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Intraocular Lens Power Calculation after Refractive Surgery:
A Comparative Analysis of Accuracy and Predictability
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Purpose: To compare the accuracy of intraocular lens (IOL) power calculation using conventional regression
formulae or the American Society of Cataract and Refractive Surgery (ASCRS) IOL power calculator for pre-
vious corneal refractive surgery.

Methods: We retrospectively reviewed 96 eyes from 68 patients that had undergone cataract surgery after
keratorefractive surgeries. We calculated the formula with two approaches: IOL powers using the ASCRS
IOL power calculator and IOL powers using conventional formulae with previous refractive data (Camellin,
Jarade, Savini, and clinical history method) or without prior data (0, 2 and, 4 mm total mean power in topog-
raphy, Wang-Koch-Maloney, Shammas, Seitz, and Maloney). Two conventional IOL formulae (the SRK/T and
the Hoffer Q) were calculated with the single K and double K methods. Mean arithmetic refractive error and
mean absolute error were calculated at the first postoperative month.

Results: In conventional formulae, the Jarade method or the Seitz method, applied in the Hoffer Q formula
with the single K or double K method, have the lowest prediction errors. The least prediction error was found
in the Shammas-PL method in the ASCRS group. There was no statistically significant difference between
the 10 lowest mean absolute error conventional methods, the Shammas-PL method and the Barrett True-K
method calculated with using the ASCRS calculator, without using preoperative data.

Conclusions: The Shammas-PL formula and the Barrett True-K formula, calculated with the ASCRS calcula-
tor, without using history, were methods comparable to the 10 most accurate conventional formulae. Other
methods using the ASCRS calculator show a myopic tendency.
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Since the 1980’s, a number of keratorefractive proce- fractive surgery also underwent cataract surgery [1]. In a
dures have introduced excimer laser treatment. In later de- cataract operation, intraocular lens (IOL) power is calcu-
cades, more and more patients who underwent keratore- lated using corneal power, eye axial length and actual lens

position prediction. Current third and fourth generation
formulae, such as SRK/T, Hoffer Q, Holladay or Haigis,
have been used extensively. However, in patients with pre-

Received: July 25,2016  Accepted: November 1, 2016

Corresponding Author: Mee Kum Kim, MD, PhD. Department of Oph- vious refractive surgery, the use of standard IOL power
thalmology, Seoul National University Hospital, #101 Dachak-ro, Jongno- leulation f lae £ | Its i d .
gu, Seoul 03080, Korea. Tel: 82-2-2072-2665, Fax: 82-2-741-3187, E-mail: calculation formulae frequently results in undercorrection,
kmk9@snu.ac.kr thus yielding significant hyperopic error [1-4].

© 2017 The Korean Ophthalmological Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses
/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

479



Korean J Ophthalmol Vol.31, No.6, 2017

There are three main reasons for errors that can occur
when calculating IOL power in patients with previous cor-
neal refractive surgery. One is instrument error when mea-
suring keratometric values. Because the anterior surface of
the cornea becomes flatter after keratorefractive surgery,
conventional keratometry and corneal topography provide
incorrect corneal power values and tend to overestimate
corneal power [3-5]. Second, the corneal refraction index is
incorrect in corneas that have undergone refractive sur-
gery. Because the relationship between the anterior and
posterior corneal curvature is changed, the standardized
index of anterior corneal keratometry (1.3375) for total cor-
neal power calculation is not suitable for these patients
[2,6]. Finally, formulation error is caused by effective lens
position (ELP) prediction. ELP is calculated by the regres-
sion method using axial length and keratometric value,
therefore the prediction value is altered after refractive
surgery. However, the anterior chamber depth does not ac-
tually change.

