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Abstract

Purpose To evaluate the morphological

changes before and after the formation of a

full-thickness macular hole (MH) in highly

myopic eyes.

Patients and methods Retrospective

observational case series. From 2006 to 2013,

clinical records of patients with MH and

high myopia who had optical coherence

tomography (OCT) before the development

of MH were reviewed. All patients had been

followed for more than 1 year since MH

formation to observe the morphological

changes.

Results Twenty-six eyes of 24 patients were

enrolled. The initial OCT images could be

classified into four types: (1) normal foveal

depression with abnormal vitreo-retinal

relationship (eight cases), (2) macular schisis

without detachment (six cases), (3) macular

schisis with concomitant/subsequent

detachment (nine cases), and (4) macular

atrophy with underlying/adjacent scar (three

cases). After MH formation, one case in type

1 and one case in type 4 group developed

retinal detachment (RD). In type 2 group,

four cases developed RD at the same time of

MH formation. The preexisting detachment

in type 3 group extended in eight cases and

improved in one case. Among all the cases,

14 eyes received vitrectomy and 7 eyes

received gas injection. MH sealed in nine

eyes after vitrectomy and four eyes by gas

injection.

Conclusion The study revealed four

pathways of MH formation in highly myopic

eyes. MH from macular schisis tended to be

associated with detachment. However, the

evolution and the results of surgical

intervention were not always predictable.
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Introduction

Full thickness macular hole (FTMH) most

commonly occurs in older patients without an

apparent underlying cause.1 It may also

develop after ocular trauma2 or in association

with high myopia, rhegmatogenous retinal

detachment (RD), or diabetic retinopathy.3

Extensive studies by optical coherence

tomography (OCT) confirm that the formation

of idiopathic macular hole (MH) is usually

associated with vitreofoveal traction, or less

frequently with epiretinal membrane.1,4 High

myopia has a high prevalence in Taiwan,5 with

MH being one of the frequently seen

complications of myopic maculopathy.

However, the pathogenesis of MH formation in

highly myopic eyes remains incompletely

understood. A literature review reveals that the

formation of MH in high myopia involves

complex traction forces from various directions,

including vitreous anterior-posterior traction,

oblique or tangential traction from partially or

undetached posterior hyaloid, traction from

epiretinal membrane, internal limiting

membrane (ILM) induced tangential traction,

posterior outward traction from the

staphyloma, and retinal vessel traction.6–11

These factors, alone or in combination, may

induce MH formation through mechanisms

different from those underlying idiopathic MH.

Before the MH formation, the macula may have

normal configuration, may show schisis cavity,

or may develop schisis with subfoveal

detachment. Foveoschisis is believed to be one

of the main causes of MH formation in highly

myopic eyes,12–14 and is often found in

combination with foveal detachment, lamellar

MH (LMH), and vitreomacular traction.

Although the development of MH from schisis

with foveal detachment has been reported,15
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the development of MH through other pathways and the

evolution of MH after its formation have not yet been

described in detail. In this study, by examining sequential

OCT images, we investigated the various mechanisms of

the formation of MH and the possible alterations of the

retinal structure after MH development in high myopic

patients.

Materials and methods

Subjects

From September 2006 to September 2013, clinical

records of OCT-verified FTMH from National Taiwan

University Hospital were retrospectively reviewed.

Cases with OCT studies before the development of

FTMH were selected. All included cases had a

refractive error of more than six diopters or an axial

length of more than 26 mm, and all cases were followed-

up for more than 1 year after the development of

FTMH. The study was conducted according to the

tenets of the Declaration of Helsinki and was approved

by the Research Ethics Committee of National Taiwan

University Hospital.

Ocular examinations and follow-up

Ophthalmoscopic examinations, best-corrected visual

acuity, refraction status (Auto Refractometer KR-8800,

Topcon Corporation, Tokyo, Japan), axial length

measured by ultrasound (PAC Scan 300AP, Sonomed

Inc., NY, USA), and OCT examinations (Cirrus HD-OCT

400, Carl Zeiss Meditec, Dublin, CA, USA; RTVue OCT

RT100 Optovue, Fremont, CA, USA; Stratus OCT 3000,

Carl Zeiss Meditec) were recorded in all the patients.

