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Introduction
The population prevalence of macular holes is estimated 

to be 0.05%. The prevalence of idiopathic macular holes in 
individuals above 60 years is up to 0.3%, with a female-to 
male ratio varying from 1.8 to 1 to 3 to 1 [1, 2].

Gass has proposed a four-stage system of identifying 
idiopathic macular holes [3].

Stage 1A: Foveal detachment. Macular cyst. Tangential 
vitreous traction results in the elevation of the fovea 
marked by increased clinical prominence of xanthophyll 
pigment. This stage is occasionally referred to as the 
yellow dot stage.

Stage 1B: As the foveal retina elevates to the level of 
the perifoveal, the yellow spot of xanthophyll pigment 
changes to a yellow ring. Persistent traction on the fovea 
leads to dehiscence of deeper retinal layers at the umbo.

Stage 2: This is the first stage when a full-thickness 
break in the retina exists. It is defined as a full-thickness 
macular hole less than 400 µm in size. The full-thickness 
defect may appear eccentric, and there may be a pseudo-
operculum at this stage. These opercula have been 
examined and found to be vitreous condensation and glial 
proliferation without harboring any retinal tissue.

Stage 3: A full-thickness macular hole in the retina 
exists. It is greater than 400 µm in size and is still with 
partial vitreomacular traction.

Stage 4: A full-thickness macular hole exists in the 
presence of a complete separation of the vitreous from 
the macula and the optic disc. There is recent evidence, 

however, that, even in the presence of an apparent 
posterior vitreous detachment, a thin shell of residual 
cortical vitreous may still remain and contribute to the 
macular hole. 

Surgical macular hole repair without internal limiting 
membrane (ILM) peeling was first reported in 1991, with 
macular reattachment achieved in 58% and an improvement 
in visual acuity of two lines or better attained in 42% of 
eyes [4]. Current macular hole repair techniques with the 
use of short acting gases for tamponade allows achieving 
a rate of hole closure of almost 100% for stage 2 [1, 5] 
and 69% for stage 3 or 4 macular holes [6, 7]. In addition, 
a hole rate closure for macular holes > 600-800 μm in 
diameter varies from 50 to 87% [8, 9]. In the inverted ILM 
flap technique, an ILM remnant attached to the margins 
of the macular hole is left in place and then inverted 
upside-down to cover the macular hole. This technique 
has demonstrated an improved hole closure rate for large 
macular holes [10, 11]. The surgical approach based on 
the formation of retinal detachment in the posterior pole 
with creation of additional radial breaks in order to relax 
the retina is rather traumatic [12, 13]. Therefore, there is 
a need for new approaches to treatment of macular holes.

The purpose of the study was to assess the efficacy of 
the 20% C3F8/air mixture in the vitrectomy surgery for 
macular holes > 800 μm in diameter.
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Materials and Methods
Twenty two patients (14 women and 8 men; mean age, 

69.6 SD (14.3) years) with a macular hole diameter ranging 
from 800 to 1,470 μm were involved in the study. OCT-based 
assessment of macular hole size was performed taking into 
account the maximum area of free RPE. The duration of 
the macular hole exceeded 6 months in all affected eyes. 
At baseline, visual acuity ranged from 0.04 to 0.23, 5 eyes 
had dry age-related macular degeneration, 14 eyes were 
phakic and 8 eyes were pseudophakic. A routine three-port 
approach was used to perform the intravitreal procedure 
with a 25+ Alcon CONSTELLATION® vitreous cutter 
(Alcon, Fort Worth, TX).

First, vitrectomy with stripping of the posterior hyaloid 
to the equator was performed. The vitreous was stained 
with Brilliant Peel® Dual Dye, if required. The same dye 
was then used to stain the ILM. The ILM was peeled to 
half a distance between the outer optic disc margin and the 
foveola. Thereafter, injection of sterile air into the vitreous 
cavity was performed with simultaneous aspiration of the 
aqueous humor from the bed of the macular hole for at 
least 5 minutes. Finally, vitreous tamponade with the 20% 
C3F8/air mixture was performed.

Routine variational statistics methods were used. Chi-
square analysis (χ2) was used to assess nonparametric data.

Results and Discussion
No intraoperative complications were observed. In 

the early post-operative period, no complications were 
observed, and the percentage of gas in the vitreous was at 
least 75%. Patients maintained face-down position for 10-
12 days after surgery.

At 2 months after gas resorption, the hole was 
completely closed in 20 (90.9%) of the 22 patients. In 
addition, diameter of the hole dropped from 1,100 μm to 
150 μm in one eye, and the hole did not close in another 
eye. Visual acuity improved significantly (χ2 = 13.15, 
p = 0.001) to 0.08-0.35. In 3 eyes, 12 eyes and 7 eyes, 
visual acuity improved to 0.05 – 0.08, 0.09 – 0.12, and 
0.14 – 0.35, respectively. Visual acuities before and after 
treatment are represented in Fig. 1.

ILM removal results in retinal tissue relaxation and 
filling the site of bare RPE (the major mechanism of 
macular hole closure). It is known that the longer the time 
the macular hole is in contact with the gas bubble only, the 
higher is the chance for macular hole closure [5, 14].

