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Objective: To determine whether procedure room environmental conditions are associated
with outcomes after myopic laser in situ keratomileusis (LASIK) or laser-assisted keratomileusis
(LASEK).

Design: Retrospective chart review.

Participants: Eight hundred sixty-three eyes of 458 consecutive patients at a university-based
academic practice.

Methods: We reviewed the medical records of consecutive patients who underwent LASIK
or LASEK over a 3-year period. Linear mixed regression models were used to investigate the
association of laser room temperature and humidity with the outcomes of visual acuity and
postoperative manifest spherical equivalent refraction. Repeated measures logistic regres-
sion models were used for the outcomes of diffuse lamellar keratitis (DLK) and need for
enhancement surgery.

Results: Subjects were on an average 38.6 years old at the time of surgery (standard devia-
tion [SD] =10.3) and the average spherical equivalent refraction of eyes was 3.8 diopters
(SD =2.03). Regression models did not reveal a significant association between temperature
and uncorrected distance visual acuity (UDVA) or corrected distance visual acuity (CDVA), or
between humidity and UDVA (P>0.05 for all). However, increased humidity was associated
with a small but statistically significant improvement in CDVA after LASIK at 1 day, 1 month,
3 months, and 1 year postoperatively (P<<0.05 for all). There was no significant association
between temperature and humidity and the need for enhancement, the incidence of DLK, or
postoperative manifest refraction.

Conclusion: While increased laser room humidity was consistently associated with small
improvements in CDVA after myopic LASIK over time, variations in room temperature and
humidity were not associated with UDVA, the need for enhancement, the incidence of DLK,
or refraction after myopic LASIK or LASEK.
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Introduction

Perioperative variables impacting outcomes after laser refractive surgery have been
extensively evaluated. Though excellent uncorrected visual acuity is often obtained
after excimer laser refractive surgery,'? past studies have demonstrated that factors
including surgeon, technique, degree of myopia, patient age, corneal curvature, and
ablation size, among others, can affect visual outcomes.?> While patient and surgeon
variables are largely not modifiable, operating room environmental factors such as
temperature and humidity can potentially be optimized. Mathematical modeling
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suggests that environmental thermohygrometric factors may
influence the outcome of refractive surgery by absorbing
laser fluence,® but the clinical significance of variations in
temperature and humidity remains unclear. Some authors
have concluded that elevated procedure room temperature
and humidity result in worse outcomes,”® while others have
reported no difference.’ More recently, a retrospective series
of over 200,000 eyes demonstrated no clinically significant
effect of procedure room temperature and humidity on refrac-
tive outcomes,'® while another study with over 41,000 eyes
concluded that lower operating room temperature was
associated with more retreatments.!' To address this ambi-
guity in the literature, we designed a retrospective study to
determine whether procedure room temperature and humidity
are associated with postoperative outcomes after myopic
excimer laser vision correction. Specifically, we evaluated
temperature and humidity for associations with visual acuity,
enhancement rate, the incidence of diffuse lamellar keratitis
(DLK), and postoperative manifest refraction.

Methods

After Institutional Review Board approval was granted by
the University of Michigan, we performed a retrospective
review of the medical records of consecutive patients who
had undergone laser in situ keratomileusis (LASIK) or
laser-assisted keratomileusis (LASEK) for simple myopia
and compound myopic astigmatism over a 3-year period at
the W.K. Kellogg Eye Center, University of Michigan, Ann
Arbor, MI, USA. The Institutional Review Board of the Uni-
versity of Michigan did not require written informed consent
be obtained from the participants, as this was a retrospective
study, and all data was anonymous. Only eyes targeted for
emmetropia were included. Eyes were excluded if they had
previous refractive surgery or developed postoperative striae,
flap displacement, epithelial ingrowth, or corneal haze.

Preoperatively, all patients underwent a complete oph-
thalmologic examination, including uncorrected distance
visual acuity (UDVA), spectacle-corrected distance visual
acuity (CDVA), manifest and cycloplegic refraction, slit-
lamp biomicroscopy, applanation tonometry, corneal topog-
raphy, and ultrasonic pachymetry, and were deemed to be
good candidates for corneal refractive surgery.

Humidity and temperature were checked every morning
and recorded in a log book by a trained ophthalmic techni-
cian to the nearest whole percentage and degree Fahrenheit,
respectively. The humidity and temperature were also logged
for each patient in the excimer laser printout.