Previous studies have reported numerous formulae for
accurately calculating values for patients that have under-
gone refractive surgery. The clinical history method, pro-
posed by Holladay and modified by Hoffer [7], estimated
corneal power after refractive surgery. The double K
method, proposed by Aramberri [8], provided a solution
for calculating the ELP with preoperative-K (keratometric
value before refractive surgery) and postoperative-K (ker-
atometric value after refractive surgery) values. Camellin
and Calossi [9], Savini et al. [10], and Jarade and Tabbara
[11] reported that IOL calculation with the double K meth-
od, using previous data, was more accurate. In compari-
son, IOL power calculation regression formulae using
postoperative keratometric data only were designed by
Seitz and Langenbucher [12], Savini et al. [13], and Sham-
mas et al. [14] because of inaccuracy and low availability
of preoperative keratorefractive data. Moreover, Wang et
al. [15] and Smith et al. [16] proposed methods that used
topographic data. Recently, Barrett [17] developed the
True-K formula, which is a modified version of the Barrett
universal II formula and can calculate IOL power without
preoperative data. Despite numerous publications on im-
proved IOL calculation methods or determination of post-
keratorefractive corneal power, there is currently no gold
standard for IOL calculation that is applicable to all refrac-
tive patients.

Recently, the development of the American Society of
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Cataract and Refractive Surgery (ASCRS) IOL power cal-
culator has allowed IOL calculation for prior myopic vision
correction surgery to be more comfortable and efficient.
Therefore, we comparatively analyzed the prediction errors
of IOL power calculation using the ASCRS IOL power cal-
culator and conventional regression formulae with the sin-
gle/double K-method using various methods to estimate K.

Materials and Methods

This study adhered to the tenets of the Declaration of
Helsinki for the use of human participants in biomedical
research and was approved by the institutional review
board in Seoul National University Hospital (1206-073-
414). We retrospectively analyzed patients who had pre-
viously undergone photorefractive keratectomy, laser-as-
sisted sub-epithelial keratomileusis, or laser-assisted in
situ keratomileusis for myopia and who underwent cata-
ract surgery from January 2003 to June 2015. Medical re-
cords for 96 eyes of 68 patients were reviewed. Patient
demographics, such as age, gender, laterality of the oper-
ated eye and the type of laser vision correction surgery,
all clinical data required for IOL power calculation (post-
operative and/or preoperative kerato-refractive values
and axial length), as well as preoperative and postopera-
tive best-corrected visual acuity were collected. Exclu-
sion criteria included trauma, corneal opacity, severe dry
eye, extreme keratometric values (sim-K <40 diopter or
>47 diopter before refractive surgery) and intraoperative
complications (both refractive surgery and cataract sur-
gery).

Autokeratometry (KR-7100; Topcon, Tokyo, Japan), IOL
Master (IOL Master; Carl Zeiss, Jena, Germany), and to-
pography (Orbscan IIZ, Bausch & Lomb, Rochester, NY,
USA; Atlas 9000, Carl Zeiss) were used for preoperative
corneal power measurements. Axial length measurement
was obtained by IOL Master with partial coherence to-
mography, and in unavailable cases measured by A-scan
(Ultrasonic Biometer, Model 820; Humphrey Instrument,
Dublin, CA, USA).

Two surgeons (MKK and JYO) performed all cataract
surgeries by standard phacoemulsification with lens im-
plantation. AcrySof SN6OWF (Alcon, Fort Worth, TX,
USA), AcrySof SA60AT (Alcon), AcrySof MA60BM (Al-
con), Sensar AR40e (Allergan, Irvine, CA, USA), and Tec-



nis ZCBO0O (Abbott, Abbott Park, IL, USA) IOLs were im-
planted.

Several methods were used to calculate IOL power to
measure the postoperative K combined with two conven-
tional IOL power formulae (SRK/T and Hoffer Q), using
the single K and double K methods. In the double K for-
mula, 43.5 was used for pre-K when preoperative data
were not available for pre-K [7]. If patient corneal kerato-
metric values before refractive surgery were available, the
Camellin, Jarade, Savini, and clinical history method was
used. If no preoperative refractive values were available,
IOL power was calculated using 0, 2, and 4 mm total mean
power in the topography, Wang-Koch-Maloney, Shammas,
Seitz, and Maloney methods. Moreover, IOL power calcu-
lation provided by the ASCRS IOL power calculator was
performed by using the Haigis-L formula as well as the
Wang-Koch-Maloney method, Shammas method with the
Shammas-PL formula, and Barrett True-K formula with-
out using preoperative data (http:/iolcalc.org/) [18]. Table 1
shows IOL power calculation methods.

