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Abstract

Purpose To evaluate the visual and

anatomical results of surgery for macular

hole-related retinal detachment (MHRD) after

phacoemulsification cataract extraction.

Methods Data for all patients who

underwent surgery for MHRD after

phacoemulsification cataract extraction from

1 December 1998 to 30 September 2008 in

one hospital were evaluated. Patient

characteristics, best-corrected visual acuity

(VA) preoperatively and at last examination,

surgical technique, anatomical success, and

follow-up period were extracted and

analysed statistically.

Results A total of 13 625 eyes of 10 076

patients who had phacoemulsification

cataract surgery were included. In the

follow-up period, 10 cases of MHRD in nine

patients were observed, of which seven eyes

had high myopia. The mean axial length was

30.97±1.36mm (29.19, 32.97) and mean

myopia was� 19.35±1.93 (� 7.5,� 3.5)

dioptres. Overall anatomical success was

achieved in 90% (9 out of 10 eyes). There was

no statistically significant difference

(P¼ 0.240) between the logarithm of the

MAR VA before the phacoemulsification

cataract extraction and after MHRD surgical

repair. VA increased in three eyes but

decreased in the other seven after MHRD

surgery.

Conclusions As a primary procedure,

vitreous surgery combined with other

necessary adjunct procedures such as

membrane peeling and retinal tamponade

seems to be successful in achieving

anatomical success. However, VA

improvement is dependent on the type of

macular lesion and not the surgical

procedure.
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Introduction

A macular hole is a full-thickness defect of

retinal tissue that involves the fovea and

thereby affects central visual acuity (VA).

Patterson et al1,2 reported five eyes with macular

hole formation in the early postoperative period

after uncomplicated phacoemulsification.

Patients usually complain of blurred vision,

distortion, or metamorphopsia that persists

despite normal recovery of the cornea and

anterior segment after cataract surgery. Though

it has been postulated that transmission of

mechanical forces or vitreofoveal traction might

be responsible, the exact aetiology of hole

formation following cataract extraction is

unclear. Central visual deterioration may be

related to increasing and chronic subretinal

fluid, cystoid retinal changes, or photoreceptor

atrophy. Less commonly, loss of central and

then peripheral vision is related to a progressive

macular hole-related retinal detachment

(MHRD). Our previous study reported a 0.073%

incidence of MHRD after phacoemulsification

and IOL implantation in an unselected group of

patients.3 We also showed findings consistent
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with a previous report that MHRD occurred mainly in

older women with myopia (46D) and a posterior

staphyloma.4,5 MHRD is believed to arise from tangential

traction on the retina by an epiretinal membrane or the

inverse traction of the retina that cannot expand along

with the posterior enlargement of the staphyloma.6–9

As cases of cataract surgeries continue to increase, a

higher incidence of MHRD is possible in the future.

However, the visual and anatomical recoveries of surgery

for MHRD after phacoemulsification have not been

evaluated. In this study, we investigated these recoveries

in an unselected group of patients.

Patients and methods

Between 1 December 1998 and 30 September 2008,

phacoemulsification was performed on 13 625 eyes of

10 076 cataract patients at the Eye Hospital of Wenzhou

Medical College. We excluded cases combined with other

ocular procedures such as corneal grafts, glaucoma

treatments, or posterior segment procedures. Other

exclusion criteria included history of ocular trauma,

retinal breaks in the operative eye, and development of

endophthalmitis. The subjects were observed until the

detection of an episode of MHRD, performance of any

other intraocular procedure unrelated to MHRD repair,

death, or end of study period.

The eye department where the study was conducted

has standardised its surgical approach to cataract surgery.

In almost all cases operated within the study period,

phacoemulsification was performed using two-handed,

downslope sculpting, nuclear cracking, and

phacoaspiration of the fragments. Irrigation or aspiration

was used to polish the capsular bag if necessary. At 9–74

months after phacoemulsification, a standard 3-port pars

plana vitrectomy was performed using a contact lens

viewing system for visualisation. Sclerotomies were

placed 3.5 or 4 mm posterior to the limbus. Vitreoretinal

procedures performed included vitrectomy, peeling of the

posterior hyaloid membrane, epiretinal and internal

membrane peeling, photocoagulation, cryotherapy, fluid–

gas and oil–gas exchange, and gas or silicone oil injection.

No case required posterior capsulotomy during surgery.

