Comparison of intraocular lens power calculation
methods after myopic laser refractive surgery
without previous refractive surgery data
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PURPOSE: To compare the accuracy of intraocular lens (I0L) power calculation methods for post-
myopic excimer laser surgery patients without previous refractive surgery data using the Holladay
I0L Consultant Program and the American Society of Cataract and Refractive Surgery (ASCRS) I0L
Power Calculator.

SETTING: Wang Vision Cataract and LASIK Center, Nashville, Tennessee, USA.
DESIGN: Case series.

METHODS: Eight methods were used to calculate IOL power: Holladay 2 partial coherence interfer-
ometry (PCI)-K, Holladay 2 FlatK, Wang-Koch-Maloney, Shammas No-History, Haigis-L, ASCRS-
Average, ASCRS-Min, and ASCRS-Max. The optimum IOL power corresponding to the target
refraction was back-calculated using the stable post-cataract surgery refraction and implanted
IOL power. Using the optimum IOL power, the predicted 10L power error and the resultant
refractive error with each method were calculated and compared.

RESULTS: The Holladay 2 Flatk method was most accurate for 10L power calculation, followed by
the Holladay 2 PCI-K, ASCRS-Min, Wang-Koch-Maloney, ASCRS-Average, Shammas No-History,
Haigis-L, and ASCRS-Max. Statistically significant differences were observed between Holladay 2
Flatk and Holladay 2 PCI-K (P<.05), Wang-Koch-Maloney and ASCRS-Average (P<.05), and
Haigis-L and ASCRS-Max (P<.01). No statistically significant differences were observed between
the Holladay 2 PCI-K, ASCRS-Min, and Wang-Koch-Maloney or between the ASCRS-Average,
Shammas No-History, and Haigis-L (both P>.05).

CONCLUSIONS: The Holladay 2 Flatk method provided the most accurate [OL power in eyes without
previous myopic laser surgery data. If the Holladay I0L Consultant Program is unavailable, the
ASCRS methods can be used; the ASCRS-Min represents the most accurate method.
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Today, millions of post-refractive surgery patients
have reached an age at which they develop senile
cataract.! Cataract surgery is more challenging in
patients who have had refractive surgery than in
those who have not had refractive surgery because
post-refractive surgery patients have higher visual
expectations after cataract surgery and intraocular
lens (IOL) power calculation is more difficult and
less accurate.*”

There are 3 main sources of prediction error in 0L
calculation after refractive surgery; that is, the corneal
radius measurement error, the keratometer index
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error, and the IOL power calculation method error.*
Over the past decade, more than 20 methods™ '°
have been devised to improve the accuracy of IOL
power calculation in eyes with previous refractive
surgery. These methods can be divided into 2 groups:
(1) those that require the previous refractive surgery
information and (2) those that use current biometry
only."” Historically, the clinical history method” had
been considered the gold standard of determining
corneal power after laser refractive surgery. However,
the clinical history method requires pre-refractive
keratometry (K) readings and pre-refractive and final
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1328 10L POWER CALCULATION METHODS AFTER MYOPIC LASER REFRACTIVE SURGERY

stable post-refractive manifest refraction, which are of-
ten not available or are of questionable accuracy due to
the use of older imaging technologies at the time of the
refractive surgery. In addition, the outcomes of the
clinical history method differ greatly depending on
which vergence method is used, whether refractions
are vertex corrected, and whether the Aramberri
double-K adjustment is applied >%""1>1% Further-
more, potential nuclear sclerosis and/or progressive
axial myopia at the time of refractive surgery can result
in a biased calculation.'*"” Because of these unavoid-
able limitations of the clinical history method and
methods that require clinical history data,”'*!! several
newer methods that require only current measure-
ments have been developed in recent years. These
include the Shammas No-History, Haigis-L, and
Wang-Koch-Maloney methods, and they have been
shown to have better accuracy overall than traditional
clinical history methods,” #1201

At present, surgeons can perform I0L power calcu-
lations for post-refractive surgery patients without
previous refractive data using several software
programs. The 2 most popular are the Holladay IOL
Consultant Program” and the American Society of
Cataract and Refractive Surgery (ASCRS) IOL Power
Calculator.® However, despite the availability of the
above-mentioned methods and software programs,
clinicians are sometimes still at a loss when trying to
decide which method would generate the most accu-
rate IOL power.

The purpose of this study was to compare the
accuracy of the methods provided by the above
2 popular IOL calculation software packages, to
gain insight on the strength and weakness of each
method, and to provide useful guidelines for select-
ing the best method for IOL calculations in eyes with-
out previous refractive surgery data. We confined
our current study to eyes with previous myopic
corneal refractive surgery.
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PATIENTS AND METHODS

This retrospective study included eves that had myopic laser
in situ keratomileusis (LASIK) or photorefractive keratec-
tomy (PRK) 8 to 14 years ago and subsequently had cataract
surgery from January 2011 to March 2012 at the Wang Vision
Cataract and LASIK Center, Nashville, Tennessee. The exclu-
sion criteria included eyes with corrected distance visual
acuity (CDVA) worse than 20/100 before cataract surgery;
CDVA worse than 20/32 after cataract surgery; and a history
of intraocular disease, other ocular surgeries, ocular trauma,
or intraoperative complications during refractive or cataract
surgery. In addition, patients with systemic disease known
to affect vision were excluded.