Axial length was measured while the retina was

attached. OCT studies were regularly done every 3–6

months depending on the severity of the macular

changes. The OCT features were obtained by multiple

scans centered on the fovea. The scan length was

8–10 mm. The changes of vitreomacular relationship in

OCT examination and the status of posterior staphyloma

were also analyzed. Posterior staphyloma was defined as

ectasia in the posterior pole detected in the OCT and

fundus photographs. Ophthalmological examinations

including best-corrected visual acuity, biomicroscopy,

and indirect ophthalmoscopy were performed at an

interval of 3–6 months. We performed gas injection

initially for the cases of MH with localized RD in the

posterior retina (not extended beyond the equator) and

no OCT visible traction.16,17 For the cases with extensive

RD or OCT visible traction, vitrectomy was indicated.

The procedures or operations the patients received were

also recorded.

Surgical procedures

Gas injection After proper disinfection and anterior

chamber paracentesis, intravitreal injection of 0.2–0.4 ml

C3F8 was performed. A 27-gauge needle was used to

make the injection through temporal upper or lower pars

plana, 3.5 mm posterior to the limbus. The patients were

subsequently kept in a head down position for

approximately 1 week.

Vitrectomy Standard 3-port 20 or 23 gauged pars plana

vitrectomy was performed. After core vitrectomy and

triamcinolone acetonide-assisted (TA, 2.5 mg/ml)

posterior hyaloid removal, posterior retina was carefully

inspected to identify any preretinal membrane. Forceps

removal of the membrane (if present) was performed,

followed by Indocyanine green (ICG)-assisted ILM

peeling. To avoid the potential toxicity of ICG to the RPE,

in those cases without macular detachment, a small

amount of VisCoat (Alcon-Couvreur N.V., Rijksweg,

Puurs, Belgium) was placed in the hole to prevent the

ICG from contacting the RPE later in the procedure.18,19

ICG was diluted to a low concentration with 15 ml 5%

glucose water (concentration of ICG: 1.7 mg/ml) and

then carefully applied around the hole. As the solution

had a higher gravity than that of water, it could be

applied in a more controlled manner. The excessive ICG

solution was immediately removed by suction. VisCoat

was aspirated from the hole after good ILM staining. The

non-stained area indicated the presence of taut epiretinal

membrane (ERM). Direct forceps grasping was then used

to create an ILM break. ILM peeling along with the

overlying ERM (if present) for at least 4 disc diameter

centering on the fovea was performed in a circular

manner. The peripheral retina was then examined for

possible breaks, followed by air-fluid exchange and 15%

C3F8 infusion into the vitreous cavity. The patients were

subsequently kept in a prone position for approximately

1 week.

Statistical analysis

The relationship between the type of MH formation and

axial length was analyzed by ANOVA. The correlation

between axial length and initial anatomic success after

vitrectomy or gas injection was evaluated by binary

logistic regression. Statistical analysis was analyzed by

the SPSS (version 17.0, SPSS Inc., Chicago, IL, USA).

Results

The demographic data and clinical characteristics of all

study eyes are shown in the Table 1. In total, 26 eyes from 24

patients (5 men and 19 women) were enrolled in this study.
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The mean age was 60±8.55 years (range: 40–85). The mean

refractive error was � 15.87±5.09 diopters (range: � 6.10

to � 23.87 diopter) and the mean axial length was

30.2±2.14 mm (range: 25.86–35.26 mm). All except

one eye (case 4) had staphylomata. The initial OCT

changes of the study eyes could be classified into 4 types:

(1) normal foveal depression with abnormal vitreo-

retinal relationship, (2) macular schisis without macular

detachment, (3) macular schisis with concomitant

or subsequent macular detachment, and (4) macular

atrophy with underlying or adjacent submacular scar.

