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GUEST EDITORIAL

IOL power formula classifications

Giacomia Savini, MD, Kenneth | Hoffer, M, FACS, Thomas Kohinen, MDD, PhD

raditicnally, intraocular lens (IOL) power formulas

I have been classified into generations. First-generation

formulas referred 1o the carliest vergence formulas

independently developed by Gemet and Fyodorow.
Second-gencration formulas referred to a wide range of
formulas listed by Sanders et al, like those by Donzis e al
and Thompson et al as well as the first Olsen formula. ™
According 1o other authors, second-generation formulas are
those including factors that scaled the IOL axdal pesition
prediction based on axial length (AL), such as the original
Haffer formula with pACD, based on measured preoperative
anterior chamber depth {ACD) (from comeal epithelium to
the anterior lens sarface), Third-generation formalas re-
ferred tn formulas predicting the 10L position from kera-
temetry (K and AL, such as the Hofler (), Holladay L. an
SRE/T " The Fusion started with fourth-g i
formulas, as these sometimes indoded both formulas, such
as the Holladay 2, which predicted the 10L position from
more than 2 preoperati { oihers, such as the
Haigis formula, which predicted the 10L position from the
AL and the preoperstive ACD."

Wisely, the classification into generations was replaced by
a more descriptive classification in 2017, when Koch et al
proposed 5 {1k i based for-
mulas, {2) regression formulas, (3) vergence formulas, (4]
antificial intelligence {Al) formulas, and {3} ray tracing,"”
Since 2007, the number of [OL formulas for healthy un-
operated eyes has damatically increased, and we felt it
is essential fo provide an updated classification, which is
shown in Faguse | Given that the historizal/refraction-based
and the regression formulas are no bonger used, we can still
rely on the classification by Wang et al for the remaining
formulas, whish can be included in vergence formulas, Al
methods, and ray tracing, Some of these categories now
require different subcategories. The aim of this article is
not 1o provide a detalled description of each formala and
method but enly to update their classification in an orga-
nized mansner.

Vergence formulas should be defined as cither thin lens
or thick lens formulas. The former consider both the comes
and the [OL as infinitely thin diopters, whereas the latter
take thelr thickness into condderation In addition, both
thin lens and thick lens formulas can take sdvantage of AT

Therefare, the following 4 suhcategories can be defined: (1)
Thin lens vergence formulas without AL these inchude the
Haigis, Hoffer &, Holladay 1, Holladay 2 {unpublished), and
SREST." " In recent yesrs, several formulss entered this
subcategory: Castrop, Cooke Ké (unpublished), Panacea
(unpublished], T2, and VRE and VRE-G (umpublished ). "'
(2) Thin lens vergenee formulas with Al: these include the 3¢
caleulaior by Masimo Camelin, Umberte Camellin, An

tonle Calossl (unpublished), Hoffer QST, Kane (un-
publishad), and Ladas Al super formula, whose structure is
unpublished """ {3} Thick lens vergence fommulas without
AL EVO 20 by TK Yeo {unpublished) and the Nmser 2.7 (4)
Thick lens vergence formulas with AL the enly formula in
this subcategnry is the Pearl-DGS, which was orignally
developed as & thin lens formala and then converted into a
thick lens fermula.””

Pure Al-based methods do not st aptical b i
but are dats~driven oaly, using machine arning. The cariest
method in this group was the Radial Basis Function, developed
by Warren E, Hill, MID, and Haag-Streit (unpublshed), whose
latest evolation i v, 30, Recently, the Karmona and Nallasny
formulzs, both developed wsing machine leaming models,
Joined this subgroap,”"

Ray-tracing methods, which caloulate the path of light rays
based on Snell's law at each mterface and the refractive index
of each diopter, can be cassified mto pasaxial and exact
methods, Exact ray tracing is not limited to the paraxial area,
but ako takes corneal asphericity and higher-order aber
rations inte account and can be cakoulated cver different
pupil dizmeters. In both paraxal and exact eay tracing, the
exact design of the J0L is required, which is one of the major
limitations of ray tracing, since IOl manufactures are re-
luctant to provide these dats,”' Different from verpence
formulas, all input o g power calculation shoulkd b
true physical p and no adpstable p {eg
lens constants) should be wsed. The I0L power by paraxial
ray tracing can also be calculated on Excel.” The following
subcategories can be defined: (1) Paraxial ray tracing with ne
Al the Barrett Universal 1T {unpublished), & formula, Olsen
formula, and Z-Cale by Zetss (anpublished) ™ (2) Parsxial
ray tracing with Al the only method using this approach is
the Zedes AL 1OL Caleulator {unpublished), which is not yet
commerckally avallable, but whose preliminary results have

From he RCCS Be Foundation, Aome, Rely Bant 51 Mery's Eye Conter, Sants Monea, Calkorne Hofker; Sten Bye s, Los Argeses, Callomis (HolerL
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Figure 1. Classification of IOL power formulas.
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Why do we need new formulas?

v They are more accurate than older formulas

v They can be used in all eyes (short, medium
and long)

v They are available online for free
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ORIGINAL ARTICLE

Refractive Predictability Using the IOLMaster
700 and Artificial Intelligence-Based I0L Power
Formulas Compared to Standard Formulas

Huanhuan Cheng, MD; Jack X. Kane, MBBS; Liangping Liu, MD, PhD; Jianbing Li, MD;

Bing Cheng, MD; Mingxing Wu, MD, PhD

ABSTRACT

PURPOSE: To investigate the accuracy of intraocular lens
(10L) power calculation formulas using swept-source optical
coherence tomography (SS-0CT].

