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Hoffer® H-5 formulas from:
[aag-Streit, Movu, Nidek, Oculus,
Tomey, Topcon EU, Zeiss, Ziemer
and all A-scan Biometers

Book Royalties
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pyerall Reference

. 2011 Alimy
publications
!:g\"vm [1974-2016]
- available for

download at
ResearchGate.com

KENNETH J. HOFFER

ASCRS IPC MAY 2016 K HOFFER MD

HoffErACD/ AL Correlatlon

RioR &fz

ACD 0292*AL 2.93

P R R [igure 6. Measurements
the posterior chamber lu np[anl in rnlulum tn

axial length of 143 eves. Note the pasitive correla-
tion (r = 0.67).
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SSFORMULAHISTORY

HOFFER Q PACD
HOLLADAY 2 ESF
HAIGIS dga;a,
HOFFER H pACD ESH
Olsen Ray C-factor
HOFFER H-5 Race/Gen
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ORMULA HISTORY
SRFTRST.GENERATION |
ACDIs a CONSTANT (Gernet)

BRSEFCOND GENERATION
BNACD based on AL (Hoffer)

STHIRD GENERATION
ACD based on AL/K (Holladay)

¢ FOURTH GENERATION
AL KACD CD LT ASL (Olsen)
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FORMULA HISTORY,
FYODOROV

——

HOFFER ACD
BINKHORST
HOFFER ACD by AL
SRK I A con
HOLLADAY 1 SF
SRK I1 C+1,23
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SRR'REGRESSION| =

IREERTSSIONFORMUIPASARIS
PESOLETEAND NO LONGER
B RECOMMENDED. "
SIOHNRETZILAFE SEP 1990/SEP 2015

“USE OF SRK REGRESSION
FORMULAS IS THE LEADING
CAUSE FOR IOL REMOVAL."

HOFFER 1993 -
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"Very LONG

———

HOYEER Q' 67% = 24
HOFFER Q 67% =219

SRK/T 57%= 13
303/450 = 67%
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_———
-ORMULAUSAGE =
2415 mmesHofferQ

CONSIDER Olsen
SRK I orII
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Holladay 2 ReqUirementsis

Refraction and 'z and Haorizarkal ' T

Ret[025 | [05 wxfize | w1 ;
BCv:[20050 =] ok 2060 ¥ IHorwhite-to-white]H.El

IK1:43.5 @[ Kz;m@ﬁl Alemate K-> | 3386 | |

r Ultrazound [mm]

I Phakic: AED:IZSS

Comect AL-» | |22.BF AGE
IPhakic Lens Thick:|4_5|j ol

K HOFFER MD 17
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a1 O0K 18 YEARS,
Ul STATISTICALLY
= PROVEN BY
IEarge 8,108 Eye UK study using
IOLLMaster AL by Aristodemou in 2011
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AUFFARTH 218200

a

s

5

5 Lol 152078

5 = 1062073 0.9420.71

B 25+ 0305@

=4

® 2.00.59:054

= 0.58:0.48 osaoso 051 0.49 6

5 1.5+

2

< 1.0+
%, %,
s 2,

AVERAGE

1 HQ SRKIT

VERY LONG
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broved it statistically in 836
22 mm:short eyes*ffom
butinever.published;it.
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MEdiUmLong(24:5226))

HQ
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Software WebsiteShas
~ OLSEN HOLLADAY

- -
$1,990
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GENDER Differences: o

breyeal land consistentintalliraces

_#Eves | Ak | Ao | T

212,740

MALE
39,156 23.74 43.61 3.14 4.33

FEMALE
50,576 23.22 44.18 2.99 4.35

+0.52 -0.56 0.15 -0.02
mm D mm mm

You could remember: "Woman are 0.50 mm shorter and 0.50 D steeper”

Difference

ASCRS IPC MAY 2016 K HOFFER MD 23

02/04/16

.

DOYOUAccess itheyrormulas?,

Holladay IOL Consultant
— Double-K for Holladay 2 ONLY
¢ PhacoOptics Olsen (Ray Tracing)
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Hoffer H-5 Formula Basis

Holladay 2 Formula

'
1
| AL

log( ESF,) = vl.lSlod” |-059]
' o (1-Ref*Re
- +02Hog{4ff d 15
’ -\ 400 )
¢ | “Holladay used average
== | . AL, K, CD and"ASL (LT
+ACD) of average
western eyes of both
genders .

.
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[hteratareiResults of patient.Populations

WALE AL K ACD LT |RRubvbos
Westem 2377 4345 3.12 4.65 [PERLD
Latino 23.80 43.35 3.48 4.40 | 2,337
Oriental 24.00 4436 2.89 4.32 2,809

medeEsst 2392 4349 318 4.30 [ARON

Indian 23.68 5,696

WO ISBol FEMALE AL K ACD LT
30,297 Westen 2323 44.14 293 465
3,252 Latino 23.33
3,981 Oriental 23.33
3,468 Middle East 22,99
6,314 Indian  23.23

ASCRS IPC MAY 2016 K HOFFER MD
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=%70,826 Eyes to Date (9/1/15)
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Absolute Errors
Are Not Gaussian Curve

