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Abstract

Purpose

We aimed to evaluate microvascular changes on optical coherence tomography angiogra-
phy (OCTA) in patients with rhegmatogenous retinal detachment (RRD) who underwent sili-
cone oil (SO) tamponade and compare changes according to macular involvement.

Methods

This retrospective study included 48 patients with unilateral RRD who underwent vitrectomy
and SO tamponade and were stable after SO removal. Control data were obtained from the fel-
low healthy eye. Ophthalmic examinations, including best corrective visual acuity (BCVA) and
OCTA, were conducted. Differences in vascular density (VD) in different sections of the macula
and differences in the foveal avascular zone (FAZ) were analyzed between the affected eyes
and control eyes. Subgroup analyses according to macular involvement were performed.

Results

Baseline BCVA and duration of SO tamponade were associated with postoperative BCVA
(p<0.001, p = 0.03, respectively). The average VD in the deep capillary plexus (DCP) and
the VD of the nasal parafoveal area in both the superficial capillary plexus (SCP) and the
DCP decreased relative to those in the control eyes (p = 0.026, p = 0.028, and p = 0.031,
respectively). The FAZ area in the DCP and in the SCP also increased when compared with
that in the controls (p = 0.043, p = 0.002, respectively). In addition, the macular-off RRD
group had lower VD in the nasal parafoveal area of the DCP than the macular-on RRD

group.

Conclusion

SO tamponade could cause microvascular changes, especially in the nasal parafoveal
area. The macular-off RRD group were affected more than the macular-on RRD group.
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Introduction

Rhegmatogenous retinal detachment (RRD) is an important cause of blindness worldwide and
occurs in 10,000 people per year [1]. Silicone oil (SO) has been widely used as a long-term
intraocular tamponade for treating complex retinal detachments. The performance of an intra-
ocular tamponade reduces recurrence and prevents proliferative retinopathy [2, 3].

Although SO is an effective intraocular tamponade due to its high viscosity and high surface
tension, it has been associated with cataract progression, increased intraocular pressure, emul-
sified oil droplets, and band keratopathy [4]. Unexplained vision loss has been occasionally
reported after SO injection [5, 6], and Scheerlinck et al. [7] showed that the incidence of SO-
related visual loss was 30% for the duration of the tamponade.

Recently, several studies have reported changes related to SO tamponade using optical
coherence tomography (OCT) and microperimetry. These changes are widely assumed to be
linked to SO-induced toxicity and ischemia, which result in damage to ganglion cells and the
inter-nuclear synapsis [8, 9].

OCT angiography (OCTA) is a noninvasive imaging modality used to display retinal and
choroidal blood vessels. It can assess the vascular density, structures of the retinal bloodstream,
and figures of the foveal avascular zone (FAZ). Microvascular changes related to retinal
detachment have been described in current OCTA researches. Some investigators have
reported microvascular changes in the superficial capillary plexus (SCP) and in the deep capil-
lary plexus (DCP) in patients with RRD after vitrectomy using SO or gas tamponade [10-12].
In contrast, others have suggested that the macular microvasculature remains intact [13, 14].
However, there is a lack of research on quantitative microvascular changes in the different reti-
nal vascular layers in patients with RRD who underwent SO tamponade depending on macular
involvement.

Therefore, this study aimed to evaluate retinal microvascular changes in the FAZ and paraf-
oveal segments after SO tamponade and compare these changes, according to macular involve-
ment, between macular-on and macular-off RRD using OCTA.

Materials and methods
Participants

This study was a retrospective review of consecutive cases. Patients who presented to the
Department of Ophthalmology of Seoul St. Mary’s Hospital in Seoul, Korea, between January
2018 and January 2020 with a confirmed diagnosis of RRD and underwent pars plana vitrec-
tomy using SO tamponade were included. The healthy control data were extracted from the
patients’ unaffected fellow eye. The study followed by tenets of the Declaration of Helsinki and
was approved by the Institutional Review Board of Seoul St. Mary’s Hospital and the Catholic
University of Korea. The need to obtain informed patient consent was waived due to the retro-
spective study design.

The inclusion criteria were the successful repair of primary RRD following surgery with SO
tamponade and a minimum of 3 months of follow-up after SO removal. The exclusion criteria
were traumatic or tractional RD, the co-occurrence of any other ocular disease related to ocu-
lar circulation (e.g., macular degeneration, glaucoma, and axial length > 26 mm), history of
previous intraocular surgery, and severe media opacity.