METHODS: Eyes with biometry measurement by I0LMaster 700
(Carl Zeiss Meditec AG), uncomplicated phacoemulsification,
and 10L implantation were enrolled in this retrospective study.
Newly released artificial intelligence-based formulas includ-
ing Hill-Radial Basis Function (RBF) 2.0, Kane, and PEARL-DGS
were compared with Gaussian optics-based standard formulas.
The refraction predicted by each formula was compared with the
actual refractive outcome in spherical equivalent.

RESULTS: A total of 410 eyes of 410 patients were included in
this study. Using optimized constants for SS-OCT biometry led
to a significant decrease in median absolute error (MedAE) for
Barrett, Haigis, and Hoffer @ formulas compared with using User

Group for Laser Interference Biometry constants (P <.05). Over-
all, Olsen (0.283 diopters [D]) and Kane (0.286 D) formulas had
significantly lower MedAEs than RBF 2.0 (0.314 D), Haigis (0.322
DJ, SRK/T (0.371 D), Holladay 1 (0.376 D), and Hoffer Q (0.379
D) formulas under constant optimization (P < .05). The first four
formulas with the lowest standard deviations of prediction error
were Kane (0.451 D), Olsen (0.456 D), EVO 2.0 (0.460 D), and Bar-
rett (0.470 D). Olsen (47.1%), Barrett (45.9%), Kane (45.4%), and
EVO0 2.0 (45.1%) formulas had greater proportions of eyes within
£0.25 D of the predicted refraction than Hoffer Q (35.9%), SRK/T
(35.9%), and Holladay 1 (33.4%) formulas (P < .05).

CONCLUSIONS: Constant optimization for SS-OCT biometry
further improves the performance of formulas. The most ac-
curate prediction of postoperative refraction can be achieved
with Barrett, EVO 2.0, Kane, and Olsen formulas.

LJ Refract Surg. 2020;36(7):466-472.]

gl reserec sicle:

Intraocular lens power calculation
formula accuracy: Comparison of
12 formulas for a trifocal
hydrophilicintraocular lens
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Abstract

Purposz To Ten=#OL) power

Optical £¥0), Haigs Hill Rkl Basis Fameiion ), Holir @, nul.qu-gmnawrw-hm—
Pmars PeaiDGS Y fmclion of the
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Methods: Abost 171 fom 93 patiesls: 63 male eyes ad 103 Emale eyes. Twehe 101 power brmsla cialidions:
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Comparative Analysis of Eighteen IOL Power ~ ®
Calculation Formulas Using a Modified

Formula Performance Index Across Diverse
Biometric Parameters

SHAN MA, CHENG LL JING SUN, JUN YANG, KAI WEN, XITENG CHEN, FANGYL ZHAQ, XUEQUAN SUN,
AND FANG TIAN

+ PURPOSE: T evaluare the peedictive acouracy of 18 in-
rraocudar less (LOL) powes calculation foemubas across
diveric biomerric parameters using & modiied formla
perhurmance index (FPIFand prafiction eeror (PE) vari
shility metrics.

* DESKR: Prospective, compumtive, scoaracy, and reli-
wbdlity analysis of WL powsr calculations.

* METHODS:  This sudy inchaded 213 catarmce patients
whao underwent phacoemulsification with SNEOWT TOL
implantticn. Preoperative biomerry was ity
the IOUMaiter 700, Eighteen IOL puwes calulition fu-
muka, inclaliog arrett TH, Sarret Univenal 11, Cas-

l‘flEnnnqu.halllnm !‘E:\RI. DG, RBF iO.H\h"T

wnd T2,
using FI' and ﬂm\hrd devhrkm 50) fw overall per-
formance, while reot mean squase crroe (RMSE) and
subgroup-specific FP1 (FPL_sub) were used for biomer-
i subgroup analyids. Additional metrics Included mean

m_mmm Mem amor (M), mem abeolale armor (MAF), medie abeolate aor (MedAF)
im + 1.00D Axiel leaghh wees =il i short md mediom eyes:

Readts -d [ Formel=: were rsked by percestage wilhia + 050 doplers md

MAE ) Amongall cyes, Obsem $5.55% (273D ) amel Bmrett Universad il 56.55% (L2850 For short eyes < Z25mm],

Olen 907X Q2730 ) e Ko S070% 92250} For mectiom cyes, Bl 993475025 D) anc Pl SEPPL{230).