ReportingjAccuracy:
MAEImproper,

NPower Prediction‘Errors
al|Gaussian|Bell|Curyes

ME Appropriate 2%
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FORMULDLAS forldUASIKEyes

=18 < 24\5)mm Hoffér.Q
24152610 " Holladay
g% > 266mm  SRK/T
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S rilya GloballEndeayor;

E
NORRAmenta . P
iSouthAmernca t
Farope
SEMiddielEast | 5
ASi
JAustrafia
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RRRESUITSF186 Eyes '+ 0:25:D PES

eves | Race | 06 [|_rommuLA meda me |

HOFFERQ 0.149 0.00

HOLLADAY 1 0.122 0.00 0.14

4% SRK/T 0.139 0.00 0.17

' MidE 3% [ HOFFERH-5 0.105 0.00 0.11
EEzY TorAL I
I N I |

K HOFFER MD
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s==Optical Laser Method IDEAL
== ] OL!Master (Zeiss) 1999
sillenStar (Haag-Streit) 2009
s NEW: Tomey, Aladdin, Argos
AL-scan, Galilei G-6, Pent AXL

K HOFFER MD
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OTT ULTRASOUND
A-Scan 100

e bbb b b
\

e\ || ARERARNRRANINIEER

ADVENT AB SYSTEM PR R =

o Make.Su I Licensee

ESULTS ofl6TIRIGHLEYES R
[ L5-000 10LMaster | Dff/p vaiue |

1'23.66 | 23.64 |

e, 43.68 |
3.05 @ 2.92
+0. 9
£0.44 045 | TO-13/00001

1 Eye With Each Could not Get a Reading

ASCRS IPC MAY 2016
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NewerlopticaliBiometers

prtical jDow=-Cotierence Reflectometry ) OCLR) T

Aladdin z

R
Topographer/ ; P
Biometer b< T 4

e
T PRI SRy
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Both in Eyeswith)
t'l Ca I =Staphyloma™

} wapoilicone Oil L s
IO0LMaster rmsh
gx_ 1999
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ESUINSYof 105 EYES (53 1))
m

44.06 44-12
e

= 3.15 3.05

7 Eyes With Each Could not Get a Reading
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ULTS of 60JUSANRIEYESH

3.50 | 23.58 |

&/ 43.77 | 43.90 |
ﬁ +1.67 +1.67 0.14/0.0001

3.13 2.95

Older American Cataract Pts 75 +10 yo

ASCRS IPC MAY 2016 K HOFFER MD
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ESULSI0f 56 ChineseIEYES

A 2513 | 2513
el 21,02 | £1.03

%y 4361 43.74 |
ﬁ 960 | +1.64 | O-14/o.0001
3.72 3.67

Young Chinese Pts 26 +3 yo
ASCRS IPC MAY 2016

-0.01/0.0620

K HOFFER MD

NewerlopticaliBiometers
i & -

F=2

-
AL-Scan

ASCRS IPC MAY2076/ 008 BN I K HOFFER MD

AVGIKRESULTS 0f SYEYES|Age 72

AL-Scan | IOLMaster m

143.83" 4376
= +1.49 n
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GOMpareyUs/8&GhineseEYES

: der American Cataract Young Chinese -
= Pts75 10 yo Pts 26 £3 yo

QUSAwifi/ PN alue|China biff/ P Value |

AI_,‘..' 4+0.01/0.0770 -0.01/0.0620
=

ﬂ -0.14/0.0001 | -0.14/0.0001 I
m +0.16/0.0001 +0.05/0.0001

ASCRS IPC MAY 2016 K HOFFER MD 38

B AT O st Ve |

N[ 23.46 23.46  ns.
+0.99 | +0.99 | p=0.44

= | 95%
M-

ASCRS IPC MAY 2016
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RESULTS of 86 EYES AGEF2E
ERATTETIorIGhambernDepth

© [ ALScan 1oLMaster] P Value |
- 2.96 2.83
DI
AL-Scan 0.13 MM DEEPER
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er;optical Biometerss
ZIEMER Galilei G-6
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ewenopticaliBiometers
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Bwer optical Biometersi
. Zeiss IOLMaster 700
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ewernopticaliBiometers
TOMEY. OA-2000"
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Measurement accuracy
Axial tengh 20.03mm : | R | B
Anterior damber depth =0 05emm ; k ] |

Crystalline lens thickness — +0.05men
thickness

Telecentric Keratometry |
= distance-independent

Axial length 8 pm
Corneal radii 0.09 D
Cylinder > 2.0 Daxis 1.7°

Anterior chamber depth 11 pm

Lens thickness 12 um

Central corneal thickness 2 ym

White-to-white 77 pm

ASCRS IPC MAY 2016 K HOFFER MD
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NewerlopticaliBiometers
Zeiss IOLMaster'700
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Bl

SUINSIOf 1S 25SREYES s

23.61 23.60
AI_!. $1.27 -0.01/<0.001

Ny 43.84 4382 |

ﬁ tras | iias | -0.02/00271
322  3.19

. +0.44 | +0.44 | 0:03/<0.001

German Cataract Pts 73 £8 yo (20-90)
ASCRS IPC MAY 2016
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NewerlopticaliBiometers
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NewerlopticaliBiometers
Zeiss I0LMaster700
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HL1 700]. Lenstar |_Diff/p vane |

£ 459 | 462
Lf £0.43 +0.03/<0.001

P 553.5 [ | 559.2 u
s o2 o

0.29D | 0.30D | < +0.50D 85%
HQ form | HQ form = in Both

German Cataract Pts 73 18 yo (20-90)

ASCRS IPC MAY 2016 K HOFFER MD

NewerlopticaliBiometers
MOVU Argos..

