


INTRAOCLLAR LENS POWER CALCULATION

The 125 D Rule

I depends on the basie relvaction of the  patient, but i s reallv
euesswaork. The r::phfha]umlﬂgisl lakes a detalled history, examines the
patieni’s old eye glasses, and performs a clinical examination in an
attempt - to determine the patient’s hasic retraction prigr (o the
development of significanl cataract, When emmetropta is the goal, an
L813. power is used as a basic value that 15 varied according to the results
ol the clinical examinanon. For each diopter of hyperopia or myopia of
basic refraction, 1,25 D, of IOL power is added 1o or subtracted from,
respectively, the basic 18D. implant power, (Sender, 1987} A severe
limitation of the rule, however, would be uncertainty about the basic
refraction. An in¢rease of the refractive index of the crystalline lens,
which  may precede or accompany the development of catarast, can
change the refraction drastically toward the myopic side. The older the
patient’s glasses, the better the resull, The problem with old glasses is tha
anc eye may not had been correcled fully, as in high anisometropia. T'o
avind an error on ihe hyperopic side, it 1s even advisable (o aun at a fow

aopters of myopia rather (than emmetropia (Drews, 1975,

IO0L POWER CALCULATION FORMULAS

FIRST GENERATION FOURMUILAS

A. THEORETICAL FORMULAS

Optical principles
Those formulas are based on geometric optics. (Schechier, 1980),

In an optical sysiem of tlin lenses (or thick lens syslem reduced
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to principal planes), the vergence of a light vay, after passing through
a lens, s cqual to the vergence before the lens added to the lons
power.  For example: the vergence of a hghi ray i the plane © F s
deimed as the liverse ol the distance L “ from the plane * F * to the

point where ihe light ray croszes :he optical axis of the system (Fig. 1 ).
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Fig, (1}

Definition of vergence

I = LEns power.

V., & WV, = Vergences of parallel incident fight beaun befure and
after passing threugh a lens wath power

l. — Focal distance at the plane 1

(fliher, 1984)
The wverpence at any plane * V3™ can be calculated if the distance

fram the plane * ¥V, © and the vergence at * V| * are knowr Fist, the
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dhistanee 1. - y 15 catoulated 1o lind oul where the Heht ray crosses the
:

optical axis. The distanee = Ly fram 1he plane ™ V3 * 1o that potnl i

then Ly = L-d” and the vergence at = V)" by definition

v, ow (Fig. 2)
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Vergence of light beam at a point V2

3 = Lens power

W, & V. = Vergences of parallel merdent light beam befors

aned wller passing through a lens with power T

Vs = Vergence of ight Leam ar a point V;
L-& 1. = Focal distances a1 V|, & V;
i = Dislaice from plane V) to a point ¥V,

(Huber, 1754)



Fig. { 3 )

Schematic eye with an intraocular leas ar 'V,

l'c = Cormeal power
I = Power of {he intraocular lens.
d = Anterior chamber depth measured fromn the corneal

epithelium 1o the convex side of the intraocular lens,
L = Axial length of the eye.
Vo & V| = Vergences of a parallel incident light beam before and alter
ihe plane F.
Vi & Vs = Vergences of the Light beam before and after the
principal plancs of the intraccular lens,
(Huber, 1984)
First Generation Theoretical Formulas
Fyedorov (1967) presented a theoretical formula for calcutation of

the miraocular lens power. It was based on geometric aptics, as applied 1o
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schomatic cyves using  theorctical  constants. The  axial  lengiy was
detenmined by ulirasonography, while the radiug of curvature of (he

cornga was determined by keraiometry.

yvodorov's Foruwda (1967)

e ) ) alPoa
I'he mtrancular lens power = .
oK
fa-Kj(l - )
1
n = the refractive index of the media (agueous and vitreous)
Pe = Power of the cornea
a = Axial length of the globe
K = Anterior chamber depth.
Cofenbrander’s Formula (1973)
O = - n - i n
A G- BUOOOS 0y 500005
de
L =refractive power of intraocular lens in diopters
1 = refractive index of aqueous and vitreous
d = distance from ihe anterior surface of the cornea to the anlerior
surface of the miraocular lens
a = axial length of the eve
D¢ = refracrive power of the cornea in diopters.

