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ABSTRACT

OBJECTIVE: To compare the efficacy and com-
plications of three different excimer laser algo-
rithms for multizone photorefractive and pho-
toastigmatic keratectomy.

METHODS: Three different software algorithms
were applied to treat myopia and myopic astigma-
tism with the VISX 20/20 excimer laser. Each algo-
rithm had a maximum ablation zone of 6 mm but
differed in the number of zones employed, the pro-
portion of the total treatment allocated to each
ablation zone, and the treatment of astigmatism.
The Melbourne multizone technique equally divid-
ed myopia correction into a maximum of three abla-
tion zones. The Pop multizone technique biased
myopia treatment into the smaller diameter zones
to a maximum of six ablation zones, with one cen-
tral island pretreatment. The Alpins multizone
technique equally divided myopia treatment
through all zones up to a maximum of six, with one
central island pretreatment.

RESULTS: A total of 585 patients (780 eyes) were
treated and 625 eyes (80%) were followed for more
than 6 months, The mean baseline spherical equiv-
alent refractive error was -5.63 D (-1.00 to -19.50 D).
Between 71 and 79% of eyes were treated for astig-
matism. There was no statistically significant dif-
ference in baseline refractive error or other char-
acteristics among the three groups. At 6 months,
the Alpins multizone algorithm had more eyes with
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a refractive error within £1.00 D of emmetropia
(p=0.01) and more within +2.00 D of emmetropia
(p<0.01). This new algorithm produced more eyes
with an uncorrected visual acuity of 20/20 or better
at 6 months (p<0.01). When multiple logistic regres-
sion was used to correct for any differences in base-
line myopia among the three groups, this algorithm
also had a higher odds ratio for achieving 20/20 or
better uncorrected visual acuity (OR=1.58).

CONCLUSION: At 6 months, all three algorithms
were effective in the reduetion of myopia.
Significantly better visual acuity and refractive
results were achieved with the Alpins multizone
algorithm that spread the total treatment over a
larger number of ablation zones, with an equal
number of diopters of treatment in each zone. [J
Refract Surg 1997;13:535-544]

Numerous reports in the last few years have
shown that photorefractive keratectomy
{PRK) can give good results in the correction of low
myopia and myopic astigmatism.!® However, less
satisfactory results are secn when attempting the
deeper photoablations required to correct moderate
and high myopia.'®'? To improve the results of PRK,
especially for higher corrections, a number of inves-
tigators have studied the use of multizone PRK
techniques.!2° These multizone techniques enable
an increase in the effective ablation zone while min-
imizing the central ablation depth. Thecretically, a
multizone technique should also result in a more
gradual peripheral transition zone and potentially
reduce the incidence of adverse corneal wound heal-
ing complications.

Multizone techniques have been used to try and
improve the results and reduce the incidence of
wound healing-related complications of PRK in high
myopia.'*182 However, these studies did not show
any benefit for a multizone approach for treating
high myopia. Other studies have shown that multi-
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Figure 1: Total central ablation depth for spherical treatments
between -3.00 and -18.00 D for three multizone PRK and ona single
zone PRK treatment (ALP = Alpins; MEL = Melbourne; POP = Pop).

zone techniques produce good results in the treat-
ment of low and moderate myopia, 13151712 A pumber
of multizone PRK algorithms are currently in use.
Thesge differ in the diameter of ablation zones used
and the proportion of the total treatment at each
ablation zone. We compare three different multizone
PRK algorithms for the treatment of low to extreme
myopia and myopic astigmatism.

PATIENTS AND METHODS

Patient Selection

Patients eligible for inclusion in this study were
required to be at least 18 years of age, have stable
myopia or myopic astigmatism with less than 0.50
diopters {D) change in the previous 12 months and
have a spectacle-corrected visual acuity of 20/40 or
better (20/60 if greater than -6.00 D), Stability was
determined on the basis of subjective manifest and
cycloplegic spherical equivalent refraction. Wearers
of soft contact lenses were assessed 1 week after
lens removal and hard lens wearers were required
to discontinue their lens wear for 1 month and
demonstrate stability of refraction and topography
for a further month before treatment. Patients were
excluded from this study if they had a history of ocu-
lar trauma or surgery, keratoconus, ocular or signif-
icant systemic disease, or if they were receiving
therapy likely to interfere with corneal wound heal-
ing. A commitment was also required from the
patient to he available for follow-up for at least 1
year after the treatment,

Patients’ treated eves were allocated intoc one of
the three groups, each following a common protocol.
Between October 1994 and April 1995, all patients
were also allocated to the Melbourne Excimer Laser
Multizone PRK group. Subsequent to this date
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patients were also allocated to one of two other mul-
tizone treatment groups in a non-randomized,
sequential manner, according to surgeon’s prefer-
ence. Thirty surgeons treated 316 eyes in the
Melbourne multizone PRK group, six surgeons treat-
ed 94 eyes in the Pop multizone PRK!? group, and 18
surgeons treated 370 eyes in the Alpins multizone
PRK group. There were 21 surgeons who treated
eyes in two groups and 33 surgeons whao treated eyes
in one or more of the three groups. There was sub-
stantial uniformity of prevailing operating room
atmospheric conditions and staff. Minor variations in
technique, such as means of epithelial removal, type
of fixation, use of bandage contact lens or pressure
pads did not significantly affect outcomes.?

