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now used rather only in rare cases due to their low rate 
of effectiveness [4]. 

Sutureless transconjunctival pars plana vitrectomy 
(PPV) with peeling of the internal limiting membra-
ne (ILM) and intraocular tamponade is the therapeutic 
method of choice for findings in stage 2 to 4 according 
to Gass or in small, medium and large holes according 
to the IVTS (International Vitreomacular Traction Study 
Group), with and without traction [3,5]. Surgery generally 
has a very high success rate, stated in the professional li-
terature within the range of 85–98% [5].

However, there are cases where surgery does not su-
cceed in closing macular hole, upon which it is necessa-
ry to proceed to revision surgery [6]. The numerous risk 

INTRODUCTION

Macular hole (MH) is a disorder of the central retina, most 
often affecting patients in the 6th and 7th decade of life, more 
frequently women [1]. It is usually manifested in deterioration 
of vision, metamorphopsias or the appearance of central sco-
toma. Following a comprehensive ophthalmological exami-
nation and evaluation of the biomicroscopic finding, as well 
as the finding on optical coherence tomography (OCT), in the 
case of some findings (e.g. stage I hole according to Gass, or 
newly appearing hole with a size of less than 250 µm) initially 
observation only may be recommended [2,3].

Alternative semi-invasive methods of treatment such 
as the use of ocriplasmin or pneumatic vitreolysis are 
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factors that may increase the probability of failure of 
surgery (greater size of hole, long period of duration of 
macular hole, high myopia) are well described in the li-
terature [7]. There are several procedures and therapeu-
tic options for treating recurrent and persistent macular 
hole. An example may be replacement of tamponade, 
revision surgery with various approaches to the ILM (ex-
tension of ILM peeling, plug with loose flap of ILM), the 
use of retinal grafts, amniotic membranes, lens capsules, 
the use of an autologous platelet concentrate, induced 
retinal detachment, retinal incisions and others. Cohorts 
describing surgical approaches to revision surgery of ma-
cular holes are usually small, and the choice of surgical 
approach is therefore considerably individual, depen-
ding on the surgeon’s own experience and preference.

The aim of this study was to determine the success 
rate of macular hole reoperation in eyes in which the pri-
mary operation failed to close the hole, and to evaluate 
the anatomical and functional results of patients who 
underwent revision surgery. 

MATERIALS AND METHODS

We conducted a retrospective analysis of the health 
documentation of all patients operated on for a diagno-
sis of macular hole at the Department of Ophthalmology 
of the 3rd Faculty of Medicine of Charles University and 
Kralovske Vinohrady University Hospital in the period 
between January 1, 2013, and December 31, 2023. Pri-
mary macular holes were operated on by 4 vitreoretinal 
surgeons, reoperations were performed by 3 surgeons. 
In the primary operations, pars plana vitrectomy was 
the standard procedure, with application of one of the 
following techniques: simple peeling of the internal limi-
ting membrane, temporal ILM flap or inverted ILM flap. 
In the case of revision surgery the surgical strategy was 
not uniform, and the choice of technique depended on 
the individual decision of the operating surgeon, based 
on the size and configuration of the macular hole, the ac-
cessibility of the ILM flap, the length of duration of the 
hole and other factors. During revision surgery a check of 
the periphery was always conducted, as well as a check of 
whether ILM peeling was sufficient, or whether extension 
of ILM peeling was performed. The standard is to consi-
der peeling to be sufficient if it is performed within a sco-
pe of 1.5 to 2 PD (papillary diameter) [3]. In the view of 
some authors, extension of ILM peeling is associated with 
a higher success rate of closure of macular holes (especia-
lly of holes larger than 400 µm) [8].

In the case of failure of revision surgery there was the opti-
on of considering the benefits of a second reoperation, thus 
the third operation in total. The technique of the second reo-
peration again depended on the judgement of the surgeon, 
and was therefore not uniform. In the case of two patients it 
incorporated silicone oil tamponade (in one also massage of 
the edges of the hole with diamond dusted membrane scra-
per), and in two others plug with loose ILM flap and SF6.