Conclusion: 0 ke ad Barell ncomacy br o Ko aad Olzn

e bet eyes For e bed

+ medien shanlute veree, ard the percentags
of eyes within £0.25 11, £0.50 Bl 075 D, and +1.00
D

* RESULTS:  Cooke K6 achieved the highest FF1
i0.724) and lowest S (03894}, followed by PEARL-

38 (FP1 = 0,714, 5D = 0.399) and Barretr TH
(FP1 = 0710, SD = 011}, Barren TK had the
highest peceentage of eyes within =025 D (54.5%).
Sabyrup smlysis reveld thut PEARL-DGS exhib-

‘ed the highest accurscy in shoer epes {avlal bength
mim, FPLsh — 3,638, RMSE ~ 0271), while
ertarmed best in 1o ,mqml leagth =26 mai,
FPLsub — (626, RMSE = 033

1K = 46 I, FPL swb = 0.765, IIM!S
TK ranked highess in medium-long eyes (14.5-26 mm,
Il sub = 0.700, RMSE = 04001 and flatter commas
K < 41 D, FPI_sub = 639, RMSE = (L382). Cooke
Kb was most accurste in shallow anterior chambers {an.
seeioe chamber depth < 3.0 mm, FPLsub = 0737,
RMSE = 0,383}, Traditional foemulas, including Hoffer
Qs Holtaday 1, snd SRE/T. exhibitod kver accuracy and
Bagher FE vasishilin.

- COMCLUSIONS: Medern farmulas, parrieabarly Cooke
KB. PEARL-DGS, and Barrert TK, demonstrated
aceursey with lower PEvariahiliey than
mdl(ml formulas. Subgroup analysis  highlighted
the impormance of bometeicdriven formola selection
0 opel refeuctive outcomes, providing o chin
feally refercnee for persealized 10U power selec
dion.  [Am | Opbshsbmel 1025273 111-230 &
1025 The Authorlsh, Published by Elsevier Inc.
Thll is an open access |m(|e w\dﬂr the CC BY license

e m

An increasing number of studies is showing the higher accuracy of
new-generation formulas
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Why?

v Preop ACD included in the ELP prediction

v The Hoffer Q, Holladay 1 and SRK/T based
the ELP prediction on K and AL only
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v Preop ACD is not entered into simple
multiple linear regression (like for Haigis),
but in more sophisticated non-linear
approaches based on Al and including
other variables (WTW, CCT, gender)
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Why?

v" Axial length is optimized in long eyes (>26
mm) in order to avoid the AL
overestimation obtained with the
traditional group refractive index method

<ﬁ> IOL Revolution| Giacomo Savini, MD
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AL optimization can be performed with different
approaches:

v" Al (e.g., machine learning)
v Sum-of-segments and Cooke-modified AL
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It is no longer wise to follow older recommendations
based on AL

Hoffer guidelines
(confirmed by Aristodemou et al in 2011)

Axial length

<22 mm Hoffer Q
22-24.5 mm Average of 3 formulas
24.5-26 mm Holladay 1

>26 mm SRK/T

v Haigis: valid in all groups
v" Holladay IlI: valid but unnecessary
v" SRK and SRKII: never!

& IOL Revolution| Giacomo Savini, MD
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REFRACTIVE OUTCOMES USING OLD FORMULAS, ESCRS IOL CALCULATOR
AND WEBSCRAPING

Giacomo Savini, MD?'2
Catarina Coutinho, MSc,*? Enrico Lupardi, MD4
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Results on 92 eyes with non-toric Vivity (DFT015)

200
o00
©vee

|IOLMaster 700
MAE / ME (optimized constants in retrospect)
Hoffer Q abs Holladay abs SRK/T abs Haigis abs
PE MAE PE MAE PE MAE PE MAE
0.01 0.23 0.00 0.24 0.01 0.25 -0.07 0.28
MedAE MedAE MedAE MedAE
0.19 0.17 0.19 0.14
tot 93 tot 93 tot 93 tot 93
0.50 83 0.50 82 0.50 79 0.50 8
% 89.25 % 88.17 % 84.95 %

IOL Revolution| Giacomo Savini, MD
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Purpose:

1. Are older formulas with optimized constants
sufficient to satisfy my patients?

2. Should | spend time with new formulas on the
ESCRS IOL calculator? Would this improve my
results?

3. |s webscraping better than the ESCRS IOL
calculator?

