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Risk factors for macular pucker
after rhegmatogenous retinal
detachment surgery
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Hiroaki Kobayashi® & Akira Murakami?

Macular pucker, also known as an epiretinal membrane, sometimes forms after surgical repair of a
rhegmatogenous retinal detachment (RRD) and can decrease visual acuity and cause aniseikonia.
However, few reports are evaluating the risk factors of macular pucker using multivariate analysis.
To evaluate the risk factors for macular pucker after RRD surgery, 226 patients who underwent

RRD surgery and were monitored for greater than 12 months (23.2 + 6.4 months) after surgery were
analyzed retrospectively. Of these cases, macular pucker developed in 26 cases. Multiple logistic
regression models of 22 clinical characteristics were performed. An increased risk of macular pucker
after RRD surgery was significantly associated with preoperative vitreous haemorrhage (Odds ratio
(OR), 4.71; 95% Cl 1.19-18.62), multiple retinal breaks (OR, 8.07; 95% Cl 2.35-27.71), re-detachment
(OR, 19.66; 95% Cl 4.87-79.38), and retinal detachment area (OR, 12.91; 95% Cl 2.34-71.19). Macular
pucker was not associated with the surgical technique. Regardless of the surgical technique used,
careful observation for postoperative macular pucker is needed after RRD surgery in high-risk cases.
These findings can be used to improve the surgical management of patients with RRD. (183 words).

Epiretinal membrane (ERM) can form due to multiple aetiologies. ERM can be idiopathic or occur after a retinal
break, a rhegmatogenous retinal detachment (RRD) surgery, retinal inflammation, or photocoagulation. ERM
formation after retinal reattachment surgery is referred to as macular pucker!. Macular pucker occurs secondary
to an overlying preretinal membrane, which wrinkles the neurosensory retinal surface, leading to visual acuity
loss, metamorphopsia, and aniseikonia’. Often, macular pucker necessitates an additional surgery to remove the
membrane and correct these visual deficits.

Therefore, elucidating the risk factors for macular pucker is important in the post-surgical management and
outcomes of patients with RRD. Several prior studies have assessed risk factors for macular pucker after RRD
surgery'~>. However, many studies have only examined whether or not there is an association between macular
pucker formation and back ground clinical characteristics, and have not assessed the strength of the associa-
tion (e.g., relative risk or odds ratio). Moreover, the development of macular pucker and background clinical
characteristics are interrelated, and one-to-one univariate analyses do not allow for an independent assessment
of the association between background clinical characteristics and macular packer formation. Although a previ-
ous prospective study reported the risk factor of macular pucker by multivariate analysis, some characteristics
have not been assessed as potentially correlated with outcomes®, such as past history of laser photocoagulation,
preoperative lens status, use of a scleral buckle, use of silicone oil tamponade, and intraoperative complications.

Additionally, there are two surgical techniques, pars plana vitrectomy (PPV) and scleral buckle, that can be
used either together or separately to repair RRD; however, to the best of our knowledge, no study has investi-
gated the risk factors of postoperative macular pucker after RRD surgery as a whole (PPV and scleral buckle).
Therefore, in the present study, we aimed to analyse the risk factors for macular pucker after RRD surgery using
multivariate analyses by evaluating 22 potential clinical characteristics and surgical methodology.

Results

A total of 226 patients with RRD (226 eyes) who underwent RRD surgery at Juntendo University from Febru-
ary 2013 to April 2015 and were followed-up for more than 12 months (23.2 + 6.4 months) were included in
this study. Patient characteristics are shown in Table 1. The patients comprised 149 male (65.9%) and 77 female
patients (34.1%), averaging 51.3 +15.9 years of age. Of these 226 cases, macular pucker developed in 26 cases
(11.5%; 95% confidence interval [CI] 7.65-16.40) during follow-up. The time between symptom onset and RRD
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Macular pucker | Non-macular pucker | Total
Number 26 200 226
Age (SD) 55.1+£12.6 50.8+£16.2 51.3+15.9
Sex, male (%)/female (%) 20(76.9)/6 (23.1) | 129 (64.5)/71 (35.5) 149 (65.9)/77 (34.1)
Time lag (day) (SD) 14.4+15.8 77+74 8.4+9.0
Axial length, mm (SD) 26.1+2.5 26.0+2.2 26.0+2.2
Past history of laser photocoagulation (%) 2(7.7) 4(2.0) 6(2.7)
Phakic (%)/Psueudophakic (%) 23(88.5)/3 (11.5) | 173 (86.5)/27 (13.5) 196 (86.7)/30 (13.3)
Re-detachment (%) 10 (38.5) 6(3.0) 16 (7.1)
Preoperative vitreous haemorrhage (%) 7 (26.9) 17 (8.5) 24 (10.6)
Preoperative macular detachment (%) 12 (46.2) 55 (27.5) 67 (29.6)
Type of retinal break

