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Abstract
Purpose This study aims to analyze the success rate and functional outcome after revision surgery of persistent idiopathic 
full-thickness macular holes in a large patient cohort and to identify the optimal tamponade strategy and the value of new 
adjunctive manipulation techniques for persistent macular hole (pMH) closure.
Methods Retrospective, comparative, non-consecutive case series of all revisional surgeries for idiopathic pMH between 2011 
and 2019 at the Eye Clinic Sulzbach were identified. Of 1163 idiopathic MH surgeries, 74 eyes of 74 patients had pMH. Of 
those, group 1 (n = 38) had vitrectomy with tamponade alone (20% sulfur hexafluoride gas, 15% hexafluoroethane gas, silicone 
oil 5000, Densiron®), while group 2 (n = 36) included tamponade with adjuvant manipulation (internal limiting membrane 
(ILM) translocation, subretinal fluid injection, epiretinal amniotic membrane, free retina graft, or autologous blood). Main 
statistical outcomes were anatomic closure rate, visual acuity (VA), minimum linear diameter (MLD), and base diameter (BD).
Results Overall total anatomical success rate was 81.1% and mean VA improved 3.5 lines from LogMAR 1.03 ± 0.30 to 
0.68 ± 0.38 (p < .001). Preoperative MLD or BD had no effect on total anatomic success (p = 0.074, p = 0.134, respectively). 
When comparing the two groups, slightly better anatomic success rates were achieved in group 1 (84.2%) compared to that in 
group 2 (77.8%) (p = 0.68). Final VA in group 1 (LogMAR 0.67 ± 0.39) outperformed group 2 (LogMAR 0.86 ± 0.38) (p = 0.03).
Conclusions Revisional surgery for persistent idiopathic MH with tamponade alone had comparable anatomical closure but 
better VA outcomes, compared to tamponade with adjuvant manipulation.

Keywords Macular hole surgery · Persistent macular hole · Refractory macular hole · Subretinal fluid injection · Epiretinal 
amniotic membrane · ILM translocation

Key messages

What was known:

As anatomic closure or even restoration of the foveal architecture is more difficult to achieve in persistent 
macular holes (pMH), it is still under debate which is the best surgical approach.

What is new:

Revision surgery for idiopathic pMH achieves anatomic success in over 80% of patients along with an 
average 3.5 lines improvement in visual acuity

There is no advantage for any particular tamponade for visual acuity or anatomic closure of pMH

New adjuvant manipulation techniques aiming centripetal hole closure do not seem advantageous over 
tamponade alone
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Introduction

Vitrectomy for idiopathic full-thickness macular holes 
(MHs) is one of the most successful procedures in the 
vitreoretinal subspecialty nowadays, with primary closure 
rates exceeding 90% along with significant visual acuity 
improvement [1, 2]. A small percentage of surgery fails, 
however, especially in large MHs. In these persistent 
MHs, anatomic and functional success is more difficult to 
achieve. Many studies report repeat vitrectomy with gas 
tamponade to be successful, but closure rates stand well 
below the results reported after primary surgery, and with 
relatively poor final visual acuity [3, 4].

Limited surgical options are available once the pos-
terior hyaloid has been removed and structures for trac-
tional relief or a guide rail for glial cell bridging (e.g., an 
inverted ILM flap) are missing [5, 6].

To overcome these challenges, several strategies have been 
described to achieve MH closure. A recent meta-analysis 
reports the clear tendency towards longer-acting gas tam-
ponades for reoperations [4]. A simple fluid-gas exchange, 
however, can only attach, but not approximate the hole edges, 
which is particularly relevant for large persistent MHs.

Hence, several adjunctive procedures have been pro-
posed to achieve a centripetal effect for hole edge approx-
imation and to improve bridging. These new adjuvant 
manipulation approaches comprise grafting techniques 
with free autologous ILM [7–10], centripetal hole approxi-
mation through induced macular detachment [11–13], an 
amniotic membrane [14, 15], neurosensory retina from the 
periphery [16, 17], or autologous blood products [18, 19].

Although there are numerous studies on different tam-
ponades [4, 20–23] and the various adjunctive procedures, 
only a few comparative studies are available [3]. A recent 
meta-analysis overviewing 22 studies failed to determine 
a successful revision technique, due to heterogeneity and 
small sample sizes of the available studies [4].

