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Abstract
This review aims to collect the proposed surgical techniques for treating full thickness macular hole (FTMH) refractory to
pars plana vitrectomy and internal limiting membrane (ILM) peeling and to analyse and compare anatomical and functional
outcomes in order to evaluate their efficacy. The articles were grouped according to the surgical techniques used. Refractory
FTMH closure rate and best-corrected visual acuity (BCVA) gain were the two analysed parameters. Thirty-six articles were
selected. Ten surgical technique subgroups were defined: autologous platelet concentrate (APC); lens capsular flap
transplantation (LCFT); autologous free ILM flap transplantation (free ILM flap); enlargement of ILM peeling, macular hole
hydrodissection (MHH), autologous retinal graft (ARG), silicon oil (SO), human amniotic membrane (hAM), perifoveal
relaxing retinotomy, arcuate temporal retinotomy. Refractory FTMH closure rate was similar among subgroups, not
significant heterogeneity emerged (p= 0.176). BCVA gain showed a significant dependence on surgical technique (p <
0.0001), significant heterogeneity among subgroups emerged (p < 0.0001). Three sets of surgical technique subgroups with a
homogeneous BCVA gain were defined: high BCVA gain (hAM); intermediate BCVA gain (APC, ARG, LCFT, MHH,
SO); low BCVA gain (free ILM flap, enlargement of peeling, arcuate temporal retinotomy). In terms of visual recovery, the
most efficient technique for treating refractory FTMH is hAM, lens capsular flap and APC that allow to obtain better
functional outcomes than free ILM flap. MHH, ARG, perifoveal relaxing and arcuate temporal retinotomy require complex
and unjustified surgical manoeuvres in view of the surgical alternatives with overlapping anatomical and functional results.

Introduction

Pars plana vitrectomy (PPV), epiretinal membrane (ERM)
peeling and gas tamponade were proposed by Kelly and
Wendel [1] for surgical repair of primary full thickness
macular hole resulting in a 58% closure rate (FTMH) [1].
Improving vitreoretinal surgical techniques, understanding
pathological mechanisms of FTMH better and introducing
intraoperative adjuvant agents allowed surgeons to obtain
better results, exceeding 90% of FTMH closure rate [2–7].
However, the greatest advancement in FTMH surgical
treatment was obtained with the introduction of internal
limiting membrane (ILM) peeling, with a primary FTMH
closure rate ranging from 84 to 94% [8–14]. Currently, PPV

with ILM peeling is the gold standard treatment for FTMH.
Despite the macular hole closure rate being very high, a
refractory FTMH may occur.

Definition of refractory full thickness macular hole
(FTMH)

Refractory FTMH is a generic definition that includes both
a “reopened FTMH”, an FTMH occurred after surgically
induced closure, and “unclosed or persistent FTMH”, an
FTMH that did not close at the end of surgery. Although
some authors described a higher closure rate in reopened
FTMH compared to unclosed FTMH, there is no evidence
of different morphological appearance between them [15].
Few detailed studies about the morphology of refractory
FTMH have been published. Some authors tried to classify
primary FTMH closure patterns, leaving more doubts than
certainties about the interpretations of the tomographic
patterns reported in their studies [16, 17]. Imai et al. [16]
defined three patterns of FTMH closure: “U type” with
“normal foveal contour”, “V type” with “steep foveal con-
tour” and “W type” with “foveal defect of neurosensory
retina”. Kang et al. [17] defined two patterns of FTMH
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closure: “type 1” with “no interruption in the continuity of
foveal tissue above the retinal pigment epithelial layer” and
“type 2” with “an interruption in the continuity of foveal
tissue” and retinal pigment epithelium (RPE) “denuded”,
similar to “W type” described by Imai et al. Although “W
type” and “type 2” are defined as FTMH closure patterns
and many authors considered them as an anatomical success
with less or no functional improvement, they are only
partially repaired FTMH with bared RPE. In support of this,
Hillenkamp et al. [18] defined two morphological patterns
of refractory FTMH: a “type without cuff” that “appears flat
and punched out without a distinct retinal cuff”, generally
considered a flat FTMH, equivalent to type W and type 2
previously described, and a “type with cuff” “characterised
by an elevated retinal cuff overlapping the hole” (Fig. 1).

