Jack T. Holladay, M.D., M.S.E.E., F.A.C.S.
ADVANCED IOL POWER CALCULATIONS

Jack T. Holladay, MD, MSEE, FACS

I. Formulas and Measurements
A. Variables Used to Predict ACD
Binkhorst 2 - 1981 - AL
Holladay 1 - 1988 - AL, K
SRK/T - 1990 - AL, K
Hoffer Q - 1993 - AL, K
Olsen - 1995 - AL, K, ACD
Clarke- 1996 - AL, K1, K2 ACD, LT
Holladay 2 - 1996 - AL, K, HWTW, REF, ACD, LT, AGE
B. Normal Values for required Measurements
Axial Length: mean = 23.5 mm, SD = 1.25 mm
Keratometry: mean =43.81 D,SD=16D
Horizontal White-to-White (Corneal diameter): mean = 11.7 mm, SD = 0.46 mm
Preoperative Refraction: mean = plano
Anterior Chamber Depth (ultrasonic): mean = 3.1 mm, SD = 0.30 mm
Crystalline Lens Thickness (ultrasonic): mean = 4.7 mm, SD = 0.41 mm
. Age: mean =72, SD = 12 years
Il. AX|aI length Measurements in Aphakic and Pseudophakic eyes
A. Aphakia - 1532 M/sec
B. Pseudophakia
1. PMMA - 2718 M/sec
2. Silicone - 980 M/sec
3. Acrylic- 2120 M/sec
I11. Determination of corneal power following Keratorefrative Sx (PRK, LASIK, RK)
A. Manual Keratometry
B. Automated Keratometry
C. Corneal Topography
D. Calculation from pre- keratorefractive surgery K’s
E. Determination from hard contact lens trial
IV. Data Screening Techniques on Preoperative Measurements
A. Probability of unusual measurements (one eye only)
B. Probability of asymmetrical measurements (both eyes)
V. I0L Calculations requiring Axial Length Measurements
A. Standard Cataract Removal with IOL
1. Piggy-Back IOL’s: Use 34 D IOL posterior in bag
2. Multifocal 10L’s: Target distance plano, near for -3.00 D.
3. Toric IOL’s: IOL Cylinder to Corneal Cylinder ~ 1.46, but not exact for low (1.75) and
high (1.20) power 1OLs
a. Optimization of Cataract Incision Location: Normal 4 locations for zero residual
astigmatism
b. Back calculation for surprise: 1) P.O. Refraction &, 2) P.O. Ks OR Current I0L axis
B. Cataract Removal with IOL and Silicone in Vitreous: use convexplano ~ 3 D more, for
biconvex ~ from 5 - 6 D more in IOL.
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VI. I0L Calculations not requiring Axial Length
A. Secondary Implant for Aphakia: in sulcus or anterior chamber angle
B. AC IOL in phakic patient: High myopia ( - IOL) & High hyperopia ( + IOL)
C. Secondary Piggy-Back IOL for high hyperopia (or myopia within 1 year)
VII. Pediatric IOL calculations
A. ldeal Postoperative Target Refraction: plano to -1.00 D.
B. Expected Myopic Shift with age: 4 D from age 2 to age 21.
VIII. Minimizing Prediction Error
A. Personalizing Formula Constants (A-const, ACD or Surgeon Factor)
B. Prediction Error vs. IOL Power
C. Creating personalized constants for subgroups
1. Axial Length (< 22 mm or > 26 mm)
2. Keratometry (<40 D or > 48 D)
3. Preoperative Refraction (<-4 D or > +4 D)
IX. Calculating SIRC (Surgically induced refractive change)
A. From pre and post operative keratometry
B. From pre and post operative refraction
X. Outcomes Analysis
A. Prediction Error Analysis: Mean absolute prediction error should be < 0.50 D.
B. Formula Comparisons: more predictors, better results in unusual eyes
C. SIRC Results: Astigmatic Analysis
D. Visual Acuity Results
1. Best corrected
2. Uncorrected
XI. Back-calculations
A. For determining source of error with refractive surprise
B. Comparison of back-calculated lens constant and actual lens constant
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Vere_nce Formula ‘

o Theoretical Formula has not
changed in 173 years :
° PhyS|oIog|c Assumptlons
~may be-slightly quferent
Retinal thrckness o
Corneal Index of Refractlon
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ADVANCED IOL CALCULATIONS

-_Velre'nCe Formula "

E 1336 § 1336
‘loL= -
1000
~1000..

" DPosiRx. -

OPTICAL AXIAL LENGTH(23.65 mm)
2 PRINCIPAL PLANE OF CORNEA (50

//

EFFECTIVE LENS POSITION
6.25 mm)

STANDARDIZED PSEUDOPHAKIC SCHEMATIC EYE

7 -Pred_ietiOn e

° 1996 HoHaday2 ALk
ACD LT HWTW REF, AGE'

ol o) '%ft?

