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Abstract

treatment of myopic traction maculopathy (MTM).

Trial registration: 11\12\2018, ChiCTR1800020012.

Background: This study aimed to investigate the clinical effectiveness of posterior scleral reinforcement(PSR) for the

Methods: This was a prospective study of 32 eyes from 20 patients with MTM treated with PSR using genipin-cross-
linked donor sclera. The length of the scleral strip used for the surgery was designed to be 1.5-times the axial length
of the eye, whereas its width was 0.4-times the axial length of the eye. The optical coherence tomography images,
spherical equivalent of refractive error, axial length, best corrected visual acuity, electroretinogram findings, and
intraocular pressure of the patients were assessed postoperatively.

Results: The mean duration of follow-up was 17.80 4-8.74 months. The differences between the spherical equivalent
of refractive error, best corrected visual acuity, axial length, and electroretinogram findings recorded preoperatively
and those measured postoperatively were statistically significant (p < 0.05). The final reduction in axial length was

1.64 40.85 mm. At the end of the follow-up, optical coherence tomography showed essential foveal reattachment in
30 eyes (93.75%), partial reattachment in two eyes (6.25%), and closure of macular holes in seven eyes (77.78%). No
retinal detachment, vitreous haemorrhage, or other serious complications occurred following the surgery.

Conclusions: Posterior scleral reinforcement with genipin-cross-linked sclera showed safe and effective outcomes
for the treatment of MTM during a follow-up period of at least one year.
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Background

Myopic traction maculopathy (MTM) is one of the most
common complications of pathological myopia and was
first described by Panozzo and Mercanti [1]. It is a major

Qing He and Xiu Wang contributed to the work equally and should be
regarded as co-first authors.

*Correspondence: rwei@tmu.edu.cn

' Tianjin Key Laboratory of Retinal Functions and Diseases, Tianjin Branch
of National Clinical Research Center for Ocular Disease, Eye Institute

and School of Optometry, Tianjin Medical University Eye Hospital, No.251,
Fukang Road, Nankai District, Tianjin 300384, China

Full list of author information is available at the end of the article

B BMC

cause of decreased vision in patients with myopia [1, 2].
Myopic foveoschisis (MTM), retinal detachment (RD),
lamellar macular hole (LMH), and full-thickness macular
hole (FTMH), with (MHRD) or without RD, are the dif-
ferent stages of MTM [1].

A variety of surgical options are currently available for
the treatment of MTM [3]. These include intraocular
surgeries—pars plana vitrectomy (PPV) combined with
silicone oil or gas tamponade [4] with or without internal
limiting membrane peeling—and extraocular surgeries—
posterior scleral reinforcement (PSR) [5] and combined
surgery [6]. However, there is increasing evidence [7]

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://www.chictr.org.cn/showproj.aspx?proj=31407
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-022-02497-6&domain=pdf

He et al. BMC Ophthalmology ~ (2022) 22:273

that the outcomes of a single intraocular surgery are
often unsatisfactory. Conart et al. reported that 8.5% of
47 highly myopic eyes with macular detachment treated
with PPV had recurrence after surgery [8]. Besides, PPV
is a complicated and potentially damaging intraocular
surgery that is associated with a risk of complications
after combined silicone oil filling, such as glaucoma, cata-
racts, and risks associated with silicone oil removal.

Although MTM is primarily associated with posterior
scleral staphyloma (PS) [9], its pathogenesis remains
unknown. Kosei et al. [10]found that eyes with PS were
more likely to develop retinal vascular microfolds in the
outer macular schisis, perhaps this may be related to the
backward vertical force of the PS. Zhang et al. [11]also
considered that MTM develops due to the pulling action
of posterior scleral staphyloma because the retina lacks
the ductility to match the expansion of the sclera. PPV
relieves the tangential and centrifugal traction forces
caused by the vitreous cortex without tackling the per-
sistently expanding posterior scleral staphyloma [12,
13], which is the fundamental reason for its poor clinical
outcome. In contrast, PSR [13, 14]can shorten a patient’s
axial length (AL) and reinforce the posterior scleral
staphyloma, while reducing the retinal traction caused
by the vitreous and posterior scleral staphyloma. Fur-
thermore, several studies [7, 14—18] have indicated that
the efficacy of PSR for the treatment of MTM is superior
to that of PPV. However, differences in the material and
shape of the scleral strip used can affect the outcome of
the surgery.

