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Purpose: To investigate the effect of 0.1% fluorometholone ophthalmic solution (FM) on intraocular pressure (IOP) in children after
strabismus surgery.

Patients and Methods: We included 224 eyes of 224 children aged <15 years who underwent strabismus surgery at JCHO Chukyo
Hospital from January 2014 to December 2023, received FM four times daily in the operated eye for 1 month postoperatively, and
underwent IOP measurement using a non-contact tonometer NT-530® (NIDEK Co. Ltd. Aichi, Japan). We assessed pre- and
postoperative IOPs, postoperative changes in IOP, the number of children with a postoperative increase of >6 mmHg in the IOP,
and the number of children with a postoperative IOP >20 mmHg.

Results: The participants included 106 boys and 118 girls, with a mean age of 8.6 years. The mean pre- and postoperative IOPs were
14.7 £ 2.4 mmHg and 14.8 + 3.3 mmHg, respectively, with no significant difference (p = 0.552). At 1 month postoperatively, 8 eyes
(3.6%) had an increase of >6 mmHg, 14 eyes (6.3%) had a postoperative IOP >20 mmHg, and 3 eyes (1.3%) had both.
Conclusion: Short-term use of FM may not significantly increase IOP and may be considered safe for anti-inflammatory treatment in
pediatric patients after strabismus surgery.
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Introduction

Steroid eye drops are frequently used for anti-inflammatory treatment; however, they may increase intraocular pressure
(IOP) as a side effect.'* Therefore, cautious use is warranted. Although the impact of steroid eye drops on IOP in adults
has been extensively investigated,>* there is limited research on this topic in pediatric populations.’

Compared with adults, children have a higher incidence of increased IOP following treatment with steroid eye drops,®
particularly younger children.”* Some reports suggest that 0.1% fluorometholone ophthalmic solution (FM) has a lower
impact on IOP than other topical steroids.”® However, these studies included a limited number of pediatric cases treated
with FM (<20-30 cases) and did not fully elucidate the effect of FM on IOP in children; consequently, robust evidence in
pediatric strabismus surgery remains limited.

In our previous study, we concluded that FM is unlikely to cause a significant increase in IOP in children after short-
term use (1 month) and is considered safe for use in the anti-inflammatory treatment of pediatric patients.” However, that
report was published only in Japanese. Accordingly, the present study aims to validate these findings in a substantially
larger cohort and to present the results to an international audience. Moreover, because some individuals exhibit an
exaggerated TOP response to corticosteroids (“steroid responders™),'® this study also aimed to assess the prevalence of
steroid responders among pediatric patients.
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Materials and Methods
Study Design and Patients

In this retrospective cohort study, we included pediatric patients aged <15 years who underwent strabismus surgery at the
Japan Community HealthCare Organization (JCHO) Chukyo Hospital Ophthalmology Department from January 1, 2014,
to December 31, 2023. A total of 224 cases were included, comprising 108 bilateral, 64 left-eye, and 52 right-eye
surgeries, in which both preoperative and 1-month postoperative IOP measurements were obtained using a non-contact
tonometer (NT-530®; NIDEK Co., Ltd., Aichi, Japan). For patients who underwent simultaneous bilateral surgery,
a random algorithm was applied to include either the left or right eye. Specifically, a computer randomly assigned a value
of 0 or 1 to each case; with 0 indicating selection of the right-eye IOP, and 1 indicating selection of the left-eye IOP.
Consequently, a total of 224 eyes were included in the analysis.

The exclusion criteria were as follows: reoperation, simultaneous surgery involving three or more extraocular muscles
per eye; a history of systemic or ocular diseases that may influence intraocular pressure such as glaucoma; use of
systemic or topical corticosteroids; and failure to adhere to the prescribed eye drop regimen. Additionally, IOP
measurement at 1 month postoperatively was mandatory, and patients without available measurements were excluded.

All surgeries were conducted under general anesthesia through either a limbal or fornix conjunctival incision, with the
conjunctiva closed using 8—0 polyglycolic acid sutures. The choice of incision (limbal or fornix) followed a standardized
protocol. All procedures were performed by five surgeons; however, because all surgeons were experienced, surgeon-
related effects on IOP were considered negligible. After surgery, 0.5 mL of dexamethasone sodium phosphate was
administered via subconjunctival injection. Beginning on postoperative day 1, FM and 1.5% levofloxacin eye drops were
administered four times a day for >1 month. Postoperative visits were scheduled on postoperative day 1, day 7, and at 1
month, with IOP measured at each visit using a non-contact tonometer (NT-530®; NIDEK Co., Ltd). Changes in IOP
were evaluated by comparing baseline and 1-month postoperative values, including both absolute IOP and the percentage
change (1-month postoperative — preoperative; A%IOP). Preoperative IOP was measured 2—5 times per eye on separate
examination days, and the mean value was used for analysis. In cases of IOP elevation during the observation period,
antiglaucoma eye drops were initiated or steroid eye drops were discontinued at the discretion of the examining
physician.

