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Purpose: To determine the incidence of ocular hypertension following surgery for rhegma-
togenous retinal detachment in the first 3 months postoperatively and to determine their
outcomes in terms of visual acuity, control of IOP, and changes in cup:disc ratio.

Patients and methods: A single center prospective cohort study was done involving
patients who underwent retinal surgery for rhegmatogenous retinal detachment. The patients
were followed up for 3 months postoperatively and were monitored for development of
ocular hypertension. The primary outcome measures were changes in IOP, visual acuity, and
cup:disc ratio.

Results: Of the 52 eyes enrolled in the study, 19 eyes developed ocular hypertension in the
first 3 months postoperatively, giving an incidence rate of 36.5% (95% CI, 48.9-76.0%).
Analysis of mean IOP trends shows that most cases of IOP elevations occur in the first day
postoperatively with a sustained elevation up to the first month and then returning to normal
levels by the 3rd month. There is a significant increase in mean cup:disc ratio among patients
who developed ocular hypertension (p=0.047). Visual acuity trends show that mean visual
acuity significantly improved from baseline among cases who maintained normal 1OP
(»=0.002) as compared to those who developed ocular hypertension (p=0.97), although the
difference in final visual acuity at the end of 3 months between groups was not statistically
significant (p=0.30).

Conclusion: Ocular hypertension may complicate retinal reattachment surgery. Control of
IOP in the acute setting is essential to prevent development of secondary glaucoma.
Keywords: intraocular pressure, ocular hypertension, retinal detachment surgery, secondary
glaucoma

Introduction

Ocular hypertension may develop as a complication of vitreoretinal surgery. The
incidence of ocular hypertension following vitreoretinal surgery varies depending
on various factors, including baseline characteristics of the eye being operated on,
specific techniques used in vitreoretinal surgery, and severity of postoperative
intraocular inflammation."* The etiology of increased intraocular pressure (IOP)
in the postoperative period has likewise been linked to various mechanisms includ-
ing inflammation, expansion of intravitreal tamponade agents, pupillary block,
ciliary body edema, corticosteroid response, and fibrin formation.* Despite the
identification of the numerous mechanisms explaining the rise in IOP, most ophthal-
mologists would agree that increased IOP following vitreoretinal surgery is usually
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multifactorial.* Previous studies which have examined the
incidence of elevated IOP after vitreoretinal surgery have
been varied in their conclusions with a range of 8.4-36%
in the first 2 days postoperatively.'®

Postoperative eyes have altered intraocular milieu that
makes management of these cases more difficult.”®
Secondary glaucoma invariably develops when ocular
hypertension is left untreated, leading to the characteristic
changes in optic disc appearance and functional visual
field deficits. Secondary glaucoma portends a poorer visual
prognosis despite successful retinal re-attachment.®

The primary objective of the study is to determine the
incidence of ocular hypertension among patients who
underwent surgery for rhegmatogenous retinal detachment.
The secondary objective is to describe the outcomes of
cases in terms of status of angles, visual acuity, and man-
agement for control of IOP.

Materials and methods

Study design

A single-center prospective cohort study was conducted
at the Out-Patient Department of the Department of
Ophthalmology  and  Visual  Sciences, Sentro
Oftalmologico Jose Rizal, Philippine General Hospital.
This study adhered to the tenets of the Declaration of
Helsinki. The design of the study was approved by the
Institutional Review Board and Research Ethics Board
of the Philippine General Hospital. Written informed

consent was obtained from all patients.

Patient selection and recruitment

The cases comprised of patients of the Surgical Retina
Clinic of the Sentro Oftalmologico Jose Rizal of the
Philippine General Hospital. Inclusion criteria included
patients who were aged 18 and above, diagnosed with
rhegmatogenous retinal detachment, and will undergo sur-
gery for repair of retinal detachment. Exclusion criteria
included patients with previously diagnosed glaucoma or
conditions associated with glaucoma, preoperative appli-
cation of medications that can alter IOP (including topical
or oral ocular hypotensive medications and corticoster-
oids), clinical findings warranting a diagnosis of glaucoma
suspect on preoperative eye examination, and presence of
other ocular diseases which may alter IOP (for example,
diabetic
Patients were recruited for the study if they satisfied the

retinopathy, choroidal detachment, uveitis).

inclusion and exclusion criteria.