Incidence of refractory full thickness macular hole
(FTMH)

D’Souza et al. [19] reported an incidence of refractory FTMH
of 11.2% in 491 patients. Subsequently, in 2013, Jackson
et al. [20] estimated a rate of 4.2% of refractory FTMH in
1078 eyes after PPV combined, in most cases, with ILM
peeling (94.1%) and gas tamponade (93.5%). Surgical failure

of primary FTMH may be the result of factors inherent to the
clinical characteristics of FTMH or to the poor intraoperative
and postoperative management. Ethnicity, FTMH size,
FTMH duration, association with myopia, uveitis and trauma
are all recognised clinical factors for surgical failure; factors
depending on intra and postoperative management are: partial
removal of epiretinal tractions, inadequate ILM peeling,
insufficient gas tamponade and poor compliance of patient in
keeping prone position [19, 21–34].

Surgical techniques for treating refractory full
thickness macular hole (FTMH)

A FTMH refractory to PPV and ILM peeling is a challenge
for surgeons and the several proposed surgical techniques are
expression of the ongoing search for the best treatment. An
enlargement of ILM peeling demonstrated that ILM has to be
removed up to the vascular arcades [19, 35, 36]. Light silicon
oil (SO) [37–39], heavy SO [40–43], blood derivatives, as
whole blood (WB) or autologous platelet concentrate (APC),
have been widely used, alone or combined with other pro-
cedures [15, 18, 44–48]. Recently, some authors proposed
to place an autologous tissue graft into or over FTMH:
as autologous free ILM flap transplantation (free ILM flap)

Fig. 1 Postoperative tomographic foveal patterns. Tomographic
foveal patterns after surgically induced closure of full thickness
macular hole (FTMH). a Restoration of foveal contour (dashed line)
with integrity of outer retinal layers (ORL) (white arrows) equivalent
to Imai’s “type U” and Kang’s “type 1”. b Thinned foveal floor with
irregular foveal contour (dashed line) and interruption of ORL (white
arrows), equivalent to Imai’s “type V” and Kang’s “type 1”. Patterns
of full thickness macular hole (FTMH) refractory to pars plana

vitrectomy and internal limiting membrane (ILM) peeling. c Refrac-
tory FTMH with elevated edges (dashed line) and bared retinal pig-
ment epithelium (RPE) (white arrow), equivalent to Hillenkamp’s
“type with cuff”. d Refractory FTMH with flat edges (dashed line) and
bared RPE (white arrow), equivalent to Imai’s “type W”, Kang’s “type
2” and Hillenkamp’s “type without a cuff”. Tomographic images from
the database of the department of Ophthalmology of University of
Padova, Italy.
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[49–61], lens capsular flap (LCF) harvested from the anterior
or posterior capsule [62, 63], autologous retinal graft (ARG)
[64–66], human amniotic membrane (hAM) [67]. The ratio-
nale of using one of these tissue grafts was based on the
hypothesis of their potential effect of inducing cell prolifera-
tion, of a potential role as a scaffold for the subsequent
regeneration of the retinal layers (ILM, LCF and hAM) or
even, concerning ARG, of its potential functional activation
by the contact with RPE or with the edges of FTMH. From
the originally proposed surgical techniques, different surgical
variants have been implemented by the use of adjuvant agents
for facilitating the positioning of the tissue graft and for
reducing the risk of postoperative graft dislodgement [34–45].
Surgical techniques that are completely different from the
previous cited as perifoveal relaxing retinotomy [68], arcuate
temporal retinotomy [69] and macular hole hydrodissection
(MHH) [70–76] are worth a stand-alone status. These tech-
niques are based on the rationale of making the retina more
elastic for inducing closure of FTMH.

Aim of study

This review aims to collect the various proposed surgical
techniques for treating FTMH refractory to PPV and ILM
peeling and to analyse and compare anatomical and func-
tional outcomes in order to evaluate their efficacy.

Material and methods

The strategy of the study was based on the guidelines of
preferred reporting items for systematic reviews and meta-
analysis [77]. PubMed (the National Library of Medicine
PubMed interface, www.pubmed.gov), Google Scholar,
Web of Science, Scopus were the research engines for
electronically searching and retrieving literature. In view of
that institutional review board approval was not required.

Search methods

In the first research phase keywords “refractory full thickness
macular hole” and “refractory macular hole” were used. In the
advanced search, articles containing keywords similar to
refractory, like “reopened”, “unclosed”, “failed repair”,
combined to “full thickness macular hole” and “macular hole”
were added. The known surgical techniques and those dis-
covered during the current research (“autologous free internal
limiting membrane flap transplantation”, “autologous retinal
transplantation” or “neurosensory retinal graft”, “anterior or
posterior lens capsular flap”, “autologous platelet con-
centrate”, “autologous serum”, “whole blood”, “enlargement
of internal limiting membrane peeling”, “silicon oil” or “light

silicon oil” or “heavy silicon oil” or “Densiron” tamponade,
radial and peripheral retinotomy) associated with refractory
(or similar keywords) “full thickness macular hole” or
“macular hole” were collected.