Therefore, the aim of this study was to analyze the suc-
cess rate and functional outcome after revision surgery of 
persistent idiopathic full-thickness MHs in a large patient 
cohort and to identify the optimal tamponade strategy and 
the value of new adjunctive manipulation techniques for 
MH closure.

Methods

Study design

In this retrospective, comparative, non-consecutive single-
center case series, we reviewed the medical records of all 

patients who underwent their first surgical revision of a 
persistent idiopathic full-thickness macular hole between 
2011 and 2019 at the Eye Clinic Sulzbach by 4 experi-
enced surgeons. The study was approved by the Ethics 
Committee of the Medical Association of Saarland (Nr. 
243/14) and adheres to the tenets of the Declaration of 
Helsinki. Informed consent was obtained.

Patients and examinations

We reviewed the records of 1163 patients with idiopathic 
full-thickness MH who had undergone macular hole surgery 
with standard three-port 23G pars plana vitrectomy includ-
ing ILM peeling (within the vascular arches of at least 2 
pupil diameters) and gas tamponade between 2011 and 2019.

Inclusion criteria of failed primary idiopathic macular 
hole surgery were cases with sufficient data on preopera-
tive and postoperative visual acuity (VA) and anatomical 
characteristics based on spectral domain optical coherence 
tomography (SD-OCT, Spectralis 2, Heidelberg Engineer-
ing, Heidelberg, Germany) measurements, and available 
follow-up data of at least 4 weeks. If multiple postoperative 
follow-up time points were available, then the last available 
follow-up was used for VA-related and OCT-related analysis.

Exclusion criteria were other surgeries than the previ-
ous vitrectomy and visually relevant secondary diagnoses, 
as well as MH of other origin (e.g., trauma, retinal detach-
ment). All eyes were already pseudophakic and had no cata-
ract surgery between the initial MH vitrectomy and this first 
revision pMH vitrectomy.

The mean interval between the initial surgery and the 
revision surgery was 6.7 months (range 2–17 months). All 
patients underwent preoperative and postoperative com-
prehensive ophthalmic examination including visual acu-
ity (VA) with Snellen charts, slit-lamp, and dilated fundus 
examination, and OCTDecimal VA scores were converted 
to LogMAR for subsequent analysis. OCT scans were per-
formed with high-resolution volume scans with a scanning 
density spacing of 60–80 µm of the MH prior and after the 
revision MH surgery.

Interventions

All patients underwent a transconjunctival 23-gauge pars 
plana vitrectomy (DORC EVA, Zuidland, Netherlands) 
with staining of the posterior pole (Membrane Blue Dual®, 
DORC, Zuidland, Netherlands) to identify ILM residues, 
fluid-air exchange, and internal tamponade (with instruc-
tion to posture face down in case of gas tamponade). The 
exact procedure including the type of tamponade (20% 
sulfur hexafluoride gas  (SF6), 15% hexafluoroethane gas 
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 (C2F6), silicone oil 5000 (Sil 5000), or Densiron®) and the 
optional use of adjuvant manipulation techniques (free ILM 
flap translocation (f-ILM), subretinal fluid application (SRF-
Appl), 6-mm epiretinal amniotic membrane [15] (EAM, 
AmTrix®, Horus Pharma, Saint-Laurent-du-Var, France), 
free retina flap (Free Retina), or application of autologous 
blood (AB-Appl)) were documented. The decision on which 
technique was used for pMH repair did not follow any spe-
cific criteria in this real-life study and was therefore at the 
surgeon’s experience and discretion.

Definitions and analysis

The minimum linear diameter (MLD) was defined as the 
minimum horizontal diameter across the widest horizontal 
high-resolution SD-OCT volume scan. The outer base diam-
eter (BD) was measured at the level of the retinal pigment 
epithelium (RPE). The total anatomical success was defined 
as central continuity of neurosensory retina with sealed hole 
edges over RPE (closure) or atrophic closure (attached hole 
edges but bare central RPE). No success was defined as 
elevated neurosensory retinal hole edges with bare central 
RPE (open). All scan analyses were performed by one senior 
grader.