JACK T. HOLLADAY, MD, MSEE, FACS

. e
AL ELP.—————————f;ELP

ELP

2014

Effectlve Lens Posmon

. Dlstance from corneal
vertex.to prmc:|pal plane of

thin 10L (no thlcﬁness

: K Same- as’ ACD but av0|ds

3/28/2014' JTH 24

0.<1980 Constant  (0) =4‘5
e 1981 Blnkhorst2 (1)
© 1988 Holladay1 (2) AL

o 1995 Olsen. -

3/28/2014'JTH 26

confu3|on W|th anatOmy

. P'redic_f.io_n_ of E-L P

(4‘) AL K, ACD LT

Inveshgahon g

Internatlonal Study. - 1993
34 mves’ugators (15 U S:).

" taker ‘
e 35eyes<21 rpm :
i 35 eyes > 26 mm-*
: o 35 eyes = normal

AddItIOﬂa| measurements.a_re_ %
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- -Measurements taken for
‘Predictors of ELR S e
Axial NGt . - . HWTW Gauge - -
. Average K S .

v 'Horlzontal WTW

o ACD -

: Pre'{dpR'e__fra_ct'iQ_rif'- L co o e

Age. | TREEE

- Horizontal Corneat Diameter. .

3/268/2014'JTH 31 3/28/2014' JTH 32

ASICO #AE 1576 , ;
i T v ASICO #AE 1576

 Normal Ejes .~ X" Short Eyes ( <21 mm)

20 R

#of Cases- - .

9% | g | : Gy

: Small Normal ; Large : " K gl ! i Small Normal A ' Large :
Anterlor Sé ment Slze bt o : :
9 gl N Anterlor Segment Slze _

/28/2014' JTH 37
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X" Long Eyes (>27 mm)

# of Cases . . :

10%
Sm'all Normai _' Large' :
Anterlor SegmentS|ze :

X Normal Physiologic Values
+O 30 r—hm"'
' + O 41 mm

o ACD: 3.1 mm.
o LT:4. 7 mm.
o Age 72. years |

3/28/2014' JTH 41

CONCLUSION

Eye Model must mclude 4

NINE

o types of eyes not onIy

TH REE

JACK T. HOLLADAY, MD, MSEE, FACS

.' + 120years

2014

7" Normal Physiologic Values

« Al 235mm - +1 25'mrﬁ ‘

o K438 . i 1 50
Hwtw:11:7.-mm . '+ 0.46 mm

‘Ref:-0.60D #® +2.00D

X Critical Data
o Corneal Power %
"‘Optlcal Axial Length :
° Horlzontal “Whlte-to-Whlte”(11 7)
\e angle WIW +1.0 (12.7)

Sulcus WTW+1"‘5 (13.2)
Bag WTW—1 o (10 7) '

3/28/2014 ' JTH 42

CONCLUSION OEYES -

i I\/Iegalocomea . ‘ . Large Eye
'+ axial M-egalocornea Buphthalmos
.hyperopia' ey i I\/Iegaloco]’hea

j : i '+ axial myopia

(O%) i SR(208) e {10%) ..
Norma| aX|aI hyperopla 3 normal . *| axial myopid
-(96%‘) : (90%)

X

Small eye 35 . *Microcornea,
Nanophthalm»a Mlcmcornea .+ axial epi'a ]
((20%): "} L 0%
Short: Normal . Long
AX|aI Lertgth

¢ Anterior Segm'en_t Size
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- . Relative Importance of 3
- Predigters for ELP -
o AxialLength . 100"
) Averagell & - 76 .
Horizontal WTW E . o4
RefractIOn 18
ACD . g
2000

THE HOLLADAY 2 FORMULA

" More Measurements - . .

~.More Accuracy ". .

X FORMULA PERFORMANGCE e CONCLUSIONS

: = o Predlctron Errors in Short Ees
4 By e - sigriificantly |mproved by more more .
roo A measurements. | .
; L) Predlctlon Errors*in Lon Ees

et 0000 ' dueto bad Axral Len ths, B- Scan
Axial Length (mm). ., e R : ; : g

i Myo.pic' S}tabh‘yl-cmé Q ::?

Fig. 8-1. Myopic conus
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BLCHER AR

LOG 75db 135%en/s lO??‘uz ‘3.’ 1
B
' Optimizing intraocular lens power calculations

Subtract in eyes with axial lengths above 25.0 mm
from Ascan
measured

Axial Length

f Li Wang, MD, I'hD, Mariko S |r\|| \11\| \LII| k Ma, Themas Kehnen, MD, PhD, FEBO,
uglas D. Koch, MD

J Cataract Refract Surg 2011; 37:2018-2027

FLINPUS{ o evaluate the accuracy of refractive prediction of 4 intraocular lens (10L) power
¥ES v .:-erq'.nftqurm'.i:m' 2500 mm and ta praposs a méthod

IM\Gny

DESIGN: Case series.