Articles selection

The titles and the abstracts containing the keywords pre-
viously cited were reviewed. Articles published in mother
language rather than English were excluded. Articles were
collected until 28 February 2020.

Inclusion and exclusion criteria

Articles presenting clinical cases of at least two patients, ret-
rospective or prospective, of refractory FTMH, after PPV with
ILM peeling, having undergone further surgical attempts were
reviewed. Articles where it was not clear if ERM or ILM were
peeled during the first surgery for treating primary FTMHwere
excluded. A minimum of 3 months of follow-up was required
to be included. Exclusion criteria were: single case reports,
follow-up inferior to 3 months, indication for the first surgery
different from FTMH, studies including patients affected by
refractory FTMH associated with retinal detachment and early
outpatient fluid-gas exchange for failed FTMH surgery.

Data collection and categorisation of studies

All the reports collected applying all keyword combinations
in the electronic searching tool were examined by two
reviewers (LT, IG). If insufficient information was obtained
by the title or the abstract, the full text was examined in
order to evaluate whether the inclusion criteria were met. In
doubt cases, a discussion between the two reviewers and a
third reviewer (RF) was required to solve the uncertainty.
The following data were collected: author’s names, journal,
publication’s year, number of eyes, gender (male/female),
age (years), lens status (pseudophakic or phakic), pre-
operative maximum diameter of refractory FTMH (FTMH
size, microns), preoperative best-corrected visual acuity
(BCVA) converted to logarithm of minimum angle of
resolution (logMAR), surgical technique, interval from the
previous primary FTMH treatment to refractory FTMH
treatment (surgical interval, months), tamponade agent
used, rate of refractory FTMH closure (%), morphology of
FTMH closure according to Imai et al. [16] and Kang et al.
[17] criteria, postoperative BCVA (logMAR), BCVA gain
(postoperative BCVA–preoperative BCVA), complications,
follow-up (months). The articles were divided into sub-
groups according to the surgical technique used for treating
refractory FTMH (surgical technique subgroups). For the
articles reporting a series of patients in which one or more
of them presented characteristics not meeting inclusion
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criteria of the current study, if available a selection of the
only eligible patients, from the table of published data in the
analysed article, was made and summary statistics were
calculated. About the complications, only the failure of
refractory FTMH surgery indirectly reported as closure rate
(%) was analysed. The other complications collected were
closely related to each surgical technique to be used for
comparison among surgical technique subgroups.

Statistical analysis

The articles were grouped according to the surgical tech-
niques used for treating refractory FTMH. Refractory
FTMH closure rate and BCVA gain were the two para-
meters analysed among all articles and compared among the
surgical technique subgroups. Summary statistics included
means, standard deviation (SD) and 95% confidence inter-
val (CI95%). Weighted value of means and standard errors
(SE) for refractory FTMH closure rate and BCVA gain
measures was calculated using both fixed- and random-
effect models. Publication bias was evaluated through fun-
nel plot symmetry and heterogeneity tests (Q index, I2

index). Possible factors (moderator variables) affecting
visual outcomes using meta-regression analysis were
investigated. A weighted linear regression model between
BCVA gain and continuous quantitative variables was
estimated and random-effects ANOVA models were
applied. Post hoc multiple comparisons followed significant

results of random-effects ANOVA analysis to investigate
differences in BCVA gain among surgical techniques. No
correction of p value was made because of the explorative
aim of this analysis. p value was considered significant
when <0.05. All the analyses were performed by SAS®
9.4 statistical software (SAS Institute, Cary, NC, USA).
Forest plots and funnel plots were drawn by means of
MedCalc® software (https://www.medcalc.org/index.php).

Results

The PubMed search returned a total of 412 articles after all
keywords search combinations were applied. The flow
chart, represented in Fig. 2, depicts the study selection
process for the systematic review. Thirty-six articles ful-
filled the eligibility criteria. Ten subgroups of surgical
techniques for treating refractory FTMH were defined: APC
subgroup (4 articles); subgroup of LCF transplantation
(LCFT subgroup) (2 articles); free ILM flap subgroup (13
articles); enlargement of ILM peeling subgroup (3 articles);
MHH subgroup (4 articles); ARG subgroup (2 articles);
SO subgroup (5 articles); hAM subgroup (1 article); peri-
foveal relaxing retinotomy subgroup (1 article); arcuate
temporal retinotomy subgroup (1 article). Supplementary
information: Tables 1 and 2 report the demographic, pre-
operative and postoperative parameters of all 36 analysed
articles divided in surgical technique subgroups.

