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Thejourney of vitreoretinal surgery started with Machemer and Parel’s pioneering
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introduction of pars plana vitrectomy (PPV) in 1970. As with any disruptive technolo-

Conflict of interest: while overcoming practical barriers such as high cost, learning curves, and surgeons’
no conflict of interest. preference for established techniques.
For more than three decades, 20-gauge PPV remained the surgical mainstay. Early
in the 21st century, the advent of transconjunctival 23-gauge systems reduced sur-
Coprantceozs gery-related trauma, shortened operating time, lowered the risk of iatrogenic retinal
breaks, and promoted faster wound healing without sacrificing efficiency.®

Subsequent 25- and 27-gauge systems were introduced, but early probes were
compromised by slower cut rates and reduced flow. Progressive increases in cut rates
- now reaching 30,000 cuts per minute - have positioned the 25-gauge system as the
platform preferred by most surgeons.

Vital dyes have become indispensable in modern chromovitrectomy because they
turn transparent tissues into visible surgical targets. Brilliant blue G (BBG) remains
the first-line dye used for internal limiting membrane (ILM) peeling thanks to its
high affinity and favorable safety record,” whereas preservative-free triamcinolone
acetonide is still the workhorse for highlighting the posterior hyaloid.® Combination
preparations containing BBG and trypan blue also have improved staining of the ILM
and epiretinal membranes. 9

Two recent Brazilian contributions deserve to be mentioned: the addition of sol-
uble lutein-zeaxanthin crystals to BBG,") now commercially available in Brazil, and
the dye extracted from acai (Euterpe oleracea), which remains under experimental in-
vestigation.™

The advent of three-dimensional (3D) heads-up surgery and real-time intraoper-
ative optical coherence tomography (OCT) has set new standards for surgical preci-
sion. These systems provide unparalleled visualization, enabling surgeons to make
real-time decisions based on live data."** In Brazil, two heads-up platforms are cur-
rently marketed: Alcon Ngenuity® and Carl Zeiss Artevo 800.
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Emerging platforms include the Bausch & Lomb SeeLuma™ heads-up system, which integrates the Heidelberg OCT
technology. The Beyeonics One exoscope from Israel goes a step further, replacing the traditional tower and monitor with
alightweight augmented-reality headset and eliminating the need for external 3D monitors.*

Gene therapy represents a major milestone in the treatment of inherited retinal diseases. Voretigene nepar-
vovec-rzyl (Luxturna® Novartis), targeting RPE65-mutated retinal dystrophies, is the first ocular gene therapy ap-
proved by the US Food and Drug Administration (FDA).'¥ Brazilian groups have already treated patients with this ther-
apy, demonstrating both its feasibility and associated challenges.® Numerous clinical trials are currently underway
for a variety of retinal conditions, including degenerative macular diseases such as wet age-related macular degen-
eration, which have a promising therapeutic frontier, although high costs and complex technical-logistical demands
remain major barriers.

In addition, therapies using embryonic stem-cell-derived retinal pigment epithelium cells show encouraging poten-
tial for visual improvement in dystrophic and degenerative diseases."”

Although current anti-vascular endothelial growth factors agents and corticosteroids have greatly improved the man-
agement of many retinal disorders, the substantial treatment burden underscores the need for longer lasting, more effi-
cient therapies. Multiple studies are investigating implants and/or sustained-release systems, such as the Port Delivery
System (Susvimo, Genentech), a refillable ranibizumab reservoir, to reduce injection frequency and enhance adherence
and efficacy. The remaining challenges include the implant size, leakage rates, infection risk, and refill difficulties; how-
ever, phase 3 results have been encouraging."* This approach is likely to gain prominence in the coming years and may
be incorporated into routine clinical practice.

Surgical simulators have advanced significantly in recent years, allowing for frequent use in training and enabling a
better understanding of surgical techniques. Platforms, such as EYESi (VRmagic, Mannheim, Germany), allow residents
and fellows to practice complex maneuvers in a controlled, repeatable, and risk-free setting, improving both dexterity
and decision-making.”® Beyond technical skill acquisition, these simulators enable researchers to evaluate how external
factors - such as caffeine intake, alcohol consumption, tremor, sleep deprivation, and even pharmacologic modulation
- affect surgical performance.”#) Such insights would be ethically and logistically unfeasible to obtain in real-life op-
erating rooms. As a result, virtual reality simulators not only enhance the preparation of new surgeons but also serve
as valuable tools for studying human performance and optimizing intraoperative behavior in ways that directly impact
patient outcomes. Their practicality and relevance continue to grow, and they are expected to become an increasingly
integral part of surgical training and research.

Despite noteworthy progress, several challenges persist. High equipment costs still restrict access to state-of-the-art
care, especially in resource-limited environments. Clinically, proliferative vitreoretinopathy and the absence of an ideal
vitreous substitute continue to challenge surgeons, while each new generation of instruments lengthens the learning
curve and demands ongoing investment in training.

Looking into the future, the field’s trajectory will be shaped by the convergence of artificial intelligence, surgical ro-
botics, personalized gene-based therapies, and next-generation imaging and vitrectomy platforms. These technologies
promise unprecedented precision and efficiency.

Vitreoretinal surgery now exists in a transformative era. Recent advances have expanded the range of treatable dis-
eases and elevated both anatomic and functional outcomes, ultimately improving patients’ quality of life. As the field
continues to evolve, ensuring the accessibility of these innovations is essential so that patients worldwide can benefit
from the remarkable progress achieved. Through sustained research, cross-disciplinary collaboration, and a commit-
ment to global equity, the future of vitreoretinal surgery can be as inclusive as it is extraordinary.
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