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OREGON
ACADEMY OF Thank You for

OPHTHALMOLOGY Inviting Me

2
You can request a copy of this lecture
Contact me:
DeniceBars@gmail.com
EyeEducateU.com
Any questions? I'll mentor you off line
3
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Alas, | have no financial
relationship with any
commercial vendor

This lecture is vendor
agnostic

Not enough time to teach
"How To"; rather, let's

discuss best practices
across all methodologies

| have one hour to cover a

lifetime of biometry study-
I'll do my best!
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« Historical Perspectives

« Fundamental Principles of Biometry
+ Review of Types of Biometry

« Pros/Cons Different Methods

« General Rules for Success

« Outliers or Extreme Biometry

- Provided References




+ Axial Eye Length refers to the distance between the corneal face and
the retina, an essential measurement in ocular biometry

» Biometry: “Metry- Measurement of” “Bio-Biological Tissue ”

» Biometry is the practice of applying mathematics to biology, and it is
utilized in preoperative measurement for intra-ocular lens (IOL) power
calculation before cataract surgery

&

KEEP
CALM

FOLLOW
THE RULES

- 3\
Solid Biometric Measurements

Accurate IOL Calculations Usin
Best IOL Formula

Good Surgical Technique |

Blessings from Mother Nature
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Cornea

A

‘\W/ Lens

/” Comea thickness: 0.449 mm
Lens thickness:  4.979 mm

Comeafront 7.259  51.80

tolens: 2794 mm

from front
surface of
cornea to retina
— 24mm

Power (m')

back 5585 -7.04
front 8672 8.07
back 6328 10.905

K Readings
Axial Length
ACD

Lens Thickness
Vitreous

Average |IOL
Power

44.00 mm
24.00 mm
3.25 mm
4.50 mm
15.50 mm
+21.00D
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Biometric Surgical Pathology
Keratometry Capsulorhexis Dense Cataract
Axial Eye Length (AL) Site Implantation Corneal Pathology
Anterior Chamber Depth | IOL Chosen Posterior Segment
(ACD) Pathology

Lens Thickness ( LT)

Post op changes in K | Glaucoma

Curvature
Pachymetry IOL Tilt Misc. other Dx
Retinal Thickness ( RT) IOL decentration
Corneal W-T-W Capsular Dehiscence

measurement

techniques.

54% of the fallacies in IOL power calculation are due to error in AL

38% due to incorrect estimation of post-operative ACD
8% because of corneal power measurement error.

Hence, the role of optical biometry devices comes into play which have
higher precision and better accuracy and have incorporated newer IOL
power calculation formulas.

So, we can say that the outcome of refractive cataract surgery depends
on these various modern state-of- the-art devices and measurement

Current Concepts and Recent Updates of Optical Biometry: A Review
Clinical Ophthalmology 2024:18 1191-1206

« Kreadings too
flat

« Areading too
short

<IOL power too strong

-Anterior placement of
IOL within eye

-Post operative
steepening of cornea

-Inaccurate formula for
long eye

15




+ Kreadings too steep *

+ Areading too long

IOL power too weak
Inaccurate formula for short
eye

Post operative flattening of
cornea

2/27/25
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to the party?

+ Whatis the best “game
plan” for that type of
patient?

+ Do you have sufficient
+ Know your anatomy as a

to proof your own work-
what makes sense?

+ What is the patient bringing

information on the patient?

reference point from which

Is this what it takes to get
the minimum of patient
information on your pati

17

rushed
+ Lack of training or

» Reliance on others

« Failure to proof your
work ( often )

« Human error (often).

« Staff in a hurry or being

accessible guidelines

+ Technical failure (rarely)
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Review Refraction
& VA to make
preliminary
assumptions:

Long eye?
Short eye?
Steep K?
Flat K?