The study protocol was approved by the Human
Research Ethics Committee of the Rayal Victorian
Eve and Ear Hospital, East Melbourne, Victoria,
Angtralia and written consent was provided by each
patient.

The total central ablation depth for each of the
three algorithms at spherical corrections from -3.00
to -18.00 D is shown by Figure 1. Note that the pre-
treatment at the 2.5 mm ablation zone increased
the central ablation depth in the Pop and Alpins
multizone PRK algorithms. This was evident for
corrections of -5.00 D or less, where the central
ablation depths were greater than a 6 mm single
zone PRK ablation.

Although three different treatment algorithms
were used (Tables 1-3), other surgical parameters
were standardized by protocols that all surgeons fol-
lowed and that have previously been shown not to
influence patient outcome.?

Epithelial removal was performed mechanically
in all eyes, using either a blunt spatula or a dulled
blade.’ During most procedures, the patient main-
tained self fixation of the eye on the target light. In
some instances, forceps were used to immobilize the
eye. A vacuum aspirator was used to remove ablat-
ed debris.

Immediately following the procedure, the cornea
was rehydrated with one drop of indomethacin 1%
and one drop of 2% homatropine hydrobromide and
the speculum was removed. Chloramphenicol sodi-
um succinate 1% or a combination of 1% chloram-
phenicol and 0.5% hydrocortisone acetate cintment
was applied prior to the application of an eye pad.
Treatment with topical antibiotics (chlorampheni-
col) was continued until re-epithelialization was
complete. Postoperatively, 0.1% fluorometholone
was used four times daily for the first week, three
times daily for the second, twice daily for the third,
once daily for the fourth, and then ceased.
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Table 1
Melbourne Excimer Laser Group Multizone PRK Treatment Algorithm
Diopters at Corneal Piane o
Ablation
Zone(mmp 3 A4 8 A4 7 B 4 0 1 A2 43 A4 A8 8 17 18
4.5 . - - - -3.67 -4.00 -4.33 -467 -500 -533 -567 -6.00
5.0 - - - -3.00 -350 -4.00 -450 -5.00 -367 -4.00 -433 -467 -500 -5.33 -587 -6.00
6.0 -3.00 400 -5.00 -3.00 -350 -400 -450 -500 -3.67 -4.00 -433 -4B87 -500 -533 -567 -6.00
Table 2
Pop Multizone PRK Treatment Algorithm
- Dloptars at Corneal Plane
Ablation
Zong(mm) -3 4 5 A& 7 4 @ 10 11 A2 13 4 A5 18 17 -18
25
{pre
treatment) 1,50 1D =180 -1.80 -1.680 -180 1.5 100 -1.00 -100 108 1080 <00 .00 -1.00 -1.00
35 x . - - - - -4.00 -4.00
4.0 - - -4.00 -400 -400 400 -400 -400 -4.00 -4.00
4.5 - - - -3.00 -4.00 -400 -400 -4.00 -200 -3.00 -4.00 -4.00 -400 -400 -3.00 -400
50 - -2.00 -3.00 -1.00 -1.00 -2.00 -2.00 -2.00 -2.00 -2.00 -200 -200 -3.00 -4.00 -2.00 -2.00
55 -2.00 -1.00 -1.00 100 -1.00 -1.00 -2.00 -2.00 -200 -2.00 -200 -200 -200 -2.00 -200 -2.00
8.0 -1.60 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -200 -1.00 -1.00 -1.00 -200 -2.00 -200 -2.00 -2.00
|
Table 3
Alpins Multizone (ALP-MZ) PRK Treatment Algorithum
Diopters at Corneal Plane
Ablation
Zone {mm) -3 4 5 -8 -7 -4 & -10 -1 =12 -13 -14 -15 -16 17 -18
2.5
{pre
treatment) =153 <151 180 -1&D <150 150 1B S00 A0R 00 180 .00 10D -1.00  -1.00 -1.00
3.5 - - - - - -2.67 -2.83 -3.00
4.0 ] - - - ] -280 280 -3.00 -267 -2.83 -3.00
4.5 - - E - - - -250 275 -3.00 -260 -280 -3.00 -2.67 -283 -3.00
5.0 - - - - -2.33 267 -3.00 -250 -275 -3.00 -260 -280 -3.00 -267 -283 -3.00
55 - -2.00 -250 -3.00 -2.33 -267 -3.00 -280 275 -3.00 -260 -280 -3.00 -267 -2.83 -3.00
6.0 -3.00 -200 -250 -3.00 -2.33 -267 -3.00 -250 275 -300 -260 -280 -3.00 -267 -2.83 -3.00

