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ABSTRACT
Introduction: The vitreomacular traction (VMT) syndrome is characterized by an incomplete posterior vitreous detachment with the persistently adherent vitreous exerting tractional pull on the macula and resulting in morphologic and functional changes.
Aim: The aim of this article is to demonstrate our approach and results in the treatment of vitreomacular traction syndrome using intravitreal application of expanding gas, sulfur hexafluoride (SF6), and to discuss the exact indications for success in this type of treatment.
Materials and Methods: Our study included four eyes of four patients with VMT syndrome, diagnosed with optical coherence tomography (OCT), ophthalmoscopy, and visual acuity testing, which have been followed up and treated in the last year. We applied single pars plana intravitreal injection of 0.2 cc 100% SF6 to induce pneumatic vitreolysis. After the procedure we followed up the patients for a period of 3 months.
Results: In two of the eyes, we accomplished posterior vitreous detachment from the macula and termination of the traction forces was achieved. A month after the application we noted an improvement in the visual acuity with an average of 2 lines. Reduction of the central macular thickness was measured by the use of OCT. No complications were observed. In the other two cases, in which there was a densely adherent membrane on a broad base, no therapeutic effect was achieved. 
Conclusion: The intravitreal application of expanding gas is minimally invasive, affordable and available treatment of VMT syndrome. In the cases of cystoid macular edema, due to traction from incompletely detached vitreous and in small macular holes, it is a preferable method because of its low cost, minimal side effects, and quick application.
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INTRODUCTION
The vitreomacular traction (VMT) syndrome is characterized by an incomplete posterior vitreous detachment with the persistently adherent vitreous exerting tractional pull on the macula and resulting in morphologic and functional changes (1). The following may be observed—macular hole formation, cystoid macular edema, epiretinal membrane, symptoms like decreased visual acuity with or without metamorphopsia. In addition, VMT syndrome can be associated with diabetic retinopathy, retinal vascular pathology, or age-related macular degeneration (2). The most efficient treatment in these cases is pars plana vitrectomy with peeling of epiretinal gliosis and internal limiting membrane, but this is also the most invasive and difficult method with higher risk of complications (3). Another alternative is therapeutic vitreolysis with ocriplasmin, which is not always available, very expensive, and with controversial effectiveness (4). The easiest known method, introduced in 1995 by Chan (5), is pneumatic vitreolysis with intravitreal application of expanding gas or air which mechanically releases the traction pull and leads to closure of small macular holes (1–2 grade) and recovery of the foveal contour. In recent years, with the popularization of optical coherence tomography (OCT), there is a growing interest in this therapeutic approach with its main advantages being the low cost and minimal invasiveness (6,7).

AIM
The aim of this article is to demonstrate our methods and approach in the treatment of vitreomacular traction syndrome using intravitreal application of expanding gas, sulfur hexafluoride (SF6), and discuss the exact indications for success in this type of treatment.

MATERIALS AND METHODS
The intravitreal application of medications and medical gases requires strict adherence to the principles of aseptic and antiseptic. For this reason, pars plana application in the treatment of VMT syndrome is mandatory to be performed in an operating room.
Before applying medical gas in the eye, there are a few important steps of preparation and premedication:
· Patients with angle closure glaucoma are contraindicated for this type of treatment because gas application leads to pushing forward of the irido-lens diaphragm and a risk for iatrogenic acute glaucoma. It is important to evaluate the structures of the iridocorneal angle preoperatively.
· The presence of peripheral vitreoretinal tractions and retinal tears are also a contraindication, due to the risk of iatrogenic retinal detachment after intravitreal gas application. For this reason, a detailed preoperative examination of the retinal periphery is required.
· Injection of gas in the vitreous cavity always leads to an increase in the values of intraocular pressure. Therefore, it is mandatory to give the patients a tablet of acetazolamide 250 mg 2 hours before the pars plana application, regardless of the value of the intraocular pressure.
· The pupil is dilated with topical tropicamide 1% to enable direct intraoperative observation of the formation of the gas bubble in the vitreous cavity.
· After these steps are performed, the patient is referred to the operating theater.

