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Abstract:

Purpose: To evaluate the incidence, mechanisms, and management of secondary glaucoma following vitreoretinal
(VR) surgeries.

Methods: Scleral buckling, pars plana vitrectomy (PPV), or intravitreal injections (silicone oil, gas tamponades,
steroids, anti-VEGF) were performed on 250 patients in this prospective observational study. Patients were
evaluated for secondary glaucoma for a year. Glaucoma incidence was the primary endpoint, while causes,
medical, and surgical therapy were secondary.

Results: 18.4% developed secondary glaucoma. The most common mechanisms were inflammation (38%),
pupillary obstruction (25%), trabecular meshwork injury (18%), and ischemia (19%). Most instances of IOP were
treated medically, although 39% required trabeculectomy and glaucoma drainage devices. Conjunctival scarring
reduced trabeculectomy success in scleral buckling patients.

Conclusions: Secondary glaucoma is a common complication after VR surgeries, with varying mechanisms
depending on the surgical procedure. Early detection and tailored management are crucial to prevent long-term
visual impairment. Surgical techniques and postoperative monitoring should be optimized to reduce the incidence
and impact of glaucoma.
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Introduction

A serious side effect of vitreoretinal (VR)
procedures, including scleral buckling, pars plana
vitrectomy (PPV), and intravitreal (IVT) injections
of silicone oil, gas tamponades, and steroids, is
secondary glaucoma [1]. The frequency of
secondary glaucoma has increased despite
improvements in surgical procedures, making it
difficult to control intraocular pressure (IOP) and
maintain visual function. Through a variety of

meshwork, which makes diagnosis and treatment
more difficult. A serious side effect of vitreoretinal
(VR) procedures, including as scleral buckling, pars
plana vitrectomy (PPV), and intravitreal (IVT)
injections of silicone oil, gas tamponades, and
steroids, is secondary glaucoma [5].

The frequency of secondary glaucoma has increased
despite improvements in surgical procedures,
making it difficult to control intraocular pressure

processes, such as inflammation, increased
intraocular volume, or mechanical obstruction of the
trabecular meshwork, vitreoretinal operations can
raise intraocular pressure (IOP) either immediately
or over time [2,3]. The use of IVT agents, such as
silicone oil and anti-vascular endothelial growth
factor (anti-VEGF) injections, and the presence of
episcleral hardware, such as in scleral buckling,
frequently make the problems worse [4]. These
procedures can cause neovascular glaucoma,
pupillary obstruction, and damage to the trabecular
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(IOP) and maintain visual function [6]. Through a
variety of processes, such as inflammation,
increased intraocular volume, or mechanical
obstruction of the trabecular meshwork, vitreoretinal
operations can raise intraocular pressure (IOP) either
immediately or over time [7,8]. The use of IVT
agents, such as silicone oil and anti-vascular
endothelial growth factor (anti-VEGF) injections,
and the presence of episcleral hardware, such as in
scleral buckling, frequently make the problems
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worse. These procedures can cause neovascular
glaucoma, pupillary obstruction, and damage to the
trabecular meshwork, which makes diagnosis and
treatment more difficult [9,10]

Materials and Methods

Study Design: This prospective, observational
cohort study at [Insert Institute Name] examined
secondary glaucoma after vitreoretinal (VR)
procedures and its causes, mechanisms, and
treatment. The Institutional Ethics Committee
approved the study, and all subjects gave informed
consent.

Study Duration:

The study was conducted over a period of one year,
from [Start Date] to [End Date].

Study Population:

The study included a total of 250 patients (n=250),
who underwent various vitreoretinal surgeries,
including scleral buckling, pars plana vitrectomy
(PPV), and intravitreal injections (silicone oil, gas
tamponades, steroids, and anti-VEGF injections)
during the study period. All patients were selected
based on the following inclusion and exclusion
criteria:

Inclusion Criteria:

e Patients who underwent scleral buckling, PPV,
or IVT injections (silicone oil, gas tamponades,
steroids, or anti-VEGF).

e Patients aged 18 years and above.

e Patients who were willing to comply with the
follow-up schedule.

Exclusion Criteria:

e Patients with a history of glaucoma prior to
surgery.

e Patients with other ocular diseases that could
interfere with the study outcomes.

e Patients who were lost to follow-up during the
study period.

