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Astigmatic Correlation between the Automated Refractometry and Dual
Scheimpflug Analyzer in Pseudophakic Eyes
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Purpose: To examine the relationship between the refractive astigmatism by automated refractometry and the corneal astigma-
tism by a dual Scheimpflug analyzer in pseudophakic eyes.

Methods: Prospectively, 75 patients (100 eyes) were enrolled in the present study. Refractive astigmatism was obtained by auto-
mated refraction. Corneal astigmatism was obtained using automated keratometry (ARK-530A) and dual Scheimpflug scanning
analysis (Galilei G4®). All refractive values were converted to the power vector components JO and J45 for comparison and re-
gression analysis of refractive versus corneal astigmatism. Bland-Altman plots were created to estimate the agreement between
measurements.

Results: The average astigmatism from each measurement was -1.11 + 1.44 D (refractive astigmatism from automated re-
fraction), -0.77 + 1.06 D (corneal astigmatism from automated keratometry), -0.93 + 1.02 D (simulated K from Galilei G4®), and
-1.11 + 1.48 D (total corneal power from Galilei G4®). Refractive JO and keratometric JO were significantly correlated (r = 0.557,
p<0.001), as well as the corresponding J45 values (r = 0.655, p = 0.025). Refractive astigmatism and total corneal power com-
ponents were also significantly correlated (JO: r = 0.618, p < 0.001; J45: r = 0.608, p = 0.04). In the Bland-Altman plots, kerato-
metric JO and total corneal power JO showed the best agreement.

Conclusions: The accuracy of measurements for corneal refraction and astigmatism in pseudophakic eyes is higher using the
dual Scheimpflug analyzer, especially for total corneal power. This value of astigmatism can take into account the refractive as-
tigmatism of pseudophakic eyes and can be used in evaluating postoperative corneal astigmatism.
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2 power vector analysisE ARE-5}o] T]-3-E|(diopter)of| A
M EGh(Vector) 2 WEE QL FRA=GE M, 953
27k oigk 0= = g o A& Jackson cross cylinder 7

J0, 45 = WE 0|4 9] Jackson cross cylinder Ff J452 A4
Hoi9Len, 145tz A VIS olufoi) Sk e, ¢
Az, Z0] e MR WIS BAS thea} 2o,

M=S+C/2

JO=(-C/2) cos (2a)

J45=(-C/2) cos (2a)

(M=spherical equivalent; S=spherical, C=cylinder; o=axis)
2ot 28 5%

Aol w8l AHEzhalE EA|(ARK-530A", NIDEK,
Gamagori, Japan), Z'a2| & E(Galilei G4®, Zeimer, Port,
Switzerland) HANE B3t 7hut FHLS ZHa|9ch A%
Zhap2AA o FAFA L ZuhdA), Galilei G4"9] simu-
lated keratometry (Sim K)2} total corneal power (TCP) %
o e AEE okt

Galilei G4"2] Sim K= zMak 4] 1.0 mmo] 4] 4.0 mm
G A FE(curvature) ¥} ZpEhEE4(1.3375)
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SHZ

AFgarEd Ao A dAIeh ZHhdAl, Galilei G40
Sim K&} TCP & Y] &2 v|w3l7| 9]3} Spearman rank
correlatione ARE-5l% T} Bland-Altman plotS ©]-8-3}¢f
% 7k QAL BRIk 95% Apreln Baa
o]i= £1.96 SDSITE pgtol 0.05 o]sfel A% A= 9
o] Sl Aol = ZhEstgieh FA1A1Q1 412 SPSS v 18.0

for Windows (SPSS Inc., Chicago, IL, USA)E A3}t

1z

4 ot
oAk Sk 757 100¢H0] Q1A HA} 28%H(37.3%), o
A7F 4778(62.7%)019.0.1, Bt A2 69.1 + 12,049

o} $178 A1) Abs= A ubA 9] Z-EA] -1.11 £ 0.72D,
ZHhdA] -0.77 + 0.52D, Galilei G4"2] Sim K= -0.93 +
0.51D, TCP:= -1.11 + 0.64D¥tHTable 1). =ZdA], TCP,
Sim K, ZFhdA] =02 EA 4=k ZHzt p<0.001,
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Table 1. Characteristics of patients included