One month after cataract surgery, refractive error was
measured with an autorefractor (KR-7100, Topcon). All
data were repeatedly measured until they were sufficiently
reliable to obtain an accurate average value. The refractive
error was converted to a spherical equivalent and com-
pared to expected IOL power using the following steps:
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AR =R,
AR: IOL prediction arithmetic error

actual Rexp

R,.ar Refractive error that was attained 1 month after

cataract surgery, converted to spherical equivalent

R.,,: Expected refraction that was calculated by IOL cal-

culation formula

A positive AR value indicated that the actual refraction
had more hyperopic shift than the predicted refraction.
However, a negative value indicated that there was more
myopic shift.

Mean arithmetic refractive error (MARE) and mean ab-
solute error (MAE) were calculated as described below.
The MAE was defined as the absolute value of the differ-
ence in the refractive error using mean absolute error,
which was also defined as the “absolute prediction refrac-
tive error.”

MARE = Y(Ryu ~ Ruy) / 1

MAE = YR~ Ryl / 1

n: number of patients

The correlation of MARE, according to the axial length,
was assessed using linear regression analysis with a coeffi-
cient of determination (r*). A p-value <0.05 was considered
statistically significant. Statistical analysis was performed
with SPSS ver. 20.0 software for Windows (IBM Corp.,
Armonk, NY, USA). Our study design is summarized with
a schematic illustration (Fig. 1).

Table 1. Postoperative keratometric values (K) after laser vision correction surgery

Method

Calculation formulae

Using preoperative data
Clinical history
Savini
Camellin
Jarade

Using postoperative data only
Orbscan 0 mm total mean power
Orbscan 2 mm total mean power
Orbscan 4 mm total mean power
Wang-Koch-Maloney
Maloney
Seitz

Shammas

K'=Keppg + ASEp

K =((1.338 + 0.0009856 x ASEg,) — 1) / (Rppsr/ 1,000)
K =((1.3319+0.00113 x ASEgp) — 1) / (Rppgr/ 1,000)
K=((1.3375+0.0014 x ASE(p) — 1) / (Rppgr/ 1,000)

K =1.1141 x Kygp — 6.1
K =1.1141 % Kyp0— 5.5
K =1.114 x Kpogr — 4.98
K =1.14 % Kpogr — 6.8

Kyre = preoperative corneal power (in diopters); ASE., = spherical equivalent change, converted to corneal plane; ASEg, = spherical
equivalent change, calculated in spectacle plane; R,,q; = average postoperative corneal power (in radius, mm); K;,p, = postoperative
topographic Sim-K; K,,¢; = postoperative corneal power (in diopters).
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refractive surgery

96 Eyes of 68 patients
who had previously undergone

Trauma, corneal opacity, severe dry eye,

Exclusion

extreme keratometric values,
intraoperative complication

ASCRS IOL power
calculator

with the single K and double K method)

Conventional formulae
(the SRK/T and the Hoffer Q

Wang-Koch-Maloney 0 mm

Wang-Koch-Maloney 2 mm - Camellin
Shammas-PL - Jarade
Haigis-L - Savini

Barrett True-K no Hx

Using preoperative data
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| ]
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f t h
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at 0, 2, or4 mm

- Shammas

- Seitz

- Maloney

MARE and MAE calculation

Fig. 1. A schematic study design illustration. ASCRS = American Society of Cataract and Refractive Surgery; IOL = intraocular lens;
MARE = mean arithmetic refractive error; MAE = mean absolute error; Barrett True-K no Hx = Barrett True-K method without using

preoperative data.

Results

Ninety-six eyes from 68 patients were analyzed. The
mean age of patients at cataract operation was 53.1 + 10.3
years and 47 patients (69%) were female. Out of a total 96
eyes, nine eyes from eight patients (9%) underwent photo-
refractive keratectomy; 86 eyes from 59 patients (90%) un-
derwent laser-assisted in situ keratomileusis; and one eye
underwent laser-assisted sub-epithelial keratomileusis. The
mean of best-corrected logarithm of the minimum angle of
resolution visual acuity was 0.61 £+ 0.40 before cataract
surgery and 0.20 + 0.17 at postoperative 1 month. Every
patient had improved vision after cataract surgery. Of the
96 eyes, 28 eyes had available data before refractive sur-
gery, while 68 eyes did not have preoperative data avail-
able. Patient demographics and clinical data are summa-
rized in Table 2.

