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ABSTRACT

BACKgRound: We conducted a prospective, follow-up study to analyze a long-term recovery process after posterior 
vitrectomy for idiopathic full-thickness macular hole.
MATeRiAl And MeThodS: Sixty eyes were evaluated in 59 patients who underwent surgery for idiopathic full-
thickness macular hole using posterior 25G vitrectomy with the “inverted ILM flap” technique from the beginning 
of 2013 to the end of 2014. In 55 eyes, posterior 25G phaco-vitrectomy with ILM peeling was performed using the 
“inverted ILM flap” technique with IOL implantation. In 5 pseudophakic eyes, posterior vitrectomy was performed 
with the technique as above. All patients were interviewed regarding the duration of the disease and pre- and po-
stoperatively at intervals of 1, 3, 6, and 12 months. The following tests were performed: best-corrected visual acuity 
(BCVA), best-corrected near visual acuity (BCNVA), intraocular pressure (IOP) measurement, physical examination 
of the anterior and posterior segment of the eye, and spectral domain optical coherence tomography (SD-OCT).  
ReSulTS: The anatomical success in the study was 95%, and we achieved the improvement in visual acuity 
in 91.7% of the operated eyes. The visual acuity in the time interval before surgery and 12 months afterward 
improved from 0.1 to 0.29 and was statistically significant (p < 0.05). Shorter duration and smaller hole size were 
significant predictors of improved postoperative visual acuity. The U-type of the hole closure predisposed to the most 
significant improvement in visual acuity in patients.
ConCluSionS: The obtained functional and anatomical results may confirm the effectiveness of posterior vitrecto-
my using the “inverted ILM flap” technique in treating idiopathic full-thickness macular holes. The observed sparce 
complications did not differ from the complication profile described by other authors.
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inTRoduCTion
An idiopathic full-thickness macular hole is 

a disease that commonly occurs in individuals aged 
60–70 years, and women are affected more fre-
quently. For over a dozen years now, owing to the 
discoveries of Kelly and Wendel, there has been 
a possibility of effective surgical treatment of this 
disease [1]. As a result of the constant moderni-
zation of operating devices in optics, surgical in-
struments, and surgeons’ skills, anatomical success 
reaches over 90% in many centers and the func-
tional success around 80% [2, 3]. 

The postoperative outcomes of full-thickness 
macular hole closure, especially in the eyes ac-
companied by high myopia and large holes, were 
significantly improved by the “inverted ILM flap” 
technique introduced and described by prof. Jerzy 
Nawrocki in 2010 [4]. The surgeries of full-thick-
ness macular holes with the use of this surgical 
technique have been performed at the Department 
of Ophthalmology of the Military Medical Institute 
in Warsaw, Poland, since 2012. 

The aim of the study was to evaluate the effi-
cacy and safety of surgical treatment of idiopathic 
full-thickness macular holes using posterior 25G 
vitrectomy with the “inverted ILM flap” technique.

MATeRiAl And MeThodS
The study included 60 eyes in 59 patients with 

idiopathic full-thickness macular holes (FTMH), 
qualified and operated at the Department of Oph-
thalmology of the Military Institute of Medicine 
in Warsaw from January 1, 2013, to December 31, 
2014. 

Patients with coexisting FTMH retinal detach-
ment, post-traumatic FTMH, with concomitant 
high myopia (greater than –6D), after previous vit-
reoretinal surgeries, with advanced glaucoma, previ-
ous uveitis, history of endophthalmitis, advanced 
diabetic retinopathy, and advanced age-related mac-
ular degeneration (AMD) lesions, were excluded 
from the study. 

Before the surgery, each patient was interviewed 
regarding the duration of disease symptoms. The 
best-corrected visual acuity (BCVA) was performed 
using Snellen charts. The intraocular pressure was 
measured using the applanation method (Gold-
mann applanation tonometer). Anterior and pos-
terior eye segments were examined (Zeiss SL 115), 
and optical coherence tomography (OCT SLO 
OTI) was performed.

Forty-nine women and ten men were quali-
fied for surgery. The mean age of the patients was 
69.2 years (48–84 years).

