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Purpose: Photorefractive keratectomy (PRK) remains a viable, safe, and efficacious option 
for patients wishing to correct refractive errors. One of its most significant drawbacks is pain. 
While post-operative pain has been well studied with different management options, intra- 
operative pain has been less well defined. The purpose of this study was to characterize intra- 
operative pain during PRK in regard to eye operated on, gender, excimer platform used, 
surgeon, and age.
Patients and Methods: A total of 134 patients (264 eyes) were prospectively randomized 
to undergo bilateral PRK of either the right eye first or the left eye first followed immediately 
by the fellow eye. In the immediate post-operative period they were surveyed using an 11- 
point Numeric Rating Scale regarding intra-operative pain or discomfort experienced in each 
eye. Resultant pain scores were then analyzed via two sample z-test and analysis of variance 
(ANOVA) to characterize pain overall as well as comparing first versus second eye operated 
on, right versus left eye, male versus female, excimer platform used, inter-surgeon varia-
bility, and age.
Results: Of 264 eyes surveyed the mean pain experienced on a 0–10 pain scale was 1.13 
(minimal discomfort). There was no statistically significant difference in pain or discomfort 
when comparing first versus second eye operated on, right versus left eye, male versus 
female, excimer platform used, operating surgeon, or age.
Conclusion: Intra-operative pain or discomfort experienced by patients is minimal. The 
absence of statistically significant differences in pain scores studied implies that standard of 
care procedures achieve adequate analgesia in PRK.
Keywords: corneal refractive surgery, CRS, myopia, VISX, EX500, military medicine, 
inter-surgeon variability, order effect, PRK, laser in situ keratomileusis, LASIK, laser 
assisted sub-epithelial keratectomy, LASEK, z-test, pain, anesthetic, analgesia

Introduction
Photorefractive Keratectomy (PRK) remains a viable option for patients con-
sidering corneal refractive surgery (CRS). In the United States military, PRK 
has been and remains the most common CRS procedure, more common than 
Laser In Situ Keratomileusis (LASIK) or small incision lenticule extraction 
(SMILE).1–3 While PRK does have distinct advantages it also has disadvan-
tages, namely slower visual rehabilitation and post-operative discomfort.4,5 

Well studied post-operative pain management strategies have helped to miti-
gate this disadvantage although pain remains a major obstacle for patients 
choosing PRK. Consequently, patients often inquire as to what to expect intra- 
operatively.
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The cornea is a densely innervated tissue that responds 
well to topical anesthetics. Topical tetracaine and propar-
acaine have demonstrated efficacy for mitigating discom-
fort in various eye procedures including CRS.6 While this 
application of topical anesthesia generally allows patients 
to tolerate CRS without issue, from patient feedback at our 
center we anecdotally noted a varied response to the level 
of pain or discomfort experienced when comparing the 
first eye treated versus the second. This led us to question 
whether it is possible to identify measurable differences in 
pain levels experienced when comparing laterality, gender, 
excimer laser platform, operating surgeon, or age. To our 
knowledge, there are no studies that specifically attempt to 
characterize and quantify pain or discomfort experienced 
during PRK.

Methods
One hundred and thirty-seven subjects undergoing bilat-
eral PRK at the Joint Warfighter Refractive Surgery center 
at Wilford Hall Ambulatory Surgical Center (WHASC) in 
San Antonio, Texas between June 2014 and May 2015 
were studied. PRK was performed with either the VISX 
CustomVue STAR S4 IR (Abbott Medical Optics, Santa 
Ana, CA, USA) or WaveLight EX500 (Alcon Inc., Fort 
Worth, TX, USA) excimer laser machine at the surgeon’s 
discretion.

To be included in the study, patients needed to qualify 
for bilateral PRK and be at least 21 years old. Patients 
were excluded if they were pregnant, basic military trai-
nees, prisoners, detainees, did not meet criteria for CRS, if 
they were receiving treatment on one eye, or if they were 
undergoing monovision PRK. Upon inclusion in the study 
cohort, patients were randomized to receive PRK in either 
the right or left eye first using the Research Randomizer 
tool (www.randomizer.org).

