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Characteristics Inﬂuencing
Outcomes of Excimer Laser
Photorefractive Keratectomy

Peter S. Hersh, MD,' 2 Oliver D Schein, MD, MPH,? Roger Steinert, MD,*
Summit Photorefractive Keratectomy Phase 11 Study Group*

Purpose: Toidentify preoperative and intraoperative characteristics associated with
cutcomes of photorefractive keratectomy (PRK).

Methods: In the phase I} multicenter clinical trials of the Summit Technology excl-
mer laser for ¢orrections of 1.5 to 6.0 diopters {D} of myopia, three principal cutcomes
of PRK on 612 patients were examinad: {1} uncorrected visual acuity of 20/40 or better,
(2) predictability of refractive outcome within 1.0 D of attempted comection, and {3)
stability of refractive result betwsen 12 and 24 months. Multiple logistic regression was
used to test for independent assoclations of multiple preoperative and intracperative
characteristics with each of these outcomes.

Results: Older age was independantly associated with lesser likelihood of achleving .
20/40 or better uncorrected visual aculty {odds ratio = 1.08 per incremental year of age,
95% confidence interval [Cl] = 1.04—1,12) and with decreased pradictability, specifically
with overcorrection {odds ratio = 1.09, 95% Cl = 1.06-1.12}, but age was not associated
with stability of refraction. Greater attempied correction was associated independently
with a decreased likelihood of 20/40 or better uncorrected visual acuity (odds ratio =
2.78 for corrections of 3.5—-55 D, 85% C) = 1.18—6.75; odds ratio = 4.18 for corrections
ol =56 D, 95% Cl = 1.66--10.58}, with decreased predictability (odds ratio = 1.72 for
corrections of 3.5-5.56 D, 95% CI = 1.05-2.85; odds ratio == 2.95 for corrections of =5.5
D, 95% Gl = 1.85-5.26), and with a reduced {ikelihood of stability of refraction {odds
ratio = 3.46 for corrections of =5.0 D, 95% Cl = 1,32-9,11). No Intraocperative charagter-
Istics were associated with any of the outcomes assessed.

Conclusions: Using this speclfic exclimer laser system with an optical zone of 4.5 or
5.0 mm, patient age and attempted carrection are important preoperative characteristics
assoclated with postoperative uncomrected visual acuity and predictabiiity of PRK. Stability
of refraction Is strongly associated with attempted correction. Such information may help
guide patient selection, determineg timing of fellow eye treatment, and suggest changes
In the laser treatment algorithm for individual patients. Although these findings may be
representative of PRK in general, similar analyses should be performed before modifying
patient treatments using efther a 6.0-mm treatment zone or other laser systems.
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Excimet laser photorefractive keratectomy (PRK) is a
promising modality for the correction of myopia and has
.been approved recently by the United States Food and
Ding Administration =% To date, procedures have been
perfonned based on theoietical optics and mathematical
algotithms designed to remove a specified tissue lens from
the corneal sirface.®” This has been done without regard
to individual patient characteristics which might have an
influence on the outcomes of the procedure. In the future,
it is likely that bjologic and wound-healing differences
among patients will be identified and incorporated into
individual PREK treatments

Clipically, the influence of smgical and perioperative
variables on results of PRK are, as yet, unclear, In this
multicenter phase III study of PRK using the Summit
Technology excimer laser (Sumwnit Technology, Inc,
Waltham, MA) with & 4.5- or 5 0-mm beam diameter, we
have analyzed associations of preoperative and surgical
chatacteristics with defined outcomes of PRK. Such asso-
ciations should aid in elucidating factots predictive of
either good or poor outcomes after the excimer laser pro-
cedure. This knowledge should help to improve patient
selection, suggestappropriate vatiations in laset treatment
algorithms, and guide postoperative care strategies for the
individual patient.