For the comparative group analysis on the effect of the 
closure rate and visual gain of adjuvant manipulation ver-
sus tamponade alone, patients were distributed into group 1 
(tamponade alone:  SF6,  C2F6, Sil 5000, Densiron) and group 
2 (tamponade with adjuvant manipulation: f-ILM flap, SRF-
Appl, EAM, free retina, AB-Appl).

The statistical analysis was performed with the R Soft-
ware (Version 3.6.3, R Core Team, 2020). Group analyses 
were performed with Welch-t-tests or analysis of variances 
(ANOVAs). Frequencies between conditions were com-
pared using χ2-tests. A p-value of < 0.05 was considered 
significant.

Results

In total, 1163 primary idiopathic macular hole surgeries 
were identified, of which 74 underwent revisional surgery 
due to persistent idiopathic MH (pMH) and met all inclu-
sion criteria. Of the total of 74 eyes of 74 patients, the mean 
age was 70.7 ± 8.4 years (range 47–84 years). All eyes 
were pseudophakic and had an ILM peeling previously. 
The number of female patients (n = 56) was significantly 
higher than that of male patients (n = 18) (75.68%, 95% CI 
[64.31, 84.90], p < 0.001). Six eyes were high myopes (axial 
length ≥ 6 dpt or ≥ 26.5 mm) which had no influence on the 
success rate (p = 0.318). During the average follow-up time 
of 295 days (range 30–1901 days), none of the eyes showed 
complications such as retinal breaks, retinal detachment, 
fibrinous exudates, or endophthalmitis.

Overall success rate

The overall demographic data and outcome parameters are 
shown in Table 1. The total anatomic success rate (com-
plete anatomic closure and atrophic closure) was 81.1% 
(n = 60/74). Female patients showed a statistically not sig-
nificant lower success rate than male patients (79% vs. 89%, 
p = 0.54), but a statistically not significant stronger improve-
ment in visual acuity improvement (3.0 lines vs. 1.9 lines, 
p = 0.28) despite the disadvantage of an initially a statisti-
cally not significant larger hole size (MLD 507 ± 195 µm vs. 
390 ± 220 µm, ΔM =  − 177, 95% CI [− 2, 237], p = 0.06). 
Younger patients (≤ 65 years, n = 19) achieved a statistically 
not significant better total anatomical success rate compared 
to medium age (66–75 years, n = 28) and oldest patients 
(> 75 years, n = 27) (94% vs. 83% vs. 72%, respectively) 
(p = 0.207). We did not observe any differences in preopera-
tive MLD or BD regarding total anatomic success (p = 0.074, 

Table 1  Clinical characteristics of all patients (n = 74)

MLD, minimum linear diameter; BD, base diameter; MH, macular hole; VA, visual acuity; LogMAR, logarithm of the minimum angle of resolu-
tion
* p-values are based on a one-way ANOVA (complete closure vs. atrophic closure vs. no closure)

Anatomical success (60/74) No closure (n = 14) Total (n = 74) p-value*

Complete closure 
(n = 51)

Atrophic closure 
(n = 9)

Gender (female/male) 38/13 6/3 12/2 56/18 0.538
Mean (SD) age in years 70.1 ± 8.6 69.9 ± 8.6 73.2 ± 7.2 70.7 ± 8.4 0.464
Mean (SD) MLD preoperative in µm 446 ± 185 516 ± 286 573 ± 207 479 ± 206 0.108
Mean (SD) BD preoperative in µm 1320 ± 303 1174 ± 470 1080 ± 728 1190 ± 480 0.465
Mean (SD) preoperative VA in logMAR 1.03 ± 0.31 1.06 ± 0.26 1.04 ± 0.3 1.03 ± 0.3 0.973
Mean (SD) postoperative VA in logMAR 0.64 ± 0.38 0.89 ± 0.27 1.11 ± 0.27 0.76 ± 0.4  < 0.001
Mean (SD) line improvement of VA 3.87 ± 3.25 1.69 ± 1.81  − 0.77 ± 3.09 2.72 ± 3.56  < 0.001
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p = 0.134, respectively). A post hoc analysis showed no sta-
tistically significant difference among the surgeons.