All patients underwent baseline ophthalmic examinations, which included best-corrected
visual acuity (BCVA), slit-lamp examination, color fundus photography, swept-source OCT,
and OCTA imaging (DRI OCT Triton; Topcon, Tokyo, Japan) on the day or the day before
the operation. We assessed the postoperative scans, which were obtained 3 months after
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silicone oil removal, and the findings were compared. BCVA was converted into the logarithm
of the minimum angle of resolution (logMAR) for statistical analysis.

Optical coherence tomography angiography

OCTA scans were obtained with DRI OCT Triton (Topcon) for a 4.5 x 4.5-mm square centred
upon the fovea. Patients having low-quality images with a signal strength index of under 50
were excluded. OCTA images were evaluated using automatic segmentation. We analyzed the
vascular density (VD) of the superficial and deep retinal vascular zones (i.e., the SCP and the
DCP) within the 1- and 3-mm inner and outer circles, respectively, using the built-in software
program. The FAZ area was measured by manual delineation and was calculated.

Surgical procedure

A 3-port 25-gauge vitrectomy (Constellation™ Vision system, Alcon Laboratories Inc., Fort
Worth, TX, USA) was performed by a single surgeon (YGP). Briefly, after vitreous removal,
subretinal fluid drainage and endolaser were performed, and SO (Arciolane 5500; Arcadophta,
Toulouse, France) was injected into the vitreous cavity. After at least 3 months of SO tampo-
nade, the SO was removed with confirmation of retinal reattachment [15].

Statistical analysis

A Mann-Whitney U test was used to compare the parameters between the cases and the con-
trols. Spearman’s rank correlation analysis was used for a univariate analysis, followed by a
stepwise multivariate analysis. Data are provided as means + standard deviations for quantita-
tive data and as numbers (percentages) for qualitative data. All analyses were performed using
a commercial software (SPSS version 22.0; IBM, Armonk, NY, USA). P < 0.05 was considered
significant.

Results
Baseline characteristics

Forty-eight patients (27 men and 21 women) were finally included in the study. Data of their
affected and healthy fellow eyes were used as case and control data, respectively. The mean age
of patients was 57.6 + 13.1 years. Forty of 48 eyes (83.3%) exhibited mild cataract (2.02 + 0.78)
based on the lens opacity classification [LOCSIII] scale [16] and underwent combined cataract
operations on the affected eye. Twenty-five patients (52.1%) demonstrated macular involve-
ment in the condition (macular-off RRD), and the duration of RRD before surgery was

8.82 + 5.42 days. The mean duration of SO tamponade was 4.73 + 2.1 months. Baseline infor-
mation can be found in Table 1.

Change in BCVA

The mean BCVA changed from 1.46 + 0.07 logMAR at baseline to 0.65 + 0.42 logMAR 3
months after SO removal (p <0.05). In the multivariate analysis, baseline BCVA and duration
of SO tamponade were significantly associated with postoperative BCVA among all preopera-
tive factors (88 = -0.745, p <0.001; 3 = -0.180, p = 0.03) (Table 2).

Changes in the VD and FAZ area

The average parafoveal VD of the DCP in the case data was significantly lower than that in the
control data (p = 0.026; Fig 1). This was not the case for the SCP, where there was no difference
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Table 1. Baseline characteristics.

Patient characteristics Cases
Patients 48
Mean age (years) 57.6+13.1
Male/female 27/21
Duration of RRD before surgery (days) 8.82+5.42
Macular involvement 25 eyes (52.1%)
Combined cataract surgery 40 eyes (83.3%)
Preoperative BCVA (log MAR) 1.46 £ 0.07
Duration of SO tamponade (months) 473 +2.1

RRD, rhegmatogenous retinal detachment; BCVA, best-corrective visual acuity; logMAR, logarithm of the Minimum

Angle of Resolution; SO, silicone oil.

https://doi.org/10.1371/journal.pone.0248433.t001

between the cases and controls (p = 0.504). The mean VD of the nasal area in the SCP was sig-
nificantly different between the two groups (p = 0.028), unlike what was found in other areas
(superior/temporal/inferior, p = 0.095, p = 0.059, and p = 0.904, respectively). The mean VD
parameters in temporal and nasal segments for the DCP were significantly lower in the cases
than in the controls (superior/temporal/inferior/nasal, p = 0.26, p = 0.033, p = 0.733, and

p = 0.031, respectively; Table 3). The FAZ areas in the SCP and the DCP were significantly
larger in the cases than in the controls (0.28+0.14 mm?® vs 0.26+0.13 mm?, p = 0.043;

0.56 + 0.15 mm? vs 0.27 + 0.12 mm?>, p = 0.002, respectively; Table 3).