Hole (%) 3(11.5) 41 (20.5) 44 (19.5)

Retinal tear (%) 22 (84.6) 154 (77.0) 176 (77.9)

Large break (%) 1(3.9) 5(2.5) 6(2.7)

Multiple retinal breaks (> 3) (%) 10 (38.5) 19 (9.5) 29 (12.8)

Position of major break (inferior/superior) 3(11.5)/23 (88.5) | 31 (15.5)/169 (84.5) 34 (15.0)/192 (85.0)
Retinal detachment area (>3 quadrants) (%) 7 (26.9) 5(2.5) 12 (5.3)

Operation method

PPV (%) 13 (50.0) 75 (37.5) 88 (38.9)

SB (%) 7(26.9) 82 (41.0) 89 (39.4)

EB (%) 6(23.1) 43 (21.5) 49 (21.7)
Intraoperative cataract surgery (%) 10 (38.5) 47 (23.5) 57 (25.2)
Cryotherapy (%) 18 (69.2) 145 (72.5) 163 (72.1)

Gas tamponade (%) 21(80.8) 137 (68.5) 158 (69.9)
Silicone oil tamponade (%) 5(19.2) 14 (7.0) 19 (8.4)
Intra-operative complications (%) 1(3.9) 12 (6.0) 13 (5.8)

Table 1. Demographic and baseline clinical characteristics of patients undergoing RRD surgery. EB, encircling
buckle; IOL, intra ocular lens; PPV, pars plana vitrectomy; RRD, rhegmatogenous retinal detachment; SB,
segmental buckle.

surgery was 14.4+ 15.8 days in the macular pucker group and 7.7 7.4 days in the non-macular pucker group.
The surgical technique used was as follows: PPV, 88 (35.8%); SBs, 89 (39.4%); and EBs, 49 (21.7%). PPV included
PPV only, 81; and PPV +EBs, 7.

By univariate analysis, five factors, including retinal re-detachment (OR 20.21; 95% CI 6.51-62.76; p<0.01),
preoperative VH (OR 4.01; 95% CI 1.49-10.84; p=0.01), multiple retinal breaks (OR 5.95; 95% CI 2.37-14.95;
p<0.01), RRD area spanning more than three quadrants (OR 14.37; 95% CI 4.16-49.68; p<0.01), and SO tam-
ponade (OR 3.16; 95% CI, 1.04-9.66; p =0.04) were significantly associated with the development of macular
pucker (Table 2). Furthermore, prior history of laser photocoagulation (OR 4.08; 95% CI 0.71-23.49; p=0.12)
and preoperative macular detachment (OR 2.26; 95% CI 0.98-5.19; p =0.06) were associated with the occur-
rence of macular pucker but did not reach statistical significance in our patient cohort. By contrast, age, sex, axial
length, lens status, type of break, causative break position, surgical technique, cryotherapy, gas tamponade, and
intraoperative complications were not associated with the development of macular pucker.

In the multivariable logistic regression model, preoperative VH (OR 4.71; 95% CI 1.19-18.62; p=0.03), re-
detachment (odds ratio 19.66; 95% CI 4.87-79.38; p <0.01), multiple retinal breaks (OR 8.07; 95% CI 2.35-27.71;
p<0.01), and retinal detachment area (odds ratio 12.91; 95% CI 2.34-71.19; p < 0.01) were significantly associated
with postoperative macular pucker formation (Table 3).

Discussion

The present study determined the risk factors for macular pucker formation after RRD surgery with consideration
of various clinical characteristics and patient demographics. In our study, macular pucker developed in 26 of the
226 RRD cases (11.5%). Multivariate analysis revealed that risk factors for the development of macular pucker
after RRD surgery were preoperative VH, postoperative re-detachment, presence of multiple retinal breaks,
and retinal detachment area. Interestingly, there was no significant difference in occurrence of macular pucker
when comparing the surgical techniques (vitrectomy vs. scleral buckle). Our results suggest that, regardless of
the surgical technique used to repair RRD, careful follow-up is necessary in patients with identified risk factors
of postoperative macular pucker.