All cataract surgeries were performed by the same sur-
geon (M.W.) using the same technique of temporal clear cor-
neal incision and phacoemulsification. The preoperative
examinations related to 0L power calculation included
manifest refraction, keratometry (K) readings measured
with the partial coherence interferometry (PCI) (IOLMaster,
version 5.4.3.0002, Carl Zeiss Meditec AG), rotating
Scheimpflug imaging (Pentacam, version 1.15, Oculus,
Inc.), corneal topography (Atlas, version 3.0.0.39, Carl Zeiss
Meditec AG), lens thickness (Lenstar, .5900, Haag-Streit In-
ternational), axial length (AL), anterior chamber depth
(ACD), and white-to-white (WTW) distance (corneal hori-
zontal diameter); the last 3 parameters were measured
with the PCI device. The preoperative target refraction was
determined by the surgeon's experience and the patient's vi-
sual needs. Preoperative parameters were entered into the
Holladay IOL Consultant Program® and the ASCRS I0L
Power Calculator” to calculate IOL power. All previous clin-
ical history data, such as preoperative corneal power and
pre-refractive and post-refractive surgery refractions (before
the onset of cataract), were unavailable. The surgeon selected
the IOL power to be implanted based on his judgment in
terms of the target refraction and the IOL powers predicted
by these methods.

Methods Used for Intraocular Lens Power
Calculation

Holladay 10L Consultant Program (version 2011.0410) The
Holladay 2 formula (unpublished) is displayed on the Holla-
day IOL Consultant Program software. It was developed
based on the Holladay 1 formula and is a fourth-generation
formula. The Holladay IOL Consultant Program requires
7 variables (WTW, K readings, ACD, lens thickness, patient's
age, preoperative refraction, and AL) and the target refrac-
tion to calculate IOL power. For post-refractive surgery
eyes without previous data, there is an option to enter an
adjusted K value, which can be determined by the rigid trial
contact lens method, current measurements, or the surgeon-
entered K value.

The following 2 Holladay IOL Consultant Program
methods were analyzed in this study.

1. Holladay 2 PCI-K. This method uses the Holladay 2 for-
mula. The current average K measured by the IOLMaster
device is input to calculate the IOL power.

. Holladay 2 FlatK. This method uses the Holladay 2 for-
mula. The lowest average K value selected from 3 keratot-
omy measuring devices (IOLMaster, Pentacam, Atlas) is
input as the surgeon-entered K value to calculate 10L
power. In this study, the lowest average K value from
the IOLMaster average K readings, Pentacam equivalent
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K readings, and Atlas 0.0 to 3.0 mm ring average K read-
ings were used.

American Society of Cataract and Refractive Surgery Intraoc-

ular Lens Power Calculator (version 4.1) Following are
the ASCRS IOL power calculator methods that use current
pre-cataract surgery data:

1. Wang-Koch-Maloney. This method was developed based
on the modified Maloney formula using converted ante-
rior central corneal power from corneal topography.” To
cover more points over the central ablated area, the
mean annular corneal power, determined by Atlas 0.0 to
3.0 mm measurements, is used as follows:

Adjusted comeal power = 1.114 x (Atlas 0 t0 3) — 5.59

2. Shammas No-History with Regression Analysis.®® This
method calculates the post-LASIK or PRK corneal power
by adjusting the measured post-LASIK or PRK K values.
In the IOL calculator,” the Atlas 0.0 to 3.0 mm ring average
K value is used as the post-LASIK or PRK K-value as
follows;

Adjusted comeal power = 1.14 x post — LASIK /PRK K — 6.8

3. Haigis-L."* This algorithm modifies the measured corneal
radius (R,...) of curvature by the IOLMaster based on
regression analysis and then determines the corrected
corneal radius of curvature (R.,) and calculates 1OL
power using the regular Haigis formula as follows>*:

Rcorr = 331.5/(—5.1625 x Rmeas + 82.2603 — 0.35)

4. American Society of Cataract and Refractive Surgery-Average.
This method uses the mean IOL power of predicted 101
power with all ASCRS IOL power calculator methods
available (except ASCRS-Maximum [Max]| and ASCRS-
Minimum [Min]).

. American Society of Cataract and Refractive Surgery-Mini-
mum. This method chooses the lowest IOL power among
the predicted IOL power with all ASCRS IOL power cal-
culator methods available (except ASCRS-Average and
ASCRS-Max).

6. American Society of Cataract and Refractive Surgery-Maxi-
mun. This method chooses the highest IOL power among
the predicted 0L power with all ASCRS IOL power cal-
culator methods available (except ASCRS-Average and
ASCRS-Min),

w

Computing Methods for Intraocular Lens Power
Prediction Error and Refractive Prediction Error

Using the IOL power calculation software, with an opti-
mized lens constant taken from the User Group for Laser
Interference Biometry web site” (optimized constants for
the Zeiss IOLMaster) and the target refraction after cataract

surgery, the predicted I0L power for each method was cal-
culated. The surgeon selected the IOL power to be implanted
depending on his judgment and the patient's need. The sta-
ble manifest refraction at the spectacle plane after cataract
surgery was obtained 3 to 6 months postoperatively. The
IOL power prediction error was computed as the difference
between the predicted IOL power using a particular method
and the back-calculated ideal IOL power based on the target
refraction, with positive values indicating an overpredicted
IOL power and hence a myopic refractive outcome. For
back-calculation, as in the method described by Feiz et al.’
and later adopted by other authors,'® the assumption was
that 1.00 diopter (D) of IOL prediction error produces
0.70 D of refractive error at the spectacle plane.

Statistical Analysis

All statistical tests were performed using Graphpad Prism
software (version 5.0, Graphpad Prism Software, Inc.). All
the data transformations (square root) of absolute IOL power
prediction error and absolute refractive prediction error
were performed for passing the Shapiro-Wilk normality
test (alpha = 0.05). Then a paired ! test and 1-way analysis
of variance were used to analyze the differences between
methods in IOL power prediction error and refractive pre-
diction error. A paired ! test also was used to analyze the dif-
ference in K readings measured with 3 instruments. The
percentages of eyes within certain refractive prediction er-
rors were compared using the chi-square test and Fisher ex-
act test. A P value less than 0.05 was considered statistically
significant.