Patients were recorded by matching personal

identification number with the diagnosis of MHRD.

None of the included patients had been treated for

MHRD in other eye clinics. The end-point of the study

was surgical repair of MHRD performed in our hospital

between the time of phacoemulsification and 30

September 2008. The endpoint was assessed by accessing

the Thiseye System (Eye Hospital of Wenzhou Medical

College, Wenzhou, China), which has recorded all

diagnoses and surgical procedures on patients treated in

our hospital since 1998.

For cases where differences were too small to define a

proper significance level, the number of cases necessary

to reach adequate significant levels was established by

the log rank test. VA was measured using Snellen charts.

The data was transformed into logarithm of the MAR

(logMAR) units for statistical analysis. VA of finger

counting, hand movements, and light perception was

assigned to be equivalent to 1.6, 2.0, and 2.5 logMAR

units, respectively. Average values are expressed as

median (25th–75th percentile), and statistical significance

was determined using Wilcoxon-Signed Rank Test.

Statistical analysis was performed using SPSS (Statistical

Package for Social Sciences Version 13.0, SPSS Inc.,

Chicago, IL, USA).

We certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this research.

Results

A total of 13 625 eyes of 10 076 patients who had

phacoemulsification were included. There were

significantly more women (5637) than men (4439)

(Po0.001). The difference between the number of left

eyes (49.18%) and right eyes (50.81%) was not significant

(P¼ 0.056). Most patients were between 65 and 79 years

old; the average age was 67.22±15.10 years (range

42–105). The mean follow-up period was 48.22±31.10

(range 12–126) months. During the follow-up period, 10

cases of MHRD in nine patients were observed. The

median interval between cataract surgery and

development of a MHRD was 38.5 months (range 9–74

months). The mean age of subjects with MHRD was 60.8

years old (range 42–79). Seven of the ten eyes with

MHRD had high myopia; the mean axial length was

30.97±1.36 mm (range 29.19–32.97) and the mean

spherical equivalent was –19.35±1.93 (range –17.5 to

–23.5) dioptres. The others were emmetropic eyes. One

eye with MHRD occurred in a patient o49 years old; two

eyes with MHRD were observed in patients 50–54, 55–59,

and 70–74 years old, respectively; one eye with MHRD

developed in patients 60–64, 65–69, and 75–79 years old,

respectively. Two cases of MHRD occurred at 9 and 12

months; 3 cases at 22, 26, and 30 months; 5 cases at 51

(two eyes), 52, 58, and 74 months after cataract surgery,

respectively. A summary of the recorded data for each

patient is shown in Table 1.

In all cases, the macula had been confirmed to be

normal by the examining surgeon after cataract removal.

Metamorphopsia and central vision loss occurred an

average of 38.5 months (range 9–74 months) after

phacoemulsification. Among the 10 eyes with MHRD,

2 had an eccentric (can-opener) stage 2 full-thickness

macular hole before MHRD surgery, 3 had a stage 3 hole,
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4 had a stage 4 hole; and all contralateral eyes had a

normal macula, except for one that had a stage 4 hole. All

lesions demonstrated were confirmed by optical

coherence tomography (OCT3, Carl Zeiss Meditec,

Dublin, CA, USA) and there was no anterior–posterior

vitreomacular traction (APVMT) in any of the 10 eyes.

The macular holes ranged in size from one-fifth to half of

a disc diameter. In 7 (70%) of the 10 eyes, the holes were

irregular with a moth-eaten appearance; 3 eyes had a

round hole. Two eyes had no peripheral holes, and the

other eight had peripheral holes, which included all

seven highly myopic eyes and one emmetropic eye. In

highly myopic eyes, atrophic round holes usually

occurred in areas involved in lattice and pigmentary

degeneration in the peripheral fundus. In one

emmetropic eye, only one hole arose in areas of paving-

stone degeneration; there were one to four peripheral

holes that ranged in size from one-fifth to two discs

diameter. In all patients, peripheral retinal breaks were

seen before MHRD surgery. An extensive RD that

reached the ora serrata was observed in seven (70%) eyes

with a posterior staphyloma involving the macular

region. The other three (30%) eyes had no posterior

staphyloma. In three eyes, the RD localised only within

the staphylomatous cavity. Complete posterior vitreous

detachment (PVD) was observed in eight eyes (80%), and

no PVD was observed in two eyes (20%). No APVMT

was found in any of the 10 eyes studied. An extensive RD

developed in seven (70%) eyes with complete PVD and

in two (20%) eyes without PVD.