Preoperative Evaluation:

All  patients underwent a comprehensive
preoperative evaluation, including:

e Ocular  examination: Visual  acuity
measurement, slit-lamp ~ biomicroscopy,
fundoscopy, and IOP measurement using
Goldmann applanation tonometry (GAT).

e Gonioscopy: To assess the anterior chamber
angle and determine any pre-existing angle
anomalies.

e  B-scan ultrasound (if necessary): To evaluate
retinal detachment and other vitreoretinal
pathologies.
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e OCT (Optical Coherence Tomography): To
evaluate the status of the optic nerve and retinal
structures.

Surgical Procedures:

Patients were divided into three groups based on the
type of VR surgery they underwent:

1. Scleral Buckling (Group 1): Surgery was
performed using a circumferential scleral
buckle to reattach the retina in cases of retinal
detachment.

2. Pars Plana Vitrectomy (Group 2): A 23- or
25-gauge vitrectomy was performed for retinal
detachment, macular hole repair, or diabetic
retinopathy.

3. Intravitreal Injections (Group 3): This group
received either silicone oil, gas tamponades,
IVT steroids, or anti-VEGF agents as part of
their management for retinal conditions.

All surgeries were performed by experienced
vitreoretinal surgeons using standard sterile
techniques.

Postoperative Evaluation:

Postoperative evaluations were performed at the
following intervals:

e Day 1: Comprehensive ocular examination,
including visual acuity, IOP measurement using
GAT, slit-lamp ~ biomicroscopy, and
fundoscopy.

e  Week 1 and Week 2: Follow-up assessments to
monitor [OP, assess healing, and detect any
complications such as inflammation or
infection.

e 3 months, 6 months, and 12 months: Long-
term follow-up visits to monitor for the
development of secondary glaucoma, assess
IOP, visual acuity, and optic nerve health.

IOP measurements were performed using GAT in all
patients. For patients with silicone oil or gas
tamponades, additional IOP measurement methods
(e.g., Tonopen) were used to avoid underestimation
due to the gas tamponade effect.

Outcome Measures:

1. Primary Outcome: The incidence of
secondary glaucoma, defined as an IOP >22
mm Hg postoperatively, with or without optic
nerve involvement.

2. Secondary Qutcomes:

o Identification of the mechanisms of
secondary  glaucoma:  inflammation,
pupillary block, trabecular meshwork
damage, or ischemia.

o The time of onset of secondary glaucoma
after surgery.
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o Management strategies used to control
IOP:  medical (e.g., anti-glaucoma
medications), laser therapy (e.g., laser
iridotomy), or surgical intervention (e.g.,
glaucoma drainage devices).

Statistical Analysis: Data were analysed with SPSS
25.0. The study population's demographic and
clinical features were summarised using descriptive
statistics. Calculated secondary glaucoma incidence
as a percentage. Chi-square was used to compare
categorical variables, and Student's t-test for
continuous variables. A p-value <0.05 indicated
statistical significance.

Results

During the study period, 250 patients, whose mean
age was 584 + 12.2 years, had vitreoretinal
operations. There were 105 females (42%) and 145
males (58%) in the study population. Most patients
(63%) had pars plana vitrectomy (PPV), 22% had
scleral buckling, and 15% had intravitreal injections,
such as gas tamponades, silicone oil, and anti-VEGF
medications. After surgery, 46 patients experienced
raised intraocular pressure (IOP) of more than 22
mm Hg, representing an overall incidence of
secondary glaucoma of 18.4%. Twenty (43.5%) of
the 46 patients with secondary glaucoma developed
late-onset glaucoma beyond three months, while 26
(56.5%) acquired glaucoma during the first three
months after surgery. Inflammation was the most
frequent cause of elevated IOP (38%), followed by
pupillary obstruction (25%), injury to the trabecular
meshwork (18%), and ischemia (19%).