RESULTS
Patients Demographics

Sixty-two eyes of 33 patients were retrospectively
analyzed. Table 1 shows the patients' demographics.
Seventeen eyes had PRK, and 45 eyes had LASIK.
The mean interval between refractive surgery and cat-
aract surgery was 9.3 £ 2.6 years. Five IOL types were
implanted as follows: 55 eyes Crystalens AO (Bausch
& Lomb), 2 eyes Tecnis ZMB00 (Advanced Medical
Optics, Inc.), 2 eyes Acrysof SN6OWF (Alcon Laborato-
ries, Inc.), 2 eyes EC3-PAL (Aaren Scientific, Inc.), and
1 eye Tecnis Z9003 (Advanced Medical Optics, Inc.).

Table 1. Patient demographics.

Parameter Mean + SD Range
Age (y) 61.27 x 6.79 43, 76
Pre-cataract MRSE (D) —0.65 + 1.48 —5.50, 1.25
Axial length (mm) 2598 + 1.55 23.29, 30.47

ACD (mm) 346 + 0.31 292, 4.25

White-to-white (mm) 12.26 + 0.49 11.40, 12,83
Lens thickness (mm) 453 + 0.44 4.13, 4.97
10L power implanted (D) 19.81 + 1.96 16.50, 25.00

ACD = anterior chamber depth; IOL = intraccular lens; MRSE = man-
ifest refraction spherical equivalent; White-to-white = corneal horizontal
diameter
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Table 2. Target refraction before cataract surgery versus MRSE
after cataract surgery.

Arithmetic (D) Absolute (D)
Parameter Mean £ SD  Range Mean £5SD Range
Preop —0.24 + 047 —=1.50,0.75 040 + 0.35 0.00, 1.50
refraction
target

5 0.65 = 049 0.00, 1.75

Postop MRSE -0.39 + 0.72 -1.75,1.7
,1.50 0.53 + 0.41 0.00, 1.50

Postop MRSE —0.15 =+ 0.65 —1.25
off target

MRSE = manifest refraction spherical equivalent

Table 3. Keratometry measurement by 3 instruments in 62 eyes.

Frequency as

Instrument Mean K (D) + SD  Lowest K, n (%)

Rotating Scheimpflug 40.08 + 2.58
imaging

’artial coherence
interferometer
Corneal topographer
(0.0-3.0 mm

33 (53.23)

40.20 + 2.44

17 (27 42)

40.53 = 240 12 (19.35)

K = keratometry

Pre-Cataract Surgery Target Refraction Versus Post-
Cataract Surgery Actual Refraction

Table 2 shows pre-cataract surgery target refraction
and post-cataract manifest refraction spherical equiva-
lent (MRSE). The mean postoperative period was
4.5 months (range 3 to 6 months).

Preoperative Keratometry Determination Methods

Table 3 shows the difference in K readings measured
with 3 instruments. There were statistically significant
differences between the K readings of the rotating
Scheimpflug device and the corneal topographer
(t = 3.308, P<.01) and between the PCI device and
the corneal topographer (t = 2.873, P<.01). No statis-
tically significant difference was seen between the ro-
tating Scheimpflug device and the PCI device (f =
1.964, P=.0541). Of the 3 devices, the K reading pro-
vided by the rotating Scheimpflug device was most
frequently chosen as the lowest K. The differences in
the frequency of being chosen as the lowest K reading
between the rotating Scheimpflug device and the PCI
device and between the rotating Scheimpflug device
and the corneal topographer was statistically signifi-
cant (P <.01, Fisher exact test). There was no statisti-
cally significant difference between the PCI device
and the corneal topographer (P> .05, Fisher exact test).

Table 4. Frequency of the 3 independent methods (using no
previous refractive surgery data) displayed on ASCRS 10L
Power Calculator chosen as the ASCRS-Min or ASCRS-Max.

Frequency, n (%)

Method ASCRS-Min ASCRS-Max
Wang-Koch-Maloney 34 (54.84) 5 (8.06)
Shammas No-History 21 (33.87) 8 (12.90)
Haigis-L 7 (11.29) 49 (79.03)

ASCRS = American Society of Cataract and Refractive Surgery

Frequency of the Result of Each ASCRS Intraocular
Lens Power Calculator Methods Being Chosen as the
ASCRS-Min or ASCRS-Max

Table 4 shows how often each of the 3 independent
ASCRS IOL Power Calculator methods (using no
previous refractive surgery data) produced the lowest
IOL power (ASCRS-Min) or the highest IOL power
(ASCRS-Max). Of the 3 independent methods, the
Haigis-L. produced the highest IOL power most
frequently (79.03% of the time) and the Wang-Koch-
Maloney produced the lowest IOL power most
frequently (54.84% of the time).

Intraocular Lens Power Prediction Error

Table 5 shows the mean absolute IOL power
prediction errors calculated using all 8 methods. The
Holladay 2 FlatK produced the lowest mean absolute
error (MAE) in IOL power prediction. There was

Table 5. Mean absolute errors in 10L power prediction and
refractive prediction in 62 eyes.®

Mean Absolute Error (D) + 5D

In IOL Power In Refractive

Method Prediction Prediction
Holladay 2 FlatK 0.83 + 0.35 0.70 + 0.29
Holladay 2 PCI-K 0.92 + 0.34 0.77 £ 0.29
ASCRS-Min 0.93 + 045 0.78 + 0.37
Wang-Koch-Maloney 0.94 + 0.48 0.79 + 040
ASCRS-Average 1.00 + 042 0.84 + 0.35
Shammas No-History 1.01 + 0.40 0.85 + 0.33
Haigis-L 1.10 + 0.44 0.92 + 0.37
ASCRS-Max 1.15 + 041 0.96 -+ 0.34

ASCRS = American Society of Cataract and Refractive Surgery; IOL =
intraocular lens; PCI-K = keratometry measured with partial coherence
interferometry

*Primary data transformation (square root) was done for passing Shapiro-
Wilk normality test
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Table 6. Arithmetic errors in IOL power prediction and refrac-
tive prediction in 62 eyes.