All 10 eyes with MHRD had phacoemulsification, and 9

had the IOL implanted in the capsular bag. One IOL was

placed in the ciliary sulcus due to concerns regarding

posterior capsule break. An Nd:YAG capsulotomy had

been performed in one eye (10%) 4 months before the

diagnosis of MHRD. Following the first MHRD surgery,

retinas were reattached in all 10 eyes, including 9 eyes

after pars plana vitrectomy and 1 after posterior scleral

reinforcement. Eight of the ten eyes were treated by pars

plana vitrectomy and internal limiting membrane peeling

with intravitreal silicone oil injection, whereas only two

eyes were treated by intravitreal C3F8 injection with pars

plana vitrectomy and internal limiting membrane

peeling. Anatomical success was defined as total retinal

attachment and the closure of the macular hole at the last

follow-up examination. During the follow-up period, one

eye that received pars plana vitrectomy relapsed. At the

end of the follow-up period, all silicone oil was removed

and total retinal reattachment was achieved in 9 of 10

eyes (Table 1).

Nine patients (10 eyes, 100%) had improvement in VA

after phacoemulsification. The median (25th–75th

percentile) logMAR VA increased from 1.1 (0.8, 1.6)

before cataract surgery to 0.6 (0.175, 1.05) postoperativelyT
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(P¼ 0.005). VA decreased to 1.8 (1.175, 2.0) (P¼ 0.008)

when MHRD occurred, and only one eye with MHRD

had a logMAR VA that remained unchanged after

cataract surgery. Despite the surgical repair of MHRD,

there was no statistically significant difference between

the preoperative MHRD logMAR VA and final logMAR

VA (P¼ 0.128). Five patients (50%) had improved VA,

three patients (30%) remained the same, and two patients

(20%) had decreased VA compared with the preoperative

MHRD logMAR VA (Figure 1). There was no statistically

significant difference (P¼ 0.240) between the logMAR VA

before phacoemulsification and after MHRD surgical

repair. In fact, VA increased in three eyes and decreased

in the other seven. Three eyes had the final logMAR VA

of 1 (Snellen equivalent 6/60) or better; one eye had a

logMAR VA of 0.3 (Snellen 6/12) or better; six eyes had a

logMAR VA of 1.3 (Snellen equivalent 6/120) or worse.

Discussion

In the past 20 years, phacoemulsification has become the

preferred technique for cataract surgery in the developed

world10,11 and has enabled patients to achieve better

functional results in a shorter time than with

extracapsular techniques.12,13 Furthermore, most studies

have found the overall complication rate with

phacoemulsification to be reduced.14,15 Conversely, the

rate of retinal detachment (RD) after cataract surgery has

not been reduced significantly by the shift to

phacoemulsification. RD is one of the most significant

and severe events that can occur after all forms of

cataract surgery, including phacoemulsification.16–22

Our previous study reported a 0.073% incidence of

MHRD postphacoemulsification and IOL implantation in

an unselected group of patients,3 which is much lower

than the 0.7% incidence of non-MHRD after cataract

surgery by phacoemulsification according to a previous

report by Ramos et al.23 All patients had metamorphopsia

or sudden decreased central vision 9–74 months out after

cataract surgery. Although 8 eyes had peripheral holes,

we had not found any peripheral holes by routine fundus

examination after cataract surgery and considered them

as atrophic retinal holes, which are usually asymptomatic

and do not progress to retinal detachment. MHRD

occurs as a separate entity in highly myopic eyes.24

Furthermore, nine patients (100%) had VA improvement

after phacoemulsification. In 10 patients, the macular

holes were seen after cataract surgery. All lesions

demonstrated were confirmed by OCT and there was no

APVMT in any of the 10 eyes. Thus, we considered the

retinal detachments to have originated from macular

holes and not peripheral holes.

In the current series, the median interval between

cataract surgery and the development of a MHRD was

38.5 months. Although the difference in MHRD rates

between men and women in our study was not

statistically significant, 7 of the 10 MHRDs occurred in

women who had high myopia, consistent with previous

results of higher incidence in older women with highly

myopic eyes and posterior staphylomas.5

High myopia, defined as a spherical equivalent

of� 6.0D or more and/or an axial length of at least

26.0 mm in our study, with macular holes may be

complicated by retinal detachment, especially when

associated with posterior staphyloma.4 However, the

pathogenesis of this phenomenon remains controversial.