Fig. 2 Flow chart shows detailed information on the number of articles screened (No. 412), assessed for eligibility and excluded or included
for review. Thirty-six articles were divided on the basis of the proposed surgical technique into ten subgroups.
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Full thickness macular hole (FTMH) closure rate

Data from all the 36 included articles were used for ana-
lysing refractory FTMH closure rate. The meta-analyses
revealed that, for the cumulative 404 operated

eyes, refractory FTMH closure rate was 82.7% (334 eyes).
When refractory FTMH closure rate was weighted on SE of
each article, a similar closure rate of 82.3% (CI95% range
from 78.3 to 85.7) for fixed effects and 82.7%
(CI95% range from 78.5 to 86.6) for random effects was

Fig. 3 Forest plot from meta-analysis of weighted closure rate of refractory full thickness macular hole (FTMH) for all articles. No
significant difference in refractory FTMH closure rate among the 36 articles was detected.
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found. All articles included in the analyses fall inside the
CI95%, a low grade and not significant heterogeneity
among articles emerged (Q index= 42.6; p= 0.176; I2

index= 17.86% with CI95% ranged from 0 to 45.9). Forest
and Funnel plots for closure rate analyses are presented in
Figs. 3 and 4.

Best-corrected visual acuity (BCVA)

Thirty-two of 36 articles concurred for BCVA gain analysis,
4 articles were excluded (authors referred with ID numbers
19, 25, 35 did not report BCVA measurements at initial and
final stages or quantitative BCVA change after surgery
expressed with logMAR or Snellen scale; no SD measures
were available from authors identified with ID number 20).
Considering the non-weighted summary statistics from each
study, mean preoperative BCVA was 1.18 ± 0.26 logMAR
that improved to 0.74 ± 0.28 logMAR with a mean BCVA
gain of 0.44 ± 0.21 logMAR. When BCVA gain was
weighted on SE of each article, a mean BCVA gain of
0.428 ± 0.012 logMAR (CI95% range from 0.405 to 0.451;
ANOVA test: p < 0.001) for fixed effects and 0.424 ± 0.036
logMAR (CI95% range from 0.354 to 0.494; ANOVA test:
p < 0.001) for random effects was found. A statistically
significant high heterogeneity among articles emerged
(Q index= 196.03; p < 0.0001; I2 index= 84.19% with
CI95% ranged from 0 to 45.9). Many articles included in
the analyses fell outside the CI95% due to a high hetero-
geneity: three articles from APC subgroup (ID numbers 1,
2, 3); three articles from free ILM flap subgroup (ID
numbers 11, 16); one article from enlargement of peeling
subgroup (ID number 21); two articles from MHH subgroup
(ID numbers 24, 26), one article from ARG subgroup (ID
number 28), two articles from SO subgroup (ID numbers
30, 31), one article from hAM subgroup 1 (ID number 34).

Forest and Funnel plots for BCVA analyses are presented in
Figs. 5 and 6. Meta-regression analysis revealed a non-
statistically significant correlation between BCVA gain and
following parameters: age (p= 0.9233), gender (p=
0.7078), preoperative FTMH maximum size (p= 0.2225),
lens status (p= 0.5224), surgical interval (p= 0.8383),
follow-up (p= 0.9403) and tamponade (p= 0.9778).
Although preoperative BCVA resulted in being related to
BCVA gain (p= 0.0024), BCVA gain showed a significant
dependence on surgical technique (p < 0.0001) demon-
strating that the correlation between preoperative BCVA
and BCVA gain was due to a confounding effect of the
surgical technique. Three sets of surgical technique sub-
groups with a homogeneous BCVA gain were defined:
high, intermediate and low BCVA gain set. The first set is
represented only by hAM and it is associated with the
highest BCVA gain equal to 0.99 logMAR. The second set
is composed of ARG, MHH, SO, LCFT and APC/PRGF,
with a range between 0.43 and 0.56 logMAR of BCVA
gain. The last set includes free ILM flap, enlargement of
peeling and arcuate temporal retinotomy, with the smallest
BCVA gain (range, 0.12–0.27 logMAR).