The association between postoperative BCVA and microvascular OCTA parameters was
analyzed. The average parafoveal VD and the nasal VD of the DCP were significantly associ-
ated with postoperative BCVA in the multivariate analysis (3 = -0.252, p = 0.003; 8 = -0.225,

p = 0.01, respectively). A decrease in the average VD of the DCP was identified in patients with
SO tamponade. Particularly, the mean VD of the nasal area was significantly lower in the SCP
and DCP layers.

Subgroups analysis by macular involvement

The macular-off RRD group had a lower VD in the nasal parafoveal area of the DCP compared
to that in the macular-on RRD group (p = 0.048). The FAZ area of the DCP was also larger in
the macular-off than that in the macular-on RRD group (p = 0.009; Table 4).

Table 2. Univariate and multivariate linear regression analysis for postoperative visual acuity.

Variable

Age
Male / Female
Duration of RRD before surgery (days)
Macular involvement
Combined cataract surgery
Preoperative BCVA (log MAR)
Duration of SO tamponade (Months)

Univariate analysis Multivariate Analysis
8 + SE P value 3 + SE P value
-0.184 £+ 0.943 0.178
0.038 + 0.152 0.814
0.09 + 0.762 0.543
-0.041 £ 0.015 0.762
0.11 £0.138 0.938
-0.608 £ 0.531 0.002 -0.745 + 0.514 < 0.001"
-0.15 +0.703 0.048 -0.18 £ 0.67 0.03*

RRD, rhegmatogenous retinal detachment; BCVA, best-corrective visual acuity; logMAR, logarithm of the Minimum Angle of Resolution; SO, silicone oil;

* statistically significant (p <0.05).

https://doi.org/10.1371/journal.pone.0248433.t1002
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Fig 1. Representative cases of rhegmatogenous retinal detachment repaired with silicone oil tamponade and their fellow healthy eyes. (a-c) A
fundus photograph 3 months after retinal detachment repair with silicone oil tamponade and removal is presented. The foveal avascular zone areas of
the superficial and deep capillary plexus were enlarged on optical coherence tomography angiography. (d-f) Fundus photography and optical coherence
tomography angiography findings of the fellow healthy eye are presented.

https://doi.org/10.1371/journal.pone.0248433.9001

Discussion

SOs are valuable tools in cases of retinal detachment vitreoretinal surgery. They are essentially
used as intraocular tamponade because of their ability to maintain the attachment. However,
long-term tamponade with SO is controversial [17, 18]. We evaluated the changes in retinal
microvascular parameters and various factors associated with postoperative visual outcomes in
RRD treated with SO tamponade.

Recently, several studies have reported the anatomical and functional changes in eyes that
underwent SO tamponade [9, 19]. Roohipoor et al. [20] demonstrated decreased retinal VD as
well as decreased retinal thickness in the fovea in macular-off RRD with SO tamponade when
compared with that in healthy control eyes. However, they only included patients with macu-
lar-off RRD. This entails a limitation regarding parameters related to macular involvement. In
addition, they compared the foveal, parafoveal, and choroidal areas. Our study evaluated the
changes following RRD repaired with SO and analyzed those changes according to macular
involvement. We divided the VD according to the Early Treatment Diabetic Retinopathy
Study grid. This procedure is useful for revealing the possible mechanisms of SO-related vision
loss.

Although many factors were identified as the predictors of postoperative BCVA in the
study cases, baseline BCVA and duration of SO tamponade were the most important predic-
tors of visual outcome. Our study compared OCTA parameters and the area of FAZ between
the affected eye of RRD patients with SO tamponade and their control fellow eye, and also
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Table 3. Retinal microvascular structures evaluated using optical coherence tomography angiography 3 months
after silicone oil removal for primary retinal detachment.