N Mean 95% Confidence interval Range

Age (years) 75 69.14 66.68 ~71.46 40~92
Cylinder

AR 100 -1.11 £ 0.72D -1.26~-0.98 -4.0~0

AK 100 -0.77 +£ 0.52D -0.87~-0.67 -3.25~0

TCP 100 -1.11 £ 0.64 D -1.27~-0.97 -4.22~0.87

Sim K 100 -0.93 + 0.51 D -1.02~-0.83 -2.89~-0.06
JO

AR 100 -0.37 + 0.48D -0.47~-0.28 -1.96 ~1.50

AK 100 -0.01 +£ 0.40D -0.09~0.07 -1.43~1.58

TCP 100 -0.29 + 0.51 D -0.38~-0.19 -2.10~0.75

Sim K 100 -0.1 £ 043D -0.19~-0.01 -1.44~0.92
J45

AR 100 0.05 + 0.25D 0~0.10 -0.59~0.75

AK 100 0.05 +£ 0.23D 0~0.10 -0.39~0.74

TCP 100 0.03 + 0.33D -0.04~0.09 -0.86~1.11

Sim K 100 0.01 + 0.28 D -0.05~0.06 -0.84 ~0.83

Values are presented as mean + SD unless otherwise indicated.

AR = automated refractive astigmatism; AK = automated keratometric astigmatism; TCP = total corneal power; Sim K = simulated K; D

= diopter.

Table 2. Difference between dual Scheimpflug analyzer readings and automated K readings

Difference (D)

Rlnee Mean + SD 95% Confidence interval
TCP-AR 0.02 + 0.65 0.11~0.14 0.806"
Sim K-AR 0.20 + 0.72 0.05~0.33 0.01

AK-AR 0.34 + 0.78 0.20~0.50 <0.001

Values are presented as mean + SD unless otherwise indicated.

D = diopter; SD = standard deviation; TCP = total corneal power; AR = automated refractive astigmatism; Sim K = simulated K; AK =

automated keratometric astigmatism.
"No statistically significant difference.
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Figure 1. Difference between corneal astigmatism measured
by autokerotometer (ARK-530A, NIDEK, Gamagori, Japan)
and dual Scheimpflug analyzer in pseudophakic eyes. Note
that astigmatism is measured more in total corneal power of
Scheimpflug analyzer than keratometric astigmatism of autokero-
tometer and simulated K of Scheimpflug analyzer (respectively
p<0.001, p<0.001, paired t-test).

p=0.018, paired r-test) (Fig. 1).

Paired ttest A3} ZFahdA|el ZAGA] Z}0](95% A=+
ZF 0.20~0.50D), Sim Ko} ZEA] 2}0](95% Al=|TL7k
0.05~0.33D)= £A|12 02 §ol5}H(p<0.001, p=0.01), TCP
9} LAY 2}0](95% AlFT7E -0.11~0.14D)= 521514
oro}th(p=0.806) (Table 2).

WAIES Bt as o, AEuradAe] S8 dAE
2 81.2 + 34.0°, ZMPAA]ELS 71.8 £ 55.6°9 21, Galilei
G4"9] Sim K= 84.8 + 49.6°, TCP:= 81.6 + 42.5°%t}.
Axis distributionS X o]F= AP oA ZHdA] -1.00D,
WAIE 90°0] o] BEsl= ol AthFig. 2).

ZEHAY X SAUZEA HAIQ H|

JO} J459] =AAI9F Ziea] TF AP I AZEAS Al
3YsEATE Jooll A ZH A Zh Al = [-of7t A
7} 9191 T(=0.557, p<0.001; Fig. 3A), 45| A= 7-& AT}
ATHr=0.655, p=0.025; Fig. 3B). Bland-Altman ploto]| 4] =
A J09F ZHAR] JO AF0] Q) 95% AlZ| == -0.78~0.06

363



- thstotutsets|x] 2016 M 57 H M3 &

o] (Fig. 4A), J450|| A= -0.20~0.200] Q1 THFig. 4B).
ZHLIA|2} Simulated K2l H|w

Jooj A A FAIeL Sim K= (-95h At A 7F 9%l
(r=0.623, p<0.001; Fig. 3C), J450|x= 7o Azteict
(r=0.585, p=0.025; Fig. 3D). Galilei G4°2] Simulated K <

Al 2AEAE F55k= dl =20] & ¢ 4 2t Bland-
Altman ploto]l A} Z&HA] J02} Sim K JO Ako]2] 95% Al
e 10.66~0.120]H(Fig. 4C), J459] A= -0.20~0.280] %]
tHFig. 4D).