Development of FTMH

Type 1: Normal foveal depression with an abnormal vitreo-

retinal relationship (1) Abnormal vitreofoveal adhesion

with vitreo-macular separation: one case belonged to this

type (case 1). The axial length was 25.86 mm. It showed

similar macular changes as those in idiopathic MH

formation (Figures 1a–d). The vitreo-foveal traction

induced intraretinal cystic changes and outer laminar

dehiscence. FTMH was noted within 1 week after the

initial changes were detected.

(2) Tangential premacular traction from an ERM: seven

cases belonged to this type (cases 2–8). The average axial

length was 30.47±2.48 mm (range: 26.34–34.1 mm). LMH

was noted initially in all cases. Tangential traction

exerted from the surrounding ERM led to the formation

of MH (Figures 1e–g). It took 24.8±24.4 months on

average (range: 0.5–75 months) to develop MH from

LMH.

Type 2: Macular schisis without macular detachment Six

eyes belonged to this type (cases 9–14). The average axial

length was 29.65±1.65 mm (range: 29.05–31.98 mm). All

cases developed inner LMH before continuous tangential

traction caused outer laminar disruption and FTMH

(cases 9, 11–14) (Figures 2a–e). It took 8, 32, 18, 49, 12, and

43 months, respectively, (average:27±16.9 months,

range: 8–49 months) to develop MH from schisis without

RD. The interval from LMH to MH was 13.33±12.06

months (8, 6, 18, 1, 12, and 35 months, respectively).

Table 1 The demographic data and clinical characteristics of all the eyes

No Sex Age R/L Refraction
(D)

AxL
(mm)

Staphyloma Initial OCT Initial
BCVA

BCVA
after MH

Operation Final OCT Final
BCVA

1 F 53 L � 6.1 25.86 Y Impending MH 20/40 20/50 PPV Sealed 20/32
2 F 55 R PCIOL 34.1 Y LMH 20/40 20/125 PPV MH 20/2000
3 F 60 L PCIOL 30.7 Y LMH 20/400 20/800 PPV MH 20/125
4 F 60 L � 7.25 26.34 N LMH ND 30cm ND 10cm MH HM 30cm
5 F 57 L � 14.3 29.15 Y LMH 20/63 20/63 PPV MH 20/125
6 F 57 R PCIOL 31.9 Y LMH 20/50 20/63 MH 20/63
7 M 53 L � 13.63 29.38 Y LMH 20/25 20/100 PPV Sealed 20/32
8 M 59 L � 14.75 31.77 Y LMH 20/50 20/125 PPV Sealed 20/200
9 F 61 R � 19.75 31.98 Y Schisis HM20cm HM20cm MH 20/2000
10 F 62 R � 22.75 29.05 Y Schisis 20/63 20/400 PPV Sealed 20/400
11 F 72 L aphakia 29.65 Y Schisis 20/40 20/200 PPV Sealed 20/63
12 F 40 R � 11.75 29.71 Y Schisis 20/32 20/125 PPV MH 20/125
13 F 67 R � 12.25 30.49 Y Schisis 20/800 20/800 Gas Sealed 20/800
14 M 56 R � 16 26.99 Y Schisis 20/100 20/400 PPV MH 20/400
15 F 60 L PCIOL 30.41 Y Schisis 20/63 20/63 Gas Mild Schisis 20/63
16 F 54 L � 14.25 30.29 Y Schisis RD 20/400 20/400 PPV MH, mild Schisis 20/100
17 F 70 R PCIOL 27.45 Y Schisis RD 20/100 20/100 Gas Schisis 20/63
18 F 85 L PCIOL 29.03 Y Schisis RD 20/400 20/400 Gas LMH Schisis 20/400
19 F 66 R � 19 31.83 Y Schisis 20/50 20/400 PPV Sealed 20/200
20 M 65 R PCIOL 29.67 Y Schisis RD 20/200 ND30cm Gas MH HMa 20cm
21 F 56 L � 19 31.72 Y Schisis RD 20/200 20/200 Gas MH 20/800
22 M 46 L � 20.87 35.26 Y Schisis RD 20/40 ND30cm PPVþ SB MHb 20/400
23 F 66 R PCIOL 29.36 Y Schisis RD 20/50 20/400 PPV Sealed RD 20/125
24 F 60 R � 18.5 31.11 Y Scar ND20cm HM20cm MH HM20cm
25 F 61 L � 23.87 30.4 Y Scar 20/200 20/200 Gas MH 20/2000
26 F 61 L PCIOL 31.47 Y Scar 20/200 20/200 MH 20/200
Average 60 � 15.87 30.2