Cases Controls p-value
VD of SCP (%)
Average 4471 £ 3.72 44.50 +2.88 0.504
Superior 48.82 +£7.82 48.82 £ 4.57 0.095
Temporal 40.67 £ 5.66 45.68 = 3.29 0.059
Inferior 47.38 £ 5.59 49.01 +9.01 0.904
Nasal 40.34 +£5.49 43.27 +3.83 0.028*
FAZ area (mm?) 0.28 £ 0.14 0.26 £ 0.13 0.043*
VD of DCP (%)
Average 44.65 + 3.69 45.85+4.43 0.026*
Superior 49.03 + 8.12 51.92 + 4.67 0.26
Temporal 41.35+6.72 47.75+3.97 0.033*
Inferior 47.25+9.92 50.31 £ 6.39 0.733
Nasal 40.95 + 4.41 46.52 £4.01 0.031*
FAZ area (mm?) 0.30 £ 0.11 0.27 £ 0.12 0.002*

VD, vascular density; SCP, superficial capillary plexus; DCP, deep capillary plexus; FAZ, foveal avascular zone;
* statistically significant (p <0.05).

https://doi.org/10.1371/journal.pone.0248433.t003

assessed the correlation of said parameters with visual outcomes. The average VD of the DCP,
but not that of the SCP, was significantly lower in cases than in controls (p = 0.026). This may
be secondary to ischemic damage to the retina. Studies on other ischemic retinal diseases have
already determined that the DCP might be more susceptible to ischemia than the SCP owing
to anatomical differences [21]. The DCP leads into the superficial venules through vertical
anastomoses, whereas the SCP directly connects to the retinal arterioles through transverse
capillaries with higher perfusion pressures [22-24]. It might explain our results.

As we determined the parafoveal VD in four different areas (superior, temporal, inferior,
and nasal), the changes in each area can be divided and compared. We proved that significant
nasal parafoveal changes occur in the SCP and the DCP in SO tamponade eyes when

Table 4. Subgroup analysis according to macular involvement.

Macular-off RRD Macular-on RRD p-value
VD of SCP (%)
Superior 46.49 + 13.97 48.16 + 6.01 0.09
Temporal 37.98 +9.63 40.91 £ 6.43 0.57
Inferior 43.97 +£12.51 51.32 +8.80 0.57
Nasal 37.72+5.52 37.81+9.98 0.29
FAZ area (mm?) 0.29 +0.04 0.27 £0.13 0.89
VD of DCP (%)
Superior 48.12 +5.62 51.92 + 4.67 0.68
Temporal 41.60 +7.71 47.75 + 3.97 0.98
Inferior 4894 +11.8 50.31 + 6.39 0.31
Nasal 39.23 £ 10.06 39.55 + 4.36 0.048*
FAZ area (mm?) 0.31 £ 0.09 0.29 +0.12 0.009*

RRD, retinal detachment; VD, vascular density; SCP, superficial capillary plexus; DCP, deep capillary plexus; FAZ, foveal avascular zone,

*statistically significant (p <0.05).

https://doi.org/10.1371/journal.pone.0248433.t1004
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compared with those in fellow control eyes. The average VD in the DCP was also significantly
different between the groups. Several hypotheses could explain these changes. First, the change
in OCTA parameters may reflect the microvascular changes in the papillomacular bundle
(PMB), which is particularly more vulnerable to ischemic changes compared to other areas.
Pellegrin et al. [25] reported a case of metabolic optic neuropathy where the decreased macular
VDs corresponded to areas of the PMB. They demonstrated a reduction of VD not only at the
peripapillary area but also at the macular area itself. Second, because the VD of the nasal paraf-
oveal area in both the SCP and DCP was smaller than that of other areas, this area might be
more sensitive to changes. However, more research is necessary to prove this hypothesis.

An enlarged FAZ area can represent microvascular alterations in the fovea. This has been
previously reported in various ischemic retinal diseases, and it is related to poor visual out-
comes [12, 26]. McKay et al. reported that significant microvascular changes were detected in
the DCP after successful macula-off RD repair with SO or gas tamponade [13]. We also found
enlarged FAZ in the eyes with SO tamponade when compared with that in controls; this was
markedly observed in both the SCP and DCP (p = 0.043, p = 0.002, respectively). Nam at el.
[12] suggested that this ischemic change may be caused by fluid movements through the reti-
nal tear, which may lead to a hypoxic retina with diffuse vascular occlusions. Inflammatory
cytokines and prostaglandins were elevated in the subretinal fluid. These findings can provide
an insight into the ischemic microvascular alterations that occur after SO tamponade.

The safety issues and pathogenesis related to SO tamponade are still not completely under-
stood. Retinal toxicity may be caused by the mechanical pressure of the SO, which blocks the
exchange of oxygen between the vitreous and the retina, resulting in metabolic derangement
of the retina [27]. Macular microcirculation has been shown to decrease significantly 1 month
after SO injection [19]. Long-term SO tamponade can result in retinal arterial and venous
changes, including arterial narrowing, that could be caused by impaired penetration of oxygen
into the vitreous [28]. Another possible cause is the exposure of the retina to light during sur-
gery [29, 30]. Yamada et al. [30] demonstrated that SO-filled eyes can be damaged during SO
removal surgeries because of SO having a higher refractive index. Nevertheless, light-induced
retinal damage varies depending on not only the volume of SO but also the axial length and
intraocular lens power. Increased exposure of the fovea to light during SO removal can induce
photoreceptor damage.