A's and K's

Correlation with Pre Cat Refraction

Normal A/ Normal K

Plano or near plano

Normal A/ Flat K

Slight hyperopia

Normal A/ Steep K

Slight myopia

Short eye/ Normal K

Slight myopia

Short eye/ Steep K

Plano or near plano

Short eye/ Flat K

High hyperopia

Long eye/ Normal K

Mild myopia

Long eye/ FlatK

Plano or near plano

Long eye/ Steep K

High myopia

21
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« When eye is long, but K's are flat, keeping the eye in balance- myopia is being
caused by axial eye length

« When eye is normal but K's are very steep, or lens itself is causing convergence,
resulting in refractive myopia

«  Majority of myopes are AXIAL

Refractive: Steep Cornea Axial: Cornea is balanced, eye is long

+ Axial length off by .25mm
+ Keratometry off by .25D

+ IOL power by manufacturer +/-.25D

+ Surgical technique? Position in
capsule?

+ .25 +.25 +.25= can equal those
nagging .50 to .75 “failures to
reach target”

« The large errors are easy to spot- the
little things adding up, not so easy
to pin down......

.

Good slit lamp exam
« Check of corneal health/ dry eye

« Optical Biometry cross checked
second source when possible

« Three different methods for K Readings
« Corneal Topography when indicated

« OCT of the macula when possible
« Pachymetry for corneal thickness

« Specular Micrography of endothelial cell health
« Abberrometry for spherical aberration

« Solid documentation of everything done ( in case of necessary
post operative review )

24
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1. Have more than one trained tech on hand for second opinion

2. Triage appointments BEFORE scheduling to allow sufficient time for “surprises”.

3. Categorizing loosely as “Routine” or “Difficult” will provide sufficient time for introspection

4. Don't be rushed or distracted. Schedule accordingly

5. Always compare measurements between eyes

6. Use multiple means of measurements where applicable

7. A;y_aly "Does it Make Sense” rule to all data WHILE patient is still available for re check where
indicated

8. Good pre op review of data before measuring patient

9. Accurate pre op proofing of date BEFORE patient leaves the exam. Proof in a quiet, non
distracting environment

10.  OCT of macula as pre op baseline and/or to explain results

1. Diagnostic B scan when readings are not reproducible and/or patient is 20/400 or less

+ Review IOL data 48 hours before surgery

+ Have 2nd tech proof final printout- you'd be amazed
at the small errors caught by a fresh pair of eyes

* Appropriate formula for type of eye?

* Data entered correctly?

* Proper IOL chosen?

* Proper post op target calculated for?

« |s data balanced; does it make sense?

27



Measurement

Criteria

Axial

Correct Measurement Mode? ( phakic, aphakic, pseudo...)

Atleast 5 measurements within 0.5 mm

0D/OS Axial within 33 mm

AL consistent with oldest or pre cataract RX

Immersion: Good, perpendicular echospikes

OCB: Good waveform ( Primary maxima ), Double peaks

Keratometry

Ocular surface- requires artificial tears?

K1 and K 2 readings within .25D in each meridian

Keratometry astigmatism and refractive cyl 7 axis conform?

Astigmatism for each eye < 3.50 D

Average K power for both eyes within 1.50 D

Average K power < 48.00 D or > 40.00 D

ACD Measurement

Aphakic and pseudophakic: do not measure

OCB: 5 consistent measurements

ACD <42mm >0.2mm

White to White

3 measurements within 0.2mm

OD & OS within 0.2mm patient fixating centrally

28

Exception

Additional Task

Axial Length < 22.00 mm or > 30.00
MM

Immersion A scan/ bring to MD
attention

Difference in Axial length OD/OS >0.33
mm

Justify, remeasure, bring to MD
attention

Astigmatism >3.50 D

Corneal Topography

Average K's: > 1.5 D between eyes

Justify, remeasure, bring to MD
attention

Average K power >48.00 D or < 40.00
D

Justify, remeasure, bring to MD
attention

ACD <2.2mmor>4.2 mm

Justify, remeasure, bring to MD
attention

White to White < 10.2 or >12.9

Remeasure, bring to MD attention

29
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+ A most important factor
affecting IOL calculation radus o cavaee

. Often, the least considered
aspect of process

« 2/3 of refracting power of /vjm

eye is in cornea, 1/3 in the
lens.

General Rule: 1 D error on keratometry
measurement= 1 D post op error ( in the average
length eye )

« Be it manual, or automated corneal topography “Keratometry”
is measurement of the cornea

« Analyzing the cornea using topography and tomography is vital
in identifying and monitoring corneal abnormalities.