Excimer laser ablation for both LASIK and LASEK
was performed using the Technolas 217z laser (Bausch &

Lomb, Rochester, NY, USA). No nomogram adjustments
were made for either LASIK or LASEK treatments.
Surgeries were performed by four experienced surgeons,
with surgical technique varying only slightly according to
surgeon preference. All LASIK flaps were created using a
60-kHz femtosecond laser (IntraLase FS, Abbott Medical,
Abbott Park, IL, USA), with a programmed flap thickness
between 100 and 130 um. Briefly, the flap was reflected,
the stromal bed was dried, excimer laser ablation was
immediately performed, and the flap was repositioned.
The stroma was not washed before excimer laser ablation.
If excimer laser treatment was briefly interrupted, it was
resumed immediately without rinsing the stromal bed.
Patients were prescribed ofloxacin 0.3% and prednisolone
acetate 1% to be used four times per day for 1 week and
then discontinued.

For LASEK, 20% ethanol was applied to the central
cornea using a circular well for ~30 seconds. The epithelium
was removed as a single sheet in a circular pattern with a
superior hinge. The stromal bed was dried, excimer laser
treatment was performed, the epithelium was replaced, and
a bandage contact lens was applied. Patients used ofloxacin
and prednisolone acetate 1% eye drops four times per day
for 1 week, with the steroid drop tapered at the discretion of
the surgeon, typically over the course of 1 month.

Data extracted from the medical records of each patient
included the intended refractive correction, and UDVA and
CDVA with manifest refraction at 1 day, 1 week, 1 month,
3 months, 6 months, and 1 year postoperatively. The presence
of DLK and need for refractive retreatment were recorded.
The decision for retreatment was not made until refractive
stability was obtained, at least 3 months postoperatively.
No predetermined visual acuity criteria were used to deter-
mine necessity for retreatment. Rather, if the patient was
dissatisfied with the UDVA and the surgeon deemed it pos-
sible to improve with additional treatment, the patient decided
if he/she wished to undergo retreatment after discussion of
the risks and benefits of the procedure.

Statistical analysis was performed using SAS 9.3 (SAS
Campus Drive, Cary, NC, USA). Descriptive statistics of
the sample were summarized with mean values and standard
deviations (SDs) for continuous measures, and frequencies
and percentages for categorical variables. Univariate lin-
ear mixed regression models were used to investigate the
effect of temperature or humidity on both visual acuity and
spherical equivalent outcomes. Repeated measures logistic
regression models were used to investigate the effect of
temperature or humidity on the probability of DLK or the
probability of enhancement surgery. These models accounted

submit your manuscript

2232

Dove

Clinical Ophthalmology 2016:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Environmental variables and refractive surgery

for the correlation between eyes of a subject. Visual acuity
was converted to logMAR equivalent for all analyses.

Results
A total of 863 eyes of 458 patients were included. Patient
demographic and procedural data are included in Table 1.
Patients were on an average 38.6 years old at the time of sur-
gery and 53.1% were female. LASIK was performed on 676
eyes (78.3%) of 358 patients and LASEK was performed on
187 eyes (21.7%) of 100 patients. Average room temperature
was 68.4°F (SD =2.3) and ranged from 58°F to 76°F; humid-
ity was on an average 28.7% (SD =14.4) and ranged from 10%
to 72%. Twenty-one eyes (2.4%) underwent an additional
refractive surgery (enhancement) for dissatisfaction with
UDVA; only one of these eyes had undergone LASEK. DLK
was noted in 76 eyes (11.2%) that underwent LASIK.
Table 2 shows the results of models for the association
between temperature and visual acuity. In eyes that under-
went LASIK there were no significant associations between
temperature and visual acuity (CDVA or UDVA) at any
postoperative time point. Similarly, in eyes that underwent
LASEK, temperature was not associated with UDVA.
However, a small but statistically significant association
was present between temperature and CDVA at the post-op
day 1 visit only (estimate —0.0274, P=0.001). At all other
time points there were no significant associations between
temperature and visual acuity in eyes that underwent LASEK.
Two eyes of one subject had LASIK surgery performed

Table | Patient demographic and procedural data for 863 eyes
of 458 patients

Value

38.6+10.3 (range 21 to 74)
Female: 243 (53.1%),

Male: 215 (46.9%)

LASIK: 676 (78.3%),
LASEK: 187 (21.7%)
—3.80+2.03, range

(=10.33 to —0.25)

3.8+4.1 (range

| day to | year)

68.412.3 (range 58 to 76)
28.7£14.4 (range 10 to 72)
0.00+0.14 (Snellen
equivalent 20/20)
—0.05£0.08 (Snellen
equivalent 20/18)

21 (2.4%)

76 (11.2%)

Note: Data represented as mean * standard deviation unless otherwise indicated.
Abbreviations: CDVA, corrected distance visual acuity; D, diopters; LASEK, laser-

assisted keratomileusis; LASIK, laser in situ keratomileusis; UDVA, uncorrected
distance visual acuity.