In general, OCTA is used to detect subtle vascular alterations in patients with RRD treated
with SO tamponade. According to our results, distinct changes can be observed in the nasal
parafoveal area in patients with RRD treated with SO tamponade.

There are several limitations to our study. First, this study was a retrospective observational
study. A longitudinal study should be required to explain the microvascular changes after a
successful surgery with SO tamponade. Second, the sample size was relatively small to draw
clear conclusions. Third, we acquired the main outcome measures at least 3 months after pri-
mary vitrectomy and 3 months after SO removal. This is a sufficient period to detect the
improvement of post-surgical edema and inflammation. However, long-term follow-up stud-
ies after SO removal may reveal a recovery of vascular alterations. Finally, OCTA image arti-
facts can interfere with precise evaluation of retinal microvasculature because projection
artifacts might disturb imagining of the deep layer. Further prospective studies would provide
data to better understand changes in the vascular parameters and their relationship with func-
tional and anatomical results.

Conclusions

BCVA improved significantly following a successful retinal reattachment surgery. Baseline
BCVA and the duration of SO tamponade were associated with postoperative BCVA. The
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average VD in the DCP and the VD of the nasal parafoveal area in both the DCP and SCP
decreased relative to those in the control eye. The FAZ area in the DCP and SCP significantly
increased when compared with that in the control eye. Our results suggest that SO tamponade
could lead to negative microvascular changes, especially in the nasal parafoveal area of both
the SCP and DCP. Moreover, the macular-off RRD group had a lower VD in the nasal parafo-
veal area of the DCP than the macular-on RRD group, potentially suggesting that macular
involvement could influence the microvascular changes of the vessels. Further prospective
studies would provide data to better understand these changes.

Supporting information

S1 Fig. (a, d) Fundus photography of before and after silicone oil removal. (b, c) Measure-
ments of foveal avascular zone area and (e, f) results of vessel density calculations using optical
coherence tomography angiography (superficial capillary plexus, deep capillary plexus).

(TIF)

Author Contributions

Conceptualization: Young Gun Park.

Data curation: Young Gun Park.

Investigation: Young Gun Park.

Methodology: Ji Hye Lee.

Supervision: Young Gun Park.

Visualization: Young Gun Park.

Writing - original draft: Young Gun Park.

Writing - review & editing: Ji Hye Lee, Young Gun Park.

References

1. Grzybowski A, Romo-Garcia E. Pathogenesis of rhegmatogenous retinal detachment, predisposing
anatomy and cell biology. Retina. 2012; 32(3):645; author reply -6. Epub 2012/03/01.

2. Silicone Oil Study Group of Sankara N. Use of silicone oil in the management of complex retinal detach-
ment—an Indian experience. Int Ophthalmol. 2004; 25(3):129—-42. Epub 2005/04/26. https://doi.org/10.
1007/s10792-003-7609-y PMID: 15847311.

3. Scott U, Flynn HW Jr., Murray TG, Smiddy WE, Davis JL, Feuer WJ. Outcomes of complex retinal
detachment repair using 1000- vs 5000-centistoke silicone oil. Arch Ophthalmol. 2005; 123(4):473-8.
Epub 2005/04/13. https://doi.org/10.1001/archopht.123.4.473 PMID: 15824219,

4. Morphis G, Irigoyen C, Eleuteri A, Stappler T, Pearce |, Heimann H. Retrospective review of 50 eyes
with long-term silicone oil tamponade for more than 12 months. Graefes Arch Clin Exp Ophthalmol.
2012; 250(5):645-52. Epub 2011/12/06. https://doi.org/10.1007/s00417-011-1873-8 PMID: 22138760.

5. Oliveira-Ferreira C, Azevedo M, Silva M, Roca A, Barbosa-Breda J, Faria PA, et al. Unexplained Visual
Loss After Silicone Oil Removal: A 7-Year Retrospective Study. Ophthalmol Ther. 2020; 9(3):1-13.
Epub 2020/05/14. https://doi.org/10.1007/s40123-020-00259-5 PMID: 32399859.