For the analysis, we first examined the MARE and
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Table 2. Patient demographics and clinical characteristics

Characteristics Value
Age (yr) 53.1+10.3
Sex (male : female) 21:47
Laterality (OU : OD : OS) 56:21:19
Type of refractive surgery (PRK/LASEK : 10 - 86

LASIK)
Keratometric value before refractive surgery (D) 43.57 +1.51°

Keratometric value after refractive surgery (D) 38.25+2.25

Axial length (mm) 28.1+24

Refractive errors before refractive surgery,

spherical equivalent (D) —9.5£36

Values are presented as mean + standard deviation.

OU = both eyes; OD = right eye; OS = left eye; PRK = photore-
fractive keratectomy; LASEK = laser-assisted sub-epithelial ker-
atomileusis; LASIK = laser-assisted in situ keratomileusis; D =
diopter.

"Analysis of available data only.



MAE with various methods to determine which method
would be accurate. The mean MARE value determined
using all conventional formulae was —0.15 = 1.38. The
mean MAE value using all conventional formulae was
+1.07 + 0.88. In the conventional formulae group, the ten
most accurate methods that calculated the MAE as less
than 0.75 diopter were the Jarade method applied in the
Hoffer Q formula with the single-K or double-K method;
the Seitz method applied in the Hoffer Q formula with the
single-K or double-K method as well as the SRK/T formu-
la with the double-K method, the Shammas method with
the single-K method applied in the SRK/T or Hoffer Q
formula; the total mean power at 2 mm in the topography
method applied in the SRK/T formula with the single-K
method; the Wang-Koch-Maloney method applied in the
Hoffer Q formula with the single-K method and the Malo-
ney method applied in the SRK/T formula with the dou-
ble-K method (Figs. 2A-2C and 3A-3C). There was no sta-
tistically significant difference between the 10 lowest
MAE conventional methods. In the ASCRS group, the
Shammas-PL, the Barrett True-K no history, and the Hai-
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gis-L formulae had the lowest MAE and MARE (Figs. 4
and 5). The Shammas-PL method and the Barrett True-K
no history method using the ASCRS calculator was not
statistically significant different from the 10 lowest MAE
conventional formulae, but there was a difference in the
MAE between other formulae when the ASCRS calculator
was used. Moreover, the MARE values determined with
those formulae (Haigis-L and Wang-Koch-Maloney meth-
od) showed a myopic tendency.

Second, we evaluated the coefficient of determination
() of the MARE linear regression, according to the axial
length and its significance based on various methods (Ta-
bles 3-6). In the conventional methods, the Camellin ap-
plied in the Hoffer Q with the double K or single K and the
Savini applied in the Hoffer Q with the double K or single
K showed a more hyperopic tendency for the MARE val-
ues when the axial length was longer. None of the other
methods displayed any axial length dependent change of
MARE values. All of the calculated ASCRS formulae,
with the exception of the Barrett True-K no history meth-
od, did not indicate axial length dependent MARE. The
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Fig. 2. Box plot of mean absolute error (MAE) of intraocular lens
power prediction with various conventional methods. (A) Using
preoperative data, (B) total mean power of topography, (C) no
keratorefractive history before refractive surgery. Round mark (0)
means outlier values which are between one and a half and three
box lengths; asterisk (*) means extreme values which are more
than three box lengths. DoubleK = the SRK/T formula with the
double-K method; HoQDoubleK = the Hoffer Q formula with the
double-K method; HoQSingleK = the Hoffer Q formula with the
single-K method, SingleK = the SRK/T formula with the single-
K method; Topo mean 0, 2, 4 mm = the total mean power at 0,
2, 4 mm in the topography method; W-K-M = the Wang-Koch-
Maloney method.

483



Korean J Ophthalmol Vol.31, No.6, 2017

A 5.00- ° Formulae
Il DoubleK
Il HoQDoubleK
250 B HoQSingleK
M SingleK
0.00 I I * * +
11
i
<
=
—-2.50
o
-5.00 -
=7.50 T T T T
Camellin  Clinical history  Jarade Savini
Method
C 5.00 Formulae
® o o M DoubleK
0 Il HoQDoubleK
250 8 ) [ HoQSingleK
I SingleK
0.00
w
[ o
S o S o
2504 * 8 © 5 o ©
) ° 3
o
-5.00 -
-7.50 T T T T
Maloney Seitz Shammas W-K-M
Method
7.00
o
6.00