Pre-Operative Counseling and 
Management
As standard of care, all persons undergoing refractive 
surgery are brought together for a group educational meet-
ing regarding refractive surgery. At this meeting patients 
are informed about WHASC standard of care procedures 
for pain management and about the risks and benefits of 
refractive surgery, including risk for intra-operative dis-
comfort or pain. During the study period, individuals plan-
ning on undergoing PRK were notified of the opportunity 
to participate in this study and informed that their pain 

management would not be altered if they chose to partici-
pate or not to participate. Interested potential participants 
received a verbal and written explanation of the pain scale. 
The 0–10 Numeric Rating Scale (NRS) was employed to 
measure pain (Figure 1). This scale was selected for its 
established validity in a variety of settings and simplicity 
of use compared against Visual Analogue Scale (VAS) and 
other modalities.7–9 Pre-operative benzodiazepines and 
oral NSAIDs are not part of WHASC’s standard of care 
protocol for PRK and were not evaluated in this study.

Operative Management
Photorefractive keratectomy was performed in the usual 
fashion except for the fact that it is typical to operate on 
the right eye first, and half of the patients had their left eye 
treated first. Perioperative pain management and refractive 
surgery were accomplished in accordance with the 
WHASC institutional standard of care by one of four 
attending surgeons. Anesthesia was achieved by adminis-
tration of several drops of 0.5% proparacaine hydrochlor-
ide (Bausch and Lomb, Inc.) before entering the operating 
suite, and by administration of one additional drop to the 
eye undergoing PRK immediately before removal of the 
corneal epithelium. The corneal epithelial layer was 
removed mechanically with an Amoils rotary brush 
(Innovative Excimer Solutions, Inc.). Following laser abla-
tion of corneal stroma the ocular surface was irrigated with 
chilled BSS. One drop of topical prednisolone acetate 1% 
and one drop of moxifloxacin were then instilled in the 
treated eye. A bandage contact lens was then applied. 
Topical NSAIDs were not administered post-operatively 
nor were bandage contact lenses soaked in NSAID as 
these treatments were not part of the WHASC institutional 
standard of care. Mitomycin C 0.02% pledgets were 
applied to the treated area per surgeon discretion. 
Immediately following the procedure, while in the surgical 
suite, patients were asked to rate their pain during the 
procedure in each eye.

The survey ranked pain with the following prompts 
(Figure 1):

1. Rate your eye pain or level of discomfort during 
your procedure for your right eye. Please circle the 
number closest to your response.

2. Rate your eye pain or level of discomfort during 
your procedure for your left eye. Please circle the 
number closest to your response.
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Ethical Standards
The WHASC Institutional Review Board reviewed and 
approved the study protocol in accordance with the tenets 
of the Declaration of Helsinki. Subjects had a minimum of 
24 h to review informed consent and HIPAA authorization 
forms. Administration of peri-operative analgesia was 
neither modified nor restricted. To avoid conflict of inter-
est, presentation of the study and recruitment to the pro-
spective cohort was done by an investigator who would 
not be the operating surgeon for the recruited patient.

Statistical Analysis
Ophthalmologists aim for zero intra-operative pain in PRK, 
though some patients experience moderate or severe discom-
fort. While the mode reported pain on a 0–10 scale may be “0” 
and the median near-zero for a given cohort of patients, outliers 
are expected despite appropriate application of analgesia. 
Therefore, the distribution of pain scores given by patients 
for this procedure was expected to skew towards 0 and to 
have a single tail. Sample variance was defined by analysis 
of pain scores from the 268 eyes studied and that variance was 

Figure 1 Pain numeric rating scale (NRS). This pain scale was completed by each subject on completion of PRK.
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used to perform a two sample z-test at α=0.05 looking for 
statistically significant difference between the mean pain 
scores of the first and second eye treated. Likewise, mean 
pain score differences were analyzed for statistical significance 
with a z-test at α=0.05 comparing the ablative laser platform 
used (VISX and EX500), gender, age group (age <40 and age 
≥40). When pain scores could not be paired due to an unequal 
number of subjects in compared groups, difference scores 
between reported pain and a hypothesized median difference 
score of 0 were used. Differences in mean pain scores between 
operating surgeons were analyzed by single-factor analysis of 
variance (ANOVA).

