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Background: To compare visual outcomes of vitrectomy with internal limiting membrane
(ILM) peeling and failed SFs gas tamponade requiring silicone oil (SO) in a second
procedure with primary SO tamponade in fovea-involving retinal detachment (FiRD).
Methods: Retrospective analysis of 82 eyes with retinal detachment and mild, but without
advanced proliferative retinopathy (PVR >C2) requiring vitrectomy for FiRD. Group 1
comprised 23 eyes that underwent SF¢ tamponade resulting in re-detachment requiring
revision surgery with secondary SO tamponade. Based on the intraoperative findings,
group 2 patients had primarily received SO as vitreal tamponade (n=59). Patients receiving
a scleral buckle surgery or with advanced PVR as well as patients with underlying vascular
diseases and uveitis were excluded.

Results: Preoperative visual acuity (Early Treatment Diabetic Retinopathy Study letters)
was 13.5 £ 19.1 in group 1 and 14.0 + 18.3 in group 2 (p=0.44). Twelve months after first
surgery for FiRD, visual acuity was 49.8 + 19.8 in group 1 and 51.7 £ 18.7 letters in group 2
(p=0.63). Re-detachment after SO removal requiring revision surgery developed in 17.4
(n=4) and 15.3% (n=9) cases.

Conclusion: Our findings suggest that if retinal traction is completely relieved at the end of
surgery, vitrectomy with ILM peeling and SF¢ may, if successful, improve the functional
outcomes in instances with visual potential, ie, a foveal detachment of short duration despite
the presence of a mild to moderate PVR, but with the inherent increased risk of re-
detachment requiring further intervention and the use of a SO tamponade. Hence, secondary
SO installation during re-vitrectomy after failed primary reattachment surgery results in
similar functional outcomes as primary oil filling.

Keywords: internal limiting membrane, ILM peeling, macula-off, retinal detachment,

silicone oil tamponade, vitrectomy

Introduction

Macular involvement in retinal detachment (RD) has been associated with poor
visual outcome. Despite anatomic success, predictors of a lower functional outcome
include the duration of macular detachment, preoperative presence of proliferative
vitreoretinopathy (PVR), extension of RD, and the age of the patient.' Surgical
techniques for RD repair comprise scleral buckling and pars plana vitrectomy
(PPV) alone or in combination. However, in cases of macular involvement, based
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on a low-certainty evidence, vitrectomy may achieve bet-

ter functional outcomes,® °

thus rendering the technique
the treatment of choice for RD repair. The refinement of
this technique in the last two decades has resulted in
improved success.' 2

Especially in cases with extended RD complicated by
macular involvement, PVR, vitreous hemorrhage, and
multiple and inferior retinal breaks, the choice of vitreous
tamponade in PPV has remained open to surgical
experience.'* In cases complicated by macular involve-
ment, functional outcome is frequently limited even after
successful anatomical reattachment.'” In such cases, sili-
cone oil (SO) is preferred because of its higher primary
success rate.'®'® However, SO tamponade is associated
with major disadvantages. These include SO removal,
which usually occurs within months after successful reat-
tachment, as well as the development of secondary glau-
coma, keratopathy, epiretinal membranes (ERM), retinal
nerve fiber layer loss, potential toxic effects, and unex-
plainable visual loss.'”** Furthermore, SO tamponade
does not necessarily have a better primary anatomical
success rate and visual outcomes than gas.**

In a recent retrospective study, we reported unprece-
dented visual gains over 6 months after successful primary
reattachment surgery with peeling of the inner limiting
membrane (ILM) and SF, gas tamponade,” whereas the
visual potential upon use of SO tamponade is usually
limited to 1.0 or more on a LogMAR scale.?’ Since the
introduction of vital dyes, ILM peeling has become
a routine part of vitrectomy and mainly helps to prevent
epiretinal membrane formation and recurrences.’’
Correspondingly, the primary objective of this study was
to assess the functional outcomes of eyes with re-
detachment after SFq tamponade requiring revision sur-
gery with SO tamponade. The functional outcomes were
compared to eyes operated during the same period, but
achieving anatomic success after the primary use of SO

tamponade.