Abbreviations: AxL, axial length; BCVA, best-corrected visual acuity; HM, hand motion; LMH, lamellar macular hole; MH, macular hole; ND, number of

digit; OCT, optical coherence topography; PCIOL, posterior chamber intraocular lens; PPV, pars plana vitrectomy; RD, retinal detachment; SB, scleral

buckling.
a Macular hole sealed initially but reopened 15 months later.
b Macular hole sealed initially but reopened 34 months later.
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Type 3: Macular schisis with concomitant or subsequent

macular detachment Nine eyes belonged to this type

(case 15–23). The average axial length was

30.55±2.22 mm (range: 27.45–35.26 mm). Two cases

(cases 15 and 19) initially presented with schisis only,

then developed schisis with macular detachment 3 and

12 months later, respectively. Seven cases of schisis with

RD directly advanced to MH with RD (cases 15–17,

19–22); one case developed outer lamina disruption and

then progressed to MH with RD (case 23) (Figures 2f–i);

another case underwent formation of inner LMH before

developing MH with RD (case 18). It took 2, 6, 10, 7, 17, 2,

Figure 1 (a–d) Case 1, a 53-year-old female. (a) The initial presentation was an impending hole. (b) Vitreomacular separation with
vitreofoveal adhesion caused the disruption of the inner lamina and the formation of MH 1 week later. (c) The MH enlarged 1 month
later. (d) The MH sealed after vitrectomy. (e–g) Case 7, a 53-year-old male. (e) The initial presentation was lamellar MH with
premacular tangential traction. (f) The MH developed 12 months later. (g) The MH sealed after vitrectomy.

Figure 2 (a–e) Case 14, a 56-year-old male. (a) The initial presentation was schisis on the macular area. (b) The lamellar MH
developed 8 months later. (c) Inner lamina dehiscence (arrow) was noted 30 months later. (d) The MH developed 5 months later. The
duration from lamellar MH to MH formation was 35 months. The height of the schisis decreased and the retina remained attached.
(e) The MH persisted after vitrectomy. (f–i) Case 23, a 66-year-old female. (f) The initial presentation was schisis with foveal
detachment. (g) Outer lamina disruption developed nine months later. (h) It progressed to MH with retinal detachment 2 months later.
(i) The MH sealed but subretinal fluid remained after vitrectomy.
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2, 3, and 11 months, respectively (average: 6.67±5.2

months, range: 2–17 months) to develop MH from schisis

with RD.

Type 4: Macular atrophy with underlying or adjacent

submacular scar Three eyes belonged to this type (cases

24–26) (Figure 3). The average axial length was

30.99±0.54 mm (range: 30.4–31.47 mm). In all three cases,

the atrophic macula became thinner, and eventually,

FTMH appeared.

The average axial length was longest in type 4 group

and shortest in type 2 group. However, there was no

significant difference about the axial length between the

types of MH formation (P¼ 0.771).

Macular changes after the development of FTMH

After MH formation, the macula may stay attached

or develop RD. The preexisting RD may also extend

beyond the macula area. The following describes

the macular changes in our cases during follow-up

periods, including the natural course before treatment,

the treatment methods, and the results after surgical

intervention. Only two of our cases had posterior

vitreous detachment noted during surgery

(cases 7 and 23).