Sample size determination

The sample size was calculated with a margin of error
pegged at 10% and a CI of 90%. Assuming a possible 5%
loss to follow-up, a sample of 45 eyes was calculated.

Data collection

All subjects underwent a baseline eye examination con-
ducted by the investigators consisting of visual acuity
determination, slit lamp examination of the anterior seg-
ment, Goldmann applanation tonometry, and optic nerve
evaluation using slit lamp biomicroscopy.

Retinal detachment surgery was done by the Surgical
Retina service of the Philippine General Hospital. The
retinal re-attachment procedures (eg, pars plana vitrectomy,
endolaser, endodiathermy, injection of a tamponade agent)
that was done on the subjects were determined by the
physicians of the Surgical Retina service.

Afterward, postoperative examination was done by the
investigators. Repeat visual acuity determination, slit lamp
examination of the anterior segment, Goldmann applana-
tion tonometry, gonioscopy, and optic nerve evaluation
using slit lamp biomicroscopy were done. Eye examina-
tions were done at 24 hrs, 1 week, 2 weeks, 1 month, and 3

months postoperatively.

Outcome measures

The primary outcome measure was development of ocu-
lar hypertension and secondary glaucoma, with para-
meters including IOP and visible enlargement in cup:
disc ratio. Ocular hypertension was defined as IOP
greater than 21 mmHg as measured by Goldmann appla-
nation tonometry.

The management done for cases who develop ocular
hypertension was decided by the physicians of the Surgical
Retina service (or the Glaucoma service if referral to a
glaucoma specialist was deemed necessary). A descriptive
analysis of the management of secondary glaucoma was
done. Among subjects who develop secondary glaucoma,
information regarding management and its success rate
was obtained.

Statistical analysis

The incidence rates were computed and analyzed using
Kaplan—Meier survival analysis. The #-test was employed
for statistical analysis of outcome variables which

included IOP, cup:disc ratio, and visual acuity.
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Results

A total of 64 patients were recruited to study after having
met the inclusion and exclusion criteria. Of the recruited
patients, 60 underwent vitreoretinal surgery as planned.
There were 4 dropouts — 1 patient had the surgery deferred
due to financial constraints, 2 patients had scheduling
conflicts, and 1 patient elected not to undergo surgery. Of
these 60 patients, there were 8 dropouts during the post-
operative period due to inability to follow-up to the pre-
scribed schedule. A total of 52 eyes from 52 patients
formed the cohort and were included in the analysis.

The age of the study participants ranged from 20 to 72
years with a mean age of 45 years. The cohort comprised
of 35 males and 14 females. The demographics and base-
line characteristics of the cohort are given in Table 1.

The study participants underwent retinal reattachment
surgery as deemed necessary by the Surgical Retina ser-
vice. All 52 eyes underwent a standard 23-gauge pars
plana vitrectomy, of which 29 eyes also required combined
placement of a silicone scleral buckle attached with a
silicone encircling band. Phacoemulsification with poster-
ior chamber intraocular lens implantation was done for 7
of the 23 eyes who underwent pars plana vitrectomy alone
and 6 of the 29 eyes who underwent combined scleral
buckling and pars plana vitrectomy. Fifty eyes (21 of the
23 eyes which underwent pars plana vitrectomy alone and
all 29 eyes which underwent combined scleral buckling
and pars plana vitrectomy) were filled with silicone oil
tamponade with a kinematic viscosity of 1000 centistokes,
while the 2 remaining eyes were filled with 20%

Table | Baseline patient characteristics of cohort

Feature Value
General features
Age, mean * SD, years 47.5+14.7
Sex, male/female, n 35/17
Laterality, right/left, n 23/29
Pertinent ophthalmic history, n
Lattice degeneration 29
Postsurgical 3
Trauma 5
Idiopathic 15
Ophthalmic features
Visual acuity, mean * SD, logMAR units 1.41+0.64
IOP, mean = SD, mmHg 9.9+4.6
Cup:disc ratio, mean = SD 0.35+0.05

perfluoropropane (C3F8) gas to achieve a 25% fill of the
globe to account for postoperative gas expansion. At the
end of the surgery, subconjunctival triamcinolone was
injected for each eye. Postoperative medical management
included topical moxifloxacin, prednisolone, and atropine.
Topical or oral hypotensive medications were added as
deemed necessary by the Surgical Retina service. The
procedures done and the corresponding number of partici-
pants who underwent each procedure are outlined in
Table 2.