Binkhorst's Formala (1973)

1336 (4r - d)
{a - d)y{d - )

D=

= radius of curvature of aniertar surface of comea m mm

D = power of the intraocular lens

d = distance from the anterior suiface of the cornea to the anterior
surface of the intraocular lens

a = axial langth ol the eye,



Saniders {1987) suggested (hat the theoretical formulac are
wenucal except Tor small correction faclors. All those formulac could he
algebrically transformed (o:

p = N i M1
(.- Yy (N - KO

P =he intragcular lens power for emmmeltropia

M = the aqueous and vitreous rcltactive index

C = the estimaled postoperative anterior chamber depth in mm
I, - the axial length of the eve in mm

K —the comeal power.in dioplers.
B EMPIRICAL (REGRESSION) FORMULAS
First generation empirical formulas

SRK Formula

Retzlaff (1980) i addition to Sanders and Kraff (1980}, published
a repression formula for caleulation of inlrageular lens power. Through
regression analysis  of their previous resulls, they observed a relationship
between the preoperative variables (axial Jlength and keratemetric
read'ngs) and the actual results {implant power required to achieve

enumetropia). The formula was named SRK according 1o {Sanders.

Retzlaff and KralTy and it is as follows

P=A-25L-09K
wiere,
P = implani power required (0 achieve emmefropia in diopters
L = axial length in imm
K = average keratometer readings m diopters
A = a speciiic constant for each lens type and manufacturer.

(Retfziaff, 1980).
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The A constant s determined empirically for each unplant. The
technigque uses mulliple regression analysis that estimales the relationship
between a dependent variable (residual refractive error afier surpery)
and a set of independent variables (preoperative axial length, keratomeiry
measurement, and power of lens impianted). 1t depends on the
postoperative  ACD, lens style and shape, angulation of its haptics,
refractive index of s material and intrinsic variations between
different surgeons.  The A constant is grealer the closer the lens implani
15 to the relina. Therefors it is pgreatest with posterior chamber
lenses. intermediate  with  irls  fixated  lenses, and  least  with
anterior - chamber  lenses.  Furthermore, most  posterior  chamber
lenses have hapuics that angle forward, pushing the optic posteriozly,
which increases their A constant over planar posterior chanber lenses

{laffe, 1997),
SECOND GENLERATION FORMULAS

ALTHEQRETICAL FORMULAS

I the early 1980s, Hoffer and Binkheorst independently replaced
the constant ACL in their respective first generation theoretical formulas
with one  thar varied based on the axial length (ALY, Hoffer (1984) usod
an ACD prediction formula for posterior chamber lenses based on
his  study, wiich showed (hat the measured postoperative ACD was
divectly proportional to the axial length of the eye {(ACD - 0.292 AL -
2.93). Bmkhorst 11 formula (Binkhorst, 1978) altered (he consiant
ACD as a function of axial length {(ACD = AL / 2345 x AC).
Shenmas (1982} using the Binkhorst [ formula, medified the axial lenuth
(AL = 09 AL +23), which had zbout the same effect on IOL power as
viarying the ACD,
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B EMPTRICAL FORMULAS

SRE 1] formulea

Sanders et al (1988} ntroduced a new SRK 11 formula which had
been shown 1o reduce ihe prediction error of the originat SRK formula i
short (< 22 mm} and long (> 24.5 mm axial lengtl) eyes. The SRK 1]

formula s :

1) L<2C, A=A+
ir20
if

14,

L<21, Aj=A+2

(o]

l

1A

<22, A/=A-"+1
222243 A=A
1 L=245 A =A-1

Where,

L = axigl length of the eye W miilineters pre-operatively,

Ar =recommended A conslani for use in caleuiating 10L
power,

A = A constanl used with the original SRK formula.