~1~Zaldi‘var-HoIIaday J i \dg
% Zeiss - IOL Maste i

METHODS: Retractive prediction errors with te Holladay 1, Haigis, SRIT, and Hatfer O formulas
were gvaluated in consecutive cases. Eyes were andomized 1o a group wsad 1o develop the method
of optimizing AL by back-cakulation or a group wsad for validation. Further validation was
performed in 2 additional data sets.

Linear. i
Regression to .
compensate for
AVERAGE
Index of *
Refractlon |n
Long Eyes

N Zeiss- Hum'phrey |OL Master
- LenStar

leﬁcult Cases ;S :

- Asteroid HyaIOS|s (vit. debrls)

' Extreme Length (26.5 mm) -

Uses Average Index »Too Lon

~ Extreme Short (< 21 mm) R
- Pseudophakic Eyes :

Silicone in Vltreous

3/28/2014 ' JTH 57

3/28/2014" JTH 5

v
Cataract Surgery

¢ Preo-perative'Ass-essrnelnt '

: Endothellal CeII Count
' Pachymetry :
‘D|rect Ophthalmoscope @ 16” '
Corneal Topography
' Determrnmg Corneal Power
' IOL Calculatlon :

3/28/2014'JTH 61

IOL Power CaIcuIatlons
FoIIowmg Refractlve

Surgery

/28/2014' JTH 60
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ADVANCED IOL CALCULATIONS 2014

Holladay Diagnostic Summary
Refiactive Map - AutoScale

- 8000
N i
5

52 [I[I -
51.00 EE.
50.00 —
49.00 =
43 00

o 3= Normal
Step=05D | .

Sbhhbiboo——mww S 38882
nensnenoncionon coobobocooboBoE
SREEEEUS AL

Steep Sim K= 50.82D & 32*
Fiat SimK = 46.160 @ 122"
@ 2

S Cornéal Power after. MPachymetry and
“LASIK: PRK,RK - Posterior |
o Ideally, Calculation from both - - Corneal Surface

;o ST i E .' ‘New a;[en’;ed' :
X> Calculatlon fr jm Prlqr Data TrlaI I'_aserk')croés 'for_'::
e Hard Contact e measurement of
@ Corneal Topogranhy o e .. posterior com:.ea.,l‘.-f_«g
+© Automated Keratometry 5 . - Surface-anCiOREES

@ Manual| Keratometry i paghynjentry _'

3128/2014"JTH 64 ; i b e ; 3128/2014° TH 66

* o i) - STANDARD KERATOMETRY

§ - ©30th Anniversary Edition=Vol. I
|“=_VISUAL AXIS 387-88 Highlights of Ophthalmology

e
)
i
L]

/28/2014' JTH 81 - - e . 3 3/28/2014'JTH 82
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4 mm OZ with 6 cuts

3/28/2014 ' JTH 84

3 mm pinhole

Rigid Contact Lens

Trial Frame

JACK T. HOLLADAY, MD, MSEE, FACS Page 8 of 23



ADVANCED IOL CALCULATIONS

2. Calculation from Prior Data

(Post Std. K's & A MR only)

Post I\/Iean Ko - 'j'40' 58 D' :
Change in SEQ Ref = -4 50 D )

STDK's: -o 24 - SE,Q -1 08
'CaIC Mean K s - 39 50 D

JACK T. HOLLADAY, MD, MSEE, FACS

2014

- 1' Calculation from.Prior Data-
(Pre K & A MR known)

Pre KRMeanK — = 4400D‘
Cha'nge_ i;n.SE_-fQ_' 'R"ef' = -,4_._50- D
CalcMeanK .:=..39.50D

- _3. Calculation from Prior Data
(Post Ctr Top:Powe’r & A MR only)

Post MéanK . = 40.27D -
Change in SEQ Ref ‘= : -4 50 D' '

Ctr Top: 015 SEQ -077

CalcMeanK  * 1=48950D

- 4. Trial Hard Contact Lens -
: (Ri‘gid ContaCt lens only)

Piano HCL Basé Curve =41,50D
SEQ Ref without CL “=+0.50 D
SEQRefwith CL* " = -1.00.D
Front K= 41 50 1*50 = 40 00D
4000D—10% (450) -.—395OD
‘MeanK “'=3950D
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_.-P_cl):s't'-_op_erative'