The primary outcome measure was difference in perceived 
intra-operative pain or discomfort between the first-eye 
and second-eye surgeries, measured by a 0–10 NRS. 
Secondary outcome measures were differences in perceived 
pain comparing gender, age, laser platform used, and operating 
surgeon.

Results
The study enrolled 137 patients. Three were excluded because 
they elected for monovision treatment. Entities studied were 
268 eyes from the remaining 134 patients, 110 (82%) female, 
105 (78%) younger than 40. Number of eyes operated on by 

surgeons 1–4 were 80, 72, 28, and 88, respectively. Seventy- 
eight eyes were treated with the EX500 laser, and 190 with the 
VISX. Sixty-seven patients were randomized to group 1 (right 
eye treated first) and 67 to group 2 (left eye treated first).

Among the 268 eyes that received treatment the minimum 
reported pain or discomfort was 0; maximum reported pain 
was 8. The mean pain across all eyes was 1.13 (95% CI = 
0.95–1.30), and the mode was 0. Twenty-six of 134 patients 
(19.4%) reported zero pain in one eye and the presence of 
discomfort in the contralateral eye. Of these patients with pain 
in only one eye, 25 (96%) reported mild pain (pain level: 1–3) 
and one patient reported moderate pain (pain level: 4). Out of 
the whole study group, only 2 patients (1.5%) reported severe 
(7–10) pain. One reported pain or discomfort of 6 and 8, the 
other reported pain of 7 in both eyes. Statistical analysis 
comparing first-eye discomfort to second-eye discomfort 
failed to reject the null hypothesis, with mean pain in the 
first eye of 1.01 (95% CI = 0.81–1.22) and mean pain in 
the second eye 1.25 (95% CI = 1.04–1.46); P = 0.09 
(Figure 2). These data do not imply a statistically significant 
difference in pain levels between the first and second eye 
undergoing PRK.

Covariate analysis likewise did not show a statistically 
significant difference between groups. Mean right eye pain 

Figure 2 First and second eye comparison. Scores for first-eye and second-eye pain are reflected in this box plot. In the first eye, mean pain (“x”) was 1.01, interquartile 
range (inclusive) was 0–1.75, median pain (crossbar) was 0.5, and the mode was 0. In the second eye, mean pain was 1.25 (“x”), interquartile range (inclusive) was 0–2, 
median pain was 0, and the mode was 0. Outlier data points are plotted with single dots. For these data, P=0.09.
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Figure 3 Right and left eye comparison. Scores for right and left eye pain are reflected in this box plot. In the right eye, mean pain (“x”) was 1.04, interquartile range 
(inclusive) was 0–2, median pain was 1 (crossbar), and the mode was 0. In the left eye, mean pain was 1.22, interquartile range (inclusive) was 0–2, median pain was 1, and the 
mode was 0. Outlier data points are plotted with single dots. For these data, P=0.15.