Methods

Study Design

Medical reports of 452 consecutive patients who under-
went vitreoretinal surgery for primary RD between
January 2008 and December 2017 at the Berner
Augenklinik am Lindenhofspital, Bern, Switzerland were
analysed retrospectively. All patients were informed about
the nature of their disease, treatment options, as well as the

potential risks associated with the surgical procedure.
Written informed consent was provided by the study par-
ticipants including the use of coded data for investigational
and quality control purposes.

Patients who met the following criteria were eligible
for inclusion: Primary extensive retinal detachment invol-
ving the foveal centre of the macula (FiRD) requiring
vitreoretinal surgery with ILM peeling. If at the end of
surgery in the absence of larger breaks in the lower 4
clock-hours of the retinal no residual traction was evident,
the decision to use SF¢ or SO (2000 centistokes) was
based on the intraoperative surgical decision, and the
majority of eyes received a 15% SF¢ tamponade.
Patients were requested to position on the opposite side
of breaks to optimize the support of the breaks. In the case
of a macula-off situation, patients were generally
requested to additionally perform face down positioning
for 3 hours per day during the first days with the idea to
prevent foveal dislocation and to support resorption of
residual submacular fluid. SO tamponade as a primary
surgical strategy was chosen in patients who were not
able to follow the positioning requests, had underlying
diseases limiting their support for a revision surgery or
the presence of a mild-to-moderate PVR (up to PVR stage
Cl according to the updated Retina Society grading
system).>' The same criteria were applied in eyes requir-
ing a re-vitrectomy for re-detachment within 6 months
after primary vitrectomy with SF¢ gas tamponade and
a PVR up to stage CI.

Eyes with the following findings were excluded: not
completely resolved traction and large inferior breaks at
the end of vitrectomy; RD within 6 months after any
intraocular surgery; history of previous RD surgery or
ocular trauma; axial myopia more than —6 diopters or an
axial length >26 mm; any macular pathology prohibiting
visual recovery (ie, age-related macular degeneration,
macular hole); PVR grade C2 or higher as well as trac-
tional component at the time of surgery, because this
(Retina
classification);®' end-stage glaucoma; hereditary optic neu-

would trigger SO implantation Society

ropathy; amblyopia; and inflammatory or vascular ocular
diseases potentially affecting the postoperative clinical

course (ie, uveitis, diabetic retinopathy, or condition after
retinovascular occlusion).

Clinical Assessments
A full clinical examination including best-corrected visual

acuity (BCVA), intraocular pressure, axial length,
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biomicroscopy of the anterior and posterior segment, as
well as retinal imaging using an ultra-widefield scanning
laser ophthalmoscopy (Optos® 200Tx, Dunfermline,
United Kingdom) and spectral-domain OCT (SD-OCT,;
Heidelberg Spectralis-OCT; Heidelberg Engineering,
Heidelberg, Germany) were performed prior to surgery,
and postoperatively after 1, 6, and 12 months. Baseline
was set at the date of vitrectomy with SO tamponade
(group 1, date of re-vitrectomy; group 2, date of first
surgical procedure). The height of foveal retinal detach-
ment was measured from the ILM to the inner surface of
the retinal pigment epithelium.

Surgical Procedure
All surgical cases were performed by the same surgeon
PPV combined with
Dorc

using 23-gauge trypan blue
(MembranBlue®, Zuidland, the
Netherlands) assisted peeling of ILM, retinotomy, endo-

International,

drainage, endolaser- and cyro-retinopexy, as well as SFg
tamponade if postoperative positioning was supported by
the patient and deemed sufficient to support the retina.
Based on surgical decision at the end of re-attachment
surgery, SO was primarily installed in presence of signifi-
cant traction (group 2) or during revision surgery after re-
detachment within 6 months of primary reattachment
surgery (group 1). Patients in a phakic state upon RD
diagnosis underwent lens replacement during retinal reat-
tachment surgery. SO tamponade was generally left for six,
but minimally 3 months in order to follow the wound heal-
ing process and a possible development of PVR, and to
allow this biological process to stabilize if present, which

Table | Baseline Characteristics

usually takes six months. In order to minimize the burden of
disease, SO removal was not enforced in eyes without
functional potential well tolerating this tamponade.*>

We hypothesized that re-detachment after unsuccessful
primary reattachment surgery might be associated with
a less favourable functional outcome. Accordingly, the
primary outcome parameter was change in BCVA from
before SO instillation to 12 months postoperatively.