We believe that in highly myopic eyes, the retina lacks

sufficient elasticity to follow the posterior displacement

of the scleral wall, which occurs as a result of continuous

globe elongation and scleral ectasia. Eventually, a

dehiscence occurs in its weakest part (i.e., the fovea or

other weak points within the staphyloma) and RD

ensues. Spontaneous PVD with apparent complete

separation of the formed vitreous from the disc and

retina in the posterior fundus is common in high myopia

and were present in our patients. These findings support

the dehiscence theory of macular hole formation and RD

in highly myopic eyes.

The management for MHRD has been a challenge for

decades.28 Before the introduction of pars plana

vitrectomy, treatment consisted of macular buckle

placement, in most cases combined with treatment of the

macular hole by a method of retinopexy, including
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Figure 1 Evolution of the different timepoints VA in 10
patients. The median (interquartile range) logMAR VA for
patients before cataract surgery and postoperation were 1.1
(0.8, 1.6) and 0.6 (0.175, 1.05), respectively (P¼ 0.005); the
corresponding values for the MHRD occurred and the final
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indicates the median value. CS, cataract surgery. MHRD,
macular hole-related retinal detachment.
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cryotherapy, diathermy,29 or photocoagulation.30,31

However, many of these techniques had a considerable

complication rate 31,32 and were accompanied by

extensive scarring in the macula with subsequent vision

loss.9 In cases of high myopia with chorioretinal atrophy

or a posterior staphyloma, treatment was less effective

with earlier techniques because of the absence of retinal

pigment epithelium (RPE) in areas of chorioretinal

atrophy, leading to reduced natural retinal adhesion and

inverse traction produced by posterior enlargement of

the staphyloma overcoming retinal adhesion.27 In this

situation, the retina would not have enough elasticity to

follow the posterior displacement of the scleral wall.31

MHRD is usually treated by temporary intraocular gas

tamponade with or without pars plana vitrectomy and

laser photocoagulation around the macular hole.25

Vitrectomy with attempted removal of the epiretinal

membrane or internal limiting membrane has been

recently described.8 Pars plana vitrectomy techniques

reduce the technical difficulties of conventional posterior

scleral buckling surgery and result in better visual and

anatomical outcomes.26 Treatment of MHRD with pars

plana vitrectomy and air–fluid exchange would

theoretically eliminate the need for buckling and

photocoagulation around the macular hole by releasing

vitreous traction on the macula. However, highly myopic

eyes with large posterior staphylomas and extensive areas

of atrophy did not respond well to such treatment, and

long-term intraocular tamponade with silicone oil seems to

have better long-term anatomical and functional results.27

Selected cases of MHRD in myopic eyes can be treated

successfully by air or gas tamponade; however, this

technique may be less effective in cases with

chorioretinal atrophy and posterior staphyloma.9

Rosengren first reported intraocular tamponade using an

air bubble combined with transscleral diathermy.33

Kreissig et al34 closed a posterior retinal hole with an

expanding SF6 bubble without drainage of subretinal

fluid. Using various perfluorocarbon gases, Lincoff et al

reported successful reattachment in 15 of 16 retinal

detachments caused by posterior retinal holes.35,36 In

Sobeilian’s series,37 the primary surgical intervention in

12 eyes was intravitreal SF6 injection with an anatomical

success rate of 41.7%. In our series, only two eyes were

treated by intravitreal C3F8 injection with pars plana

vitrectomy and internal limiting membrane peeling.

Temporary macular hole tamponade with intravitreal gas

is contraindicated in situations where intraocular

proliferative tissue produces traction, leading to

posterior retinal holes and detachments. These cases are

most successfully repaired by release of intravitreal

traction with pars plana vitrectomy. 38

Concomitant macular photocoagulation has not been

uniformly used in previous studies. Bonnet and

Semiglia39 observed late recurrence (between 7 and 78

months) after successful surgery for MHRD. Wolfensberger

and Gonvers,40 who recognised the high rate of re-

detachment if laser photocoagulation was not performed

around the macular hole in eyes with chorioretinal atrophy

or posterior staphyloma, used mild laser photocoagulation

and silicone oil to obtain macular hole tamponade of longer

duration. These investigators obtained a final successful

retinal reattachment rate of 91% and removed silicone oil

after a mean period of 3 months. Although Kreissig et al35

used argon or krypton laser coagulation to permanently

secure the retina, others9,26 did not use photocoagulation

with equally successful results. Considering that 70% of the

eyes in our series had posterior staphylomas and that laser

photocoagulation has minimal or no effect in areas of

severe RPE deficiency, we did not perform macular

photocoagulation. In our series, for cases in which pars

plana vitrectomy and silicone oil injection were performed

as the first operation, anatomical attachment was achieved

in 90% of the total cases without macular photocoagulation.