Patients and Methods

Study Design

As part of the phase HI multicenter clinical study of the
Summit Technology excimerz laser conducted in accor-
dance with United States Food and Diug Administration
regulations, an observational study of the first eye treared
of 701 patients was performed to assess the safety and
efficacy of PRK for treating myopia. The treatments were
performed at {en clinical centers between June 1991 and
February 1992. All patients entezed in the stady had be-
tween —1.25 and —7 .25 diopters (D) of myopia (sphetical
equivalent} and less than or equal to 1.00 D of wegular
astigmatism. Attempted comrections ranged from 1.50 to
6.00 D {mean, 4.24 D). Data analyzed in this study were
from the 2-year follow-up visit T'wo-year data were avail-
able on 612 eyes of 612 patients. Only the fitst eye treated
of each patient was included in the analysis,

All study centers canformed to standardized patient
entry criteria under an investigational device exemption
pianted to Summit Technology, Inc. Apptovals from ap-
propriate institutional review boards were oblained Pre-
opezative and follow-up visits included a detailed ophthal-
mologic examination with both manifest and cycloplegic
refiactions by two independent obsetvers, measurement

Drs Hersh Steineit and Scheln are consultants for Summir Technology
Inc .

Reprint-requests to Peter $. Hersh, MD; Depariment of Ophthalmology.
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of visual acuity under controlled lighting conditions by
trained technicians using an Faily Treatment of Diabetic
Retinopathy Study chart (Lighthouse for the Blind, New
Yotk, NY), manual keiatometry, glare testing with the
biightness acuity fester (Mentor, Norwell, MA), contyast
sensitivity (Vecto1 Vision, Dayton, OH), videokeratogra-
phy (ByeSys Labomtories, Houston, TX), and anterior
segment photography. ’

Photoreftactive Ketratectomy Procedure

Photorefractive keratectomy was petfoumed with the
Summit BxciMed UV200LA excimer laser system (Sum-
mit Technology, Inc). Laser parameteis included a repeti-
tion rate of 10 Hz, radiant exposure at the corneal plane
of 180 mJ/em®, and pulse duration of 14 nseconds, re-
sulting in an ablation rate of corneal stromal tissue of
approximately 0.25 pm per pulse, Treatment zone size
was 4.5 mm in 251 (35.8%) of the 701 patients treated
and 5.0 mm in 450 {64 2%) of these patients

The standardized PRK procedure used has been pub-
lished previously.® In biief, to ensure appropriate laser
energy and beam homogeneity, ablation and beam profile
characieristics were tested at the beginning of each treat-
ment day by the rate and pattein of ablation of a 100-pm-—
thick gelatin filter (Kodak #1497890, Rochester, NY) and
standardized ablations on a polymethylmethaciylate disc
The surgical eye received 1% pilocarpine and topical an-
esthetic drops The ablation was centeted over the en-
trance pupil as suggested by Uozato and Guyton.® The
cenfiation procedure is desciibed in detail elsewhere ™

Two tiaining sessions wete performed to familiarize
the patient with the procedure and to ensure proper fixa-
tion subsequently. The first training session involved the
application of 1% methylcellulose to the cornea before
ablation to block the incoming laser beam. The second
session was performed on diy epithellum using 25 pulses
of the laser at its maximum apetture. The optical zone
then was matked around the entrance pupil with a 6.0-
mi optical zone marker, the epithelium within this area
was removed with a microsmgical blade, and the laser
ablation was performed. In general, the manifest refrac-
tion spherical equivalent at the spectacle plane was pio-
grammed into the laser, although differences of up to
+1 0 IJ from this amount were allowed at the surgeon’s
discretion. In these patients, the intended correction was
entered

Postoperalively, a combination antibiotic--steroid oint-
ment and a patch were applied. The ointment was contin-
ued five times daily until the cornea had re-epithelialized.
Drops of 1 0% fluorometholone then were administered
five times daily for 1 month The dosage then was reduced
to 0.1% fluorometholone diops four times daily for 1
month and then three times daily for T month. Corticoste-
1oid dosage after the completion of the third monih was
at the discietion of the individual surgeon based on the
patient’s refraction and degree of corneal haze.
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Data Analysis -

Definitions of Principal Qutcomes. Outcomes studied in-
cluded (1) nncorrecied visual acuity of 20/40 o1 better at
3 yeats; (2} predictability of postoperative refraction
within 1.0 D of attempted correction at 2 yeaxs; (3) stabil-
ity of the postoperative refraction, assessed by comparing
the refractive spherical equivalent at 12 versus 24 months
and considering a refrattion to be stable if thexre was 10
D or Iess change in spherical eguivalent hetween these
two visits. A1l visnal acuity measurements wete reporfed
on the logMAR scale

Characteristics Assessed, Preoperative patient chatac-
teristics and smgical variables were analyzed for possible
associations with each of the principal outcomes The
patient chatacteristics studied included age, sex, medical
history, biomicroscopic findings of the anterior segment,
measures of visual acuity, refraction, astigmatism, aver-
age comeal power as assessed by mean keratometry read-
ings, and intraccular pressure. Surgical characieristics an-
alyzed included the attempted correction, optical zone
size, treatment center, total PRK time, and the time from
epitheliat removal fo Iaser treatment.