IOP trends in the acute postoperative

period

The mean baseline IOP of patients preoperatively was 9.90
+4.63 mmHg. There is a trend for increased IOP from baseline
beginning in the first postoperative day (p=0.0004), sustained
in the first week (p=0.00005), second week (p=0.0004), and
first month (p=0.000004) postoperatively. In the third month
postoperatively, there is a decrease in mean IOP compared to
the first month postoperatively (p-value =0.04), but the value
still represents an increase from the baseline IOP (p=0.006).
The IOP trends are shown in Figure 1.

A total of 19 eyes experienced ocular hypertension
during the 3-month postoperative period, which gives an
incidence rate of 36.5% (95% CI, 48.9-76.0%) by
Kaplan—Meier analysis. Among the cases of ocular hyper-
tension, 14 (74% of cases) eyes only had transient eleva-
tion which had resolved by the end of the 3-month
postoperative period. Only 5 (26% of cases) eyes had
persistently elevated IOP. An analysis of those who devel-
oped elevations in IOP showed there is a trend for
increased IOP similar to the overall trend in IOP for the
entire cohort, wherein there is a significant increase from
baseline IOP beginning in the first day postoperatively

Table 2 Distribution of patients undergoing retinal reattachment
procedures

Retinal re-attachment surgery Number of

participants

Pars plana vitrectomy alone

With phacoemulsification, silicone oil tamponade | 7
Without phacoemulsification, silicone oil tamponade | 14
Without phacoemulsification, C3F8 tamponade 2

Combined pars plana vitrectomy and scleral buckling

Without phacoemulsification, silicone oil tamponade | 6
With phacoemulsification, silicone oil tamponade | 23
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Figure | Mean |OP trend of cohort in the postoperative period.

which is maintained throughout the first month postopera-
tively, decreasing at the third month but still increased
from baseline. The trend in IOP among cases with ocular
hypertension compared to those who maintained normal
IOP is shown in Figure 2. The study showed that most
cases (47.37% or 9 of 19 eyes) experienced the first
elevation in IOP at the first postoperative day.

Comparing the proportion of those who developed
ocular hypertension per procedure, the study showed that
39.2% (95% CI, 40.7-77.9%) of cases who underwent
combined scleral buckling with pars plana vitrectomy
and silicone oil injection had elevated IOP as compared
to 36.4% (95% CI, 40.8-82.0%) of cases who underwent
pars plana vitrectomy alone with silicone oil injection. The
difference in incidence rates between the two procedures
was not statistically significant by Kaplan—Meier analysis
(p=0.85). There were 2 cases who underwent vitrectomy
with C3F8 injection, and 1 of them (50%) developed an
increase in IOP during the postoperative period. Compared
with similar cases who underwent vitrectomy but used
silicone oil as tamponade, the difference in incidence rate
of ocular hypertension is not significant (p=0.95).
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However, since there were only 2 cases who underwent
surgery using C3F8 gas as tamponade, statistical analysis
of this subgroup may not be meaningful due to low sub-
group sample size.

A separate subgroup analysis was done to determine
the effect of phacoemulsification on IOP trends. Among
cases who underwent pars plana vitrectomy alone, the
incidence rate of ocular hypertension was 35.3% for
cases with phacoemulsification and 37.1% for cases with-
out phacoemulsification. The difference in incidence rates
between the procedures was likewise not statistically sig-
nificant by Kaplan—-Meier analysis (p=0.99). A similar
trend was seen for the incidence rate of ocular hyperten-
sion among cases who underwent combined scleral buck-
ling and pars plana vitrectomy, with an incidence rate of
39.0% among cases with phacoemulsification and 39.7%
among cases without phacoemulsification (p=0.54).

