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Abstract
Background A variety of treatment strategies have been proposed for macular holes that persist or recur after surgery, and
the debate about the best re-treatment approach is ongoing. To allow for a comparison with alternative surgical therapies, we
assessed the anatomical and functional outcome of a temporary tamponade with conventional silicone oil in persistent or
recurrent full-thickness macular holes.
Methods We retrospectively investigated consecutive patients with full-thickness macular holes that persisted or recurred
following vitrectomy with internal limiting membrane peeling and gas tamponade. All patients received re-treatment by
temporary tamponade of silicone oil and were allowed free postoperative positioning. Anatomical closure rate was assessed
by optical coherence tomography, and change of best-corrected visual acuity (BCVA) was analyzed.
Results A total of 33 eyes of 33 consecutive patients were included. Macular hole closure following silicone oil tamponade
was achieved in 30 of 33 eyes (90.9%). Median BCVA improved from 1.00 logMAR (interquartile range, 0.60–1.00) to 0.65
logMAR (0.49–1.00; p= 0.010) after silicone oil removal. In patients with macular hole closure, 61.3% exhibited functional
improvement with median BCVA changing from 1.00 logMAR (0.70–1.00) to 0.60 logMAR (0.49–1.00; p= 0.0005). Mean
minimal linear diameter of macular holes before primary surgery was 391.0 µm (±137.8; range 133–630), and 48.5% of
macular holes were >400 µm in diameter.
Conclusions Treatment of persistent or recurrent full-thickness macular holes by temporary conventional silicone oil tam-
ponade without postoperative positioning results in a high closure rate and a significant mean improvement of visual acuity.

Introduction

A variety of treatment strategies have been proposed for
macular holes that persist or recur following pars plana
vitrectomy (PPV) with internal limiting membrane (ILM)
peeling and gas tamponade. Surgical approaches include
renewal of the gas tamponade, introduction of platelet
concentrate or whole blood into the hole, use of ILM, lens
capsule, retinal tissue, or amniotic membrane to cover or fill
the hole, induction of temporary macular detachment to
mobilize the hole edges, or combinations of the above. The
debate about the best treatment approach is ongoing.

Studies report the closure of persistent macular holes by
renewal of the intravitreal gas tamponade and postoperative
prone positioning of the patient in 61% (17 of 28 eyes) [1]

and 62% (22 of 36 eyes) [2] of treated eyes. Addition of
autologous platelet concentrate injection to gas tamponade
renewal resulted in closure rates of 57% (8 of 13 eyes) [3],
60% (62 of 103 eyes) [4], 78% (21 of 27 eyes) [5], and 85%
(52 of 61 eyes) [6] in different studies.

In primary macular hole surgery, temporary tamponade
using silicone oil results in macular hole closure rates of
86–92% [7, 8] but gas remains the tamponade of choice for
initial surgery due to its similarly high efficacy and the lack
of need for subsequent oil removal surgery. In persistent
macular holes, however, secondary installation of a tem-
porary silicone oil tamponade represents a possible treat-
ment approach in selected cases, such as patients that are
unable to comply with postoperative positioning.

Heavy silicone oil tamponade has been suggested to be
superior to conventional silicone oil in persistent
macular hole closure due to its presumed improved contact
with the posterior retina [3, 9–11]. Reported closure rates
by heavy silicone oil tamponade in persistent macular
holes range between 46% (16 of 35 eyes) [3], 82% (9 of 11
eyes) [9], 87% (20 of 23 eyes) [11], and 92% (11 of 12
eyes) [10].
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Compared to heavy silicone oil, conventional (light)
silicone oil requires less extensive surgery to remove and
may thus have a lower risk of complications. Furthermore,
conventional silicone oil is more readily available and
cheaper. Case series’ report closure of macular holes by
conventional silicone oil in 2 of 2 eyes [12], 5 of 5 eyes [8],
and 62% (9 of 13 eyes) [13]. However, unlike heavy sili-
cone oil, published data on the effectiveness of conventional
silicone oil is limited. To facilitate an evidence-based
comparison with results of alternative treatment approaches
as reported by other studies, we retrospectively assessed the
closure rate of persistent or recurrent macular holes fol-
lowing conventional silicone oil tamponade without post-
operative positioning in a cohort of 33 consecutive patients.