Overall visual gain

Overall, 51% patients achieved a VA increase of ≥ 3 lines, 
albeit only 33% achieving VA suitable for reading (0.5 log-
MAR). With total anatomical success, mean VA improved 
by 3.5 lines (p < 0.001), while in complete closure, VA 
even increased by 3.9 lines, compared to 1.7 lines in eyes 
with atrophic closure. Eyes where anatomical closure could 
not be achieved, lost 0.8 lines (Table 1). Younger patients 
(≤ 65 years, n = 19) achieved a statistically not significant 
greater visual acuity improvement compared to medium age 
(66–75 years, n = 28) and oldest patients (> 75 years, n = 27) 
(3.5 vs. 2.6 vs. 2.3 line improvement) (p = 0.66), and statis-
tically not significant better final visual acuity (p = 0.56). 
Overall, 42% of the younger patients achieved reading visual 
acuity (0.5 logMAR).

Subgroup analysis of tamponades

Of 74 patients, one-half was treated traditionally with tam-
ponade only (group 1, n = 38), while the other half received 
one of the new adjuvant manipulation techniques to promote 
MH edge approximation and/or bridging (group 2, n = 36).

To analyze the effect of tamponades only on functional 
and structural outcome in pMH surgery, we conducted a 
subgroup analysis of group 1, shown in Table 2. The tam-
ponade types included SF6 (n = 11), C2F6 (n = 20), SIL 
5000 (n = 3), and Densiron (n = 4) (Fig. 1). At baseline, 
prior to pMH revision surgery, there was no difference 
in VA (p = 0.071) and MLD (p = 0.368) between the tam-
ponades. To assess the influence of different tamponades 
on visual acuity improvement, we conducted an ANOVA 
which yielded no differing improvements in visual acu-
ity by different tamponades (p = 0.860). Thus, the current 
analysis yielded no indication that different tamponades 
have an influence on the functional outcome. To assess the 
influence of MLD, BD, and tamponades on total anatomi-
cal success, we conducted a logistic regression. Neither 

MLD (OR = 1.00, 95% CI [0.99, 1.00], p = 0.130) nor BD 
(OR = 1.00, 95% CI [1.00, 1.00], p = 0.628) had an influ-
ence on total anatomic success. In addition, tamponades 
did not improve the prediction of total anatomic success 
(p = 0.444).

Subgroup analysis of adjuvant manipulations

To analyze the effect of adjuvant manipulation on func-
tional and structural outcome in pMH surgery, we con-
ducted a subgroup analysis of group 2 (see Table 3). These 
included free ILM flap translocation (n = 12), induced 
macular detachment (n = 12), epiretinal amniotic mem-
brane (n = 7), free retinal translocation (n = 2), and appli-
cation of autologous blood (n = 3) (Figs. 2 and 3).

Free ILM flaps and epiretinal amniotic membrane grafts 
showed a statistically not significant high rate of complete 
closure and VA gains of 3.9 and 3.3 lines, respectively. 
Autologous free ILM grafts obtained reading vision in 
42%.

Of interest, all amniotic membrane grafts achieved an 
initial complete closure (success rate 100%) despite a large 
initial hole size, however, with 2 cases showing a slow-
progressive reopening resulting in atrophic closure and 
VA loss 2 months later. The induced macular detachment 
group achieved an average MH closure rate, but a low 
visual acuity gain. This correlated with distinct pigment 
epithelial irregularities in postoperative OCT even in suc-
cessful cases. Interestingly, the group with autologous 
blood still showed a visual acuity increase despite the low 
closure rate, while the patients with free retina flap showed 
no increase in visual acuity (Table 3).