6. MoyaR, Chandra A, Banerjee PJ, Tsouris D, Ahmad N, Charteris DG. The incidence of unexplained
visual loss following removal of silicone oil. Eye (Lond). 2015; 29(11):1477-82. Epub 2015/08/08.
https://doi.org/10.1038/eye.2015.135 PMID: 26248526.

7. Scheerlinck LM, Schellekens PA, Liem AT, Steijns D, Leeuwen R. Incidence, Risk Factors, and Clinical
Characteristics of Unexplained Visual Loss after Intraocular Silicone QOil for Macula-on Retinal Detach-
ment. Retina. 2016; 36(2):342-50. Epub 2015/08/27. https://doi.org/10.1097/IAE.0000000000000711
PMID: 26308530.

PLOS ONE | https://doi.org/10.1371/journal.pone.0248433 March 12, 2021 8/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0248433.s001
https://doi.org/10.1007/s10792-003-7609-y
https://doi.org/10.1007/s10792-003-7609-y
http://www.ncbi.nlm.nih.gov/pubmed/15847311
https://doi.org/10.1001/archopht.123.4.473
http://www.ncbi.nlm.nih.gov/pubmed/15824219
https://doi.org/10.1007/s00417-011-1873-8
http://www.ncbi.nlm.nih.gov/pubmed/22138760
https://doi.org/10.1007/s40123-020-00259-5
http://www.ncbi.nlm.nih.gov/pubmed/32399859
https://doi.org/10.1038/eye.2015.135
http://www.ncbi.nlm.nih.gov/pubmed/26248526
https://doi.org/10.1097/IAE.0000000000000711
http://www.ncbi.nlm.nih.gov/pubmed/26308530
https://doi.org/10.1371/journal.pone.0248433

PLOS ONE

Microvascular changes after RRD with silicon tamponade

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Raczynska D, Mitrosz K, Raczynska K, Glasner L. The Influence of Silicone Oil on the Ganglion Cell
Complex After Pars Plana Vitrectomy for Rhegmatogenous Retinal Detachment. Curr Pharm Des.
2018; 24(29):3476-93. Epub 2018/08/14. https://doi.org/10.2174/1381612824666180813115438
PMID: 30101697.

Lee SH, Han JW, Byeon SH, Kim SS, Koh HJ, Lee SC, et al. Retinal Layer Segmentation after Silicone
Oil or Gas Tamponade for Macula-on Retinal Detachment Using Optical Coherence Tomography. Retina.
2018; 38(2):310-9. Epub 2017/02/17. https://doi.org/10.1097/IAE.0000000000001533 PMID: 28207606.

Inan S, Polat O, Ozcan S, Inan UU. Comparison of Long-Term Automated Retinal Layer Segmentation
Analysis of Macula between Silicone and Gas Tamponade after Vitrectomy for Rhegmatogenous Reti-
nal Detachment. Ophthalmic Res. 2020. Epub 2020/02/10. https://doi.org/10.1159/000506382 PMID:
32036367.

Lee JY, Kim JY, Lee SY, Jeong JH, Lee EK. Foveal Microvascular Structures in Eyes with Silicone Oil
Tamponade for Rhegmatogenous Retinal Detachment: A Swept-source Optical Coherence Tomogra-
phy Angiography Study. Sci Rep. 2020; 10(1):2555. Epub 2020/02/15. https://doi.org/10.1038/s41598-
020-59504-3 PMID: 32054939.

Nam SH, Kim K, Kim ES, Kim DG, Yu SY. Longitudinal Microvascular Changes on Optical Coherence
Tomographic Angiography after Macula-Off Rhegmatogenous Retinal Detachment Repair Surgery.
Ophthalmologica. 2020. Epub 2020/05/08. https://doi.org/10.1159/000508464 PMID: 32380497.

McKay KM, Vingopoulos F, Wang JC, Papakostas TD, Silverman RF, Marmalidou A, et al. Retinal
Microvasculature Changes After Repair of Macula-off Retinal Detachment Assessed with Optical
Coherence Tomography Angiography. Clin Ophthalmol. 2020; 14:1759-67. Epub 2020/07/04. https://
doi.org/10.2147/OPTH.S214623 PMID: 32616995.

Yoshikawa Y, Shoji T, Kanno J, Ibuki H, Ozaki K, Ishii H, et al. Evaluation of microvascular changes in
the macular area of eyes with rhegmatogenous retinal detachment without macular involvement using
swept-source optical coherence tomography angiography. Clin Ophthalmol. 2018; 12:2059-67. Epub
2018/11/10. https://doi.org/10.2147/OPTH.S177933 PMID: 30410302.

