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Abstract
Purpose To investigate the risk factors associated with retinal detachment recurrence after first vitrectomy in high myopic
eyes with macular hole retinal detachment (MHRD).
Methods Patients with high myopic eyes with MHRD who underwent pars plana vitrectomy and silicone oil (SO)
tamponade with a follow-up period more than 12 months and more than 3 months after SO removal were included in this
retrospective study. Logistic regression was performed to determine the risk factors associated with retinal re-
detachment.
Results A total of 45 eyes from 43 patients were included in this study (11 male and 34 female patients). The retinal re-
detachment rate after the first removal of silicon oil was 35.5% (16/45) in a mean postoperative follow-up time of 35.64 ±
32.94 months. Complete macular atrophy on fundus photography (odds ratio (OR)= 17.021, 95% confidence interval (95%
CI): 2.218–130.609, p= 0.006) was a risk factor for MHRD after SO removal, while internal limiting membrane (ILM)
peeling (OR= 0.091, 95% CI: 0.013–0.633, p= 0.015) and duration of SO tamponade (OR= 0.667, 95% CI: 0.454–0.980,
p= 0.039) were protective factors.
Conclusion For high myopic eyes with MHRD, complete macular atrophy was a significant risk factor for retinal re-
detachment after silicon oil removal. ILM peeling and the duration of silicon oil tamponade were protective factors.

Introduction

Macular hole retinal detachment (MHRD) occurs mainly
in high myopic eyes. This condition is commonly seen in
Asia, usually leading to a poor visual prognosis. Many
surgical procedures to treat MHRD have been proposed,

including macular sclera buckling [1], gas injection [2],
vitrectomy with or without internal limiting membrane
(ILM) peeling using gas or silicone oil (SO) as tamponade
[3–5]. Recently, inverted ILM flaps or insertions and
human amniotic membrane plugs as bridging tissues have
been proposed as new methods to help close macular
holes [6–8]. However, in highly myopic eyes with extre-
mely long axial lengths (AL) or chorioretinal atrophy,
surgical treatment can be difficult, and the long-term
prognosis is still unclear. SO tamponade is usually
recommended for eyes with marked macular chorioretinal
atrophy to enhance retinal-choroid adhesion and improve
the success rate [9].

In this study, we retrospectively reviewed highly myopic
MHRD patients who had been treated with pars plana
vitrectomy (PPV) and primary SO tamponade. All the
patients had chorioretinal atrophy to various degrees. The
study aimed to evaluate the surgical outcomes and investi-
gate the prognostic factors associated with retinal detach-
ment recurrence in these patients.
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Methods

We reviewed the medical records of 43 patients with 45
eyes with retinal detachment owing to a myopic macular
hole. All patients underwent PPV with SO tamponade
between January 2005 and December 2018 at Peking Uni-
versity People’s Hospital. The inclusion criteria were as
follows: (1) patients with a clinical presentation of retinal
detachment caused by a macular hole; (2) refractive error ≥
−6.00 dioptres or AL ≥ 26 mm; (3) patients treated with
PPV and primary SO tamponade; (4) a follow-up period of
more than 12 months after primary vitrectomy and more
than 3 months after SO removal; (5) medical information,
including best-corrected visual acuity (BCVA), slit-lamp
examination (SLE) and refraction test results, AL mea-
surements by A-scan ultrasonography and colour fundus
photography and optic coherence tomography (OCT) find-
ings, was available before primary PPV; and (6) BCVA,
SLE and OCT measurements were available. The exclusion
criteria included (1) previous vitrectomy; (2) multiple ret-
inal breaks; and (3) other existing retinal vascular diseases.

The information of each patient was collected, including
age, sex, affected eye, BCVA, lens status, refraction, AL,
presence of posterior staphyloma, presence of choroidal
atrophy, presence of a dome-shaped macula, duration of SO
tamponade, MH closure, retinal reattachment, and recurrent
detachment.