Patients with unfavorable prognostic indicators (large 

holes, pathological myopia, long duration of hole etc.) 
were also included in the retrospective series of cases. By 
contrast, patients with secondary macular holes for exam-
ple upon a background of trauma, vascular diseases and 
retinal detachment, were excluded from the cohort. From 
the analyzed data, 459 eyes of 390 patients corresponded 
to the set parameters. Of these patients, 33 eyes of 33 pati-
ents underwent revision surgery due to persistent macular 
hole. We analyzed data of the patients from the period be-
fore the first operation up to the follow-up examinations 
after reoperation (first or second). The preoperative data 
incorporated information about age, sex, phakia or pseu-
dophakia, best corrected visual acuity and the measurable 
and calculable parameters of MH. The perioperative data 
incorporated the surgical technique, whether peeling was 
performed, type of tamponade, complications of surgery 
and any applicable special technique used. The postope-
rative data incorporated BCVA and whether the macular 
hole was successfully closed. At the same time we recorded 
the length of time from the first operation to reoperation 
and the time of determination of BCVA after reoperation. 
BCVA originally stated on a Snellen chart was converted 
to ETDRS letters. In the patients who had silicone oil tam-
ponade, BCVA was evaluated after silicone oil removal in 
order to ensure that the result was comparable. The range 
of the time from the first macular hole operation to reope-
ration was 13 to 226 days. The mean period was 77 days 
and the median was 55 days. Best corrected visual acuity 
was evaluated at a minimal interval of 90 days after macu-
lar hole surgery. The mean follow-up observation period 
was 260 days, the median was 191 days. Of the 33 patients 
(33 eyes) who underwent revision surgery, 9 patients were 
affected successively or simultaneously with bilateral ma-
cular hole (27%). 

The choice of tamponade depended on the surgeon. In 
the primary operation sterile air was applied in the ma-
jority of cases. In reoperation SF6 was most often used 
(Graph 1). For diagnosis and determination of the mea-
surable and calculable MH parameters we used the in-
struments Zeiss Cirrus HD-OCT 4000 (Carl Zeiss Meditec, 
Jena, Germany) and Heidelberg Spectralis OCT (Heidel-
berg Engineering, Heidelberg, Germany). The measurab-
le parameters of the hole were evaluated on OCT. For MH 
a scan was identified that passes through the widest part 
of the hole, and subsequently the minimum linear dia-
meter (MLD) of the hole, height of the hole (H) and base 
diameter (BD) and other parameters were measured in 
accordance with the established procedures according to 
the International Vitreomacular Traction Study Group [6].

An analysis of the measurable parameters of macular 
holes was conducted, and we evaluated whether the 
size of MLD before reoperation had an influence on the 
success rate of revision surgery in our cohort. For this 
purpose, the group of successfully reoperated patients 
was statistically compared with the group of unsuccess-
fully reoperated patients using a unpaired (independent) 
T-test for comparison of groups with the same dispersion.

The further statistical analysis incorporated descriptive 
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statistics for characterizing demographic and clinical pa-
rameters. The qualitative and quantitative variables were 
analyzed with the aid of the mean, medium and standard 
deviation. A unpaired T-test was used for comparison of 
populations and analysis of the significance of key para-
meters of macular holes. Statistical significance was de-
termined at the level of p < 0.05.

RESULTS

The cohort of evaluated patients is schematically pre-
sented in Figure 1. Out of those 459 operated eyes, macu-
lar hole was successfully closed in 426 eyes (success rate of 
primary operation 92.8%). In one patient with pathological 
myopia we recorded a recurrence of macular hole 5 years 
after the procedure. The patient was successfully reoperated 
on using the technique of bimanual insertion of an amnio-
tic membrane into the subretinal space of the macular hole, 
with an improvement of BCVA and restoration of anatomi-
cal parameters in the fovea. Persistence of macular hole, and 
therefore failure of the primary operation, was recorded in 
33 eyes of 33 patients (7.2%). In these eyes revision surgery 
was performed, which led to closure of the hole in 27 out of 
33 eyes (success rate of reoperation 81.8% and success rate 
of primary operation and reoperation altogether 98.7%).

The clinical and demographic data of the patients who 
underwent revision surgery are presented in Table 1.

Bilateral failure of the primary operation from our cohort 
of 33 eyes of 33 patients was recorded in 3 patients (9%). 
The data from these operations are not part of our cohort, 
since they were operated on early at another center. 

In all cases, after staining the performance of ILM pee-
ling was evident. Extension of ILM peeling was performed 
in 7 cases, in 26 eyes peeling was sufficient (n = 33). In the 
next step, either replacement with air (or gas or oil) was 
performed, or one of the special surgical techniques was 

additionally used. In our cohort the following techniques 
were used: 6x plug with loose ILM flap, i.e. insertion of 
ILM into macular hole (of which multiple ILM flaps were 
used 1x) 4x amniotic membrane, 1x repositioning of tem-
poral ILM flap which loosened after the first operation, 
2x massage of edges of hole with diamond dusted mem-
brane scraper. The specific choice of surgical technique in 
reoperation depended on the preference of the surgeon 
(see Materials and Methods). 

