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Purpose: We analyzed the anatomical and visual outcomes after surgical treatment of idiopathic 

macular holes with pars plana vitrectomy, internal limiting membrane (ILM) peeling using 

Brilliant Blue dye, and silicone oil tamponade without postoperative posturing.

Methods: This was a retrospective interventional study of 10 eyes in eight patients who 

underwent surgical treatment of idiopathic macular holes using pars plana vitrectomy, ILM 

peeling using Brilliant Blue dye, and silicone oil tamponade without postoperative posturing. 

The preoperative staging of macular holes and postoperative anatomic outcomes were assessed 

using spectral-domain optical coherence tomography.

Results: All patients were women with a mean age of 66.86 ± 4.8 years. In two patients, 

bilateral macular holes were present and both eyes were operated on. Stage 2 macular hole 

was diagnosed in three eyes, three eyes had stage 3, and four eyes had stage 4 macular holes. 

Anatomical success and closure of the macular hole was achieved in nine eyes (90%) after one 

operation. In one eye, the macular hole was closed after reoperation. The preoperative mean 

best-corrected visual acuity (BCVA) was 0.15 decimal units (0.8 logMAR units). Until the end 

of the follow-up period, BCVA was 0.25 decimal units (0.6 logMAR units). Visual acuity was 

improved in seven patients (70%). In two patients (20%), visual acuity remained at the same 

level, and in one eye (10%), visual acuity decreased. Postoperatively, all patients reported a 

significant reduction of metamorphopsia.

Conclusion: Initial results after 20G pars plana vitrectomy with peeling of the ILM, use of dye 

(Brilliant Blue), and tamponade with silicone oil without postoperative posturing gave good 

anatomical and functional outcome in terms of visual acuity and reduction of metamorphopsia. 

Taking into account the age of the patients, this method, which does not require prolonged 

postoperative face-down posturing, was well tolerated by the patients. Because the anatomical 

and visual outcome as well as the rate of postoperative complications are comparable to those 

when gas is used as a tamponading agent, silicone oil tamponade can also be safely used as a 

first option in surgery of macular holes. However, a longer period of follow-up of the operated 

eyes, as well as a larger group of operated eyes, will be required to identify long-term outcomes 

of this surgical treatment.
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Introduction
Full-thickness idiopathic macular holes are a relatively common cause of a significant 

reduction in central vision, with a prevalence of approximately 3.3 in 1000 individuals.1 

Characteristically, they occur more frequently in women (72%) in the sixth and 

seventh decade of life.2 Regarding the pathogenesis of idiopathic macular holes many 

theories have been presented, but the vitreal theory for the formation of macular 
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holes was first proposed by Lister in 1912.3 In 1988, Gass 

