POSTERIOR CORNEA SHIFT AFTER HYPEROPIC LASIK

postoperative:preoperative magnification ratio. In this
study, we report the clinical outcomes of the posterior cor-
neal surface change after H-LASIK using Orbscan and eval-
uate our results as compared with the data hypothetically
calculated by the postoperative:preoperative magnification
ratio.

PATIENTS AND METHODS

Twenty-five eyes of 15 patients who had H-LASIK without
significant decentration (>0.5 mm) participated in this study.
This study was performed as part of the Nidek EC-5000 H-LASIK
clinical trial at the Department of Ophthalmology, Nara Medical
University, between December 2000 and March 2002. The post-
operative follow-up period was at least 1 year. Patients with ker-
atoconus, active inflammatory disease, ocular surface disease,
and previous ocular surgery were excluded. In all patients, the
MK-2000 microkeratome (Nidek) was set to create a flap measur-
ing 9.5 mm in diameter and 160 jum in thickness. New blades in
the microkeratome were used in each eye. The ablation zone
was 5.5 mm and the transition zone, 8.0 mm. Neither corneal
thickness nor flap thickness was routinely measured intraopera-
tively. There were no major intraoperative or postoperative
complications.

In all patients, the corneal topography was measured with the
Orbscan I (Orbtek Inc.) preoperatively and 1 year postoperatively.
A difference map of the posterior corneal surface was used to as-
sess the posterior corneal surface change after H-LASIK. The cen-
ter of the cornea was predetermined as a fit zone because the
ablation profile of the hyperopic correction theoretically keeps al-
most 0.2 mm of the central area untouched (personal communica-
tion, Nidek, September 29, 2004). The mean elevation of the
posterior corneal surface was determined by the reading at 4
points on a line of 5.0 mm diameter (nasal, temporal, superior,
and inferior sides). Also, a “+” reading was defined as the forward
displacement and a “—” reading was defined as the backward dis-
placement. The posterior corneal surface changes were analyzed
using an analysis of variance (ANOVA). If the P value was less
than 0.05, it was considered significant.

In addition, the postoperative:preoperative magnification ra-
tio was calculated under the following assumptions: preoperative
corneal refractive power, 43.0 diopters (D); postoperative corneal
refractive power, 43 +X (X = amount of refractive correction); re-
fractive power of the cornea, 1.376; preoperative paracentral cor-
neal thickness, 550 pm. If the posterior radius of curvature of the
cornea was 6.8 mim, the relationship between the amount of cor-
rection and posterior corneal topographic change is shown in Fig-
ure 1. The Appendix shows the equation to calculate how much
overestimation or underestimation occurred after LASIK.

RESULTS

The mean age of the patients was 57.3 years (range 30
to 78 years). The mean of the attempted refractive correc-
tion (spherical component) was 3.50 D 4 1.29 (SD) (range
+2.0 to +6.0 D) with a mean ablation depth of 38.29 +
14.74 pm. The mean posterior corneal topographic change
was —2.8 £ 27.9 um at the nasal side, —4.5 £ 27.8 um at
the temporal side, —3.9 + 20.1 pm at the superior side, and
—2.3 + 20.1 pm at the inferior side. The posterior corneal
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Figure 1. The relationship between the amount of correction and appar-
ent posterior corneal surface change; +3.0 D H-LASIK hypothetically in-
duced 8.3 pm of the backward shift in the posterior corneal surface.

surface topographic change in any 2 examined points
showed no significant difference after H-LASIK (P = .38,
ANOVA). After this population was grouped (1.0 D step),
the result was similar to that before grouping (Table 1).

In the theoretical eye model, the posterior corneal sur-
face topographic change showed by —8.3 pm on the differ-
ence map after +3.0 D H-LASIK (Figure 1). The
hypothetical shift of the posterior cornea was close to the
value of the difference map obtained by Orbscan.

Figure 2 shows the relationship between the amount of
the attempted correction and the posterior corneal topo-
graphic change. In each side, there was a significant corre-
lation between both.

DISCUSSION

In our study, there were no significant posterior cor-
neal surface changes in any 2 examined points. This may
be attributed to the choice of a population with better cen-
tration or alignment and the excimer laser ablation profile
in H-LASIK. Moreover, the value of the posterior corneal
surface change was approximately —3 pm at each examined
point. Taking the accuracy of Orbscan (approximately
+20 um) into consideration,’ this would be smaller and
thus could be included within measurement errors. In
addition, a small change may be attributed to a relatively
lower amount of correction up to 6.0 D as compared with
myopic corrections. On the other hand, the high standard
deviation may mask possible differences between points.
The high standard deviation may be related to the inclusion
of many different refractive corrections into one single cat-
egory. Therefore, we recalculated data after grouping, but
standard deviation was not more compact and we found
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Table 1. The posterior corneal topographic change at each side.