(ﬁ} IOL Revolution| Giacomo Savini, MD
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oower calculation by:

algis

Hoffer Q 1) Constant optimization on Excel (Goal/ Seek
olladay 1 tool) to zero out the mean PE
RK/T

Barrett Ul
EVO 2.0

Kane
Hoffer QST

2) Results by ESCRS IOL Calculator

3) Constant optimiz. by webscraping
2) Results by ESCRS IOL Calculator

3) Constant optimiz. by hoffergst.com

IOL Revolution| Giacomo Savini, MD
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v’ Preoperative measurements

v K 43.13 +1.36 D (range: 39.50 - 46.28 D)

v ACD 3.22 +0.37 mm (range: 2.23 - 3.85 mm)

v LT 4.50 +0.37 mm (range: 3.44 - 5.22 mm)

v AL 23.95 +1.24 mm (range: 21.16 - 27.37 mm)

v |OL power 20.70 +3.40 D (range: 11.50 - 28.50 mm)

<ﬁ> IOL Revolution| Giacomo Savini, MD
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PE <
+1.00

PE <
+0.50

MAE MedAE PE <
+0.25

Optimized
constant

Haigis D 242%10.00 £0.28 ]0.20 |0.13 76.09% | 90.32% |100.00%
Hoffer Q 5.67 0.00 £0.32 [0.23 |0.19 68.48% [89.25% [98.91%
Holladay 1 1.92 0.00 £0.32 |0.24 |0.17 67.39% [88.17% |100.00%
SRK/T 119.21 0.00 £0.33 |0.25 |0.19 64.13% |84.95% |100.00%
BUIl (ESCRS) 119.08 -0.05 £0.27 |0.21 |0.18 68.48% [93.48% |100.00%
EVO (ESCRS) 119.08 0.00 £0.25 |0.19 |0.15 71.74% (93.48% [100.00%
H QST (ESCRS) 5.644 0.00 £0.27 |0.20 [0.14 72.83% |91.30% |100.00%
Kane (ESCRS) 119.08 0.01 £0.25 |0.20 [0.17 69.57% |95.65% |100.00%
BUIIl (webscraping) 119.17 0.00 £+0.26 |0.19 |0.15 68.48% [96.74% |100.00%
EVO (webscraping) [119.08 0.00 £0.25 |0.18 [0.14 73.91% [94.57% |100.00%
HQST (hoffergst.com) |5.64 0.00 £+0.27 |0.19 [0.13 (717% 192.39% |100.00%
Kane (webscraping) [119.09 0.00 £0.25 |0.19 [0.13 73.91% |95.65% |100.00%

200
o00
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The percentage (60%) is lower for short

eyes

Table 4. Prediction errors in the short axial length group for each formula.

Formula Haigis Hoffer Q Holladay I SRK/T Barrett Universal II T2 Holladay 2
MAE 0.473 0.499 0.453 0.458 0.469 0.459 0.466
MedAE 0.334 0.441 0.377 0.397 0.395 0.415 0.383
ME —-0.09 —0.22 —0.07 —0.04 —0.26 —0.10 —0.07
Eyes within PE (%)

+0.25D

+0.50 D

+1.00D o U . s o . '

+2.00 D 100.0 100.0 99.4 99.4 100.0 99.4 100.0

MAE = mean absolute prediction error; MedAE = median absolute prediction error; ME = mean prediction error; PE = prediction error

Kane et al. JCRS 2016

IOL Revolution| Giacomo Savini, MD
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Short eyes

Table 2. Refractive outcomes and optimized constants obtained by each formula in eyes with AL < 22.0 mm.

/ . n 241
B ette r O u tCO I I I e S W I t h Optimized Constants Percentage of Eyes within PE (%)
PE PE PE PE PE
Formula SABOAT SNEOWF PE SD PE Kurtosis  PE Skewness MedAE MAE <025D =050D =075D <100D =200D
n e We r fO rl I I u | a S BUII 175 188  -0.034 0559 0.406 0211 0340 0428 4149 65.56 84.23 91.29 100.00
EVO 2.0 118.80 119.00 0043 0520 0.706 -0.074 0325 0411  39.00 70.12 83.82 95.02 100.00
Haigis 0111 0769 0003 0549 0.569 0.102 0335 0416 4274 66.80 83.40 92.95 100.00
> 0] 0.249 0.234
K6 70.5 A) 0.179 0217
Hoffer Q 544 564 0125 0521 0.653 -0.057 0324 0404 4066 68.05 85.06 94.19 100.00
Holladay 1 167 184 0050 0557 0.793 0.212 0341 0429 4025 68.05 84.65 92.12 100.00
> K 7 2 2 (y Holladay 2 5.40 552  -0.167 0522 0.619 0.053 0350 0431 3693 65.98 83.82 94,19 100.00
a n e . 0 | K6 118.80 119.00 0024 0506 0.461 -0.212 308 | 0394 4232 70.54 86.72 95.02 100.00
118.80 119.00 -0.002 0509 0.982 -0.173 300 | 0387 45,64 72.20 86.31 95.44 100.00
LSF Al 118.80 119.00 0175 0589 0.510 -0.151 0365 0468 3568 65.98 80.08 88.38 100.00
> N aeser 2 ( 7 1 4%) Naeser 2 1879 1093 0041 0510 1348 0324 0277 | 038 4813 |7137| 8755 9419 9959
. 0926 0.958
Olsen 475 475  -0.087 0504 0.842 -0.150 0310 | 0394 4191 70.95 86.72 95.02 100.00
0.4 0.4
> O | S e n ( 7 O 9 % ) Panacea 118.80 119.00 0141 0622 0.689 0.252 0390 0492  33.61 62.24 75.93 89.21 99,17
. Pearl-DGS 118.80 119.00 0116 0526 0.707 -0.030 0335 0421 37.76 68.46 85.48 03.78 100.00
RBF 2.0 118.80 119.00  -0.011 0534 0.425 -0.059 0325 0413 4024 67.65 86.33 92.95 100.00
0 SRK/T 118.80 119.00 0101 0635 0.784 0313 0359 0483  39.83 62.24 77.59 89.21 99,59
V R F - G ( 7 3 . O A) ) T2 118.80 11900 0027 0604 0.909 0.376 0353 0453 4274 63.49 81.33 89.21 99,59
VRF 5.35 552 0012 0533 0.940 0.050 1 0409 4149 69.71 86.31 94,19 100.00
[[VRF-G 118.80 11900 0021 0501 1.129 -0.275 l0276| 0381 48.13 73.03] 8838 95.02 10000 |