All patients underwent posterior vitrectomy 
with the use of the inverted internal limiting 
membrane flap technique (ILM). Two vitreoreti-
nal surgeons performed the surgery. All posterior 
vitrectomy procedures were conducted with 25G 
instruments. Retrobulbar anesthesia was used. Four 
trocars were inserted into the vitreous chamber 
through the flat part of the ciliary body 3.5 mm 
from the limbus in four quadrants (Fig. 1A). This 
was followed by a central (Fig. 1B) and periph-
eral (Fig. 1C) vitrectomy. Membrane Blue Dual 
was used during a posterior vitrectomy for ILM 
staining (Fig. 1D). ILM peeling was performed us-
ing Eckardt forceps and was conducted circularly 
around the hole to the size of approximately 2 disc 
diameters. ILM was not completely removed, but 
its central part next to the hole was left and then 
trimmed and manipulated over the macular hole 
(Fig. 1E), with a gentle massage with forceps such 
that the ILM flap remained inverted in the hole. 
The final stage of the surgery was a fluid-air ex-
change, followed by the injection of 20% SF6 gas 
into the vitreous chamber (Fig. 1F) and sealing of 
the ports after sclerotomies.

All patients were advised “face down” position 
for three days after surgery (90% of the time during 
the day).

ReSulTS
evaluation of the obtained functional  

and anatomical results
One month after the surgery, the macular hole 

closure was achieved in 57 cases (95%). In 3 cases 
(5%), the macular hole was not closed. The reopen-
ing of closed macular holes was not reported in the 
12-month follow-up.

The functional success achieved in the study was 
91.7%. BCVA before surgery was 0.11 ± 0.05 for 
the study group of patients; the postoperative BCVA 
value after 12-month follow-up was 0.29 ± 0.14. The 
increase in BCVA in each time interval was statisti-
cally significant (p < 0.001) (Tab. 1). A gain of 1 or 
more lines on the Snellen chart was seen in 54 pa-
tients; most often — in 16 patients — the gain was 
two lines (Fig. 2).

The study measured the effect on final visual 
acuity at 12 months: disease duration, macular hole 
size, and type of macular hole closure.
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effect of disease symptoms duration  
on postoperative visual acuity

The correlation between BCVA at the end of the 
12-month follow-up on the macular hole duration 
(T) is described by the regression equation:

BCVA = 0.423 – 0,0083 * T.

The shorter duration of disease symptoms pre-
disposed to better BCVA at the end of follow-up 
(Fig. 3).

Effect of macular hole size on postoperative vis-
ual acuity

Table 1. Best-corrected visual acuity (BCVA) at consecutive 12-month follow-up intervals; Friedman’s AnoVA showed 
significant statistical differences for the BCVA at all time points Chi2 = 163.36 for p < 0.001

Follow-up
0 

Pre op
1 month 3 months 6 months 12 months

BCVA 0.11 ± 0.05 0.17 ± 0.11 0.24 ± 0.12 0.27 ± 0.13 0.29 ± 0.14

p-value < 0.001 < 0.001 < 0.001 < 0.001

A B

C d

e F

FiguRe 1. Stages of posterior 25G vitrectomy for the treatment of full-thickness macular holes using the “inverted ILM flap” method 
(material from the surgeries performed in the study)
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FiguRe 2. Snellen line gain/loss after 12-month follow-up
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The study revealed a strong correlation between 
the smallest macular hole size (Wo_MIN) and the 
hole size measured at the base (Wo_basal) (Fig. 4). 
Further analyzes were performed only for Wo_MIN.

The correlation between the best visual acuity 
(BCVA) at the end of postoperative follow-up and 
the size of the hole (Wo_MIN) is described by the 
regression equation:

BCVA = 0.5804 – 0.0005 * Wo_MIN.

The smaller hole size (Wo_MIN) predisposed to 
better visual acuity at the end of the follow-up (Fig. 5).

effect of the macular hole closure type  
on postoperative visual acuity

In 21 cases, the surgery resulted in a U-type 
closure (35% of cases), in 11 cases, a V-type closure 
(18.3% of cases), and in 25 cases, a W-type closure 
(41.7% of cases).

In 3 cases, the macular hole was not closed (5% 
of cases) (Fig. 6).

In the U-type closure group there was 
a significant improvement in BCVA from 
0.13 ± 0.05 to 0.4 ± 0.17 (p < 0.001), in the V-type 
closure group BCVA improved from 0.09 ± 0.05 to 
0.29 ± 0.12 (p < 0.001), and in the W-type closure 

group from 0.1 ± 0.05 to 0.23 ± 0, 1 (p < 0.001) 
after 12 month follow-up. If the hole was not closed 
after 12 month follow-up, the BCVA deteriorated 
from 0.09 ± 0.02 to 0.07 ± 0.03) (p = 0.663) 
(Tab. 2).

In the case of U-, W-, and V-type closure, there 
was a significant improvement in BCVA 1 month 
after surgery (p = 0.001, p = 0.005, p = 0.02), and 
visual acuity improved by the end of the follow-up 
(Fig. 8).