Status of angles

Gonioscopy of patients with ocular hypertension showed a
total of 17 eyes had open angles (90%). Of the 17 eyes
with open angles, 3 of them had silicone oil droplets in the

Week 2 Month 1 Month 3

Postoperative time

Figure 2 Comparison of mean IOP trend of cases with ocular hypertension (dark blue) and cases maintaining normal IOP (light blue) in the postoperative period.
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superior quadrant of the angles. The remaining 2 eyes
(10%) developed angle closure at varied points in their
postoperative course. The first case developed angle clo-
sure at the first month postoperatively due to development
of iris bombe from 360-degree posterior synechiae. The
other case initially had open angles with silicone oil dro-
plets in the superior quadrant of the angles. However, in
the third month postoperatively, there was a note of per-
ipheral anterior synechiae formation closing the superior
aspect of the temporal and nasal quadrants of the angles.

Change in cup:disc ratio

Among patients who did not have elevated IOP during the
postoperative period, there is no significant change in cup:
disc ratio at the end of the 3-month observation period
(p=1). Among patients who did experience ocular hyper-
tension, there is a statistically significant increase in mean
cup:disc ratio from 0.36 preoperatively to 0.42 at the end
of the 3-month observation period (p=0.047). The trend in
cup:disc ratio is shown in Figure 3.

Visual acuity outcomes of patients

There is a trend for improvement in visual acuity follow-
ing successful retinal reattachment surgery, as shown in
Figure 4. There is a significant improvement in mean
visual acuity from 1.41 logMAR units preoperatively to
1.16 logMAR units at the end of the 3-month observation
period (p=0.02). A comparison of visual acuity between
patients who had ocular hypertension during the post-
operative period versus those who had normal IOP during
this time showed that compared to baseline (Figure 5),
significant improvement at 3 months postoperatively was
achieved with those who had normal IOP during the

postoperative period (p=0.002). In comparison, those
who experienced ocular hypertension showed no signifi-
cant improvement in visual acuity by 3 months (p=0.97).
However, there is no statistically significant difference in
the visual acuity by 3 months of those who had normal
IOP versus those who had ocular hypertension (p=0.30).

Management of secondary glaucoma

All patients who experienced an elevation in IOP were
initially started on a course of oral carbonic anhydrase
inhibitors, specifically acetazolamide. Topical medications
including beta-blockers, alpha agonists, and carbonic
anhydrase inhibitors were started or added as needed to
achieve further reduction in IOP. The choice of medical or
surgical therapy given to each patient was decided by their
attending physicians on the basis of severity and expected
duration of IOP elevation.

Among the managed cases, 13 eyes (68%) were able to
be weaned off topical and oral hypotensive medications by
the third month postoperatively. A total of 2 eyes (11%)
remained on topical medications at the end of the third
postoperative month. The remaining number of eyes
required additional management to achieve lower IOP.
One eye (5%) required laser iridotomy using an Nd:YAG
laser, another eye (5%) was managed with transscleral
cyclophotocoagulation, and 2 eyes (11%) were managed
by early removal of silicone oil. The time it took for IOP
to return to the normal following intervention was varied,
with most cases requiring 2 weeks to 1 month.

Discussion
Transient and sustained elevation of IOP is a relatively
common occurrence following surgery to repair retinal
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Figure 3 Comparison of mean cup:disc ratio of cases with ocular hypertension (dark blue) and cases maintaining normal IOP (light blue) in the postoperative period.
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Figure 5 Comparison of mean visual acuity of cases with ocular hypertension (dark blue) and cases maintaining normal IOP (light blue) in the postoperative period.

detachment. The reported range of incidence of IOP eleva-
tion in the literature ranges from 4.8% to 44%, while
modern literature reports a range of 11.6-12.9%.°"'> The
calculated incidence obtained from the study is consistent
with rates reported in other studies. Corollary to the pre-
viously mentioned findings, the study showed that the
majority of patients who underwent vitreoretinal surgery
did not experience any elevation in IOP in the postopera-
tive period. However, the study did show that vitreoretinal
surgery slightly increases IOP from baseline in the late
postoperative period.