PE = mean prediction error. SD = standard deviation of the error. MedAE = median absolute error. MAE = mean absolute error. D = diopter. n = number of cases.

Voytsekhivskyy et al. Curr Eye Res 2021;12:1832
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% PE
Method Subgroup MAE MedAE ME 5D MedE <0.25D % PE =0.5D % PE <0.75D % PE 1.0D
Barratt SABOAT 0.49 0.32 -0.16 0,65 005 405 631 784 8145
ZCBOO 050 0.34 =034 0.61 =020 41 61.5 T1.8 89.7

Al 0.49 033 =020 064 =0.09 40.7 62.7 76.6 847

; I I O rt e e S Castrop SABOAT 033 0.28 -0.03 0.43 0.02 432 738 928 97.3
ZCBOO - - - o . - -
All 033 0.27 =0.04 0.42 =0.m 447 74.7 933 99.3

/ o EVO 2.0 SAGOAT 0.38 0.34 on 0.45 0.20 396 72 90.1 955
2800 041 0.26 024 0.42 031 282 66.7 89.7 100.0
B ette r O u tCO I I I e S W I t h Al 039 0.30 0.2 .44 022 36.7 70 a0 9.7
Haigis SAGOAT 039 031 -0.07 0.49 -005 423 703 85.6 93.7
2800 041 0.41 -0.02 0.49 0.02 333 615 84.6 100
n ewe r fO r m u | a S Al 039 0.32 -0.06 0.49 -0.01 0.0 68.0 85.3 953
Hill-RBF SAGOAT 039 0.32 -0.10 050 ~0.08 423 3.0 83.8 4.6
2800 037 0.35 0.1 0.46 -0.06 436 744 87.2 97.4
o Al 038 0.32 -0.10 0.49 ~0.06 427 133 84.7 953
> Ca St ro p ( 74 . 7 A) Hofferg SAGOAT 0.46 0.38 -0.28 0.53 -0:24 405 62.2 82.9 0.1
2800 050 0.34 ~0.45 0.48 -0.34 385 56.4 7.8 846
Al 047 0.38 -032 052 026 40.0 60.7 80 887
> (0) Holladay SAGOAT 0.42 0.36 0 053 0.12 405 64.0 84.7 937
Ka n e 7 8 ° 7 /O 2800 037 0.25 ~0.18 0.45 -0.17 513 4.4 87.2 949
Al 0.1 0.34 0.03 0.53 0.06 433 66.7 853 4.0
o Holladay 2 SABOAT 043 0.38 -022 0.50 -023 3956 64.9 82.0 9248
> O k u I I X 7 9 3 0/ 2800 042 0.41 -035 0.6 -0.29 41.0 69.2 769 897
. o Al 043 0.38 026 0.49 -0.24 40.0 66.0 80.7 920
Kane SAGOAT 034 0.30 0.06 0.43 0.05 405 19.3 928 955
> (o) 2800 038 035 ~021 0.4 024 385 769 807 974
Pe a r | - D G S ( 8 O /0 Al | 035 0.30 -00 0.45 0.02 40.0 787 92.0 y
Okulix SAGOAT Ty Yo =re T =TT Gan T o -
2C600 033 0.28 0.07 0.39 0.10 487 76.9 94.9 100
Al I 034 0.30 -0.04 0.42 —0.05 453 79.3 91.3 987 I
Olsen SAGOAT -~ = = - = wa s
2800 041 0.32 -023 0.48 -0 46.2 44 87.2 923
Al 0.40 033 0.03 0.50 0.08 38.0 70.0 88.0 9.7
Pearl-DGS SAGOAT 034 027 010 0.43 0.10 486 715 9.7 9%.4
2C800 - N = e et i e e
Al I 0.33 0.26 0.03 0.42 0.03 48.7 80 94.0 9%.7 I
. SRKIT SAGOAT 054 0.45 035 0.61 035 315 532 139 883
Wendelstel N et al . BJ O 2022’ 1 06 795 2800 0.40 0.36 -0.05 0.48 0.08 0.7 543 13 0.0
Al 0.50 0.42 025 0.60 0.22 82 769 87.2 94.9