The severity of steroid-induced IOP elevation was classified into three categories—no response, low response, and
high response—as described by Armaly'® and Becker'' (Table 1), based on the postoperative IOP values and post-
operative changes in IOP. According to Armaly’s criteria, a postoperative—preoperative IOP difference of <6 mmHg
indicates no response, 6 to <15 mmHg indicates a low response, and >15 mmHg indicates a high response. According to
Becker’s criteria, a postoperative IOP of <20 mmHg indicates no response, 20 to <30 mmHg indicates a low response,
and >30 mmHg indicates a high response.

Additionally, preoperative, postoperative, and changes in IOP values were compared between two pediatric age
groups (<10 years and >10 years) to assess whether the impact of steroid eye drops on IOP varied by age.

Postoperative ocular surface symptoms, including redness, stinging, burning, foreign body sensation, and allergy-
related symptoms, were assessed and documented at 1 month after surgery.

The primary endpoint was the mean absolute change and percentage change in IOP at 1 month. Secondary endpoints
included the proportion of eyes meeting the Armaly and Becker criteria, age-group comparisons, and postoperative
ocular surface symptoms at 1 month after surgery.

Table | Criteria for IOP Change in This Study

Response Category Becker’s Criteria Armaly’s Criteria

No response IOP < 20 mmHg AIOP < 6 mmHg

Low response 20 < IOP < 30 mmHg | 6 mmHg < AIOP < |5 mmHg
High response IOP < 30 mmHg AIOP > |5 mmHg

Notes: AIOP = |OP after surgery — |OP before surgery (mmHg).
Abbreviation: IOP, intraocular pressure.
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This retrospective study was approved by the Ethics Committee of JCHO Chukyo Hospital (approval number:
2019033) on February 3, 2020. All procedures were performed in accordance with the tenets of the Declaration of
Helsinki.

Statistical Analysis

Preoperative and 1-month postoperative IOP values in the same pediatric patients were compared using a paired #-test.
Age-group comparisons of baseline IOP, 1-month postoperative IOP, and IOP change were performed using Welch’s
t-test to account for potential differences in sample size or variance between groups. All statistical analyses were
performed using GraphPad Prism (GraphPad Software, San Diego, USA) and Microsoft Excel for Windows version
16 (Microsoft Corp., Redmond, WA, USA). Statistical significance was set at P < 0.05.

Results

The study population comprised 106 boys and 118 girls, with a mean age of 8.6 £ 2.6 years (range: 4-14 years). The
mean [OP before surgery and at 1 month postoperatively was 14.7 + 2.4 mmHg and 14.8 + 3.3 mmHg, respectively, with
no significant difference (p = 0.552). The mean IOP elevation at 1 month postoperatively was 0.2 + 2.9 mmHg. At 1
month postoperatively, 8 (3.5%) eyes had a postoperative IOP increase of >6 mmHg (range: 6.3—10.0 mmHg), 14 eyes
(6.3%) had a postoperative IOP >20 mmHg (range: 20-29 mmHg), and 3 eyes (1.3%) met both criteria (Table 2).
According to the classifications proposed by Armaly'® and Becker,'" all eyes were categorized as having no response or
a low response, and no high responders were identified.

The mean A%IOP was +2.1 + 20.7%, with a median of 0%. A%IOP was <0% in 115 cases (51.3%), 0% to +10% in
43 cases (19.2%), +10% to +20% in 32 cases (14.3%), and >+20% in 33 cases (15.2%) (Figure 1).

When stratified by age group, children aged >10 years had a significantly higher mean postoperative IOP than
children aged <10 years (p = 0.006). In contrast, no significant differences were observed in mean preoperative IOP (p =
0.074) or in the change in IOP following eye drop administration (p = 0.116) (Table 3).

No patients reported postoperative ocular surface symptoms, including redness, stinging, burning, foreign body
sensation, or allergy-related symptoms, at 1 month after surgery.

Regarding the immediate postoperative course, one eye showed a high IOP of 27 mmHg at 1 week postoperatively. In
this case, FM was continued, with the additional prescription of carteolol hydrochloride eye drops. Another eye showed
a high IOP of 30 mmHg at 1 week postoperatively, which was attributed to severe conjunctival edema displacing the
eyeball outward. In both cases, FM was continued, and the IOP normalized at 1 month postoperatively, with no
subsequent recurrence of IOP elevation. No cases required the addition of other anti-inflammatory agents because of
insufficient anti-inflammatory efficacy of FM.