Arithmetic Error (D)

In IOL Power
Prediction

In Refractive
Prediction

Method Range Median Range Median

—-337,242 -029 -1.69,236 0.20
Holladay 2 PCI-K -3.37,1.51 -071 -1.06,236 0.50
ASCRS-Min -527,2.69 045 -1.88,3.69 -0.31
Wang-Koch-Maloney -5.27,273 051 -1.91,3.69 -0.36
ASCRS-Average -3.64,297 074 -2.08,255 -0.52
Shammas No-History —4.81,2.69 0.74 —1.88,3.37 -0.52
-1.31,3.60 125 -252,092 -0.87
-1.31,3.60 126 -225092 -0.88

Holladay 2 FlatK

Haigis-L
ASCRS-Max

ASCRS = American Society of Cataract and Refractive Surgery; I0L =
intraocular lens; PCI-K = keratometry measured with partial coherence
interferometry

Table 7. Percentage of eyes within certain refractive prediction
error.*

Percentage

Within Within Within
Method +05D +1.0D +20D
Holladay 2 FlatK 58 90 98
Holladay 2 PCI-K 4 84 98
ASCRS-Min 53 74 ~94
Wang-Koch-Maloney 50 68 90
ASCRS-Average 45 66 97
Shammas No-History 45 71 94
Haigis-L 40 68 90
ASCRS-Max 27 56 89

ASCRS = American Society of Cataract and Refractive Surgery; PCI-K =
keratometry measured with partial coherence interferometry

*Precondition: assuming that 1.0 D of IOL prediction error produces 0.7 D
of refractive error at the spectacle plane'®

a statistically significant difference in the MAE results
between the Holladay 2 FlatK method and the
Holladay 2 PCI-K method (f = 2.283, P<.05). The
Holladay 2 PCI-K, ASCRS-Min, and Wang-Koch-
Maloney methods gave the second lowest MAEs
with no statistically significant differences between
them (F = 0.035, P>.05). This was followed by the
ASCRS-Average, Shammas No-History, and Haigis-
L methods (F = 1.132, P> .05); there was a statistically
significant difference in the MAE results between
the Wang-Koch-Maloney method and the ASCRS-
Average method (t = 1.941, P<.05). The ASCRS-
Max gave the highest MAE of all 8 methods. The
difference in the MAE result between the Haigis-L
method and the ASCRS-Max method was
statistically significantly different (t = 3.481, P<.01).

The median arithmetic errors in IOL power
prediction (Table 6) had negative values with both
Holladay IOL Consultant Program methods,
indicating that these 2 methods underestimate 10L
power. In contrast, the median arithmetic errors
were positive using the remaining 6 ASCRS IOL
power calculator methods, indicating that these
6 ASCRS IOL power calculator methods tend to
overestimate the IOL power.

Refractive Prediction Error

Table 5 shows the mean absolute refractive predic-
tion errors using the 8 methods. Assuming a fixed
relationship between the IOL power error and the
refractive error (Absolute refractive prediction
error = Absolute IOL power prediction error x (.7),
the results of the mean absolute refractive prediction
error mirrored those of the mean absolute IOL power
prediction error.

The median arithmetic error in refractive prediction
(Table 6) has positive values using the 2 Holladay IOL
consultant program methods, indicating a slight
postoperative hyperopic shift. In contrast, the median
arithmetic errors in refractive prediction had negative
values withall 6 ASCRSIOL power calculator methods,
indicating a slight postoperative myopic shift.

Percentage of Eyes Within a Certain Refractive
Prediction Error

Table 7 shows that the Holladay 2 FlatK, Holladay 2
PCI-K, and ASCRS-Min methods produced the high-
est percentages (74% to 90%) of eyes within £1.00 D
of the refractive prediction error followed by the other
5 methods (56% to 68%) (x° = 24.54, P<.01). The
ASCRS-Max method produced the least reliable result,
having the lowest percentage of eyes within +0.50 D,
while the other 7 methods had relatively higher
percentages (40% to 58%) of eyes within +0.50 D
(7* = 14.89, P<.05). All 8 methods had higher per-
centages of eyes (89% to 98%) within +2.00 D

-

(%2 =10.70, P> .05).

DISCUSSION

To our knowledge, this is the first comprehensive
study comparing the accuracy of the methods of
IOL power calculation offered by the 2 most popular
software packages for post-myopic refractive eyes
without previous refractive surgery data.

The first software, the Holladay IOL Consultant Pro-
gram,” provides a platform for the Holladay 2 formula
and all third-generation theoretical formulas (SRK/T,
Hoffer-Q, Holladay 1). The Holladay 2 formula, avail-
able since 1998, is considered by some to be one of the
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most accurate theoretical formulas for average eyes as
well as for unusual eyes, such as those with excessively
shorter or longer ALs, or with extreme flat or steep cor-
neas, > % In addition, previous refractive surgery data
are not essential for the Holladay 2 formula to
calculate IOL powers for post-laser refractive surgery
patients. Differing from the third-generation theoreti-
cal 2-variable formulas, which underestimate the
effective lens position (ELP) in post-refractive surgery
eyes by using the currently measured corneal power,
the Holladay 2 formula uses the following 7 variables
to predict the ELP: K reading, AL, WTW, ACD, lens
thickness, age, and refraction. Furthermore, for post-
refractive surgery eyes without previous data, the
prediction of the Holladay 2 can be optimized by
entering an adjusted K value, which can be chosen
from the rigid trial contact lens method, current
measurements, or a surgeon-entered K value.