IOL Revolution| Giacomo Savini, MD
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S h O rt e e S Table 3. Refractive outcomes in the short eyes (n = 78)
y Optimized EE G0 s
. Formula constant  MPE+SD (D) MedAE () MAE (D)  MaxAE(D) 025D 050D 075D  1.00D
v’ Better outcomes with | wene
B 2.00 0.09+0418 | 031 0.35 1.01 385 705 93.6 987
BTA| 197 =007+ 0396 030 033 086 42 3 718 97.4 100.0
newer fO Fmu | as [ evo 119.12 ~0.11+0.383 | 0.28 0.33 0.87 410 769 | 974 100.0
Hil-RBF® 119.20 018+0418 | 032 0.38 1.14 34.6 718 92.3 97.4
> 0 [ Hofter asT 5.72 —0.00 + 0.411 | 0.34 0.36 0.95 410 744 |62 100.0
EVO 2 . O (7 6 . 9 A)) HOL2 5.65 [ —0.15+0.437 | 0.36 0.38 1.09 34.6 68.0 92.3 97.4
HOL2-NLR 5.64 | —0.11+0437 035 0.38 113 308 705 94.9 97.4
> H Offe r QST (7 4 4% ) [ ke 119.22 0.09+0376 | 026 0.31 1.0 47.4 795 | 962 98.7
. Kane 119.19 002%0422 | 03 0.36 1,03 372 69.2 96.2 98.7
Olsen 4.74 0.04+0383 | 028 0.32 0.88 423 795 94.9 100.0
> K6 (7 9 5 %) [ P-Das 118.60 ~0.04 + 0.377 | 027 0.32 0.86 47.4 808 | 974 100.0
. 7 119.24 —0.02 = 0428 | 0.34 0.36 0.02 359 718 93.6 100.0
VRF 5.70 | —0.06+0428 033 0.36 1.04 37.2 73.1 94.9 98.7
> Pea rl-DGS (80_8%) Traditional formulas
Haigis b 0.05+0462 | 036 0.38 110 385 66.7 91.0 987
Hoffer Q 5.75 ~0.08 + 0.461 | 0.37 0.38 0.94 385 66.7 85.9 100.0
Holladay 1 1.98 0.02 +0434 | 033 0.37 0.93 359 7.7 94.9 100.0
SRK/T 119.25 —0.02 + 0.453 | 0.31 0.37 1.02 39.7 705 88.5 987

Shammas et al. JCRS 2022

IOL Revolution| Giacomo Savini, MD
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In long myopic eyes, hyperopic surprises are
frequent with traditional formulas

Accuracy of Intraocular Lens Calculations
Using the IOLMaster in Eyes with Long
Axial Length and a Comparison of Various

Formulas This study determined that all 5 formulas, using data

obtained from the IOLMaster, resulted in postoperative
Stacy Bang, MD,"! Erica Edell, MD," Qilu Yu, PhD,? Kim Pratzer, AA, COT, ROUB,' Walter Stark, MD' hyperopic SUI-priseS. Furthemore’ Subgroup analyses re_

Purpose: To evaluate the relationship between eyes with long axial length (AL) and postoperative refractive
errors as predicted by various commonly used intraocular lens (IOL) formulas using the Zeiss IOLMaster (Carl
Zeiss Meditec, Jena, Germany).

Design: Retrospective chart review.

Participants: A total of 53 eyes of 36 patients with an AL of more than 27 mm who underwent uncomplicated
cataract extraction with I0OL implantation.

Methods: Data were obtained from patient charts and the IOLMaster.

Main Outcome Measures: The main parameters assessed were AL, preoperative best-corrected visual
acuity (BCVA), postoperative BCVA, and mean absolute error {actual postoperative spherical equivalent minus
predicted postoperative spherical equivalent). Mean absolute error was calculated using predicted spherical
equivalents obtained from the Holladay 1, Holladay 2, SRK/T, Hoffer Q, and Haigis formulas.

Results: The Haigis formula was found to be the most accurate in predicting postoperative refractive error
in long eyes. The SRK/T formula was the second most accurate, followed by the Holladay 2, then the Holladay
1, then the Hoffer Q. All formulas predicted a more myopic outcome than was actually achieved.

Conclusions: These results suggest using the Haigis, SRK/T, or Holladay 2 formulas for very long eyes. It is
also advisable to aim for a more myopic result than is intended.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology 2011;118:503-506 © 2011 by the American Academy of Ophthalmology.