Type 1: Normal foveal depression with abnormal vitreo-retinal

relationship (8 cases, cases 1–8) (1) Abnormal vitreofoveal

adhesion with vitreo-macular separation (case 1):

In this group’s single case, MH enlarged within 1

month. Vitrectomy was performed 2 months after MH

formation. The hole was sealed, and best-corrected visual

acuity improved from 20/50 before treatment to 20/32 6

months after treatment (Figures 1a–d).

(2) Tangential premacular traction from an ERM

(7 cases, cases 2–8):

The macula stayed attached after MH formation in

four cases (cases 2, 4, 6, and 7). Two eyes in this

subgroup underwent vitrectomy (cases 2 and 7), but

MH sealed in only one eye (case 7). The other two cases

had persistent MH without RD for more than 15

months.

In two cases, outer schisis developed within 6 and 20

weeks, respectively, with enlargement of the MH and the

surrounding detachment (cases 5 and 8) (Figures 4a–d).

Both eyes received vitrectomy and MH was sealed

initially but MH reopened in one case 15 months later

(case 5).

In one case that chose not to have MH surgery,

extensive RD developed beyond the macular area 2 years

later (case 3) (Figures 4e–h). The retina became

reattached but MH persisted after vitrectomy.

Type 2: Macular schisis without macular detachment (6 cases,

cases 9–14) In four cases, RD developed at the same

time of MH formation (cases 10–13). Three cases

underwent vitrectomy (cases 10–12) and all regained

attachment. MH sealed in two cases (cases 10 and 11),

and persisted in one case (case 12). One case received

intravitreal injection of SF6 0.4 ml and MH became sealed

after the procedure (case 13).

Macula remained attached for more than 2 months

after MH formation in the other two cases (cases 19 and

14) (Figures 2a–e). One case underwent vitrectomy (case

14) but failed to have MH close.

Type 3: Macular schisis with concomitant or subsequent

macular detachment (9 cases, cases 15–23) In eight cases,

schisis with RD progressed to MH with the extension of

RD (cases 15–21, 23). In these eight cases, five (cases 15,

Figure 3 Case 25, a 61-year-old female. (a) The initial
presentation was chorioretinal atrophy with macular scar.
(b) MH developed in the area adjacent to the macular scar 18
months later. (c) Macular schisis with epiretinal membrane
developed within 2 years after MH formation. (d) It proceeded
to macular detachment involving the whole posterior pole 3
years after MH formation. (e) Retinal reattached but the MH
persisted after three intravitreal injections of C3F8 0.2 ml.
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17, 18, 20, and 21) received intravitreal injection of C3F8

0.2 ml. MH sealed with mild schisis in three cases (cases

15, 17, and 18), and the retina reattached but MH

persisted in two cases (cases 20 and 21). Three cases

(cases 16, 19, and 23) received vitrectomy; two of them

resulted in sealed MH (cases 19 and 23), but the other

one had open MH despite reattached retina (case 16).

In one case, schisis with RD progressed to MH with

decreased schisis and subretinal fluid (case 22)

(Figures 4i–l). Vitrectomy was performed and MH sealed

initially but reopened 34 months later.

Type 4: Macular atrophy with underlying or adjacent

submacular scar (3 cases, cases 24–26) MH formation

adjacent to a macular scar remained stable for 5 years in

two cases (case 24 and 26).

However, in one case, schisis with ERM developed

within 2 years after MH formation (case 25) (Figure 3). It

then proceeded to macular detachment involving the

whole posterior pole, and though the retina reattached

the hole persisted after three times of intravitreal

injection of C3F8 0.2 ml.

The initial anatomic success rate of vitrectomy in our

study was 64% (overall: 9 of 14 cases, Type 1 with 4 of 6

cases, Type 2 with 2 of 4 cases, Type 3 with 3 of 4 cases).