Kampik A, Gandorfer A. Silicone oil removal strategies. Semin Ophthalmol. 2000; 15(2):88-91. Epub
2001/04/20. https://doi.org/10.3109/08820530009039998 PMID: 11309741.

Rouhiainen P, Rouhiainen H, Salonen JT. Lens opacity increase in a longitudinal study: comparison of
the lens opacities classification system Il and lensmeter 701. Curr Eye Res. 1996; 15(3):293-7. Epub
1996/03/01. https://doi.org/10.3109/02713689609007623 PMID: 8654109.

Leaver PK. Vitrectomy and fluid/silicone oil exchange for giant retinal tears: 10-year follow-up. Ger J
Ophthalmol. 1993; 2(1):20-3. Epub 1993/02/01. PMID: 8435653.

Barca F, Caporossi T, Rizzo S. Silicone oil: different physical proprieties and clinical applications.
Biomed Res Int. 2014; 2014:502143. Epub 2014/07/12. https://doi.org/10.1155/2014/502143 PMID:
25013785.

Kubicka-Trzaska A, Kobylarz J, Romanowska-Dixon B. Macular microcirculation blood flow after pars
plana vitrectomy with silicone oil tamponade. Klin Oczna. 2011; 113(4—6):146-8. Epub 2011/09/15.
PMID: 21913444,

Roohipoor R, Tayebi F, Riazi-Esfahani H, Khodabandeh A, Karkhaneh R, Davoudi S, et al. Optical
coherence tomography angiography changes in macula-off rhegmatogenous retinal detachments
repaired with silicone oil. Int Ophthalmol. 2020. Epub 2020/07/29. https://doi.org/10.1007/s10792-020-
01516-z PMID: 32720170.

Park YG, Kim M, Roh YJ. Evaluation of Foveal and Parafoveal Microvascular Changes Using Optical
Coherence Tomography Angiography in Type 2 Diabetes Patients without Clinical Diabetic Retinopathy
in South Korea. J Diabetes Res. 2020; 2020:6210865. Epub 2020/08/25. https://doi.org/10.1155/2020/
6210865 PMID: 32832562.

Bonnin S, Mane V, Couturier A, Julien M, Paques M, Tadayoni R, et al. New Insight into the Macular
Deep Vascular Plexus Imaged by Optical Coherence Tomography Angiography. Retina. 2015; 35
(11):2347-52. Epub 2015/10/16. https://doi.org/10.1097/IAE.0000000000000839 PMID: 26469532.

Coscas F, Glacet-Bernard A, Miere A, Caillaux V, Uzzan J, Lupidi M, et al. Optical Coherence Tomogra-
phy Angiography in Retinal Vein Occlusion: Evaluation of Superficial and Deep Capillary Plexa. Am J
Ophthalmol. 2016; 161:160-71 e1-2. Epub 2015/10/18. https://doi.org/10.1016/j.2j0.2015.10.008
PMID: 26476211.

Yu S, Pang CE, Gong Y, Freund KB, Yannuzzi LA, Rahimy E, et al. The spectrum of superficial and
deep capillary ischemia in retinal artery occlusion. Am J Ophthalmol. 2015; 159(1):53-63 e1-2. Epub
2014/09/24. https://doi.org/10.1016/j.aj0.2014.09.027 PMID: 25244976.

Pellegrini F, Prosdocimo G, Papayannis A, Cirone D. Optical Coherence Tomography Angiography
Findings in Deficiency Optic Neuropathy. Neuroophthalmology. 2019; 43(6):401-6. Epub 2018/09/24.
https://doi.org/10.1080/01658107.2018.1523196 PMID: 32165901.