Materials and methods

We retrospectively reviewed consecutive patients who were
diagnosed with persistent or recurrent full-thickness macu-
lar hole following PPV with ILM peeling and gas tampo-
nade at the Department of Ophthalmology, University of
Bonn, Germany, between January 1, 2011, and December
31, 2019 and who were treated by temporary silicone oil
tamponade. Each surgery was performed by one of three
experienced retinal surgeons of our department. We exclu-
ded patients with traumatic macular hole (n= 1), myopic
macular degeneration (n= 4; range of myopia, −12 to −29
dpt), prior retinal detachment (n= 1) and loss to follow-up
after silicone oil removal (n= 5).

All patients underwent optical coherence tomography
(OCT) examinations (Spectralis HRA+OCT; Heidelberg
Engineering, Heidelberg, Germany) at our department
before initial PPV (baseline), before re-PPV with silicone
oil installation, and before silicone oil removal surgery. To
measure macular hole size, the OCT B-scan showing the
largest extent of the macular hole was chosen from the
macular volume scan, and the minimum horizontal linear
diameter of the macular hole was quantified using OCT
software (HEYEX Version 2.4.1; Heidelberg Engineering,
Heidelberg, Germany). Identical B-scans were used for
follow-up measurements whenever available.

Final study examination following silicone oil removal
was performed either at our department or by the referring
ophthalmologist. Patients with a follow-up time after sili-
cone oil removal of less than 4 weeks were excluded.

Best-corrected visual acuity (BCVA) was measured by
autorefractometry at each patient visit. BCVA values were
converted into logarithm of the minimum angle of resolution
(logMAR) for statistical analysis. Due to their presumed
non-Gaussian distribution, logMAR BCVA values are
expressed as median with interquartile range throughout the
manuscript whereas all other study parameters are expressed

as mean with standard deviation. Statistical comparison of
baseline and final BCVA was performed using Wilcoxon
matched-pairs signed-rank test (Prism 8, GraphPad, San
Diego, USA), and differences with a two-tailed p value of
0.05 of less were considered statistically significant.

Results

We included 33 eyes of 33 consecutive patients with per-
sistent (n= 31) or recurrent (n= 2) full-thickness macular
holes following macular hole surgery with ILM peeling and
gas tamponade (Table 1). Mean patient age at initial
macular hole surgery was 70.0 years (±7.4; range
49.6–87.6). Patient sex was female in 72.7% (24/33
patients) and male in 27.3% (9/33 patients). Accompanying
VMT was present before primary surgery in 15.2% of eyes
(5/33 eyes). In the 2 eyes with recurrent macular holes, hole
closure was confirmed by OCT following ILM peeling and
gas tamponade but re-opening of the hole occurred after
7 months and 2.5 years, respectively.

Mean interval between first examination at our depart-
ment and initial macular hole surgery was 1.8 weeks (±1.3;
range 0.1–3.9). During initial surgery, all patients received
macular ILM peeling assisted by ILM staining using Bril-
liant Blue G. As gas tamponade, C3F8 was employed in
90.9 % (30/33 eyes) and C2F6 in 9.1% (3/33 eyes). Mean
interval between initial surgery and silicone oil installation
was 8.7 weeks (±5.2; range 1.9–28.9) for persistent macular
holes (n= 31). For the 2 eyes with recurrent macular holes,
this interval was 28.3 and 131.1 weeks, respectively. In all
patients, sufficient removal of the central ILM could be
achieved during initial surgery and, thus, no additional ILM
peeling was required during silicone oil installation. In
90.9% of eyes (30/33 eyes), PPV was 23-gauge with 2000
cSt silicone oil whereas 20-gauge PPV with 5000 cSt sili-
cone oil was employed in 9.1% (3/33 eyes). No post-
operative patient positioning was advised following silicone
oil installation. Mean duration of silicone oil tamponade was
17.1 weeks (±14.1; range 6.0–78.0; median 12.1). While we
usually aimed for a duration of silicone oil tamponade of
12 weeks, duration was significantly longer in some patients
due to missed follow-up appointments or patient’s request.

Minimum follow-up time after silicone oil removal was
4 weeks. Patients who were reviewed in our department (n
= 26) had their last study examination a mean of 7.4 weeks
(±3.3; range 4.3–17.0) following silicone oil removal. In
patients that were followed-up by the referring ophthal-
mologist (n= 7), the first examination was recommended
immediately following hospital discharge and the last
examination included in the study was performed a mean of
229.5 weeks (±181.0; range 7.0–457.4) after silicone oil
removal.
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Closure of the macular hole following silicone oil tam-
ponade was achieved in 90.9% of all study eyes (30/33
eyes; Fig. 1A–D), whereas the macular hole persisted in
9.1% of eyes (3/33 eyes; Fig. 1E–H). Subgroup analysis
demonstrated hole closure in 90.3% of eyes with macular
holes that persisted following primary surgery (28/31 eyes)
and in 2 of 2 eyes with macular holes that recurred after
previous closure following primary surgery. In one of the
31 eyes with successful macular hole closure after silicone
oil tamponade, a macular hole recurred after 4 years.