Eight patients (14.5%) in the scleral buckle group
(n=55) experienced secondary glaucoma; five of
these instances (62.5%) were ascribed to angle-
closure glaucoma, which is caused by anterior
rotation of the ciliary body, while the other three
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cases were ascribed to steroid-induced glaucoma. 30
patients (19.1%) in the PPV group (n=157)
experienced secondary glaucoma, which was mostly
brought on by inflammation (40%) and steroid use
(35%). Insulin oil tamponade (15%) and ischemia
(10%) accounted for the remaining cases. Eight
patients (21%) in the intravitreal injection group
(n=38) developed secondary glaucoma, primarily
from steroid-induced glaucoma (50%) and a smaller
number (25%) from anti-VEGF injections that
caused acute IOP spikes. This group had the lowest
incidence. In 60% of instances, medical therapy
using topical beta-blockers and oral carbonic
anhydrase inhibitors was successful in lowering
IOP. Nonetheless, 18 patients (39%) needed
surgery, which included cyclophotocoagulation
(n=4), glaucoma drainage devices (n=6), and
trabeculectomy (n=8). Notably, glaucoma drainage
devices were more effective in lowering intraocular
pressure in cases involving silicone oil tamponade,
whereas trabeculectomy success was reduced in the
scleral buckle group due to conjunctival scarring.

Seventy percent of secondary glaucoma patients had
stable IOP management at the 12-month follow-up,
while  eighteen percent had  progressive
glaucomatous optic nerve injury, which led to poor
visual outcomes. Due to the underlying retinal
disease, the remaining 12% still had decreased
visual acuity even if their IOP was under control.
Despite effective IOP treatment, 25% of patients still
had substantial visual field abnormalities, indicating
a cautious overall visual prognosis. Depending on
the type of surgery, secondary glaucoma can have
different processes and is nevertheless a serious
consequence following vitreoretinal procedures.
Preventing long-term visual damage in these people
requires early detection and specialised care
techniques.

Ischemia

39.1%

Inflammation

Distribution of Secondary Glaucoma Mechanisms

17.4%
17.4%

Trabecular Meshwork Damage

26.1%

Pupillary Block

Figure 1: Pie chart showing secondary glaucoma mechanisms. It shows the percentage of cases caused by
inflammation, pupillary obstruction, trabecular meshwork damage, and ischemia in the study
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Discussion

The results of this study show that secondary
glaucoma after vitreoretinal (VR) surgery is still a
serious side effect. Depending on the kind of VR
surgery, 18.4% of the study group experienced
secondary glaucoma, with different mechanisms.
The most frequent causes of glaucoma development
in our study were ischemia (19%), trabecular
meshwork injury (18%), pupillary block (25%), and
inflammation (38%). These findings are in line with
earlier research that emphasised the part that acute
and chronic mechanisms play in the development of
glaucoma following VR operations.

Scleral buckling caused 14.5% of patients to develop
secondary glaucoma, with angle-closure glaucoma
being the main cause due to anterior ciliary body
rotation and angle distortion. This supports Leaver
et al.'s (1979) findings that angle-closure glaucoma
occurred 1.4%—4.4% after scleral buckling surgery.
PPV patients had 19.1% more glaucoma, mostly due
to inflammation and steroid use [11]. Jonas et al.
(2003) showed a comparable increase in IOP after
PPV due to inflammation and steroids. The
intravitreal injection group had the lowest incidence
of glaucoma (21%), however, steroid and anti-
VEGF injections raised IOP [12]. Bakri et al. (2009)
and de Vries et al. (2020) found temporary IOP rises
after intravitreal steroid injections and anti-VEGF
therapy. Treatment with oral carbonic anhydrase
inhibitors and topical beta-blockers usually controls
IOP [13,14]. Trabeculectomy, glaucoma drainage
devices, and cyclophotocoagulation were needed by
39% of patients. Conjunctival scarring reduced
trabeculectomy success in the scleral buckling
group. Inoue et al. (2012) found comparable scarring
concerns that reduced trabeculectomy success in
vitrectomized eyes [15].

The importance of early IOP diagnosis and
monitoring after VR operations is further
highlighted by this study. Our study's findings
highlight the significance of routine follow-up visits,
particularly for high-risk groups, as the majority of
glaucoma cases arose within the first three months
following surgery. Future studies ought to
concentrate on improving surgical methods, such as
minimally invasive vitrectomy, which has
demonstrated promise in lowering postoperative
problems like secondary glaucoma.

Conclusion

Secondary glaucoma after vitreoretinal surgery is a
serious complication that affects vision. Many
factors enhance IOP, including inflammation,
pupillary obstruction, trabecular meshwork injury,
and ischemia. Early diagnosis and customised
treatment are essential for success. Many cases can
be treated medically, but those with conjunctival
scarring or silicone oil tamponade may need surgery.
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Patients undergoing VR procedures must have their
IOP monitored to prevent glaucomatous damage and
preserve vision.
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