(Sing and Rav, 1989),

THIRD GENERATION FORMULAS

The popufarity of the empirical regression methods compared 1o
the early theoretical formulas (Cefenbrander, 1973, Binkhorst, 1973,
Fyodoroyv et ai, 1975 and Binkhorst, 1987} seems to be due to the poor
accuracy of the latter formulas mihally found in unusually long or short
eves. (Rewglaff, 1980, Sanders and Kraff, 1980, Hoffer, 1981 and
Shanungs, 1982). There is now increasing evidence (hat this inaccuracy

was nol caused by the optical approach being insufficient, bul by the lack
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of" adequate mothods to predict the pseudophakic anterior chamber depth,
(Olsen et al, 1994). Rather than making an mdividual prediciion of the
pseudophakic anterior  chamber depth, the early theoretical formulas
recemiended @ constant value in the JOL power calculation. However,
because the pscudophakic anterior chamber depih, ainong other factors, is
correlated with the axial length, (Lepper, 1984 and Olsen et at,, 1990},
the use of a constant value for the predicted pseudophakic chamber depth

leads to an underestimation of the true chamber deprh in a lomg eye and

an overestumation in a short eye, The corresponding error on the
refraction will be a hyperopic error th a long eye and 4 myopic error in a
shart eye. 1f, on the other hand, one makes an adequalte correction tor the
axial Tength dependence, the accuracy can be significantly improved i
long and short eyes. (Qlsen, 199{). Third-generation formulas vary Lhe
ACD hased on the palient’s axial length and corneal curvature, (Hoffer,

i993).

Holladay Formula

Holladay (Hofladay et «l, F988) ushered in the era of third
generation  formulas. They combimed a personalized ACD factor with the
Fvodorov  (Fyrodorev and Kolinke, 1967) method of using the axial
fenpth and K-reading 1o predict the corneal height (distance from thie
corneal endotheliun to the tris plane). The Holladay ACD was the sum of
the corneal height, the thickness of the cornez (0.56 mm), and the
distance from the iris plane to the tOL’s principle plane. This lasi value
he tenmed the “Surgecn Factor” (SF). Since the SF could not be known
before surgery, it was necessary (o calculale it from a series of
postaperative eves of one 10L slyle using Holladay’s formula and the
average for that lens style. This formula was more accurate than HoHer's

formula and significantly more accurate than the SRKII.
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Table (1) 15 a mathematical deseription of the Holladay formula.

(Hatinidany er al., 1988).

HOLLADAY FORBIULAL AMD CONSTANTS

Recammended coasiant heasured values
n. = refracrive ndex af cainea = 43 k = averape K-reading (diaplers)
n, . relractive index of equeous = 1,336 A = averipe cornedd radios [uen) = 337 5%
RT = retunal 1idckness factor = Q.24 1w AL wmeasured wlirnsome axial lesgth {mm}

Chiosen viluas
v = weriex distance of preedophakic tpectaclas (niend, default = 13uur
Fef = desired peslopetalive sphssoeguivalent refraction {d.oprers)
SF = "urgean fackor =distance from apliked dore s 1eis piane 10 gpical of ICL. uun}

Deftmticns of olher varisbies
AG = anoricr thamber diamerer frow angle 1o anple (ned
ACD = arauotnic awctesior charmber depnd (nm] | destance Traa carneal verles 1@ anlerier oo plane
Adm = modified ax# length oy = uleoseic aaal le wgih ALY+ redoal Jickness facver {RT
] = power of |OL (dioplers)
Acel = aelunl pestoperaive sphercuivalaw refryclion idiopless)

EQUATIOMNS

Eql. Bap =R, ICE < 7 nun then Rag =7 nun

B2 AG=135 4L23.45 if AG > (135, then AG=115 unwm
Byl ACD =050+ Bag - (SORT {Hag Rag - (AL ALAIRD

[OL paewene ¢ 1} from desired posioporative sefraction (Ren
100034, {1, R—{1 ~ I}l ~DCO1 e [i{on 4 ~{on =L} | o sionse]

gl f = - -
£ Afenm ACTI= ) [n_h*—-{n, - BACEr+ - 0001 Reff¥ ot fre = § (A€TR- Y] feacs 40
Resaledn) cefiacnan § Rel ) fram 0L powar {13
W0, (M et = F {lim— AT = 55 Jon te =, — 1) Lot 32 50
oas. = el - Ytefn o i)

a7t = = 1febin] oo i) = QU I Al - ACTE-SFY {1 o bt o, = L0 250 800 1 3 1 3 4]