Discussion
This study evaluated the magnitude and frequency of IOP elevation following short-term use of FM in a large cohort of
pediatric patients who underwent strabismus surgery. The findings demonstrated no significant increase in IOP at 1
month postoperatively compared with preoperative values. According to both the Armaly and Becker criteria, all eyes at
1 month postoperatively were classified as no response or low responders, indicating a low likelihood of clinically
meaningful steroid-induced IOP elevation with short-term FM use.

Ohji et al reported that all nine patients aged <10 years who were treated with 0.1% dexamethasone after strabismus
surgery experienced an Armaly standard hypo- or hyper-responsive IOP increase at 2 weeks.® However, no IOP elevation

Table 2 Intraocular Pressure Response at | month Postoperatively

IOP Response at | Month Postoperatively Low Response High Response

Armaly’s criteria (A) 8/224 eyes (3.6%) 0/224 eyes
Becker’s criteria (B) 14/224 eyes (6.3%) 0/224 eyes
Both A and B 3/224 eyes (1.3%) 0/224 eyes
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Distribution of A%IOP at 1 Month Postoperatively
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Figure | Percentage change in intraocular pressure (A%IOP) at | month postoperatively relative to baseline.
Notes: A%IOP = [(postoperative IOP — preoperative IOP) / preoperative IOP] x 100%.

was reported in 11 patients aged >10 years who were treated with 0.1% dexamethasone and 13 patients aged <10 years
who were treated with FM.*

Hanaineh et al'? reported that among 20 pediatric patients aged <12 years who underwent strabismus surgery, the
FM-induced IOP increase was significantly lower than that in the 0.1% dexamethasone group; two eyes (10.0%) met
Armaly’s criteria and one eye (5.0%) met Becker’s criteria. Moreover, Yung et al’ reported an FM-induced IOP increase
that met Becker’s criteria in 4 out of 30 (7.5%) patients, indicating that FM was significantly safer than 0.5% etabonate
ophthalmic solution. In the present study, 8 eyes (3.6%) and 14 eyes (6.3%) showed IOP elevation meeting Armaly’s and
Becker’s criteria, respectively, following treatment with FM, which is consistent with previous reports.

Dror et al conducted a meta-analysis of seven articles from five regions reporting on the use of soft steroids (FM or
0.5% etabonate) or standard steroids (prednisolone acetate 1% or dexamethasone 0.1%). Specifically, they included 593
patients and compared the postoperative anti-inflammatory effects and IOP values between the soft and standard steroid
groups.”'*1? TOP values were lower in the soft steroid group than in the standard steroid group on postoperative days 1,
7, and 28. An increase of >10 mmHg in IOP from the preoperative value was observed in one case in the standard group,
but not in the soft group. This was attributed to endophthalmic surgery, in which the drug tends to migrate into the
anterior chamber. Since we included patients who underwent external ocular surgery, the risk of IOP elevation following
treatment with soft steroid eye drops can be considered relatively low.

FM has a lower intraocular transfer rate than other steroid preparations.’®*' The mechanism underlying steroid-
induced IOP elevation may involve steroid-dependent deposition of extracellular matrix in the aqueous humor, resulting

Table 3 Comparison of Pre- and Postoperative Mean IOP Between

Age Groups
IOP (mmHg) <10 Years 210 Years P value
(n = 142 eyes) | (n = 82 eyes)
Preoperative 149 £ 25 140 + 23 0.074
Postoperative | month 153 £35 14.1 £ 2.6 0.006
Mean change 04 +32 —-02+22 0.116

Notes: All statistical analyses were performed using Welch’s t-test.
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in increased aqueous humor resistance in the fibrovascular zone and elevated IOP.?* Based on this hypothesis, FM, which
has a lower intraocular transfer rate than other steroids, is less likely to increase IOP compared with other steroid eye
drops.

Hyperemia, edema, and pain resulting from inflammatory reactions are common after strabismus surgery.”> 2°
However, because the surgical site primarily involves the extraocular muscles and surrounding connective tissues,
including the conjunctiva and Tenon’s capsule, FM is considered to provide sufficient anti-inflammatory efficacy despite
its relatively low intraocular penetration. In the present study, no case demonstrated insufficient anti-inflammatory effects
with FM, and no additional anti-inflammatory agents were required. Escard6-Paton et al assessed the duration of
conjunctival hyperemia following strabismus surgery in adults.”® In that study, conjunctival hyperemia persisted for
approximately 9 weeks after administration of 0.1% betamethasone, with eye drops used for only 2 postoperative weeks
and no additional treatment. Regarding postoperative pain, children have been reported to experience significantly shorter
pain duration and lower pain severity than adults following strabismus surgery.”’” Taken together, these findings support
the effectiveness of FM administered for approximately 1 month after pediatric strabismus surgery.