In|t|aI Hyperoplc Shlft
. Long Term Hyperoplc Drn‘t

o ATR Astlgmatlsm Drift

9/26/2014' JTH 95

Saginal Curvatese Frani]

Popa b

1 ot Thichimss
1 gl v Fos]
T Tl v ok |
¥ EagnaCrvmss Ferl] '
1 Saga Carvn Back]
™ Ewostin Frrd)

™ Elevatin Bach|

JACK T. HOLLADAY, MD, MSEE, FACS Page 10 of 23
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L e
e e

Chanton ok

Wb

Popa b

™ Gl Thcioess
1 gl Curvion Frot]
7 Targeesial Curvanse k|

1 Sagnal Carvaan Front)

3 Holladay JT, Hill WE, Steinmueller A. Corneal Power
::::::M L : | Measurements Using Scheimpfl ug Imaging in Eyes With Prior
o : : Corneal Refractive Surgery. J Refractive Surgery 2009:25:862-
) 868. (October 2009 Issue of J Refr Surgery)

3/28/2014 JTH 106
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Normal
| i |

41tp 44 D
3 D |Range

Mean Zoral EKR [0 va Zane Dia

— Misan Zoral Sl Ci frwe) v Zone Dia
Mieen Ping Sagiial Cua [ vi Ping Dia

I

[ ——

23 Zora Ef
e Zoel 5 el Cua res] v Zone Dia
e Fing S agttal Cua [mr) vz Fing Din

36t041D
5D Range

32t045D
13 D Range

Mean Zoral EKR [0 va Zane Dia
— Misan Zoral Sl Ci frwe) v Zone Dia
Mieen Ping Sagiial Cua [ vi Ping Dia

*

e Corneal is Bifocal

e Patient does not look through
cone for distance (may use at 10
cm as magnifier

e Look at Power Distribution
e Use Paracentral Power

e (0D % Mean Power)

IOL CALCS in Keratoconus

JACK T. HOLLADAY, MD, MSEE, FACS

74 Summary

e Optimal Zone

LASIK: 4.5 mm

RK: 5.0 mm

Customize for small/large pupils
e Accuracy

LASIK: £ 0.56 D

RK:£0.94 D
e Error on MYOPIC side

3/28/2014 JTH 118
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= ocoan - PoaC

| Keratoconus #1

3/28/2014 JTH 121

= ocean - PoaC

| Keratoconus #1
=T i [

*

3/28/2014 JTH 123

Keratoconus Calculation #2

Dear Dr. Holladay,

> Will you please review this case and give me some insight. A KKC with
Intacs patient undewent ECCE/IOL the doc targeted -4.00 so as to not
make him anisometropic. | used the Pentacam 3.0mm zone EKR and the
Holladay Il formula. The patient came out PI-0.75x 135=20/30! UCVA

= 20/40. Patient is very very happy. But, this was an unintended outcome.

How does one measure the central corneal power in an Intacs pt?. Can
you determine the cause of this outcome?. It appears that the cornea
must be flatter than what the instruments measured? Is that a correct
assumption. The suggested IOL power was 26.0D. for a target Of -4.00.
When | click the keratoconous box (after the fact) for the same target the

differently!
>

> Please Advise! THANK YOU 1000x
> Yvonne

3/28/2014 JTH 125

JACK T. HOLLADAY, MD, MSEE, FACS

2014

> Keratoconus Calculation #1
OS

e UsedKm=46.5D=>+1.00D
e Should have used 65% Mean
45.5 D => plano
should have targeted -0.50 D
(-0.50 always better than +0.50)

3/28/2014 JTH 124

xisy | Seerg

Keratoconus #2

Page 13 of 23



ADVANCED IOL CALCULATIONS 2014

§ OCULUS - PENTACAM
Fatert _Essmranon_Degiey _Sesrg

e Keratoconus #2

o Keratoconus Calculation #2

e Used Km = 39.60 D => Plano,
but targeted for -4.00 D
e Should have used 65% Mean
37.7D=>+2.00D
If had v KKC => +0.50 D
(not v" will use steeper K to size eye)

3/28/2014 JTH 128

OCULUS - PENTACAM
Keratoconus Case #3 | :

e Dear Dr. Holladay,
| am so pleased and excited to tell you about a very successful outcome
involving IOL calcs on KCN patient and the assistance Holladay
distribution scale on the Pentacam. | thought you might find this
case interesting and gratifying at the least.

Pre Op Refraction: +5.75 -8.00x 075= 20/40 IOLM ks 47/54.17 x 91

1wk Post-Op Refraction : -0.50-3.25X65 = 20/50 The surgeon placed a
temporal suture. Will this 1 suture significantly impact the astigmatism?