The second software, the ASCRS IOL Power
Calculator,® was developed by Warren E. Hill, MD,
Li Wang, MD, PhD, and Douglas D. Koch, MD, and
first reported by Wang et al."® in 2010. With regard
to post-myopic excimer surgery eyes, the ASCRS
IOL Power Calculator provides surgeons with differ-
ent IOL power selections using 5 to 8 methods that
require all or partial previous clinical data and 3 to 4
additional methods that require only current data.

In this study, the IOL calculation accuracy of
8 methods (Holladay 2 PCI-K, Holladay 2 FlatK,
Wang-Koch-Maloney, Shammas No-History, Haigis-
L, ASCRS-Average, ASCRS-Min, and ASCRS-Max)
were analyzed and compared. Our results show that
of these 8 methods, the Holladay 2 FlatK provided
the most accurate prediction for IOL power calculation
with the smallest mean absolute IOL prediction error
(0.83 = 0.35 D), the smallest refractive prediction error
(0.70 £ 0.29 D), the smallest variances, and the great-
est percentage of eyes within +0.50 D (58%) and
+1.00 D (90%) of the refractive prediction error. In
2009, 2 benchmark standards were proposed by the
British National Health Service (NHS) for virgin
cornea cataract surgeries; that is, 55% of the eyes
should be within 0.50 D of the target spherical equiva-
lent and 85% within 1.00 D.?® Although in this study
we analyzed post-refractive surgery eyes (rather than
virgin eyes) whose IOL power calculations are
inherently less accurate, our results using the Holladay
2 FlatK method exceeded both NHS benchmarks.

In comparison with published literature, our MAE
results in IOL power prediction and the percentage
of eyes within +£0.50 Dand +1.00 D of the refractive pre-
diction error using the 3 independent ASCRS IOL power
calculator methods (Wang-Koch-Maloney, Shammas
No-History, and Haigis-L) seem to be a bit worse than
in the studies by Wang et al.!® and Haigis."* Factors

that account for these differences may include: (1) the
smaller sample size in our study (62 eyes/33 patients)
compared with Wang et al.”® (72 eyes/57 patients) and
Haigis' (187 eyes); (2) the IOL constants we used were
not personalized but were taken directly from the opti-
mized constants for the IOLMaster device; (3) the
mean age of our patients was 61.27 + 6.79 years, older
than that in Wang et al.' (58 + 8 years) or in Haigis'!
(58.1 £ 8.5 years), which may have affected the accuracy
of the postoperative MRSE readings in our study
because older patients tend to have more significant
ocular surface issues and less reliable refraction.

Another difference between our study and Wang
et al's study'® is that in the latter, the ASCRS-Min
method and ASCRS-Max method were not evaluated,
presumably because these methods are not indepen-
dent. In our study, we decided to include these
2 related methods for analysis because we presumed
that even though they are not independent methods,
they produced useful clinical references in predicting
IOL power. Infact, our study found that of the 6 methods
displayed on the ASCRS IOL Power Calculator soft-
ware, the ASCRS-Min gave the best outcome, yielding
the lowest MAE and the highest percentage of eyes
within +0.50 D and +1.00 D of the refractive prediction
error. We also found that the ASCRS-Max method gave
the worst outcome with the highest MAE. With regard
to refractive prediction error, our data show negative
median arithmetic values in refractive prediction errors
with all 6 ASCRS IOL Power Calculator methods,
indicating a myopic prediction trend. Hence, of the
6 ASCRS IOL Power Calculator methods, choosing the
IOL power predicted by the ASCRS-Min method may
be the ideal choice because it will lower the amount of
myopic shift from the target refraction.

