse Foveal detachment
7 39 F R 20/66 �13.25 31.67 � F Foveoschisis
8 54 M R 20/400 �11 29.12 þ Pathy Foveal detachment,

foveoschisis, PVS
9 54 M L 20/66 �11.125 26.66 þ Diffuse Foveal detachment,

macular retinoschisis, ERM
10 63 F R 20/1000 �14 29.48 þ Pathy Foveal detachment, ERM

AXL¼ axial length; BCVA¼best-corrected visual acuity; ERM¼ epiretinal membrane; OCT¼optical coherence tomography; PVS¼posterior vitreous

schisis.

Table 2 Univariate analysis of factors associated with foveoschisis or foveal detachment without macular hole in highly myopic eyes

Factor Definition Attached retina, no (%) FS or FD w/o hole, no (%) Crude OR (95% CI) P-value

Age p40 69 (60.5) 2 (20.0) 1.0 0.018
440 45 (39.5) 8 (80.0) 6.1 (1.2–30)

Sex Male 46 (40.4) 3 (30.0) 1.0 0.739
Female 68 (59.6) 7 (70.0) 1.6 (0.4–6.4)

Eye Right 58 (50.9) 6 (60.0) 1.0 0.745
Left 56 (49.1) 4 (40.0) 0.7 (0.2–2.6)

SE (D) p10 50 (45.9) 1 (10.0) 1.0 0.042
410 59 (54.1) 9 (90.0) 7.6 (0.9–62.3)

AXL (mm) p31 102 (95.3) 5 (50.0) 1.0 0.001
431 5 (4.6) 5 (50.0) 17 (3.8–75.3)

Choroid atrophy Absent 88 (71.0) 1 (10.0) 1.0 0.00003
Present 26 (29.0) 9 (90.0) 30.5 (3.7–251.7)

Post. staphyloma Absent 80 (70.2) 1 (10.0) 1.0 0.0003
Present 34 (29.8) 9 (90.0) 21.2 (2.6–173)

Vitreoretinal interface factor Absent 105 (92.1) 3 (30.0) 1.0 0.00002
Present 9 (7.9) 7 (70.0) 27.2 (6.0–123.7)

FS¼ foveoschisis; FD w/o hole¼ foveal detachment without macular hole; OR¼ odds ratio; choroid atrophy¼macular choroidoretinal atrophy.

Vitroretinal interface factors include epiretinal membrane, poster vitreous schisis, and vitreomacular traction.
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high-myopia subjects visiting our outpatient clinic for

problems other than retinal problems. Our data should

be more similar to the general high-myopia group in a

hospital-based study.

Our study revealed that macular chorioretinal atrophy,

axial length, and vitreoretinal interface factors were the

three independent factors associated with foveoschisis

and foveal detachment without macular hole in highly

myopic eyes. It means that both intraocular and outer

ocular wall factors play important roles in developing

foveoschisis and foveal detachment in highly myopic

eyes.

Baba et al7 also found posterior staphyloma and severe

myopic degenerative changes to be the associated factors

in their patients. Longer AXL and chorioretinal atrophy

had close relationships with posterior staphyloma in

high myopia.9–11 Posterior staphyloma is recognized as

an important factor in foveoschisis and foveal

detachment without a macular hole.7,8 Longer AXL,

chorioretinal atrophy, and posterior staphyloma

represent the outer ocular pouching forces resulting in

pathologic changes. Longer AXL increases the eyeball

diameter and induces retinal stretching. The stretched

retina might be insufficient in contrast to the enlarged

sclera and induce the vector force inside. In addition,

chorioretinal atrophy within the staphyloma might

weaken the adherence between the sensory retina

and retinal pigment epithelium (RPE).12 Within the

foveal detachment, subretinal fluid is poorly pumped out

due to RPE atrophy within the area of chorioretinal

atrophy.

In the univariate analysis, factors of older age, higher

myopia (410 D), and posterior staphyloma also showed

significant trends of association with foveoschisis and

foveal detachment without macular hole. However, these

factors were not significant in the final multivariate

analysis. The reason might be that the latter two factors

were also associated with and interacted with AXL and

chorioretinal atrophy of the macula.10 The fact that

staphyloma disappears in the multivariate analysis

probably means that both staphyloma and chorioretinal

atrophy are expressions of the same process and that

chorioretinal atrophy is just a more sensitive marker to

indicate that the process has reached clinically significant

levels. Chorioretinal atrophy and posterior staphyloma

were seldom found in children.13 This suggests that

ageing and long-term mechanical stretching of the

eyeball might be predisposing factors for posterior

staphyloma. In our study, only two eyes (2/10) were less

than 40-year-old. Preventing progressive thinning of the

scleral wall with age is important to prevent the

occurrence of foveoschisis and foveal detachment in

highly myopic eyes in later life.

Only 3 of 10 eyes with foveoschisis or foveal

detachment without a macular hole had vision better

than 20/200. The natural course of these diseases would

be to develop a macular hole with or without retinal

detachment.14 Therefore, management of foveoschisis

and foveal detachment without macular hole is

necessary. The vitreoretinal interface factors represented

inner ocular force and were still the most important

independent factors in the final multivariate analysis.

The intraocular forces inducing foveoschisis and foveal

detachment without macular hole include the epiretinal

membrane, vitreomacular traction, residual focal

vitreoretinal adhesion, and retinal vessel stiffness.5,7,15,16

There are several reports on the management of releasing

intraocular forces, including vitrectomy, residual vitreous

cortex removal, with or without internal membrane

peeling, and gas tamponade.16,17 Most of these cases had

a favorable outcome after relieving vitreoretinal interface

force. However, persistent foveoschisis and macular hole

development were still reported in some eyes.18,19 This

indicates that the release of these intraocular forces

relieves only a part of the causes of foveoschisis and

foveal detachment without a macular hole. Outer ocular

forces such as chorioretinal atrophy, posterior

staphyloma, and longer AXL should also be considered

Table 3 Final multivariate models for factors associated with foveoschisis or foveal detachment without macular hole in highly
myopic eyes

Factor Definition FS or FD without hole, adjusted OR (95% CI) P-value

AXL (mm) p31 1.0 0.024*
431 17.7 (1.5–216.9)

Choroid atrophy Absent 1.0 0.030*
Present 13.3 (1.3–138.3)

Vitreoretinal interface factors Absent 1.0 0.002*
Present 37.2 (3.6–380.9)

OR¼ odds ratio; CI¼ confidence interval. OR (95% CI) of foveoschisis or foveal detachment without hole in backwards stepwise multiple logistic

regression models that included the following covariates: age, spherical equivalent, axial length, choroidal atrophy, posterior staphyloma, and

vitreoretinal interface factors. Age, spherical equivalent, and posterior staphyloma were dropped out of the final models.

*Represents a significant difference with P-valueo0.05.
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in the management of these diseases. Posterior scleral

buckling might be an alternative or additional choice for

treatment.20,21

One of the limitations of this study was the small

number of patients with foveoschisis or foveal

detachment without macular hole. In addition, a

hospital-based study might not be representative of

the general population in the community. Further, a

large-scale community-based study is necessary.

In conclusion, foveoschisis and foveal detachment

without macular hole were common in our highly

myopic patients. Longer AXL, macular chorioretinal

atrophy, and vitreoretinal interface factors were

significantly associated with these conditions

(Figures 1–3).

The authors have no financial interests in the study.
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