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ABSTRACT 
Background: A macular hole is a common macular disorder that 
impairs central vision significantly. 
Aim of The Work: To compare between silicone oil (SOi) versus 
sulphur hexafluoride (SF6) as tamponading agent after pars plana 
vitrectomy (PPV) and internal limiting membrane (ILM) peeling in 
healing of idiopathic macular hole and improvement of visual acuity. 
Patient and Methods: Patients with idiopathic full thickness macular 
hole (FTMH) were categorized into 2 groups , group 1(15 eyes) were 
managed with PPV and ILM peeling and  (SF6) as atamponade, group 2 
(15 eyes) were managed with PPV and ILM peeling and (SOi) as a 
tamponade. All patients’ best-corrected visual acuity (BCVA), and 
optical coherence tomography (OCT) were followed up for six months.   
Results: Six months postoperatively BCVA in LogMAR in the first 
(Gas) group improved from a baseline mean of 1.23 to 0.41, gaining an 
improvement of 66.33 %, which is more than the improvement of the 
second (SOi)  group from a baseline of  1.19 to 0.56  (53.72%) so this 
difference was significant (P- value 0.026 (. Just two cases , (only one 
case in each group) (6.4 %) failed to close after six months. The success 
rate was 94%, with no statistically significant difference. 
Conclusion: Idiopathic (FTMH) was treated with (PPV) with ILM 
peeling . Both SF6 and (SOi) tamponades are similarly effective in 
anatomical and visual results, using (SOi) in macular hole surgery 
necessitates two surgeries: one for the initial vitrectomy and (SOi) 
injection, and another several weeks later to extract the oil. 

Keywords: tamponade; pars plana vitrectomy; macular hole. 

INTRODUCTION 

A macular hole is a common macular disorder that 
impairs central vision significantly .1 

A macular hole is a neurosensory retinal anatomical 
discontinuity that occurs in the center of the macula 
and fovea .2 

The prevalence of full-thickness macular hole (MH) 
is 7.9 eyes per 100,000 people per year, and the 
disease has a major effect on the quality of life of 
those who are affected .3 

A macular hole was divided according to cause into 
primary (idiopathic) or secondary (trauma, high 
myopia, after successful retinal detachment surgery) 
and by presence or absence of vitreous attachment. 
They also classified into small (<250 μm), medium 
(>250 μm<400 μm), and large (>400 μm) based on 
horizontal macular hole diameter (MHD) width at the 
narrowest point of the hole.4

Hole closure rates are high, at over 90%, but 
different factors, including the size of the hole, are 
known to reduce the success rate. Several surgical 
variations and adjunctive procedures have been 
described to improve hole closure rates including 
post-operative face down positioning, longer acting  

tamponade, surgical creation of ILM flaps, and other 
biological membranes and platelets .5 

   The standard treatment for FTMH is pars plana 
vitrectomy with internal limiting membrane peeling 
and intraocular gas tamponade, followed by several 
days in a face-down position .6 Since then, several 
modifications of this technique have been developed 
to improve postoperative anatomical results and to 
achieve better visual acuity. This techniques include, 
classic inverted ILM flap technique 7, or modified 
temporal inverted ILM flap technique 8 ,especially in 
large MHs or in patients with high myopia, use of 
autologous platelet concentrate, anterior lens capsule 
use, and the use of different types of intraocular 
tamponading agents such as air, gas, and silicone oil 
(SOi) .9

 In a significant fraction of patients, visual acuity 
improvement after MH surgery persisted for the first 
three years after PPV and was sustained afterwards, 
and final BCVA associated with better preoperative 
BCVA and better postoperative OCT parameters .10 

In this study, we evaluated the efficacy and safety of 
SF6 gas and silicone oil as a tamponade after PPV 
and ILM peeling in treating patients with idiopathic 
FTMH. 
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PATIENTS AND METHODS 

A prospective interventional comparative clinical 
trial was conducted at  Al-Azhar University Hospitals 
(Cairo, Egypt) from October 2018 to May 2020 and 
was followed up for 6 months. The study included 
two groups; each included 15 eyes, all of  which had 
idiopathic full thickness macular hole with hole 
diameter more than 400um on (OCT).  

