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The Clinical Efficacy of the Haigis Formula Using A-Scan Contact

Ultrasound Biometry
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Purpose: To investigate the accuracy of the Haigis formula compared to other formulas using contact ultrasound biometry.

Methods: This study was performed on 94 patients (114 eyes) who underwent cataract surgery in our hospital. Axial length
(AXL) and anterior chamber depth (ACD) were measured using both A-scan and intraocular lens (IOL) Master®. Patients were
divided into three groups based on AXL; Group | (AXL < 22.5 mm), Group Il (22.5 mm <AXL < 25.5 mm), and Group Il (AXL >
25.5 mm). Before cataract surgery, predicted refraction was calculated using the Haigis, SRK/T, Hoffer Q, and Holladay 1 for-
mulas using both A-scan and IOL Master® measurements. Mean absolute error (MAE) were analyzed at one month after surgery

using the various IOL formulas.

Results: Using contact ultrasound biometry, in Group |, MAE of Haigis was 0.80 £ 0.67 D and was significantly lower than that us-
ing SRK/T. In Group Il, the Haigis MAE was 0.72 + 0.55 D and was significantly lower than the results of all other formulas. In
Group lll, the Haigis MAE was 0.76 + 1.13 D and not significantly different from the results of other formulas. Comparing MAE of
A-scan to IOL Master®, the Haigis formula showed 0.16 D higher error that decreased when the AXL was close to the normal range.
Conclusions: Using contact ultrasound biometry, the Haigis formula provided the best predictability of postoperative refractive
outcome compared to other formulas in eyes with normal axial length.
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on, B|WE ¢4 IOL Master” (Carl Zeiss, Jena, Germany)
=2 AFg35to] ko), MHZo), 2R E(K)E =45+
o] ABTHLHENR)7F 2.1 olstel 55 ALshaltt
Aot Au Bl S Sk HoE Aslstark
ol 324 A| A4S IOL Master” A 23| AHZeiss) 7} A&
she 2he AHgshich 71710 WaE E44% 715 o
235}0] 3PS [OL Master” =A% I0|2 =42 1819
o, 0]& A-scan®.Z %3t AXLY} ACDE U Yste] tf
A g =g Pt

IOL Master" & 273t ¢Fzolo] we 3302 thegd
on, 22.5 mm v7k] AL-E Group I, 22.5 mm ©]A} 25.5
mm 1]7F] 739 Group II, 25.5 mm ©]A+l 79~ Group III

Leslodth fa § A mhst 2d A EAE

mm sfetol, e 7 1k ol WA BAANE *lﬁ”o}
3l = 2(spherical equivalent, SE)y2 Z743}%t}
ARA 1% H A 2] A Aol gz]gxﬁ
Aolstelm, o] AAexte) Arghe Hstel BEAHeR
(mean absolute error, MAE)E 510 Z} 34 7tof oist 2}
o7} U=A] vt ofnff A-scang 57 MAEE MAEacan
© & IOL Master"E 53} MAES MAE oy O 2 % 2J5Hc)

B2 9oL ot 7] ¢J8}e] Friedman’s testS A]3Y
5}6] MAE4 sean®] T3} Haigis, SRK/T, Holladay 1, Hoffer Q
Jg_/\l % 0946—]— i].o]é Eo]t %@lo] ol‘_—_x] oLo]_iol—o
w, A}E AR o] Wilcoxon’s signed rank testsS §-o|4=3
p<0.013 (<0.05/4)04 ALgato] B4 ko] oL oto}
Hoteh obtdolo] wE AR oAl A-scand} IOL
Master” 2 =43} ot2710], Au}zio|o] 2]t o= <F
ofR 7] $J3}o] Wilcoxon’s signed rank testE AME-3|iTE.
A% 745S ASla Yol ol p0.05E A1851%
on], B7 AZES o] SPSS 21.0 (SPSS Inc., Chicago,
IL, USA)S o] &atqich.
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% 947 1149t0] Z3E|Qlon, YRl= 2978(30.9%), oIA}
= 6575(69.1%) %.oH, Bt AR 66.2 = 1254t} AR
5 QFsAA 0 T4l 0.0DYA +28.0DE Ht 18.02 +
5.85DT}. I0L Master” 2 "Xé?ﬂ AXLE 21.08-35.16 mm
olt, HF 24.57 + 2.75 mm 3, ACDE 2.17-4.34 mm=
Wi 324 + 044 mmelon, ZILEO W 4440 +
1.63DT}. IOL Master” 2] SNRL 6.50-690.50714] 2 B4+
132.00]%th A-scan®. 2 ZA 35t H AXLLE 24.40 £ 2.66
mm& [OL Master” o] H]3] EAZ o2 $-2]5}7] 0.17 mm
2ok o 1 (p<0.001), HF ACDE 2.83 + 0.45 mm=E IOL