E 3

MAE
[ees)
o

2.00

5.00
4.00 *

3.00 °

—C‘L 8
1.00 T l
000 ﬁ +F . .
B-T-K noHx Shammas-PL W-K-M 0 mm W-K-M 2 mm

Haigis-L
Method

Fig. 4. Box plot of mean absolute error (MAE) of intraocular lens
power prediction with the American Society of Cataract and Re-
fractive Surgery calculator. Round mark (0) means outlier values
which are between one and a half and three box lengths; asterisk
(*) means extreme values which are more than three box lengths.
B-T-K noHx = Barrett True-K method without using preopera-
tive data; W-K-M 0, 2 mm = Wang-Koch-Maloney method using
topographic K at 0, 2 mm.
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Fig. 3. Box plot of mean arithmetic refractive error (MARE)
of intraocular lens power prediction with various conventional
methods. (A) Using preoperative data, (B) total mean power of
topography, (C) no keratorefractive history before refractive
surgery. Round mark (0) means outlier values which are between
one and a half and three box lengths from either end of the box;
asterisk (*) means extreme values which are more than three
box lengths from either end of the box. DoubleK = the SRK/T
formula with the double-K method; HoQDoubleK = the Hoffer
Q formula with the double-K method; HoQSingleK = the Hoffer
Q formula with the single-K method; SingleK = the SRK/T for-
mula with the single-K method; Topo mean 0, 2, 4 mm = the total
mean power at 0, 2, 4 mm in the topography method; W-K-M =
the Wang-Koch-Maloney method.
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Fig. 5. Box plot of mean arithmetic refractive error (MARE)
of intraocular lens power prediction with the American Society
of Cataract and Refractive Surgery calculator. Round mark (o)
means outlier values which are between one and a half and three
box lengths from either end of the box; asterisk (*) means ex-
treme values which are more than three box lengths from either
end of the box. B-T-K noHx = Barrett True-K method without
using preoperative data; W-K-M 0, 2 mm = Wang-Koch-Maloney
method using topographic K at 0, 2 mm.
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Table 3. Linear regression of mean arithmetic refractive errors correlated with the axial length (methods using preoperative data)

Method Coefficient of determination (R”) Standardized coefficients () p-value
Clinical history, double K, SRK/T 0.017 -0.131 0.506
Clinical history, double K, Hoffer Q <0.001 -0.020 0.844
Clinical history, single K, SRK/T 0.004 —0.060 0.563
Clinical history, single K, Hoffer Q 0.002 —-0.049 0.633
Camellin, double K, SRK/T 0.235 0.485 0.026"
Camellin, double K, Hoffer Q 0.629 0.793 <0.001"
Camellin, single K, SRK/T 0.227 0.476 0.029"
Camellin, single K, Hoffer Q 0.495 0.703 <0.001"
Jarade, double K, SRK/T 0.006 -0.076 0.743
Jarade, double K, Hoffer Q 0.029 0.169 0.463
Jarade, single K, SRK/T 0.010 —0.100 0.666
Jarade, single K, Hoffer Q <0.001 -0.014 0.951
Savini, double K, SRK/T 0214 0.462 0.035"
Savini, double K, Hoffer Q 0.633 0.796 <0.001"
Savini, single K, SRK/T 0.232 0.482 0.027"
Savini, single K, Hoffer Q 0.506 0.712 <0.001"

“p-value <0.05.

Table 4. Linear regression of mean arithmetic refractive errors correlated with the axial length (methods using total mean power

of topography)

Method Coefficient of determination (R?) Standardized coefficients (f3) p-value
Total mean power at 0 mm, double K, SRK/T 0.096 -0.309 0.009"
Total mean power at 0 mm, double K, Hoffer Q <0.001 -0.018 0.879

Total mean power at 0 mm, single K, SRK/T 0.047 -0.217 0.069

Total mean power at 0 mm, single K, Hoffer Q 0.029 —0.169 0.158

Total mean power at 2 mm, double K, SRK/T 0.083 —0.288 0.009"
Total mean power at 2 mm, double K, Hoffer Q 0.001 0.028 0.806

Total mean power at 2 mm, single K, SRK/T 0.032 —0.178 0.109

Total mean power at 2 mm, single K, Hoffer Q 0.019 -0.140 0.211

Total mean power at 4 mm, double K, SRK/T 0.423 0.651 0.113

Total mean power at 4 mm, double K, Hoffer Q 0.425 0.652 0.113

Total mean power at 4 mm, single K, SRK/T 0.165 0.407 0.365

Total mean power at 4 mm, single K, Hoffer Q 0.306 0.553 0.198

"p-value <0.05.