The importance of adequate tamponade of macular hole 
edges has been confirmed in the study by Shimada et al 
[15] who determined adherence to face-down positioning 
(FDP) among patients who underwent vitrectomy and gas 
tamponade for macular hole (MH) repair. Nurses recorded 
whether the patient complied with FDP each time they 
examined the patient. FDP score was obtained from the 
nursing records; patients were given a score of 1 if they 
complied with the FDP and 0 if they did not. The score was 
recorded four times per day for the first 3 postoperative 
days. A perfect FDP score was 12. The closure rate in 

patients with FDP score <7 was significantly lower than in 
patients with an FDP score >7 [15].

In the current study, the use of the 20% C3F8/air 
mixture enabled a long lasting tamponade of the macular 
hole, with a hole closure rate of 91%. Our previous 
experience has demonstrated that, with the C3F8 of such 
concentration used in gas-air mixture, the percentage of 
vitreous cavity gas fill was greater than 50% for at least 
3 postoperative weeks, and, if the patient poorly adhered 
to the face-down positioning after macular hole surgery, 
the volume of the gas bubble remained large enough to 
make an effective tamponade of the macula, which is an 
essential advantage of this approach.

Studies have been reported on vitrectomy for large 
diameter macular holes, but most of them are related to 
functional and anatomic outcomes of vitrectomy for 
macular holes with a diameter greater than 400 μm [1, 16]. 
Yamashita et al [17] reported on the efficacy of surgery 
for macular holes with a diameter greater than 550 μm. 
Wong et al [13] reported the outcomes of vitrectomy for 
macular holes with a diameter of at least 650 μm. Because 
the current study involved 22 patients who underwent 
surgery for macular holes with a diameter greater than 800 
μm, it is rather difficult to compare this study with other 
reports evaluating treatment outcomes of vitrectomy for 
large macular holes.

Most of the studies compare the inverted ILM flap 
technique with the classic macular hole surgery with regard 
to efficacy. Michalewska et al [10] and Mahalingam and 
Sambhav [11] found the former to be more efficacious, but 
Kannan et al [18] found no significant difference between 
the two approaches with regard to closure rate for macular 
holes with a diameter greater than 600 μm.

A number of studies involved patients that underwent 
of vitrectomy for macular holes of different diameters 
(including large diameters), and compared different 
tamponade agents with regard to treatment outcomes. 
No significant difference in closure rate for large 
diameter macular holes or for stage 3 or 4 macular holes 
has been found between sulfur hexafluoride (SF6) or 
perfluoropropane (C3F8) tamponade groups [14,19].

Kim et al [20], however, have found macular hole 
surgery with the 15% C3F8/air mixture to be more 
beneficial than that with the 20% SF6/air mixture with 
regard to visual outcomes. 

Rao et al [21] have reported the efficacy and safety of 
outpatient fluid-gas exchange with 15% C3F8 or 20% SF6 
for open macular hole after primary vitrectomy. They found 
that of the 36 eyes, 32 (89%) achieved anatomic success. 
In addition, the success rate for macular hole surgery has 
been found to depend on the duration of intraocular gas 
tamponade [22].

Therefore, the current study demonstrated a high 
efficacy of the 20% C3F8/air mixture in the treatment of 
macular holes > 800 μm in diameter. These findings 
indicate that the approach has the potential for wide use in 
clinical practice.
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Example cases
A 75-year-old woman with a 850-μm diameter macular 

hole and visual acuity of 0.07 in her left eye (OCT, Fig. 2) 
underwent vitrectomy with ILM peeling and tamponade 
with the 20% C3F8/air mixture. The macular hole was 
found to be closed, and visual acuity improved to 0.17 
(Fig. 3) at 2 months after surgery.

A 63-year-old woman presented with a macular hole 
in the left eye. Her visual acuity in the affected eye was 
0.09, and the hole was 1,200 µm in diameter (Figure 
4), but the patient declined surgery. Seven months after 
presentation, the macular hole enlarged to 1,300 µm (Fig. 
5), the patient’s visual acuity decreased to 0.06, and she 
underwent vitrectomy with ILM peeling and tamponade 
with the 20% C3F8/air mixture. The macular hole was 
found to be closed, and visual acuity improved to 0.17 
(Fig. 6) at 2 months after surgery.

A 59-year-old presented with a macular hole of 4 
months duration in the right eye. Her visual acuity in the 
affected eye was 0.08, and the hole was more than 900 
µm in diameter (Figure 7). She underwent vitrectomy 
with ILM peeling and tamponade with the 20% C3F8/
air mixture. The macular hole was found to be closed, 
and visual acuity improved to 0.2 (Fig. 8) at 1.5 months 
postoperatively.
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Fig. 1. Visual acuities before and after treatment 

Fig. 2. OCT of the left eye for patient Sh before treatment

Before treatment

Ater treatment

    0.05-0.08                            0.09-0.12                         0.14-0.35
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Fig. 3. OCT of the left eye for patient Sh after treatment       

Fig. 4. OCT of the left eye for patient Ch before treatment
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Fig. 5. OCT of the left eye for patient Ch at 7 months after initial 
visit

Fig. 6. OCT of the left eye for patient Ch after treatment

Fig. 7. OCT of the right eye for patient Shev before treatment 

Fig. 8. OCT of the right eye for patient Shev after treatment