Eyes that underwent successful reoperation, both 
before primary operation and before reoperation had  
a smaller mean MLD than eyes in which reoperation was 
unsuccessful (baseline 498 ±168 μm vs. 564 ±120 μm, and 
before reoperation 489 ±177 μm vs. 707 ±190 μm (Graph 
2). However, no statistically significant difference was de-
termined between the populations (p = 0.078). Mean po-
stoperative BCVA of reoperated patients was 65.2 ±11.9 
(ETDRS letters ±SD). In 6 patients revision surgery was 
unsuccessful (18.2% of reoperated patients and 1.3% of 
the total operated macular holes). Of these one patient 
was lost from the observation. In one patient the ana-
tomical finding was highly advanced (wide open hole 
with flat edges), and the patient did not wish to undergo 
further surgery, hence reoperation was not performed. 

A second reoperation was performed on 4 patients, and in 
3 out of 4 eyes revision surgery was successful, leading to an 
improvement of BCVA. One patient had persistent macular 
hole even despite reoperation with silicone oil, which con-
tinued even after the discharge of SO, after which a further 
procedure was not recommended. In 3 patients the second 
reoperation was successful, and their resulting mean BCVA 
was 56.7 ±8.4 (ETDRS letters ±SD). In the patients who did 
not undergo a further procedure following unsuccessful 
revision surgery (n = 3), mean BCVA was only 39.0 ±11.0 
(ETDRS letters ±SD), as presented in Table 2.

The frequency of severe complications was very low in 

Graph 1. Primary surgery and revision surgery
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our cohort. Not one single case of endophthalmitis or re-
tinal detachment was documented in the operated eyes 
within the observed period. The most frequent complica-
tion was the development of cataract. Cataract surgery 
was performed on 65% of patients within one year. 

DISCUSSION

The current advanced and very sparing surgical tech-
nique for macular hole enables us to attain excellent re-
sults and successful closure of macular hole in 85–98% of 

Figure 1. Diagram of the analyzed cohort

Table 1. Selection of clinical and demographic data of the patients that underwent revision surgery

   
Underwent revision 

surgery n = 33
Successful revision 

surgery n = 27
Unsuccessful revision 

surgery n = 6

Age Years in average ±SD 73 ±6 72 ±5 74 ±8

Sex male, n 3 3 0

  female, n 30 24 6

Phakic/pseudophakic n 9 8 1
         

Bilateral macular hole n 9 8 1
         

Primary surgery failure in the 
other eye

n 3 2 1

         

 MLD before primary surgery μm, average ± SD 509 ±166 498 ±168 564 ±120

MLD before revision surgery μm, average ± SD 514 ±201 489 ±177 707 ±190
MLD – minimal linear diameter [4,5]

Patients that underwent 
macular hole surgery

n = 459

Macular hole persisting
n = 33 (7.2%)

Successful surgery
n = 426 (92.8%)

Revision surgery
n = 33

Successful revision 
surgery

n = 27 (81.8 %) 

Unsuccessful surgery
n = 6 (18.2% resp. 

1.3%) 

No more intervention
n = 1

Lost to follow-up
n = 1

Lost to follow-up
n = 1

Lost to follow-up
n = 1

Lost to follow-up
n = 1

Successful second 
revision surgery

n = 3

Unsuccessful revision 
surgery, no more 

intervention
n = 1

(81.8 %)
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cases, depending on whether risk factors appear, which 
generally reduce the success rate of surgery [6,7,9]. In 
our cohort, which also incorporated unfavorable and risk 
findings (large macular holes, pathological myopias, long 
duration of macular hole), the success rate was 92.8%. 
Failure of macular hole surgery was therefore 7.2%, 
which is comparable with similar previously published 
cohorts, which state a 4–47% failure rate of operations 
for MH [10,11].

An analysis of the demographic data determined that 
the mean age in the individual groups (reoperated pati-
ents, successfully reoperated and unsuccessfully reope-
rated) did not differ significantly, and this mean age of 
73 years corresponds to the most frequent time when 
MH appears in patients. The representation of sex in our 
cohort was unequal, in a ratio of men to women of 1:10 
(3 men and 30 women). The reported male-to-female sex 
ratio is usually stated at between 1:2 and 1:7, therefore 
our cohort deviates slightly from the norm in terms of 
the predominance of women, though it is not in conflict 
with the usual distribution [1,10]. From our observations 

we may note the very low incidence of recurrence of ma-
cular hole (only one in the entire cohort), and also the 
high patient compliance with treatment, since only one 
patient was lost from the observation. From the cohort 
of revision surgery, 27 reoperations were successful (27 
out of 33), thus 81.8%, which is a comparable result with 
a Canadian study of analogous parameters [12].