Exclmer Laser Treatment

All patients were treated with the same central-
ly located excimer laser (VISX 20/20, VISX Inc.,
Sunnyvale, Calif) according to a common protocol
by one of 33 surgeons. The laser was operated at a
frequency of 5 Hz and a fluence of 160 md/cm?
without nitrogen blowing, Three different treat-
ment algorithms, as described, were used to deter-
mine the treatment of spherical and cylindrical
refractive error. _

All three treatment algorithms were multizone
indicating two or more treatments were applied at
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more than one ablation zone diameter. The inclusion
of the term multipass with multizone means that
after completion of each ablation zone treatment, at
least one complete pass was commenced and com-
pleted for each successive zone. For the purposes of
brevity we refer to the technique simply as multi-
Zone.

The Melbourne multizone PRK algorithm used
the least number of ablation zones and split the
treatment equally between the zones used with only
one pass per zone (Table 1). No pre-treatment for
central islands was performed. The treatment of
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Table 4
Baseline Characteristics of 780 Eyes (%) According to Multizone PRK Algorithm
Melbourne Pop Alpins
Number of eyes (%} in each group 316 (41) 94 (12} 370 (47)
Baseline myopia (D}
Low {-5.00 of less) 173 (55} 45 (48) 226 (61)
High {-5.01 to -10.00) 125 (39) a1 (44} 132 (36)
Extreme (over -10.00) 18 (8} 8 (8 12 (3}
Astigmatism correction 220 (70} 74 (79) 261 (71}
Bandage contact lens used 33 (10 g2 (66) 57 (15}
Mean age (yrs} 38 37 3g
Male 173 (55} 34 (38} 158 (43)
Number of surgeons 30 6 18

astigmatism was performed at the 6.0 mm ablation
zone, up to a maximum of 80% of the spherical cor-
rection. Higher astigmatic corrections were divided
equally between the 5.0 and 6.0 mm ablation zones.
A coefficient of 1.20 was also used to adjust for sys-
tem undercorrection of astigmatism.?* If the astig-
matism zones were maximally utilized at 80%, then
the cylinder could be treated up to 100% of the
sphere. If the cylinder exceeded the magnitude of the
sphere, then the excess was treated sequentially by
the plano-cylindrical mode. This remaining cylinder
was treated in a 6.0 x 6.0 mm or 4.5 x 6.00 mm zone
without any associated spherical correction.

The Pop multizone PRK algorithm' used up to
six ablation zones, had a pre-treatment for central
islands, and was biased toward more treatment in
the lower diameter ablation zones with the facility
for multiple passes per zone (Table 2). The treat-
ment of astigmatism was performed at the 5 mm
ablation zone. To compensate for system undercor-
rection, a correction factor of 1.25 + 0.50 D was used
(approximately net 1.33 D). There was a maximum
of 2.25 D for single zone cylindrical correction after
which the eyvlindrical correction was split into two
passes at the 5.0 mm clear zone,

The Alpins multizone PRK algorithm was devised
by the first author. It was similar to the Pop multi-
zone PRK algorithm in using a maximum of six
ablation zones and pre-treatment for central island
prevention, but split the dioptric treatment equally
among each of the ablation zones with only one pass
per zone {Table 3). The treatment of astigmatism
was preferentially placed in the 6.0 mm ablation
zone. If the cylinder exceeded 80% of the sphere,
then the astigmatism treatment was split equally
between one to three additional zones (6.0, 5.5 and
5.0 mm).

The total central ablation depth for each of the
three algorithms at spherical corrections from -3.00
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to -18.00 D iz shown by Figure 1. Note that the pre-
treatment at the 2.5 mm ablation zone increased the
central ablation depth in the Pop and Alpins multi-
zone PRK algorithms. This was evident for correc-
tions of -5.00 D or less, where the central ablation
depths were greater than a 6 mm single zone PRK
ablation.

Although three different treatment algorithms
were used, other surgical parameters were stan-
dardized by protocols that all surgeons followed and
that have previously been shown not to influence
patient outcome.”

Epithelial removal was performed mechanically
in all eyes, using either a blunt spatula or a dulled
blade.? During most procedures, the patient main-
tained self fixation of the eye on the target light. In
some ingtances, forceps were used to immobilize the
eye. A vacuum aspirator was used to remove ablat-
ed debris.