Table 1. Patient preoperative demography

Group I Group II Group III Total
(AXL < 22.5) (22.5 < AXL < 25.5) (AXL >25.5)
No. of eyes 27 (23.7%) 55 (48.2%) 32 (28.1%) 114
Age (years) 71.6 +£ 9.0 69.3 + 7.8 56.2 + 16.0 66.2 + 12.5
Implanted IOL power (D) 22.57 + 1.83 20.26 + 2.14 10.33 + 5.08 18.02 + 5.85
A-scan
AXL (mm) 22.06 + 0.41 23.47 + 0.57 27.95 + 2.39 24.40 4+ 2.66
ACD (mm) 2.63 + 0.47 2.76 + 0.31 3.14 £ 0.51 2.83 £ 0.45
IOL Master®
AXL (mm) 22.16 + 0.39 23.61 + 0.58 28.26 + 2.48 24.57 £ 2.75
ACD (mm) 2.88 + 0.41 3.15 £ 0.31 3.69 + 0.30 3.24 + 0.45
Keratometry (D) 45.83 + 1.29 44.08 + 1.38 43.75 + 1.59 44.40 + 1.63
p—valueT
AXL <0.001" <0.001" <0.001" <0.001"
ACD <0.001" <0.001" <0.001" <0.001"

Values are presented as mean + SD unless otherwise indicated; Group: Classification of patients was based on the IOL Master® measurements.

AXL = axial length; IOL =

intraocular lens; D = diopter; ACD = anterior chamber depth.

*Statistically significant; "Wilcoxon’s signed rank test between A-scan & IOL Master® measurement.

Master“o]| B]3]] EAZ 02 9015174 0.41 mm ZHHp<0.001)
(Table 1).

OP:,L7‘O]7]— 22.5 mm "]l Group [ 279K23.7%)°] 1
o, WAAHL 71.6 £ 9.04|9 o, AFEEH AFAA
9] Hi =4 22,57 £ 1.83DF ) IOL Master” 2 =43t
B AXLE 22.16 £ 0.39 mm, H ACD= 2.88 + 041
mm, B+ K& 45.83 £ 1.29Do|Qith A-scan® 2 =43 4
o AXLE 22.06 £ 0.41 mm, FH+ ACD= 2.63 + 0.47 mm
Ak AXL Y ACDE= A-scan 24 X|7} Z+zF 0.10 mm,
025 mm Zron, BT EA Koz §olatelthp<0.001,
$<0.001) (Table 1).

oFZ0o] 22.5 mm ©]AF 25.5 mm 1|9kl Group II+= 55
¢H48.2%)0]%l o, HaFAP-2 69.3 £ 7.84|% o, ARG
5 olmaAF o] Wi w2l 2026 + 2.14DYTE  IOL
Master” 2 243} B3 AXLS 2361 + 0.58 mm, B3+
ACD+= 3.15 = 031 mm, B¢ K& 44.08 + 1.38Do|¢ith
A-scan® 2 A3 HHF AXLE 2347 + 0.57 mm, H
ACD= 2.76 = 0.31 mm$itl. AXL 2 ACD: A-scan =74
27} 272y 0.14 mm, 0.39 mm Fow, H5F EAZHOFE
891819 TH(p<0.001, p<0.001) (Table 1).

oFL710] 25.5 mm ©]4He] Group IS 329K28.1%)0]]
omn, PFAL 562 £ 1604310, AHEH AFTHA
o] Wit =4 10.33 £ 5.08DICE IOL Master” & 2435t
Yt AXLE 2826 + 2.48 mm, B+ ACDE 3.69 + 0.30
mm, o K& 43.75 £ 1.59Do|Qith A-scan®. 2 =43 4
ot 2 27.95 + 2.39 mm, H++ ACD+= 3.14 + 0.51 mm
At AXL ¥ ACDE= A-scan =4 X|7} Z+ZF 0.31 mm,
0.55 mm EAHOZ §oab] BYTHp<0.001, p<0.001).

(¢

TE3F AXLE} ACD+= ¢H-Zo]7} 21 Group IOl A HAL7L
AR= 73] UK Table 1).

A-scanZ} IOL Master” A}o]9] o] 2 Q1EZ4=A A ©4=0] 4
=L vluslr] Yote], MAEA«andt MAEoLmS SHAREE
2 v 13}3IT}. Group 194 MAEA sent MAEioLM©] -3-2J5}
Al @3E F412 SRK/To]9) 21, MAEioim®] MAEA sean -
o} © 2ARIth(p=0.007). Haigis, Holladay 1, Hoffer Q 3-2]
T W5 MAEioim©] MAEA s T} 29O, SAHCRE &
o3t ZpolE Ho|AE AU THpruigis=0.572, Prioiiada™=0.064,
Driofrerg=0.068). Group Il A= RE F4]ofA MAEioimO]
MAEpsantdtF FAIA 2 FOSHA AT (pruig=0.001,
P3r<0.001, Protadey<0.001, Priogirg<0.001). Group TS| A=
E 20| A MAEaan® MAEom©] $-2]3F 2}o]& Ro)
A AN Draigi=0.806,  psrxr=0.232,  Priottads=0.199,  Progerc™=
0.063) (Table 2).