Several studies [19, 20] have focused on the clinical out-
comes of posterior scleral reinforcement surgery, most of
which evaluate the postoperative retinal structural reat-
tachment. The purpose of this study was to investigate
the effectiveness and safety of PSR for the treatment of
MTM by evaluating both the structure and function of
the retina.

Methods

This was a prospective study of 32 eyes from 20 patients
with MTM who were treated using PSR at the Tianjin
Medical University Eye Hospital. Ethical approval for
this study was obtained from the Medical Ethics Com-
mittee of Tianjin Medical University Eye Hospital. The
study procedures adhered to the tenets of the Declaration
of Helsinki. All patients included in this study provided
written informed consent after thorough discussions on
the potential benefits and risks of PSR combined with
vitrectomy.

Patients with severe cataracts that fundus cannot be
visualized, patients with ocular trauma, and with cho-
roidal neovascularization were excluded from this study.
All patients with MTM were assessed postoperatively
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during follow-up visits at 1, 3, 6 months, and 1 year or
longer. The preoperative and postoperative examinations
included slit lamp examination, measurement of best
corrected visual acuity (BCVA) (Logarithm of the Mini-
mum Angle of Resolution, logMAR), refraction, meas-
urement of intraocular pressure (IOP), measurement of
axial length (AL), optical coherence tomography (OCT),
and electroretinogram (ERG). AL was measured using
Lenstar LS900 (Haag-StreitAG, Switzerland), and the
average of three successive measurements was calculated
and recorded. OCT (OPTOVUE, Colin, USA) was used
for fundus examination; the radial scan was performed
with the central macular recess as the centre, and the
diameter of the scan was 6 mm. The average of the maxi-
mum length of the schisis cavity in 12 directions within
the scan range was measured, and the reduction of the
schisis cavity was calculated from this average. MTM
included different OCT presentations, which needed
to be classified in more detailed ways [21]. We used the
MTM Staging System (MSS) to evaluate the patient’s
preoperative OCT [22], which had good reproducibility
and consistency[23]; stage 1 is the inner maculoschisis
or inner-outer maculoschisis, stage 2 is a predominantly
outer maculoschisis (O-MS); stage 3 is a combination of
maculoschisis and foveal detachment (MS-MD); stage 4
is macular detachment without schisis (MD). The evalu-
ation criteria for retinal restoration were as follows [5]:
an 80% or more reduction of the retinal schisis cavity
was considered essential reattachment (ER), a 40%-79%
reduction was considered partial reattachment (PR), and
a reduction of less than 39% was considered as not reat-
tached (NR). ERG results were examined using a retinal
current meter (ESPION, Diagnosys, USA), and a-wave
and b-wave amplitudes were recorded.