Immediately following the procedure, the cornea
was rehydrated with one drop of indomethacin 1%
and one drop of 2% homatropine hydrobromide and
the speculum was removed. Chloramphenicol sodi-
um succinate 1% or a combination of 1% chloram-
phenicol and 0.5% hydrocortisone acetate cintment
was applied before application of an eye pad. Treat-
ment with topical antibiotics (chloramphenicol} was
continued until re-epithelialization was complete.
Postoperatively, 0.1% fluorometholone was used
four times daily for the first week, three times daily
for the second week, twice daily for the third week,
once daily during the fourth week, and after that
time therapy was ceased.

Examination Protocol

All patients were followed-up according to a stan-
dardized examination protocol.?? Baseline data
regarding ocular history, medications, and contact
lens wear were collected and videokeratography

Journal of Refractive Surgery Volume 13 September/Dctober 1997
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Table 5
Attendance at Follow-up (No. Eyes) for Each Algorithm
- Time after Surgery (Mos)
Before PRK 1 mo {% eyes) 3 mos (% eyes) 6 mos (% eyes)
Melbourne muttizone 316 305 (97} 285 (90} 253 {80)
Pop multizone 94 87 (94} 81 (86) 75 (B0)
Alpins multizona 370 352 (95) 323 (87) 297 (B0)
Total eyes 780 744 589 825
Table 6
Number of Adverse Reactions Reported for Each Algorithm
Melbourne Pop Alpins

Raised intraocular pressure 3 4] 1
Monocular diplopia 2 Q 1]
Glarethalos 1 1 1]
Filamentary keratitis 0 1 1]
Infectious keratitis 0 ¢ 1]
Ulcerative kerafitis a Q 1]
Iritis ¢ 0 o
Accommodation defect 0 0 1}
Reaction to drugs 0 0 1]
Number of eyes with

adverse reactions 5 2 1
Total number of eyes 318 94 370
X2 not significant

{Topographic Modeling System, TMS-1, Computed
Anatomy Inc., New York, NY) was performed rou-
tinely. The following factors were measured before
PRK and at 1, 3, and 6 months after surgery: uncor-
rected and spectacle-corrected visual acuity
(LogMAR), subjective manifest refraction, cyclo-
plegic refraction (preoperatively), keratometry and
slit-lamp examination with assessment of corneal
clarity. Corneal haze was graded clinically with the
assistance of standard photographs according to a
subjective scale,?2*

The presence of glare or halos was recorded if the
patient reported the symptoms. It was not consid-
ered an adverse reaction unless it persisted beyond
3 months.

Statistical Methods

Data were entered into a personal computer
database and statistical analyses were performed
using commercially available software (SPSS).
Differences among treatment groups were analyzed
with Chi-square for categorical data. Multiple logis-
tic regression was employed to control for the effect
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of preoperative myopia on refractive and visual out-
comes.

RESULTS

A total of 780 multizone PRK procedures were
enrolled in the study (Table 4). Between 70 and 79%
of eyves had an excimer lager treatment for astigma-
tism. Six hundred and twenty-five eyes (80.1%) were
available for 6 month examination {Table 5). Within
the first 6 months of follow-up there were a few mild
complications (Table 6). No infectious keratitis,
ulcerative keratitis, iritis, accommodation defect, or
reaction to drugs were observed. There were no gig-
nificant differences among the three treatment algo-
rithms in the rate of adverse reactions.

The Alpins multizone PRK algorithm produced
the most accurate refractive outcome (Fig 2). There
was a significant difference among the percentages
of eves achieving a refraction of within =1.00 D of
emmetropia (X? = 9,17, p = 0.01) and for = 2.00 D (X?
= 5000, p < 0.01). There were no statistically signif-
icant differences for the other refractive criteria.
The Alpins multizone PRK algorithm also showed a
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Table 7
Astigmatism at 6 Months after PRK for Each Algorithm

Geometric Mean
{% Astigmatism Corrected) (% Astigmatism Corrected)

95% Confldence Interval Mean Angle

of Error + SEM*

Melbourne Multizene

Sphere treated in PRK mode sequentially
with cylinder treated in plano-cylindrical

mode, N=17 79.2 72910 86.1 560+ 6.1
Sphere and cylinder treated
concurrently in elliptical mode, N=159 924 B4.0tc 101.7 260+ 23
Pop Multizone
Sphere treated in PRK mode sequentially
with eylinder treated in plano-cytindrical
mode, N=2 98.1 54.3t0 176.8 8.00+120
Sphere and cylinder treated
concurrently in elligtical mode, N=58 96.7 77.010 121.5 -1.30« 3.7
Alpins Multizone
Sphere treated in PRK mode sequentially
with cylinder treated in plano-cylindrical
mode, N=28 868 7h4to 99.6 470+ 36
Sphere and cylinder treated
concurrently in elliptical moda, N=181 94.6 857 to 104.5 001+ 1.7
* Standard error of the mean
S =
s . L11] s A= 1
£ S, e & EPOP-MZ, n=75
g i = WAORNT, si=TE g —
S’i | X —
g i ;-] _l
ai
] “ ‘
£ wm g £
o | -
. 1 = e g = - —1
+ 0.50 +1D + 2D «-2D =420 20/20 or hetter 20/25 or hetter 20/40 or helter
Dioptric range from target refraction I Visual acuity results (feet)

Figure 2: Accuracy of refractive outcome at 6 months after multizone
PRK using three algorithms (ALP = Alpins; MEL = Meibourne; POP
= Pop).

trend toward less ‘undercorrection, although this
was not statistically significant. There were no dif-
ferences among the three treatment groups in the
rate of overcorrection.