+ Corneal topography provides detailed maps of the corneal

surface curvature, essential for diagnosing and managing
conditions like keratoconus

+ Corneal Tomography offers a three-dimensional assessment,
giving insights into the corneal structure that are crucial for a
variety of clinical applications, including refractive surgery
planning and the diagnosis of corneal diseases.

32
Keratometry Area Measured
Manual Central 3.2mm
Automated Central 2.6 mm
IOL Master Central 2.5 mm
Lenstar Two central zones 1.65 and 2.3 mm

Conventional Placido Topography

1000 point sampling central 3 mm
5000 point sampling entire cornea

Elevation Topography/ Pentacam

25,000 points into a 3-D map

Movu Argos SS-OCT

100,000 points

33
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Manual Keratometry- 4 central points
3.2mm apart

And 1.65 optical zone

‘ Lenstar 32 reference points at 2.3mm

‘ Topo: Placido or Elevation Based ‘

I0L Master: 6 reference points at 2. 5mm
optical zone

34
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- If you overmeasure, you

+ Too many inconsistent

« There is always a tradeoff....

introduce noise which could
confuse the picture....

readings of any method
should always be brought
to the physician’s attention....

OF

Too Much
Information!

2/27/25
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Unexpected Longer Axial
Length

Unexpected Shorter Axial
Length

Irregular Globe / Staphyloma

Irregular Globe / Staphyloma

Macular Hole

Macular Scar or Elevation

Scleral Buckle

Significant Macular Edema

Silicone Vitreous

Epiretinal Membrane ( ERM )

Developmental
Myopia/Amblyopia

Retinal Detachment

Vitreous Debris

40
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Formulas based on Gullstrand’s 100 year old
model eye parameters ( Vergence)

Formulas based on relationship between ACD
and Axial length ( Linear)

Formulas based on evaluation of post op
cases and making adjustment ( Regression )

» Older formulas ALL relied on ACD.

Newer formulas use ELP ( Estimated Lens
Position )

43

SPECTACLE ULTRASONIC AXIAL LENGTH(23.45 mm) — - ]
LEN!(:!MOD OPTICAL AXIAL LENGTM(23.65 mm)
PLANE !

.amo.n-un ¢
n ;urmn-m

n,*1.000

W.,u,..,,,j

The speaker has a headache today- please
do not ask for an explanation of the ELP....

44

Current I0L Power Calculation Methods

< Short Normal

Vergence formula

Normal
Anterior
Segment
$ Anatomy
Vergence formutas H
$ v
.
H Holladay Il
A
Ray Tracing ‘ 0 C - S, L Anterior
L L Segment
Types.
MOsT KOPATICAT vergence farmuio avaiadle. T
Excetient for minus power mevscus devige KO :

hrtificiat Intelisgence - Hill-RBF 2.0 o :.u,-m--»-'n‘m H

45
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+ Inaccurate or Lack of Corneal Topography

+ Occult Corneal Pathology

« Incorrect Axial Eye Length Parameters

- Use of Incorrect IOL Formula for Type Eye

+ Occult Posterior Pathology
+ Ouitliers-Long/Short Eyes

46

+ Microphthalmos + Previous Corneal
- Silicone Vitreous St.Jrgery
- The Staphyloma Eye ° Dislocated IOL

+ Corneal

+ Pediatric IOL's Transplantation

+ Clear Lensectomy . Multifocal 10Ls
+ Sulcus IOL . :
Placerment « Phakic IOL's
48

16



2/27/25

. Too many variablesfor =
THIS allotted lecture
time

Not for the faint of
heart!

Special Training

Practice, Practice!

49
Advanced Biometry Advanced IOL Calculations
Extreme Myopia/ Staphyloma Post Refractive Surgery
Post PKP/ Combined PKP/IOL Advanced Technology IOL's
Aphakia / Dislocated Lens or IOL | Secondary IOL's for Aphakia
Silicone Vitreous Post Op Refractive Surprise
Extreme Hyperopia/ Pediatrics Sulcus Placed or Sutured IOL's
50

Comea Cross Line ———

Rght/ 00

F
T R

51
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Examples of different

ellipsoids: A dinosaur

egg, an ostrich egg, a

football, and a soccer
ball.