Ethics

The study was approved by the Institutional Review Board
of the Kantonale Ethikkommission Bern (Swiss Ethics
Committees on research involving humans under the regis-
tration number KEK 386/2015). The study conformed to
the tenets set forth in the Declaration of Helsinki and was
performed in accordance with the Health Insurance
Portability and Accountability Act of 1996.

Statistical Analysis

As the data were not normally distributed, a series of non-
parametric tests were used and data presented with mean
and standard deviation (SD) as well as median and inter-
quartile range (IQR). The Wilcoxon signed-rank test was
applied for each group separately to determine significance
in changes in Early Treatment Diabetic Retinopathy Study
(ETDRS) scores within the group over time. The Mann-
Whitney U-test was used to compare differences between
the two groups in ETDRS scores at all time points. The
Pearson chi-square test was used to compare the number of
patients with recurrence of new PVR and new ERM forma-
tion 12 months postoperatively. All statistical analyses were

Secondary Oil Filling Primary Oil Filling p value

Number of eyes 23 59
Female patients (%) 348 39.0 0.80
Age (years) mean+SD 65.6x10.1 69.9£12.3 0.058

median (IQR) 66.8 (57.8,73.5) 71.1 (63.1,79.6) (C1 —10.4,0.3)
Number of phakic eyes (%) 13 (56.5) 25 (42.4) 0.33
Baseline BCVA (ETDRS letters) mean+SD 13.5%19.1 14.0+18.3 0.44

median (IQR) 3.0 (2.0,35.0) 3.0 (2.0,19.9) (Cl -1.0,0)
Height of foveal detachment (um) mean+SD 660.1+296.1 794.5+342.6 0.12

median (IQR) 597 (392.5,1000) 1000 (488.5,1000) (Cl —362.0,0)

Notes: The Mann—Whitney U-test was used to compare groups with interval scaled data and the chi-square test for group comparison of dichotomous data.
Abbreviations: SD, Standard deviation; Cl, 95% confidence interval; BCVA, best-corrected visual acuity; IQR, interquartile range; ETDRS, Early Treatment of Diabetic
Retinopathy Study scores with 85 letters representing a BCVA of 1.0; CRT, central retinal thickness.
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Table 2 Preoperative Characteristics

Secondary Oil Filling Primary Oil Filling p value

Duration of vision loss mean+SD 42425 5.0£3.9 0.72
(days) median (IQR) 3.5 (2.0,6.0) 4.0 (2.0,7.0) (CI-1.5,1.0)
Duration of symptoms mean+SD 7.4+5.1 10.7+9.0 0.26
(days) median (IQR) 7.0 (3.0,10.0) 8.0 (3.0,14.0) (C1 =5.0,1.0)
Duration from diagnosis to operation (days) mean+SD 0.9+0.5 1.3+1.8 0.86

median (IQR) 0.5 (0.5,1.0) 0.5 (0.5,1.0) (Cl10.0)
PVR, n (%) 8 (34.8) 22 (37.3) 0.80
ERM, n (%) 6 (26.1) 17 (28.8) 1.0
RD dimension (clock hours) 6.2+2.2 6.8+2.0 0.06

(Cl —2.0,0)

Notes: The Mann—Whitney U-test was used to compare groups with interval scaled data and the chi square test for group comparison with nominal/dichotomous variables.
Abbreviations: SD, standard deviation; IQR, interquartile range; Cl, 95% confidence interval; BCVA, best-corrected visual acuity; PVR, proliferative vitreoretinopathy; ERM,

epiretinal membrane.

performed using the SPSS software package V.23 (SPSS,
Inc., Chicago, Illinois, USA) and R (version 3.2.4; R:
A language and environment for statistical computing,

R Foundation for Statistical Computing, Vienna, Austria,

2016). A value of p < 0.05 was considered statistically

significant.
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Figure | Best-corrected visual acuity (BCVA in EDTRS letters). Error bars represent the standard error of the mean (SEM).
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Results