The Alpins multizone PRK algorithm produced
the best uncorrected visual acuity results with 47%
(139 of 296 eyes) achieving a visual acuity of 20/20
or hetter and 81% (240 of 296 eyves) 20/40 or better
(Fig 3). In the Melbourne multizone PRK treatment
group, 35% (89 of 253 eyes) achieved a visual acuity
of 20/20 or better and 76% (192 of 253 eyes)
achieved 20/40 or better. In the Pop multizone PRK
treatment group the corresponding figures were
33% (25 of 75 eyes) and 71% (53 of 75 eyes). There
was a statistically significant difference in the per-
centage of eyes that achieved a visual acuity of
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Figure 3: Uncorrected visual acuity at 6 months after multizone PRK
uging three algorithms (ALP = Alpins; MEL = Melbourne; POP = Pop).

Ml Loss of 2 lines or more

IDG& of 2 lines or more MENo Change |
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ALP-MZ MEL-MZ POP-MZ
n=294 n=250 n=75

Figure 4: Change in spectacle-corrected visual acuity -at 6 months
after multizone PRK using three algorithms (ALP = Alping; MEL =
Melbourng; POF = Pop).
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Table 8
Multiple Logistic Regression Analysis of Uncorrected Visual Acuity at
6 Months after PRK for Each Algorithm
20/20 or Better No. Eyes - - p Values Odds Ratio
Melbourne multizons 253 1.00
' } 0.50
Pop multizone 75 } 0,0z 1.24
} 0.76
Alpins multizone 297 1.58
20/25 or Bettar
Melbourne multizone 253 1.00
} 0.7
Pop multizone 75 } .33 1.12
} .28
Alpins multizone 297 122
20/40 or Better -
Melbourne multizone 253 1.00
)
Pop multizone 75 } 0.38 0.82
} .30 )
Alping mulizons 297 1.14
Table 9
Multiple Logistic Regression Analysis of Accuracy of Refractive Qutcome at
6 Months after PRK for Each Algorithm
Within £0.50 D No. Eyes pValues Odm
Melbourne multizong 253 1.00
} 0.29
Pop multizone 75 } 0.85 0.75
} 0.21
Alpins multizone 297 1.03
Within £1.00 D
Melbourne multizone 253 1.00
} .04
Pop multizone 75 } 0.92 0.55
} 0.04
Alping multizone 297 1.02

20/20 or better among the treatment groups (X? =
10.2, p < 0.01). There were no statistically signifi-
cant differences among the three multizone algo-
rithms for uncorrected visual acuity better than or
equal to 20/25 or 20/40,

The percentage of eyes that lost or gained two
lines of spectacle-corrected visual acunity did not dif-
fer significantly among the three treatment algo-
rithms; the Pop multizone group showed the lowest

Journal of Refractive Surgery Volume 13 September/October 1997

incidence of either gain or loss of spectacle-corrected
visual acuity (Fig 4).

There was no difference among the grades of
corneal haze at any time (1, 3, or 6 months) after
treatment (Fig 5).

Four hundred and forty-five (71.2%) of the 625
eyes followed for 6 months had excimer laser treat-
ment for agtigmatism. The remaining 180 eyes had
straight spherical myopic corrections. Of the 445
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[CALP-MZ, n=204
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Figure 5: Corneal haze at & months after multizone PRK using threa
algorithms {ALP = Alpins; MEL = Melbourne; POP = Pop}.

eyes, 89.4% (398 eyes) underwent photoastigmatic
refractive keratectomy using the elliptical program,
and 10.6% (47 eves) underwent sequential spherical
and plano-cylindrical correction (Table 7). There was
no statistically significant difference in the amount
of astigmatism corrected between the two methods.
In eyes undergoing photoastigmatic refractive kera-
tectomy, the Melbourne and Alpins algorithms cor-
rected about 90% of the mean astigmatism and the
Pop just over 80%. There was no difference in the
mean angle of error among the three treatment
groups.

In order to take into account any differences in
the level of baseline myopia, we performed a multi-
ple logistic regression analysis. The Melbourne mul-
tizone group was defined as the reference greup and
the other two groups were compared to it. The
Alpins multizone PRK algorithm was 1.6 times as
likely to achieve 20/20 visual acuity as the reference
group (Table &), but no more likely to be within
+0.50 D or £1.00 D of emmetropia (Table 9). There
was no statistically significant difference between
the Pop multizone group and the reference group in
terms of uncorrected visual acuity at 6 months
{(Table 8), but the Pop group was nearly half as like-
ly to be within £1.00 D of emmetropia (Tahle 9).