I ran IOL calcs based on instructions you gave me on a similar case ,previously.
You instructed me to use the Ks from a paracentral region derived from the EKR
Distribution scale on Holladay report. | used the Ks from the smaller peak which

| approximated to be about 44D. With those Ks and Holladay consultant we
obtained the above results. | think this case demonstrates the invaluable utility of
the Holldaday report when calculating IOL power in pts with KCN.

| attached the screenshots of Pentacam and IOL calcs. The technician who
perfromed the IOL Master was unable to get ACD with IOLM and failed to get
ACD with Immersion ultrasound- thats the reason that field is blank.

Yvonne
3/28/20® JTH 129

OCULUS - PENTACAM

*

Keratoconus Calculation

o Koo, =48.8D
eUsed 44 D => SEQ =-2.12D
= (-0.50-3.25X65 = 20/50)
e — e 65% mean = 46.2 D => +0.08 D

e Always v KKC
e Use 65% mean K

3/28/2014 JTH 132

JACK T. HOLLADAY, MD, MSEE, FACS Page 14 of 23
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XioL Cales Using Axial Length
o Cataract or. Clear Lens Removal
_ _‘Prlmary Prggy—Back IOL B
* Multifocal’ IOLs g
‘ Torlc IOlls¢ T |
Slllcone |n Vltreous Compartment

x 'P_rima'rlPi:"'—BaCk OL's

o Current Formulas are very
E maCcurate s

ELP underestlmated due to AL
Back Iens dlsplaged posterrorly :

| ° Severe hyperoprc errors (+5 D)

3128120 H 135

JACK T. HOLLADAY, MD, MSEE, FACS

2014

7l AX|aI Lenth Measurement
‘o Phakla . AL1555
e Aphakia | Alisz o
‘e Pseudophakia | -
PMMA AL1532 ¥ 04
. s silicone. " CEEEL - 0.6 .
e Acrylic © AL1532 +02

JTH 134

- Primary PIGGY-BACK
INTRAOCULAR LENSES

W

|

'. Polypseudophakla :

Up to 4 IOLs

Page 15 of 23
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9/268/2014'JTH 139

> Primary Piggy-Back.
-  :Complications

Acrylrc : :
Interlentlcular membrane

3to5 D hyperoplc shlft @ 3. yr

S|I|cone
: InterlentrcularmemBrane
" . Flat Spot" - :

3/28/2014'JTH 148

K TalciBles
L@ Current Formulas do not
Work because calculate

different ELP for steep and_

flat merrdran ;
° Predlcted ELP must be the

same for each merrdlan -
only one IOL posmon £

3/28/2014' JTH 15!

JACK T. HOLLADAY, MD, MSEE, FACS

¥ PIGGY-BACK

2014

INTRAOCULAR _LENSES |

J.T. Holladay * James P. Gills -
Jane'Leid'I'ein Myra Cherchlo _
Achlevmg Emmetropla In Extremely Short

Eyes W|th Two Piggy-Back Posterior.
Chamber Intraoctﬂlar Lenses.” :

=0 hthalm o Journal \/.oll103
o ull1996 Blue Journal :

3/28/2014' JTH 144

74 Minimizing 'Predi'ction Ertor

o Holladay 2. Formula
K Personallze Constant

e Prediction Error VS, lOL power

. Constants for. Sub groups
A,X|al Length K: s and Refract|on

3/28/2014'JTH 153

- ToriclOL's

) Calculate IOL power for
steep and flaf merrdran L
using same ELP -

e Difference-in 1oL powers |s
_ the toricity: neceesary 10
completely correct corneal
ast|gmat|sm '

3/28/2014'JTH 160
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ADVANCED IOL CALCULATIONS

M . - Toric I0OL’s
e Always choose tor|C|ty to.
undercorrect corneal

IoLEAVE MIN RESIDUAV CYL

° Eg Steep calc ylelds 24.0. D
- Flat cale ylelds $27. 0D..

o.|deal Tor|C|ty is 3.0 D
(Ljse 24.0'D W|th < 3 0D of tor|C|ty)

Surpeon: Surgeond, Example Fredo Date: @1/10/2012 LY

Bl 4000 40T X ¥TE: 1200

Surgiealy Indlures Asbgmatios: | 0.

st S1A Pt £ 8130 @907

0.610x 90"
0.2 0% 90°

10 Mncement Ats: 0%

ML il Tonaty: 2390 Q0L
Evpected Fescust F0: +0.16 -0L120 x90"