Exclusion criteria: were significant media opacity 
preventing retinal view, presence of traction on the 
macula evidenced by OCT, previous ocular surgery, 
history of previous laser photocoagulation, IV 
injection or history of uveitis attacks, any 
chorioretinal disease or diabetic retinopathy, 
glaucoma or ocular hypertension, Patients with high 
myopia, cases of age related macular degenerations 
(AMD), Other causes of macular hole as myopic or 
traumatic macular hole.   

A full ophthalmic history and assessment was 
performed to all patients, which included LogMAR 
(BCVA), anterior segment slit lamp, applanation 
fundus slit lamp biomicroscopy, and, tonometry. The 
diagnosis of a macular hole was made both clinically 
and using  (OCT). 

Surgical procedures: Thiry eyes were assigned to 
one of the following 2 groups according to the 
regimen used in the management idiopathic FTMH , 
each group consists of 15 eyes; Group 1 (GAS 
group); Patients were treated with vitrectomy, ILM 
peeling, and SF6 as a tamponade, as well as a one-
week post-operative face down position. Patients in 
Group 2 (SILICONE OIL) were treated with 
vitrectomy, ILM peeling, and silicone oil as a 
tamponade with no special post-operative position. 
Both groups do phacoemulsification in phakic eyes 
with vitrectomy to exclude lens status and results 
easily analysed. After 2-3 months, Group 2 had a 
second surgery to remove silicone oil. 

All surgeries were performed under local anesthesia 
with sedation. Standard sterilization using Povidone-
Iodine 5% (Betadine®) by lid swabbing and 
instillation in the conjunctival sac was done and the 
patient was draped.  

23 G  PPV with three-port sclerotomies were 
performed, followed by  fluid air exchange, and ILM 
staining with brilliant blue dye. The target was to 
peel at least 2 disc-diameter ILM areas 360 degrees 
around the hole. Following that, air gas exchange 
was performed for the gas-treated eyes, a 20 mL 
syringe containing 20% SF6 gas was connected to an 
infusion cannula. Flute needle used to allow gas and 
air to escape from the superior temporal sclerotomy 
site while the assistant administered 17 mL via the 
infusion cannula. The vitreous cavity is filled with 
20% SF6 during this process, after removal of 
sclerotomy ports  their sites were tested for leakage 
before being sutured shut with Vicryl 7-0 sutures. 
Before being sutured shut with Vicryl 7-0 sutures, it 
was screened for leakage. If hypotony was detected 
at the end of the procedure, the remaining 3 mL of 
gas was injected through the pars plana with a 30g 
needle to apply to the tamponade. After fluid air 
exchange, one of the upper two sclerotomies was 

used to inject silicone 1000, while the other 
sclerotomy was used to enable air to escape via a 
flute needle. At the conclusion of the procedure, 
subconjunctival cefuroxime and dexamethasone were 
injected. Following surgery, cyclopentolate 1% 
drops were used four times a day for two weeks and 
combined antibiotic-steroid drops (tobramycin 0.3 % 
with dexamethasone 0.1 %) were used six times a 
day for four  three weeks. Patients with gas-filled 
eyes were orderd to keep their prone position with 
faces down until 50 percent of the gas had been 
absorbed, or for at least one  week. Patients with 
silicon-filled eyes were not told to take any special 
positions. 

Follow-up: The day after surgery, one week later, 
one month later, three months later, and six months 
later, patients were evaluated. BCVA, IOP, slit lamp, 
and fundus exams were performed at the two-week, 
one-month, three-month, and six-month visits. 

(OCT) was done at one month, then three months and 
six months postoperatively to confirm successful 
anatomic closure. During each postoperative visit, 
the foveal contour and the presence of photoreceptor 
line defects, and dissociated optic nerve fiber layer 
defect  (DONFL) were estimated. 

