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Purpose: To determine the incidence of steroid induced ocular hypertension following
myopic photorefractive keratectomy (PRK).

Methods: Myopic PRK was performed on 506 eyes of 269 patients. Preoperatively,
spherical equivalent refractive error ranged from -1.00 to -5.00 diopters (D) and cylinder
was less than 4 D. Baseline intraocular pressure (IOP) before PRK and at different time
intervals after the procedure was measured by Goldmann applanation tonometry. IOP
readings were corrected according to central corneal thickness as measured by Orbscan
pachymetry. For the purpose of the study, corrected IOP >21 mmHg was considered as
ocular hypertension.

Results: Ocular hypertension developed in 40 (7.9%) eyes overall, which occurred in 16
eyes (40%) 2-3 weeks postoperatively (mean IOP=23.5+3.0mmHg), in 20 eyes (50%) after
4-6 weeks (mean IOP=25.1+4.2 mmHg) and in 4 eyes (10%) 8-12 weeks following PRK
(mean I0OP=29.0+3.1 mmHg). There was no correlation between the level of IOP rise and
preoperative spherical equivalent refractive error. IOP recovered to normal in all eyes
after discontinuation of topical steroids and initiation of anti-glaucoma medications.
Mean duration of IOP normalization was 28.5+27.7 (range 7-108 ) days and no instance
of steroid-induced glaucoma was observed in any patient.

Conclusion: Topical steroids may cause ocular hypertension following PRK. Early
detec-tion, prompt treatment and close follow-up are recommended. We suggest
measuring IOP in post-PRK patients no later than 10 to 14 days after initiation of
corticosteroid treatment.

J Ophthalmic Vis Res 2008; 3 (1): 42-46.

Correspondence to: Mohammad-Ali Javadi, MD. Professor of Ophthalmology; Ophthalmic Research Center, No. 5,
Boostan 9 St.,, Amir Ebrahimi Ave., Pasdaran, Tehran 16666, Iran; Tel: +98 21 22585952, Fax: +98 21 22590607;

e-mail: ma_javadi@yahoo.com

INTRODUCTION

Photorefractive keratectomy (PRK) is generally
believed to be safe and effective for treatment
of myopia.! High energy photons produced
by the excimer laser machine allow controlled
removal of layers of corneal tissue with micron
scale precision.2 Myopic regression and corneal

haze have been reported as the most common
complications of PRK,? the incidence of which
tends to increase with higher attempted correc-
tions.45

Certain studies have reported that sub-
epithelial haze resolves rapidly with topical
steroids® and steroid use has been associated
with inhibition of myopic regression.®” One
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drawback is that steroid responders may de-
velop elevated intraocular pressure (IOP) with-
in a short time following steroid administra-
tion. Steroid induced ocular hypertension is
due to reduced aqueous humor outflow facility
and may occur after topical, periocular or oral
glucocorticoid use.® Elevated IOP persists as
long as steroids are continued. Once steroids
are withdrawn, IOP returns to baseline levels
within 10 days in approximately 98% of eyes
and in the rest by 3 weeks. However, there
have been few cases of irreversible IOP ele-
vation leading to glaucoma surgery.® The risk
of steroid induced ocular hypertension is high-
er in patients with history of open angle glau-
coma, diabetes mellitus and severe myopia.?
This ocular hypertensive response to cortico-
steroids is an autosomal dominant trait found
in one third of the general population.’® The
current study was performed to evaluate the
incidence of steroid induced ocular hyperten-
sion following myopic PRK.

METHODS

Data was collected by a retrospective review
of patients” records from the private practice
of the senior author (MAJ). Over a three year
period from January 2004 to January 2007, 629
eyes of 327 patients with simple myopia and
myopic astigmatism underwent PRK. Patients
were included in the study only if adequate
IOP data was available. Eventually data re-
lated to 506 eyes of 269 patients with pre-
operative spherical refractive error of -1.00 to
-5.00 diopters (D) and astigmatism less than 4
diopters was analyzed.