Another technique is peeling of residual vitreous cortex

and internal limiting membrane, which is challenging in

the presence of RD. The retina in highly myopic eyes is

extremely thin and fragile and manipulation may lead

to serious complications, even with the aid of

perfluorocarbon liquids for retinal flattening. In highly

myopic eyes with MHRD, the retina may be so fragile that

enlargement of the hole may occur during internal limiting

membrane peeling. Ishida et al reported successful retinal

reattachment with epiretinal membrane removal in such

cases.7 We also removed the residual cortical vitreous and

internal limiting membrane peeling in nine eyes.

Anatomical success was obtained in 90% of the

patients at the last follow-up examination, but VA

improvement is mainly dependent on the individual

macular lesion. Nine patients (100%) had VA

improvement after phacoemulsification, and the VA

decreased to 1.6 (P¼ 0.008) when the MHRD occurred.

Despite surgical repair of MHRD, there was no

statistically significant difference (P¼ 0.240) between the

logMAR VA before the phacoemulsification and after the

MHRD repair. In fact, VA increased in three eyes and

decreased in the other seven. Improvement in VA after

surgery is dependent on a number of factors, which

include preoperative VA, intraoperative and

postoperative complications, and the presence of a pre-

existing ocular lesion, especially vitreoretinal diseases.

Patients with more extensive macular pathology are less

likely to experience significant improvement in vision,

are more likely to have impaired macular function, and

should therefore be given a guarded prognosis for

cataract surgery. Interestingly, Sobeilian et al37 reported

visual improvement in 78.6% of the patients with MHRD

in highly myopic eyes after vitreous surgery. One of the
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explanations for this difference is that only three patients

had a history of cataract extraction before the

development of MHRD and 25 patients were phakic in

Sobeilian’s cases.37

We have performed a retrospective review of surgical

repair of MHRD after phacoemulsification cataract

extraction based on clinical records. We had a high rate of

data retrieval and were able to collect information on

potential risk factors such as axial length and surgical

complications, validate laterality, and exclude a history of

RD or vitreous surgery before cataract surgery.41,42,43

However, our study is subject to potential sources of error.

We have assumed that the majority of patients that

developed MHRD after cataract surgery attended the Eye

Hospital at Wenzhou Medical College, a tertiary referral

center for RD surgery, and that they were identified as

cases. It is possible that some patients were treated for

MHRD elsewhere, but the number of these patients would

have to be substantial to generate sufficient bias to explain

the large excess risk of MHRD found after posterior capsule

tear. Other limitations of our study include the retrospective

design, limited follow-up, and lack of a control group.

Despite the large number of eyes in the study, the small

number of events (MHRD) limits the significance of the

statistical evaluation, especially in subgroups.

In summary, this study demonstrates that MHRD

occurs after phacoemulsification cataract extraction and

can be effectively repaired using conventional pars plana

vitrectomy with a variety of adjuvant therapies.

However, the improvement in VA is mainly dependent

on the individual macular lesion, and MHRD-related

surgical procedures have no direct relation with the

visual improvement. The findings of this study highlight

the need for full preoperative explanation of the long-

term risk of MHRD, especially in the higher-risk

subgroups of older women with high myopia.

Summary

What was known before

K Phacoemulsification has become the preferred technique
for cataract extraction and has reduced the overall rate of
postoperative complications, but has not affected the rate
of retinal detachment.

K Macular hole-related retinal detachment is a rare
complication of phacoemulsification and has a higher
incidence in older women with high myopia.

What this study adds

K MHRD can be effectively repaired using conventional
pars plana vitrectomy along with a variety of adjuvant
therapies.

K MHRD-related surgical procedures have no direct
relation with VA, which is mainly dependent on the
individual macular lesion.
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