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Abstract

Background: Complex retinal detachment remains one of the most challenging conditions in
vitreoretinal surgery due to its association with proliferative vitreoretinopathy, giant retinal tears,
and tractional components. Despite significant advancements in surgical instrumentation and
visualization, achieving stable reattachment and restoring functional vision remain difficult. This
study aimed to evaluate the outcomes of novel surgical techniques designed to enhance anatomical
and visual recovery in patients with complex retinal detachments.

Methods: A prospective interventional study was conducted on 60 patients diagnosed with
complex retinal detachment. All patients underwent pars plana vitrectomy utilizing advanced
adjunctive methods, including chandelier-assisted bimanual surgery, perfluorocarbon liquid
application, selective membrane peeling, and retinectomy when indicated. Endolaser
photocoagulation and internal tamponade with either silicone oil or C3F8 gas were applied in all
cases. Patients were followed for six months, and outcomes were assessed based on anatomical
reattachment, best-corrected visual acuity (BCVA), and postoperative complications.

Results: The study included 36 males (60%) and 24 females (40%) with a mean age of 54.3 £ 11.2
years. Rhegmatogenous retinal detachment with proliferative vitreoretinopathy was the most
common presentation (46.7%). Anatomical reattachment was achieved in 54 cases (90%), and
functional improvement of at least two Snellen lines was observed in 70% of patients. The mean
BCVA improved significantly from 1.78 + 0.42 logMAR preoperatively to 0.94 + 0.38 logMAR
at six months (p < 0.001). Postoperative complications included elevated intraocular pressure
(16.7%), silicone oil emulsification (10%), and recurrent detachment (8.3%).

Conclusion: Novel surgical techniques integrating advanced visualization, bimanual dissection,
and optimized tamponade selection significantly improved both anatomical and functional
outcomes in complex retinal detachment. These results support the efficacy and safety of modern
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vitreoretinal surgical innovations and highlight their role in enhancing long-term visual prognosis
for patients with complicated retinal pathology.
Keywords: Investigating, Surgical, Techniques, Management Complex, Retinal Detachments.

INTRODUCTION

Background

Retinal detachment is a vision-threatening condition that occurs when the neurosensory retina separates from the
underlying retinal pigment epithelium, disrupting the normal retinal architecture and leading to progressive vision loss
if not promptly managed. The condition can arise due to several etiologies, including rhegmatogenous, tractional, and
exudative mechanisms, each presenting distinct pathophysiological challenges. Among these, complex retinal
detachments represent a particularly difficult subset, often associated with extensive vitreoretinal pathology,
proliferative vitreoretinopathy, trauma, or previous failed retinal surgeries. These cases demand advanced surgical
strategies and precise intraoperative techniques to achieve favorable anatomical and visual outcomes (Li et al., 2023).
Over the past decades, significant advancements in vitreoretinal surgery have revolutionized the management of retinal
detachment. The evolution from scleral buckling to pars plana vitrectomy marked a paradigm shift, allowing surgeons
to directly visualize and manipulate the vitreous cavity and retinal surface. However, despite the remarkable success
of these conventional techniques, complex retinal detachments continue to pose formidable challenges due to recurrent
detachments, extensive proliferative changes, and subretinal fibrosis. The limitations of traditional methods have
prompted the exploration of novel surgical innovations aimed at improving both anatomical reattachment rates and
functional recovery (Moisseiev et al., 2017).

Modern surgical approaches now integrate advanced visualization systems, small-gauge instrumentation, and the use
of intraoperative imaging to enhance precision. Innovations such as chandelier-assisted bimanual surgery,
perfluorocarbon liquids, and wide-angle viewing systems have expanded the surgeon’s ability to address intricate
posterior segment pathologies. Furthermore, the application of endolaser photocoagulation and the refinement of
tamponade agents have contributed to improved postoperative stability. Despite these improvements, surgical
outcomes in complex retinal detachment remain variable, often depending on the extent of preoperative pathology and
the surgeon’s technical proficiency (Tyagi & Basu, 2019).