Complications
At each postoperative follow-up interval, no pa-

tients experienced significant increases in IOP. There 
were no serious complications such as hemorrhage 
into the vitreous chamber, retinal tears, and detach-
ment or endophthalmitis in any of the patients. 

diSCuSSion
The development of surgical instruments, espe-

cially the appropriate technique and surgical experi-
ence, increased the effectiveness of treatment in the 
case of idiopathic full-thickness macular holes. Af-
ter introducing posterior vitrectomy as a method 
of macular hole treatment, the effectiveness was 
initially about 40–50% [2, 3]. Owing to the im-
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FiguRe 3. Correlation between best-corrected visual acuity (BCVA) and the duration of the macular hole(months)
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FiguRe 4. Correlation between the minimum size of the macular hole and that measured at the base.
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FiguRe 5. Correlation between best-correct visual acuity (BCVA) and the smallest macular hole size (Wo_MIN)
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provement of the technique, the surgical success, 
understood as the closure of the macular hole, is 
often over 90% after the first surgery [4–6], and 
the functional success is over 80%. However, there 
is still a problem with full-thickness macular holes 
in patients with large macular holes and high myo-
pia [2, 3, 7]. Introduction of the “inverted ILM 
flap” technique by prof. Nawrocki resulted in much 
greater effectiveness of treatment in patients with 
high myopia and with large macular holes [4, 8]. 
It is also, very importantly, a surgery that can be 
repeated in the same patient after the failure of 
macular hole closure, e.g., in the case of ILM flap 
instability. In this study, the macular hole was closed 
in 95%, and visual acuity improved in 91.7% of 
cases. These results are comparable with previous 
studies [4, 8]. No case of macular hole reopening 
was observed during postoperative follow-up. 

The study proved that a shorter duration of 
symptoms was associated with better postoperative 
visual acuity. The shorter the opening time until 
surgery — up to about 12 months — the smaller 
the macular hole was, and after the surgery, a U-type 
closure was observed, which predisposed to better 
visual acuity (Fig. 8, Tab.2). In patients with a much 
longer medical history — over 18 months (Fig. 3, 
Tab. 2), macular holes were most often larger than 
700 µm, and after the surgery, the W-type closure 
was observed — irregular, which had a significantly 
worse prognosis.

21

11
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3

Closure type ”U”

Closure type ”V”

Closure type ”W”

Lack of FTMH closure

FiguRe 6. The distribution of different types of macular hole 
closure after 12-month follow-up

Table 2. distance best-corrected visual acuity (BCVA) depending on the type of macular hole closure at each follow-up 
period

Time 
Type of closure

Pre-op 1 month 3 months 6 months 12 months

u 0.13 ± 0.05 0.24 ± 0.13 0.32 ± 0.12 0.37 ± 0.14 0.4 ± 0.17

V 0.09 ± 0.05 0.14 ± 0.08 0.21 ± 0.1 0.24 ± 0.1 0.29 ± 0.12

W 0.1 ± 0.05 0.13 ± 0.06 0.2 ± 0.09 0.22 ± 0.1 0.23 ± 0.1

Lack of closure 0.09 ± 0.02 0.09 ± 0.02 0.1 ± 0.05 0.07 ± 0.03 0.07 ± 0.03

p 0.08 0.0082 0.0008 0.0002 0.0001

FiguRe 7. Optical coherence tomography (OCT). A. Full-thickness 
macular hole; B.–e. Condition after full-thickness macular hole 
closure; B., C. U-type closure, the closest to the physiological; 
d. V-type closure, with steep edges; e. W-type closure, irregular; 
F. Lack of macular hole closure (material from the surgeries 
performed in the study)
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A smaller macular hole size predisposed to bet-
ter postoperative visual acuity in the conducted 
study. The best results were achieved in patients 
with a macular hole size of less than 400 µm, 
and significantly worse outcomes in those with 
a macular hole size greater than 800 µm. This is 
consistent with the observations of Ulrich et al., 
who in their study showed a correlation between 
the macular hole size and the functional result after 
the macular hole closure [9]. The best functional 
results were achieved in patients with postopera-
tive U-type macular hole closure. Similar conclu-
sions were presented in the study of Kang [10] and 
Michalewska [4].

ConCluSion
It should be stated that posterior 25G vitrec-

tomy using the “inverted ILM flap” technique is 
an effective and safe method of idiopathic macular 
hole treatment.
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FiguRe 8. Correlation between best-corrected visual acuity (BCVA) and the type of macular hole closure before surgery and in subsequent 
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