DISCUSSION

The introduction of multizone photorefractive
and photoastigmatic refractive keratectomy tech-
niques has provided the refractive surgeon, using a
broad beam excimer laser, with several potential
advantages over a conventional single zone ablation
technique.

First, there is a reduction in central ablation
depth with muitizone PRK compared to single zone
PRK. This is particularly seen with higher myopic
corrections and may be an advantage as it reduces
the total amount of tissue ablated in higher myopic
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corrections. However, this needs to be weighed
against any potential reduction in the effective abla-
tion zone. In the Pop multizene PRK treatment algo-
rithm, the treatment is preferentially concentrated
in the smaller ablation zones. While this reduces
central ablation depth, it may also produce a small-
er effective optical zone.

It is commonly suggested that multiple passes
with the excimer laser beam may also result in a
smoother ablation surface in the corneal stroma
and facilitate a less aggressive corneal wound heal-
ing response. One would intuitively consider this
smoothing to be a logical consequence of fraction-
ating the dioptric treatment delivery, however,
there is to date no firm scientific evidence to sup-
port this conclusion. Pop!® has shown a tendency
for there to be less corneal haze with multizone
PRK compared to single zone treatment'® and this
may be a direct consequence of a less aggressive
corneal wound healing response following multi-
zone PRK.

Other potential advantages of multiple passes
include better ceniration by stopping treatment
between each zone and re-centering. However, it
could be argued that consistent centration would be
compromised because of difficulty experienced by
the patient, with fixation becoming more difficult
once the ablation has commenced and the duration
of treatment is extended. A further advantage may
result from the pause between each treatment zone,
reducing the build-up of surface temperature® and
hence decrease the likelihood of thermal damage to
the corneal stroma.

Previous multizone studies have shown good
results when treating low to moderate myopial®1®
but poor results in high and extreme myopia, 141520
Poorer results in the treatment of high myopia with
multizone PRK are consistent with earlier studies
using conventional! single zone PRK treat-
ments??4%% with high rates of regression, corneal
haze, and loss of spectacle-corrected visual acuity.
In one study by Rajendran?®, 25% of eves treated for
high myopia developed dense corneal scars and
required retreatment.

Earlier investigators proposed that poorer results
in higher myopia were related to the central abla-
tion depth?2® as the more tissue removed in the
center of the cornea, the greater the amount of
adverse corneal wound healing. Multizone treat-
ment does have the advantage of ablating less depth
of the cornea (Fig 1). However, other subsequent
studies have demonstrated that central ablation
depth is not directly correlated with adverse corneal
wound healing and poorer refractive and visual out-
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comes. For the same dioptric treatment, larger abla-
tion zones have greater central ablation depths than
smaller ablation zones. Despite this, PRK treatment
with a 5 mm ablation zone has a hetter visual acu-
ity and refractive result than a 4 mm ablation zone®®
and PRK with a 6 mm zone gives better results than
a 5 mm zone.’®3! Therefore, the central ablation
depth is not the major factor that determines
adverse corneal wound healing events after PRK.
Other factors such as the rate of change in curva-
ture of the ablated surface between the treated and
untreated cornea are also likely to be important.

Our study shows that the Alpins multizone PRK
algorithm produced the best refractive and visual
acuity results and the Pop multizone PRK algorithm
the poorer results. Even taking into account any dif-
ferences in preoperative refraction with multiple
logistic regression, there were more patients who
achieved a visual acuity of 20/20 or better in the
Alpins multizone PRK group. There are some rea-
sons why this may be so. A greater number of pass-
es with the excimer laser could be expected to result
in the smoother ablation surface. Any abnormalities
of beam homogeneity in a broad-beam excimer laser,
such as the VISX 20/20, might be smoothed out over
the multiple passes. If a smoother ablated surface
was achieved, it should facilitate a less aggressive
corneal wound healing response. It is thought that
the less aggressive the corneal wound healing
respense incited by the treatment, the less likely the
cornea is to develop epithelial hyperplasia and depo-
gition of subepithelial extracellular matrix material.
Subepithelial extracellular matrix material deposi-
tion is the clinical correlation of corneal haze.®
However, these conclusions are conjectural and are
without published eviderice to support them.