Comparative analysis of tamponades alone 
versus tamponades with adjuvant manipulations

Group 1 had a better mean preoperative VA (logMAR 
0.92 ± 0.29) when compared to group 2 (logMAR 
1.15 ± 0.25, p = 0.001), while this relationship was reverse 
for MLD, with group 2 having a larger preoperative pMH 

Table 2  Structural and functional outcome depending on tamponades (group 1, n = 38)

MLD, minimum linear diameter; MH, macular hole; VA, visual acuity; LogMAR, logarithm of the minimum angle of resolution; SF6, 20% sulfur 
hexafluoride gas; C2F6, 15% hexafluoroethane gas; Sil 5000, silicone oil 5000

SF6 (n = 11) C2F6 (n = 20) Sil 5000 (n = 3) Densiron (n = 4) p-value

Mean (SD) MLD preoperative in µm 323 ± 231 446 ± 194 442 ± 199 448 ± 166 0.368
Anatomical success of MH closure (complete/

atrophic) (n = 28/4)
90.9% (9/1) 80.0% (15/1) 100% (3/0) 75% (1/2) 0.693

Mean (SD) postoperative VA in logMAR 0.50 ± 0.40 0.68 ± 0.40 1.10 ± 0.10 0.75 ± 0.19 0.113
Mean (SD) line improvement of VA 2.63 ± 3.08 2.72 ± 3.70 2.59 ± 3.28 3.05 ± 3.27 0.860

1784 Graefe’s Archive for Clinical and Experimental Ophthalmology (2021) 259:1781–1790



1 3

than group 1 (see Table 4, Fig. 4). A higher anatomic suc-
cess rate was shown for group 1 with tamponade alone 
(84.2%) compared to that for group 2 with adjuvant manip-
ulation (77.8%), albeit this was not statistically significant 

(p = 0.682). The final VA was higher in group 1 (Log-
MAR 0.67 ± 0.39) compared to that in group 2 (LogMAR 
0.86 ± 0.38, p = 0.030). However, when comparing only 
large holes (> 500 µm), there was no difference in final VA 

Fig. 1  OCT examples of group 1 with tamponade only. C2F6 tam-
ponade preoperatively (a), after 4  months (b) and after 16  months 
(c) with good restoration of ellipsoid zone and 6-line improvement. 
Silicone oil 5000 tamponade preoperatively (d, note the inverted 
ILM flap from previous surgery), before (e) and after (f) silicone oil 
release with anatomic closure, but only 1-line improvement. Heavy 

silicone oil tamponade (Densiron) preoperatively (g), before (h), and 
after (i) silicone oil release with full restoration of ellipsoid zone and 
8-line improvement. Example of heavy silicone oil tamponade (j) 
with incomplete closure (k) and reopening after silicone oil removal 
(l)

Table 3  Structural and functional outcome depending on manipulation techniques (n = 36)

MLD, minimum linear diameter; MH, macular hole; VA, visual acuity; LogMAR, logarithm of the minimum angle of resolution; f-ILM, free ILM 
flap translocation; SRF-Appl, subretinal fluid application; EAM, epiretinal amniotic membrane; Free Retina, free retina flap; AB-Appl, applica-
tion of autologous blood

f-ILM (n = 12) SRF-Appl (n = 12) EAM (n = 7) Free retina (n = 2) AB-Appl (n = 3) p-value

Mean (SD) MLD preoperative in µm 468 ± 106 606 ± 168 494 ± 210 964 ± 180 464 ± 61  < 0.001
Anatomical success of MH closure (com-

plete/atrophic) (n = 23/5)
75% (9/0) 75% (8/1) 100% (5/2) 50% (0/1) 66.7% (1/1) 0.131

Mean (SD) postoperative VA in logMAR 0.75 ± 0.4 0.92 ± 0.41 0.86 ± 0.41 1.15 ± 0.21 0.9 ± 0.26 0.224
Mean (SD) line improvement of VA 3.9 ± 4.8 2.2 ± 4.1 3.3 ± 2.8 0 2.3 ± 1.5 0.707
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(p = 0.254) or anatomic success (p = 0.490) between the 
groups.

Discussion

This large single-center study on surgical revision of idio-
pathic pMHs could show an anatomical closure rate of 81%, 
with a mean VA improvement of 3.5 lines. Comparing tam-
ponades with or without adjuvant manipulation techniques, 
neither advantage for new adjuvant manipulation techniques 
over tamponades nor advantage for any particular tampon-
ade for visual acuity or anatomic closure of pMH could be 
determined.

Our results are in accordance to published literature [3]. 
In a fixed-effects meta-analysis model comprising 520 eyes 
from 22 studies, the pooled estimates for anatomical clo-
sure of persistent MHs were 78% [4]. However, these study 

cohorts included only a small number of patients (mean 
n = 20) and showed a considerable variation between 49 and 
89% success [19, 24–29].