The degree of chorioretinal atrophy was defined according
to the findings regarding fundus photograph 1 week after the
first surgery based on a simplified classification system known

as the International Photographic Classification and Grading
System for myopic maculopathy (META-PM). Myopic
chorioretinal atrophy is classified as a tessellated fundus (A1),
diffuse chorioretinal atrophy (A2), patchy chorioretinal atro-
phy (A3) and complete macular atrophy (A4) based on fundus
photography [10, 11]. Complete macular atrophy is recog-
nised as a well-defined, round chorioretinal atrophic lesion on
the fundus centred on the central fovea that has a round shape,
whereas patchy chorioretinal atrophy is not centred on the
fovea and has irregular margins. Complete choroidal atrophy
on OCT was defined as a full-thickness defect of the choroidal
vasculature within a 1mm subfield of the central macula
obtained 1 week after primary vitrectomy. Representative
pictures are listed in Fig. 1.

Standard 3-port PPV was performed under retrobulbar
anaesthesia or general anaesthesia, followed by removal of
the detached cortical vitreous. Indocyanine green staining
and ILM peeling were performed in some patients
depending on the surgeons. Fluid-air exchange and tam-
ponade with SO (5000 centistokes) were used at the end of
the surgical procedures. Cataract surgery was performed in
patients with visually significant cataracts that precluded the
view in order to perform vitrectomy. All patients were
instructed to maintain a face-down position for 3 weeks.
Patients were followed 1 day, 1 week and 1, 3, 6 and
12 months postoperatively. After SO removal, patients were
followed after 1 day, 1 week and 1 month and then every
3 months thereafter. Macular hole closure was defined as
the absence of a neurosensory defect over the fovea
on OCT.

Fig. 1 Representative images to illustrate the macular atrophy on
the fundus photography and OCT. a Diffuse chorioretinal atrophy
(A2) appears yellowish-white at the posterior pole. b Patchy chorior-
etinal atrophy (A3) appears as well-defined, greyish-white lesions that
are not centred on the fovea and have irregular margins. This image
shows the unclosed macular hole after vitrectomy and the atrophic spot

that is right next to the macular hole. c The eye has complete macular
atrophy (A4) combined with staphyloma and severe posterior pole
choroidal atrophy. d OCT shows the remaining choroidal vasculature
under the central fovea. e Complete choroidal atrophy defined as a full-
thickness defect of the choroidal vasculature within the central macula
on OCT.
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Statistics

Multiple factors related to MHRD recurrence, including
age, average AL, AL > 30 mm, a dome-shaped macula,
complete macular atrophy on fundus photography, complete
choroidal atrophy on OCT 1 week after primary vitrectomy,
ILM peeling, whether the macular hole was closed 1 month
after primary vitrectomy and duration of SO tamponade,
were analysed. If a clinical factor occurred infrequently (n <
5), the factor was excluded from the univariate analysis. All
the patients were assigned to two groups according to
whether MHRD recurred during the follow-up. Student’s t
test or Mann–Whitney U test was used for continuous
variables, and the Chi-square test or Fisher’s exact test was
used for categorical variables. Selected clinical factors were
subsequently entered in the multivariate analysis in an enter
manner. Logistic regression analysis was performed using
the enter method.

The BCVA was converted to the logarithm of the
minimal angle of resolution (logMAR) for statistical ana-
lysis. Counting fingers, hand motion and light perception
were classified as 1.85, 2.3 and 2.6 logMAR units,
respectively [12]. p < 0.05 was considered significant.

Results

A total of 43 patients with 45 eyes were enrolled in this
study (11 male and 34 female patients). The mean post-
operative follow-up time was 35.64 ± 32.94 months. The
mean age of all patients was 62.27 ± 8.87 years (median
65 years, range 40–78 years). The mean AL was 29.01 ±
2.07 mm. Forty-three eyes (95.5%) had posterior staphy-
loma. All the patients had chorioretinal atrophy to dif-
ferent degrees from A2 to A4. Seven (15.6%) eyes had a
grade of A2, while 24 (53.3%) and 14 (31.1%) eyes had
grades of A3 and A4, respectively. Eight eyes were
pseudophakic before primary retinal surgery. Combined
phacoemulsification was performed in four eyes, one eye
underwent combined lensectomy, and 8 eyes underwent
cataract surgery after removing the SO. Seven eyes
received cataract surgery during the follow-up period after
SO removal, seven eyes underwent cataract surgery dur-
ing additional operations for retinal re-detachment, and
the other ten eyes did not undergo cataract surgery.
Thirty-one eyes experienced ILM peeling, while 14 eyes
did not.

