Pneumatic Vitreolysis in the Treatment of Vitreomacular Traction Syndrome: a Comparison of Pneumatic Vitreolysis and Combined Pneumatic Vitreolysis with Simultaneous Cataract Surgery
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ABSTRACT
Introduction: Vitreomacular traction (VMT) syndrome is characterized by an incomplete posterior vitreous detachment and the occurrence of subsequent anterior-posterior traction in the macular region, leading to morphological and functional changes.
Aim: The aim of the study is to analyze the results in the treatment of phakic eyes with vitreomacular traction syndrome by two methods: application of pneumatic vitreolysis and a combined approach—cataract extraction (phacoemulsification and intraocular lens implantation) together with pneumatic vitreolysis simultaneously.
Materials and Methods: A total of 12 patients (13 eyes) with vitreomacular traction syndrome, aged 59 to 87 years (mean 70.5 ± 8.4 years), divided into two groups were included:
Group 1 (10 eyes): Patients without accompanying cataract or with cataract at an early stage of development, who underwent a single 27G-pars plana intravitreal application of 0.2cc 100% sulfur hexafluoride (SF6).
Group 2 (3 eyes): Patients with accompanying cataract who underwent phacoemulsification with intraocular lens implantation and 27G-pars plana intravitreal application of 0.2cc 100% sulfur hexafluoride (SF6).
Results: We observed a mean success rate of pneumatic vitreolysis of 69.2% in all treated patients (70% for Group 1, 66.7% for Group 2).
Conclusion: Pneumatic vitreolysis with expanding gas has very good results in the treatment of foveallocalized vitreomacular traction syndrome. Given the age of patients suffering from this disease and the likelihood of concomitant cataracts, the possibility of combining pneumatic vitreolysis with cataract surgery should be considered in the treatment plan. One-step application saves time and results in faster visual recovery and greater patient satisfaction.
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INTRODUCTION
Vitreomacular traction (VMT) syndrome is characterized by an incomplete posterior vitreous detachment and the occurrence of subsequent anterior-posterior traction in the macular region, leading to morphological and functional changes (1). The following findings can 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). When the detachment of the vitreous body changes from incomplete to complete, spontaneous release of traction and detachment of the epiretinal membrane together with the posterior hyaloid is possible. In such cases, the macular edema may resolve, or a macular hole may form (3). In cases of traction with extensive adhesion and pronounced epiretinal membrane, the most effective treatment is pars plana vitrectomy with peeling of epiretinal gliosis and internal limiting membrane (4). An alternative is pharmacological vitreolysis with ocriplasmin, which is expensive and not always effective (5). The easiest known method, introduced in 1995 by Chan (6), 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 (grade 1–2) and recovery of the foveal contour on optical coherence tomography (OCT). The method is most effective for small-area tractions without the presence of an epiretinal membrane. As with any intravitreal injection, complications such as lens subluxation, iatrogenic cataract formation, transient vision loss, or retinal tear formation and retinal detachment are possible. In recent years, with the popularization of OCT, there has been a growing interest in this therapeutic approach with its main advantages being the low cost and minimal invasiveness (7,8). Cataract extraction leads to more rapid progression of posterior vitreous detachment. In eyes with VMT, performing phacoemulsification carries a significant risk of macular hole formation. Combining cataract surgery with simultaneous pneumatic vitreolysis ensures safe separation of the posterior hyaloid and recovery of the foveolar contour after resorption of the gas.
AIM
The aim of the study is to analyze the results in the treatment of phakic eyes with VMT syndrome by two methods: application of pneumatic vitreolysis and a combined approach—cataract extraction (phacoemulsification and intraocular lens implantation) together with pneumatic vitreolysis simultaneously.
MATERIALS AND METHODS
Patients were divided into two groups:
Group 1 (10 eyes): Patients without accompanying cataract or with cataract at an early stage of development, who underwent a single 27G-pars plana intravitreal application of 0.2cc 100% sulfur hexafluoride (SF6) with local anesthesia under sterile conditions in the operating theatre.
Group 2 (3 eyes): Patients with accompanying cataract who underwent phacoemulsification with intraocular lens implantation and 27G-pars plana intravitreal application of 0.2cc 100% sulfur hexafluoride (SF6) with local anesthesia under sterile conditions in the operating theatre.
Before the application of expanding gas, a topical anesthetic was applied into the conjunctival sac. The eyelids were cleaned with a 10% povidone iodide solution, a sterile compress and an eyelid speculum were placed. The conjunctival sac was treated with a 5% povidone iodide solution, which was left on for 90 seconds. The conjunctival sac was flushed with balanced salt solution. Caliper was used to measure 3.5 mm from the limbus in pseudophakic eyes and 4 mm in phakic eyes in the lower temporal quadrant, and gas was injected in the marked area 0.2 cc SF6 with a 27Ga needle perpendicular to the sclera. Antibiotic eye drops were applied and a sterile eyepatch was placed.
Patients needed to alternate between face down and upright positions 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. All patients underwent a thorough examination of the retinal periphery with a Goldmann three mirror lens before starting treatment. The results after the treatment were followed up and documented by visual acuity testing (Snellen), ophthalmoscopy with 90D lens, and optical coherence angiography (Optovue AngioVue). Intraocular pressure was monitored 2 hours after gas application, as well as on day 2, 1 month, and 3 months after application.
Study exclusion criteria:
- presence of peripheral retinal degenerations or a history of retinal laser photocoagulation;
- presence of accompanying eye diseases—glaucoma and active eye inflammation;
- presence of accompanying systemic diseases - systemic diseases of the connective tissue, heart failure, lung diseases and others, which would compromise the mandatory post-operative regimen of head position.