In addition, no significant difference in IOP elevation following FM treatment was observed between children aged
>10 years and those aged <10 years. Previous studies have suggested that steroid eye drops are more likely to increase
TOP in patients aged <10 years.>® However, other studies have indicated that FM carries a lower risk of IOP elevation
than other steroid eye drops, regardless of patient age.”® Taken together, these findings suggest that FM-induced IOP
elevation does not differ significantly by age.

Although the primary study endpoint was IOP at 1 month postoperatively, one eye showed an IOP of 27 mmHg at
1 week postoperatively, representing a 10-mmHg increase from the preoperative value. In this study, all patients received
a subconjunctival injection of 0.5 mL dexamethasone sodium phosphate at the conclusion of surgery. The reported half-
life of dexamethasone in blood is 1.5-3.0 days,” suggesting that the subconjunctival injection may have contributed to
early postoperative IOP elevation. In this case, IOP normalized with concomitant use of IOP-lowering agents while FM
was continued, and no recurrence occurred after discontinuing IOP-lowering agents. Another eye was followed for >1
postoperative month but was excluded from the analysis because IOP was slightly elevated at 1 week postoperatively
(24 mmHg in the right eye and 21 mmHg in the left eyes) leading to discontinuation of FM. In a separate case, IOP
reached 30 mmHg immediately after surgery and remained elevated during the first postoperative week. The patient
experienced severe conjunctival edema starting the day after surgery, which may have externally increased the IOP. The
patient continued FM treatment, and IOP normalized as the conjunctival edema resolved, with no subsequent elevations
despite ongoing FM administration.

This study has several limitations. First, [OP measurements were not performed on a fixed schedule, and the influence
of diurnal variation cannot be ruled out. Diurnal variations of IOP in children remain unclear; however, it is estimated to
be approximately 5 mmHg in adults, and Becker’s criteria may overestimate the number of eyes with high IOP.

Second, the results are limited to the use of FM in pediatric strabismus surgery and may not be generalizable to other
conditions. Anterior chamber migration of ophthalmic solutions is regulated by the barrier function of the corneal
epithelium and parenchyma.*®*' Therefore, in cases of impaired barrier function, such as corneal epithelial or parench-
ymal damage, the risk of IOP elevation may be increased due to enhanced anterior chamber penetration. In our study, no
patients exhibited corneal epithelial damage up to 1 month postoperatively, suggesting that corneal barrier dysfunction
did not influence IOP elevation. However, when FM is used to treat vernal keratoconjunctivitis with shield ulcers, the
risk of IOP elevation may be higher. In such cases, more intensive IOP monitoring is warranted, and switching to
alternative anti-inflammatory agents, such as tacrolimus ophthalmic suspension, may be necessary if IOP increases.

Third, the potential effect of subconjunctival dexamethasone injection on postoperative IOP should be considered. All
patients in this study received a subconjunctival dexamethasone injection at the end of surgery. Dexamethasone is
associated with a higher risk of IOP elevation than FM'? and may contribute to early postoperative IOP elevation. In this
study, IOP elevation possibly related to dexamethasone injection was observed in only one eye at 1 week postoperatively.
Given the reported half-life of dexamethasone (1.5-3.0 days), FM in combination with a single subconjunctival
dexamethasone injection did not appear to cause clinically significant IOP elevation at 1 month, the primary endpoint
of this study.
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Fourth, the use of a non-contact tonometer in children may introduce additional measurement variability compared
with Goldmann applanation tonometry. However, the routine use of Goldmann applanation tonometry in pediatric
patients is often impractical. Therefore, in a retrospective study reflecting real-world clinical practice, evaluation using
IOP obtained with a non-contact tonometer is considered acceptable.

Fifth, assessment of normality and homogeneity of the IOP data was not performed. As this was a retrospective study
using measured values, prior adjustment for statistical assumptions may have been difficult.

Finally, this study had a relatively short observation period of 1 month. Steroids have been shown to induce volume-
dependent IOP increases.*>** Therefore, the possibility of a delayed IOP elevation with long-term FM use cannot be
excluded. In our study, only a few cases exhibited IOP elevation within the short observation period. These findings
highlight the need for regular IOP monitoring during FM use, regardless of treatment duration.

Conclusion

In this cohort, 0.1% FM administered for approximately 1 month after strabismus surgery, in combination with a single
subconjunctival dexamethasone injection, was not associated with clinically significant IOP elevation at 1 month in most
children. Nonetheless, regular IOP monitoring remains advisable during steroid therapy.

Abbreviations
IOP, Intraocular pressure; FM, 0.1% fluorometholone ophthalmic solution.
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