Anatomic closure or even restoration of the foveal archi-
tecture is more difficult to achieve in pMHs and may result 
in an atrophic closure in up to 29% [26, 28]. Interestingly, we 
found no correlation between initial pMH size and atrophic 
closure.

Despite a good anatomical closure rate, only 33% of 
our patients achieved reading vision and 51% obtained 
3-line improvement, which is similar to other stud-
ies [10, 27, 28]. A recent meta-analysis reported the 
weighted mean improvement at 2.5 lines [4]. Incomplete 
ellipsoid zone (EZ) restoration might explain the limited 
functional recovery in many cases of successful closure 
[30, 31].

Age, initial hole size, and myopia could not be identi-
fied as additional risk factors for an unfavorable outcome. 

Fig. 2  OCT examples of group 
2 with additional adjuvant 
manipulation techniques. Free 
ILM flap transplantation preop-
eratively (a) and after 7 months 
(b) with 2-line improvement, 
but still deranged ellipsoid zone 
(ILM flap still visible sub-
retinally). Amniotic membrane 
transplantation before (c) and 
after 4 months (d) with 6-line 
improvement and restored 
external limiting membrane 
(arrows mark the edges of the 
epiretinal amniotic membrane). 
Induced macular detachment 
before (e) and after 8 months (f) 
with 2-line visual loss despite 
anatomical success (note the 
deranged foveal architecture and 
pigment epithelium clump-
ing). Free retina transplantation 
before (g) and after 2 months 
(h) without visual change 
despite anatomical closure 
(arrows mark the edges of the 
transplanted retina flap)
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This is consistent with studies on primary surgery [4] but 
was not yet confirmed for revision surgery on pMH.

The best surgical approach or the ideal choice of 
tamponade is still under debate. A recent meta-analysis 
showed that a longer-acting tamponade is preferred for 
persistent MHs (air 0.2%, SF6 15%, C2F6 15%, C3F8 48%, 
silicone oil 11%) [4]. We could not confirm this in the 
present study due to the comparable anatomical success 
rate and visual gain between the different tamponades. 
However, possibly, short-acting gas tamponade SF6, which 
showed an anatomical success of 91%, may be sufficient to 
adhere MH edges, but cannot sufficiently promote bridg-
ing of the fovea and restoration of the ellipsoid zone [32].

The silicone oil tamponade Densiron showed a more 
frequent atrophic closure and foveal architecture remained 
deranged. This is consistent with other studies that could not 
show silicone oils to be advantageous [24, 33, 34]. Only two 

studies with Densiron showed an exceptionally high ana-
tomical and functional success rate [23, 35].

Evaluating new adjuvant manipulation techniques to 
approximate and bridge the pMH edges could reveal that 
free ILM flaps and epiretinal amniotic membrane grafts 
showed a high rate of complete closure and high VA gains 
of 3.9 and 3.3 lines. We obtained a high anatomical and 
functional success rate of epiretinal amniotic membrane with 
a rapid restoration of the foveal architecture and EZ. Further-
more, autologous free ILM grafts obtained reading vision 
in 42%. In comparison to published literature, autologous 
ILM graft transplants of 30 eyes in 3 studies showed a high 
closure rate, but rather moderate visual improvement [8–10]. 
Only 17% reached a final VA of ≥ 20/63 [10].

While a large number of small case series with promis-
ing data are available, there is only one comparative mul-
ticenter study, suggesting that an ILM flap and nerve fiber 

Fig. 3  OCT examples of typical findings of clinical relevance. 
Free ILM flap (a) is visible up to 2  months with beginning bridg-
ing of glial tissue. In later stages, the ILM flap becomes completely 
resolved. (b) Induced macular detachment shows typical pigment 
epithelium clumping and deranged ellipsoid zone with poor visual 
improvement despite an acceptable closure rate even in very large 

MH. (c) Free retina transplant shows necrotic melting of the graft 
after 6  months without any signs of glial bridging and poor visual 
results (arrows mark the edges of the graft). (d) Heavy silicone oil 
tamponade (Densiron) often results in only atrophic MH closure with 
moderate visual improvement