Postoperative re-detachment was the most significant risk factor for macular pucker (OR: 19.66). This is
consistent with prior findings from Lobes & Burton, which demonstrated that the need for multiple reattachment
surgeries was associated with macular pucker?. Additionally, the present study identified that multiple retinal
breaks were associated with an increased risk of macular pucker (OR: 8.07). This is supported by the findings of
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Odds ratio | (95% CI) p-value
Age 1.02 (0.99-1.05) 0.20
Sex (male/female) 1.83 (0.70-4.78) 0.21
Axial length (mm) 1.02 (0.84-1.24) 0.86
Past history of laser photocoagulation 4.08 (0.71-23.49) 0.12
Lens status (pseudophakic/phakic) 0.84 (0.23-2.97) 0.78
Re-detachment 20.21 (6.51-62.76) <0.01
Preoperative vitreous haemorrhage 397 (1.46-10.77) <0.01
Preoperative macular detachment 2.26 (0.98-5.19) 0.06
Type of retinal break
Tear/hole 1.95 (0.56-6.85) 0.30
Giant tear/hole 2.73 (0.24-31.55) 0.42
Multiple retinal breaks (= 3) 5.95 (2.37-14.95) <0.01
Position of a major break (inferior/superior) 0.71 (0.20-2.51) 0.60
Retinal detachment area (>3 quadrants) 14.37 (4.16-49.68) <0.01
Operation method
EB/PPV 0.49 (0.19-1.30) 0.15
SB/PPV 0.81 (0.29-2.27) 0.68
Intraoperative cataract surgery 2.03 (0.87-4.78) 0.10
Cryotherapy 0.85 (0.35-2.08) 0.73
Gas tamponade 1.93 (0.70-5.36) 0.21
Silicon oil tamponade 3.16 (1.04-9.66) 0.04
Intra-operative complications 0.63 (0.08-5.03) 0.66

Table 2. Univariate analysis of risk factors for macular pucker. EB, encircling buckle; PPV, pars plana
vitrectomy; SB, segmental buckle.

Odds ratio | (95% CI) p-value
Preoperative vitreous haemorrhage 4.71 (1.19-18.62) 0.03
Re-detachment 19.66 (4.87-79.38) <0.01
Multiple retinal breaks (> 3) 8.07 (2.35-27.71) <0.01
Retinal detachment area (>3 quadrants) 1291 (2.34-71.19) <0.01

Table 3. Multivariate analysis of risk factors for macular pucker.

Heo et al. that also reported an increased risk of macular pucker with multiple retinal breaks'. Conversely, there
were no significant associations between macular pucker formation and the area of retinal detachment or the
presence of preoperative macular detachment.

Similar to our study, preoperative VH was previously reported in both prospective and retrospective studies
as a risk factor for macular pucker after RRD surgery'*¢. Hagler & Aturaliya demonstrated that 15 of 44 eyes with
macular pucker (34%) had VH’. Shultz et al. reported that ERM formation occurred in 14 of 18 eyes in Terson
syndrome patients who were followed up for 3 or more years®. Although PPV eliminates the VH during surgery,
there were no significant differences in the incidence of macular pucker between PPV and scleral buckle surgery
in the present study. Indeed, one prospective report previously examined risk factors of ERM after 25-gauge
PPV by multivariate analyses and reported that VH was a significant risk factor of postoperative ERM at the
one year follow-up®. Moreover, the rate of macular pucker after RRD surgery (12.1%, including only PPV) in
the aforementioned study® was slightly higher than that in the present study (11.5%; including PPV and scleral
buckle). These findings indicate that the presence of a preoperative VH is a strong risk factor for macular pucker.