proposed a classification system for idiopathic macular 

holes, as well as a new hypothesis for its pathogenesis which 

emphasizes the role of the vitreomacular tangential traction 

in the formation of macular holes.4 In 1995, Gas suggested 

an updated biomicroscopical classification and anatomical 

interpretation in which the formation of macular holes goes 

through four stages.5 Although existing theories of macular 

hole pathogenesis are constantly being changed and refined, 

nearly all confirm the predominant role of the vitreous in 

their formation. Since the 1990s, the development of optical 

coherence tomography (OCT) as a new imaging technology 

for visualization of retinal structures led to a revolution in 

diagnosis and follow-up of a large number of eye diseases 

and conditions.6–8 This particularly applies to the direct visu-

alization of the vitreomacular interface, for which OCT has 

contributed significantly to the understanding of the traction 

forces that lead to structural changes in the retina, as well as 

insight into the etiology, pathogenesis, and differential diag-

nosis of several vitreomacular disorders, such as full-thickness 

and lamellar macular hole,9,10 macular pseudohole,11 epiretinal 

membrane,12 and vitreomacular traction syndrome.13

The Vitrectomy for Prevention of Macular Holes Study 

concluded that 96% of eyes with stage 2 macular hole are 

expected to progress to stage 3 and 4, and thus the visual 

acuity of patients is expected to reduce by at least two lines 

on the Snellen visual acuity chart.14,15 Best-corrected visual 

acuity (BCVA) in stage 3 and 4 macular hole ranges from 0.7 

to 1.3 logMAR units; according to the results of randomized, 

prospective clinical studies, surgical treatment is recom-

mended for macular holes in stages 2, 3, and 4.16–18

The understanding of the anatomical changes occurring 

on the vitreomacular interface led to the development of 

surgical techniques with a high rate of success. Anatomical 

closure of macular hole can be achieved in over 90% of cases 

and stabilization of the visual acuity in about 70% of surgi-

cally treated eyes.19,20 The standard surgical technique for 

repair of macular holes was proposed by Kelly and Wendel21 

in 1991 and includes standard 3-port pars plana vitrectomy 

with removal of the vitreous cortex and any existing epiretinal 

membranes. The removal of the epiretinal membrane reduces 

the vitreomacular traction and allows for flattening of the 

edges of the macular hole and return to their anatomical 

position by means of an intraocular tamponade. Typically, 

gas is used as a tamponade agent (usually 16% perfluoropro-

pane, C3F8); therefore, after surgery, the patient is required 

to take a face-down position for at least 1 week (sometimes 

3–4 weeks) in order to ensure contact between the gas bubble 

and the macular hole. Thus far, several modifications of this 

classical technique have been developed, which are thought 

to improve anatomic results and visual acuity. These include 

peeling of the internal limiting membrane (ILM) from the 

macula,22 use of different dyes for easier visualization of the 

ILM,23 different intraocular tamponading agents (air, gas 

C3F8 in several concentrations, silicone oil), and a different 

regiment of postoperative posturing. Many studies have been 

conducted for all of these modifications, with some report-

ing positive outcomes while others report side effects with 

negative influences on visual outcome. Therefore, the use of 

these modifications remains controversial.24

The aim of this study was to review anatomical and visual 

outcomes after surgical treatment of idiopathic macular holes 

with pars plana vitrectomy, ILM peeling using Brilliant 

Blue dye, and silicone oil tamponade without postoperative 

posturing.

Materials and methods
This retrospective study of patients examined at the European 

Eye Hospital in Skopje over a period of 1 year from 

April 2011 to April 2012 found that 30 patients (35 eyes) 

were diagnosed with idiopathic macular hole. In five patients, 

bilateral macular holes were diagnosed.

Surgical treatment of macular hole was performed in 

10 eyes of eight patients. Preoperatively, for all patients, 

BCVA was tested, intraocular pressure was measured, 

and biomicroscopy of the anterior segment and indirect 

noncontact biomicroscopy of the fundus with 90 D lens were 

conducted. The diagnosis of macular hole in all patients was 

confirmed using spectral-domain OCT (Topcon 3D OCT-

2000; Topcon, Paramus, NJ). The potential benefits and risks 

of surgery were explained to the patients, informed consent 

was obtained from all patients, and the study complied with 

the Declaration of Helsinki.

Inclusion criteria included stage 2, 3, or 4 idiopathic 

macular hole, according to Gass classification, confirmed by 

indirect noncontact biomicroscopy and OCT. The patients 

with anamnestic data of previous eye trauma, previous macu-

lar surgery, rhegmatogenous detachment of the retina with 

macular hole, and myopia higher than 10 D were excluded 

from the study.

All surgeries were performed under local anesthesia. 

All patients underwent standard 20G three-port pars plana 

vitrectomy. After ​​limbal peritomy, sclerotomies were made 

and 20G trocars were placed in the superotemporal, supero-

nasal, and inferotemporal quadrants. After vitrectomy of the 

cortex, the posterior hyaloid was removed after application of 
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triamcinolone acetonid. Brilliant Blue dye was then injected 

for better visualization of the ILM of the retina. ILM peel-

ing was conducted using 20G end-gripping forceps and a 

scraper with dimension of at least three disc diameters over 

the macula. Exchange of fluid-air and air-silicone oil 1000 cs 

was conducted. Sclerotomies and conjunctiva were closed 

with sutures. All surgeries were performed by an experienced 

vitreoretinal surgeon (SB). The patients were advised to not 

maintain any kind of forced posturing after surgery.

Patient follow-up was at 1 day, 1 week, 1 month, and 

3  months postoperatively. For each control, BCVA, and 

intraocular pressure were measured and indirect noncontact 

biomicroscopy examination of the macula was conducted. 

Assessment of the macula was conducted using OCT ​​at 1, 

3, 6, and 9 months after surgery. After 3 months, a second 

operation was performed to remove the silicone oil and 

phaco surgery of the lens because of different stages of 

lens opacification. In this second surgery, after standard 

phacoemulsification of the lens, posterior capsulorhexis was 

performed; with the help of an anterior chamber maintainer, 

the silicone oil was completely removed from the vitreous, 

after which an in-the-bag intraocular lens was implanted. 

After the second operation, the same interval of postopera-

tive controls was established as after the first operation. In 

all patients, the anatomical outcome of surgery was assessed, 

complications were recorded, and the functional outcome in 

terms of visual acuity was evaluated.