Table 4  Comparison of 
structual and functional 
outcomes of groups 1 and 2

MLD, minimum linear diameter; MH, macular hole; VA, visual acuity; LogMAR, logarithm of the mini-
mum angle of resolution

Group 1, no manipu-
lation (n = 38)

Group 2, with manipulation 
(n = 36)

p-value

Mean (SD) MLD preoperative in µm 415 ± 205 546 ± 188 0.005
Anatomical success of MH closure (com-

plete/atrophic) (n = 51/9)
84.2% (28/4) 77.8% (23/5) 0.682

Mean (SD) VA postoperative in logMAR 0.67 ± 0.39 0.86 ± 0.38 0.030
Mean (SD) line improvement of VA 2.6 ± 3.3 2.9 ± 3.9 0.744
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layer incisions might be more effective in the treatment of 
idiopathic pMH [3].

Induced macular detachment by application of subretinal 
fluid has been described to release adhesions between the 
retracted retina and adjacent retinal pigment epithelium and 
may approximate the edges of even very large holes [13]. 
Previous studies have described a satisfying hole closure 
rate, but only a moderate increase in visual acuity [13, 36]. 
The largest study reported a 2.2-line improvement [13]. This 
is consistent with our study. As a possible explanation for 
the below-average visual improvement, we found parafoveal 
RPE clumping in the postoperative OCT. This may suggest 
that induced macular detachment causes a relevant stress on 
the RPE and outer retina [37].

The poorest anatomical closure rate was achieved in eyes 
with autologous blood and free retina flap, but due to the 
small sample size, the relevance is limited. However, it is 
noticeable that both free retina grafts melted away within a 
few weeks without any signs of bridging or glial cell healing 
leading to poor final vision. Although a recent study with 41 
patients reported a high anatomical closure rate, merely poor 
visual increase was observed [17].

Our data show that the new adjuvant manipulation tech-
niques with the aim of promoting centripetal hole closure 
are not advantageous over tamponade alone. Even though 
tamponade alone had superior anatomic closure and VA 
outcomes compared to tamponade with adjuvant manipu-
lation, these results should be interpreted with caution, as 
the initial MLD and BD compromise the statistical read-
out. Also, the surgeons may have been more likely to use 

adjuvant techniques because of the larger diameter of the 
pMH. However, it is noteworthy that the new techniques did 
not appear to contribute any discernible added value. This 
might be explained by the surgical learning curve and higher 
manipulation of retinal tissue compared to tamponade alone. 
In fact, we found parafoveal RPE clumping more frequently 
in postoperative OCT, although the rate of atrophic closure 
did not differ.

The limitations of the study were the retrospective nature, 
the therefore resulting lack of randomization, and the limited 
number of patients included. Therefore, the statistical signifi-
cance, especially in the subgroups, is limited. Although mul-
tiple experienced surgeons were involved, this is to date the 
largest single-center study that allowed a preliminary subgroup 
analysis. However, more future comparative studies are needed 
to identify the best surgical maneuver for persistent MH.

In conclusion, we can show in a large patient collective 
that surgical revision of persistent MHs offers an acceptable 
anatomic and functional success rate. However, only one-
third of patients achieve reading vision. Although silicone 
oil has a high anatomical success rate, functional improve-
ment is poor, mainly due to the high number of atrophic 
closures. Due to the comparable closure rate and visual 
improvement, the use of a gas tamponade seems to be suf-
ficient in most cases. Furthermore, new adjuvant manipula-
tion techniques with the aim of promoting centripetal hole 
closure do not seem to bring a significant advantage over 
tamponade alone. However, it should be further investigated 
whether adjuvant techniques could have an advantage in a 
larger cohort.

Fig. 4  Comparison analysis 
between group 1 and group 2. 
Visual acuity (VA), minimum 
linear diameter (MLD), base 
diameter (BD) before and after 
revisional persistent macular 
hole surgery separated by group 
1 (without manipulation, solid 
line, and circles) and group 2 
(with manipulation, dashed line, 
and rectangles). Gray points and 
rectangles in the background 
show individual values; black 
points and lines indicate mean 
and 95% CI (standard error)
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