The elevation in IOP usually occurs in the first few
weeks of vitreoretinal surgery, and most cases have an
open angle mechanism.'> The finding shows that initial
postoperative inflammation may be more contributory to
the increases in IOP. Other possible mechanisms of open
angle glaucoma include corticosteroid response, expansion
of injected intraocular tamponade material without angle
closure, and blood-mediated mechanisms.'®'° The initial
increase in IOP is sustained initially up to the first post-
operative month. However, postoperative inflammation
eventually subsides resulting in decrease in IOP by the

third postoperative month in most cases. While most cases
of elevation in IOP occur within the first postoperative
month, it may still occur at any point in the postoperative
period.

Among the procedures done for retinal reattachment,
scleral buckling with vitrectomy and silicone oil injection
had a slightly higher incidence rate than vitrectomy with
silicone oil injection alone. This is contrary to the reported
incidence in literature where incidence of secondary glau-
coma is with scleral buckling ranges from 1.4% to 4.4%,
while that for vitrectomy has a wider range from 7.9% to
44.4%."® The discrepancy in the reported incidence can be
explained by noting that the cited studies in literature
examined incidence after scleral buckling procedures
alone, while this study examined incidence with scleral
buckling combined with vitrectomy. This may also explain
why the difference between the then determined incidence
rate between the procedures was not statistically signifi-
cant. The calculated incidence rates for scleral buckling
combined with vitrectomy and silicone oil injection and
for vitrectomy and silicone oil injection alone fall well
within the reported range of incidence in literature.
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In addition to the procedure of retinal surgery per-
formed, studies have also shown that the choice of intrao-
cular tamponade also affects IOP after surgery. Common
choices for intraocular tamponade after retinal reattach-
ment include silicone oil and intraocular expansile gases.
Gas tamponade, which includes air, perfluoropropane
(C3F8), and sulfur hexafluoride (SF6), tends to increase
IOP in the postoperative period due to gas expansion in the
acute postoperative period.'® The study showed that ocular
hypertension occurs but is also transient one case which
used 20% C3F8 tamponade. However, since there were
only 2 cases in the cohort who used this form of tampo-
nade, the results for that particular subgroup are not sta-
Lastly, the effect of different
kinematic viscosities when using silicone oil may also

tistically meaningful.

affect IOP trends after surgery. However, studies have
shown inconclusive results on whether using higher visc-
osity silicone oil results in increased incidence of ocular
hypertension.'® Since all 50 eyes in the cohort who had
silicone oil tamponade were injected with 1000 centistoke
silicone oil, the effect of varying concentration and density
of silicone oil on IOP trends is beyond the scope of this
study.

Most cases of elevated IOP would undergo resolution
leading to no significant difference between preoperative
and late postoperative pressures.'® 2> All cases were initi-
ally managed by giving oral and/or topical hypotensive
medications, which resulted in most cases being able to be
weaned off medications. Since most cases of ocular hyper-
tension following retinal surgery are transient, a short
course of oral hypotensive therapy was deemed appropri-
ate for most of the cases. Cases with persistently elevated
IOP would need additional management options depend-
ing on the mechanism of secondary glaucoma, with
options including laser iridotomy, cyclophotocoagulation,
early removal of silicone oil, and even considering filter-
ing surgery. The variations with which the cases were
managed, including the use of various medications and
other modalities of treatment, reflect that there is no uni-
versally agreed-upon management when dealing with post-
operative ocular hypertension. Each case is managed
individually to address not only the onset, magnitude,
and duration of increased pressure, but also its presumed
underlying mechanism.

Conclusion
Transient and sustained elevation of IOP is a complication
of surgery for repair of rhegmatogenous retinal detachment

and can lead to secondary glaucoma. While most cases are
transient and only require topical and oral medications,
some cases may require additional interventions such as
laser iridotomy, laser cyclophotocoagulation, and repeat
surgery to achieve adequate control of IOP. Controlled
IOP within the statistically normal range may be asso-
ciated with a better improvement in terms of postoperative
visual acuity in the acute postoperative period.
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