Additionally, the risk of macular pucker increased with retinal detachment area (= 3 quadrants). Wider area
of retinal detachment suggests an increased interval between detachment and reattachment surgery. Indeed,
although the time interval between onset and surgery was excluded in the analysis in the current study, the time
lag was longer in macular pucker group than in non-macular pucker group (Table 1). ERM contains a variety of
cell types, including glial cells (Miiller cells, astrocytes and microglia), hyalocytes, macrophages, retinal pigment
epithelial (RPE) cells, fibroblasts and myofibroblasts®!°. Ogata et al. demonstrated that the presence of pigment
epithelium in the vitreous was significantly higher in RRD cases than in cases of diabetic retinopathy or idiopathic
macular holes'!. Kampic et al. reported that RPE cells are more common in ERMs that occur secondary to a
retinal break and/or RRD'2. Macular pucker could form from RPE cells released through the retinal break into
the vitreous cavity'®. These findings suggest that wider retinal detachment area, suggesting longer time between
surgery and onset, could increase the exposure of various cells, such as RPE cells and glial cells from a retinal
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break, to the surface of the retina. Because fibroblasts and macrophages originate from blood, VH allows a similar
entry of these cell types into the vitreous. Interestingly, the difference in surgical techniques was not related to
the risk of macular pucker in the present study. This supports the notion that macular pucker formation instead
depends on pre-surgical factors, such as the release of various cells into the vitreous and the exposure time of
these cells to the retinal surface.

Previous reports have demonstrated that ILM peeling during initial PPV surgery prevents postoperative
macular puckers; however, the use of ILM peeling is not standard in PPV surgery due to conflicting results in
literature®!*!5, Park et al. reported that PPV with ILM peeling prevents postoperative macular pucker, and that
ILM peeling does not cause deleterious effects'®. On the other hand, Lim et al. showed decreased P1 amplitudes
in multifocal electroretinograms in patients that received ILM peeling'®. Additionally, after a 12-month follow-up,
the mean retinal sensitivity in the 4° central area showed a greater and faster recovery in the ILM non-peeling
group than in the ILM peeling group'’. These findings underscore the importance of evaluating the risk factors
for macular pucker to identify the cases that could benefit from ILM peeling during the initial RRD surgery, as
certain risks do exist with this additional procedure. This study suggests that retinal surgeons should determine
whether to use PPV with or without ILM peeling for patients with RRD based on risk factor assessment for
macular pucker.

The advantages of our study included its relatively large sample size, long follow-up period, and the evaluation
of multiple potential clinical characteristics (twenty-four clinical characteristics). Despite the strengths of the
study, its limitations should be acknowledged as well. Firstly, due to the observational nature of the study, residual
or unmeasured confounding factors could be possible; for example, other factors such as past history of uveitis,
hydration during scleral buckling surgery, number of intraoperative photocoagulations, use of perfluorocarbon,
and choroidal detachment were not evaluated. These factors could also affect the development of macular pucker
after RRD surgery. Secondly, the inclusion criteria in this study included a follow-up period greater than 1 year;
however, the length of follow-up time varied between cases (range, 366-1171 days). Future prospective studies
with a longer and more uniform follow-up period are needed to further confirm the findings of the present study.

In summary, the present study investigated risk factors for macular pucker formation after RRD surgery by
multivariate analysis. Preoperative VH, postoperative re-detachment, multiple retinal breaks, and wider retinal
detachment area were associated with an increased risk of macular pucker formation after RRD surgery. There
was no difference in macular pucker formation between patients who received PPV or scleral buckle. In patients
with RRD having risk factors for macular pucker, performing surgery as soon as possible from onset of symp-
toms and including intraoperative ILM peeling may be recommended to prevent postoperative macular pucker
formation. The findings of our study could be useful in improving the surgical management and outcomes of
patients with RRD.

Methods

Records for 226 consecutive eyes (226 patients) who were treated with PPV and/or scleral buckling for RRD
repair between February 2013 and April 2015 were retrospectively reviewed. Only patients with a follow-up time
of 12 months or longer were included in this review. This retrospective study was conducted in accordance with
the Declaration of Helsinki and was approved by the Institutional Review Board of Juntendo University (16-292).
All patients signed informed consent forms prior to the RRD surgery.

RRD surgery was performed using PPV, encircling buckle (EB), segmental buckle (SB), or PPV with EB.
Internal limiting membrane (ILM) peeling was not performed with the initial surgery in any of the cases. Macular
pucker was diagnosed as wrinkling of the inner retinal surface on ophthalmoscopy and spectral domain optical
coherence tomography (SD-OCT; Carl Zeiss, Dublin, CA, and Heidelberg Engineering, Dossenheim, Germany).
As in previous studies®!®, in the current study, macular pucker (postoperative ERM) was defined as hyperre-
flective lines above the inner retinal surface accompanied by deformation of the foveal pit of the OCT image.