Discussion

Idiopathic FTMH has a prevalence of less than 1% [78–
80]. FTMH closure rate after standard surgical treatment,
PPV and ERM-ILM peeling, is now well over 90% of
cases. However, the closure rate decreases for FTMH with
a size superior to 400 microns [8–14, 16, 27, 30, 44, 81–
88]. Although FTMH has a low incidence and a low failure
rate in treatment, the surgical techniques proposed for
treating postoperative recurrence are numerous. From the
current review, the closure rate of refractory FTMH is high
and similar in all analysed surgical techniques, on the
contrary functional improvement rate varies. hAM sub-
group shows a functional recovery at least double com-
pared to the other surgical technique subgroups, as shown
by its widest scattering towards the left side of the funnel
plot of BCVA gain (Fig. 6). The first observation concerns
the comparison between hAM subgroup and the others
using tissue graft: ARG, LCFT and free ILM flap sub-
groups. The positioning of tissue graft in the FTMH is the
most important factor that differentiates hAM technique
from the others. In the surgical techniques of LCFT and
free ILM flap, it is not always possible to detect whether
the tissue graft covers or fills FTMH. In the hAM techni-
que, the tissue is placed in the subretinal space, below the
edges of FTMH, in contact with the RPE cells. hAM placed
in the subretinal space prevents contact between the vitr-
eous and the RPE, stimulates the proliferation of RPE cells
as was demonstrated in vitro by different authors [89, 90]

Fig. 4 Funnel plot of refractory full thickness macular hole
(FTMH) closure rate. Symmetrical funnel plot suggests a low grade
of heterogeneity of FTMH closure rate between the 36 analysed
articles.
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and acts as a scaffold for retinal regeneration [91]. Fur-
thermore, hAM technique has the advantage that does not
require additional intraocular surgical procedures of har-
vesting the tissue flap, as needed by the LCFT, free ILM
flap and ARG techniques. The free ILM flap is the tech-
nique that gives the poorest visual recovery. The authors of
the current paper hypothesise that ILM compared to the
other tissues used, LCF and ARG, is thinner and can

dislodge more easily or not lie correctly inside the FTMH.
Many authors proposed additional agents to help fixing the
tissue graft into the MH, as viscoat, perfluorocarbon liquid
(PFCL), autologous WB, APC. A small amount of viscoat
can be injected into the vitreous chamber on the top of
inverted ILM flap. Viscoat has a dual effect, adhesive and
ballast to stabilise the flap during the fluid-air exchange.
Viscoat can be left in place without causing any toxic effect

Fig. 5 Forest plot from meta-analysis of best-corrected visual acuity (BCVA) gain among the 32 analysed articles. Significant difference in
BCVA gain among the surgical technique subgroups was demonstrated.
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to the retina [49, 66, 91, 92]. PFCL was very efficient for
placing the tissue graft but some authors highlighted the
risk of small PFCL bubbles remaining at the end of surgery
[64]. Autologous WB and APC were used both for indu-
cing FTMH closure (activating fibro-glial proliferation,
migration and contraction of human retinal Müller cells)
and as adjuvant to tissue graft techniques for them adhesive
support [60, 63, 93]. On the other hand, both WB and APC
can have a toxic effect on the photoreceptors due to a
migration of blood into the subretinal space or to a release
of free radicals and pro-inflammatory substances that affect
tissue regeneration [92]. Regarding the ARG technique,
interesting functional results were obtained, although less
effective than the hAM technique and not much better than
less surgically invasive ones (ILM flap and LCFT). In
support of this finding, the authors who proposed ARG
technique suggest performing it only when ILM flap
technique is not possible to perform due to a previous very
extensive ILM peeling, or when the LCFT is not possible to
perform because the posterior capsule is not available, i.e.,
in phakic patients without indication of cataract surgery or
in pseudophakic patients with an open posterior capsule
[62, 66]. The same applies to MHH and arcuate temporal
retinotomy techniques that induce iatrogenic retinal
damage [76]. SO and enlargement of peeling techniques
deserve a separate discussion. The enlargement of peeling
is a surgical manoeuvre that should be performed in all
cases of refractory FTMH in which the peeling area was
not extended to the vascular arcades. The use of permanent
tamponade, as SO, is indicated when there is an evidence
that the patient has not maintained postoperative face-down
position as recommended. In conclusion, this review

showed that the proposed surgical techniques for the
treatment of refractory FTMH give an overlapping anato-
mical success. On the other hand, there are significant
differences in terms of visual recovery that would lead to
suggest using the hAM technique as a first choice. LCFT or
APC techniques allow to obtain better functional outcomes
than the free ILM flap technique. MHH, ARG, perifoveal
relaxing and arcuate temporal retinotomy are techniques
that require complex and unjustified surgical manoeuvres
in view of surgical alternatives that give overlapping ana-
tomical and functional results. However, it should be
pointed out that the results must be interpreted in the
context of a review of articles that propose a large number
of surgical treatments, some very recent, in development,
not yet approved and with a number of extremely hetero-
geneous treated cases.
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