In evaluating the 2 most accurate methods found in
this study (ie, Holladay 2 FlatKk and Holladay 2
PCI-K), the Holladay 2 FlatK achieved better accuracy
in IOL power prediction than the Holladay 2 PCI-K,
and the difference between them was statistically sig-
nificant (t = 2.283, P <.05). The only variable between
the Holladay 2 FlatK and Holladay 2 PCI-K is theactual
K value used. While the Holladay 2 FlatK uses the
lowest average K value chosen from IOLMaster
average K, the Pentacam equivalent K readings, and
the Atlas (0.0 to 3.0 mm ring) average K, the Holladay
2 PCI-K uses the IOLMaster average K directly. The
results in the present study show that the Pentacam
equivalent K readings provided lower average
K values (f = 3.308, P<.01) than the Atlas average
K (0.0 to 3.0 mm). Similar findings were also reported
by Borasio et al."® and Doménech et al.”’ In our study,
although the mean K values were not significantly
different between the Pentacam equivalent K readings
and the IOLMaster average K (t = 1.964, P=.0541), the
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Pentacam equivalent K readings were chosen as the flat
K more frequently (33 times [53.23%]) than the
IOLMaster average K (17 times [27.42%]) and the
difference in these frequencies was statistically
significant (P<.01, Fisher exact test). This result is
similar to that obtained by Elbaz et al.?® in a study of
the mean interdevice differences in K values for the ro-
tating Pentacam device versus the IOLMaster device.
It is generally recognized that the keratometry
measurement error is a main source of prediction error
in IOL calculation after refractive surgery. We believe
that the Pentacam device offers relatively the most
accurate K values in eyes with previous laser refractive
surgery because it directly measures the curvatures of
both the anterior and posterior corneal surfaces and pro-
vides topographies with wider diameters. The Pentacam
equivalent K readings value was computed by taking
into account the refractive effect, anterior/ posterior ra-
dius of curvatures, and refractive indices of the cornea.
On the other hand, the Atlas and IOLMaster systems
only measure the anterior corneal K readings using topo-
graphic or keratometric principles with the curvature of
the posterior cornea assumed to mirror that of the ante-
rior cornea. With post-refractive corneas, this mirroring
relationship between the anterior corneal surface and
posterior corneal surface is no longer present. Hence,
in post-refractive surgery eyes, it is essential to indepen-
dently and directly measure both the anterior corneal
surface and particularly the posterior corneal surface
to accurately determine the total corneal power. In fact,
in 1 of Holladay et al.'s prior studies,'” they also recom-
mend using equivalent K readings from the Pentacam
device when accurate historical refractive data are not
available. Another advantage of the Pentacam device
is that it is able to provide wider diameter topography
due to its temporally located camera, which prevents
a shadow from the nose. We believe that this may give
more accurate results than the Atlas corneal topogra-
pher, in which the nasal shadows are often present.
With regard to the arithmetic errors in refractive pre-
diction with the 8 methods, the Holladay 2 FlatK (me-
dian +0.20 D) and Holladay 2 PCI-K (median +0.50
D) methods show positive values, indicating that the
Holladay 2 formula is most likely to result in a slightly
hyperopic shift in eyes without previous myopic laser
surgery data. Hence, choosing the lowest average K
value for the Holladay 2 formula, namely using Holla-
day 2 FlatK, may be the best strategy because it will lower
the amount of hyperopic shift from the target refraction.
Similar to our findings that the flattest (lowest) K
may be the best K to use, Latkany et al.'® also found
that the accuracy of IOL power prediction was im-
proved using the flat K value. They compared the
accuracy of IOL power prediction using the flat K
(the flattest K value measured manually or by

topography), the K value derived from the clinical-
history methods, and the average K (average K value
measured manually), and found that IOL power pre-
diction with the flat K (-1.72 + 2.19 D) was better
than that with the K value derived from the clinical
history methods (—1.76 + 1.76 D) or average K
(—=2.32 £ 2.36 D). Note that our study using the Holla-
day 2 FlatK appeared to yield more accurate I1OL
power prediction than the Latkany et al.'s study.!
We believe that this could be due to the formula error
in the third-generation SRK/T formula that they used
as well as the keratometry measurement error from the
manual keratometer used in their study.

The present study focused on no-history methods
because previous refractive surgery data are often
unavailable. Even if they are available, they are based
on measurements taken using older instruments many
years ago. In fact, McCarthy et al.,”” showed that the
accuracy of IOL power prediction using the Holladay
2 formula (with the clinical history method adjusted K)
was worse than the accuracy using the Shammas no-
history method and the Haigis-L method, both of
which do not use previous history data. In 2010,
Wang et el.'® showed that ASCRS IOL Power Calcula-
tor methods using surgically induced refraction (Mas-
ket formula, adjusted Atlas corneal topography 0.0 to
3.0 mm, adjusted effective refractive power, and mod-
ified Masket) and methods using no previous data
(Wang-Koch-Maloney, Shammas, and Haigis-L) gave
better results than methods using whole clinical
history data (clinical history, Feiz-Mannis, Corneal
Bypass). Their results reconfirmed that the newer
no-history methods were more accurate than methods
using whole clinical history data.

Our study provides the first comprehensive
evaluation of the accuracy of all methods of IOL power
prediction offered by the Holladay IOL Consultant
Program and the ASCRS IOL Power Calculator
software packages for patients without previous
refractive surgery data. It also compared rotating
Pentacam K readings with those of the Atlas corneal
topographer and the IOLMaster in eyes with previous
myopic laser refractive surgery and assessed the
frequency at which each of them was chosen as the
lowest K. Because we did not develop any of these
methods and also have no financial relationship with
any company manufacturing the instruments used,
we have no inherent bias toward any of the methods
or instruments used.

Limitations of this study include the limited sample
size and that eyes with a history of hyperopic LASIK,
PRK, or radial keratotomy were not studied.

In conclusion, when previous refractive surgery
data are unavailable, the IOL power prediction with
the Holladay 2 FlatK method seems to be the most
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accurate of the methods offered by the Holladay 10L
Consultant Program and ASCRS IOL Power Calcula-
tor platforms. With regard to the measurement of kera-
tometry, the Pentacam equivalent K readings appear
to offer the lowest values in eyes with previous myopic
laser surgery and may possibly be the most accurate of
the 3 popular keratometry measuring devices. If the
Holladay IOL Consultant Program is unavailable, the
ASCRS-Min method appears to provide the next best
choice for IOL power prediction. A larger prospective
study is needed to verify our results.

|
[

" e If the Holladay I0L Consultant Program is unavailable,

WHAT WAS KNOWN

| e Several methods that require only current measured

e Intraocular lens calculations after laser refractive surgery
are less predictable than that with virgin corneas.

o There are unavoidable limitations to 0L power prediction
methods that use whole clinical history data.

values have been developed to determine the 0L power
for patients without previous refractive surgery data.

o No comprehensive comparison has been performed of the
accuracy of those methods displayed on the Holladay 10L
Consultant Program and ASCRS I0L Power Calculator
software packages for patients without previous refractive
surgery data.

WHAT THIS PAPER ADDS

¢ The Holladay 2 FlatK method provided the most accurate
IOL power prediction for the post-myopic laser correction
patients without previous refractive data.