Statistical Analysis

Data were entered from uniform study forms submitted
from each investigational site Bivaiiste analyses were
performed initially to test for individual associations be-
tween the preoperative and surgical characteristics and the
ontcomes measuted. Contingency tables were constructed
for categorical variables. For continunous variables, mean
values were compared across groups A significance level
of 0.05 was used for subsequent inclusion in the multivari-
ate models Multivariate models were constructed using
the variables found to be significant in the bivariate analy-
ses (P = 0.05) and additional variables thought to be of
demogaphic or clinical significance such as treatment
center or opiical zone size. Odds ratios, indicating the
strength of the independent association were calculated
and are presented with theit 95% confidence intervals
(CIs) Statistical analysis was petformed using the Statis-
tical Analysis System 6.07 (SAS Institute, Inc, Cary, NC).

Resuilts

A total of 701 palienis entered the study cohott Clinical
data were available on 612 patients (87%) 2 years after
PRK. Comparing those patients lost to follow-up with the
study cohort, there were no differences at baseline in age,
sex, or manifest spherical equivalent. The mean age of
the 612 patients followed was 38 yeats, and 55% were
male. Treatment zone size was 4.5 mm in 198 (323%)
and 5.0 mm in 414 (67.6%) of the 612 patients,

Characteristics Associated with Uncorrected
Visual Acuity

Overall, for the 612 patients analyzed in this study, 563
(92%) achieved a postopetative uncorrected visual acuity

of 20/40 ot better at the 2-year follow-up visit. Bivariate
analyses indicated possible associations of uncorrected
visual acuity of 20/40 or better with preoperative age,
contact lens use, refactive cylinder, attempted coirection,
intraocular pressure, and total PRK time. Table 1 presents
the multiple logistic regression model of preoperative and
surgical characteristics associated with uncorrected visual
acuity worse than 20/40 at the 2-year follow-up visit

This analysis indicates independent associations of age,
afternpted cortection, and intraccular pressute with uncor-
rected visual acuity.

The effect of age was large; an individual’s relative
likelihood of having uncorrected visual acuity of 20/40
or better decreases by approximately 8% with every addi-
tional year of age. For insiance, more than 95% of patients
between 21 and 40 years of age achieved 20/40 or better
visual acuity compared with 76% of those between 51
and 60 years of age (Table 2).

Similaily, aftempted cotrection (ie., the corection
programmed into the laser) was found to be associated
with Iesser Hkelihood of achieving 20740 or bettes uncor-
rected visual acuity, Table 3 shows patients sfratified to
0.5-D increments of attempted corection. Patients with
Tess aitempted correction fared the best. Compared with

Table 1. Multiple Logistic Regression Model of
Preoperative and Operative Characteristics
Associated with Uncorrected Visual Acuity <20/40
2 Years after Photoreactive Keratectomy

{n = 611)
Characteristic Odds Ratio 95% CI
Age (Lyr increment)* 108 104-112
Attempted correction®
<25D 034 004-287
25-<35D 100 —
35-<35.5D* 278 1.18-6.75
=55D* 419  1.66-10.58
intiacculat pressure {(L-mm increment)* 085 0.75-096
Total PRY time {1-min inctement} 096 0.68-136
Optical zone <50 mm 126 062-1.56
Study centet
1 089 023-338
2 079 023-276
3 070 016-303
41 100 -
5 107 0.28-4.14
6 026 005-153
7 028 003-281
8 036 003-385
] 116 029-4.60
10 02t 002-197

CI = confidence interval; [} = diopter; PRK = photorefractive keratee
tomy

* Srarksileally slgnificant

$ Reference: center with percent uncorrected visual acuity 20/40 or better
closest 1o the overall mean
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Table 2. Patient Age and Uncorrected Visual
Acuity after Photorefractive Keratectomy

Age {yrs} No. % of Patients with UCVA = 20/40

21-30 140 957
31-40 241 954
41-50 179 824
51-60 41 756

=60 9 889

UCVA = uncorrected visual acuity.

those with attempted correction of 2.5 to 3.5 D, those with
attermipted corrections of 3.5 to 5 5 D had agiproximately a
threetold greater likelihood of not achieving 20/40 or bet-
ter urncotrected visual acuity and those with corrections
of 5.5 D or more had over a fowrfold greater risk of having
uncortected visual acuity worse than 20/40.