Selection and Participants

A total of 82 of 386 eyes were eligible for inclusion,
whereas 370 patients were excluded. Of these, 119 patients
had RD not involving the fovea, 49 patients had a secondary
RD (vitreous surgery in the past or history of trauma to the
affected eye), 19 patients showed concomitant eye disease
[age-related macular degeneration (n = 5), history of uveitis
(n=1), end-stage glaucoma (n = 1), diabetic retinopathy (n
= 2), hereditary optic neuropathy (n = 2), retinal vascular
occlusive disease (n = 2), amblyopia (n = 3), RD with
a coexisting macular hole (n = 3)], as well as 33 patients
with high myopia. In addition, four eyes remained phakic in
younger participants, eight patients were lost to follow-up,
five patients did not consent to the use of their coded data,
and 67 patients had been operated successfully for
a primary FiRD using ILM peeling and SFg as an endotam-
ponade. As mentioned above, the results in these eyes were
reported elsewhere.*’

1200 4

1000 - T

800 A

600 -

400 -

Central retinal thickness (um)

Of the 82 eyes that underwent surgery for FiRD, 23
had initially been treated with an SF¢ endotamponade but
developed retinal re-detachment (re-FiRD; 14 macula-off,
nine macula-on) within a 6-month follow-up period. These
patients subsequently underwent re-vitrectomy with
a secondary SO tamponade (group 1), whereas 59 eyes
primarily received a SO endotamponade (group 2).

Demographic parameters including age, gender, base-
line visual acuity, lens status and RD height were compar-
able between both groups (Table 1). This was also
observed for baseline characteristics, namely the duration
of symptoms and vision loss before surgery, duration from
diagnosis to surgery, and presence of PVR or ERM, as
well as RD extension (Table 2). Preoperative visual acuity
and postoperative functional (Figure 1) and anatomic
recovery (Figure 2, Table 3, Table 4) were similar between
both groups. Secondary ERM development was not
observed clinically and in OCT. Both groups presented

comparable rates of new PVR and re-detachment during
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Figure 2 Central retinal thickness (CRT in um). Error bars represent the standard error of the mean (SEM).
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Table 3 Change in BCVA

ETDRS LetterstSD n Secondary Oil Filling n Primary Oil Filling p value
(Median, IQR)
Baseline mean+SD 23 135 £ 19.1 59 140 + 183 0.44

median (IQR) (3.0, 2.0-35.0) (3.0, 2.0-19.9) (Cl —1.0,0)
Change over time (p values for comparisons over time in brackets)
From baseline to | month 23 +45.0 + 29.7 (4.8e-05) 59 +42.2 + 20.0 (1.3e-10) 0.31 (Cl -6.0,16.9)
From baseline to 12 months 23 +35.2 + 27.1 (3.0e-04) 59 +38.4 + 25.5 (3.4e-09) 0.62 (Cl —15.3,8.2)
From | to 6 months 23 —8.6 £ 19.9 (0.09) 59 -2.1 £ 17.7 (0.97) 0.10 (Cl —15.2,1.0)
From 6 to 12 months 21 +0.1 + 14.8 (0.91) 59 +0.4 + 13.2 (0.55) 0.86 (Cl —5.7,5.7)

Notes: The Mann-Whitney U-test was used to compare groups and the Wilcoxon signed-rank test to determine whether the change over time within one group is

significant.

Abbreviations: BCVA, best-corrected visual acuity; ETDRS, Early Treatment of Diabetic Retinopathy Study scores with 85 letters representing a gain in BCVA of 1.0; SD,

standard deviation; IQR, interquartile range; Cl, 95% confidence interval.

the postoperative follow-up period (Table 4). The mean
time until SO removal was 6.5 = 1.8 months in the total
sample and was similar in groups 1 and 2 (group 1, 6.6 +
2.1 months vs group 2, 6.4 = 1.7 months; p = 0.97, Mann—
Whitney U-test test). Furthermore, visual outcome was
stable in both group 1 (before SO removal: median 50.1,
interquartile range (IQR) 35 to 58.9 mean and SD 47.4 +
17.3 vs after SO removal: median 54.9, IQR 39.0 to 65.1
mean and SD 51.6 = 17.0; p = 0.09, Wilcoxon signed rank
test) and group 2 (before SO removal: median 54.9, IQR
44.1 to 65.1, mean and SD 53.0 £ 15.0 vs after SO
removal: median 59.6, IQR 45.2 to 65.1, mean and SD
55.4 +15.5; p = 0.09, Wilcoxon signed rank test). SO still
remained in 12 cases (group 1 = 6 patients, group 2 = 6
patients) at 12 months following SO instillation.