Mean Posterior Corneal Topographic Change (um) + SD

Attempted Correction (D) Nasal Temporal Superior Inferior P Value*
+2to +6(n = 25) -28 + 279 —-45 + 27.8 -3.9 + 20.1 —2.3 + 20.1 .38
After grouping
+2to +3(n = 10) 29 + 185 3.1 + 186 29 + 19.5 2.2 + 131 39
+3to +5 (h= 8} -1.9 £ 120 —-8.1 + 23.2 -1.8 + 11.7 1.0 + 263 .69
+41t0 +5 (h=4) —3.5 + 259 25 4+ 199 —18.5 4+ 23.0 —~4.0 + 16.5 A1
+5t0 +6 (h=3) —-23.7 1+ 211 —29.7 + 17.7 -13.0 £ 17.0 ~24.0 + 21.0 76
*ANOVA

a similar result. This may be due to the small sample size
and the accuracy of Orbscan. Further studies should be
conducted to validate this issue.

Based on the same assumption as M-LASIK, the poste-
rior corneal surface may be considered to change forward in
the area on which excimer laser ablation is performed.'™
QOur results showed inversely the backward change. On
the other hand, we calculated the postoperative:preopera-
tive magnification ratio'*'® and compared our results
with the hypothetical posterior corneal surface change. A
+3.0 D H-LASIK procedure theoretically induced 8.3 pm
of the backward change in the posterior corneal surface.
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Considering the accuracy of Orbscan to be +20 pm,* our
result almost corresponded to the theoretical change.
That is, the posterior corneal surface change may be mostly
an artifact, although we agree that ectasia of the posterior
cornea occasionally exists. In addition, the difference
map obtained by Orbscan may be insufficient for evaluating
the posterior corneal surface change after keratorefractive
surgery because the measurement of the posterior cornea
could be affected by various factors, such as the anterior
cornea.!

In each side, moreover, correlation of the attempted
correction with posterior corneal topographic change was
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Figure 2. The relationship between the amount of the attempted correction and the posterior corneal topographic change at the nasal (A), temporal (B),
superior (0), and inferior (D) sides. In each side, there was a significant correlation between the 2.
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significant; the larger the attempted correction, the larger
the backward shift of the posterior cornea. This relation be-
tween the 2 could support our hypothesis.

When we compare the changes in corneal height
against a best-fit sphere, we have to set a fit zone. In
M-LASIK, a 3.0 mm wide peripheral annular fit-zone
from 7.0 to 10.0 mm in diameter is often used for surface
alignment in the difference map. In H-LASIK, the surgeon
attempts to obtain the largest corneal flap diameter possible
so that the stromal bed area is wide enough to accommo-
date the ablation. Excimer laser H-LASIK is mostly focused
on peripheral corneal ablation as opposed to the predomi-
nantly central ablation in M-LASIK. Therefore, the assump-
tions in M-LASIK cannot be applied to H-LASIK. In other
words, we must define the fit zone in the assessment of
the difference map generated from preoperative and post-
operative elevation maps. Therefore, we took the center
as the fit zone under the assumption that the corneal center
was theoretically almost unaffected by the surgical proce-
dure, as Maloney pointed out regarding the choice of a spe-
cific point (eg, its center) in a discussion on a study by
Wang and coauthors.

In conclusion, the clinically measured posterior cor-
neal surface moved backward after H-LASIK. This was con-
sistent with our hypothetical eye model, considering the
postoperative:preoperative magnification ratio. If the pos-
terior cornea shifts backward, patients with a shallow ante-
rior chamber should have the following risk; a much
shallower anterior chamber depth, or the increase of the
risk in glaucoma followed by a much shallower anterior
chamber depth. New devices such as Pentacam using the
Scheimpflug method (Oculus) may be helpful in demon-
sirating these changes, including anterior chamber mea-
surement with high-resolution imaging. We will have to
validate this hypothesis using other devices and reevaluate
and discuss this problem.

APPENDIX

Calculation of Apparent Change in Posterior Corneal
Surface Based on the Postoperative: Preoperative
Magnification Ratio'®

In calculating the shift of the posterior corneal surface
based on the postoperative/preoperative magnification ra-
tio (R),‘3 the following was assumed: The preoperative re-
fractive power of the anterior corneal surface is 43.0 D, the
preoperative paracentral thickness of the cornea is 550 pm,
the refractive index of the cornea is 1.376, the preoperative

and postoperative radius of curvature of the posterior sur-
face is 6.8 mm, the amount of hyperopic correction is X,
which varies from 0 to -+6 D.