J‘JJ;,: Source Optlcal Coherence Tomography

K= rm_) of 16/ IR LEDs/in
combowithithe OCisignall

Tracking system for ease of alignment
ASCRS IPC MAY 2016 K HOFFER MD
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NeweriopticaliBiometers
MOVU Argos.

Analysis Mode
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mﬂ@

- 23.34 23.35
J_XI_,‘J +0.97 +0.01/<o.oo1

s 44.06 44.00 | _

d +1.82 +1.76 0.06/0.0271
2.89 3.06

. +0.32 +0.31 +0.17/<0.001

Cataract Pts 74 19 yo (54-89)
ASCRS IPC MAY 2016
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AGDICOMparisonsiofSix Biometers

= m
mmmn

ILM 500 measures ~0.20 mm
shallower ACD (0.13-0.27)
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NewEr i0ptical Blometers

ASCRS IPC MAY 2016 K HOFFER MD

mﬂ@
B s o
e

LT 0.22 Thicker with Argos SS-OCT
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NewEr i0ptical Blometers
Heldelberg
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NewerlopticaliBiometers
Heidelberg " =
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i-Optics -
DentHaguepNetheriands
L CASSINI

Color LED
Topographer

{9

L b

P .

~50% pred o 0.50D
Intraoperative Refractive Conventional
*p<0.0001 Biometry PreoperativeMethodology
(Surgeon’s Preference)
MedAE (D) 0.35 0.60
(Interquartile range) (0.15-0.62) (0.29-1.00)
B MAE (D) 0.4720.71° 0.7140.56
% within £ 0,50 D 67Y 46%%
Y within £0.75 D 85% 63%
% within +1.00 D 94%* 76%
0 o) )

KJH

~J"_k

simpflug Cameras™

GERMANY. SWITZERLAND
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ALCON WaveTechmORA

SerpAdjusted I0Ls

iSidesigned to betadjusted after,

und anterior edge and

[(faré posterior edge

- 1310 mm blue C loop PMMA
haptics
s Base power range: +10 to +30 D

ASCRS IPC MAY 2016 K HOFFER MD
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——
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aSerAdjusted TOLSZE

Mechanism of Action: Adding Power fo the LAL

Light’s diectad by Mscromen i the
the surgeon to the et of the light ave
contralaenofthe AL pholopelymertzed.

Phctoseasth _ SSDRSICIOR gy
Nacsurwers

= Som < Waterty

Wacromers Comprzing
Dk of i LA

ASCRS IPC MAY 2016

" D

Unpelymeraog
mozomens physicaly
now into the
exposed ama, causing
sweiling and hence
SO change.

K HOFFER MD

T8 e P

Lock-In Beam
|

'n,,L‘H

Final Result

The entire lens is The sukceme i& 5
@xposed b fght 2 grociso and parmaraet
remows all remalnng  change s LAL prwer
macromers. o

naiviosl pescripton

-
Efcharisto

KHofferMD@AOLlcom

ASCRS IPC MAY 2016

KHOFFER MD

aser AdJusted IOLSES

I"~|i 10 : S

I
II\F!) 101 3—RN

Light DeIivery Device
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T Olsen

ASCRS San Diego

Sy Financial disclosure

The short and the long eye Thomas Olsen MD
issues

» CEO of IOL Innovations
Thomas Olsen, MD

d I ol ( www.PhacoOptics.com )
University Eye Clinic

Aarhus, Denmark 2 « Consultant to Haag-Streit AG

T Olsen 2015

The issue

The short eye

Traditionally, formula accuracy

breaks down in the short and the All dimensions small, every
long eyes measurement error counts

more !
I will talk on the spherical IOL

power, but the same principles also A small error in the ELP has a
apply to toric IOL cylinder dramatic impact on the
calculation refraction !

T Olsen 2015 B T Olsen 2015

The laser can measured the axial length The effect of axial length error
with surprising accuracy “

Dpt Rx change / mm Axial length

®

SNIREN

=N W o O

o

14 16 18 20 22 24 26 28 30 32 34 36
Axial length (mm)
T Olsen 2015 3 T Olsen 2015

etest



T Olsen

The ELP influence !

Rx error from 0,25 mm ACD error

19 20 21 22 23 24 25 26 27 28 29 30 31
Axlal length

Olsen: Calculation of IOL power: a Review. T Olsen 2015
Acta Ophthalmol 2007: 85: 472—485 )

| emmia’ |
C constant: New concept for ray tracing-assisted

intraocular lens power calculation

Kaee eapisin prv- 3nd portop

Olsen & Hoffmann, JCRS 2014; 40: 764-773
T Olsen 2015

The C-constant defines the position of the
IOL as a fraction of capsular bag thickness!