The analysis of astigmatism results among the
three multizone PRK algorithms shows some itmpor-
tant features. The Melbourne and Alpins multizone
PRK algorithms were similar, with astigmatism pri-
marily treated in the 6.0 mm zone with some shar-
ing in the 5.5 mm zone (Alpins multizone PRK) or
the 5.0 mm zone (Melbourne multizone PRK) if
required. An adjustment factor of 1.2 was used for
both to achieve a full correction of astigmatism
where undercorrection by the device was preva-
lent.?! In contrast, the Pop multizone PRK algo-
rithm treats the astigmatism in the 5 mm zone with
a 1.38 adjustment factor. The Alpins and Melbourhe
multizone PRK algorithms corrected on average
about 90% of the pre-existing refractive cylinder.
The Pop multizone PRK algorithm corrected just
over 80% of the refractive astigmatism, despite the
higher adjustment factor. This strongly suggests
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that astigmatism should be treated in the larger 6.0
mm ablation zone rather than in the 5.0 mm abla-
tion zone. Treatment in the larger ablation zone
should result in a larger ablated area and a more
gradual change in corneal curvature than astigma-
tism treatment with the smaller ablation zone. We
would expect a more gradual peripheral change in
corneal curvature to be less likely to stimulate an
aggressive corneal wound healing response.

The best results following PRK and photoastig-
matic refractive keratectomy are likely to be seen
with the algorithm that results in both the
smoothest ablation surface in the corneal stroma
and the most gradual changes in corneal curvature.
In this study, the Alpins and Pop multizone PRK
algorithms used the greatest number of ablation
zones and hence should theoretically result in a
more graduated ablation of stromal surface than
the Melbourne multizone PRK algorithm. However,
by concentrating the treatment preferentially in
the smaller ablation zones, the Pop multizone PRK
algorithm probably caused the same adverse wound
healing response as seen with the small ablation
zone, single pass PRK.2%*° A smaller ablation zone
creates a steeper change in curvature in the blend
zone between the treated and untreated cornea. A
steeper change in the curvature of the cornea is
likely to stimulate a more aggressive corneal
wound healing response.

We recommend that multizone PRK algorithms
using bread beam excimer lagers graduate and max-
imize the number of ablation zones in any algorithm
for refractive treatment of the corneal stroma. We
also recommend spreading the treatment equally
among the ablation zones rather than allocating
more treatment to the smaller ones. Third, we rec-
ommend treatment of astigmatism at the 6.0 mm
ablation zone rather than the 5.0 mm zone, as this
requires a lower coefficient of adjustment for the
prevailing system undercorrection. Studies are
being undertaken to further fractionate the treat-
ment in one zone to two passes, where the dioptric
correction exceeds 2.00 D sphere.

REFERENCES

1. Maguen E, Salz JJ, Nesburn AB, Warren C, Macy JI,
Papaioannou T, Hothauer J, Berlin MS. Results of excimer
laser photorefraclive keratectomy for the correction of
myopia. Ophthalmology 1994;101:1548-1556.

2. Taylor HR, Guesi CS, Kelly P, Alpins NA. Comparison of
exeimer laser treatment of asligmatism and myopia. Arch
Ophthalmoel 1993;111:1621-1626.

3. McDonald MB, Liu JC, Byrd TdJ, Abdelmegeed M, Andrade
HA, Klyce SD, Varnell RD, Munnerlyn CR, Clapham TN,
Kaufman HF. Central photorefractive keratectomy for
myopia. Partially sighted and normally sighted eyes.
Ophthalmology 1991;98:1327-1337.

543




Thrae Multizone PRK Algerithms tor Myopia/Alpins et al

10.

11,

12

13.

14,

15.

16.

17.

18.

. Balz JJ, Maguen E, Nesburn AB, Wearxren C, Macy JI,

Hofbauer JD, Papaioannu T, Berlin M. A two-year experi-
ence with excimer laser photorefractive keratectomy for
myopia. Ophthalmology 1993;100:873-882.

, Gartry DS, Kerr Muir MG, Marshall J. Excimer laser

photorefractive  keratectomy: 18-month  follow-up.

Ophthalmology 1992;99:1209-1219.

. Epstein D, Fagerholm P, Hamberg-Nystrom H, Tengroth B.

Twenty-four-month follow-up of excimer laser photorefrac-
tive keratectomy for myopia. Refractive and visual aeuity
results. Ophthalmology 1994;101:15658-1563.

. Seiler T, Wollensak J. Myopic photorefractive keratectomy

with the excimer laser. One-year follow-up. Ophthalmology
1991;98:1156-1163.

. Snibson GR, Carson CA, Aldred GF, Taylor HR. One-year

evaluation of excimer lager photorefractive keratectomy for
myopia and myopic astigmatism. Melbourne Excimer Laser
Group. Arch Ophthalmol 1995;113:994-1000.

. McCarty CA, Aldred GF, Couper T, Taylor HR. Effect of sur-

gical variation on outcomes of excimer laser surgery J
Refract Surg 1997;13:55-59.

Carson CA, Taylor HR. Excimer laser treatment for high and
extreme myopia. The Melbourne Excimer Laser and
Resgearch Group. Arch Ophthalmol 1995;113:431-436.