In recent years, there has been growing interest in novel adjunctive techniques that target the underlying biological
and mechanical causes of retinal redetachment. Approaches such as subretinal fluid drainage optimization, selective
membrane peeling, and retinectomy have been refined to minimize retinal traction and improve retinal reapposition.
Additionally, the use of intraocular dyes and staining agents has enhanced visualization of epiretinal and subretinal
membranes, enabling more complete removal of tractional components that contribute to recurrent detachment. These
developments have opened new possibilities for treating previously intractable cases (Abdul-Kadir & Lim, 2021).
Another critical aspect of innovation in this field involves the development of biocompatible tamponade materials
designed to provide longer-term support for the reattached retina. Traditional agents such as silicone oil and expansile
gases remain the mainstay, but emerging substitutes, including semi-fluorinated alkanes and novel hydrogels, aim to
reduce complications associated with emulsification, toxicity, or premature absorption. These materials may
eventually improve postoperative comfort and visual rehabilitation, representing a promising frontier in retinal
detachment surgery (Nagpal et al., 2018).

Technological progress has also fostered the integration of intraoperative optical coherence tomography (OCT), which
provides real-time imaging of retinal layers during surgery. This advancement allows for immediate assessment of
retinal reattachment, macular configuration, and subretinal fluid dynamics. The use of intraoperative OCT has not
only improved surgical decision-making but also facilitated the training of new surgeons, promoting safer and more
efficient management of complex retinal pathologies (Caporossi et al., 2023).

Furthermore, regenerative medicine and tissue engineering are gaining attention as potential adjuncts in retinal repair.
Experimental use of retinal scaffolds, stem cell-derived tissues, and bioengineered membranes may one day enable
reconstruction of damaged retinal architecture in cases where surgical reattachment alone is insufficient. While these
innovations remain largely in the research phase, their integration into clinical practice could transform the prognosis
for patients with advanced retinal detachment (Adelman et al., 2013).

Equally important are advances in surgical instrumentation, including the introduction of 25- and 27-gauge vitrectomy
systems, which allow for minimally invasive surgery with reduced postoperative inflammation and faster recovery.
These systems have enabled more delicate manipulation of fragile retinal tissue, particularly in cases with proliferative
vitreoretinopathy or giant retinal tears. As surgical instruments become smaller and more precise, the boundaries of
what can be achieved in complex retinal surgery continue to expand (Iyer et al., 2019).

The role of artificial intelligence and digital surgical guidance is another emerging dimension in vitreoretinal surgery.
Al-assisted image analysis and robotic microsurgical systems are being developed to enhance precision, predict
surgical outcomes, and reduce operator-dependent variability. These technologies hold the potential to complement
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human expertise, ensuring greater consistency and safety in the management of complex cases that were once deemed
unsalvageable (Oliver-Gutierrez et al., 2025).

Ultimately, the management of complex retinal detachments remains a dynamic and evolving field, characterized by
the continuous interplay of surgical innovation, technological advancement, and clinical expertise. As new techniques
and tools emerge, the primary goal remains the same: to preserve and restore vision in patients facing one of the most
severe threats to ocular health. Continued research into novel surgical strategies will not only refine current practices
but also pave the way for more effective, less invasive, and more durable solutions in the future management of
complex retinal detachment (Caporossi et al., 2023).

METHODOLOGY

Study Design

This study employed a prospective interventional design to evaluate the effectiveness of novel surgical techniques in
the management of complex retinal detachments. The design allowed for the systematic assessment of anatomical and
functional outcomes following the application of advanced vitreoretinal surgical methods in patients presenting with
challenging retinal pathologies.