The C-constant
ﬁ; es the IOL
position in terms
of th&r{stalline
lens anatom
Ax

Not dependent
on the K-reading
ACD nor e/ axial
th
IOLK=e¥dhg Cyo, * LT Axial lengtl

T Olsen 2015

etest

Sources of error in IOL power
calculation (optimized)

T Olsen 2015

IOL position in the bag

# Lback
o

& Lfront

T Olsen, JCRS 2006; 32: 419-424
T Olsen 2015

Prediction of IOL position using
the C-constant

10L position

R=086,p<107%

T Olsen 2015

o2



T Olsen

No dependence on axial length No dependence on K-reading

C-value vs axial length C-value C-value vs K-reading
08 -

2

K-roading (0)
Axlal length (men]

T Olsen 2015

The Olsen formula® Formula comparison

All formulas Univ Clinic .

Originally described as a paraxial ray tracing ek

(‘thick-lens’) formula [ Wotaday 1
kgl

Recently modified using exact ray tracing to
correct for aberrations of the cornea and the
IOL and pupil size

Based on true corneal power

Using the C-constant for unbiased prediction
of the physical position of the IOL

22- 23 24 as 26 7
Aslal length {mm]

» 5 Ol & Hoffr JCRS 2014, 40: 764-773
) www.PhacoOptics.com g 0C LU I, 4 o T Olsen 2015

Overall results Olsen formula Short eye Study
Routine cases - German series

The mean absolute error was reduced 99 eyes <22 mm. Optimized
by 14% as compared to optimum dataset. Comparing accuracy of

performance of the SRK/T formula Holladay II

The number of errors >+ 1 D was Hoffer Q
reduced up to 85% as compared to
the SRK/T

Okulix (Preussner)

PhacoOptics (Olsen)

*) Author: Peter Hoffmann, Castorp-Rauxel
T Olsen 2015 7 T Olsen 2015

etest
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Short eye study
- German series

Numerical error vs formula

Error (D]
short epes < 22 mm

| s

—ant

|t

|—aa
|=mn
[ S .

| I

O CECIO CNDITETIIEan | O

| T
—aad
Halladay Il Hofferc Okuily alsen

T Olsen 2015 19

The long eye

The longer the eye, the more critical the
true optical path of the axial length!

The ELP prediction is the least
significant source of error

The corneal power as determined
by the K-reading is very significant

T Olsen 2015 21

Corneal power — what kind of
melon is it?

_1376-1
=

Dy

1.336 -1.376
Dy=——"7"—

i

D,,=D;+D,-d*D,*D,

Olsen T: Br J Ophthalmol 70: 152-154, 1986

etest

T Olsen 2015 23

Short eye study
- German series

Mean absolute error vs formula

Error (D)
short eyes < 22 frum

‘ "‘

Holladay 11 Hoffer O Okulin

T Olsen 2015

Let’s take a fresh look on

The corneal power

T Olsen 2015

Corneal optics — how ?

We often fit the shape of the cornea t
sphere, ellipsoid, Zernike, Fourier
model etc)

Exact ray tracing is recognized as the
most effective tool in optical
engineering.

Isn’t the eye an optical instrument?

T Olsen

0Oa

2015

20

2

24
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Pentacam®© mapped elevation data

© exact ray tracing analysis
of the cornea

Point-spread-function 4]
(PSF)

T Olsen 2015

Corneal power by method

tmmll, ]bower Corneal power vs method

Ry Traced Commeal Power [0}

T Olsen 2015

)9

Zemax® * import of Pentacam data for
exact ray tracing of the corna

o
,,.2._'/' A0
il ‘a‘ck surface

*) Zemax LLC, Redmond, WA, USA

Effective corneal focal length
- experiment on pupil size

Peak irradiance

o ¢ |

Pugll§ mm
# Pugill 4 mm
& Pugell 3 man

i 3
Facal length [mm|

T Olsen

| awiar |

Ray-tracing analysis of intraocular
lens power in situ

Tomas Clsen M2 PN Mikked Fursding. M

PURPOSE To descring 3 inwmhoc 4 Sackachs ar ss (L b s
ety and iy
SETTING: Urversiey B2 €

DESION Eruitont

" Tha aash

B N T —

sthans Aps. meata e
€ rmpaEay R 0 aty

o Gatoract Rabat Sy T2 38 641-047 & 2012 ASRS wvf E3CNS
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Ray traced IOL power

11O . i
e Lenstar s blometry - No bias with axial length
Calculated 10U

pivwre {01 10L power by ray tracing

an
30| | r=0.9,p 000001

Implanted 10L pawer (0]

n 2015 31 T Olsen 2015 32

Thank you

T Olsen 2015 B3

etest
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Calculating IOL power = Modelling the pseudophakic eye

1
¥ N
1

Post LASIK/PRK IOL calcs B

1
1
/ : Solving for IOL

= s

METHOD VARIABLES EXAMPLES
Calculate planes using Power; distances Haigis; Hoffer Q; Holladay
Vergence formula vergence of light 1and 2; SRKIT;

Optical software:

Calculate angles and heigth Radii; distances; n. Zomax; OSLO, Winlers...