The mean BCVA (logMAR) before primary vitrectomy
was 1.75 ± 0.40, and it increased to 1.39 ± 0.47 at the end of
the follow-up. Seven eyes had a postoperative LogMAR
BCVA better than 1.0. There was a significant difference
in the BCVA before and after surgery (p < 0.001). The
mean period of SO tamponade was 6.26 ± 5.50 months

(median 5.0 months, range 1–30 months). Table 1 shows
the demographics and clinical data of the enrolled subjects.

The anatomical success rate after the first vitrectomy was
100%. Seven eyes (15.6%) had retinal attachment with MH
closure. The retinal re-detachment rate was 35.5% (16 eyes
in 45 eyes) in total. After SO removal, two eyes (12.5%)
had recurrent RD within 1 week, three eyes (18.3%)
developed re-detachment between 1 week and 4 weeks later
and five eyes (31.2%) had recurrence from 4 weeks to
12 months. Six identified cases of re-detachment (37.5%)
were diagnosed after 1 year. Among these six eyes, two
eyes had re-detachment at 3 years after SO removal, one eye
at 4 years and one eye at 9 years. All of these 16 eyes had
initial retinal attachment without MH closure. All recurrent
patients underwent re-operations.

One eye underwent pneumatic retinopexy with 100%
C3F8 tamponade, three underwent a second vitrectomy with
C3F8 tamponade, while 12 eyes had SO tamponade. Four
eyes still had SO tamponade at the end of the follow-up.
One eye still had retinal detachment without SO tamponade
at the last follow-up. The retinal reattachment rate at the last
follow-up was 97.8% (44/45). Figure 2 summarises the
clinical events of all patients in a visual manner. Figure 2a

Table 1 Demographic and clinical data of the enrolled subjects.

Clinical factors All cases

Age (years)

Mean ± SD 62.27 ± 8.87

Median (range) 64 (40–78)

Gender, n%

Male 11 (24.4%)

Female 34 (75.6%)

Mean AL ± SD, mm 29.01 ± 2.07

Duration of follow-up, months

Mean ± SD 35.64 ± 32.95

Median (range) 24 (12–156)

Duration of SO tamponade, months

Mean ± SD 6.26 ± 5.50

Median (range) 5 (1–30)

Baseline BCVA, LogMAR

Mean ± SD 1.75 ± 0.40

Median (range) 1.85 (0.92–2.60)

Final BCVA, LogMAR

Mean ± SD 1.39 ± 0.47

Median (range) 1.30 (0.40–2.30)

Chorioretinal atrophy

A2 7 (15.6%)

A3 24 (53.3%)

A4 14 (31.1%)

Dome-shaped macular, n% 12 (26.7%)
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displays the timeline of recurrence and re-operation in all
patients since the first surgery and the length of the entire
follow-up. Figure 2b is arranged in the order of events, with
no timeline displayed.

The relationship among the risk factors associated with
MHRD recurrence after SO removal in high myopic eyes is
listed in Table 2. Complete macular atrophy on fundus
photography, ILM peeling, duration of SO tamponade and
macular hole closure showed significant differences
between the two groups. Interaction analysis revealed no
interaction between these factors, so they were all entered
into logistic regression analysis as individual factors.
Complete macular atrophy on fundus photography (odds
ratio (OR)= 17.021, 95% confidence interval (95% CI):
2.218–130.609, p= 0.006) was a risk factor for MHRD
after SO removal, while ILM peeling (OR= 0.091, 95% CI:

0.013–0.633, p= 0.015) and duration of SO tamponade
(OR= 0.667, 95% CI: 0.454–0.980, p= 0.039) were pro-
tective factors. AL > 30 mm was not significantly associated
with recurrence. Table 3 shows the results of logistic
regression analysis of the clinical factors for recurrent ret-
inal detachment.