¢ The Pentacam equivalent K readings provided the lowest
K value and is used most frequently in the Holladay 2 Flatk
method for I0L calculations in eyes with previous myopic
laser refractive surgery.

e Coupled with the result of 0L calculation formula compar-
ison, the Pentacam device produced the most accurate K
readings of the 3 popular keratotomy-measuring devices.

among the ASCRS I0L power calculator methods, the
ASCRS-Min method appears to provide the next best
choice for I0L power prediction in eyes without previous
myopic laser surgery data.

REFERENCES

1. Klein BEK, Klein R, Lee KE, Gangnon RE. Incidence of age-
related cataract over a 15-year interval; the Beaver Dam Eye
Study. Ophthalmology 2008; 115:477-482

10.

1.

13.

14.

16.

17.

. Feiz

. Odenthal

. Seilz B, Langenbucher A, Nguyen NX, Kus MM, Kuchle M. Un-

derestimation of intraocular lens power for cataract surgery after
myopic photorefractive keratectomy. Ophthalmology 1999;
106:693-702

. Masket S, Masket SE. Simple regression formula for intraocular

lens power adjustment in eyes requiring cataract surgery after
excimer laser photoablation. J Cataract Refract Surg 2006;
32:430-434

. Haigis W. Intraocular lens calculation after refractive surgery.

Eur Ophthalmic Rev 2012; 6:21-24. Available at: http:/fwww.
touchophthalmology.com/sites/www.touchophthalmology.com/
files/private/articles/1593/pdf/haigis.pdf. Accessed April 15,
2013

. Holladay JT. Consultations in refractive surgery [comment]. Re-

fract Corneal Surg 1989; 5:203

. Hoffer KJ. Intraccular lens power calculation for eyes after re-

fractive keratotomy. J Refract Surg 1995; 11:490-493

V, Mannis MJ, Garcia-Ferrer F, Kandavel G,
Darlington JK, Kim E, Caspar J, Wang J-L, Wang W. Intraoc-
ular lens power calculation after laser in situ keratomileusis for
myopia and hyperopia; a standardized approach. Cornea
2001; 20:792-797

. Aramberri J. Intraocular lens power calculation after corneal re-

fractive surgery: double-K method. J Cataract Refract Surg
2003; 29:2063-2068

. Wang L, Booth MA, Koch DD. Comparison of intraocular lens

power calculation methods in eyes that have undergone LASIK.
Ophthalmology 2004; 111:1825-1831

Latkany RA, Chokshi AR, Speaker MG, Abramson J,
Soloway BD, Yu G. Intraccular lens calculations after refractive
surgery. J Cataract Refract Surg 2005; 31:562-570

Walter KA, Gagnon MR, Hoopes PC Jr, Dickinson PJ. Accurate
intraocular lens power calculation after myopic laser in situ ker-
atomileusis, bypassing corneal power. J Cataract Refract Surg
2006; 32:425-429

. Savini G, Barboni P, Zanini M. Intraocular lens power calculation

after myopic refractive surgery; theoretical comparison of differ-
ent methods. Ophthalmology 2006; 113:1271-1282

Borasio E, Stevens J, Smith GT. Estimation of true corneal
power after keratorefractive surgery in eyes requiring cataract
surgery: BESSt formula. J Cataract Refract Surg 2008;
32:2004-2014

Haigis W. Intraocular lens calculation after refractive surgery for
myopia: Haigis-L formula. J Cataract Refract Surg 2008;
34:1658-1663

. Holladay JT, Hill WE, Steinmueller A. Corneal power measure-

ments using Scheimpflug imaging in eyes with prior corneal re-
fractive surgery. J Refract Surg 2009; 25:862-868; erratum,
2010, 26:387

Wang L, Hill WE, Koch DD. Evaluation of intraocular lens power
prediction methods using the American Society of Cataract and
Refractive Surgeons post-keratorefractive intraocular lens
power calculator. J Cataract Refract Surg 2010; 36:1466-1473
Hoffer KJ. Intraocular lens calculation after previous laser refrac-
tive surgery. J Cataract Refract Surg 2009; 35:758-765

MTP, Eggink CA, Melles G, Pameyer JH,
Geerards AJM, Beekhuis WH. Clinical and theoretical results
of intraocular lens power calculation for cataract surgery after
photorefractive keratectomy for myopia. Arch Ophthalmol
2002: 120:431-438. Available at: hitp://archopht.jamanetwork.
com/data/Journals/OPHTH/6785/ECS90322.pdf. Accessed
April 15, 2013

. Kalyani SD, Kim A, Ladas JG. Intraocular lens power calculation

after corneal refractive surgery. Curr Opin Ophthalmol 2008;
19:357-362

J CATARACT REFRACT SURG - VOL 39, SEPTEMBER 2013



0L POWER CALCULATION METHODS AFTER MYOPIC LASER REFRACTIVE SURGERY

1335

20.

21.

22.

23.

24,

26,

26.

27.