IOL Revolution| Giacomo Savini, MD
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Low percentage of eyes with a prediction error within £0.50 D

Accuracy of Intraocular Lens Calculations

USlng the IOLMaster in EYES with LODg Table 3. Percentages of Eyes with Mean Absolute Errors of

?’ﬂal ]fength and a Comparlson of Various <0.5 Diopter, <1 Diopter, <2 Diopters, and <3 Diopters
ormulas
Percentage of Mean Absolute Error
! Gyin I 2 1 1 . . . .

Stacy Bang, MD,' Erica Edell, MD," Qilu Yu, PhD,* Kim Pratzer, AA, COT, ROUB," Walter Stark, MD Formula <05 DIOthT <1 DIOPIET &3 DletETS <3 DIOPtETS

Purpose: To evaluate the relationship between eyes with long axial length (AL) and postoperative refractive
errors as predicted by various commonly used intraocular lens (IOL) formulas using the Zeiss IOLMaster (Carl Holladay 1 264% 62.3% 98.0% 100%
Zeiss Meditec, Jena, Germany).

g:rs't]i%?};an?:?miﬁz?;iiffgga;ézﬂ?gé patients with an AL of more than 27 mm who underwent uncomplicated HOlladaY 2 41 5% 62.3 %' 943% 1000/0
cataract extraction with 10L implantation. SRK[T 50.9% 66.0% 96.2% 100%

Methods: Data were obtained from patient charts and the IOLMaster.

Main Outcome Measures: The main parameters assessed were AL, preoperative best-corrected visual Hoffer Q 34.0% 604% 793% 100%
acuity (BCVA), postoperative BCVA, and mean absolute error (actual postoperative spherical equivalent minus i
predicted postoperative spherical equivalent). Mean absolute error was calculated using predicted spherical Halgls 566% 73-6% 981% 1000/0

equivalents obtained from the Holladay 1, Holladay 2, SRK/T, Hoffer Q, and Haigis formulas.

Results: The Haigis formula was found to be the most accurate in predicting postoperative refractive error
in long eyes. The SRK/T formula was the second most accurate, followed by the Holladay 2, then the Holladay
1, then the Hoffer Q. All formulas predicted a more myopic outcome than was actually achieved.

Conclusions: These results suggest using the Haigis, SRK/T, or Holladay 2 formulas for very long eyes. It is
also advisable to aim for a more myopic result than is intended.

Financial Disclosure(s): The author(s) have no proprietary or commercial interest in any materials discussed
in this article. Ophthalmology 2011,;118:503-506 © 2011 by the American Academy of Ophthalmology.
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Long eyes
Barrett has been the first to introduce the optimized axial
length, followed by the authors of the other formulas:
v EVO 2.0
v Hoffer QST
v Kane
v Naeser
v Olsen
Cooke K6 and Pearl-DGS use CMAL

<¢> IOL Revolution| Giacomo Savini, MD
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Which are the results of modern formulas in eyes with axial
length > 26 mm?