Results
Of the total number of examined patients (12,665) for a period 

of 1 year (April 2011 to April 2012), idiopathic macular hole 

was diagnosed in 30 patients (35 eyes). The prevalence of 

idiopathic macular holes was 2.4 per 1000 patients. Of these 

patients, 20 (66.7%) were female and 10 (33.3%) were male. 

The mean age of patients was 64.67 ± 9.7 years. Bilateral 

macular holes were found in five patients (16.66%), of 

which one was male and four were female. In 15 patients 

(1.2 per 1000 patients), vitreomacular traction and epiretinal 

membranes were diagnosed as predisposing factors for the 

formation of macular hole.

All eight patients who had surgical treatment were women 

aged 61 to 73 years (mean age 66.86 ± 4.8 years). In two 

patients with bilateral macular holes, surgical treatment on 

both eyes was performed. All 10 treated eyes were phakic. 

According to preoperative assessment of macular holes ​​with 

OCT using Gass classification, three eyes were stage 2 macu-

lar hole, three eyes were stage 3, and four eyes were stage 4. In 

eight eyes, the duration of the macular hole was over 6 months 

and in 2 eyes the duration was approximately 3 months. The 

mean basal diameter of the macular holes was 731.4 µm 

(232–1255 µm). In nine eyes (90%), anatomical success was 

achieved with closure of the macular hole (Figures 1–4). In 

one patient (10%), after removal of silicone oil, reopening of 

the macular hole was observed and a second surgical interven-

tion was required, after which closure of the macular hole was 

achieved. No postoperative posturing was required.

In all 10 eyes, subsequent combined surgery involving 

cataract surgery (due to different stages of lens opacification) 

and silicone oil removal was performed. After the com-

bined second surgery, no postoperative complications were 

noted during the follow-up period. The intraocular lens 

remained in place with no secondary opacification because 

of the performed posterior capsulorhexis and no silicon 

oil droplets were noted because of the early and complete 

removal of silicone oil. Additionally, since opening of new 

sclerotomies and suturing were avoided during the second 

surgery with the removal of silicone oil through the anterior 

chamber, the risks from this surgery were significantly reduced 

and no postoperative astigmatism was noted.

BVCA preoperatively was 0.15 decimal units (0.8 log-

MAR units). By the end of the period of monitoring, BCVA 

was 0.25 decimal units (0.6 logMAR units). Improvement 

of visual acuity was registered in seven patients (70%), 

visual acuity remained the same in two patients (20%), and 

one patient (10%) showed a reduction in BCVA. Of those 

that showed improved BCVA, two eyes were stage 2, three 

were stage 3, and four were with stage 4  macular hole. 

All patients preoperatively complained of the emergence 

of metamorphopsia and deformation of the visual image 

Figure 1 OCT of stage 3 macular hole of the right eye in a 61-year-old patient. 
Preoperatively (top) and postoperatively, after removal of silicone oil (bottom).
Abbreviations: OCT, optical coherence tomography; T, temporal; N, nasal.
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(determined using the Amsler grid test) and inability to use 

their precise near vision (for reading, writing, etc); all patients 

were reported significant reduction of metamorphopsia and 

improvement of near vision postoperatively.

Discussion
The development of vitreoretinal surgery significantly 

improved the outcome of the treatment of macular holes in 

terms of anatomical and functional success after surgery. In 

previous studies, a success rate of over 90% after one surgery 

was presented25 as well as anatomical success of 100% in surgi-

cal treatment of macular holes in stage 2 and early stage 3.26 

According to many studies, introduction of peeling of the ILM 

positively affects the anatomical outcome of surgery27 primar-

ily due to the reduction of tangential traction on the macula, 

although peeling of ILM is still a topic of discussion in many 

studies.28,29 In some studies it has been noted that peeling of 

ILM is associated with worse functional outcome regarding 

visual acuity, likely due to the damage of the inner retinal 

elements,30 but also because of presence of small paracentral 

scotoma in the visual field, likely due to minimal defects in the 

nerve fiber layer of the retina.31 However, most studies conclude 

that peeling of ILM has a beneficial effect on the anatomical 
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Figure 2 Retinal thickness map of the macula, with ETDRS thickness analysis 
in micrometers, obtained using OCT, in a patient with stage 4  macular hole. 
Preoperative (top) and postoperative (bottom). 
Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; OCT, ocular 
coherence tomography; T, temporal; N, nasal.

Figure 3 OCT of stage 4 macular hole of the right eye in a 70-year-old patient. 
Preoperatively (top) and postoperatively, after removal of silicone oil (bottom).
Abbreviation: OCT, ocular coherence tomography.