The injection of the expanding gas in the eye of the patient requires a certain algorithm:
· Double application of topical anesthetic in the conjunctival sac.
· The eyelids should be cleaned three times with 10% solution of povidone iodide.
· A sterile drape is used to cover the cleaned and dried eyelids.
· An eyelid speculum is put in place.
· Topical anesthetic is instilled again.
· The conjunctival sac is filled with 5% solution of povidone iodide for 90 seconds to achieve full effect of disinfection.
· Lavage of the conjunctival sac with balanced saline solution (BSS) is performed.
· Caliper is used to measure 4 mm from the limbus in phakic eyes and 3.5 mm in pseudophakic ones in the lower temporal quadrant.
· Gas is injected in the marked area 0.2 cc SF6 with a 27Ga needle perpendicular to the sclera.
· Antibiotic drops are applied and a sterile eyepatch is placed.
· Two hours after the gas application, the eyepatch is removed and tonometry is performed. In case of increased intraocular pressure ​​a second tablet of acetazolamide 250 mg is given and a topical carbonic anhydrase inhibitor, β-blocker, or a combination of both is prescribed.
· The patient receives topical antibiotic eye drops for 8 days.

The applied dose of SF6 gas expands up to 2 times and then is slowly absorbed within 6–8 days. The positioning of the patient’s head is extremely important during this period. The patient needs to alternate between face down and sitting positions in order to keep the gas bubble in the vitreous cavity moving. This helps the mechanical release of the traction of the posterior hyaloid to the macula, which leads to complete anatomical and functional recovery.
We performed a prospective study of 4 eyes of four patients with VMT syndrome who had received a single 27G-pars plana intravitreal application of 0.2 cc of 100% SF6 with topical anesthesia under sterile conditions in the operating theater. The standard needle size for intravitreal injections is 30 Ga. The reason we chose 27 Ga is because it allows formation of single gas bubble, while the smaller needle lumen produces multiple bubbles, which would violate the concept of pneumatic vitreolysis on the macular area.
Patients were followed up 2 hours, 10 days, 1 and 2 months after the gas application because of the risk of increased intraocular pressure, peripheral vitreoretinal traction, retinal tears, and subsequent retinal detachment. We did not observe any complications.
After the procedure, each patient received antibiotic eye drops and alternated between face down and up position for 8 days, until the gas was fully absorbed. The results after the treatment were monitored by OCT, ophthalmoscopy, visual acuity examination, and measurement of intraocular pressure.

RESULTS
The patients we followed and treated had two types of vitreomacular tractions. In the first group the posterior hyaloid was densely adherent on a broad base on the macular surface which induced diffuse thickening of the retina in the entire macular zone, and flattening of the foveal contour on OCT (Fig. 1a, Fig. 2a). The second group of patients had focal foveal traction with cystoid macular edema and impending macular hole (Fig. 3a, Fig. 4a).

Fig. 1. a. Before SF6 application—vitreomacular adhesion on a broad base; b. After the application—no therapeutic effect.
Fig. 2. a. Before SF6 application—dense adherent traction on a broad base; b. After the application—no therapeutic effect.
Fig. 3. a. Before SF6 application—vitreomacular traction with impending macular hole 542 μm (BCVA 0.04); b. Two months after the application—released traction and closed macular hole. Residual small intraretinal cysts and hypertrophy of the pigment epithelium can be seen (BCVA 0.2).
Fig.4. a. Before SF6 application – focal vitreomacular traction (BCVA 0.3); b. A month after the application—released traction, residual intraretinal cyst (BCVA 0.5).
All patients received single pars plana 0.2 cc SF6 injection.
In two of the patients dense vitreomacular adhesion on broad surface was present. It was not affected by the gas application. The visual acuity remained the same and no change in the subjective complaint of metamorphopsia was detected (Fig. 1a, Fig. 1b, Fig. 2a, Fig. 2b). 
The other two patients had evident cystoid macular edema and impending macular holes. In both cases the traction was released and the edema was significantly reduced after the treatment. A month after the application we noted an improvement in visual acuity of 2 lines in both patients with a decrease in subjective complaints of metamorphopsia and blurred vision (Fig.3a, Fig. 3b, Fig. 4a, Fig. 4b). 