Variable

Age (years)
Gender

Type of surgery

Treated spherical equivalent (D)
Follow-up (months)

Procedure room temperature (°F)
Procedure room humidity (%)
UDVA at 3 months (logMAR)

CDVA at 3 months (logMAR)

Enhancements
Diffuse lamellar keratitis (LASIK only)

outside the excimer laser manufacturer recommended
limits for temperature (76°F [24.4°C], recommended range
18°C-24°C). The patient had 20/20 UDV A on postoperative
day 1 but was then lost to follow-up.

Table 3 shows the results of models for the association
between humidity and visual acuity. In eyes that underwent
LASIK, there were no significant associations found between
humidity and UDVA. However, there were small but statisti-
cally significant associations between humidity and CDVA
at the 1 day, 1 month, 3 months, and 1 year postoperative
visits. Increases in humidity were associated with decreases
(improvement) in logMAR CDVA. In eyes that underwent
LASEK, humidity was not significantly associated with
UDVA at any time point. There was a small but statisti-
cally significant association between higher humidity and
better logMAR CDVA at the post-op month 1 visit, but this
association was not present at any other time point. Four
hundred sixty-six eyes (55.0%) had surgery performed when
humidity was outside the manufacturer recommended range
0f 30%—50% (range of humidity for treatment 10%—72%). Of
those, 449 (96.4%) were below the recommendation and 17
(3.7%) were above. Analysis using this three-way categoriza-
tion (below, within, and above recommendation of humidity)
did not show any significant associations with visual acuity at
any time points in eyes that underwent LASIK or LASEK.

No significant associations were found between tempera-
ture or humidity and the postoperative manifest spherical
equivalent refraction at any time point following surgery
for both LASIK and LASEK (P>0.05 for all associations,
data not shown).

Repeated measured logistic regression models did not
demonstrate any significant associations between tem-
perature and humidity and the need for enhancement or the
incidence of DLK in eyes that underwent LASIK (P>0.05
for all associations, data not shown). In eyes that underwent
LASEK, the relationship between environmental factors and
enhancement could not be assessed, because only one eye
underwent enhancement after LASEK.

Discussion

Our retrospective study does not support a clinically sig-
nificant association between procedure room environmental
variables and outcomes after excimer laser refractive sur-
gery. Specifically, neither procedure room temperature nor
humidity was significantly associated with postoperative
UDVA or manifest spherical equivalent refraction in eyes that
underwent myopic LASIK or LASEK. The need for enhance-
ment and the incidence of DLK were also not significantly
associated with the environmental variables studied. A small
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Table 2 Univariate linear mixed regression model results for the association of temperature with visual acuity

Outcome LASIK LASEK

Estimate 95% ClI P-value Estimate 95% ClI P-value

(per I°F increase Lower Upper (per I°F increase Lower Upper

in temperature) in temperature)
logMAR UDVA
PODI -0.0039 —-0.0106 0.0028 0.255 —0.0083 —0.0318 0.0152 0.484
POWI 0.0014 —0.0042 0.0070 0.612 —0.0039 —0.0203 0.0125 0.634
POMI —0.0005 —0.0070 0.0059 0.873 0.0013 —0.0118 0.0144 0.842
POM3 —0.0005 —0.0086 0.0075 0.895 0.0086 —0.0084 0.0255 0314
POMé —0.0014 —0.0165 0.0138 0.858 0.0067 —0.0084 0.0218 0.372
POYI —0.0009 -0.0116 0.0098 0.868 0.0040 —0.0087 0.0167 0.512
logMAR CDVA
PODI —0.0065 —0.0163 0.0032 0.185 —0.0274 —0.0433 —0.0116 0.001
POWI —0.0019 —0.0082 0.0044 0.554 —0.0099 —0.0331 0.0132 0.389
POMI —0.0030 —0.0094 0.0033 0.345 —0.0102 —0.0210 0.0007 0.065
POM3 —0.0033 —0.0104 0.0037 0.350 —0.0048 —0.0200 0.0104 0.515
POM6 —0.0001 —0.0085 0.0084 0.987 Not enough data

for model to run

POYI 0.0006 —0.0188 0.0201 0.946 Not enough data

for model to run

Note: The value shown in bold reflects a P-value that is significant (P<<0.05).