RESULTS
A retrospective trial was conducted, involving 12 patients (13 eyes) with VMT traction syndrome, aged 59 to 87 years (mean 70.5 ± 8.4 years) with a significant female predominance (83.3%), treated and followed up in the period January 2022–August 2023.
In Group 1 (pneumatic vitreolysis), best-corrected visual acuity improved by an average of 2 lines 3 months after the procedure (Fig. 1). Optical coherence tomography showed recovery of the foveolar contour with the presence of small residual intraretinal cysts (Fig. 2). Due to proper positioning of the head during the period of gas resorption, none of the patients developed an iatrogenic cataract. In 3 of the patients (33.3%), traction was not completely released and complaints of metamorphopsia persisted.
Fig. 1. Group 1: Percentage of segmented visual acuity before and after treatment.
Fig. 2. Group 1: Resolution of VMT and closure of the macular hole. Residual intraretinal microcysts and hypertrophy of the pigment epithelium are seen. 2a. At baseline. 2b. 10 days post-treatment. 2c. 3 months post-treatment.
In Group 2 (combined cataract surgery with pneumatic vitreolysis), best-corrected visual acuity improved by an average of 5 lines (Fig. 3). Optical coherence tomography showed reduction of the macular edema and complete recovery of the retinal structure (Fig. 4). In one patient, resolution of the vitreoretinal traction was not achieved, but visual acuity improved to 0.7 postoperatively, which was not an indication for vitrectomy.
Fig. 3. Group 2: Percentage of segmented visual acuity before and after treatment.
Fig. 4. Group 2: Resolution of VMT with fully restored retinal layers. The posterior hyaloid is seen detached from the retinal surface. 4a. At baseline. 4b. 2 weeks post-treatment. 4c. 2 months post-treatment.
We observed a mean success rate of pneumatic vitreolysis of 69.2% in all treated patients (70% for Group 1, 66.7% for Group 2) (Fig. 5, Fig. 6). A reduction in the central foveolar thickness was reported in both groups (Fig. 7). We also monitored the changes in the blood supply of the macula before and after the treatment (Fig. 8, Fig. 9). Paired Sample T-test showed no statistically significant difference in vascular density of the superficial layer before and after treatment (p = 0.106).
Fig. 5. Success rate in the two groups.
Fig. 6. Comparison in the resolution of VMT between the two groups.
Fig. 7. Changes in the central macular thickness.
Fig. 8. Group 1: Angiographic changes.
Fig. 9. Group 2: Angiographic changes.
During the follow-up period, there were no intraocular pressure values above the accepted norm that could not be controlled with adequate local therapy.
DISCUSSION
Classical small-incision phacoemulsification with implantation of intraocular lens in the capsular bag is among the most popular and successful surgical procedures in ophthalmology, with the highest satisfaction rates for both the patient and the surgeon. In cataract surgery, we remove the relatively thick natural lens (4–5 mm) and replace it with an artificial intraocular implant (1 mm). This frees up volume and allows the vitreous to shift position and move forward. In up to 31% of cases, posterior vitreous detachment occurs by the first postoperative month (9). The presence of vitreoretinal traction in the area of the macula in itself is a relative contraindication for performing cataract surgery due to the risk of macular hole formation. Results of two studies have shown that uneventful phacoemulsification in eyes with VMT, and the presence of grade 2 and 3 macular hole leads to progression of the hole to grade 4 in the early postoperative period (10,11). Another study from 2011 describes the so-called cataract-associated acute VMT syndrome in eyes with preoperatively normal macular morphology (12).
Pneumatic vitreolysis is a simple and relatively safe procedure that is indicated in cases of VMTs with width of attachment no more than 600 microns and a macular thickness of up to 360 microns (13). 100% SF6 expands twice in the first 48 hours, then slowly resorbs within 6–14 days. In the first 48 hours, the risk of an increase in intraocular pressure is greatest, therefore it is recommended to monitor it during this period. Correct positioning of the patient’s head in the first days after gas application reduces the risk of contact of SF6 with the lens capsule and formation of an iatrogenic cataract. For comparison, in pars plana vitrectomy with gas tamponade, which is an alternative treatment, the risk of developing complicated cataract in patients over 50 years of age is 80% (14). There is evidence that the administration of a long-acting gas such as perfluoropropane (C3F8) leads to better functional results, but the advantage of the short-acting SF6 is that there is less risk of increased intraocular pressure, less risk of cataract formation, and shorter persistence of gas scotoma (15). Gas injection into the vitreous cavity has been shown fluorophotometrically to disrupt the blood-ocular barrier for the period of gas persistence. After its resorption, the blood-ocular barrier is quickly restored (16). Therefore, the use of short-acting gases or air is preferable. The alternative non-surgical treatment with ocriplasmin is more expensive and less effective. The success rate of pneumatic vitreolysis in the literature ranges from 60% to 100%, with macular hole closure in 50% to 80% of cases (17). In comparison, the results of INJECT—a large prospective observational study on the efficacy of ocriplasmin in VMT syndrome showed 40.7% resolution of traction and 36% closure of macular holes (18).
Currently, there is no published and discussed single-stage application of expanding gas and cataract extraction in eyes with VMT syndrome in the available literature.
CONCLUSION
Pneumatic vitreolysis with expanding gas has very good results in the treatment of foveally localized VMT syndrome and accompanying morphological changes such as cystoid macular edema and small macular holes. The procedure is easy to perform, affordable, safe and efficient alternative to the more invasive pars plana vitrectomy, which is applied as a last resort in cases with large macular holes and dense epiretinal membranes. Given the age of patients suffering from this disease and the likelihood of concomitant cataracts, the possibility of combining pneumatic vitreolysis with cataract surgery should be considered in the treatment plan. One-step application saves time and results in faster visual recovery and greater patient satisfaction.
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