Ellipsoid Toric Ellipsoid

* Abulging of a weakened sclera at the posterior of the
eyeball resulting from loss of the choroid lining.

* Nearly all eyes with pathologic myopia have staphyloma
present

* Not as common when AL < 26mm

* Present in 70% of eyes with AL > 33mm

18



- Short axial length

+ Small cornea

+ Normal to large lens
- High lens/eye volume
- Shallow ACD

- Narrow angle

« Thickened sclera

+ Hyperopia

55

Truism: The shorter the eye, the greater any and all

mistakes are amplified. You need to bring your MOST
accurate biometric game here...

56

©

In the short eye, the LT is a greater % of the whole. Likewise,
Inthe longer eye, LT is a lesser % of the whole. You have a
wide range of latitude in the average eye, more in the long
eye, and very little in the short eye. Remember! In the short

eye, everything is amplified. Every mistake means more!

57
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Silicone oil is sometimes
temporarily or .
permanently placed in
the vitreous cavity for
recurrent retinal
detachments.

There are presently two
viscosities of silicone oil
in use:

1000 cSt- sound
velocity 980m/sec

5000 cSt-sound
velocity
1040m/sec

While acoustic biometry
measures along the optical axis
of the eyes, the optical biometry
evaluates the length of the visual
axis of the eye and is proven to
be 10 times more accurate than
acoustic biometry in normal

cataract eyes with no other
pathologies. ( Acoustical vs PCI
or OLCR)

Comparison of optical biometry and conventional
acoustic biometry in the axial length measurement in
silicone oil-filled eyes

Rajurkar, Ketaki; DaCruz, Russell; Thakar, Meenakshi

Author Informationindian Journal of Ophthalmology 79(8):0
8 August 2022, | DOI: 10.4103/ij0.1J0_3019_21

Refractive surgeries alter the natural ratio
between anterior and posterior corneal curvature

RK. Anterior & Posterior
Curves near parallel, but
significantly flatter

Unoperated cornea

Myopic PRK. Anterior
surface significantly flatter
Than posterior surface

Hyperopic PRK. Anterior
surface steeper than
posterior surface

60
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https://journals.lww.com/ijo/fulltext/2022/08000/comparison_of_optical_biometry_and_conventional.15.aspx
https://journals.lww.com/ijo/toc/2022/08000
https://journals.lww.com/ijo/toc/2022/08000
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+ Patient selection is key

+ Absolutely accurate Biometric measurements

- Corneal topography is required

Biometry
1999- First OCB Zeiss IOL Master
Conventional
it d Biometry (A Optical Biometry
Scan)
ical
Immersion A Scan J— Applanation A Scan "I‘r::‘e“"'i,‘"’"‘l’,’;‘ Opticel 'L‘:‘l"o‘&"l‘n’!"‘“‘
1980's Conversion 1970's Benchmark
Swept Source Optical

LNy

63
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- Utilizes 10mHz soundwaves and records the echoes
that bounce back from ocular structures; this provides a
picture and measurements of the eye.

- Axial length is measured as the distance between the

anterior cornea and the inner limiting membrane of the
retina.

+ The repeatability of A-scan is around £0.2mm to

+0.3mm.

- Can be used in cases of cataract or other media

opacities

-+ Requires proper technique and experience
- Can be less precise than optical methods, especially in

clear media

66
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. / X

t’ Special “Stand Off” Shells
Prager, Ossining, Kohn

e

Swiss Army Knife of Instruments.....Some
include Topography, AS-OCT, OCT, Fundus
Imaging, etc. etc.

69

2/27/25
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100 micron US (using a 10 MHz
probe ) does not measure to the
exact center of the fovea, but samples
an area around it due to the broad
angle of the U/S beam and fixation.

Approx 10 micron OCB measures
along visual axis to the RPE at foveal
center and then adds back the foveal
thickness. Thus, Angle Kappa more

readily identified with OCB

The average variance between
anatomical vs. optical axial is
approximately .8 mm.