Twenty-two clinical characteristics of patients with RRD were analysed, including the following: age (years),
sex (yes/no), axial length (mm), past history of laser photocoagulation (yes/no), lens status (phakic or pseu-
dophakic), incidence of re-detachment (yes/no), preoperative vitreous haemorrhage (VH) (yes/no), preoperative
macular detachment (yes/no), type of retinal break (atrophic hole, retinal tear or large breaks), multiple retinal
breaks (=3 or < 3), break position (superior or inferior), RD area (=3 quadrants or < 3 quadrants), surgery type
(PPV, EB, or SB), cataract surgery with initial RRD operation (yes/no), cryotherapy (yes/no), gas tamponade (yes/
1no), silicone oil (SO) tamponade (yes/no), and intraoperative complications (yes/no). Major break position was
classified as either superior or inferior to the horizontal meridian of the eye. The type of retinal break was defined
as the most causative retinal break for RRD. Axial length was measured in 200 patients; it was not measured in
26 patients due to preoperative macular detachment or failure to perform the measurement.

Multiple logistic regression models were used to identify clinical characteristics associated with the incidence
of macular pucker. First, each variable was analysed using a univariate model. Then, in order to measure the
strength of association more reliably, we narrowed down the associated variables to be included in the multivari-
ate analysis. In other words, only variables with a significance level (p <0.01) in univariate analysis were included
in a multivariate model. The threshold for statistical significance was p <0.05 (two-tailed test). All statistical
analyses were performed using Stata version 15 (StataCorp, College Station, TX, USA).

Ethics approval. This retrospective study was approved by the Institutional Review Board of Juntendo Uni-
versity (16-292).

Received: 30 June 2021; Accepted: 25 August 2021
Published online: 14 September 2021

Scientific Reports |

(2021) 11:18276 | https://doi.org/10.1038/s41598-021-97738-x nature portfolio



www.nature.com/scientificreports/

References

1. Heo, M. S.,Kim, H. W,, Lee, J. E,, Lee, S. J. & Yun, I. H. The clinical features of macular pucker formation after pars plana vitrectomy
for primary rhegmatogenous retinal detachment repair. Korean J. Ophthalmol. 26, 355-361. https://doi.org/10.3341/kjo.2012.26.5.
355 (2012).

2. Lobes, L. A. Jr. & Burton, T. C. The incidence of macular pucker after retinal detachment surgery. Am. J. Ophthalmol. 85, 72-77
(1978).

3. Uemura, A, Ideta, H., Nagasaki, H., Morita, H. & Ito, K. Macular pucker after retinal detachment surgery. Ophthalmic Surg. 23,
116-119 (1992).

4. Katira, R. C., Zamani, M., Berinstein, D. M. & Garfinkel, R. A. Incidence and characteristics of macular pucker formation after
primary retinal detachment repair by pars plana vitrectomy alone. Retina 28, 744-748. https://doi.org/10.1097/IAE.0b013e3181
62b031 (2008).

5. Sella, R,, Sternfeld, A., Budnik, L., Axer-Siegel, R. & Ehrlich, R. Epiretinal membrane following pars plana vitrectomy for rhegma-
togenous retinal detachment repair. Int. J. Ophthalmol. 12, 1872-1877. https://doi.org/10.18240/ij0.2019.12.09 (2019).

6. Ishida, Y., Iwama, Y., Nakashima, H., Ikeda, T. & Emi, K. Risk factors, onset, and progression of epiretinal membrane after 25-gauge
pars plana vitrectomy for rhegmatogenous retinal detachment. Ophthalmol. Retina https://doi.org/10.1016/j.oret.2019.10.004
(2019).

7. Hagler, W. S. & Aturaliya, U. Macular puckers after retinal detachment surgery. Br. J. Ophthalmol. 55, 451-457. https://doi.org/10.
1136/bjo.55.7.451 (1971).

8. Schultz, P. N., Sobol, W. M. & Weingeist, T. A. Long-term visual outcome in Terson syndrome. Ophthalmology 98, 1814-1819
(1991).

9. Smiddy, W. E. et al. Idiopathic epiretinal membranes. Ultrastructural characteristics and clinicopathologic correlation. Ophthal-
mology 96, 811-820; discussion 821. https://doi.org/10.1016/s0161-6420(89)32811-9 (1989).