Surgery procedure

All the surgeries were performed by the same experi-
enced doctor under a microscope. All the patients signed
a consent form before the surgery. The strips used for
the surgery were homogeneous sclerae that were cross-
linked and rigorously sterilised using 0.1% genipin [24].
Each strip was shuttle-shaped, 1.5 times as long as the
AL of the patient’s eye, and 0.4 times as wide as the AL
of the eye. The intraoperative shortening of the AL was
expected to range from approximately 2-3 mm. The
details of the surgical technique of the PSR have been
published previously [25]. After general anesthesia was
induced, the bulbar conjunctiva was cut at 210° along the
corneal limbus, with the inferior temporal aspect of the
eye as the centre. The lateral rectus and inferior rectus
traction lines were made, the strips were drawn inwards
and upwards and passed through the inferior oblique,
lateral rectus, and inferior rectus muscles in turn. 5-0
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non-absorbable sutures (Alcon) were fixed to the equato-
rial anterior sclera between the inferior and medial recti
muscles, and the lateral temporal end was fixed to the
equatorial sclera between the superior and lateral recti
muscles. Before fixation, the anterior chamber was punc-
tured using a 5-gauge needle to release two to four drops
of atrial fluid to balance the intraocular pressure. Before
the procedure was completed, the strip was checked to
ensure that it was in the correct position and orientation.
The posterior pole was examined using indirect ophthal-
moscopy after pupil dilation to confirm that the optic
nerve and major vessels were normal and the macula
was mildly elevated. The conjunctival incision was closed
using 8—0 absorbable sutures coated with antibiotic eye
ointment and bandaged.

Statistical analysis

Statistical analysis was performed using SPSS soft-
ware (version 23.0; StataCorp LP, College Station, TX,
USA). Data for continuous variables were expressed as
mean =+ standard deviation. Preoperative and postopera-
tive LogMAR BCVA, ERG, AL, and IOP were compared
using paired t-test. P<0.05 indicated a statistically signif-
icant difference.

Results

The patients’ demographic data are presented in Table 1.
The participants included three men and 17 women, with
a mean age of 51.20 4 14.82 years. The mean duration of
follow-up was 17.80 % 8.74 months.

The postoperative changes in the spherical equivalent
of refractive error (SE), BCVA, AL, and ERG at the end
of follow-up are shown in Table 2. Compared with the
preoperative data, the postoperative changes in these
variables were statistically significant. The changes in AL
outlined in Fig. 1 indicate that although AL was short-
ened after the surgery, there was an increase in AL dur-
ing the 6 months after the surgery. However, the mean
AL was stable after 6 months, and the final AL reduction
recorded was 1.64+0.85 mm.

According to the MSS, preoperative OCT scans
revealed 1 eye on stage 1, 23 eyes on stage 2, 7 eyes on
stage 3, and 1 eye on stage 4, whereas 6 eyes had LMH,
3 eyes had FTMH, as shown in Table 1. Data recorded at
the last follow-up showed that the fovea was essentially
reattached in 30 eyes (93.75%) and partially reattached
in two eyes (6.25%); both PR cases were at stage 3a. The
macular holes in seven eyes (77.78%) were closed at the
last follow-up, and the two cases in which the MH was
not closed were both FTMH. Figure 2 presents the pre-
operative and postoperative changes in the OCT scans of
patients 3, 5, and 10.
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Five eyes (15.63%) had transiently high IOP after sur-
gery, which was controlled using IOP-lowering drops, in
addition, there was no change in the patient’s visual field
after the surgery. All patients had visual distortion but no
serious complications such as retinal detachment, cho-
roidal neovascularization and vitreous haemorrhage.

Discussion

In this study, we assessed the efficacy and safety of PSR
for the treatment of MTM. Our results showed a slight
increase in AL in the first 6 months after surgery; how-
ever, the mean AL stabilised after 6 months. This finding
is similar to those reported by Zhu et al. [25]. MTM is
the main cause of vision loss in patients with pathological
myopia. Although the pathogenesis of MTM is unknown,
it is presently considered to be related to two factors,
which are as follows [1, 9, 26]: The tangential traction
between the posterior vitreous cortex and the inner lim-
iting membrane, and the mismatch between the retina
and the externally expanded scleral tissue. The latter is
considered to be the main cause of MTM. AL stability is
important for the treatment of MTM, as well as for the
prevention of recurrence.