Conversely, those patients with higher intraocular pres-
sures wele less likely to have an uncorrected visual acuity
worse than 20/40 No independent effects of other preop-
erative and sur gical characteristics, including optical zone
size, study center, and total PRK time, were seen.

Characteristics Associated with Procedure
Predictability

Overall, for the 612 patients analyzed in this study, 78%
achieved a refractive change within 1.0 1D of the attempted
correction at the 2-year foow-up visit. Bivatiate analyses
indicated possible associations of & numbes of preopera-
tive and _surgical characteristics, including patient age,
attempted correction, study center, refractive astigmatism,
optical zone size, presence of lens opacities, and the time
from the start of epithelitun removal fo laser ablation
Table 4 shows the multiple logistic regression model of
preoperative and surgical characteristics associated with

Table 3. Artempted Cotsection and Uncorrected
Visual Acuity after Photorefractive Keratectomy

{n = 612)

Attempted Correction (D) No. UCVA = 20M40 (%)
15-<20 16 938
20-25 40 1000
25-30 55 08.2
30-35 3 973
35-40 81 916
40-45 86 895
45-5¢ 69 928
50-55 65 892
5560 60 883

60 67 851

D = dioprer; UCVA = uncormected visual acuity

1965

Table 4. Multiple Logistic Regression Model of
Preaperative and Surgical Characteristics Associated
with Predictability Outside & 1.0 Diopter 2 Years
after Photoreftactive Keratectomy {n = 612)

Odds Ratie  95% CI

Characteristic
Age {1-yr increment)® 105 104-107
Attempted correction®
<25D 0+ 029185
25-<35D 100 wm
35-<5.5 D* 1.72 105285
=55D* 295 165-526
Total PRK time {1 -min increment) 089 072-110
Optical zone <5 0.mm 118 075-187
Liis color*
Datk and medinm 100 —
Light 203 133-309
Study center
1 093 044-198
2i 100 —
3 189 018-462
4 102 041-253
5 078 037-164
6 049 0.19-1.26
7 199 079-497
8 205 076554
9 192 083-445
10 ' 1.59 071358

ClI = confidence inrerval; D = diopter.

# Statistlcally significant
 Reference: center with percent prediceability closest to the overall mean

predictability outside £1.0 D at the 2-year follow-up visit.
As with the analysis of uncorrected visual acuity, signifi-
cant and comparable independent effects weze seen for
age and attempfed correction An independent association
also was seen for ris color; individuals with light irides
had fewer prediciable outcomes No association was seen
for intraccular pressure, optical zone size, total PRK time,
o1 study center.

With each 1-year increment in age, there was an ap-
proximately 5% decieased relative likelithood of achiev-
ing within I 0D of attempted correction. A second regres-
sion analysis was petformed, separating those individuals
who were overcomrected from those who were undercor-
rected. This analysis indicated that age was associated
specifically with overcomections (but not undercorrec-
tions) of more than 10 D (odds ratio = 109 for each
yearly increment, 95% CI = 1.06-1 12). Table 5 illus-
trates predictability stratified by decade of life, demon-
strating the association of increasing age with lesser pre-
dictability as well as overcotrection, Fot example, mote
than 82% of patients between 21 and 40 years of age
achieved within 1.0 D of attempied correction compared
with 39% of those between 51 and 60 years of age

Table 6 shows predictability stratified to 0.5-D incre-
ments of attempted correction As can be seen, propor-
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Table 5. Stratified Age Gtoups and
Predictability Cutcome

+1,0D Overcorreetion Undercorrection

Age {yrs) No. (%) >1.0D (%) >1.0D (%)
21-30 140 836 43 121
31-40 241 824 817 817
4j—50 179 71O 196 95
5160 41 585 293 122

>60 9 718 111 1t

D = diopter.