_.Table 2. O_phmized constants and re‘frac‘tive outcomes of tr.mze-Whl?e group

IOL Revolution| Giacomo Savini, MD

B Optimized | MAE | MedAE
Formula constant PE = 5D (D) RMS-PE (D) D) % <0.25D % <050D % <0.75D | % <1.00 D
All ayes n = BB}
ARTICLE Bun 118.58 0.00 = 0.538 0.538 0.39 0.30 43.68 72.56 | B7.70 895.40
EVO 118.87 0.00 = 0.484 0.464 0.35 0.30 44,68 TB.87 89.37 96.84
- = n HQ 5.39 0.00 + 0.535 0.535 040 031 4325 7313 85.49 8339
compa rison Of the new HOffer QST WIth Qe HOST 5.38 0.00 = 0.470 0.470 0.36 0.29 4526 76.29 | BOEG | B6.70
Kana 118.64 0.00 + 0,474 0.474 0.36 0.30 45,69 76.20 | BB.O7 | 95.98
4 mOdern accurate formUIas REF 3.0 118.61 —-0.02 + 0503 | 0.503 0.38 0.30 43.53 T4.71 B8.36 94.97
Short eyes {n = 75)
Leonardo Taroni, MD, Kenneth . Ha_ﬁ‘e‘r_, MD, F:\C:S, 'Mago Pellegrini, MD, Enrico Lupardi, MD, Bul 04440795 0997 058 0.98 ae7e &1.81 | 7500 aa08
Gigtonig Saving M Evo ~003 20590 08677 044 | 035 37,50 70.83 | 8333 90.28
HQ -0.27 =+ 0669 | 0.805 0.52 0.38 3542 64.58 | F5.00 8542
HQST 0.03 + 0.503 0.688 0.44 0.34 37.50 68.06 | B1.94 02.36
Kane —0.05 + 0.604 = 0.705 0.45 0.35 40,28 68.06 | BO.56 88.89
; REF 3.0 —016 = 0,688 @ 0865 0.52 0.40 3323 62.50 TBA47 |.83.33
Purpose: To investigate the new Hofler QST (SavinkTaroni) for- an Aslan group {n=563), implantad with the SNBOWF (Alcon Medium = 534)
mula (HQST) and compara it with the original Hoffer G (HQ) and 4 Labs), wers investigated. In the Asian group, the heterosce- s el e
iatest generation formulas. dastie method did not disclose any significant differsnce BUll 0.06 = 0.44 0.448 0.35 0.28 46,47 75.66 | 8033 | B7.06
SEnGt Lt bt Gt R dad; e T ) 2 EVO 0.01 = 0.43 0.426 033 |o028 47.58 79.37 | s1.08 95.14
Setting: |R.C.C.5.~G 8. Bletti Fourdation, Rome, Haly. to 0,348 Dj, whereas the SO of the HQ formula (0.384 D) was =
" significantly higher. Compared with the original HQ formula, in HQ 0.01 £ 045 0.446 0.34 0.29 47.03 77.88 §0.33 97.21
Design: Retrospectva case seres. both White and Asian groups, the HQST formula avoided the HQST 0.02 & 0.43 0.430 0.33 0.27 47.58 TRV 91.64 98.14
5 : = PEs
Msthods: B of the HOST, Barett m E:;"e;n:imc PE in short eyes end the mean hypsropic FE in Kana 0.02 = 0.43 0.432 0.33 027 47.58 7B.81 80.33 97T
[BUN), Emmetropia Vierfying Optical EVD) 2.0, HOQ, Kane, and REF 3.0 0.01 = 0.43 0.433 0.33 0.29 46.65 78.44 91.64 9777
Radial Basie Function (REF) 3.0 formuas wers comparsd, Sub- Conclusions: The new HQST formula was superior to the Long eyes (n = B7)
roup analysis was pedormed in short (<22 mm) and lorg original HO feemuia and reachad statistical and cinical results
{25 mmj axal length eyes. The SD of the prediction ercr PE) comparable with those achieved by the BUIl, EVO, Kane, and Bl 206015 g.465 290 035 0o oM It i
wias investigated using The heteroscedastic method. REF formuias. EVO 0.00 £ 0458 | 0455 037 | 034 29,08 72.41 éa.51 98.85
ik HQ 0.32 + 0.510 0.600 0.48 0.37 33.33 62,07 75.86 B8.51
esults: 1259 eyes of 1259 patlents divided In a White group J Cataract Refract Surg 2023; 49:375-384 Copyright © 2023 Published by _
(n=686}, implantad with tha AcriSof SNEOAT (Alcon Labs), and Walters Kluwer on behalf of ASCRS and ESCAS HGST 003 =025 0473 Hon floe 28 = S9.6G (b
Kane 0.02 + 0.468 0.466 0.38 0.34 4253 T4.71 | BB.21 98.55
REF 3.0 0.10 + 0.485 0.474 0.28 0.32 4023 72.41 85,06 058.56
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Which are the results of modern formulas in eyes with axial
length > 26 mm?

7 | Table 2. Refractive prediction errors of 8 intraocular lens power calculation formulas overall in the highly myopic eyes (N = 302)
Efficacy of corneal curvature onthe ‘ Percentage of eyes within different PE (%) ‘
s alcu?:ggf%:;‘:fﬁ':}:‘a;;;Lﬁ;:ﬁ;iﬂ‘;‘;‘;ﬁ:wes Formulas ~ ME=SD  MAE=SD  MedAE  RMSAE ‘ :025D | 050D ($075D | £1.00D |
B, e g M s 0, g X W o, DI ., BU I 015+034 | 029+023 | 023 0.369 | 52,98 8079 | | 96.36 | 99.67
EVO 2.0 009+033 | 026+021 | 021 0.338 | 57.28 84.44 | 97.02 | 99.67
P ————— Hoffer QST | —0.13+0.36 029024 023 0.378 | 53.64 82.12 0437 98.68
e vt e 31 e K6 020+035 | 083:025 | 0.29 0.409 44.70 76.49 | 94.04 99.34
b e e Kane 003034 | 027021 | 023 0.340 55.30 86.09 | 97.02 99.67
e T reesare Nallasamy 014+035 | 0.831+022 025 0.377 : 49.00 79.80 9603 99.67
e TG T s [ e e Pear-DGS | 0.26+0.37 | 0.37 + 026 | 0.32 0.454 | 37.09 73.51 ' 89.74 98.34
et e e et B8 o o e ey RBF 3.0 011+032 | 026+022 | 021 0.342 56.95 86.75 ‘ 97.02 99.34
0000 pv . .
o000 \', IOL Revolution| Giacomo Savini, MD
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Conclusions

v Use new-generation formulas on the ESCRS IOL calculator

v We can obtain up to 80% of eyes with a prediction error
within 0.5 D both in short and long eyes (and >90% in the
whole population)

<¢> IOL Revolution| Giacomo Savini, MD
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Thanks
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