Emoced Fost Op Fals: 4320 990° Stk 4480 80°  Astge.c 160.80°

2014 JTH 165 T 1
Lens Sebp.. e FOF || =oncae Surgery ->

LEFT §

m:mmmﬂe FreCp Date: m.'lofzmz

PostSIAFlasK: 4101 QEF  Steens: 4459 9177

Formdh: |Mataday O -

Incision @40 1oL @17y° 2k
0L Placement Aos:  170* EMEATE
AT

IOLiesl Toroty: 2950 QI0L Fer
Experied Resdual X 40,00 -0.000 x173°

Expected Boat O Fat K: 4301 GKFF e 4099 00T Assom: 19F

tesseno. || et || e || ciock furgery ->

JACK T. HOLLADAY, MD, MSEE, FACS

2014

Ratio and Power of IOL Cylinder to Corneal Cylinder

TABLE 1
Effective Lens Position (ELP)
A-constant—>  116.346  117.203 ~ 118.059 ~ 118916  119.773  120.630
Surgeon Factor—>  0.287 0772 1.257 1742 2.221 2713
ELP—> 4000 4500 5000 5500 6000 6500
10L POWER Resulting Ratio of IOL Toricity to 2 D of Corneal Astigmatism
10 1359 1.424 1.494 1.571 1.654
2 11 1.330 1.387 1.519 1.595
% 1239 1286 133 130 1482
46 1121 1.151 1.185 1.223 1.267 1.316
TABLE 2
Effective Lens Position (ELP’
A-constant(D)—>  116.346  117.203 118059 118916 119773  120.630
Surgeon Factor(mm)—>  0.287 0.772 1.257 1742 2221 2713
ELP(mm)—> 4000 4500 5,000 5500 6.000 6.500

0L POWER] Required I0L Toricily for 2 D of Corneal Asligmatism
0 278 | 28 208 3W_ 336 Q340D
2 2554 265 2774 308 310
u QB 2477 2568 266 2780 2904

46 2242 2.302 2.369 2.446 2533 2631

Torlc Inchsion Optimizer
Surgically Incuced Assgmatism G50 |0 7D Sl g 04 (o SHEATS -

[Thess values may be comAqures m e Surpeon Ton: Senngs)

20t (fae) Ot ) (O 30% 0.8

Residual Astigmatism 40" .45}
LEFT EYE 90

2014'JTH 166

Dioptric Error vs. Angular Error
for a 1.00 D of astigmatism

Angle Error (°) Dioptric Error (D) % Error

Dioptric Error = 2 * Cyl * sin (angular error)

3/28/2014 Jack T. Holladay, M.D.
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ADVANCED IOL CALCULATIONS

e e

|Patient. Masss: Torle Cabe. OF_ Axks. oo D08 110681345 Gander B
[p———
RIGHT

Sargen: Sargesn, Laample
oo Sute: BAfZS[E1L
b

Temin 050
PT84 emE asse013 ~ 1
Pstce D 1208673011
At 4AN12MD TG 008
e AT Tk GMENF = LT
e e A AT a0 puE
pree-

L gt Tores T FTane 560 0800 Twtr) 1500 Sarstas i
Favu ey 3
L
O Tarcty e 147 g0
bl Mncomart A 138

et kD Ay

ol Mt s 138

et R SEF NS S LIIEEIS Fer Seschel SEP 006 +LIELI

LEFT

Gt o o 53 M 950 0
e 41AT QA3 Tument ASB4 BAN

No Swgical ar PestOp ata wvallable

Lo ][ = ][ en ]

P p—— e p——

TG 0| v sk -

)

P e

PIGHT e serpon, tomsc
Pt Date: 11832811

Baf: 4000 4000 K0
Flat 4344 9162

T 1380 Topeta: 000
e FI0OT2

" AT
Postupp Dule: 01/09/ 2812
smsTmE T e
Fabd: 413580700 Swend: 4780 S8 = L3978

FroCp beterded S14: 050 IBAA" Acts S5 L0S QILE®
LA Enen MagThLSEN, Anglen 148
Lora Irghorins. SATE G II00 Farcer: S00D Mercian: T3
Farmdn! [rodaday il 2]
L)
bou Ty B Tk 000"
b Pcomt A WO

Mo § 4010
A 4350 BLIY St 470600
i Pacamart sz W

Surgeon; STDOR, TORIC LEF
FreCp et 11/07/3011

Bel 4000 40OOXS  VTH 1200 Forgutia: 0.08
Pt 4258 02 Seeok: S662092 EEE
Povtocn Date: 01/UR/3002
e 4050-LSOXMS  VTL 1280
At 4180 837 Siees: 4575 092" L3078

Foeopivieded S D59 Q1B00% Acus SA: 099 BIL
24 Frror Hags@an, Anple=8a”
Lews Ioplarted: SHEATx. SED: 17800 Toricty: 000 Merdae: 407
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Merctan 3 0204
Fath: A18106% St 4633 69"
e Paemet 2 96°