tionately fewer patients with higher attempted cotrections
achieved this success outcome. Compared with those pa-
tients with attempted cotrection of 2.5 t0 3 5 D, those with
attempted corrections of 3.5 to 5 5 D had approximately &
twofold greater likelihood of not achieving within +1.0
D of attemmpted cotrection, and those with corrections of
=55 D had nearly a threefold greater risk of not achiev-
ing within 1.0 D of attempted comrection (Table 4) When
the analysis was repeated, sepaiating those patients who
were undercorrrected and those who were overconected,
the association between attempted correction and predict-
ability was found specifically for undercorrections {but
1ot overcorrections) of more than 1.0 diopter Compared
with those patients with atterapted coirections of 2 5 to
3.5 D, those with attempted corrections of 3.5 to 5.5 D
had 3 32 times (95% CI = 1.42-7 73} greater odds of
being undercorrected by 1.0 D o1 more; those with at-
tempted correction of 5 5 o1 more D had a 7.88-fold (35%
CI = 3.22-19 24) excess 1isk of belng undercortected.

Charactetistics Associated with Stability of
Refraction

Table 7 shows the proportion of patients stable within 1.0
I between 12 and 24 monihs, statified by preoperative
spherical equivalent. Over this time interval, visual acuity
of 89.9% of patients overall was stable within 1.0 D

Thete appeared to be a greater tendency toward myopic
shifts with higher degrees of cotrection. Table 8 shows
the multiple logistic regression model of charactetistics
associated with changes of more than 1.0 D between the
12- and 24-month examinations. There was no significant
effect of age on stability. A large independent effect was
seen for attempted correction; higher refractive correc-
tions were associated with less likelihood of refractive
stability Those patients with attempted cotrections of 5.0
D or greater were mote than three times more likely to
be less stable (within +1 0 D) between 1 and 2 years.

One study center had a lesser likelihood of refractive
stability. This center was not associated with any variation
in either predictability ot the propoition of patients
achieving uncorrected visual acwity of 20/40 or beiter.
Otherwise, no independent effects of optical zone size or
other chatacteristics could be demonstiated.

Discussion

To date, patients undet going excimer laser PRK generally
have teceived treatment based solely on refiactive etror
without regard to individual patient charactetistics This
““one-size-fits-all** approach has, thus far, led to encour-
aging results in numerous clinjcal triats.!* =" The iden-
tification of preoperative and inftaoperative characteris-
fics influencing outcomes of PRK, howevet, should im-
prove future results both by clatifying patient selection
and suggesting changes in treatment algorithms. In our
study of 612 patients in a 1igorous multicenter trial, we
have identified a number of preopeiative and intraopera-
tive characteristics independently assoctated with specific
important clinical outcomes of PRK

Effect of Patient Age

In this stady, older patients had a decreased chance of
achieving 20/40 or better uncorrected visual acuity com-
pared with younger patients; each 1-year inciement in age
was associated with a decreased relative likelihood of

Table 6. Attempted Cottection and Predictability of Photorefractive Ketatectomy

Attempted Conrection (D) Ne. +1.0D (%} Ovetcorrection (%} Undercorrection (%)
15-<28 16 750 250 00
20-25 40 925 50 25
25-30 55 89.1 91 18
30-35 13 799 15.1 55
35-40C a1 815 136 49
40-45 86 719 116 105
45-50 - 69 110 188 101
50-55 65 769 123 108
55-6.0 . 60 i33 50 27
6.0 67 657 119 224
D = diopter.
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Table 7. Stability of Refiaction between 12 and 24 Months Stratified to Refractive Ertor*

Preoperative Spherical Fquivalent (D)

Overall <2.0 20-29 3.0-3.9 4.0-4.9 5.0-5.9 =6.0
Hyperopic shift >10D 32 00 0.7 35 590 30
Stable 210D 899 1000 6335 949 894 86.7 800
Myopic shift >10D 68 00 44 70 83 167
D = diepter

* Values are percentages

approximately 8% of achieving 20/40 o1 better visual
genity. Older patients were also less likely to achieve
within 1 0 D of attempted correction and were more likely
to be overcoirected Regarding this latter finding, it is
possible that accommodation in younger patients may
have led to undesestimation of hyperopic teftactions, thus
angmenting the age diffetences found in this study.
Photorefiactive keratectorny in genezal may be associ-
ated with an early overcorrection which diminishes over
time with expected stromal wound healing.”"“~'¢ In the
older patient, therefore, the relafive tendency toward ove:-