Paraxial ray tracing of light rays (paraxial region)

BEGITEK Norrby JCRS 2004
N &@DM@ &W@ME@@FW . Calculate angles and heigth gk“""‘ —
5 Exact ray tracing y J Radii at each point; ptical software: Zemax;
Okular of light rays (exact refraction, D OSLO, Winlens...)
Vitoria-Gasteiz Aberrations considered) ' Phacooptics

. . How does a 3rd gen. formula work?
All methods need a precise IOL position (ELP)

predicting algorithm ELP predietion

e T

ELP(E'fecli}gL(/-!ns Position) n ] y’ 2 /u i
=) 5

ELP
Predicting Anatomical prediction
12 ity ' AXL | kir [AcD | wwrw (SR Rx  [UAge IOL pewer -
SRKIT @) (0] \
Hoffer Q (@) Q@ (P —
woyt [N ® .— L A =
Holladay 2 o e & o @ @ ©o %ﬁ <
Haigis Qo (@] U : \
[} 1
Olsen (2006) @ e O e o Optical prediction
X pratiodon v
[ . The errors
| - /
— =
Lol i 1.- Uncorrect ELP prediction if K dependent ELP
= ﬂ.q -a predicting formula is used with present (post LASIK)

K value (SRKI/T; Holladay; Hoffer Q; Olsen...)
HYPEROPIC LASIK/PRK

|

2.- Uncorrect corneal power measurement by topo-
PIA graphers and keratometers

el HYPEROPIA

MYOPIC LASIK/PRK
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RIGHT ELP

FORMULA ] WRONG

PREDIGTION ELP

47 46 45 44 43 42 41 40 39 38 37

Uncorrect ELP prediction «

AXL=28.50 ;
K=46.50

UNCORRéCT

|l mm EICE

i mm ELCE

47 |46 45 44 43 42 41 40 39 38| 37
K

| Correction: 10 D |

ELP ) C) 2.80 D
Imm 00D

1oL __
PLANE

SPECTACLE|
PLANE

Towards hiyperopia Bl

Haciahipermetropia

+ CORRECT
1

The solutiof

o for
ELP pradiction (SfUUT rlollacday; )
K pre: For the ELP predicting algoriti Lio
K post: For the optical calculation 3 SRK f | 4,89 |
-Program it yourself (recommended) ;
Holladay 1 T | 5.04 |

-Use comercial software: Hoffer Program;
Holladay IOL Consultant &

-Some biometry devices
A Scan (Sonomed);...

89
Hoffer @ XN 6,06
Haigis 4,99 |

-Used in ASCRS website

70 s S le




K pre determination
1.- The real figure from patient’s records

2.- Average number: 43.50 D

3.- Guess it from K post and corrected D value

K post = 36

Corrected D at corneal plane =8 D, Kpre=36+8=44D

04/04/16

4.- Guess it from posterior r (Scheimpflug/OCT) using
the normal ant/post ratio (1.21)
r post= 6.54 mm. ) Rant=6.54 * 1.21 = 7.91 mm

FromranttoK T 337.5/7.91= 42.77

Best option

K pre error influence in refraction error

K pre B
4 41— 18.78

% 435  * 19.78
45 —— 20.66

IOL PLANE. SPECT PLANE

Improve 3 gen. Formula performance with Kpre:

Use an arbitrary Kpre to compensate the blindness of
These formulas to the actual anterior segment depth

ACD + LT (mm) K pre (D)
<175 42
7.5-8.10 43.5
>8.10 45

The errors

1.- Uncorrect ELP prediction if K dependent ELP
predicting formula is used with present (post LASIK)
K value (SRKI/T; Holladay; Hoffer Q; Olsen...)

2.- Uncorrect corneal power measurement by topo-
graphers and keratometers

corneal power measurement

We need Kpost. What is Kpost ?

It is the K value that the formula uses to do the
optical calculation of |IOL Power

It depends on how the formula was designed:
Holladay 1 and 2; Hoffer Q; SRK/T; Haigis... are
designed to input K (n=1.3375)




K is overestimated after myopic LASIK/PRK

1.- Change of r ant / r post which makes

n=1,3375 unaccurate

2.- Change of corneal asphericity:
- Enlarge area of analisys

- Decrease optical power (best focus
plane anterior to paraxial calculation)

04/04/16

K post calculation:

\ 1.- Present K non dependent methods \
a.- Clinical Hist: ory method Don't need present topography/keratometry

K pre - (Corrected D at corneal plane)

\ 2.- Present K dependent methods \

Need present topography/keratometry

a.~ K corrected methods
- K= (15 to 19 % of corrected D) (Hamed etal.; Wang et al)
- Empirical formula: 1,14 * K - 6,8 (shammas at al)
- Theoretical formula: 1,119 * K - 5,78 (raigis)

b.- Total corneal power (Scheimpflug/OCT)
(devices that measure ant+posterior cornea)