A-scan©. 2 5t MAEBascns 28 SAHE H| w317
3ll, Friedman’s testS E5to] A HA] 79 o3t
£ AASIAE Group I3} Group IIoA ZHZF p<0.001,
p<0.001= {+&J3t 2}o]5 Hol= F4lo] l&E UERe
o, Group II= p=0.1400.2 FA1H Z}o|7} ¢igich

A A& o2 Wilcoxon’s signed rank testsS -3-0]¢~&
<0013 (=0.05/4)0f| 4] A|5Fo] Haigis ZAlz+ Lhwj=] 37
o 4] 71 G213 2o]7} Gl=x] Fokrgttt. Group 1A
Haigis 3412 5-2A5}A SRK/T F417} §-2J5t 20|71 9190
H(p=0.004), Haigis 3-412] MAEAsan©]| T 2Rt} Group 11|
Al Haigis -54]0] ThHE BE F4lo| vlgl] FAHSRE &
OJ5IA| MAEAscan©] 2Fo} -3 Z1 02 LERGTHH(p<0.001,
p<0.001, p=0.006, Z}7+ Haigis-SRK/T, Haigis- Holladay

jug
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Table 2. Comparison of IOL power calculation error between A-scan and IOL Master®

A-scan IOL Master® p-value'
Group I-MAE (D)
Haigis 0.80 + 0.67 0.80 + 0.88 0.572
SRK/T 1.09 + 0.77 0.94 + 0.86 0.007"
Holladay 1 0.94 + 0.75 0.85 + 0.80 0.064
Hoffer Q 0.91 + 0.76 0.88 + 0.83 0.373
Group II-MAE (D)
Haigis 0.72 + 0.55 0.56 + 0.51 0.001"
SRK/T 1.04 + 0.58 0.77 + 0.55 <0.001"
Holladay 1 0.89 + 0.57 0.65 + 0.55 <0.001"
Hoffer Q 0.80 + 0.59 0.57 + 0.54 <0.001"
Group II-MAE (D)
Haigis 0.76 + 1.13 0.85 + 1.37 0.806
SRK/T 0.86 + 1.07 0.85 + 1.28 0.232
Holladay 1 0.74 + 1.17 0.95 + 1.41 0.199
Hoffer Q 0.72 + 1.20 0.95 + 1.43 0.063

Values are presented as mean + SD.
IOL = intraocular lens; MAE = mean absolute error; D = diopter.

*Statistically significant; "Wilcoxon’s signed rank test between A-scan & IOL Master® measurement.

Table 3. IOL power calculation error with various formulas by
ultrasound biometry

MAE A-scan p-value'
Group I
MAE A.scan (D)
Haigis 0.80 + 0.67 -
SRK/T 1.09 + 0.77 0.004"
Holladay 1 0.94 + 0.75 0.044
Hoffer Q 0.91 + 0.76 0.034
Overall p—valueI <0.001"
Group II
MAE A-scan (D)
Haigis 0.72 + 0.55 -
SRK/T 1.04 + 0.58 <0.001"
Holladay 1 0.89 + 0.57 <0.001"
Hoffer Q 0.80 + 0.59 0.006"
Overall p-value* <0.001"
Group III
MAE A-scan (D)
Haigis 0.76 + 1.13 -
SRK/T 0.86 + 1.07 0.181
Holladay 1 0.74 + 1.17 0.570
Hoffer Q 0.72 + 1.20 0.125
Overall p-value* 0.140

Values are presented as mean + SD.

IOL = intraocular lens; MAE a.can = mean absolute error using
A-scan; D = diopter.

*Statistically significant; "Post-hoc analysis with Wilcoxon’s signed
rank test between Haigis and other formulas (significant p-value is
p < 0.013); ‘Friedman’s test among all formulas.
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Figure 1. The performance of various intraocular lens (IOL)
calculation formulas with ultrasound biometry. MAE = mean
absolute error.
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Figure 2. Intraocular lens (IOL) power calculation error using
A-scan in the various IOL calculation formulas. MAE = mean
absolute error using A-scan (diopter).
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Figure 3. The linear regression analysis of absolute mean ab-
solute error difference between ultrasound and intraocular lens
(IoL) Master using Haigis formula (Linear regression model:
R® = 0.170, p < 0.001). MAE gt = | MAE Agcan — MAE 101m |;
MAE 4-scan = mean absolute error of Haigis formula using A-scan;
MAE jom = mean absolute error of Haigis formula using [OL
Master ; AXL = axial length.
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