Photorefractive keratectomy was perfor-
med using the Nidek EC-5000 excimer laser
machine (Nidek Co. Ltd., Japan). Postoperat-
ively, a bandage contact lens (Actifresh 400,
Hydron, UK) was fitted. All patients received
antibiotic eye drops four times a day for 1 week
and betamethasone 0.1% 4 times a day during
the first 2 weeks which was substituted by
fluorometholone (FML) 0.25%. The latter was
tapered gradually (4, 3 and 2 times daily each
for a 2 week period). Follow-up examinations

were scheduled 1, 2 and 3 days, 2, 3, 4 and 6
weeks and 3, 6 and 12 months postoperatively
and yearly thereafter. Intraocular pressure was
measured by Goldmann applanation tonomet-
ry (GAT) at all pre- and postoperative visits.
Central corneal thickness (CCT) was measured
by Orbscan I1. We used a correction factor of
0.5 mmHg per 10-um deviation from an ave-
rage “normal” CCT of 540 um for GAT read-
ings.1! Instances of corrected IOP higher than
21 mmHg were considered as steroid induced
ocular hypertension. In any eye with corrected
IOP more than 21 mmHg, treatment with
timolol 0.5% was started and dorzolamide 2%
was added if the pressure was still uncon-
trolled. Closer follow-up examinations (every 1
to 2 weeks) were scheduled in patients who
developed ocular hypertension.

RESULTS

Preoperative patient data are presented in table
1. Patients” age ranged from 18 to 25 (mean
26+6) years and 68.8% of the cases were female.
Median follow-up was 9.5 (range 3-62) months.
Overall, steroid induced ocular hypertension
occurred in 40 eyes (7.9%) including 16 eyes
(40%) in which IOP rise (mean IOP= 23.5+3.0
mmHg) occurred 2-3 weeks postoperatively, 20
eyes (50%) in which IOP elevation (mean IOP=
25.1+4.2 mmHg) was observed 4-6 weeks after
PRK and 4 eyes (10%) in which IOP rise (mean
IOP= 29.0+3.1 mmHg) developed 8-12 weeks
postoperatively. No significant correlation was
observed between IOP rise and preoperative
spherical equivalent refractive error. IOP re-
turned to normal levels in all eyes after dis-
continuation of topical steroids and use of glau-
coma medications. Mean duration of IOP nor-
malization was 28.5+27.7 (range 7-108) days.
Mean postoperative corrected IOP was higher
than preoperative values at different time inter-
vals. Mean corrected IOP was 16.8+3.1 mmHg
(3.6+3.2 mmHg rise, P<0.001) at 3 weeks;
16.7+4.8 mmHg (3.1+44 mmHg elevation,
P<0.001) at 6 weeks; 15.9+3.0 mmHg (2.5+3.0
mmHg increase, P<0.001) at 12 weeks; and
15.0+2.7 mmHg (1.6+2.9 mmHg higher than
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preoperative IOP, P<0.001) at final examination
(Fig. 1). According to visual field testing, none
of the patients developed steroid induced glau-
coma in any eye.

DISCUSSION

Topical steroids are used at different time
points in post-PRK patients: in the early post-
operative period to suppress inflammation, 3 to
4 months after the procedure to modulate
wound healing, and later to treat regression.
There is little controversy regarding the early
postoperative administration of topical stero-
ids, but there is no consensus on the prolonged
use of topical steroids in the routine post-PRK
patient.

Table 1 Preoperative patient data

Age (years)
M+SD 26+6
Range 18-45
Sex
Male 84 (31.2%)
Female 185 (68.8%)
Spherical equivalent (D)
M=+SD -3.09+0.9
Range -1.0 to -5.0
Corrected IOP (mmHg, M+SD)
Preoperative 13.44+2.57
Postoperative 15.01+2.74

M, mean; SD, standard deviation; D, diopter; IOP,
intraocular pressure

val (mmHg)

confidence inter

Mean and 95%

T T T T T
Baseline 3 weaks 6 weaks 12 weaks Last visit

Figure 1 Changes of intraocular pressure at different
time intervals during the study period.

McLean!? was the first to report the I0OP
elevating effect of the adrenocorticotropic hor-
mone and cortisone. Steroid induced glaucoma
was well characterized by Armaly!® in the
1960s. These investigators reported that after
receiving dexamethasone or betamethasone 3
to 4 times daily for 4 weeks, 34% to 42% of
normal individuals demonstrate an IOP rise
from a baseline value of 6 to 15 mmHg to a
final level of 20 to 31 mmHg.