Postoperative foveal contour was characterized 
according to its cross-sectional morphology on 
spectral domain optical coherence tomography into 
the various categories, U-shape,V-shape, W-shape 
(irregular),  flat shaped. 

Statistical analyses were performed by the IBM 
SPSS software package version 20.0 which analyse 
the data that was fed into the device. . All values are 
expressed as MD±SD. P-values less than 0.05 were 
accepted as significant. 

Ethical approval: The study was accepted by the 
Ethics Board of Al-Azhar University. Informed 
written consent was obtained from every patient 
before being included in the study. 

RESULTS 

Group 1 (gas group) included 15 eyes from 15 
patients (7 females and 8 males), while group 2 
included 15 eyes from 15 patients (9 females and 6 
males) (silicone oil group).The ages in group 1 
ranged from 44 to 69 years 55.80 ± 7.68 (mean + 
SD), while the ages in group 2 ranged from 47 to 73 
years 57.67 ± 7.52 (mean + SD). In terms of age and 
gender, there was no statistically significant 
difference between the two study groups. 

Anatomical Success Rate: 

In the SF6 group, the mean preoperative BCVA 
ranged from (CF at 50 cm) or 1.4 to (6/60) or 1.00, 
with a mean BCVA of 1.23 and an SD of 0.11. In the 
silicone oil group, the mean preoperative LogMAR 
BCVA ranged from (CF at 50 cm) or 1.4 to (6/60)  
1.00, with a mean BCVA of 1.19 and an SD of 0.13. 
The size of hole base diameter in group 1(gas group) 
ranged from 433.0μm to 1682.0μm 850.0 ± 403.8 
(mean + SD), while the size of hole base diameter in 
group 2 (silicone group) ranged from 456.0 μm to 
1359.0 μm 801.3 ± 302.3 (mean + SD). 

2



 Ibrahim et al – management of macular hole by vitrectomy 

At 6 months, twenty-eight (93.3%) of the cases had 
closed anatomically, while only two ( just one case in 
each group) (6.4%) had not anatomically closed. The 
success rate was 94 percent in gas-filled (14/15) eyes 
and 94 percent in silicone-filled (14/15) eyes, with no 
statistically significant difference. (Table 1). 

MC: Monte Carlo 
P: p value for comparing between the studied groups 
Table 1: Comparison between the two studied 
groups according to OCT. 

Fig. 1: OCT pre and post vitrectomy with ILM 
peeling show closure of hole and U – shaped healing 
in the SF6 group . 

Fig. 2: OCT pre and post operative show closure of 
hole and U – shaped healing in the silicon oil group. 

Visual Outcomes :
Comparing the BCVA of both groups; mean BCVA 
at 1month in the first group improved from a baseline 
mean of 1.23 to 0.71, gaining an improvement of 
42.29 %, which is more than the improvement of the 
second group from a baseline of  1.19 to 0.84 
(29.63%) but this difference was insignificant (P 
value 0.116). At 3 months in the first group improved 
from a baseline mean of 1.23 to 0.49, gaining an 
improvement of 60.52 %, which is more than the 
improvement of the second  group from a baseline of 
1.19 to 0.60  (49.58%) but this difference was 
insignificant (P value 0.056).At 6 months in the first 
group improved from a baseline mean of 1.23 to 
0.41, gaining an improvement of 66.33 %, which is 
more than the improvement of the second group from 
a baseline of  1.19 to 0.56  (53.72%) so this 
difference was significant (P -value 0.026)(Table 2). 

SD : standard deviation 
Table 2: Comparison according to visual acuity log 
mar between the two studied groups. 
 