PLOS ONE | https://doi.org/10.1371/journal.pone.0248433 March 12, 2021 9/10


https://doi.org/10.2174/1381612824666180813115438
http://www.ncbi.nlm.nih.gov/pubmed/30101697
https://doi.org/10.1097/IAE.0000000000001533
http://www.ncbi.nlm.nih.gov/pubmed/28207606
https://doi.org/10.1159/000506382
http://www.ncbi.nlm.nih.gov/pubmed/32036367
https://doi.org/10.1038/s41598-020-59504-3
https://doi.org/10.1038/s41598-020-59504-3
http://www.ncbi.nlm.nih.gov/pubmed/32054939
https://doi.org/10.1159/000508464
http://www.ncbi.nlm.nih.gov/pubmed/32380497
https://doi.org/10.2147/OPTH.S214623
https://doi.org/10.2147/OPTH.S214623
http://www.ncbi.nlm.nih.gov/pubmed/32616995
https://doi.org/10.2147/OPTH.S177933
http://www.ncbi.nlm.nih.gov/pubmed/30410302
https://doi.org/10.3109/08820530009039998
http://www.ncbi.nlm.nih.gov/pubmed/11309741
https://doi.org/10.3109/02713689609007623
http://www.ncbi.nlm.nih.gov/pubmed/8654109
http://www.ncbi.nlm.nih.gov/pubmed/8435653
https://doi.org/10.1155/2014/502143
http://www.ncbi.nlm.nih.gov/pubmed/25013785
http://www.ncbi.nlm.nih.gov/pubmed/21913444
https://doi.org/10.1007/s10792-020-01516-z
https://doi.org/10.1007/s10792-020-01516-z
http://www.ncbi.nlm.nih.gov/pubmed/32720170
https://doi.org/10.1155/2020/6210865
https://doi.org/10.1155/2020/6210865
http://www.ncbi.nlm.nih.gov/pubmed/32832562
https://doi.org/10.1097/IAE.0000000000000839
http://www.ncbi.nlm.nih.gov/pubmed/26469532
https://doi.org/10.1016/j.ajo.2015.10.008
http://www.ncbi.nlm.nih.gov/pubmed/26476211
https://doi.org/10.1016/j.ajo.2014.09.027
http://www.ncbi.nlm.nih.gov/pubmed/25244976
https://doi.org/10.1080/01658107.2018.1523196
http://www.ncbi.nlm.nih.gov/pubmed/32165901
https://doi.org/10.1371/journal.pone.0248433

PLOS ONE

Microvascular changes after RRD with silicon tamponade

26.

27.

28.

29.

30.

Woo JM, Yoon YS, Woo JE, Min JK. Foveal Avascular Zone Area Changes Analyzed Using OCT Angi-
ography after Successful Rhegmatogenous Retinal Detachment Repair. Curr Eye Res. 2018; 43
(5):674-8. Epub 2018/02/17. https://doi.org/10.1080/02713683.2018.1437922 PMID: 29451996.

Agarwal A, Aggarwal K, Akella M, Agrawal R, Khandelwal N, Bansal R, et al. Fractal Dimension and
Optical Coherence Tomography Angiography Features of the Central Macula after Repair of Rhegma-
togenous Retinal Detachments. Retina. 2019; 39(11):2167-77. Epub 2018/08/07. https://doi.org/10.
1097/IAE.0000000000002276 PMID: 30080742.

LouB, Yuan Z, He L, Lin L, Gao Q, Lin X. The Changes of Retinal Saturation after Long-Term Tampo-
nade with Silicone Oil. Biomed Res Int. 2015; 2015:713828. Epub 2015/11/12. https://doi.org/10.1155/
2015/713828 PMID: 26557694.

Dogramaci M, Williams K, Lee E, Williamson TH. Foveal light exposure is increased at the time of
removal of silicone oil with the potential for phototoxicity. Graefes Arch Clin Exp Ophthalmol. 2013; 251
(1):35-9. Epub 2012/05/09. https://doi.org/10.1007/s00417-012-2033-5 PMID: 22562478.

Yamada K, Kaneko H, Tsunekawa T, Shimizu H, Suzumura A, Namba R, et al. Silicone oil-associated
retinal light exposure under a surgical microscope. Acta Ophthalmol. 2019; 97(5):e742—e6. Epub 2019/
01/31. https://doi.org/10.1111/a0s.14038 PMID: 30698352.

PLOS ONE | https://doi.org/10.1371/journal.pone.0248433 March 12, 2021 10/10


https://doi.org/10.1080/02713683.2018.1437922
http://www.ncbi.nlm.nih.gov/pubmed/29451996
https://doi.org/10.1097/IAE.0000000000002276
https://doi.org/10.1097/IAE.0000000000002276
http://www.ncbi.nlm.nih.gov/pubmed/30080742
https://doi.org/10.1155/2015/713828
https://doi.org/10.1155/2015/713828
http://www.ncbi.nlm.nih.gov/pubmed/26557694
https://doi.org/10.1007/s00417-012-2033-5
http://www.ncbi.nlm.nih.gov/pubmed/22562478
https://doi.org/10.1111/aos.14038
http://www.ncbi.nlm.nih.gov/pubmed/30698352
https://doi.org/10.1371/journal.pone.0248433