Barrett True-K no history method showed a more myopic
tendency for the MARE values when the axial length was
longer.

Discussion

Our study determined that the most reliable method for
identifying the least prediction errors was the Jarade meth-

od applied in the Hoffer Q formula when previous refrac-
tive data is available. Several methods can be used to cal-
culate IOL power when preoperative data are not available,
but only four methods, the Camellin, Jarade, Savini, and
clinical history method, were comparatively analyzed be-
cause there were too many errors in the other methods. If
there is no clinical history, the Seitz method applied in the
Hoffer Q formula and the Shammas method with the sin-
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Table 5. Linear regression of mean arithmetic refractive errors correlated with the axial length (methods using postoperative data

only)

Method Coefficient of determination (R%) Standardized coefficients () p-value
Wang-Koch-Maloney, double K, SRK/T 0.001 —0.025 0.808

Wang-Koch-Maloney, double K, Hoffer Q 0.092 0.303 0.003"
Wang-Koch-Maloney, single K, SRK/T 0.013 0.112 0.275

Wang-Koch-Maloney, single K, Hoffer Q 0.031 0.176 0.087

Shammas, double K, SRK/T 0.077 -0.277 0.009"
Shammas, double K, Hoffer Q 0.024 0.154 0.149

Shammas, single K, SRK/T 0.007 —-0.081 0.452

Shammas, single K, Hoffer Q 0.001 -0.029 0.788

Seitz, double K, SRK/T 0.043 —0.207 0.052

Seitz, double K, Hoffer Q 0.057 0.239 0.024"
Seitz, single K, SRK/T 0.001 0.036 0.735

Seitz, single K, Hoffer Q 0.007 0.085 0.427

Maloney, double K, SRK/T <0.001 —-0.021 0.841

Maloney, double K, Hoffer Q 0.096 0.310 0.002"
Maloney, single K, SRK/T 0.020 0.143 0.166

Maloney, single K, Hoffer Q 0.039 0.197 0.054

"p-value <0.05.

Table 6. Linear regression of mean arithmetic refractive errors correlated with the axial length (the ASCRS calculator formulae)

Method Coefficient of determination (R?) Standardized coefficients (f3) p-value
Wang-Koch-Maloney 0 mm 0.141 -0.375 0.001"
Wang-Koch-Maloney 2 mm 0.141 -0.375 0.001"
Shammas-PL 0.025 -0.157 0.126
Haigis-L 0.083 —0.288 0.023"
Barrett True-K no Hx 0.469 —0.685 <0.001"

ASCRS = American Society of Cataract and Refractive Surgery; Wang-Koch-Maloney 0, 2 mm = Wang-Koch-Maloney method using
topographic K at 0, 2 mm; Barrett True-K no Hx = Barrett True-K method without using preoperative data.

"p-value <0.05.

gle K method were the most accurate ways to calculate
IOL power. In the ASCRS group, the Shammas-PL formu-
la and the Barrett True-K formula were comparable to the
most reliable conventional method without using clinical
history.

Our study also showed that the clinical history method
using pre-K data was no longer the standard formula for
predicting IOL power in patients who underwent refractive
surgery because there were higher errors with the Savini,
Camellin, and clinical history methods. Therefore, the
Shammas-PL formula and the Barrett True-K formula can
be applied without using prior data and can be alternatives
because the results present less than 1 diopter of the
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MARE and MAE. In addition, it is better for most practi-
tioners that the ASCRS calculator can be applied without
prior data (the Shammas-PL and the Barrett True-K for-
mula) and is a reliable option, although pre-refractive sur-
gery information is not available. Chen et al. [19] reported
that meta-analysis data showed significantly better results
with the Shammas method, without using preoperative
data, compared with the Haigis-L method, for prediction
error; the clinical history method and Feiz-Mannis meth-
od, which required historical data, were less accurate in
their predictions. Abulafia et al. [20] also reported that the
Barrett True-K formula was an alternative method that
was available on the ASCRS calculator and could be ap-



plied to predict the IOL power in patients with previous re-
fractive surgery. Our data are consistent with Chen’s meta-
analysis data and Abulafia’s data. However, in the case of
the Barrett True K formula, our data showed a refractive
error that was greater than 1 diopter when the axial length
was longer than 30 mm.