Discussion

The preferred surgical treatment for MHRD remains con-
troversial. Few randomised controlled studies have been
designed to compare the outcomes of using gas versus SO
tamponade due to difficulties with implementation. Never-
theless, it is known that PPV with primary SO tamponade
shows a high retinal reattachment rate for treating MHRD,

Fig. 2 The clinical events of all patients in a visual manner. Figure
a displays the timeline of recurrence and re-operation in all patients
since the first surgery and the length of the entire follow-up. Figure b
is arranged in the order of events, with no timeline displayed. All
patients underwent silicone oil removal. Sixteen of 45 eyes developed
retinal re-detachment, and the patients opted for second surgical

interventions. A total of 37.5% of cases of re-detachment (six eyes)
developed after 1 year. Four eyes still had SO tamponade at the end of
the follow-up. One eye had retinal detachment without SO tamponade
at the last follow-up. The final retinal reattachment rate was 97.8%
(44/45).
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particularly in cases with macular atrophy. It has also been
shown that PPV with primary SO tamponade can sig-
nificantly improve postoperative BCVA [5, 13]. Recent
studies on MHRD treated by PPV plus primary SO tam-
ponade have suggested a high initial reattachment rate
ranging from 76.2 to 96.4% [13–16]. Despite the promising
reattachment rates reported, recurrence after SO removal is
a significant factor for poor postoperative prognosis that
should be taken into consideration in clinical settings. While
several studies have revealed that SO removal time does not
affect anatomical success [16–18], in our study, a longer
duration of SO tamponade was indicated to be a protective
factor against re-detachment. Since the duration varied over
a wide range in this study, and complicated cases tended to
have a longer duration of SO tamponade, the result should
be interpreted with caution. Nevertheless, for patients with a
large macular hole or extremely severe chorioretinal atro-
phy, a prolonged SO tamponade time should be considered
to maintain retinal attachment. For those eyes with complete
macular atrophy and very poor visual function, SO removal
should not be considered if there are no serious SO-related

complications because these patients have a very high risk
of retinal re-detachment and are less likely to obtain visual
improvement from SO removal.

It remains controversial whether ILM peeling is asso-
ciated with the retinal reattachment rate. Some surgeons do
not perform ILM peeling out of fear that the dye will enter
the subretinal space and be potentially toxic to the photo-
receptors; more importantly, abnormally thin retinas and
chorioretinal atrophy also make this a risky procedure [16].
In Xie’s study, the retinal reattachment rate after initial SO
removal with no ILM peeling was still 96%, although the
MH closure rate was only 11.5% [16]. In Nakanishi’s study
with gas tamponade, there was no significant difference in
the anatomical success rate between ILM-peeled and ILM-
preserved eyes [15]. In our study, a procedure without ILM
peeling was confirmed to be a risk factor for retinal re-
detachment. Fourteen eyes did not undergo ILM peeling
because of the surgeons’ preferred practices, distortion or
oedema of the cornea, lens opacity or severe chorioretinal
atrophy. It was challenging to remove all the ILM from the
extremely thin detached retina without surgical damage to
the retina, particularly in very highly myopic eyes with
significant chorioretinal atrophy [19].

Although chorioretinal atrophy is supposed to be a risk
factor for re-detachment, few studies have discussed the
relationship between the severity of chorioretinal atrophy
and the recurrence rate. In Hong’s study [20], areas of
patchy chorioretinal atrophy were not significantly asso-
ciated with anatomical success. Nakanishi’s study showed
that there was no difference in tigroid or deep atrophy
between eyes with initial anatomical success and those with
initial failure. However, all eyes had gas tamponade in this
study [15]. Xie et al. classified posterior pole chorioretinal
changes as atrophy or no atrophy, and these changes were
not found to be associated with initial anatomical success
after SO treatment [16].