Data recorded at the last follow-up in the present
study showed that the fovea was in 30 eyes (93.75%)
and partially reattached in two eyes (6.25%). Our pre-
vious study showed that the essentially reattached rate
at 1 year postoperative follow-up was approximately
78.1%-95.8%(5, 27], which were more consistent with
this study. We found that both cases of PR were in
stage 3a and, as both cases had less than 1 mm of AL
shortening at the endpoint of follow-up, we deemed
it appropriate to continue to observe the patient if the
visual acuity was stable; we reserved a second PSR if the
fundus worsened or if the patients experienced vision
loss. Several studies [19, 28, 29] have shown reattach-
ment rates of 83.3%—100% for MTM treated using PSR,
with variances occurring due to differences in the shape
and material of the strips used intraoperatively and
due to variations in the duration of the study obser-
vations. Micol et al. [7] found that resolution of fove-
oschisis, retinal reattachment, and MH closure seem to
be achieved more frequently with macular buckle than
with PPV. The duration of retinal reattachment may
be related to the position of the intraoperative strip,
the duration and diameter of the foveal retinoschisis,
and the shape of the posterior scleral staphyloma. The
strip material used in this study was chosen from donor
sclerae and sterilised and cross-linked with genipin
for increased strength and resistance to degradation,
which is beneficial for the prevention of posterior scle-
ral expansion and maintenance of long-term surgical
outcomes [30]. The length and width of the strip should
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Table2 The results of preoperative and postoperative
examinations

Preoperative Postoperative P value
SE (D) -15.504+8.02 -9.29+7.01 <0.001
BCVA (logMAR) 0.80+0.49 0.62+£0.50 <0.001
AL (mm) 30.06£1.87 2842+£191 <0.001
IOP (mmHg) 13.37£242 13.724+2.08 0.269
ERG a(uV) 33.36+£14.10 403241751 0.005
ERG b(uV) 777112864 94.05+31.89 0.028

SE Spherical equivalent, BCVA Best corrected vision acuity, AL Axial length, IOP
Intraocular pressure, ERG Electrocardiogram

35+
€
£
£ 30
2 [ 1 ]
1
<
25
1 1 1 1 1
:\?\0 r\& ‘5& 6& \'\}&0
o 2
Q;°Q \?
Q*

follow-up(months)

Fig. 1 Changes in axial length after posterior scleral reinforcement
surgery in 32 eyes

be pre-designed before PSR to ensure that it can com-
pletely wrap around the macula and posterior scleral
staphyloma [5, 11]. The vortex vein, optic nerve, and
other important tissues should be avoided while posi-
tioning the strip to avoid disrupting the blood supply
to the eye and affecting vision. In addition to the geni-
pin cross-linked scleral strips that we applied in PSR,
there are several materials and macular buckle shapes,
such as L-shape [17] or T-shape [31]. The length and
width of our scleral strips can be designed to suit the
patient’s AL to ensure that it completely wraps around
the posterior scleral staphyloma during surgery. Since
we could not observe the patient’s fundus intraopera-
tively, an OCT could only be performed the day after
surgery to ensure that the strips are correctly posi-
tioned, and we might adjust the sutures if the results
were not satisfactory. However, L-shape [31] did not
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require posterior sutures or direct access to the pos-
terior pole, and a panoramic system allowed them to
obtain the fundus—we believe that this aspect war-
rants further improvement. The mean duration of fol-
low-up in the study was 17.80£8.74 months, which
indicates that the surgical outcomes were stable 1 year
after surgery. However, further follow-up is needed to
determine the long-term outcomes of the surgery. The
MH in seven eyes (77.78%) in the present study closed
after surgery. Ikuno et al. [32] reported that the rate of
MH closure in patients with high myopia who under-
went PPV surgery in their study was 25%. Parolini
B et al. [33] suggested that PPV should be performed
under appropriate conditions for patients in stage C to
reverse the forces exerted by the vitreous in the tan-
gential and perpendicular to the retinal. Both cases are
stage c¢ patients; this may be the reason why the MH
did not close yet. The two patients in the present study
who had no MH closure showed improved visual acuity
and retinal reattachment. Considering the visual acu-
ity of the patients and the follow-up time, both patients
had improved visual acuity and the follow-up time was
1 year. We believe that we can continue to observe fun-
dus changes. Once visual acuity loss occurs, we can
perform PPV surgery for patients in stage C by refer-
ring to the treatment principles as Parolini B et al. [33,
34] advised.