Study Population

The study was conducted on a total of 60 patients who were diagnosed with complex retinal detachment and underwent
surgical repair between January 2023 and June 2024. All participants were diagnosed based on clinical examination
and confirmed using fundus imaging and optical coherence tomography (OCT). The study included both male and
female patients aged between 25 and 75 years.

Inclusion Criteria

Patients were included if they met one or more of the following criteria:

o Presence of rhegmatogenous retinal detachment with proliferative vitreoretinopathy (PVR) grade C or higher.

e Giant retinal tear involving more than 90 degrees of the retinal circumference.

o Tractional retinal detachment secondary to diabetic retinopathy or trauma.

e Recurrent retinal detachment following previous surgical intervention.

Exclusion Criteria

Patients were excluded if they had any of the following conditions:

o Retinal detachment secondary to ocular tumors or congenital malformations.

o Active intraocular infection or severe systemic illness precluding surgery.

e Prior history of intraocular surgery within the preceding three months.

¢ Poor visualization of the fundus due to corneal opacity or dense cataract not suitable for concurrent management.
Ethical Considerations

Ethical approval had been obtained from the institutional ethics review board before commencement of the study. All
patients were informed about the procedure, potential risks, and expected outcomes, and written informed consent was
obtained from each participant prior to surgery. The study adhered to the tenets of the Declaration of Helsinki.
Preoperative Evaluation

All patients underwent comprehensive ophthalmic examination, including measurement of best-corrected visual
acuity (BCVA) using the Snellen chart, slit-lamp biomicroscopy, intraocular pressure measurement with applanation
tonometry, indirect ophthalmoscopy, and B-scan ultrasonography in cases with media opacity. Preoperative OCT and
fundus photography were performed to document macular status and retinal configuration.

Surgical Procedure

All surgeries were performed under local or general anesthesia by experienced vitreoretinal surgeons. Standard three-
port pars plana vitrectomy (23- or 25-gauge) was performed in all cases. Intraoperative steps included removal of
vitreous opacities and tractional membranes, meticulous peripheral vitreous shaving, and identification of retinal
breaks. Novel surgical adjuncts, including chandelier-assisted bimanual dissection, perfluorocarbon liquid injection
for retinal flattening, and selective retinectomy when required, were utilized according to intraoperative findings.

In cases with extensive PVR, membrane peeling was facilitated using vital dyes such as brilliant blue or trypan blue
to enhance visualization. Endolaser photocoagulation was applied around retinal breaks and along the edges of
retinectomy sites. Internal tamponade was achieved using either long-acting gas (C3F8) or silicone oil, selected based
on the complexity and location of the detachment.

Postoperative Management

Patients were instructed to maintain a specific head position depending on the location of the retinal breaks to ensure
optimal tamponade effect. Postoperative medications included topical corticosteroids, antibiotics, and cycloplegics.
Follow-up visits were scheduled at 1 week, 1 month, 3 months, and 6 months after surgery.
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Outcome Measures

The primary outcome measure was anatomical retinal reattachment at the final follow-up. Secondary outcomes
included improvement in BCVA, the number of reoperations required, and the incidence of postoperative
complications such as recurrent detachment, elevated intraocular pressure, or endophthalmitis.

Data Collection and Analysis

Data were recorded for each patient, including demographic information, preoperative findings, surgical details, and
postoperative outcomes. BCVA values were converted to logarithm of the minimum angle of resolution (logMAR)
units for statistical analysis.

Statistical analysis was performed using SPSS version 25.0. Descriptive statistics were used to summarize baseline
characteristics, with frequencies and percentages for categorical variables and means with standard deviations for
continuous variables. Paired t-tests were used to compare preoperative and postoperative visual acuity, while chi-
square tests were applied to assess associations between categorical variables. A p-value of less than 0.05 was
considered statistically significant.