In our study, we classified myopic chorioretinal atro-
phy according to the META-PM system. Due to the small
number of subjects in each group after grouping, it is
difficult to draw reliable conclusions by direct analysis.
Therefore, we combined patients with A2 and A3 into one
group (patients without complete macular atrophy) and
compared them with patients with complete macular
atrophy (A4). The results showed that complete macular
atrophy was a risk factor for recurrence. We also tried to
identify if there was a link between the degree of macular
atrophy shown on OCT and recurrence. However, the
results were not statistically significant, possibly because
the small amount of residual choroidal vasculature struc-
ture shown on OCT was not sufficient to provide support
for retinal adhesion. Therefore, we concluded that the
presence, severity and location of macular atrophy should
be evaluated and followed to help assess the risk of

Table 2 Relationship between recurrent retinal detachment and clinical
factors in highly myopic eyes with MHRD.

Recurrent RD p value

Yes (n= 16) No (n= 29)

Mean age, years (range) 63.19 ± 7.31 61.76 ± 9.71 0.611

Mean AL ± SD, mm (range) 28.91 ± 2.13 29.06 ± 2.07 0.818

AL > 30 mm, n 7 19 0.157

ILM peeling, n 7 24 0.018

Duration of SO tamponade ±
SD, months (range)

4.00 ± 2.48 7.50 ± 6.30 0.023a

Complete Macular atrophy on
fundus, n

9 5 0.010

Dome-shaped macular, n 5 7 0.869

Macular hole close, n 0 16 0.040

Complete choroidal
vasculature atrophy in the
central macular region on
OCT, n

5 8 0.999

aMann–Whitney U test.

Table 3 Logistic regression analysis of clinical factors for recurrent
retinal detachment in highly myopic eyes with MHRD.

Clinical factor Odds ratio (95% CI) p value

Macular atrophy on fundus 17.021 (2.218–130.609) 0.006

ILM peeling 0.091 (0.013–0.633) 0.015

Duration of SO tamponade 0.667 (0.454–0.980) 0.039

AL > 30 mm 3.281 (0.557–19.319) 0.189
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MHRD recurrence. Preoperative chorioretinal atrophy
assessment can be difficult because of retinal detachment.
According to a recent study, the gradual development of
macular atrophy can occur in 11% of highly myopic eyes
after PPV for MHRD [21]. Therefore, the evaluation
should be conducted as soon as possible after retinal
reattachment.

Teke et al. [17] reported RD development within the first
2 months after SO removal in 83.9% of cases (maximum
5.5 months). Laidlaw et al. found that 38 of 57 cases (66%)
developed recurrent MHRD within the first 50 days after
SO removal, while in two cases, MHRD was identified
5.5 months later [22]. Our study showed that 37.5% of cases
of re-detachment (6 eyes) developed after 1 year, all of
which had initial retinal attachment with MH open. One eye
developed recurrent MHRD 9 years after the operation.
Nevertheless, after the second surgery, the final retinal
reattachment rate was up to 97.8%. Therefore, for highly
myopic eyes with a persistently open MH, long-term fol-
low-up is necessary to be cautious to the late
recurrent MHRD.

Our study had the following limitations: a small sample
size, a retrospective design and a lack of a randomised
controlled study group. Further prospective controlled stu-
dies should be performed to confirm our conclusions.

In conclusion, complete macular atrophy was a sig-
nificant risk factor for retinal re-detachment after SO
removal. The presence of macular atrophy along with its
degree and location of should be evaluated by fundus
examination and fundus photography as soon as retinal
reattachment is obtained. Long-term follow-up is highly
recommended for all postoperative patients, particularly
those with persistently open MHs, in the case of late RD
recurrence.

Summary

What was known before

● The preferred surgical treatment for MHRD remains
controversial.

● Recurrence after SO removal is a significant factor for
poor postoperative prognosis for MHRD.

What this study adds

● Complete macular atrophy is a significant risk factor for
retinal re-detachment after SO removal.

● The presence of macular atrophy should be evaluated by
fundus examination and fundus photography as soon as
the retina attained reattachment.
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