Several authors [35, 36] concluded that high myopia
causes a decrease in ERG a-wave and b-wave ampli-
tudes in patients and that photopic readings reflect
the cellular electrical activities of the retinal layers,
from the photoreceptor cells in the macular region
to the amacrine cells. Westall et al. [37] concluded
that altered retinal cone cell responses appear ear-
lier and are more impaired than those of optic rods
in patients with MTM. Therefore, we used photopic
ERG to determine whether surgery could offer an
improvement in retinal function. Our results showed
that the postoperative a-wave and b-wave amplitudes
of the patients were significantly improved compared
with the preoperative data and that the difference
was statistically significant (p<0.05). This indicates
that retinal function could be improved using PSR.
The preoperative BCVA of the patients in the pre-
sent study was 0.80£0.49, whereas the postopera-
tive BCVA was 0.62+£0.50 (p<0.05). This increase in
BCVA may be attributed to the effect of mechanical
pressure on the sclera in the posterior pole by the PSR,
which can reattach the fovea and delay the increase in
AL. Zhang et al. [38] found that both superficial and
deep retinal blood flow density and blood flow index
in the macular increased after PSR. Zhang et al. [39]
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No.10's right eye; and G and H are those of Patient No.10's left eye

Fig. 2 Preoperative and postoperative optical coherence tomography scans of three of the patients who underwent posterior scleral
reinforcement. A and B are the optical coherence tomography scans of Patient No. 3; C and D are those of Patient No.5; E and F are those of Patient

found that choroidal thickness and choroidal blood
flow increased significantly after PSR in one week.
Therefore, we might hypothesize that, due to the
stimulating effect of the allograft sclera, neovasculari-
zation develops in the sclera, and the blood supply to
the corresponding parts of the retina and choroid is
improved, promoting metabolism in the optic cells,
however, it remains to be proven.

All transient elevations in IOP during the early post-
operative period subsided with the use of IOP-lowering
drops. The difference between the IOP recorded at the
last postoperative follow-up and that recorded dur-
ing the preoperative period was not statistically signifi-
cant (p>0.05), suggesting that the shortening of the AL
during surgery did not affect the circulation of aqueous
humour. There were no changes in the patient’s postop-
erative visual field indicated that no injury to the vortex
vein during the surgery. The postoperative visual distor-
tion is related to the macular fold caused by the PSR,
which is a direct confirmation of the effectiveness of the
surgery. As the foveal retinoschisis gradually repairs and

the folds gradually flatten, the visual distortion progres-
sively improves and eventually disappears. No serious
postoperative complications, such as retinal detachment
and vitreous haemorrhage, occurred in the present study,
indicating the safety of the surgery.

This study has some limitations. First, the observa-
tion period was short, and the sample size was small.
Parolini et al. [33] performed a follow-up period of
2-8 years and found that different surgical proce-
dures should be given at different stages of MTM. We
included patients with MTM after PSR with a short
postoperative follow-up, and some patients with poor
surgical outcomes may be treated with a combination
of PPV when necessary. Second, no control group was
established and few indicators of fundus function were
evaluated. Considering the complicated pathogenesis
of MTM, a large number of long-term clinical stud-
ies are needed to verify the long-term efficacy of PSR.
In addition, the difference between the efficacy of PSR
treatment alone and PSR combined with PPV for MTM
needs to be evaluated.
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Conclusion

In conclusion, PSR can achieve anatomical reattachment
of the fovea and resolution of retinoschisis by shortening
the AL. It can improve retinal function with few post-
operative complications, making it a safe and effective
method for the treatment of MTM.