Table 8. Multiple Logistic Regression Model of
Preoperative and Surgical Chaacteristics Associated
with Changes of >1.0 Diopter in Manifest
Spherical Bquivalent Refraction between 12 and 24
Months after Photoreftactive Keratectomy

(n = 555)
Characteristic Qdds Rato  95% CI
Age (L-yr increment} 102 06099-105
Attempted correction™
<30D 1.0 —
30-<5.0D 1.56 060-40
=50 D* 3146 132-911
Total PRK time (l-min increment) 091 0.66-1.26
Optical zone <50 mm 059 032130
Intsaoculat pregsure (1-mm increment) 099 0.89--1.10

Study centet
038 009186

2t 100 —
0.56 011-286

3
4 1.86 060-579
5 088 028-2179
6% 290 1.08-780
1 104 021-5.19
8 090 0.17-4.70
9 (¥ 055-5125
10 260 G92-737

CI = confidence interval; b = diopter; PRK = photorefractive keratee
Tonay
* Statisticatly slgnificant.

} Refrence: center with percent stability in manifest refraction spherical
equivalent closest to the overall mean.

1967

correction could be secondaty to a diminished stromail
wound-healing response, with more patients retaining the
initial overconection seen in the early postoperative pe-
riod. This may be analogous to the increased correction
seen in older patients who have undergone radial kerato-
tomy, where diminished healing and coniraction of the
incisions leads to a greater refractive 1esponse to sur-
gery.” Age, in contrast, was not associated with stability
of refractive cotrection fiom the 1- to 2-year examination.
This implies that the interaction between age and wound
healing, which causes a tendency toward undetcorrection,
occurs in the first yeat; the refiaction, thereafter, remains
equally stable as for the younger patient

Given this finding of increased overcorzection in older
patients, the decreased likelihood of uncorrected visual
acuity of 20/40 or better found in older patients could, in
patt, be azesuit of the inability of patients with presbyopia
who ate hyperopic posiopetatively fo focus to good-dis-
tance visual acuity. Moreover, the novel optics of the
comnea resulting from the change in notmal asphericity'®
and topography® induced by PRK may interact with other
aging changes of the eye, thus potentially resulting in the
negative relation of age to uncorrected vision found in this
study (i e, optical aberrations after PRK could possibly
decrease visval acuity in the aging eye more than in the
young eye) ' Howevet, actual aging changes such as cata-
1act and age-related macuolar degeneration were not found
on examination of the patients enrolled in this study Fur-
thermore, no age effect on topography classification or
corneal swface itregularity was found in previous studies
of a subset of this patient cohort®* Such interactions
between the optics of the cornea after PR and the aging
eye thus remain speculative.

Effect of Attempted Cortection

Attempied refiactive correction also was independently
associated with postopetative uncorrected visual acunity;
patients with higher attempted corrections had a lesser
likelihood of achieving 20/40 o1 better visual acuity. This
finding may be 1elated to the greater likelihood of under-
correction with higher attempted coirections. Moreover,
other sequelae causing og)tical abeirations, such as treat-
ment zone edge effects,®* decentiation,'® and cotneal
asphericity,’% also could be increased with higher coi-
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rections and possibly lead to a diminished likelihood of
good uncorrected vision after PRK.

While, in general, there was less likelihood of achieving
within 1.0 D of atterapted comection with higher attempted
cotmrections, patients undergoing higher attempted comec-
tions were specifically more likely to be undercotrected by
more than 1.0 D. For patients in whom 535 D or more of
correction wete attempted, the odds of being undercorrected
were nearly eightfold greater than patients in whom at-
tempted correction was less than 3 5 D; more than 20% of
patients with atterapted corrections of 5.5 D or greater were
undercorrecied by more than 1.0 D.