Figure 4 Male and female comparison. Scores reported by men and women are reflected in this box plot. For men, mean pain (“x”) was 1.15, interquartile range (inclusive) 
was 0–2, median pain was 1 (crossbar), and the mode was 0. For women, mean pain was 1.13, interquartile range (inclusive) was 0–2, median pain was 1, and the mode was 
0. Outlier data points are plotted with single dots. For these data, P=0.47.
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was 1.04 (95% CI = 0.84–1.24), mean left eye pain was 
1.22 (95% CI = 1.01–1.44); P = 0.15 (Figure 3). Males 
reported mean pain of 1.15 (95% CI = 0.81–1.48), females 
reported mean pain 1.13 (95% CI = 0.97–1.29); P = 0.47 
(Figure 4). Patients who received treatment with the 
EX500 laser reported mean discomfort 1.24 (95% CI = 
0.93–1.55), the mean for those treated with the VISX 
platform was 1.09 (95% CI = 0.92–1.25); P = 0.11 
(Figure 5). For patients aged 40 years or more mean pain 
was 0.95 (95% CI = 0.62–1.27), and mean pain was 1.19 
(95% CI = 1.02–1.35) for patients younger than 40; P = 
0.14 (Figure 6). Regarding inter-surgeon analysis, mean 
reported pain scores were: Surgeon 1 = 1.44 (95% CI = 
1.09–1.78), Surgeon 2 = 0.92 (95% CI = 0.70–1.13), 
Surgeon 3 = 1.04 (95% CI = 0.67–1.40), and Surgeon 4 
= 1.07 (95% CI = 0.83–1.31). The differences between 
these surgeons’ mean pain scores did not achieve statisti-
cal significance (P = 0.14) (Figure 7). A comparison of 
difference between subject’s first and second eye pain 
scores and subject’s average pain score had a Spearman 
rho of 0.08 (P = 0.18), which did not imply a correlation 
between patients’ average pain and whether they experi-
enced an order effect in eye pain (Figure 8).

Discussion
Photorefractive keratectomy and LASIK are favored as 
a corrective interventions for many patients with low-to- 
moderate myopia, low hyperopia, and astigmatism given 
their long-term efficacy improving visual acuity.10 LASIK 
has grown in popularity and been approved across the 
spectrum of Air Force occupations. However, recent stu-
dies and systematic reviews comparing LASIK and PRK, 
and their variants aided by wavefront technologies have 
not proved significant differences in outcomes with respect 
to visual acuity, spherical aberration (SA), or higher-order 
aberrations (HOAs).11–17 As such, PRK is likely to remain 
a popular choice for refractive surgery in the Air Force. 
Reducing intra-operative discomfort would further opti-
mize this therapy that improves warfighting readiness 
and quality of life. This study looked for a change in 
perceived pain in the first or second eye undergoing 
PRK. Evidence suggesting an order effect in perceived 
pain could more effectively guide administration of intra- 
operative analgesia.

An order effect was observed by Cheng et al when 
comparing perceived pain between first-eye and second- 
eye LASIK surgeries, but only at the stages of speculum 
placement and microkeratome pass.18 Subsequently Rami 

et al noted an increase in reported pain for the second eye 
treated with LASIK; however, pain was measured during 
suction-ring placement, a step that does not occur in 
PRK.19 Sharma et al and Nijkamp et al compared first- 
eye and second-eye cataract surgeries and did not find 
a statistically significant difference in perceived pain.20,21 

In keeping with these findings, Moshirfar et al analyzed 
data comparing proparacaine and tetracaine in 128 
patients undergoing CRS and found a slight first-eye 
preference that did not achieve statistical significance.6 

This study likewise demonstrated an increase in 
mean second-eye pain that was not statistically 
significant.

Regarding sample size and power, this study is com-
parable to the aforementioned reports. One hundred and 
thirty-seven patients were initially recruited to this study, 
and 134 included after application of exclusion criteria. 
Moshirfar et al enrolled 128, Sharma et al enrolled 127, 
Nijkamp et al enrolled 128, Rami et al enrolled 154, and 
Cheng et al enrolled 50 patients. In this study, the differ-
ence in mean pain score between the first eye and second 
eye was 0.24, and to show a difference in mean pain scores 
of 0.23 or more was statistically significant at α=0.05, an 
enrollment of 300 patients—more than twice as many as 
were recruited in a 1.5 year period—would have been 
needed. Even if a statistically significant difference had 
been observed, it is not clear that the difference would 
have been clinically significant.