71

72
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PCI

OCLR

Laser Interferometry

Laser Interferometry

Light source MMLD* 780 nm

Light source SLD* 820 nm

Only measures Axial Length (AL)

Provides axial measurements of the

entire eye from the cornea to the
retina

Interferometry arrangement: Dual
beam setup whereby the reflection
from the cornea and the reflection
from the retina are assessed in
parallel

Standard Michelson interferometer
setup whereby a rotating cube
system is used to change the
optical path length in the reference
arm

Repeatability: range of 0.025 to
0.035 millimeters ( can vary by
instrument )

Repeatability : range of 0.02mm to
0.05mm ( can vary by instrument )

*MMLD: Millimeter Wavelength

*SLD: Superlumenescent Diode

73

| Measurement peak
« Narrow
* Steep
« Centred to secondary peaks

Secondary Maxima

-
a0

pcl )

»14+ _ Corneal peaks
4" .ccr

[+ Lens peaks

* ACD and LT

JV (\\M'J

Retinal peaks

* AL AI

74

CCT (um] AD [mm] LT [mm] RT [pm]

521 347 370 200**

AL [mm]
24.65

75




Measuring method Comtact Inenersion
’ /\— ' /7 N\

g Composite / T I N |
method -——-» . *—0
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Table 1: Currently avallable optical blometry devices and parameters they measure
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ot -te o B
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AD e AL« il g, OCT KM « hevatometry, (] « s ickness; OLCR o Gptical K Cobrence interrormedy,
POl partl coherence eterteramety,PS « pupd 508, SS-0CT « samgt Py, WTW « wite

Effective Ocular Biometry and Intraocular Lens Power
Calculation
Jan 23rd 2017European Ophthalmic Review, 2016;10(2):94-
100DOI: https://doi.org/10.17925/EOR.2016.10.02.94

TEMPORAL

Literally: The angle between two lines.
In biometry, the difference between the visual axis and the anatomical axis

The angle kappa is the angular distance between the line of sight and the
pupillary axis.

2/27/25
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Embracing the Future of Biometry

Swept Source -OCT

2/27/25

Swept-source OCT biometry refers to a non-invasive optical
biometry technique that uses swept-source optical coherence
tomography (SS-OCT) technology to precisely measure
various dimensions of the eye, surgery

itis considered a highly accurate and detailed method due to
its ability to penetrate deeper into the eye compared to other
biometry techniques.

It utilizes a tunable laser that “sweeps"” through a range of
wavelengths, allowing for high resolution of the eye’s internal
structures.

This provides for deep tissue penetration, increasing accurate
measurements even in eyes with dense cataracts

* Can also assess the thickness of the retinal nerve fiber layer

Can provide detailed imaging of the macular region

Segmented method to measure the AL using multiple
indices of refraction.

A specific refractive index is used for each segment
AL = CCT/1.375 + AD/1.336 + LT/1.41 + VIT/1.336 = RT

81
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+ Movu Argos

« Zeiss |IOL Master 700

- Tomey OA-2000

- Heidelberg Anterion

- Topcon Aladdin

- Haag Streit Lenstar 900
- Nidek AL-Scan

- Accutome Bscan Plus

- Optovue iOLMaster

- Optopol OPD-Scan Il

82

The Future?: Aland MLin
Axial Eye Length Biometry

83

2/27/25
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Coordinate:

+ Phaco

+ Femtosecond Laser capsulorhexis
+ Corneal topography

+ Axial eye length biometry

+ Pupillary measurements

+ Guided lens centration

« Surgical pre planning

All flowing from the clinic into the OR

* Measures the eye in surgery

+ Obtain line of sight aphakic
refractions to calculate IOL
power and determine
cylindrical magnitude and

* Record pseudophakic
refractions to guide toric lens
alignment and measure residual
cylindrical power and axis to
optimize the effects of LRIs

+ Capture aphakic refractive
measurements of post corneal
refractive procedure eyes to
optimize IOL power calculations
in the most critical cataract
patient

86

A. Ideal wavefront B. Irregular wavefront

Imagine light traveling as a bundle of rays. If you draw lines perpendicular to the tips of a
bundle of light rays, you get what is called a wavefront map. In an eye with perfect vision, the
wavefront is perfectly flat, but the wavefront of an imperfect eye is irregular.