Median BCVA for all patients was 1.00 logMAR
(0.60–1.00) at baseline and improved significantly to 0.65
logMAR (0.49–1.00; p= 0.010) at final study examination
(Table 2). Likewise, in the subgroup of closed macular
holes (n= 30), median BCVA improved significantly from
1.00 logMAR (0.70–1.00) at baseline to 0.60 logMAR
(0.49–1.00; p= 0.0005) at final study examination. In eyes
with closed macular holes, 61.3% (19/30 eyes) exhibited an
improvement of BCVA, compared to 0% (0/3 eyes) with
persistent macular holes (Fig. 2).

In 57.6% of eyes (19/33 eyes), cataract surgery was
performed in combination with one of the three macular
hole surgeries during the study period whereas 12.1% (4/33
eyes) remained phakic and 30.3% (10/33 eyes) were pseu-
dophakic already at baseline. In the subgroup of eyes that
were already pseudophakic at baseline (n= 10), median
BCVA improved from 0.94 logMAR (0.66–1.23) at base-
line to 0.60 logMAR (0.54–0.84; p= 0.031) at final study
examination.

Morphological analysis of macular holes by OCT
revealed a mean minimum linear diameter of 391.0 µm
(±137.8; range 133–630; Table 2) at baseline. According to
International Vitreomacular Traction Study Group (IVTS)
classification [14], macular hole size was small (≤250 µm)
in 18.2% (6/33 eyes), medium (251–400 µm) in 33.3% (11/
33 eyes), and large (>400 µm) in 48.5% (16/33 eyes). At
baseline, 93.9% (31/33 eyes) of macular holes exhibited a
surrounding subretinal fluid cuff (Fig. 1A, E) whereas 6.1%
(2/33 eyes) had a flat configuration without fluid cuff.
Polycystoid changes of the macular hole rim were present in
87.9% (29/33 eyes; Fig. 1A, E) at baseline.

Of the three macular holes that did not close, one was
small, one medium, and one large according to IVTS
classification. All three had a subretinal fluid cuff and rim
cystoid changes at baseline (Fig. 1E). In these three eyes,
silicone oil tamponade was installed 2.0, 11.0, and
16.0 weeks after the first vitrectomy, respectively. All three
holes exhibited a flat open configuration during silicone oil
tamponade (Fig. 1G). Duration of silicone oil tamponade in
these three eyes was 10.6, 33.9, and 43.7 weeks, respec-
tively. Following silicone oil removal, all three eyes lacked
signs of an epiretinal membrane causing traction on the hole
or other obvious changes in OCT or fundoscopy that would
explain why they did not close (Fig. 1F).

No treatment complications were observed in our cohort,
and the silicone oil tamponade was well tolerated by all
patients.

Discussion

While PPV with ILM peeling and gas tamponade is widely
accepted as the treatment of choice for primary macular

Table 1 Demographic baseline parameters of patients/eyes, stratified
by macular hole closure following silicone oil tamponade.

All (n= 33) Closed MH
(n= 30)

Persistent
MHa (n= 3)

Age [years; mean ±
SD (range)]

70.0 ± 7.4
(50–88)

69.1 ± 10.0
(34–88)

n.a.b (58–74)

Sex

Female [n (%)] 24 (72.7) 23 (76.7) 1 (33.3)

Male [n (%)] 9 (27.3) 7 (23.3) 2 (66.7)

VMT

Present [n (%)] 5 (15.2) 5 (16.7) 0 (0.0)

Fluid cuffc

Present [n (%)] 31 (93.9) 28 (93.3) 3 (100.0)

Cystoid rimd

Present [n (%)] 29 (87.9) 26 (86.7) 3 (100.0)

MH typee

Persistent [n (%)] 31 (93.9) 28 (93.3) 3 (100.0)

Recurrent [n (%)] 2 (6.1) 2 (6.7) 0 (0.0)

Lens status

Phakic [n (%)] 4 (12.1) 4 (13.3) 0 (0.0)

Cataract surgery with
PPV [n (%)]

19 (57.6) 17 (56.7) 2 (66.7)

Pseudophakic [n (%)] 10 (30.3) 9 (30.0) 1 (33.3)

Interval between
referral and ILM
peeling [weeks;
mean ± SD (range)]

1.8 ± 1.3
(0.1–3.9)