In addition, if we assume that the hypothetical change
is directly translated into the shift of the posterior corneal
surface in the calculation of the difference map, the appar-
ent posterior corneal surface change (Y) is expressed as
follows:

Y = 6800 x (1 —R)
where

R = 1.35235/[1.37600 — 0.00055 x (43 + X))
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Effect of Pupil Size on Photopic and Mesopic Vision under
Binocular and Monocular Viewing Conditions
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HEEEPHREOIL NI X MBS L%, BARPRECELIHBREERETCOIL FFAM
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OINE A AT ERYFTTHRLU 2 CAT-2000 &IXZEET OPD-Scan £ AV, %7, HB3WHBRTHLONL
Zernike R & TB OHEIFE D Zernike FRHICHER U, #HET 5 Schwiegerling 7T X LZHNT
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ZTOHER, WBERICHEEE A SFREI RSN (BREOBE 26: 71—75, 2005)
F—— AR, BRNE, 323X NEH, BEE, SER

We investigated the effect of pupil size on photopic and mesopic vision under binocular and
monocular conditions in 22 eyes of 13 subjects. Pupil diameter was continuously recorded during
contrast visual acuity measurement {logMAR scale) with modified CAT-2000. Aberrometry mea-
surements were performed with OPD-Scan. Zernike coefficients were calculated for natural pupil
diameters under binocular and monocular conditions, using Schwiegerling’s algorithm to recal-
culate the expansion coefficient. In photopic and mesopic vision, mean pupil diameter and total
higher-order aberration increased significantly under monocular condition, as compared to
binocular condition. Monocular visual acuity was significantly worse than binocular visual acu-
ity. The differences between monocular logMAR and binocular logMAR in photopic vision were
greater than in mesopic condition, especially with visual targets of low contrast. These results
suggest that increase in pupil diameter from binocular to monocular condition give rise to
increase in higher-order aberration with every contrast of visual target and background lumi-
nance, impacting subjective visual performance. (Jpn J Vis Sci 26: 71-75, 2005)

Key Words: Pupil size, Higher-order aberration, Contrast visual acuity, Photopic vision, Mesopic vision
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Underestimation of corneal thickness
by Orbscan after myopic correction

In the reply' toaletter about the article on corneal thickness mea-
sured by Orscan (Bausch & Lomb),” Miyata could not satisfacto-
rily explain why the corneal thickness was underestimated after
myopic LASIK. In the article, Miyata et al. speculated that the rea-
sons were changes in the refractive index, stromal haze, changes
in the anterior contour of the cornea, and inappropriate recon-
struction algorithms that might occur after LASIK. We propose
another explanation of the underestimation of corneal thickness
measured by Orbscan after myopic LASIK.

The posterior surface of the cornea is observed through alens
composed of the overlying epithelium and stroma. The lens
changes its shape and thickness after myopic LASIK. Then, the
posterior surface of the cornea observed through the lens becomes
relatively smaller than that observed before the surgery.

We have described a method to calculate the change in the
magnification ratio of the posterlor cornea after myopic LASIK un-
der the paraxial assumption.” If the preoperative and postopera-
tive corneal thicknesses are 600 pm and 480 um, respectively,
the corneal refractive index is 1.376, and the amount of myopic
correction is 10.0 diopters, the image of the posterior cornea
will become smaller by approximately 0.8%. If the posterior ra-
dius of curvature of the cornea is 6.2 mm, ie, 6200 pm, it will be-
come smaller by 50 um. Details of the calculation algorithm of
the Orbscan have not been released by the manufacturer. If the ap-
parent change in the posterior cornea is directly translated to the
apparent decrease in the corneal thickness, the cornea will be-
come thinner by 50 pm. Figure 1 shows the relationship between
the amount of myopic correction and the actual and hypotheti-
cally calculated apparent ¢ corneal thickness. It looks very similar
to Figure 3 in the article.”

600
'5 575
£~
S E ssof
o Actua} corneal thickness
22 :
*é 8 525
g3
12 é‘ 500 F
é Apparently underestimated

475 Corneal thickness

2 s 6 é\\io

Amount of myopic correction (D)

Figure 1. The relationship between the amount of myopic correction and
the actual and hypothetically underestimated corneal thickness. The
greater the amount of myopia corrected, the greater the underestimation
of the corneal thickness.