The types of distortions this wavefront acquires as it travels through the eye provide valuable
information about vision errors and how to correct them

87
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+ One of the most potent applications of Al and ML in
optical biometry is predictive analytics.

+ Using historical data, ML models can predict surgical

+ What if Big Data could:

outcomes, such as postoperative refractive error.

« Forecast results?
« Facilitate better surgical planning

« Learn from collective mistakes to improve accuracy and
predictability?

Biometry devices, from Ultrasound to Optical
Biometry have evolved over the years tremendously
using various advanced technologies.

Today we have excellent imaging systems that have
incorporated many newer generation |OL power
calculation formulas by which 90-92% emmetropia
can be achieved in post-operative patients.

Will 100% emmetropia be around the corner?

| challenge all of you to keep abreast of the
technology- always be evolving, always learing!

1 hope you have all gained a few pearls

and 1 have not been too contradictory

2/27/25
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« iolpowerclub.org/education

« ascrs.org/clinical-education/iols-and-calculations
« doctor_hill.com (Warren Hill, MD)

+ holladay@docholladay.com (Jack Holladay, MD)
» ophthalmicedge.org (Yale Fisher, MD)

ophthalmologyweb.com/Tech-Spotlights

« Intr Lens C

Publications

Aramberri, Hoffer, Olsen;Spring

- Axial Eye Length Biometry, Sandra Frazier-Bryne, Grove Park Publishers

« 1OL Power Calculations, H. John Shammas, Slack, Inc.

- M ing the Techniq of IOL Calculations,Latkany, Bovet, Haigis

10L Power
Calculations Lens Power 2

Intraocular Lens
Calculations

Sknyf)eckl J Grabska»L\berek |, Guszkowska M, lzdebska J, Szaflik JP. Immersion biometry for intraocular lens power
I h: formulas. Clin Ophthalmol. 2020;14:2159-2162. doi: 10.2147/OPTH.$259078

+  XiaT, Martinez CE, Tsai LM. Update on intraocular lens formulas and calculations. Asia Pac J Ophthalmol.
2020;9(3):186-193. doi: 10.1 8

= Cionef: Pellegrno , Di Paola . Comment on: eficacy of segmented axal length and artficil inteligence spproaches
tointraocular lens power calculation in short eyes. J Cataract Refract Surg. 2023;49(11):1187. doi: 10.1097

«  Lawless M, Jiang JY, Hodge C, Sutton G, Roberts TV, Barrett G. Total keratometry in intraocular lens power calculations
in eyes with previous laser refractive surgery. Clin Exp Ophthalmol. 2020;48(6):749-756. doi: 10.1111/ce0.13760

« Omoto MK, Torii H, Masui S, Ayaki M, Tsubota K, Negishi K. Ocular biometry and refractive outcomes using two swept-
source optical coherence tomography-based biometers with segmental or equivalent refractive indices [published
correction appears in sci rep. 1(?(1) 13181]. Sci Rep. 2019;9(1): 6%57 doi: 10.1038/541598-019-42968-3

* Montés-Micé R. Evaluation of 6 biometers based on different optical technologies. J Cataract Refract Surg.
2022;48(1):16-25. doi: 10.1097

+  Cione F, De Bernardo M, Gioia M, et al. A no-history multi-formula approach to improve the iol power calculation after
laser refractive surgery: preliminary results. J Clin Med. 2023;12(8):2890. doi: 10.3390/jcm 12082890

+ Kapoor M, Venkatesh P, Chawla R, Temkar S, Aggarwal E. Simplifying biometry in oil-filled eyes: a novel formula for

axial length calculation in eyes with 1000 cSt silicone oil. Indian J Ophthalmol. 2023;71(6):2466-2468. doi:
10.4103/ijo.lJO_2187_22

+  Dominguez-Vicent A, Venkataraman AP, Dalin A, Brautaset R, Montés-Micé R. bility of a fully ot
source optical coherence tomography biometer and agreement with a low coherence reflectometry biometer. Eye Ws.
2023;10(1):24.
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http://www.doctor_hill.com/
mailto:holladay@docholladay.com
http://www.ophthalmicedge.org/
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