1.8 ± 1.2
(0.1–3.9)

n.a.b

(0.1–3.7)

Interval between ILM
peeling and SO
installation [weeks;
mean ± SD (range)]

13.0 ± 22.1
(1.9–131.1)

12.5 ± 23.0
(1.9–131.1)

n.a.b

(2.0–16.0)

Duration of SO
tamponade [weeks;
mean ± SD (range)]

17.1 ± 14.1
(6.0–78.0)

15.4 ± 13.5
(5.9–78.0)

n.a.b

(10.6–43.7)

ILM internal limiting membrane, MH macular hole, OCT optical
coherence tomography, OD right eye, OS left eye, PPV pars plana
vitrectomy, SD standard deviation, SO silicone oil, VMT vitreomacular
traction.
aPersistent MH following SO tamponade.
bMean not assessed because of small sample size.
cCuff of subretinal fluid surrounding macular hole.
dPolycystoid changes of macular hole rim.
ePersistent/recurrent MH following ILM peeling and gas tamponade.
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holes, the evidence on how to best treat macular holes that
persist following initial surgery with ILM peeling and gas
tamponade is limited. Re-installation of a gas tamponade is
a commonly used treatment option but has been reported to
result in closure rates of only 61% or 62% even if post-
operative patient positioning is applied [1, 2]. Thus, there is
an unmet medical need for alternative surgical approaches
with higher efficacy in persistent macular holes.

Several treatment approaches for persistent macular
holes have been evaluated, such as injection of autologous
platelet concentrate or whole blood into the hole, use of
ILM, lens capsule, retinal tissue, or amniotic membrane for

insertion into or coverage of the hole, and induction of
macular detachment to mobilize the hole edges [15–23].
The mechanisms of macular hole closure using platelets are
not fully understood, and growth factors released by the
platelets with secondary migration or proliferation of Müller
cells may play a role [24]. Schaub et al. recently compared
the use of either autologous platelet concentrate with gas
tamponade or heavy silicone oil tamponade in 35 patients
with persistent macular hole and reported closure rates of
57% and 46%, respectively [3]. These results match the
closure rates for persistent macular hole following use of
platelet concentrate reported by other studies that range

Fig. 1 Exemplary OCT results. OCT examinations were performed in
a study patient with closed macular hole following silicone oil tampo-
nade (A–D) and a study patient with persistent macular hole (E–H).

Examinations were performed before ILM peeling and gas tamponade
(A, E), after ILM peeling and gas tamponade (B, F), during silicone oil
tamponade (C, G), and after silicone oil removal (D, H).
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from 60 to 85% [4–6]. Hillenkamp et al. investigated pla-
telet concentrate in combination with either gas tamponade
or conventional silicone oil tamponade in persistent
macular holes and reported a combined closure rate of 68%
(n= 28) [25].

Autologous ILM flaps have been widely studied as pri-
mary treatment for idiopathic macular holes. The inverted
ILM flap technique was introduced by Michalewska et al.
for primary treatment of large macular holes [26]. It has

been hypothesized that the ILM flap may induce glial cell
proliferation and thus enhance closure. In recent meta-
analyses of the inverted ILM flap technique, the anatomical
closure rate was significantly higher compared to standard
surgery, however without significant difference in BCVA
outcome [27, 28]. In persistent macular holes, autologous
ILM transplantation has also been performed, usually by
peeling a free flap of residual ILM from the edge of the
initial peeling area and subsequent insertion into the hole or,
alternatively, by creating a pedunculated flap from the initial
peel edge to cover the hole. In two studies, the closure rate
after autologous free ILM transplantation and gas tampo-
nade was 100% and mean BCVA improved significantly
[18, 19]. However, with a sample size of these studies of 10
and 12 patients, more evidence is required.

Another proposed surgical technique for persistent
macular holes is the induction of a temporary central retinal
detachment by subretinal fluid injection. Studies using this
approach reported anatomical closure rates of 85.2% (n=
41), 87.2% (n= 39), 90% (n= 10), and 100% (n= 10)
together with BCVA improvement [20–23].

Treatment of persistent macular holes by silicone oil
tamponade requires and additional surgery to remove the oil
but may be an option for patient unable to maintain post-
operative prone positioning and other selected cases. Heavy
silicone oil has been evaluated in persistent macular holes as
some authors consider it to be superior to conventional

Fig. 2 Pre- and postoperative BCVA. In the majority of patients,
BCVA improved following surgery.

Table 2 Macular hole size and
best-corrected visual acuity
before and after surgery,
stratified by surgical success.