Steroid induced ocular hypertension and
glaucoma are believed to result from increased
aqueous outflow resistance. Based on histologic
studies of human trabecular meshwork (TM)
specimens from eyes with steroid induced
glaucoma and experimental studies on organ-
cultured human eyes and cultured TM cells,
several mechanisms for steroid-induced IOP
elevation have been proposed, which include:
accumulation or deposition of extracellular ma-
trix material, decreased protease and strome-
lysin activity, reorganization of the TM cyto-
skeleton, increased nuclear size and DNA
content, decreased phagocytotic capacity, and
changes in the synthesis of specific proteins.14
Increased laminin deposition is also reported to
be responsible for decreased outflow facility
both in steroid induced glaucoma and in
primary open-angle glaucoma.l> Moreover, it
has been demonstrated that the expression of
the myocilin protein (previously known as
TIGR and GLC1A) is greatly enhanced by glu-
cocorticoids in cultured TM cells. The MYOC
(myocilin) gene has been closely linked to
open-angle glaucoma.l4

According to Seiler et al> and Machat et al'®
steroid induced IOP elevation is a prevalent,
early postoperative complication of PRK, occu-
rring in 8 to 32% of treated eyes. Shimizu et all”
reported the incidence of post-PRK IOP rise
(>21mmHg) to be 8.9%. Gartry et all® reported
a post-PRK steroid response of 12% in their
series. In our study, steroid induced ocular
hypertension occurred in 7.9% of eyes. Most of
our patients developed ocular hypertension 4
to 6 weeks after PRK, which is similar to Nagy's
study.” In the current series none of the cases
developed glaucomatous damage.
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One limitation of our study is that IOP
measurement was performed by GAT. Despite
the introduction of various correction factors,
the validity of IOP readings by Goldmann type
applanation tonometers after keratorefractive
procedures has been questioned.!® Relative flat-
tening and thinning of the central cornea follo-
wing excimer laser treatment may contribute to
a falsely low IOP reading by GAT.202! Ehlers et
al? found that the discrepancy between actual
IOP and IOP readings by GAT was linearly
correlated with CCT. Under- and overestimate
of IOP measurement may occur with thinner or
thicker corneas, respectively, with an average
error of 0.7 mmHg per 10 um deviation from a
"normal" CCT value of 520 um considered in
the manufacture of the GAT. Kohlhaas et al?
employed a closed, manometrically controlled
system to determine the effect of CCT, corneal
curvature and axial length on applanation
tonometry in patients scheduled for cataract
surgery. They reported an error of 0.4 mmHg in
IOP measured by applanation tonometry com-
pared to actual IOP per 10 pm change in CCT.
They found that IOP measurements by app-
lanation tonometry were linearly correlated
with CCT at different IOP levels, but no
correlation existed between IOP and corneal
curvature or axial length. Pascal dynamic
contour tonometry (DCT) is a device designed
to measure IOP independent of corneal
thickness and curvature, and ocular rigidity.
There are numerous reports that DCT may be
more accurate in IOP measurement in eyes
with thin corneas or following refractive laser
surgery.?

Several studies have investigated the effect
of PRK on IOP measurement with the Gold-
mann tonometer. Schipper et al?* found a 2 to
3 mmHg decrease in IOP after PRK, Faucher
et al® reported a mean drop of 2.4 mmHg,
Chatterjee et al'® observed a 3.1 mmHg decrease,
but in contrast, Kohlhaas et al?¢ noted a 0.1
mmHg increase. We found that postoperative
corrected IOP had an increasing pattern as
compared to preoperative values (Fig. 1); 6
weeks postoperatively, mean corrected IOP
was 16.7+4.8 mmHg which was 3.1+4.4 mmHg

higher than mean preoperative IOP. After that
period, corrected IOP decreased, but never
reached preoperative levels.

Using a non-contact tonometer, Chatterjee
et al” found significant correlation between the
change in IOP and preoperative spherical equi-
valent refractive error which is in contrast to
the work by Faucher et al.2> We also found no
significant correlation between IOP increment
and depth of ablation.

In summary, topical steroids seem to cause
secondary ocular hypertension in a significant
minority of patients following PRK which does
not seem to be correlated with the magnitude
of refractive error or depth of ablation. Early
detection of IOP rise and timely treatment with
pressure lowering agents and close follow-up
are recommended. We suggest measuring IOP
in post-PRK patients no later than 2 weeks after
initiation of corticosteroid treatment. It may be
prudent to substitute potent steroids such as
betamethasone with weaker agents with less
propensity for IOP elevation such as fluoro-
metholone.
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