Power = distance —> from the focal plane to a reference plane in the cornea

2
e

& &
RS
&

,,,
S
4

P=F+P~FP,

Kbv = BACK VERTEX POWER

Keq = EQUIVALENT POWER | |
L / v ROV POWER

P
fi=h*—pg

1= ;r : :
Kfv = FRONT VERTEX POWER :

i ( Keq = EQUIVALENT POWER

7 KEQ <KFV< KBV
P,=I§ol_—n(,
n o 3

Kbv = BACK VERTEX POWER 1, anr bosT rocaL
VeRTEXVERTEX rocn

Pentacam Total Corneal Refractive Power
415

Pentacam True Net Power _ A
40.8 Galilei Total Corneal Power (<s.2)
a5

Orbscan l\gsgn Total Power

d

P=PR+P-RR"
n

Kbv = BACK VERTEX POWER

Keq = EQUIVALENT POWER | !
; ROV PN

Li] : :

Fi=h+ 17,27 ; Keq = EQUIVALENTPOWER |

n i :

Kfv = FRONT VERTEX POWER : |
7 [ KEQ <KFV<KBV |

B=P+— i :

(=5l L
n 1

Kbv = BACK VERTEX POWER

W2 ANt bos «
VERTEXVERTEX s

Pentacam Total Corneal Refractive Power
415

Pentacam True Net Power - d
408 Galilei Total Corneal Power (<s.2)
as

Orbscan l\gg;n Total Power -~

SimK/K
a2
Keq = EQUIVALENT POWER

P
fi=h*—pg
5

n

Kfv = FRONT VERTEX POWER

5 7
R=hr T
n

Kbv = BACK VERTEX POWER 1, anr bosT rocaL
VeRTEXVERTEX orery

From Kt to Kpost

Remember that the formula is waiting for a K (n=1,3375)
value: Conversion is needed

PENTACAM (True Net Power) —_— K real + 1,20

PEN AM(Total Refractive. — K real + 0-33

Powe! r)

ORBSCAN  (Mean Total Power) Kreal + 1,25

GALILEI (Total Corneal Power) —_— K real + 0,35

before v. 5.00

GALILEI (Total Corneal Power) —> K real *+ 1,80

after v. 5.00
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Ray tracing thick lens models

The next step

real numbers for a real world Ray refraction is calculated at each surface: Snell law
Angle of refraction allows calculation height of the ray at next surface

Hihere is a difference between paraxial and marginal rays: Higher order
Aberrations (H@A),

Different levels of complexity:

- Curvature radiiland asphericities (only spherical aberration)
- Cornea and |IOL elevation data (allFH@A))

EXACT RAY TRACING CALCULATION EXACT RAY TRACING CALCULATION \
oL
[ - | [P | Radil
1 ¥ 1 1 X 1 sphericif
i j: A : -
\ \ n
1
Nyl KOs
| | 1
. /& = - -
v ! "V‘I (’ '|— . BIOMETRY
{ LENSTAR (L hickneg
GALILE] _ N (Lens thicknes
— = === = I0L MASTER
PENTACAM ; = OA 1000
SIRIUS
- Curvature radiiland asphericities (only sphericallaberration urvature radii and/asphericities (only spherical aberration

[ - e ” "~ -
L e Un et gl L ]
[} o oau " A s 2 um on
[X] m o osu " e oam ns  ow  om
7 5 Im w5 a0 un 2 oM en
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CONCLUSION

IO power;calculations after, LASIK/PRK can be done
based on theoretical conceptsiand|/formulation

Double'K(orr) formulation must be used when corneal= R
parameters are used for IO position|prediction - - [ Zb@@k %M
Kipost.determination can be done:

1O

1.- Calculatelitfrom measured K (different formulae) E
2.- Using a K'1,3875'equivalent.calculated from KrtotaL.
K totaL measured Scheimpflug/OCHT;

Exact ray tracing: Just input biometric data and that’s all

jaimearamberri@telefonica.net




Calculations for toric IOLs

Giacomo Savini, MD

Studio Oculistico d’Azeglio, Bologna, Italy
GB Bietti Foundation, Rome, Italy

The author has NO proprietary interest in the subject of this presentation

Possible improvements

@ Posterior corneal astigmatism

@ Central astigmatism

Cylinder @ IOLplane

¢ Ratio
Cylinder @ corneal plane
0000
0000

Corneal astigmatism

@ Keratometric astigmatism: corneal power calculated with
1.3375 keratometric index, aiming to provide “fictitious”
information about total corneal power, although
measurements are taken from the anterior surface only

@ Anterior corneal astigmatism: corneal power calculated

with 1.376 corneal refractive index, i.e. the power of the
anterior corneal surface

2 Posterior astigmatism

' Total corneal astigmatism: sum of anterior and posterior

corneal astigmatism (better by ray-tracing)

~

©

©

Giacomo Savini, MD [ X I O]

Current situation

© Toric IOLs are the preferred choice of most
surgeons to correct astigmatism during
cataract surgery

@ Higher predictability than LRI
@ Still some cases of cylinder over /
undercorrection

2 How can we improve our outcomes?

Giacomo Savini, MD

Posterior corneal astigmatism

OCULUS Ccso ZIEMER
PENTACAM SIRIUS GALILEI TMS-§

Giacomo Savini, MD

Posterior corneal astigmatism

© The posterior steepest meridian is almost
always vertically aligned. '

© Such alignment generates an ATR
astigmatism, which partially
compensates anterior WTR astigmatism
and increases anterior ATR astigmatism.