Figure 4 Fundus photography of stage 4 macular hole. Preoperatively (top) and 
postoperatively, after removal of silicone oil (bottom).
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outcome of surgery, particularly in macular holes in stages 3 

and 4.32 The situation is much more clear regarding the use of 

dyes for better visualization of the ILM (chromovitrectomy). 

Particularly, dying of the ILM is extremely important for its 

differentiation from other structures, such as the posterior 

vitreous cortex and layer of retinal nerve fibers, thus avoiding 

possible surgical injury to this layer and resulting in poor out-

come regarding visual acuity. The use of the initial choice of 

dye, indocyanine green, has been associated with phototoxic 

effects on the vitreomacular interface in many studies33 and 

therefore several other dyes are now in use, including Bril-

liant Blue, which was used in this study for dying the ILM 

and for which no potential toxic effects on the retina have 

been reported.34,35 Of particular interest in our study was the 

use of silicone oil as an agent for intraocular tamponade. The 

use of different concentrations of the gas C3F8 is standard 

when performing this surgery because of good anatomical and 

functional outcomes. However, if this gas is used, the patient 

must take forced posturing with the face down in long intervals 

after surgery (2–3 weeks), which is an unrealistic expectation 

for many patients due to the age of these patients (typically in 

the sixth or seventh decades). Recently, there has been efforts 

to shorten the period of postoperative posturing,36 but this 

sometimes results in slightly worse surgical outcomes.37 In 

our study, we found that the use of silicone oil as a tamponad-

ing agent is much more comfortable for the patients since no 

postoperative posturing is required and the patients suffer no 

limitations in their everyday lives (for example, traveling by 

plane). Our study also found that if intervention is performed 

by an experienced vitreoretinal surgeon with optimal filling 

(90%) of the vitreous cavity, anatomical and functional results 

are comparable to those using gas tamponade. In some stud-

ies it was noted that the use of gas against silicone results in 

a better outcome of visual acuity and requires fewer interven-

tions,38 but other studies claim the opposite.39,40 In a study using 

silicone tamponade but not ILM peeling, anatomical success 

was achieved in 80% and functional success in visual acuity 

improvement was achieved in only 34% of the operated eyes. 

In our study, anatomical success was achieved in 9 of 10 eyes 

(90%); in one patient, anatomical success was achieved after 

the second intervention. In terms of functional outcome, 

improvement of visual acuity of at least 0.1 logMAR units 

was achieved in seven eyes (70%), in two eyes visual acuity 

remained the same, and in one patient, visual acuity decreased 

during the follow-up period. This may have been due to the 

improvement of surgical technique in the last 10 years, but 

is likely also due to the influence of peeling of the ILM in 

achieving good anatomical position the photoreceptors in the 

macula. Because the follow-up period was relatively short and 

varied from 3 months to 1 year, we expect further stabilization 

of visual function in the operated eyes.

The primary reason for choosing this type of surgery was 

that silicone oil tamponade compared to gas tamponade was 

much more comfortable for the patients, as it did not require 

postoperative posturing, it did not limit the everyday activi-

ties of the patients, and it achieved the same anatomical and 

functional results. The most frequent complication in the 

operations with gas is the development of cataracts, (accord-

ing to some studies in which cataracts occurred in 74% of the 

operated eyes).41 Hence, regardless of the type of tamponade 

(gas or silicone), patients operated for macular hole will 

require a second surgery. Therefore, the authors consider that 

the need for second, combined cataract/silicone-oil-removal 

surgery in our study did not present a greater discomfort for 

patients compared to the use of gas, particularly as the sili-

cone oil was removed early (after 3 months) using a technique 

that does not require opening of new sclerotomies; thus, no 

complications were noted from the second surgery.

In our study, which is the first series examining patients 

with macular hole surgically treated in Macedonia, the initial 

results after 20G pars plana vitrectomy with peeling of ILM, 

the use of dye (Brilliant Blue), and the use of silicone oil 

tamponade showed satisfactory anatomical and functional 

outcomes in terms of visual acuity and reduction of metamor-

phopsia as well as improved near vision. Because of the age 

group of the operated patients, this method is more comfortable 

and acceptable to patients than the use of gas tamponade as it 

does not require any postoperative posturing. As the anatomi-

cal and visual outcomes, as well as the rate of postoperative 

complications, are comparable to those with gas tamponade, 

silicone oil tamponade can also be safely used as a first alterna-

tive in the surgery of macular holes, with less discomfort to the 

patients. However, a longer period of follow-up and a larger 

group of operated eyes will be required in order to assess the 

long-term outcomes of this surgical treatment.

Disclosure
The authors report no conflicts of interest in this work.
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