The change in the magnification ratio of the posterior cornea
could be related 1o the apparent forward shift of the posterior cor-
nea displayed with Orbscan after myopic correction.” [ hope this
hypothesis will help explain many of the discrepancies in the data
obtained by Orbscan after keratorefractive surgery.

Shint Maruoka, MD
YosHiaki Nawa, MD
Kozo Masupa, ORT
Tersuo Ueba, MD
Yostiakl Hara, MD
HirosHi Uozato, PRD
Nara, Japan
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New formula for calculating intraocular
lens power after LASIK

We read with interest the article by Jarade and Tabara® concerning
anew formula to calculate intraocular lens (IOL) power after laser
in situ keratomileusis (LASIK). We would like to congratulate
them for their interesting research even if, as they state, there
are several limitations to this study, among them that it was depen-
dent on preoperative data. However, we would like to make some
comuments.

The authors stated that their formula was as accurate as the
clinical history method. Unfortunately, several authors have
shown that this method is not very accurate, whereas a new histor-
ical method, the double-K, seems to be more precise.”

We were surprised to read in the conclusion that a new
method should be developed to allow simple prediction of K-
readings after LASIK, and in the meantime, all the patients should
have a card reporting their preoperative data and the stabilized re-
fraction before lens opacity develops. The authors forgot to men-
tion that at least 3 papers have shown a way to calculate the IOL
power in these patients if the preoperative parameters and the
amount of treatment are unknown. Among these, we were the first
to publish a regression formula relatéd to the axial eye length that
should be used to calculate a correcting factor to be multiplied by
the corneal radius to better measure the postoperative K-readings:
y = 0.0276 »x AL + 0.3635.% With this formula, there is no need
to know the preoperative parameters; the most important aspect
of our regression formula is that it is axial eye length related.
This should make the formula quite precise; most patients who
have had refractive surgery should have an axial myopia, as pa-
tients with myopia due to changes in refractive index (ie, with

1854 J CATARACT REFRACT SURG - VOL 31, OCTOBER 2005
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A Simple and Accurate Method to Calculate Emmetropic Intraocular
Lens (IOL) Power for IOL Exchange

Hideyuki Tsuji, Yoshiaki Nawa, Yoshiaki Hara and Tomo Nishi
Department of Ophthalmology, Nara Medical University

Hiroshi Uozato

Department of Orthoptics and Visual Sciences, Kitasato University
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EREICHEIhEVWEEZLON, (BR #2 56 :765—767, 2005)
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Purpose : The most frequent cause of non-emmetropic intraocular lens (IOL) power after cataract surgery is an
error in preoperative measurement of axial length, We sought to develop an easy and precise method of calculating
emmetropic IOL power for IOL exchange, without re-measuring axial length postoperatively.

Methods : The Federov theoretical formula was modified to calculate emmetropic IOL power for IOL exchange,
The parameters used were postoperative refraction, power of the implanted IOL, postoperative depth of the anterior
chamber, and corneal curvature. The accuracy of our method was ascertained by calculating exchange 10OL power for
several theoretical cases and analyzing the results by ray tracing.

Results : Analysis showed that the postoperative refractions calculated for the theoretical cases were within 0.23
diopters of emmetropia.

Conclusions : The method we developed would be accurate enough for clinical calculation of emmetropic IOL
power for IOL exchange without any error that might be introduced by re-measuring axial length.

(Folia Ophthalmol Jpn 56 : 765—767, 2005)
Key Words : Intraocular Lens Exchange, Emmetropic Intraocular Lens Power, Ray Tracing Analysis
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Change in axial length and anterior chamber depth according to
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Abstract

Purpose: We measured the axial length and anterior chamber depth before and after accommodation
by non-contact laser interference biometry (IOLmaster)

Subjects&Methods:18 eyes Snormal subjects, mean age 23,8 %25 years, mean refractive errors —
2,69+ 1.82D,who had no ocular disease expect for refractive errors.After near work measured axial
length. anterior chamber depth, subjective refraction and objective refraction, Near work was to do
mail with a portable telephone for 30 minutes at the position of 10cm in front of one’ s eyes. We
measured immediately after near work, 5 minutes later, 10 minutes later and until 60 minutes at
intervals of 10 minutes.

Results: There was no change in axial length, and anterior chamber depth significant decreased until
immediately after near work to 20 minutes later(p,0.001). As compared with before near work,
subjective refraction and objective refraction become making to near sightedness.

Conclusions: We found anterior chamber depth, subjective refraction and objective refraction
was influence of near work. Before inspecting the infant who has amplitude of accommodation, we
should confirm whether the near work was done or not. If the infant had the near work, it is
necessary to be inspected after an enough rest.
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