ZHLIA|Q} total corneal power?| H|w

JoolA =ATAIR} TCP= o3t A AU
(=0.618, p<0.001; Fig. 3E), JASO| A= ©-0|3F At
B thr=0.608, p=0.04; Fig. 3F). Bland-Altman ploto]|A]
ZEA] J09F TCP JO 7F 95% AR EE -0.49~0.310]H
(Fig. 4E), J450] A= -0.23~0.29%ICHFig. 4F).

T

Total corneal power?} OfH4XIQ| H|w
%?WM] JO2} TCP J02] 2to]7} +0.25DHt}t & 799} 2}
792 ipo| uhgisaiete] 1S SHISHACK Table 3).
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Figure 2. Axis distribution (degrees) of refractive astigma-
tism, keratometric astigmatism, simulated K and total corneal
power of Scheimpflug analyzer. Most of them are distributed in
90 degree axis and -1.0 diopter astigmatism. Astig = astigma-
tism; Sim K = simulated K; total = total corneal power; Ref
= refractive astigmatism; kerato = keratometric astigmatism.

Table 3. The predictive aberration parameters for the total corneal power

Group Number Mean (um) SD p-value
Coma 0.097"
1 66 0.1121 0.31658
2 34 -0.0965 0.22625
Spherical 0.086"
1 66 0.1891 0.15227
2 34 0.1679 0.11956
Trefoil 0.223"
1 66 -0.0197 0.33013
2 34 -0.0341 0.25433
Total RMS 0.124"
1 66 1.7386 0.47463
2 34 1.5303 0.31061
2nd RMS 0.188"
1 66 1.4447 0.43874
2 34 1.3441 0.30329
3rd RMS <0.001
1 66 0.792 0.35752
2 34 0.605 0.1951
4th RMS 0.095"
1 66 0.3867 0.20496
2 34 0.2924 0.13527

Group 1 means AJO > 0.25 or AJO < -0.25, and Group 2 means -0.25 < AJO < 0.25 D.

SD = standard deviation; RMS = root mean square.
"No statistically significant difference.
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Figure 3. Regression lines between refractive astigmatism JO and keratometric astigmatism JO (A) and J45 (B), refractive astigma-
tism JO and Simulated K JO (C) and J45(D) and refractive astigmatism JO and total corneal power JO (E) and J45 (F) by Jackson vec-
tor analysis. Refractive and keratometric astigmatism JO were significantly correlated (r = 0.557, p < 0.001; A), and also the corre-
sponding J45 values (r = 0.655, p = 0.025; B). Refractive and Simulated K astigmatic components were significantly correlated
(J0:r = 0.623,p < 0.001;J45:r = 0.585, p = 0.025) (C, D). Refractive and total corneal power astigmatic components were sig-
nificantly correlated (JO: r = 0.618, p < 0.001; J45: r = 0.608, p = 0.04) (E, F). AR= refractive astigmatism; AK = keratometric

astigmatism; Sim K = simulated K; TCP = total corneal power.
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Figure 4. Bland—Altman plots (solid line: mean, dotted lines: mean + 1.96 SD) of the difference between refractive astigmatism JO
and keratometric astigmatism JO against their mean (A), between refractive astigmatism JO and Simulated K JO against their mean
(C), between refractive astigmatism JO and total corneal power JO by ray-tracing against their mean (E) and J45 (B, D, F),
respectively. Bland-Altman plots show good agreement between refractive and keratometric JO (difference: -0.78 ~ 0.06) and J45
astigmatic components (difference: -0.20~ 0.20; A, B, respectively). Agreement between refractive and simulated K JO (difference:
-0.66 ~0.12) and J45 (difference: -0.20 ~ 0.28) astigmatic components was good (C, D, respectively). Agreement between re-
fractive and total corneal power JO (difference:-0.49 ~ -0.31) and J45 (difference: -0.23 ~ 0.29) astigmatic components was good E,
F, respectively). SD = standard deviation; D = diopters.
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