The anatomic success rate of vitrectomy was 57%

(overall: 4 of 7 cases, Type 2 with 1 of 1 case, Type 3 with

3 of 5 cases, Type 4 with 0 of 1 case). In summary, the

overall initial anatomic success rate was 62% (Type 1:

67%, Type 2: 60%, Type 3: 67%, Type 4: 0%). The axial

length was not correlated with the surgical anatomic

outcome (P¼ 0.568).

Discussion

In this study, we observed through serial OCT images

the formation of MH in high myopia, and noticed that

the mechanisms may be similar to those underlying

idiopathic MH in some cases, or unique to high myopic

conditions in others. The pre-MH structural changes in

the macular area strongly affected the development

and evolution pathways of MH in most high myopic

cases.

Similar to idiopathic MH, high myopia eyes may first

develop inner foveal cysts with or without small foveal

detachment secondary to traction created by vitreofoveal

adhesion with vitreomacular separation. The outer

laminar disruption followed by inner laminar (inner cyst

wall) rupture results in FTMH. Alternatively, the

posterior hyaloid may separate from the fovea, bringing

forth a piece of retinal tissue and creating an LMH. The

development of preretinal membrane may exert

tangential traction on the LMH, leading to foveal tissue

disruption and FTMH. In this study, a total of eight cases

developed MH through these two pathways; the

preretinal membrane-related pathway seemed more

commonly seen than occurred in idiopathic condition. In

addition, the preretinal membrane may be more

widespread than those found in idiopathic cases.12 It has

been reported that in some cases, a fragment of the non-

detached posterior hyaloid or partially split posterior

hyaloid (vitreous schisis) may contribute to the preretinal

membrane.20 This is due to the strong hyaloid retinal

adhesion in many high myopic eyes. During surgical

repair of the MH in high myopia, this preretinal tissue

can be traced to the periphery in a certain area,

continuous with the mid-vitreous hyaloid membrane.12

Figure 4 (a–d) Case 5, a 57-year-old female. (a) The initial presentation was lamellar MH. (b) MH developed 2 weeks later.
(c) Prominent outer schisis and enlargement of the MH and the surrounding detachment developed within just 6 weeks. (d) The MH
sealed after vitrectomy. (e–h) Case 3, a 60-year-old female. (e) The initial presentation was lamellar MH. (f) MH developed 12 months
later. (g) The MH with extensive retinal detachment developed 20 months later. (h) The retinal detachment resolved but MH persisted
after vitrectomy. (i–l) Case 22, a 46-year-old male. (i) The initial presentation was schisis with retinal detachment. (j) It progressed to
MH with decreased schisis and resolution of retinal detachment 3 months later. (k) The MH sealed after surgery. (l) However, the MH
recurred 34 months later.
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When schisis exists in the macular area, the tangential

or multi-directional traction from the preretinal

membrane may induce tissue disruption of the inner

most lining wall of the schisis, leading to an LMH. The

continuous traction by the preretinal membrane may

finally result in a FTMH. Again, the preretinal membrane

may consist of the posterior hyaloid, which contributes to

both the LMH and the MH.12 The schisis is mostly

centrally located, but schisis cavity may also occur in the

parafoveal area, as shown in our case 10. Previous

research indicates that an average duration of 2 years is

expected for the progression of LMH to FTMH in high

myopic eyes.15 In the present study, the average duration

of LMH to FTMH in six cases was about 13 months, but

the variation of duration regarding the progression from

LMH to MH was quite large.

When foveoschisis is combined with foveal detachment,

our cases as well as those reported indicate that this

change is usually accompanied by the outer laminar

dehiscence (or outer LMH).15 An FTMH would follow

if preretinal traction induces inner laminar dehiscence.

In such cases, the MH is associated with macular

detachment. A previous study found that the outer LMH

may precede the development of foveal detachment.21

Although our study also showed that most cases had outer

LMH when foveal detachment occurred, we could not rule

out the possibility that the initial event is the foveal

detachment, and the outer laminar dehiscence developed

later, as shown in our case 23 (Figures 2f–i).