DISCUSSION
The classic method of treating VMT and epimacular gliosis is pars plana vitrectomy with peeling of the gliosis and internal limiting membrane (8). However, some important circumstances should be considered:
· Highly specialized and expensive equipment is required.
· The surgery needs to be performed by a qualified surgeon with extensive experience, because the initial visual acuity is very often high.
· In each vitrectomy there is a risk of developing cataract, secondary glaucoma, retinal detachment, or intraocular infection. This risk should be considered and justified.
A minimally invasive approach is preferable whenever possible, and vitrectomy remains the last choice of treatment, no matter how good the results (9).
Intravitreal application of ocriplasmin is another therapeutic option.
Ocriplasmin is a recombinant proteolytic enzyme that breaks down fibronectin and laminin, which bind the vitreous to the macula, and thus forces them to separate. The drug is approved by the European Medicines Agency for the treatment of vitreomacular traction syndrome, however, in Bulgaria it is difficult to obtain and very expensive. It should also be considered that studies have shown success in 30–40% of the cases; the rest of the patients need vitrectomy with peeling despite the administered medication (10,11).
Pneumatic vitreolysis with expanding gas is proven as an effective and easy alternative with excellent results in small macular holes and incomplete posterior vitreous detachment (12). The intravitreal application of gas or air carries the risk of transient increase in intraocular pressure, intraocular infection, cataract formation or peripheral retinal tears, and subsequent rhegmatogenous retinal detachment, in case of undiagnosed peripheral vitreoretinal tractions.
There are different types of gas that can be used. It is possible to inject air that does not expand and is absorbed in less than a week. Sulfur hexafluoride (SF6) doubles in volume and can stay in the eye for up to 10–12 days, depending on the amount applied (13). In our group of patients, we injected 0.2 cc, which is a small amount. We observed resorption within a period of 6–8 days. The intraocular pressure was measured 2 hours after application and none of the patients required additional therapy.
Long-acting perfluoropropane (C3F8) expands four times and stays in the eye for more than a month (14). There is evidence that the use of long-acting gases has better functional results but short-acting gases have their advantages such as lower risk of cataract formation, lower risk of increased intraocular pressure and shorter persistence of the gas scotoma (15).
In our two groups of patients, we observed two types of vitreomacular adhesions with traction. In the first group, the posterior hyaloid was adherent to a broad base and caused diffuse retinal thickening throughout the macular area with flattening of the foveal contour, while in the second group of patients there was a focal foveal traction with cystoid macular edema and impending macular hole. As mentioned above, all patients were diagnosed and followed up by the use of OCT.
Our results revealed no effect of pneumatic vitreolysis in eyes with adhesion on a broad base. An explanation for this result can be found in the short-term pneumatic force which acts within only a week. If the area of ​​adhesion is too broad, it is difficult to achieve separation for such a short period of time.
On the other hand, vitreomacular traction on a smaller area, which affects only the fovea, has an excellent outcome. It turns out that the mechanical pressure acting on the vitreal fibers from the formed gas bubble in the area of ​​the fovea is sufficient to separate them and thus avoid an extensive surgery.

CONSLUSION
Pneumatic vitreolysis with expanding gas has very good results in the treatment of VMT syndrome localized in the fovea and the accompanying morphological changes such as cystoid macular edema and small macular holes. The procedure is easy to perform, affordable, safe, and an effective alternative to the more invasive pars plan vitrectomy, which is used as a last resort in cases of large macular holes and dense epiretinal membranes.
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