Abbreviations

AL: Axial length; BCVA: Best corrected visual acuity; MTM: Myopic traction
maculopathy; MH: Macular holes; OCT: Optical coherence tomography; PPV:
Pars plana vitrectomy; PSR: Posterior scleral reinforcement.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512886-022-02497-6.

[ Additional file 1. }

Acknowledgements
Not applicable.

Authors’ contributions

All authors contributed to the study’s conception and design. Qing He, Xiu
Wang, Qianhui Shi, and Caiyuan Xie performed material preparation, data
collection, and analysis. Qing He wrote the first draft of the manuscript, and all
authors commented on previous versions of the manuscript. All authors read
and approved the final manuscript. The authors would like to thank Editage
(www.editage.cn) for English language editing.

Funding
The present study was supported by Grant no. 81770901, from the National
Nature Science Foundation of China.

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

Ethical approval for this study was obtained from the Medical Ethics Commit-
tee of Tianjin Medical University Eye Hospital. The study procedures adhered
to the tenets of the Declaration of Helsinki.Written informed consent was
obtained from the patients included in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Tianjin Key Laboratory of Retinal Functions and Diseases, Tianjin Branch

of National Clinical Research Center for Ocular Disease, Eye Institute

and School of Optometry, Tianjin Medical University Eye Hospital, No.251,
Fukang Road, Nankai District, Tianjin 300384, China. “The Eye Hospital, School
of Ophthalmology and Optometry, Wenzhou Medical University, Wenzhou,
Zhejiang, China.

Received: 28 March 2022 Accepted: 17 June 2022
Published online: 21 June 2022

Page 7 of 8

References

1. Panozzo G, Mercanti A. Optical coherence tomography findings in
myopic traction maculopathy. Arch Ophthalmol (Chicago, Il : 1960).
2004;122(10):1455-60.

2. lkunoY. Overview of the complications of high myopia. Retina (Philadel-
phia, Pa). 2017;37(12):2347-51.

3. Mdller B, Joussen AM. Myopic traction maculopathy - vitreoretinal
traction syndrome in high myopic eyes and posterior staphyloma. Klin
Monatsbl Augenheilkd. 2011;228(9):771-9.

4. Xie A, Lei J. Pars plana vitrectomy and silicone oil tamponade as a primary
treatment for retinal detachment caused by macular holes in highly
myopic eyes: a risk-factor analysis. Curr Eye Res. 2013;38(1):108-13.

5. Pan AP WanT, Zhu SQ, Dong L, Xue AQ. Clinical Investigation of the Pos-
terior scleral contraction to Treat Macular Traction Maculopathy in Highly
Myopic Eyes. Sci Rep. 2017;7:43256.

6. KonoT,Takesue, Shiga S. Scleral resection technique combined with
vitrectomy for a macular hole retinal detachment in highly myopic eyes.
Ophthalmologica J Int. 2006;220(3):159-63.

7. Alkabes M, Mateo C. Macular buckle technique in myopic traction macu-
lopathy: a 16-year review of the literature and a comparison with vitreous
surgery. Graefes Arch Clin Exp Ophthalmol. 2018;256(5):863-77.

8. Conart JB, Selton J, Hubert |, Trechot F, El Adssi H, Creuzot-Garcher
C, Berrod JP. Outcomes of macular hole surgery with short-duration
positioning in highly myopic eyes: a case-control study. Ophthalmology.
2014;121(6):1263-8.

9. Wu PC, ChenYJ, Chen YH, Chen CH, Shin SJ, Tsai CL, Kuo HK. Factors asso-
ciated with foveoschisis and foveal detachment without macular hole in
high myopia. Eye (Lond). 2009,23(2):356-61.