In the SF6 group, the mean preoperative BCVA 
ranged from (CF at 50 cm) or 1.4 to (6/60) or 1.00, 
with a mean BCVA of 1.23 and an SD of 0.11. In the 
silicone oil group, the mean preoperative LogMAR 
BCVA ranged from CF at 50 cm (1.4) to 6/60 (1.00), 
with a mean BCVA of 1.19 and an SD of 0.13. The 
diameter of the hole base diameter in group 1 (gas 
group) ranged from 433.0m to 1682.0m (mean + 
SD), whereas the diameter of the hole base diameter 
in group 2 (silicone group) ranged from 456.0m to 
1359.0m (mean + SD) (Figure 3). 

Fig. 3: Comparison between the two studied groups 
according to visual acuity log mar. 
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Comparison of IOP: 
Comparing the IOP of both groups; mean IOP at 1st 
month in the first group rise from a baseline mean of 
15.2 to 19.6, gaining a rise of 32.98 %, While in the 
second group (a baseline of 15.27  to 21.13) gaining 
a rise of 14.36 %, and this difference was 
insignificant (P value 0.199). At 3rd months the first 
group was 17.0, with the second group returned to 
17.07 to become close to baseline and this difference 
was insignificant (P value 0.946 ). At the 6th month 
the first group was 16.00, with the second group 
15.00 and this difference was also insignificant (P 
value 0.103) (Figure 4). 

Fig. 4: Comparison between the two studied groups 
according to IOP. 

Adverse Events 
The macular hole failed to close in two cases (6.6 
percent) (one case in each group). One patient in the 
gas-treated group had a high (IOP) on day one after 
surgery, which was managed medically for two 
weeks. There were no cases of endophthalmitis, 
choroidal haemorrhage, or retinal detachment in the 
report. 

DISCUSSION 

A prospective research was conducted on 30 patients' 
eyes, divided into two groups of 15 patients each. 
The first group ( the gas group ) received vitrectomy 
with ILM peeling and SF6 20% tamponade, while 
the second group ( the silicone oil group ) received 
vitrectomy with ILM peeling and silicone oil as 
tamponade. Patients were recruited and enrolled at 
Al-Azhar University Hospitals in Cairo, Egypt, from 
October 2018 to May 2020, and were followed for 
six months. 

In this study, we evaluated the efficacy and safety of 
SF6 gas and silicone oil as a tamponade after 
vitrectomy and ILM peeling in treating patients with 
idiopathic FTMH. The aim of the combined therapy 
was not only to achieve  closure of hole, but also to 
observe the functional success and improvement of 
visual acuity and provide patient comfort 
postoperatively. 

After one month of  treatment, the closure rate for 
gas-treated eyes was 93.3 percent (14 of 15), and the 
closure rate for silicone oil tamponade was 93.3 
percent (14 of 15). Idiopathic macular hole closure 
had a 93.3 percent primary success rate (28 of 30). 
The postoperative LogMAR BCVA in the SF6 group 
ranged from 1.4 to 1.00 at six months, with a mean 
BCVA of 1.23 and an SD of 0.11, according to the 

visual results. Although the silicone oil group 
postoperative BCVA ranged from 1.4 to 1.00 at six 
months, the mean BCVA was 1.19 with an SD of 
0.13. 

A t-test was used to assess postoperative BCVA in 
the two groups at six months. In the gas (SF6) group, 
there was a statistically significant difference in 
BCVA. This may be due to many factors, such as 
SOi being used for larger macular holes, resulting in 
more retinal pigment epithelium (RPE) and 
photoreceptor damage, and the SOi having a lower 
surface tension than the gas. 