The algorithm governing ablation of a spherical tissue
lens by the excimer laser is theoretically comect®?; there-
fote, explanations for these ﬁndinlgs must test either in the
laser—tissue intetaction itself®* o1 subsequent corneal
wound healing *® The laser—tissue intetaction may be af-
fected by coineal hydration during the procedure, possibly
with increases in stromal hydration secondary to shock-
wave phenomena during the procedure, leading to a de-
creasing ablation rate as lasing proceeds In particular,
shock-wave phenomena could drive water into the abla-
tion zone, thus decreasing the ablation rate and removing
less stromal tissue than anticipated, with a conseguent
tendency toward undercoriection.®?’2® More likely, cor-
neal epithelial or sttomal wound healing may play a role
in the decreased predictability of patients undergoing
higher refractive ablations. Relatively increased wound
healing and stromal remodeling with higher corrections
cotild lead to greater “‘fill-in"’ of the ablation zone with
tesulting decreased achieved conection. Patients in this
trial had optical zones of 4.5 or 5.0 nun Larger optical
zones o1 bevelled tiansition zones might moderate corneal
healing and lead to increased predictability for higher
attempted corrections 2%

Postoperative refractive stability was inversely associ-
ated with the patient’s refiactive error Patients with myo-
pia of 5.0 D or more were more than threefold more likely
to have a change of refraction of more than 1.0 D between
the 1- and 2-year examinations. Whereas 93 5% to 100%
of patients with a preoperative myopia of less than 40D
were stable over this I-year period, only 80% to 89.4%
of those with 4.0 D or more met the stability outcome
Again, corneal wound healing is an important factor in
stability; those patients with greater ablations may un-
dergo more substantial and lengthy wound remodefing >
Clinically, this may help to determine the timing of tieat-
ment of the fellow eye. To allow the first eye to stabilize,
a longe: time lag between treatiuents should be planned
for eyes undergoing high attempted corrections.

Other Factors Associated with Qutcomes of
Photorefractive Keratectomy

Treatment zone diameters in this study were either 4 5 o1
5.0 mm. Although size of the treatment zone was not
associated with postoperative uncortected visual acuily
or overall predictability, patients with the smaller diame-

ter were more likely fo be undercorrected One possible
explanation is that the distance from the edge of the abla-
tion to the center of the optical zone modulates overall
wonnd healing, laiger zones tending to regress less than
smaller zones.™

No center effect was found for the outcomes analyzed
in this study, although one center did show less refractive
stability than the others. This one finding may possibly be
associated with measurement error because no variation in
any of the othet principal outcomes was found. All sur-
geons received similar training and conformed to standard
surgical and petioperative protocols When PRK is in
more widespread use at mudtiple sites with numerous Ja-
sers and surgeons, it will be impottant to re-examine the
possibility of an effect of tieatment center on outcomes

The tendency of higher intraccular pressure to be inde-
pendently associated with lower odds of not achieving
20/40 or better uncorrected visual acuity is difficult to
explain. Similarly, the finding of an effect of iris color
on predictability was unanticipated. Finally, the finding
that average preoperative keratometry readings (i ¢ , aver-
age cotneal power) did not influence outcomes of best
visual acuity or predictability was expected based on theo-
retical optics of the PRK procedure.”*

Conclusions

Photorefractive keratectomy algorithms may need to be
modified to account for predictive characteristics such
as age and attempted correction For instance, using the
excimer laser system in this study, procedure predictabil-
ity probably could have been improved by intentionally
undercorrecting older patients. Moreovet, increasing the
nominal attempted cotrection in the case of higher desired
corrections, especially for younger patients may improve
the results in this subset of patients, It must be emphasized
that the specific resulis presented i this study can be
attributed only to the specific laser system, configaration,
and optical zone diameter used for these patient treat-
ments. Although our findings may be represenfative of
PRX in general, similar analyses should be performed
before modifying patieunt treatments using a 6 0-mm freai-
ment zone or other laser systems However, knowledge of
the influence of individual patient and suigical variables
should be an important addition to patient treatments as
the PRK procedure continues to develop.
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Appendix

Summit PRK Phase 1 Study Group: George O Wat-
ing, MD, R. Doyle Stulting, MD, PhD, Keith Thompson,
MD, Atlanta, GA; Maic Michelson, MDD, John Owen,
MD, Birmiagham, AL; Roger Steinett, MD, Carmen Poli-
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afito, MD, Michael Raizman, MD, Boston, MA; John R
Wiight, DO, Colorado Springs, CO; Daniel H. Gold, MD,
Bernard A. Milstein, MD, Galveston, TX; Daniel Duuie,
MD, Timothy Cavanaugh, MD, John Hunkeler, MDD, Kan-
sas City, MO; Stephen Brint, MD, New Oileans, LA;
Michael Gordon, MD, San Diego, CA; Tay Pepose, MD,
PhD, St. Louis, MO; T Harley Galusha, DO, Tulsa, OX.
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