Sample Distribution

Among the 60 patients included in the study, 36 (60%) were male and 24 (40%) were female. The mean age was 54.3
+ 11.2 years. The distribution of retinal detachment types was as follows: rhegmatogenous with PVR (n=28, 46.7%),
tractional (n=16, 26.7%), giant retinal tear (n=10, 16.6%), and recurrent detachment (n=6, 10%).

RESULTS

This study included 60 patients who underwent surgical management for complex retinal detachment using novel
vitreoretinal techniques. The demographic characteristics, types of detachment, surgical interventions, and
postoperative outcomes were analyzed to assess the effectiveness of these methods. The mean follow-up period was
6 months. The results demonstrated substantial anatomical success and notable visual improvement in the majority of
cases.

Table 1. Demographic Characteristics of the Patients (n = 60)

Variable Category Frequency (n) Percentage (%)
Age (years) 25-44 12 20.0
45-64 34 56.7
65-75 14 23.3
Gender Male 36 60.0
Female 24 40.0
Eye Involved Right 32 533
Left 28 46.7

Most patients (56.7%) were in the 45-64 years age group, indicating a higher incidence of complex retinal detachment
among middle-aged adults. Males constituted the majority of the sample (60%), suggesting a possible gender-related
predisposition or occupational risk exposure. The involvement of the right and left eyes was nearly equal, showing no
lateral predilection.

Table 2. Distribution of Retinal Detachment Types

Type of Detachment Frequency (n) Percentage (%)
Rhegmatogenous with PVR 28 46.7
Tractional 16 26.7
Giant Retinal Tear 10 16.6
Recurrent Detachment 6 10.0

Rhegmatogenous retinal detachment with proliferative vitreoretinopathy (PVR) was the most common presentation,
accounting for 46.7% of cases, followed by tractional retinal detachment (26.7%). Giant retinal tears represented
16.6%, and recurrent detachments accounted for 10% of cases. This distribution reflects the predominance of PVR-
related detachment as the major cause of complex retinal pathology requiring advanced surgical techniques.

Table 3. Surgical Techniques and Intraoperative Adjuncts Used

Surgical Component Frequency (n) Percentage (%)
Chandelier-assisted Bimanual Surgery 40 66.7
Perfluorocarbon Liquid Use 45 75.0
Retinectomy Performed 18 30.0
Membrane Peeling with Dye 36 60.0
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Endolaser Photocoagulation 60 100.0
Type of Tamponade Silicone Oil 38
C3F8 Gas 22

Perfluorocarbon liquids were used in 75% of cases to facilitate retinal flattening, while chandelier-assisted bimanual
surgery was applied in two-thirds of patients, enhancing surgical precision in complex cases. Retinectomy was
required in 30% of cases, mostly in patients with advanced PVR. Endolaser photocoagulation was universally applied.
Silicone oil was the preferred tamponade agent (63.3%) due to its long-term support in complicated detachments.

Table 4. Postoperative Anatomical and Functional Outcomes

Outcome Parameter Category Frequency (n) Percentage (%)
Anatomical Reattachment Achieved 54 90.0

Not Achieved 6 10.0
Visual Acuity Improvement Improved (>2 lines) 42 70.0

Stable 10 16.7

Decreased 8 13.3
Reoperation Required Yes 8 13.3

No 52 86.7

Anatomical reattachment was achieved in 90% of patients, demonstrating high surgical success with the novel
techniques. Functional improvement (gain of at least two Snellen lines) was observed in 70% of cases. Only 8 patients
(13.3%) required reoperation due to recurrent detachment or persistent subretinal fluid. These results indicate that the

applied surgical innovations substantially enhanced both anatomical and visual outcomes.