Eleweele Solatatn “hongheta Facioe” {35 0om QL et (13 annd aonaal sialy lzen
posd - operaleve rafracion (Acel}

Eqs. ad=(w, -13-(000) dyef(f Wn-11-K1}

Lq? Br= foefDO0] & Al ¥ {no-[03- (R DAk - W 00 - e - D) Alen) + {0, BT

BEq B COH =000 Arsl{{ WHw . RI-((n,-1dadm¥s+i Al R D

Eq® o= 1000 n, o, RY-{{n -11AIm} Cy 1341

Eglh CO3 =(adlmn, R]- (0001 Arel Al Y Koo )

Co L. CO3 - COk

Fep 8% SF e (il - BO )= BORT O B BG ) - (4 A0 Q02 a0 - ACD

Nunerne Zxample

[ = 440 Yo L3l Rer = S1.50000 O

AL - 27 [ = 2158700 srgf = -0 5000 &

Al = 23 3 mm . 5F = + 030009
[Forward salution for 1™ ond Refd Rewerse Salutian for "5F”

Fag = Fo= 7.33696 nu A = 0311663 oy o= TIE.HIF

Ao = 15 72704 nun R = - k722105 iy = (3 10617

ACTI= 133470 mm oy - - DSR2 BF = + 0 8000 nuwe

[ =  2044073D oy = 1955774

Ref - - 50000 O
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The wse ol 517 corrects the Tollowing possible creors

I Lens siyle has an error range from 0.0 10 3.00 dioplers,

S

l.ens position has an error range from 0.5 to 1.00 diopters.
A-sean wirtt has an error range from 0.5 o |25 diopters,

4. Wound closure & suture has an error range from 0.25 to 1.00

diopters.
5. Keratometer has an error range irom 0 1o 0.25 diopters,
6. Miscellaneous (Technician, 1OL power accuracy, relraction, and

postoperative steroids) has an error range from 0 1o 0 S diopters.

SREST Fornntia

Retzlaff ef al, (1990) said thal it would be vaiuable to offer a
theoretical approach to implat power calculation under the SRK
vinbrella of formulas. They thought to meree (he (heorctical and
empincal approaches using (he  best aliributes of both to develop the
SRK / T (SRK/ theoretical) formula, Development of the final SRK /T
made (Table ¢ 2} consisted primarily ol copirically oplinnzang (1)
postoperative anterior chamber depth (ACD) predicion, (23 retina

thickness carrection factor, and (3) corneal refractive index.

Table (2) SRK/T formula

Postoperative ACD Computation
(1} Corneal radius of curvaluie, inm (r}  :r=337.5%
(2} Corrected axial length, mm {LCORY:
IfL <244 then LCOR =L
WL =244 then LCOR=3446+ | 716 x L-O0237x L x L
{3y Compuied corneal width, mm {(C,)
Co=-541+058412 x LCOR + 0.098 x K
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{2} Corueal seight, mm (1)

B e <G

(53 Offest for spevific IOL to be implantzd ;
Offset = ACD o - 3.338

(6 Estimated nostoperative ACD for patient :
ACD =11t offact

Initaacular 1.ens Powe: Conputativas

{7) Conslanls

Y =121, = 1.336; 1 = 1333 n, ml = 4,333
(33 Retinal thickiess, mm (RETHICK) and splicil asial keagth, mun (LOFT):
RETHICK = 065606 - 002020 « L

LOFT =L 4 RETINCK

(3] Emmetrapia [OL power, D {101 qu

o LOCQ s, s [, e =i nt w LOPT)
e (Lener - AN xln xr —amlx AL

(L0) Ametropia 1OL power, D {101 ).