10. Shinohara K, Tanaka N, Jonas JB, Shimada N, Moriyama M, Yoshida
T, Ohno-Matsui K. Ultrawide-Field OCT to Investigate Relationships
between Myopic Macular Retinoschisis and Posterior Staphyloma. Oph-
thalmology. 2018;125(10):1575-86.

11. Zheng L, Pan A, Zhu S, WuY, Dong L, Xue A. Posterior scleral contraction
to treat recurrent or persistent macular detachment after previous vitrec-
tomy in highly myopic eyes. Retina (Philadelphia, Pa). 2019;39(1):193-201.

12. Shukla D, Dhawan A. Foveoschisis after vitrectomy for myopic macular
hole with secondary retinal detachment. Eye (Lond). 2009;23(11):2124-5.

13. Nakanishi H, Kuriyama S, Saito I, Okada M, Kita M, Kurimoto Y, Kimura H,
Takagi H, Yoshimura N. Prognostic factor analysis in pars plana vitrectomy
for retinal detachment attributable to macular hole in high myopia: a
multicenter study. Am J Ophthalmol. 2008;146(2):198-204.

14. Ward B. Degenerative myopia: myopic macular schisis and the posterior
pole buckle. Retina (Philadelphia, Pa). 2013;33(1):224-31.

15. Alkabes M, Burés-Jelstrup A, Salinas C, Medeiros MD, Rios J, Corcostegui B,
Mateo C. Macular buckling for previously untreated and recurrent retinal
detachment due to high myopic macular hole: a 12-month comparative
study. Graefes Arch Clin Exp Ophthalmol. 2014;252(4):571-81.

16. Theodossiadis GP, Sasoh M. Macular buckling for retinal detachment due
to macular hole in highly myopic eyes with posterior staphyloma. Retina
(Philadelphia, Pa). 2002;22(1):129.

17. Parolini B, Frisina R, Pinackatt S, Gasparotti R, Gatti E, Baldi A, Penzani R,
Lucente A, Semeraro F. Indications and results of a new I-shaped macular
buckle to support a posterior staphyloma in high myopia. Retina (Phila-
delphia, Pa). 2015;35(12):2469-82.

18. Parolini B, Frisina R, Pinackatt S, Mete M. A new L-shaped design of
macular buckle to support a posterior staphyloma in high myopia. Retina
(Philadelphia, Pa). 2013;33(7):1466-70.

19. Zhu Z, Ji X, Zhang J, Ke G. Posterior scleral reinforcement in the treatment
of macular retinoschisis in highly myopic patients. Clin Experiment Oph-
thalmol. 2009;37(7):660-3.

20. Huang W, Duan A, Qi Y. Posterior Scleral Reinforcement to Prevent Pro-
gression of High Myopia. Asia Pac J Ophthalmol (Phila). 2019;8(5):366-70.

21. Parolini B, Palmieri M, Finzi A, Besozzi G, Frisina R. Myopic Traction Macu-
lopathy: A New Perspective on Classification and Management. Asia Pac J
Ophthalmol (Phila). 2021;10(1):49-59.

22. Parolini B, Palmieri M, Finzi A, Besozzi G, Lucente A, Nava U, Pinackatt S,
Adelman R, Frisina R. The new Myopic Traction Maculopathy Staging
System. Eur J Ophthalmol. 2021;31(3):1299-312.

23. Frisina R, Besozzi G, Finzi A, Pinackatt SJ, Palmieri M, Parolini B. Inter-
observer and intra-observer reliability of the myopic traction maculopa-
thy staging system. Eur J Ophthalmol. 2022;32(3):1577-83.


https://doi.org/10.1186/s12886-022-02497-6
https://doi.org/10.1186/s12886-022-02497-6
http://www.editage.cn

He et al. BMC Ophthalmology

24.

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

39.

(2022) 22:273

Xue A, Bao F, Zheng L, Wang Q, Cheng L, Qu J. Posterior scleral rein-
forcement on progressive high myopic young patients. Optom Vis Sci.
2014,91(4):412-8.