Sher N4, Hardten DR, Fundingsland B, DeMarchi J, Carpel
E, Doughman DJ, Lane SS, Ostrov C, Eiferman RA, Frantz
JM, Robin J, Telfair WB 3rd, Lindstrom R. 193-nm excimer
photorefractive keratectomy in high myopia. Ophthalmology
1994;101:1575-1582.

Seiler T, Wollensak J. Results of a prospective evaluation of
photorefractive keratectomy at 1 year after surgery. Ger J
Ophthalmol 1993;2:135-142.

Che Y8, Kim CG, Kim WB, Kim CW. Multistep photorefrac-
tive keratectomy for high myopia. Refract Corneal Surg
1393;9(suppl:537-841.

Heitzmann J, Binder PS, Kassar BS, Nordan LT. The correc-
tion of high myopia using the excimer laser. Arch
Ophthalmol 1993;111:1627-1634.

Kim JH, Hahn TW, Lee YC, Sah W.J. Clinical experience of
two-step photorefractive keratectomy in 19 eyes with high
myopia. Refract Corneal Surg 1993;9(suppl):544-8447.
Hadden OB, Morris AT, Ring CP. Excimer laser surgery for
myopia and myopic astigmatism. Aust NZ J Ophthalmol
1995;23:183-188,

Kim HM, Jun HE. Multizone photorefractive keratectomy
for myopia of 9 to 14 diopters. J Refract Surg;
1995;11{suppl :5293-5297.

Krueger RR, Talamc JH, McDonald MB, Varnell RJ,
Wagoner MDD}, McDonnell PJ. Clinical analysis of excimer
laser photorefractive keratectomy using a multiple zone

15,

20.

21.
232,
23.

24,

25.

26.

27.

28,

29.

30.

31

32,

technique for severe myopia. Am J Ophthalmol
1995,119:263-274.

Pop M, Aras M. Multizone/multipass photorefractive kerate-
ctomy: Six month results. J Cataract Refract Surg
1995;21:633-643.

Rajendran B, Janakiraman P. Multizone photorefractive
keratectomy for myopia of 8 to 23 diepters. J Refract Surg
1995;11(suppl:5288-5301.

Alpins NA. A new method of analysing vectors for changes
in astigmatism. J Cataract Refract Surg 1993;19:524-533.
Taylor HR, Kelly P, Alpine NA. Excimer laser correction of
myopic astigmatism. J Cataract Refract Surg 1994;20:243-251.
Fantes FE, Hanna KD, Waring GO 3d, Pouliquen Y,
Thompson KP, Saveldelli M. Wound healing after excimer
laser keratomileusis (photorefractive keratectomy) in mon-
keys. Arch Ophthalmol 1930,108:665-875

Gartry DS, Kerr Muir MG, Marshall J. Photorefractive ker-
atectomy with an argon fluoride excimer laser: a clinical
study. Refract Corneal Surg 1991;7:420-435.

Niizuma T, Ito S, Hayashi M, Futemma M, Utsumi T, Ohashi
K. Cooling the cornea to prevent side effects of photorefrac-
tive keratectomy. J. Hefract Corneal Surg 1994;10(suppl:
5262-5264.

Sher NA, Barak M, Daya S, DeMarchi J, Tucci A, Hardten
DR, Frantz J, Eiferman RA, Parker P, Telfair WB 3rd, Lane
S8, Lindstrom R. Excimer laser photorefractive keratectomy
in high myopia. A multicenter study. Arch Ophthalmol
1992;110:935-943.

Seiler T, Jean V, Derse M. Statistical analysis of myopic
regression after excimer laser PRE. Invest Ophthalmol Vis
Sei 1991;32(suppl):721.

Tavola A, Garancini P, Carones F, Brancato R. Does any vari-
able influence the regression after PRK? Invest Ophthalmol
Vie S¢i 1992;23(suppl): 763,

O’Brart DP, Gartry DS, Lohmann CP, Kerr Muir MG,
Marshall J. Excimer laser photorefractive keratectomy for
myopia; comparison of 4.00- and 5.00-millimeter ablation
zones. J Refract Corneal Surg 1994;10:87-94.

(YBrart DP, Corbett MC, Lohmann CF, Kerr Muir MG,
Marshall J. The effects of ablation diameter on the cuicome
of excimer laser photorefractive keratectomy. A prospective,
randomized, double-blind study. Arch Ophthalmel
1995;113:438-443.

Woo-Jing Kim, Eui-Sang Chung, Jin Hak Lee. Effect of optic
zone size on the outcome of photorefractive keratectomy for
myopia. J Cataract Refract Surg 1996,22:1434-1438.
Lohmann CP, Gartry DS, Kerr Muir MG, Timberlake GT,
Marshall J. “Haze” in photorefractive keratectomy: origins
and consequences. A review. Lasers Light Ophthalmaol
1991:4:15-34.

Journal of Refragtive Surgery Volume 13 September/Octoher 1997