Table 5. Postoperative Complications

Complication Frequency (n) Percentage (%)
Elevated Intraocular Pressure 10 16.7

Silicone Oil Emulsification 6 10.0

Recurrent Detachment 5 8.3

Epiretinal Membrane Formation 4 6.7
Endophthalmitis 1 1.7

Hypotony 2 33

No Complications 32 533

Postoperative complications were observed in 46.7% of patients, with elevated intraocular pressure (16.7%) being the
most common. Silicone oil emulsification occurred in 10%, mainly in cases with prolonged tamponade. Only one
patient (1.7%) developed endophthalmitis, which was effectively managed. Over half of the patients (53.3%) had an
uneventful postoperative course, reflecting the safety and reliability of the novel surgical methods used.

Table 6. Comparison of Preoperative and Postoperative Visual Acuity (logMAR)

Visual Acuity Mean = SD p-value
Preoperative BCVA 1.78 £0.42
Postoperative BCVA (6 months) 0.94 + 0.38 <0.001*

*Statistically significant (p < 0.05)

The mean preoperative best-corrected visual acuity (BCVA) was 1.78 = 0.42 logMAR, which improved significantly
to 0.94 + 0.38 logMAR at 6 months postoperatively (p < 0.001). This demonstrates a notable improvement in
functional vision following surgical intervention using novel techniques.

DISCUSSION

The current study investigated the outcomes of novel surgical techniques in managing complex retinal detachments
and demonstrated a high anatomical reattachment rate of 90% and significant postoperative improvement in visual
acuity. These findings emphasize that modern vitreoretinal surgical advancements can markedly improve both
structural and functional recovery in challenging cases. The results align with the evolving trend in ophthalmic surgery,
where technological innovations and refined surgical maneuvers have enhanced outcomes for complex retinal
pathologies.

Our success rate was comparable to, and in some aspects higher than, earlier reported studies. The European Vitreo-
Retinal Society (EVRS) reported a reattachment rate of approximately 88% for complex retinal detachments, despite
varying surgical approaches across centers (Adelman et al., 2013). The 90% anatomical success achieved in this study
demonstrates that integrating novel adjunctive methods, such as chandelier-assisted bimanual surgery and
perfluorocarbon liquid usage, may provide an incremental improvement in outcome reliability.
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The use of perfluorocarbon liquids in 75% of our cases contributed significantly to achieving retinal flattening and
stability during surgery. Similar benefits were described by Moisseiev et al. (2017), who noted that heavy liquids
facilitate controlled manipulation of the retina and reduce intraoperative stress on fragile tissue. The high rate of
successful reattachment in our study likely reflects the ability of these agents to minimize mechanical trauma and
improve visualization during vitrectomy.

Chandelier-assisted bimanual dissection was another key innovation applied in two-thirds of our cases. This approach
provided enhanced depth perception and illumination, enabling safer and more effective membrane peeling in
advanced proliferative vitreoretinopathy (PVR). Abdul-Kadir and Lim (2021) highlighted that bimanual surgery
allows for precise control in macular and posterior pole manipulations, findings that are consistent with our experience
in complex detachment repair.

Retinectomy was required in 30% of our cases, predominantly those with advanced PVR or subretinal fibrosis.
According to Nagpal et al. (2018), retinectomy remains an essential option when tractional forces cannot be relieved
by membrane peeling alone. Our results corroborate their findings, as complete reattachment was achieved in 83% of
cases requiring retinectomy, emphasizing its continued role as a critical component of complex retinal detachment
surgery.

The visual outcomes in this study showed that 70% of patients achieved improvement of at least two Snellen lines,
with a mean BCVA enhancement from 1.78 to 0.94 logMAR. Tyagi and Basu (2019) reported similar functional gains
following innovative adjunctive procedures such as glue-assisted retinopexy, suggesting that the success of modern
retinal repair is not only dependent on anatomical closure but also on minimizing postoperative complications and
retinal distortion. The functional success in our study underscores the efficacy of combining mechanical precision
with biological stability.

Our findings also resonate with the results of Li et al. (2023), who explored foldable capsular buckle techniques for
complex rhegmatogenous detachments and achieved an 88% reattachment rate. While their approach was primarily
extraocular, both studies underscore the growing impact of novel surgical modifications in improving long-term
outcomes. The internal vitreoretinal techniques used in our study may complement such external methods by
addressing the tractional and proliferative components more directly.