This Canadian study described 22 eyes in which closure 
of MH was not achieved after primary surgery. Of these, 
20 eyes underwent revision surgery. Successful closure of 
the hole was achieved in 17 out of 20 patients, i.e. in 85%. 
In 3 patients closure of the hole was unsuccessful. In 70% 
of cases the surgical technique was extension of ILM pee-
ling, in 12% inverted ILM flap and in 6% loose ILM flap. 
In the unsuccessfully reoperated patients (n = 3), in one 
case extension of ILM peeling was performed, in one case 
additional ILM peeling was not performed, only tampo-
nade, and in one case loose ILM flap. The most frequently 
used tamponade was C3F8 (in 88%). It was recommen-
ded that patients were positioned face-down for a period 
of one week. Consistently with other authors, they state 

Table 2. Comparison of the final best-corrected visual acuity (BCVA) among patients

   Successful revision 
surgery

Successful second 
revision surgery

Second revision surgery not 
performed

Final BCVA (average number of 
letters ETDRS ± SD) 65,2 ±11,9 56,7 ±8,4 39,0 ±11,0

Graph 2. Minimal linear diameter of the hole before revision surgery
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a shorter duration of macular hole in the group in which 
revision surgery was successful in comparison with the 
unsuccessfully reoperated patients. In the successfully 
reoperated patients there was also a smaller mean MLD. 

The surgical approach to reoperation differs markedly 
among the individual operating surgeons. A very often men-
tioned method is extension of ILM peeling, since this reduces 
horizontal traction on the macular hole and leads to more 
frequent closure of the hole [8]. A study from Shanghai from 
2014 retrospectively analyzed a group of 134 eyes of pati-
ents who had been operated on for primary macular hole. 
Macular hole persisted in 14 eyes after surgery, 13 of which 
underwent revision surgery with extension of ILM peeling up 
to the vascular arcades. Macular hole was successfully closed 
by the operation in 8 out of the 13 patients, i.e. in 61.5%. [13].

In revision surgery the option is for extension of peeling 
beyond 2 PD or up to the vascular arcades, as described 
above. However, if a temporal flap was used in the primary 
operation, in the case of dislocation of the flap it is possible 
to perform simple repositioning of the flap over the edges 
of the hole, which also has a good effect as in our cohort. 

Of other special surgical techniques, plug with a loose 
ILM flap was repeatedly used, which is a proven technique 
that produces positive results [14]. In a study from 2020, 
Fung stated successful closure of persistent macular hole 
with the aid of a loose ILM flap in 7 out of 8 patients, i.e. 
in 87.5%. In addition, this was a cohort of unfavorable fin-
dings with a median MLD of holes of 821 μm.

In the case that it is not possible to create a flap that is 
sufficiently large, it is also possible to use multiple small 
ILM flaps. Any applicable choice of an alternative tech-
nique, for example amniotic membrane or lens capsule, 
depends on the condition of the lens of the eye in ques-
tion. In a phakic eye it is possible to use the anterior and 
the posterior capsule in concurrent cataract surgery. In an 
pseudophakic eye after primary posterior capsulorhexis 
it is no longer possible to use a capsule. Polish authors in  
a study from 2021 achieved successful closure of macular 
hole upon use of a capsule in 5 out of 5 operated eyes [15].

Amniotic membrane is also a frequently stated tech-
nique, which is not dependent on the condition of the pa-
tient’s lens. An indisputable advantage of this technique is 
its substantially smaller limitation by the quantity of mate-
rial in comparison with the use of a lens capsule [16].

The last special technique used in the cohort was mass-
age of the edges of the macular hole with a diamond dus-
ted membrane scraper. This technique of massaging the 
edges of the hole with a silicone brush was used in com-
bination with extension of ILM peeling and C3F8 tampo-
nade in a published cohort of Czech authors in 2014 [17].

The author and team processed a retrospective cohort 
of 6 eyes with unclosed MH following PPV at an interval 
of 5 to 11 months after the first unsuccessful operation. 
ILM peeling was performed in all eyes in the primary 
operation. The revision surgery incorporated extension 
of ILM peeling, manual loosening of the edges of the ri-
gid MH and discharge of the content of IMH with tem-
porary air tamponade, and face-down positioning of the 

patient for a period of one week. Postoperative closure 
was achieved in all 6 operated eyes, and the success rate 
was therefore 100%. Visual acuity improved in all pati-
ents, final BCVA was within the range of 20/32 to 20/160, 
mean 20/60 (median 20/80). The authors attribute the 
high success rate to the careful mechanical loosening of 
the edges of the hole and internal discharge rather than 
to simple extension of ILM peeling in combination with 
sufficient tamponade and positioning of the patient. 