Re-detachment after SO removal requiring revision sur-
gery developed in 17.4% (n=4) of patients with secondary oil
filling and in 15.3% (n=9) of patients with primary oil filling
(p=0.73). Of the four patients from group 1, two had a re-
detachment with macula on and 2 with macula off. In group
2, six of the nine patients had a re-detachment with macula on
and three with macula off (Table 4).

Table 4 Postoperative Complications

Discussion

According to our retrospective analysis, the outcome of
secondary SO instillation after failed primary reattachment
surgery seems not to lead to a poorer functional outcome
compared to primary oil filling. Recently, we reported
a mean visual gain of >25 letters after vitrectomy with
ILM peeling and successful SFg gas filling but excluded
cases with re-detachment.”” A high anatomic success rate,
but not a comparable visual gain was observed after pri-
mary SO tamponade in the present study. The functional
results in the here reported primarily unsuccessful cases
after ILM peeling and SF¢ tamponade indicate that the
chance of significant visual improvement might outweigh
the benefits of a primary SO tamponade.

One quarter of our eyes with relatively extensive, ie,
macula-involving RD that received primary SF¢ gas filling
(23 out of 90 eyes), developed re-detachment (group 1
patients). The retinal reattachment rate in eyes receiving
primary SF¢ gas filling was thus 74.4%, which is well in
line with a recent meta-analysis reporting a primary success
rate between 72% and 79%° and a recently published study>”
with a reattachment rate of 72.6% after primary surgery.

Secondary Oil Filling Primary Oil Filling p value
New PVR formation, n (%) 4 (17.4) 8 (13.3) 0.73
Re-detachment macula-on, n (%) 2 (8.7) 6 (10.2) 1.0
Re-detachment macula-off, n (%) 2 (8.7) 3 (5.1 0.61
New ERM formation, n (%) 0 (0) 0 (0) 1.0

Note: The chi-square test was used for group comparison of nominal/dichotomous variables.
Abbreviations: PVR, proliferative vitreoretinopathy; ERM, epiretinal membrane; SD, standard deviation.
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Although the study cohorts were relatively small, both
groups were well comparable regarding baseline character-
istics as well as visual and anatomic outcomes and showed
similarities to previously published studies.**” We think
that although a retrospective analysis was performed, repre-
sentation of this problem was achieved. The comparable
demographic and preoperative characteristics of both groups
add to the strength of the present study, which applied strict
inclusion and exclusion criteria to exclude a maximum num-
ber of outcome confounders.

SO is the standard treatment used in the presence of
PVR.*** Based on the exclusion of eyes with advanced
PVR, eyes that primarily received SO (group 2) showed
a similar disease severity, namely preoperative PVR. This is
also supported by a similar postoperative course between
the two groups regarding new PVR formation over the 12-
month follow-up period. The intraoperative surgical
decision to use SO may indicate that the surgical risk for re-
detachment was estimated as increased, thus arguing for the
primary use of SO.>"*

The lack of postoperative ERM formation can be
explained by the systematic use of ILM peeling in all
patients.*® However, based on our retrospective analysis, an
advantage for visual outcomes after peeling was not observed
using SO compared to the successful use of SF¢ gas
tamponade® but was similar to non-ILM peeled eyes.*!
The rates of new PVR formation (17% vs 13%, p=0.73)
and of re-detachment after SO removal were comparable in
both groups and within the expected range (17% vs 15%,
p=0.73), suggesting that secondary SO placement after failed
primary vitrectomy with gas tamponade does not expose the
eye to an additional PVR risk.

In conclusion, given the remarkably better functional out-
come of successful primary SF6 tamponade compared to
primary SO tamponade, our results advocate a primary
attempt with SF6 in combination with vitrectomy and ILM
peeling in FiDR if the retina is completely attached, the trac-
tion fully and the patient cooperative and able to follow
positioning advice.

Eyes requiring a second vitrectomy with SO after
failed primary reattachment surgery in this retrospective
analysis showed similar functional and anatomic outcomes
as those primarily receiving SO tamponade.

Data Sharing Statement
The dataset generated and analysed during the current
study is available at:

http://augenklinik-bern.ch/research/Vitreal tamponade
Data July 2020.xlsx.
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