Zhu SQ, Zheng LY, Pan AP, Yu AY, Wang QM, Xue AQ. The efficacy and
safety of posterior scleral reinforcement using genipin cross-linked sclera
for macular detachment and retinoschisis in highly myopic eyes. Br J
Ophthalmol. 2016;100(11):1470-5.

Sayanagi K, lkuno Y, Tano Y. Tractional internal limiting membrane detach-
ment in highly myopic eyes. Am J Ophthalmol. 2006;142(5):.850-2.

Ye J,Pan AP, Zhu S, Zheng L, Lu F, Xue AQ. Posterior scleral contraction to
treat myopic foveoschisis in highly myopic eyes. Retina (Philadelphia, Pa).
2021;41(5):1047-56.

Baba T, Tanaka S, Maesawa A, Teramatsu T, Noda Y, Yamamoto S. Scleral
buckling with macular plombe for eyes with myopic macular retinoschi-
sis and retinal detachment without macular hole. Am J Ophthalmol.
2006;142(3):483-7.

Mateo C, Burés-Jelstrup A, Navarro R, Corcéstegui B. Macular buckling for
eyes with myopic foveoschisis secondary to posterior staphyloma. Retina
(Philadelphia, Pa). 2012,32(6):1121-8.

Xue A, Zheng L, Tan G, Wu S, Wu Y, Cheng L, Qu J. Genipin-Crosslinked
Donor Sclera for Posterior Scleral Contraction/Reinforcement to Fight
Progressive Myopia. Invest Ophthalmol Vis Sci. 2018;59(8):3564-73.

. Devin F, Tsui |, Morin B, Duprat JP, Hubschman JP. T-shaped scleral buckle

for macular detachments in high myopes. Retina (Philadelphia, Pa).
2011,31(1):177-80.

Ikuno Y, Tano Y. Vitrectomy for macular holes associated with myopic
foveoschisis. Am J Ophthalmol. 2006;141(4):774-6.

Parolini B, Palmieri M, Finzi A, Frisina R. Proposal for the management of
myopic traction maculopathy based on the new MTM staging system.
Eur J Ophthalmol. 2021;31(6):3265-76.

Palmieri M, Frisina R, Finzi A, Besozzi G, Parolini B. The Role of the Outer
Lamellar Macular Hole in the Surgical Management of Myopic Traction
Maculopathy. Ophthalmol J Int. 2021;244(3):229-36.

Kawabata H, Adachi-Usami E. Multifocal electroretinogram in myopia.
Invest Ophthalmol Vis Sci. 1997;38(13):2844-51.

Wan W, Chen Z, Lei B. Increase in electroretinogram rod-driven peak fre-
quency of oscillatory potentials and dark-adapted responses in a cohort
of myopia patients. Doc Ophthalmol. 2020;140(2):189-99.

Westall CA, Dhaliwal HS, Panton CM, Sigesmun D, Levin AV, Nischal KK,
Héon E. Values of electroretinogram responses according to axial length.
Doc Ophthalmol. 2001;102(2):115-30.

Zhang XF, Qiao LY, Li XX, Ma N, Li M, Guan Z, Wang HZ, Wang NL. A
preliminary study on macular retinal and choroidal thickness and blood
flow change after posterior scleral reinforcement by optical coherence
tomography angiography. Zhonghua Yan Ke Za Zhi. 2017;53(1):39-45.
Zhang Z, Qi 'Y, Wei W, Jin ZB, Wang W, Duan A, Liu W. Investigation of
Macular Choroidal Thickness and Blood Flow Change by Optical Coher-
ence Tomography Angiography After Posterior Scleral Reinforcement.
Front Med. 2021;8:658259.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Posterior scleral reinforcement for the treatment of myopic traction maculopathy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Surgery procedure
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