10. Zhao, F. et al. Epiretinal cell proliferation in macular pucker and vitreomacular traction syndrome: Analysis of flat-mounted
internal limiting membrane specimens. Retina 33, 77-88. https://doi.org/10.1097/IAE.0b013e3182602087 (2013).

11. Ogata, N. et al. Pigment epithelium-derived factor in the vitreous is low in diabetic retinopathy and high in rhegmatogenous retinal
detachment. Am. J. Ophthalmol. 132, 378-382. https://doi.org/10.1016/s0002-9394(01)01008-x (2001).

12. Kampik, A., Kenyon, K. R., Michels, R. G., Green, W. R. & de la Cruz, Z. C. Epiretinal and vitreous membranes. Comparative study
of 56 cases. Arch. Ophthalmol. 99, 1445-1454. https://doi.org/10.1001/archopht.1981.03930020319025 (1981).

13. Michels, R. G. Vitrectomy for macular pucker. Ophthalmology 91, 1384-1388 (1984).

14. Akiyama, K., Fujinami, K., Watanabe, K., Tsunoda, K. & Noda, T. Internal limiting membrane peeling to prevent post-vitrectomy
epiretinal membrane development in retinal detachment. Am. J. Ophthalmol. 171, 1-10. https://doi.org/10.1016/j.2j0.2016.08.015
(2016).

15. Park, D. W. et al. Macular pucker removal with and without internal limiting membrane peeling: Pilot study. Ophthalmology 110,
62-64 (2003).

16. Lim, J. W,, Cho, J. H. & Kim, H. K. Assessment of macular function by multifocal electroretinography following epiretinal mem-
brane surgery with internal limiting membrane peeling. Clin. Ophthalmol. 4, 689-694. https://doi.org/10.2147/opth.s12042 (2010).

17. Ripandelli, G. et al. Macular pucker: To peel or not to peel the internal limiting membrane? A microperimetric response. Retina
35, 498-507. https://doi.org/10.1097/IAE.0000000000000330 (2015).

18. Govetto, A., Lalane, R. A. 3rd,, Sarraf, D., Figueroa, M. S. & Hubschman, J. P. Insights into epiretinal membranes: Presence of
ectopic inner foveal layers and a new optical coherence tomography staging scheme. Am. J. Ophthalmol. 175, 99-113. https://doi.
0rg/10.1016/j.2j0.2016.12.006 (2017).

Acknowledgements

This work was supported by grants from MEXT/JSPS KAKENHI (19K23851 and 20K18395 to T.H., and 21K02001
to Y.H.), and the Japan Agency for Medical Research and Development (20dk0310108 and 21dk0310108h0002
to Y.H.).

Author contributions
T.H., YH., and S.Y. designed all experiments. T.H., Y.H., S.Y., KK., H.K,, and A.M. recruited and followed all of
the patients. T.H., and Y.H. wrote the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

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 Author(s) 2021

Scientific Reports |

(2021) 11:18276 | https://doi.org/10.1038/s41598-021-97738-x nature portfolio


https://doi.org/10.3341/kjo.2012.26.5.355
https://doi.org/10.3341/kjo.2012.26.5.355
https://doi.org/10.1097/IAE.0b013e318162b031
https://doi.org/10.1097/IAE.0b013e318162b031
https://doi.org/10.18240/ijo.2019.12.09
https://doi.org/10.1016/j.oret.2019.10.004
https://doi.org/10.1136/bjo.55.7.451
https://doi.org/10.1136/bjo.55.7.451
https://doi.org/10.1016/s0161-6420(89)32811-9
https://doi.org/10.1097/IAE.0b013e3182602087
https://doi.org/10.1016/s0002-9394(01)01008-x
https://doi.org/10.1001/archopht.1981.03930020319025
https://doi.org/10.1016/j.ajo.2016.08.015
https://doi.org/10.2147/opth.s12042
https://doi.org/10.1097/IAE.0000000000000330
https://doi.org/10.1016/j.ajo.2016.12.006
https://doi.org/10.1016/j.ajo.2016.12.006
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Risk factors for macular pucker after rhegmatogenous retinal detachment surgery
	Results
	Discussion
	Methods
	Ethics approval. 

	References
	Acknowledgements