1-Ho etal. AJO 2009
2-Koch et al. JORS 2012
3- Savini et al. JCRS 2014
4-Tonn etal. IOVS 2015

Giacomo Savini, MD




Posterior corneal astigmatism

Antenor

Posterior

Meridians {Antenior)
n0=71.01= 1.1175

Menidians (Postnnor)
of = 1.576, A? fJJi

Kamtomimesve indoes

K! 42850 gnz. Ki= snn@m) lc,|.'|,'lccn-1r |
S4458D @7 " K2=.5290 gm
i [ERREUNEL —
Cyl = +204D Ax = 75° 5 Cyl-oo«ou-m

e —
Posterior corneal astigmatism

Table 1. Mean mngmaﬁsm values. Polar values along fixed me-
ridi: f0/45 quations 3 and 4) were used to calculate
the various mean net astigmatisms.

Eyes
Parameter (n) KA(D) CApn (D)lCA“-‘(D)I TCA (D)

Total 157 1.80@93 199@9% |052@3 [157@93
WIR 132 235@92 261@92 |060@3 |213@92
ATR 18 184@1 205@1 [001@168[200@1

Oblique 7 139@127 154 @ 125(040 @19 )1.27 @131

Am-nymmenﬂe&m-mwwmpmm

CAyy, = posterior comeal asti ism; KA = k g
TCA = wmmmwm with the rule

Giacomo Savini, MD

e —
Posterior corneal astigmatism

Keratometric vs Total Corneal Astigmatism

9 Keratometric astigmatism overestimates
WTR astigmatism by 0.22+0.32 D

@ Keratometric astigmatism underestimates
ATR astigmatism by 0.21+0.26 D

Savini et al - JCRS 2014

Giacomo Savini, MD

S —
Posterior corneal astigmatism

Influence of posterior corneal astigmatism ®
o total corneal astigmatism in eyes
with moderate to high astigmatism

w
Giacomo Savini, MD

S —
Posterior corneal astigmatism

Keranmeno sstigrarsm (D)
Figgare 2. Cosmeation xtwres the meggimade of posaricr cormeal

Linen sepraan the 95% confadere inkerval

Significant correlation (p<0.001, r’=0.5683) between Posterior
Corneal Astigmatism and Keratometric Astigmatism....

Giacomo Savini, MD

S —
Posterior corneal astigmatism

2 The over / undercorrection is not fixed

@ In about 20% of eyes the opposite
relationship occurs!

@ Using mean values is not accurate
@ Direct measurements are mandatory

Savini et al - JORS 2014

Giacomo Savini, MD




e —
Posterior corneal astigmatism

@ A difference in astigmatism magnitude
of >0.50 D was detected in 16.6% of
eyes.

@ The difference in the location of the
steep meridian was higher than 10° in
3.8% of eyes

Savini et al - JCRS 2014

0000
0000
Giacomo Savini, MD o0

Sy ——
Example 1 (phaco + IOL)

Intentional undercorrection

Total Corneal Astigmatism

« Sirius = 0.59@86 D

Pentacam = 0.60@100 D

v.'" -
Giacomo Savini, MD

Central Astigmatism

2SimK measurements are ' :
taken on a 3mm diameter
fing "

©More central reading may I
be more accurate

Giacomo Savini, MD

Example 1 (phaco + IOL

e "

Keratometric
Astigmatism mp

Keratron (CAg, ) = 1.56@84 D

Giacomo Savini, MD

Example 1 (phaco + IOL)

Intentional undercorrection

QSuggeSted IOL =T4
(astigmatism = 1.55 D)

@implanted IOL = T2
(astigmatism = 0.67 D)

@Final RX = plano

e
Central Astigmatism

OCULUS - PENTACAM Power Di

Giacomo Savini, MD




[ ——————————————
Central Astigmatism

OCULUS - PENTACAM Power Di

Giacomo Savini, MD

Example 2 (phaco + IOL)

Unwanted undercorrection

K Astigmatism = 1.70 D

w T
" i ,
Giacomo Savini, MD

e ——
Example 2 (phaco + IOL)

@ Suggested I0OL = T4 (astigmatism = 1.55 D)
2 Implanted IOL = T6 (astigmatism = 2.57 D)

@ Final RX = cyl -1/110

2 Right choice = T8 (astigmatism = 3.60 D)

0000
0000
Giacomo Savini, MD o0

Example 2 (phaco + IOL)

Unwanted undercorrection

o Keratometric Astigmatism
(SimK)

Sirius = 1.80@179 D

= Keratron = 1.89@178 D

Posterior Astigmatism

Sirius = 0.32@10 D

Example 2 (phaco + IOL)

Unwanted undercorrection

P I

- g Zaer - ol

a5 P R 00 yi.amo e Eo

B L Y iEeems Uy o] o’
" z £ fa=aing 5l
y - Bs 11 B0 Ao 179 \ =
el . .
“a .
%
g

Keratom. Astigmatism = 1.80 D

~ ]
/
\ ﬂl

1
an
F4

- vy O AR DA pe & “
Central Astigmatism = 3.67 D

o000

o000

i

Which are the results?