Finally, the formation of MH may be associated with

focal chorioretinal atrophy or scar, with the hole

occurring in the margin of, or within, the focal macular

lesion.22 Progressive retinal thinning over the lesion and

tangential traction contribute to the hole formation.

The present study shows that after the development of

MH, the macular structure might undergo one of the

following changes if surgical intervention is not

employed shortly. First, the hole may simply become

larger, similar to what would be expected in most

idiopathic cases. Secondly, macular detachment may

occur. Thirdly, the pre-existing macular detachment may

expand to involve the posterior pole or even beyond the

equatorial area.

In the present study, we found that MH developing

from LMH without schisis was less likely to evolve into

detachment. However, we have seen a case of MH

developing from LMH and then rapidly changing to

configurations typical of another pattern, that is, schisis

and foveal detachment, within just 6 weeks (case 5)

(Figures 4a–d). Previous study showed that MH related

to chorioretinal atrophic lesions or scar was less likely to

develop into RD;22 however, we found one case where,

within 2 years, macular schisis developed after MH

formation; the change then proceeded to macular

detachment involving the whole posterior pole in the

third year (case 25) (Figure 3), indicating continuous

traction exerted to the macula, even in cases with

atrophic scar and no detectable vitreo-retinal adhesion.

On the other hand, although prominent schisis-related

MH was prone to advance to MH with macular

detachment, we found one case with significant outer

retinal schisis progressing to MH, only showing

decreased height of the schisis and a persistently

attached retina (case 14) (Figures 2a–e). These exceptions

highlight the fact that the evolution of MH is not always

predictable.

The MH closure rate after surgery has been found to be

affected by many factors, including the presence of

foveoschisis, the stage of the hole, the duration of

symptoms, the presence of staphyloma, and intraoperative

ILM peeling.23–26 In high myopia, thin retina with

chorioretinal atrophy may impede the diagnosis of MH,

and thus delay the timing of intervention. Despite similar

surgical approaches, the anatomical outcome after

vitrectomy may be very different from series to series.25–29

Although it has been shown that longer axial length is

associated with more severe traction maculopathy and

poorer surgical anatomic outcome,30 the case number is

too small to provide meaningful statistical analysis on risk

factors of persistent MH.

Our study has certain limitations. First, the study was

a retrospective longitudinal study; many patients

underwent sequential OCTs with different machines

during follow-up periods, and surgical interventions

were done at different time points after MH

development. Second, the number of cases was relatively

small, and the percentage of each category could not

reflect the actual distribution of all cases with MH in high

myopia. However, through careful documentation of our

limited cases, we were able to observe four different

development sequences in the formation of MH in high

myopia. The macular changes after MH formation were

usually related to the pre-hole structural changes;

however, MH evolution may not always be predictable,

as in some cases, the configuration that is usually

associated with certain pre-hole condition may change to

another pattern, revealing the complex forces involved in

the development and evolution of MH in high myopia.

Nonetheless, the understanding of the various

mechanisms of MH formation and the usual pattern of

the evolution in high myopia may aid in identifying

the major forces involved in creating MH in individual

cases, and thus may help in surgical planning and

management; the surgical success rate can also be more

finely analyzed according to different morphological

patterns. Further larger, prospective studies with careful

documentation are needed to support our finding and

confirm our tentative conclusions.
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Summary

What was known before

K The formation of macular hole in high myopia involves
vitreomacular traction, traction from epiretinal
membrane, internal limiting membrane, and retinal
vessel.

K Foveoschisis is one of the main causes of macular hole
formation in highly myopic eyes, and is often found in
combination with foveal detachment, and lamellar
macular hole.

What this study adds

K We observed four different development sequences in the
formation of macular hole in high myopia.

K Although macular holes developed from macular schisis
tended to be associated with macular detachment, and
macular holes from the other conditions (abnormal
vitreo-retinal relationship or macular atrophy) tended to
have attached retina, the macular status after macular
hole formation was not always predictable.
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