[EMITEN |:r crorl s LOPT L T e b nm i LI ] - b .-']'|

- (Lo d - 03] {n‘ B R I TR L L] LR L L) NI o)
(11} Expected refraction, [ (REFX):

1000 +1), % [_IJ‘ e = s QAT = KA % [Lead i 1] IL.-L wr =l o1

S = : T - ;
" -c.LJ-' * |:r.‘ e =1l x J'.I:'J".'] + LY H] UL AR L e LY Y R LR Y

Decermutiing ACD-Constant from the A-Constant
{12) ACD o = 0.62467 x A - 68.747
Talocing, Optimizing the A-Covstant

(13 Befaction facror (REF):

rQL > 14, then RF = 1.5 If1OL = 16, then R - 1

(14) Short and fong eye comestion:

if Lo<20 then € =3 22 2L <24, ¢hen C= 0
HaosL<il,thenC=12 i) Ledd lenC=-C3%

If2l =L <22 thes C=|
(13 ludividua; A-consiant {Aicw):

A= IOL+(REF v B34+ 25 s L+ 09 R-C
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(The e value of A-indiv (or s dac setis the persoiialized A-venstint for thal ks el
101.fsurgeon)
VARIALLES
ACD. = consiaet useid [or anenor clamber depth SIEST Tarmula fiw speod
T Ssurgeen: cat be conputed {rom A-constant
ACD., = estimated posteperative anserior chamber depth for a piven eve [nan}
A = coustmt vsed for SRI/T aud SRK 1
Aiie = A-constant fram posteperative vilues of an individual eye
C = short and long eye correction factay for SRK T
C,. = comeal widih computed from L and K {nun]
H = height of corueal dotne (mm}
[0, = power of intended or implanted LOL {D}
[t = power of [OL lor pivei amown ef ametropiz, for & given REFTOT {12}
[OL yunee = power of FOL for emmeteoma (D)
K = averged keratometry (D)
1. = axial lewgih measured ultrasoically {e)
LOPT = “optical” axal leugth (pm) = L+ RETHICK
LCOR = axial lengtls with long eye conection; used in beight fonnula
1, = refractive mdex of aqueous and vitreous
n, = refraciive index of the comea
ol = . mins 1, used in theoretical farmula
offset = difference  betwaen comeal Leight of the average eve and the ACD-constara of u
given 10L {see Figure 3)
= averaged corneal radig of curvaluse (m)
REF = 1ctual postoperasive refiacnon (D)
REFTGT = targeted or desired postoperative refraction (D)
REFX = cxpected postoperative refraction )
RETHICK = seasory retinal thickness {mm)

fi = pefraction fctor
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Hoffer Q Formula

Holladay recommended that the Holler tormula {1974 be
optimized by personalizing the ACD. This stinulated the creation of the
Hoffer Q formula (1992) to predict ACD based on a personalized ACD
for any lens style, as well as the axial length and K-reading of the

individual eve without using Fyodorov’s corneal height formula,

The Hoffer O formala was writion as

Mvred | b Conesienis Crfooelared Vb

a = kil el damb Relretive indes ulwozoee = 1,334 P = 10N power (D

A= K swerage (DI Feainal thicknets Bvtor = 1} B, == refruetive oror 0 comzal pleny (L
Yenes distamce (glassesi = 12 mm B = relraecdive eemoral speciacle (1)

= clamber dopik (ACDH {mm)
pAlT) = pemsonalred ACTH

flafher Foraai; EN, Fover
fo=Rail =000 Ha)
Bz ga3an o O - 4008 = (0330000 06E + R + 00E 10007

Hofter Freueeiz, Relaontie Erfer
Ro=d D 3360 33600 068 A — 7 = DA} — P (0 + 0301000 - K
Ba e [l + RAITE)

Maifar fornine Axied £ e
R-8aih - a2 By
A DRIAAP L6 TIRAR 1 BEE 400 + 0005 LRI 4 € 4 TR

Meffer Fortepda; Pogaoehzed 20T
W= IRENAK - R R o= Ragh - 0402 Ry
ALLE=ifA + ¥ = SQRT 1A = N1 4+ 4[N = AP 30001 = ol

St (Pl Prevdiceid ACD
AULE=pALCL 4 D3 0d - 25304 tran KJF 4400 MA233 - AR Qan (0L (G - AP - 090168

MA+2], Mumai (=R
Axdy o ma=-) (=115
MACD = .5, ACD = A5
ACD e 35 afD =24
il £ = pergonlized ACD

where, M and G are correction faciors

The use of ihe Hoffer Q ACD prediction formula with the basic
Holfer formula {19743 1s termed  the Hoffer Q formula, which is
statistically more accurate than using the basic formula with any constant

ACD (first-generation Hoffer formula). (Hoffer, 1993).
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