Abbreviations: CDVA, corrected distance visual acuity; Cl, confidence interval; LASEK, laser-assisted keratomileusis; LASIK, laser in situ keratomileusis;
PODI, postoperative day |; POWI, postoperative week |; POMI, postoperative month |; POM3, postoperative month 3; POM6, postoperative month 6;

POY|, postoperative year |; UDVA, uncorrected distance visual acuity.

but likely clinically insignificant effect of humidity on CDVA
after LASIK was observed. Overall, patients achieved excel-
lent postoperative visual acuity and had a low enhancement
rate, consistent with previously reported outcomes.'?

Our findings support those of Seider et al who recently
reported that in over 200,000 eyes, procedure room

temperature and humidity did not have a clinically
significant relationship with manifest refraction at 1 month
after LASIK.'® Our results are also consistent with those of
Randleman et al who reported that the need for enhance-
ment was not associated with procedure room temperature
and humidity in 853 eyes that underwent LASIK or

Table 3 Univariate linear mixed regression model results for the association of humidity with visual acuity

Outcome LASIK LASEK

Estimate 95% ClI P-value Estimate 95% ClI P-value

(per 1% increase Lower Upper (per 1% increase Lower Upper

in humidity) in humidity)
logMAR UDVA
PODI —0.0001 —0.0012 0.0009 0.777 —0.0006 —0.0046 0.0035 0.782
POWI —0.0005 —0.0014 0.0004 0.246 0.0005 —0.0024 0.0035 0.714
POMI —0.0005 —-0.0015 0.0006 0.371 0.001 | —-0.0012 0.0035 0.342
POM3 —0.0002 —0.0015 0.001 1 0.741 0.0001 —0.0033 0.0034 0.974
POMé6 0.0007 —0.0022 0.0036 0.623 0.0010 —-0.0018 0.0037 0.472
POYI —0.0005 —0.0022 0.0012 0.535 —0.0021 —0.0049 0.0006 0.122
logMAR CDVA
PODI —-0.0014 —-0.0027 0.0000 0.046 0.0028 —-0.0013 0.0068 0.175
POWI —0.0008 —0.0016 0.0001 0.086 0.0000 —0.0044 0.0044 0.992
POMI —0.0011 —0.0021 —0.0001 0.034 —0.0023 —0.0041 —0.0005 0.015
POM3 —0.0015 —0.0026 —0.0003 0.019 0.0009 —0.0016 0.0034 0.472
POM6 —0.0015 —0.0038 0.0007 0.174 Not enough data

for model to run

POYI —0.0030 —0.0055 —0.0006 0.020 Not enough data

for model to run

Note: The values shown in bold reflect those P-values that are significant (P<<0.05).

Abbreviations: CDVA, corrected distance visual acuity; Cl, confidence interval; LASEK, laser-assisted keratomileusis; LASIK, laser in situ keratomileusis;
PODI, postoperative day |; POWI, postoperative week |; POMI, postoperative month |; POM3, postoperative month 3; POM6, postoperative month 6;

POY |, postoperative year |; UDVA, uncorrected distance visual acuity.
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photorefractive keratectomy.’ The authors did not directly
examine the association of environmental variables with
visual acuity or refractive outcomes.

In contrast, two earlier studies suggested that envi-
ronmental factors may play a role in refractive outcomes.
In 237 eyes, de Souza et al demonstrated that lower pro-
cedure room temperature and humidity were significantly
associated with a smaller spherical equivalent refraction
after LASIK.” In another retrospective study of 368 eyes,
Walter and Stevenson reported that LASIK enhancement
rates were associated with procedure room humidity in a
multivariate model.® Each 1% rise in humidity increased the
odds for enhancement by 9.3%. In addition, they demon-
strated that an increase in room humidity was associated with
a decrease in percentage of correction (under-correction).
A recently published study of over 41,000 eyes found a small
association between lower operating room temperature and
retreatment rate (odds ratio =1.15, P=0.04) in a multivariate
analysis.!' There was no significant association with humid-
ity. However, the authors did not directly assess visual acuity
or refractive outcomes.