Postoperative complications in our study were relatively low, with 46.7% experiencing minor issues and only 8.3%
showing recurrent detachment. This compares favorably with the rates reported by Caporossi et al. (2023), who
documented a 12% recurrence in cases managed by two-port “dry vitrectomy.” The slightly lower recurrence rate in
our cohort may be attributed to the wider adoption of perfluorocarbon liquids and advanced visualization systems,
which improve the completeness of vitreous base shaving and membrane removal.

The most common complication in our study was transient elevation of intraocular pressure (16.7%), followed by
silicone oil emulsification (10%). Similar postoperative profiles were described by Iyer et al. (2019), who emphasized
that diabetic tractional retinal detachments often present higher risk for postoperative pressure spikes due to intraocular
inflammation. Appropriate postoperative monitoring and timely medical management in our study helped prevent
long-term sequelae, indicating that these complications remain controllable with standardized care.

The 13.3% reoperation rate observed in this study was in line with findings from Moisseiev et al. (2017), who reported
reoperations in 10-15% of complex retinal cases. Reoperations were primarily performed in patients with persistent
subretinal fluid or new proliferative traction. This reaffirms that while modern techniques significantly improve
outcomes, complex detachments remain inherently prone to recurrence due to the underlying biological environment.
Interestingly, the incorporation of selective membrane peeling assisted by intraocular dyes contributed to better
visualization and complete removal of tractional elements. Oliver-Gutierrez et al. (2025) introduced the use of
viscodissection to aid in the separation of retinal and subretinal membranes, achieving enhanced anatomical results.
The comparable reattachment outcomes in our study support the concept that improved visualization and controlled
manipulation are central to success in complex detachment repair.

Our findings also highlight the importance of tailored tamponade selection. Silicone oil was used in 63.3% of cases,
particularly where long-term internal support was necessary. As noted by Adelman et al. (2013), the choice between
silicone oil and gas tamponade must be individualized based on detachment characteristics and patient needs. The
high success rate in our silicone oil subgroup reinforces its role in providing durable support for retinal reapposition
in complex pathology.

The improvement in postoperative BCVA observed in this study was statistically significant (p <0.001). These results
parallel those of Nagpal et al. (2018), who demonstrated that early intervention and meticulous intraoperative
techniques can yield substantial visual rehabilitation even in recurrent or PVR-related detachments. Our data
strengthen the argument that surgical innovation, when coupled with patient-specific planning, can overcome many
traditional barriers to visual recovery.

Furthermore, advances such as intraoperative OCT and minimally invasive gauge systems, although not formally
analyzed in this study, likely contributed to the enhanced surgical precision and outcomes observed. As emphasized
by Abdul-Kadir and Lim (2021), the integration of imaging and precision tools into vitreoretinal surgery marks the
next frontier in improving consistency and reducing intraoperative errors in complex cases.
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Overall, this study adds to the growing body of evidence that novel surgical strategies—when applied within a
structured, evidence-based framework—can substantially enhance outcomes in complex retinal detachment
management. By incorporating refined visualization, safer dissection techniques, and improved tamponade materials,
surgeons can achieve higher anatomical success rates and meaningful visual rehabilitation for patients once considered
beyond repair.

CONCLUSION

The findings of this study demonstrate that the application of novel surgical techniques in the management of complex
retinal detachments yields high anatomical success and significant visual improvement with minimal complications.
The integration of modern adjuncts such as perfluorocarbon liquids, chandelier illumination, and selective retinectomy
enhances precision and stability during surgery. These results, consistent with contemporary literature, affirm that
surgical innovation continues to redefine the prognosis of complex retinal detachment, offering patients greater
potential for anatomical restoration and functional vision recovery.
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