All (n= 33) Closed MH (n= 30) Persistent MH
(n= 3)

MLD at baseline [µm; mean ± SD
(range)]

391.0 ± 137.8
(133–630)

394.6 ± 133.1
(133–630)

n.a.a (200–597)

Smallb [eyes; no. (%)] 6 (18.1) 5 (16.7) 1 (33.3)

Mediumb [eyes; no. (%)] 11 (33.3) 10 (33.3) 1 (33.3)

Largeb [eyes; no. (%)] 16 (48.5) 15 (50.0) 1 (33.3)

MLD before SO tamponade [µm;
mean ± SD (range)]

456.7 ± 214.1
(99–1010)

446.7 ± 200.9
(99–1010)

n.a.a (173–895)

Smallb [eyes; no. (%)] 6 (18.1) 5 (16.7) 1 (33.3)

Mediumb [eyes; no. (%)] 10 (30.3) 10 (33.3) 0 (0.0)

Largeb [eyes; no. (%)] 17 (51.5) 15 (50.0) 2 (66.7)

BCVA at baseline [logMAR;
median (IQR])

1.00 (0.60–1.00) 1.00 (0.70–1.00) n.a.a

BCVA before SO installation
[logMAR; median (IQR])

1.00 (0.60–1.15) 1.00 (0.60–1.15) n.a.a

BCVA after SO removal [logMAR;
median (IQR])

0.65 (0.49–1.00) 0.60 (0.49–1.00) n.a.a

Comparison baseline vs. final BCVA
(p value)

p= 0.010 p= 0.0005 n.a.a

BCVA best-corrected visual acuity, IQR interquartile range, IVTS International Vitreomacular Traction Study
Group, logMAR logarithm of the minimum angle of resolution, MH macular hole, MLD minimum linear
diameter of macular hole, SD standard deviation, SO silicone oil.
aMean/median/p value not assessed because of small sample size.
bAccording to IVTS classification: small, ≤250 µm; medium, 251-400 µm; large, >400 µm.
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silicone oil due to a presumed improved retinal contact and
increased conformity with the foveal depression [3, 9–11].
Closure rates of persistent macular holes following heavy
silicone oil tamponade have been reported to range from 46
to 92% [3, 9–11]. Compared to heavy silicone oil, con-
ventional (light) silicone oil is more widely available,
cheaper, and requires somewhat less extensive surgery for
removal. Closure rates in studies and case series investi-
gating conventional silicone oil tamponade for persistent
macular holes range from 62% (n= 13) to 100% (2 studies,
n= 2 and 5) [8, 12, 13].

In our study, we investigated 33 consecutive patients
with either persistent macular hole following ILM peeling
and gas tamponade or recurrent macular hole, i.e. macular
holes that re-opened after initial closure following ILM
peeling and gas tamponade. Of these 33 patients. 90.9%
were successfully treated with temporary installation of a
silicone oil tamponade, resulting in both hole closure and
significant mean improvement of BCVA. This closure rate
is comparable to those reported for heavy silicone oil. While
our study patients were allowed free positioning following
silicone oil installation, some authors recommend deterring
these patients from face-up positioning as this may interfere
with the tamponade effect.

Our study provides retrospective results for the use of a
temporary conventional silicone oil tamponade that facilitates
comparison with reported outcomes of alternative surgical
strategies. Limitations of our study include the retrospective
design, the resulting lack of predefined patient selection cri-
teria and standardized study examinations such as visual
acuity measurements, the variability in treatment parameters
such as the duration of silicone oil tamponade, and the lack of
control groups with alternative treatments. However, our
study provides, to the best of our knowledge, the largest
reported patient cohort for the investigated treatment approach
to date. In particular in patients that are unable to comply with
postoperative positioning, a temporary silicone oil tamponade
represents an effective treatment option for persistent macular
holes. Future prospective controlled trials may add to avail-
able evidence on the efficacy of the various persistent macular
hole repair techniques and help to identify the best therapeutic
strategy for the affected patients.

Summary

What was known before

A variety of treatment strategies have been proposed for
macular holes that persistent or recur after surgery.
The debate about the best re-treatment approach is
ongoing.
Data on the effectiveness of conventional silicone oil
tamponade in persistent macular holes is limited.

What this study adds

We assessed the outcome of conventional silicone oil
tamponade in persistent or recurrent macular holes.
In 33 consecutive patients, treatment resulted in a closure
rate of 90.9% and significant mean improvement of
visual acuity.
Silicone oil tamponade represents an effective treatment
option in selected patients such as those unable to comply
with postoperative positioning.
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