As compared to previous studies of traumatic 
macular hole , as well as myopic or idiopathic hole, 
the anatomical closure rates in this study were 
favourable. This could be because traumatic macular 
holes close faster than myopic or idiopathic holes due 
to the patient's younger age, earlier diagnosis, and the 
fact that traumatic macular holes have a higher 
average normal closure rate than myopic or 
idiopathic holes. 11 

As regard our study the IOP of gas group before 
operation ranged from 10mmHg to 19mmHg with 
mean IOP was 15.20 with a SD ±2.76. While in 
silicone group before operation ranged from 
11mmHg to 19mmHg with mean IOP was 15.27 with 
a SD ±2.31. At one month after surgery, the mean 
IOP in the gas group was 19.60, with an insignificant 
improvement of 32.98 percent, but the mean IOP in 
the silicone group was 21.13, with a substantial 
increase in IOP of 40.41 percent. At three months 
after surgery, the mean IOP in the gas group was 
17.0, with a non-significant change of 14.12 percent, 
and the silicone group had a non-significant 
difference of 17.07, with a non-significant change of 
14.36 percent. At six months post operative there is 
insignificant difference between both groups. 

Increased IOP was measured in 2.6% of the cases, 
which is much lower compared to 20–21% reported 
by others on the first post-operative day 12 , the IOP 
could be regulated with anti-glaucoma agents. SF6 
belongs to a group of expansile gases used as 
tamponade agents, and its concentration can vary in 
different studies .13

Heath and Rahman used a 20 percent SF6 
concentration in all cases, which is considered non-
expansile. As a result, the incidence of increased IOP 
post-operatively may be much lower or similar to 
studies showing no post-operative IOP spike.14 The 
risk for post-operative hypotony reported to occur 
with 23G vitrectomy 15 , which was not apparent in 
our study. 

Rebecca et al , reported that In eyes that underwent 
silicone oil implantation, 46.82% had a rise in IOP 
by 1 month, 18.25% between 1 and 3 months and 
25.39% from 3 months after transconjunctival 
sutureless vitrectomy. Similarly, 57.69 percent of 
eyes with air/gas implantation had an increase in IOP 
after one month, 30.76 percent between one and three 
months, and 3.8 percent after three months of (TSV). 
50 percent of eyes with other PPV procedures 
without tamponade had an increase in IOP after one 
month, 18.18 percent between one and three months, 
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and 18.18 percent after three months after TSV. As a 
result, regardless of the tamponading agent used, the 
peak IOP was always seen in the first month.16 

The first improvement in the macula after ILM 
peeling is postoperative swelling of the arcuate 
retinal nerve fibre layer (SANFL), which 
disappears within 3 months; the swelling is not 
visible on biomicroscopic fundus inspection but 
appears as hypoautofluorescent arcuate striae in the 
macular area on infrared and autofluorescence 
imaging. SANFL is accompanied by (DONFL), 
which is barely visible on fundus inspection and 
corresponds to ‘‘dimples" in the inner retinal layers 
on OCT, despite the fact that these changes 
(DONFL) have no effect on postoperative visual 
acuity or even microperimetry changes.17

    In our study, (DONFL) appearance was noticed in 
75% of group I cases and in 60% of group II cases at 
6 months postoperatively. There was no statistically 
significant effect of DONFL appearance on 
postoperative BCVA in both groups.  

    DONFL was more common in Group I (gas group) 
than in Group II (silicon oil group) (not statistically 
significant), and DONFL was only visible on the 
temporal side, suggesting that it was caused by ILM 
peeling. Functionally, the visual acuity in cases with 
and without a DONFL appearance was not 
significantly different. Pre- and post-operative B-
scans and C-scans en face SD-OCT were used by 
Alkabes et al to assess the characteristic OCT-pattern 
of DONFL in 36 eyes of 36 patients who underwent 
vitrectomy for idiopathic MH. At three months after 
surgery, a face SD-OCT (Cirrus HD-OCT) revealed 
DONFL presence in 100 percent of the eyes..18 

CONCLUSION 

For nonclosing cases of idiopathic FTMH, PPV with 
ILM peeling should be performed. Both gas and 
(SOi) tamponades are effective  in anatomical and 
visual outcomes, but in macular hole surgery, gas 
(SF6) tamponade provides much faster visual 
rehabilitation than (SOi), despite the fact that (SOi) 
necessitates two separate surgeries: one for the initial 
vitrectomy and injection of oil, and another surgery 
many weeks later to remove it which increase 
patients financial cost. 
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