_ Colulsted from POKS &POREF
I0L Toricity & Axis:  6.57 @88.0°

Ideal Placement Axis:  92°

(Rotate 176° clockwise or 4° CCW)
Pred. Residual REF: -0.82 +1.14 X2°

(Rotate 1 cow)

Caloulated from Observed 0L Meridian & PO REY

FlatK: 43.81 @6°  SteepK: 46.23 @ﬁﬁ
Ideal Placement Axis: 96°
(Rotate 174° clockwise or 6° CCW)
Pred. Residual REF: -0.79 +1.08 X6°

Current = |2 ]

Current

e |2 3]

JACK T. HOLLADAY, MD, MSEE, FACS

2014

Calulated from PO Ks & PO REF
10L Toricity & Axis: 147 @0.0°
Ideal Placement Axis:  135°
(Rotate 45° clockwise)
Pred. Residual REF: -0.85 +1.13 X135°

Caloulsted from Observed IO Meridian & PO REF
Flatk: 42.87 @45° SteepK: 45.04 @135°
Ideal Placement Axis: 135°
(Rotate 45° clockwise)
Pred. Residual REF: -0.86 +1.13 X135°

Current

= |deal

Current  so = |deal

e

_ Coloigted fom POKS &RPOREF
I0L Toricity & Axis:  7.46 @70.0°

Ideal Placement Axis:  80°

(Rotate 170° clockwise or 10° CCW)
Pred. Residual REF: -0.65 +0.54 X170°

Calated from Observed I0L Meridian 8 POREF. |
Flatk: 43.93 @179° Steep K@ 47.16 @89°

Ideal Placement Axis: 89°

(Rotate 166° clockwise or 14° CCW)
Pred. Residual REF: -0.49 +0.23 X179°

Current =0

g

—— deal

Current ——— |l

45

S e traeue = e

T [P e 1 [ e e i ]

[p———

[

Mean Dev = 072 D

Surgecaly Fesced Crbeater s Axia (301
[Canmrnd = .20 @ I Sog, S1.0w. = 0543}

Aechasl Pra-op Cybnes and Axia
ook = .56 @ 10 cheg, .. = 068860

T op Cyervder weed haia
oo = .36 & 8 deg. S - B350

O ram et

Cmats

e
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ADVANCED IOL CALCULATIONS

e Use .Convexo-'PIa'no';.IOL 0
.minimize effect of Silicone.

" (add 3D tocaloulated [OL)

-o. If Blconvex IOL

“(add 6 D to caLcuiated IOL)— 1

e When Slllcone removed =2
to o1 of1nduced myopla |

* "IOL C‘alculation Withodt AL

o Secondary AC or PC IOL for "'

Aphakla ‘
° Secondary Plggy Back AC or ..

PC IOL for Pseydophakla e

‘o Prlmary AC IOL in Phakla

S Secondary Piggy-Back IOL'’s.
i Indlcatlons :

Intolerable Pseudophaklc.:"

Refractwe Error

JACK T. HOLLADAY, MD, MSEE, FACS

Silicone |n Vitreous Cavj-t '

2014

IOL CaIcuIatlons

| usmga :
Refractlve Formula

(|gnore aXIaI Iength)

REFRACTION FORMULA

.
o
| % ®DPostRx -

B R,eflract'ive Surprises

‘@ Previous RK;, PRK, LASIK

'@ Bad-axial Iength short/long'_-.

e Mlslabeled IOL
o AX|aIIy dlsplaceq
‘0. |\/|ISC k

Page 19 of 23



ADVANCED IOL CALCULATIONS

¥-Secondary Piggy-Back Calc
Advantages over Exchange
"o Mislabeled IOL irrelevant - -
‘@ Less risk to capsule or zorules
- Mismeasured AL i'r"relevant 4
" No AP ‘shift of eX‘|st|ng e '
Fewer unknown vanables

8/2014' JTH 185

IOL Power Calcs for Phakic IOLs
(2° Piggy-Back & IOL Exchange after
Refractive Surprise)

v 5y o

i
R -
ik CLE

¥ Jack T. Holla‘& ME MSEE, FACS
Clinical Professor of phthalmelogy
Baylor College of Medicine
Houston, Tx

JACK T. HOLLADAY, MD, MSEE, FACS

Phakic I0L's

6 Phakic [ g

2014

o Compete wnth corneal refractlve

~ procedures for high. myopia

and med & high hyperopia -~

° ACL ICL orlrls Cllp’? &
. e

Page 20 of

23



ADVANCED IOL CALCULATIONS

- PhakicIOL,CaIcuIation,
-Input Variables

Refractlon and Vertex
' Keratometry :
‘Desired Refractlon -

Predlct ELH (A@D) ‘
0 Effectlve Lens POSJtlon

N phakiC'loL.CalcuIation
-Input Variables

Refractlon and Vertex
' Soft Contact Lens @ Vtx O

w SmaII Over-Refractlon (< # 2 D)