Shammas HJ, Shammas MC. No-history method of intraocu-
lar lens power calculation for cataract surgery after myopic la-
ser in situ keratomileusis. J Cataract Refract Surg 2007,
33:31-36

Olsen T. Calculation of intraocular lens power: A review. Acta
Ophthalmol Scand 2007; 85:472-485. Available at: http://online
library.wiley.com/doi/10.1111/j.1600-0420.2007.00879.x/pdf.
Accessed April 15, 2103

Haigis W, Lege B, Miller N, Schneider B. Comparison of immer-
sion ultrasound biometry and partial coherence interferometry
for intraocular lens calculation according to Haigis. Graefes
Arch Clin Exp Ophthalmaol 2000; 238:765-773

Bang S, Edell E, Yu Q, Pratzer K, Stark W. Accuracy of intraoc-
ular lens calculations using the IOLMaster in eyes with long axial
length and a comparison of various formulas. Ophthalmology
2011; 118:503-506

Terzi E, Wang L, Kohnen T. Accuracy of modern intraocular lens
power calculation formulas in refractive lens exchange for high
myopia and high hyperopia. J Cataract Refract Surg 2009;
35:1181-1189

Haigis W. |OL-Kalkulation bei hohen Ametropien [IOL calcu-
lation for high ametropia]. Ophthalmologe 2008; 105:
999-1004

Gale RP, Saldana M, Johnston RL, Zuberbuhler B, McKibbin M.
Benchmark standards for refractive outcome after NHS cataract
surgery. Eye 2009; 23:149-152. Available at: http://www.nature.
com/eyefjournaliv23/n1/pdf/6702954a.pdf. Accessed April 15,
2013

Doménech B, Mas D, Ronda E, Pérez J, Espinosa J, lllueca C.
Repeatability and concordance of the Pentacam system: com-
parative study of corneal parameters measured with Pentacam
and Atlas. Optica Pura Aplicada 2009; 42:51-60. Available at:

28.

29,

http://rua.ua.es/dspace/bitstream/10045/10155/1/3718_FINAL.
pdf. Accessed April 15, 2013

Elbaz U, Barkana Y, Gerber Y, Avni |, Zadok D. Comparison of
different techniques of anterior chamber depth and keratometric
measurements. Am J Ophthalmol 2007; 143:48-53

McCarthy M, Gavanski GM, Paton KE, Holland SP. Intraocular
lens power calculations after myopic laser refractive surgery:
a comparison of methods in 173 eyes. Ophthalmology 2011;
118:940-944

OTHER CITED MATERIAL
A. Holladay JT. Holladay IOL Consultant Software & Surgical

Outcomes Assessment. Bellaire, TX, Holladay Consulting,
2013. Available at: hitp://www.hicsoap.com. Accessed April
15, 2013

. Hill W, Wang L, Koch DD. IOL power calculation in eyes that

have undergone LASIK/PRK/RK. Version 4.3. Available at:
http://iol.ascrs.org. Accessed April 15, 2013

. User Group for Laser Interference Biometry. Optimized 10L

constants for the Zeiss IOLMaster. Available at: http://www.
augenklinik.uni-wuerzburg.de/ulib/c1.htm. Accessed April 15,
2013

First author:
Ruibo Yang, MD

Tianjin Medical University Eye
Hospital and College of Optometry,
Tianjin, Chinn

J CATARACT REFRACT SURG - VOL 39, SEPTEMBER 2013



ARTICLE

Theoretical analysis of wavefront aberration
caused by treatment decentration and transition
zone after custom myopic laser refractive surgery

Lihua Fang, PhD, Yan Wang, MD, Xingdao He, PhD

PURPOSE: To analyze the induced wavefront aberrations caused by treatment decentration and
transition zone after custom myopic laser refractive surgery.

SETTING: Refractive Surgery Center, Tianjin Eye Hospital & Eye Institute, Tianjin Medical University,
Tianjin, China.

DESIGN: Cohort study.

METHODS: Wavefront aberration data from potential refractive surgery candidates were used. Based
on the preoperative wavefront aberrations, the custom ablation profile was computed. Then, the
influence of treatment decentration and especially that of the transition zone on induced wavefront
aberrations was studied. The impact of angle mismatch on induced aberrations was analyzed.

RESULTS: Data from 117 eyes (77 patients) were analyzed. The transition zone played
a significant role in the influence of decentration on the induced aberrations in refractive surgery.
Induced coma and spherical aberration increased rapidly as the lateral translation increased, and
coma was significantly larger than other Zernike aberration terms. The induced aberrations from
decentration with oblique incidence in the laser ablation profile were less than in the actual laser
ablation process for slight subclinical decentration. The induced aberrations were not closely
related to the subclinical unmatched angle from eye cyclotorsion. The induced aberrations
from lateral translation were correlated with the position vector. The transition zone was designed
to smooth the transition from the optical zone to the untreated cornea, and it mainly dominated
induced coma and spherical aberration.

CONCLUSION: To achieve the best postoperative visual performance, the effect of the transition
zone in refractive surgery should be taken into account, especially for scotopic pupils.
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To deliver a custom correction, it is important to un-
derstand the types and magnitudes of wavefront aber-
rations induced by treatment decentration. Custom
corneal ablations to correct refractive errors can be
based on whole-eye wavefront aberrations and cor-
neal topography. Topography-guided ablations aim
to treat irregularities in corneal elevation in addition
to the refractive errors of defocus and astigmatism.'
Alternatively, wavefront-guided ablations aim to
address the wavefront aberrations in the entire eye
in addition to the refractive errors.” Based on
the clinical refraction and whole-eye wavefront aber-
rations, the ablation profile of a wavefront-guided
treatment in an ablation zone can be obtained.

1336 «© 2013 ASCRS and ESCRS
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Pupil-center shift and eye cyclotorsion are inevitable
in corneal refractive surgery. Patients are supine in re-
fractive surgery, yet they are seated at the preoperative
examination. A low to moderate amount of eye cyclo-
torsion has been found in the transition from the
seated to supine position.* In addition, treatment
decentration in refractive surgery has been observed
in several studies, and the results indicate that centra-
tion errors have an important influence on induced
aberrations. Wang and Koch” found that the mean
pupil centroid shift was 0.29 mm during wavefront-
guided corneal ablation and that the centration error
induced 4.9 times, 2.8 times, and 8.7 times higher
values of total aberration, lower-order aberrations
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