This study was limited by several factors. First, the 
pain scale employed may have measured discomfort 
imperfectly. Investigators employed an NRS for pain 
with 4 labeled categories (none, mild, moderate, and 
severe). A variety of NRSs are used to measure discom-
fort, each with slight variations in “anchor” words used to 
guide patients’ understanding. The degree to which these 
anchor words skew pain scores has been evaluated but is 
not fully understood.8 The word “discomfort” was 
employed in the survey to counteract potential skew 
towards “0” scores as some patients might consider the 
PRK procedure “painless” but admit experiencing some 
level of discomfort. In support of using the NRS, this scale 
is thought to be sensitive to changes within individuals, 
and less affected by patient age and non-pain intensity 
factors such as pain beliefs and pain catastrophizing.22–25 

Future research seeking accurate measures of non-intensity 
pain factors, such as pain unpleasantness, could consider 
other pain scales, especially the Faces Pain Scale-Revised 
(FPS-R).23
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Figure 6 Age-based comparison. Scores reported by patients younger than 40 and by patients aged 40 years or more are reflected in this box plot. For patients younger 
than 40, mean pain (“x”) was 1.19, interquartile range (inclusive) was 0–2, median pain was 1 (crossbar), and the mode was 0. For patient’s older than 40, mean pain was 0.95, 
interquartile range (inclusive) was 0–1, median pain was 0, and the mode was 0. Outlier data points are plotted with single dots. For these data, P=0.14.

Figure 5 EX500 and VISX comparison. Scores reported for eyes undergoing PRK with EX500 and VISX excimer lasers are reflected in this box plot. For the EX500, mean 
pain (“x”) was 1.24, interquartile range (inclusive) was 0–2, median pain was 1 (crossbar), and the mode was 0. For the VISX, mean pain was 1.09, interquartile range 
(inclusive) was 0–2, median pain was 1, and the mode was 0. Outlier data points are plotted with single dots. For these data, P=0.11.
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Figure 7 Inter-surgeon variability. Scores reported for surgeons are reflected in this box plot. For surgeon 1, mean pain (“x”) was 1.43, interquartile range (inclusive) was 0– 
2, median pain was 1 (crossbar), and the mode was 0. For surgeon 2, mean pain was 1.07, interquartile range (inclusive) was 0–2, median pain was 1, and the mode was 0. For 
surgeon 3, mean pain was 1.04, interquartile range (inclusive) was 0–2, median pain was 1, and the mode was 0. For surgeon 2, mean pain was 1.07, interquartile range 
(inclusive) was 0–2, median pain was 1, and the mode was 0. Outlier data points are plotted with single dots. For these data, P=0.14.

Figure 8 Average pain score vs pain score difference. Scattergram plot of the difference between the first and second pain scores and the average pain score of first 
and second eye pain scores. A strong correlation could indicate if patients who tended to rank pain more highly were also more sensitive to an “order effect,” experiencing 
more pain in the second eye undergoing PRK. However there is no strong correlation between average pain score and whether subjects ranked pain as higher in the first 
or second eye undergoing PRK. Spearman rho=0.08; P=0.18.
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Additionally, the enrolled subjects were predominantly 
younger than 40 (78%) and female (82%). If statistically 
significant results had been observed, then applying those 
observations to inform treatment of older patients or male 
patients would have been more challenging. Future studies 
comparing first-eye and second-eye pain during ophthal-
mic procedures could consider seeking greater enrollment 
to gain statistical power. It will remain pertinent to 
describe when patients report pain, especially if it is during 
(and at which step), or after the procedure.

The mode pain or discomfort score of zero, together 
with statistical analyses of pain scores reinforce that fol-
lowing standard of care procedures for PRK may be 
trusted to minimize intra-operative pain. Data gathered 
do not imply a benefit to modifying analgesia for 
the second eye treated in PRK.
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