In comparison, Savini et al. [10] reported that the double
K clinical history method, using the SRK-T or Holladay 1
formula, was more accurate for predicting IOL power after
post-refractive surgery. After additional research, Savini et
al. [13] insisted that the Seitz/Speicher/Savini, Savini, Mas-
ket, and Camellin/Calossi method, using the double K
SRK-T formula, and the Shammas method with the Sham-
mas PL formula, was the best approach for obtaining an
accurate JOL power prediction because the results showed
less than 1 diopter of MAE. However, Wang et al. [15] sug-
gested that the double K method (SRK-T, Holladay, and
Hoffer Q), and the corneal value derived from the adjusted
effective refractive power, was the most accurate method,
and that Shammas and Shammas [21] reported the least
prediction error when the Shammas method with the
Shammas-PL formula was applied. Our data are partly
consistent with the later report by Shammas et al., which
presents the Shammas-PL formula as a reliable option.

One of the reasons for the discrepancy between the re-
ports could be the different axial lengths in various stud-
ies. The mean axial length was 254 + 1.1 mm in the study
by Savini et al. [10], and it was 27.84 + 1.90 mm in the later
report by Savini et al. [13]. The mean axial length was 26.0
+ 2.1 mm in patients in the study by Wang et al. [15], and it
was 27.19 £+ 2.5 mm in the study by Shammas and Sham-
mas [21]; whereas the mean axial length was 28.1 +£2.4 mm
in our study. A high myope could affect error calculations
and extrapolate the ELP even after adjusting with the dou-
ble K method. Because the lens position does not change
after refractive surgery, the double K method, which uses
the pre-K value to estimate the ELP, is theoretically more
correct. However, the IOL prediction is based on the axial
length and corneal power. In regression methods, the depth
of the anterior chamber or ELP is not obtained from the
actual measurement but it is assumed for the IOL predic-
tion. Considering the eye-model and regression data, the
double K method, which estimates the depth of the anteri-
or chamber (or ELP) using pre-K values, and the corneal
refractive power that uses post-K values, tends to calculate
more myopic IOL prediction in the higher myopes than the

BS Kang, et al. Intraocular Lens Power after Refractive Surgery

single K method. However, our study showed that the IOL
prediction error estimated from most of the formulae was
not dependent on the axial length regardless of the single
K or double K method.

The other cause of the discrepancy between the reports
might be whether the IOL that had been used in the study
was three-piece or single piece which can affect the ELP.
Although most of the published papers did not specify
which type of IOL had been used, it could be assumed that
previous studies tended to use a three-piece IOL, and more
recent studies might have used a single piece IOL. Our
study included both single piece and three-piece 10Ls
which could have introduced some discrepancies, com-
pared with the outcomes from previous studies.

This study was limited because of the retrospective
study design and relatively long study period of 12 years.
However, only 11 eyes (11.5%) of seven patients underwent
cataract surgery in the first half of the study period (from
2003 to 2009), and the rest of the 85 eyes (88.5%) of 61 pa-
tients underwent cataract surgery from 2010 to 2015.
Therefore, the relatively long study period limitation likely
has a minimal effect. The other limitation was that the
1-month follow-up refraction values were obtained by au-
tokeratometry. The 1-month follow-up refraction is the
most important value for accurately evaluating the IOL
power calculation. To avoid every device error, a manifest
refraction measurement would have been optimal. There-
fore, we measured repeatedly until sufficiently reliable and
accurate data was obtained.

In conclusion, the Jarade method or the Seitz method,
applied in the Hoffer Q formula with the single K or dou-
ble K method, are the most reliable methods for calculat-
ing IOL power after keratorefractive surgery. In addition,
the Shammas-PL formula and the Barrett True-K formula,
without using preoperative data, computed with the AS-
CRS calculator are considered comparable methods to the
10 most accurate conventional formulae. Other methods
that use the ASCRS calculator showed a myopic tendency.
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