According to the available literature, to date there is no ab-
solute consensus regarding the matter of the choice of tam-
ponade in revision surgery for macular hole [12,18]. Salvatore 
Cillino of Palermo conducted a randomized prospective study 
in 2016, in which he compared the use of 20% C2F6 against 
a compound of silicone oil and perfluorohexyloctane (Desi-
ron-68) in patients with persistent macular hole (MLD of the 
holes was 680.3 ±120.8 μm and 740.5 ±105.3 μm). Success-
ful closure of macular hole was achieved in 30% in the group 
with C2F6 and in 90% in the group with silicone oil and per-
fluorohexyloctane [19]. However, prospective randomized 
studies are rather rare in this field, and we have most of our 
data from retrospective studies. In primary surgery for ma-
cular hole, in cases where the size of the hole is greater than  
400 μm, SF6 tamponade in combination with the reading 
position for 5 days is sufficient. Longer-acting tamponades 
such as C3F8 do not have an added effect [20]. By contrast, 
in revision surgery for persistent macular hole, in the studies 
we analyzed the authors incline rather towards longer-acting 
tamponades (most frequently C3F8) [3,12,13,21,22]. Silicone 
oil is also sometimes used for persistent macular holes [12]. 
It is also suitable in the case of difficult or impossible positi-
oning. In our cohort it is evident that even with tamponades 
acting for a shorter time (e.g. SF6) it is possible to achieve clo-
sure of persistent macular holes. 

In our cohort of reoperations we observed apparently 
greater MLD in the population of unsuccessful reopera-
tions (n = 6) in comparison with successful reoperations  
(n = 27). However, the analysis did not detect a statistically 
significant difference between the groups. We believe that 
the reason for this is that the population of unsuccessfu-
lly reoperated macular holes was too small, since in the 
graphic illustration it is possible to observe a trend of data 
distribution in the sense of larger holes in unsuccessfully 
reoperated eyes. In the study we chose as referential, the 
authors consistently with us observed larger MLD in unsu-
ccessfully operated MH. For a genuinely credible asse-
ssment of reoperations of macular holes, it is necessary to 
continue to gather data and subsequently compare them 
in a larger population of unsuccessful reoperations [12]. 

Best corrected visual acuity in the patients following 
successful revision surgery was 65.2 ±11.9 (mean ETDRS 
letters ±SD), and it is worth mentioning that 30% of  
reoperated patients attained visual acuity better than 
6/12. In a similar study by Canadian authors, resulting 
BCVA is stated at 55 ±19 letters and 29% of patients with 
visual acuity better than 6/12 on a Snellen chart [12].

By comparison, among patients in whom the macular 
hole was closed after a second revision surgery, BCVA was 
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56.7 ±8.4. In patients who underwent no futher procedure, 
BCVA was 39.0 ±11.0 letters. Even despite the visibly lower 
values of visual acuity in the patients after the second reo-
peration, we can conclude that revision surgery of macular 
hole is beneficial, because in this group the patients often 
achieved serviceable vision, even if worse than in the group 
of already previously successfully reoperated patients. In the 
group in which closure of macular hole was unsuccessful, 
visual acuity did not improve but also did not deteriorate. 

The authors from Canada described the results in 45 
patients in whom closure of macular hole was not achie-
ved following pars plana vitrectomy. A total of 30 pati-
ents underwent review surgery, in which extension of 
ILM peeling and gas tamponade was performed. Closure 
was successful in 14 out of 30 patients, i.e. 46.7%. In the 
successfully reoperated eyes there was a statistically sig-
nificant improvement of BCVA one year after surgery. In 
the eyes in which macular hole was not closed after the 

second operation there was neither an improvement nor 
a deterioration of BCVA, analogously with our cohort [23].

CONCLUSION

The success rate of persistent macular hole reoperati-
on was 81.8%. The total success rate of primary surgery 
and revision surgery was 98.7%. The success rate of the 
second reoperation was 75%. Of the group of successfu-
lly reoperated patients, 30% attained visual acuity of equ-
al or better than 6/12. In all the successfully reoperated 
patients, BCVA improved even despite the long duration 
of macular hole. In conclusion it is therefore possible to 
state that reoperation of macular hole has a very high su-
ccess rate, a low risk of complications and as a rule leads 
to improvement of BCVA. Improvement of BCVA can be 
achieved even in patients in whom macular hole was clo-
sed only after the second reoperation. 
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