It has been theorized that under-correction in excimer
laser refractive surgery might occur in warm and humid
environments, with over-correction in dry and colder ones,
due to alterations in the hydration status of the cornea as
well as effective laser fluence. Modeling has demonstrated
that increased environmental temperature and humidity
may absorb up to 32% of laser fluence and thus reduce the
effective fluence applied to the corneal stroma.® However,
experimentally induced changes in temperature and humidity
did not significantly alter laser energy fluence or myopic
correction.'? The relative hydration of the cornea might also
affect the depth of ablation achieved with each excimer laser
pulse, with ablation expected to be deeper than intended in
less hydrated corneas and more superficial in more hydrated
corneas. Both preoperative and procedure room environ-
mental parameters could affect relative corneal hydration.
Although changes in humidity have been shown to affect
the rate of aqueous tear evaporation,'* corneal thickness
remains relatively stable despite large changes in humidity.'
However, in refractive surgery, exposure of the stromal bed
to ambient room conditions before excimer laser ablation
might influence corneal hydration. Authors have suggested
that a nomogram be developed to account for the effects of
environmental factors on laser ablation,® but our findings
do not support this recommendation. The current study not
only looked at the enhancement rate, which is a surrogate
measure of refractive accuracy, but also at the manifest

spherical equivalent refraction across multiple follow-up
visits. A clinically significant effect of procedure room
environmental variables, if present, would be expected to
be evident in postoperative refractive outcomes.

We found that the incidence of DLK, an infiltration of
white blood cells between the flap and stromal bed following
LASIK, was not associated with procedure room environ-
mental variables. Although the etiology of DLK remains
unclear, exogenous and patient factors are known to influence
its occurrence.'’ Our overall incidence of 11.2% (in LASIK
eyes) was similar to another study from our institution'
(12.4%) and is likely higher than other published reports
because of the meticulous notation of the presence of even
minimal inflammation in the flap interface; in that study only
2.7% of eyes required treatment beyond 1 week postopera-
tively with all DLK grade 2 or less.'® A higher rate of DLK
would increase the power to detect an association between
environmental variables and DLK, but our lack of finding
such an association suggests that procedure room temperature
and humidity do not contribute to its pathogenesis.

Our findings revealed a small but statistically significant
association between procedure room humidity and logMAR
CDVA after LASIK. At the 1 year postoperative visit, the
estimate reflects that for each 1% increase in humidity,
logMAR CDVA was decreased (improved) by 0.003. In other
words, each additional 6.7% increase in room humidity
would result, on average, in one Early Treatment Diabetic
Retinopathy Study letter of better CDVA. Given the small
magnitude of effect, as well as the fact that there was no
association between humidity and UDV A or manifest refrac-
tion, we do not have a reasonable potential mechanism for an
association and therefore do not conclude that these findings
represent causation. Further studies are needed to confirm
the presence and degree of association between humidity
and CDVA.

Limitations

Our study, by its retrospective design, has limitations.
Although we had differential time of follow-up, most patients
were followed for >3 months, at which point maximal visual
acuity and refractive stability should be achieved.? We did
not experimentally alter temperature and humidity and were
thus limited by the ranges of these variables encountered in
our clinical practice. However, the geographic location of
our practice is such that we have a 4-season climate, with
significant outdoor variation in temperature and humid-
ity. Additionally, no cases were cancelled for variations
from suggested environmental parameters, and thus our
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experience represents the ranges likely to be encountered in
clinical practice. Only two eyes of one subject had surgery
performed outside the manufacturer recommended limits for
temperature, while the majority of eyes (54.0%) had surgery
performed outside the recommended range of 30%—-50%
humidity. This may have given us more power to detect an
effect of humidity on visual outcomes, but no significant
associations of humidity with UDVA or refraction were
discovered. We did not have enough enhancements in the
LASEK group to evaluate associations with environmental
factors. The combined experience of four surgeons, with
slight variations in technique, potentially increases the
generalizability of our findings.

Conclusion

In summary, we did not find an association between proce-
dure room temperature and humidity with UDVA, enhance-
ment rate, incidence of DLK, or postoperative refraction in
patients who underwent myopic LASIK or LASEK. Addi-
tional studies are needed to confirm our findings across other
current excimer laser platforms.

Disclosure
The authors report no conflicts of interest in this work.
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