B most acrat

JACK T. HOLLADAY, MD, MSEE, FACS

2014

X phakic 10L's
(Secondary Plggy Back IOL s)

Refractlon
Formula

X REFRACTION FORMULA

i3 e 1336

- 1336 el S
“oon R o -
1000 o R D o
PreRx‘ gt -DPostRx- -
. Holladay, J.T. "Refractive Power Calculatlons for Intraocular

Lenses in the Phaklc Eye." Amencn J'ournal of Ohthalmolo.
. 5 Vqume 116 63- 66 Jul 199 :

IOL=

3/28/2014' JTH 207

Y Effective Lens Position (ELP)
. OLBWACD .

e Verisye Avg ELP = 4.27 mm
‘o AACD (20 /o) =8.60'mm . .

~ AACD.+0.67Mm = ELPx -

Page 21 of 23



ADVANCED IOL CALCULATIONS 2014

HEffective Lens Position (ELP) Y Effective Lens Position (ELP)

e uEOEACD
- Visian ICL Avg ELP =4.00 -

Table of Recommended Visian ICL Overall Diameter by
White to White and ACO Measurements

e Visian.ICL Avg ELP = 4.00 mm,

White to White (mm) ACD (mm) Recommended ICL Length

<10.5 All Not Recommended

10.5-10.6 <=3.5 Not Recommended
10.5-10.6 >3.5 1241
10.7-11.0 All 1241
1141 <=3.5 124
1.4 =235 12.6
11.2-11.4 All 12.6
11.5-11.6 <=3.5 12.8
11.5-11.6 3.5 13.2
1.7121 Al 13.2
12.2 <=3.5 13.2
12.2 >35 13.7
12.3-12.9 All 13.7

All Not Recommended

o AACD,(20 ylo) = 3.60 mm- . .
~ AACD.+ 0,40 min = ELPx

9/26/2014'JTH 210

= ﬂPh@kic.lQL Calc‘:‘ulatioh_s

Refraction

By T A I R [
o = IOL’StOSpeCS ~ 10 tot Bova[2076 v]  UCWA: [20/600 x| Hor whiteouhite] 12
- - e ks @ kefe e

eg ‘Apprbj'(‘i-h;latid-r\'.oh'l-,-    '

o 'I.OLfs to. Specs‘_jrj'.S- .t'o—-f1 :

3/268/2014'JTH 212 4 A = AR . § /282014 JTH 217

Formula:  [{RIE(EEENR]
Lenz #1: Chiron-B aikoff3 Lens #2: Staar-Fyodaorow]
Procedure: Phakic ac 0L Procedure: Phakic ICL
Entered Cst.: 3.639 b anuf. Cst: 4.09
([ Ref. 10L Ref.
-16.0 01a -16.5 021
-1558 -0.20 -16.0 -016
[-150 -058 | [-155 -052 |
-14.5 -0.96 -18.0 -0.89
-14.0 -1.35 -145 -1.27

/28/2014' JTH 219

JACK T. HOLLADAY, MD, MSEE, FACS Page 22 of 23



ADVANCED IOL CALCULATIONS

7 Pediatric IOL Calculations

L Idea.l Refraction: plano to -1 0%
K Expect average of 4D. myoprc

shift from age 210 20

"o Much easier to cerrect myopra ;
r at age 20 than amblyopra 3

> ‘SurgiCaIIy Induced -
g ‘Refractive. Change
+SIRC

" . From Keratometry

Cataract.& Clear Lensectomy :

KeratorefractlveFSx
o From Refractlon
Keratorefractlve Sx .

2014 JTH 2:

- Back-Calculations -

| ° HeIpfuI in determlnrng cause

of refractrve surprrse

'_'.Back-calculated K, AL .and IOL
power compared to’ pre -0p &to.

‘post-op remeasured values

'Back—calculated ELP compared- i

10 preoperatrve predlctlon by
formula

JACK T. HOLLADAY, MD, MSEE, FACS

2014

74 "I\/Iini'mizin",P‘redict'ion'Error '

..o HoIIaday 2: Formula
K Personallze Constant _
e Prediction Error VS. IOL power

e Constants for Sub groups
' AX|aI Length K's and Refractlon

Vol _ Outcome AnaIsr

° Predrctlon Error (50% < O 50 D)
‘e Formula Comparisons !
° Induced Astlgmastlsm (SIRC)

° Vrsual Acurty :

Best Corrected »
Uncorrected

3/28/2014'JTH 226

-;J.-:.-.si
April23,2002
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