An Analysis of the Factors Infloencing the Residual
Refractive Astigmatisn Afler Cataract Surgery With Tori:
Intraocular Lenses

Ans téndan

Giacomo Savini, MD oooc




RESULTS

@ WTR = 25 eyes
@ ATR = 15 eyes

incision

© 0000 0o

Giacomo Savini, MD

Sample = 40 eyes of 26 patients (mean age = 68.6 years)

In all cases a toric AcrySof (Alcon Lab.) was implanted through a 2.75mm temporal
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OCULUS - PENTACAM Power Distribution
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RESULTS

ERA = Error in Refractive astigmatism
(difference between predicted and measured astigmatism)

Keratometric astigmatism | Total corneal astigmatism
Overcorrection © ©
WTR \m 013 +/-0.42
ATR ,(032+10.42) 0.07 +/-059

|Undercorrection|  cuwial power

Giacomo Savini, MD

Negative = overcorrection
Positive = undercorrection

Examples
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CONCLUSIONS

Giacomo Savini, MD

Keratometric Astigmatism leads to:
overcorrection of WTR astigmatism
undercorrection of ATR astigmatism

If you don’t have total corneal
astigmatism measurements..




BARRETT TORIC CALCULATOR

w— Net astigmatism = total
corneal astigmatism that has
to be corrected by the toric

- - 0L, including Ks, SIA and
= E 5l ' the posterior cornea.
- - Posterior cornea data are not
- it = derived from Scheimpflug
devices or regression
analysis, but from a
theoretical model based on

the elliptical method of the
corneal diameter

Giacomo Savini, MD [ X L 1]

BARRETT TORIC CALCULATOR

ATR astigmatism is automatically increased
(from 2 to 2.52 D)

[
Giacomo Savini, MD [ X L 1]

BAYLOR TORIC IOL NOMOGRAM
I Forir WTR (D) ATR (D)
[ o <1.69 (PCRI .r>1m)' $0.39
07D T13(1.09) 219 | .79 l
I | T4 2.20-269 | 1.29
T5 (2.08) 2.70-3.19 1.30-179 070D
| 16 257 320-379 | 180-229
| 7 0o 380-439 | 230-279
| 78 @e0) 440-499 | 280-329
T9 (4.11) 5.00 - 3.30-3.79
rxriran “Especially if specs have more ATR .....
o000

Giacomo Savini, MD

BARRETT TORIC CALCULATOR

== =

WTR astigmatism is automatically reduced
(from 2'to 1.25 D)

Giacomo Savini, MD

BAYLOR TORIC IOL NOMOGRAM

Based on Galilei total corneal
astigmatism.

[ Baylor Toric IOL Nomogram, Version 2

) It accounts for the ATR shift
_"‘ l with age. New target for

070

s postop astigmatism = 0.4
Caman . WIR
=
" Espacty & specs Aavw more ATR
W |

Giacomo Savini, MD

RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

2 Not all online toric IOL calculators take
into account the influence of ACD on the
conversion of the cylinder from the IOL
plane to the corneal plane

Giacomo Savini, MD
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RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

Some toric calculators use a fixed ratio
(1.46) that is good for average eyes, but not
for short and long eyes

RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

@ Actually this ratio can range from
©1.29 (AL = 20mm, K = 38 D > shallow ACD)
@10 1.86 (AL = 30mm, K = 46 D= deep ACD)

@ Overcorrection of cylinder in hyperopic eyes
@ Undercorrection of cylinder in myopic eyes

0000
0000
Giacomo Savini, MD [ X L 1]

RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

9 Ratio = 1.29
©6.00 D (IOL Plane) > 4.65 D (cornea)

© Ratio = 1.46
©6.00 D (IOL Plane) > 4.11 D (cornea)

@ Ratio = 1.86
©6.00 D (IOL Plane) > 3.22 D (cornea)

[
Giacomo Savini, MD [ X L 1]

RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

for the AcrySof Toric IOL"
Cylindor Power at  Cylindor Power at
AcrySef Model 10L Plase (0) __ Corneal Plase (D)
” 100 067
= 150 1@
T4 235 1.55
) a0 2.08
15 ars 251
w 4,50 3,08
] 525 360
bl 6.00 411
AL = ntooockr s D « dopten

At e s 45 11 Corel A4 5 ColElated, aceoing 15
AN By TS o a0 (£, 461
oySof Tore AL s rsavefcnnd by Akon Laboarones, M. Forr
™

Giacomo Savini, MD
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RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

| vomaves scevce |

Influence of axial length and corneal power on the
astigmatic power of toric intraocular lenses

S 5D VYA b 1S
Giacomo Savini, MD

RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

Solution: MERIDIONAL ANALYSIS

Qcalculating the I0L power for the steep and flat meridians
separately: the difference between the two values gives the
required IOL toricity for that eye, on condition that the ACD
is also separately calculated using the mean corneal power

Giacomo Savini, MD




RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

Which tools change this ratio?

€ Many online calculators by IOL
manufacturers

@ ASSORT Calculator (N. Alpins, MD, FACS)
2 Holladay Consultant software

2 PhacoOptics (T. Olsen, MD)

© Ray-tracing software

RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER

RATIO OF IOL CYLINDER TO
CORNEAL CYLINDER
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Giacomo Savini
giacomo.savini@alice.it
www.studiodazeglio.it
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