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Pentacam Random Forest Index (PRFI)
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Al and Ectasia susceptibility

o PRFI
o TBI
e BEES RTA




PRFI: Pentacam-Derived Parameters

Tomographic and topometric metrics used in PRFI:
« Comprehensive evaluation based on Pentacam tomography
e Integration of keratometric, topometric, and tomographic indices

« Aimed at early ectasia detection and refractive risk stratification
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Keratometric Parameters

Corneal curvature—based metrics
e Central simulated keratometry (Sim K)
e Maximum keratometry (Kmax)

o Vertical decentration of Kmax (KmaxyY)
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Topometric Indices (Anterior Surface)

Anterior corneal surface irregularity
 Index of Surface Variance (ISV)
e Index of Vertical Asymmetry (IVA)
e IS value
« Keratoconus Index (Kl)
e Central Keratoconus Index (CKiI)
 Index of Height Asymmetry (IHA)
 Index of Height Decentration (IHD)

N‘“ J0 2026



Elevation & Asphericity Parameters

Shape- and elevation-based tomography
e Anterior elevation at the thinnest point (AETP)
e Posterior elevation at the thinnest point (PETP)
e Anterior asphericity (AsphQFront)
e Posterior asphericity (AsphQBack)
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Pachymetric Parameters

Corneal thickness distribution

e Pachymetry at the thinnest point (TP)
e Vertical decentration of the thinnest point (TPy)
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Pachymetric Progression Indices (PPI)

Thickness progression from center to periphery
e PPl-Average (PPI-Ave)

e PPI-Maximum (PPI-Max)
e PPI-Minimum (PPI-Min)
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Ambrosio’s Relational Thickness (ART)

Thickness relative to pachymetric progression
e ART-Average (ART-Ave)

e ART-Maximum (ART-Max)
e ART-Minimum (ART-Min)
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Belin-Ambrosio Deviation Display

Integrated ectasia assessment
e Belin—Ambrosio Deviation Index (BAD-D)
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OCULUS - PENTACAM Topometric/KC-Staging
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OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV)
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Sensitivity Specificity
Clinical Cutoff (True (True Clinical Apblication
Scenario Value Positive Negative PP
Rate) Rate)
Keratoconus Used for confirming a diagnosis. High
0.37 79.5% 95.2% specificity means if it's over 0.37, it is very
(KC) likely KC
y KC.
Subclinical Used for detecting early changes in eyes that
0.27 58.9% 86.2% look "normal” but have a keratoconic fellow
(VAE-NT)
eye.
Enhanced Optimized for refractive surgery screening
i 0.12 85.2% 96.6% (like LASIK/PRK) to ensure the highest safety
Screening margin
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Key concept

e PRFI integrates multi-parametric Pentacam data
e Combines curvature, elevation, pachymetry, and progression metrics
e Enhances early detection of ectasia risk

e Essential for safe refractive surgery screening




Tomographic-biomechanical index (TBI)
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TBI

e The TBI is not a single formula you can calculate manually.
It’s @ machine-learning—derived index that integrates Scheimpflug
tomography (Pentacam) with Corvis ST biomechanical data to improve
ectasia detection—especially subclinical keratoconus.
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Tomographic inputs (Pentacam)

o Anterior & posterior elevation (especially at thinnest point)
e Pachymetry distribution & progression indices

e Corneal thickness at thinnest location

e Curvature asymmetry

« BAD-D—related components

WAM@



Biomechanical inputs (Corvis ST)

« Al & A2: time, velocity, and length

e Highest Concavity (HC) parameters

e Deformation Amplitude (DA)

e Integrated Radius

o SP-A1 (Stiffness Parameter at Al)

e« ARTh (Ambrodsio Relational Thickness — horizontal)

o CBIl-related variables
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Parameter Origin Definition

BADDb Pentacam Deviation from normality of the enhanced posterior elevation best-fit-sphere

BFSFront Thinnest 3mm Pentacam Best-fit sphere for anterior 3 mm centered at the thinnest point

ISValue Pentacam Inferior-superior axial steepening

KMaxFrontY Pentacam Vertical deviation of the point with maximal keratometry (Kmax) from the
apex

Pac_Asymm_ApexVert8.0mm Pentacam Vertical asymmetry of the pachymetry at 8 mm

PRFI Pentacam Pentacam Random Forest Index

SphRMin Pentacam The minimal mean radius of a ring based on Fourier analysis (zero-order
component)

TiltMinAxis MVP Pentacam Axis location of maximal decentration based on Fourier analysis (first-order
wave component)

TitMinMVP Pentacam The maximum decentration based on Fourier analysis (first-order wave
component)

Ele. BBFTE 8mm @ Thinnest Pentacam Back (posterior) elevation at the thinnest point considering a best-fit toric

ellipsoid for 8 mm




Parameter Origin Definition

CBI Corvis ST Corvis Corneal Biomechanical Index

DA Ratio 2mm Corvis ST Ratio of the deformation amplitude at 2 mm

DensitolncreaseMax Corvis ST The maximal change in backscattering of the cornea during the exam

HC Deformation Amp_mm Corvis ST Highest concavity deformation amplitude

MaxInverseRadius Corvis ST Minimal radius of curvature during the concave phase of deformation

PeakDist_mm Corvis ST Horizontal distance between the 2 highest points (nasal and
temporal) of the cornea at the time of maximum deformation

SP-A1 Corvis ST Stiffness parameter at the first applanation

SP-HC Corvis ST Stiffness parameter at the highest concavity




TBI Calculation

« TBI is generated using a supervised machine learning model (originally
a Random Forest—based classifier)

e Inputs: dozens of tomographic + biomechanical variables
e Training set:

« Normal eyes

e Clinical keratoconus

o Subclinical / forme fruste KC
e Output: single probability score
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TBI interpretation

TBI Range | Interpretation

<0.29 Normal

0.29 - 0.47 Suspicious

Subclinical Keratoconus / High

L Ectasia Risk

=>0.79 Manifest Keratoconus

TBI |

I () {3
0 07 100
Tl Y| . 0 30

T e e——pe— ]
'8l 0% 035 250 0.75 L0 0.70

T8l e | 00

00 028 05 a7 100

(Exact cutoffs may vary slightly by study and population)
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TBl < 0.4
Low risk of ectasia

SMILE

TBI > 0.5
High risk of ectasia

Plese remembern thar the dodsinn 1o onoae is ahways the
respana bdity of the daczart This dlastracon Is anly a recommencation.
Absays nden all cdrinsl infeemuntiomn inl weareay !




Why TBI outperforms single parameters

e Captures structure + biomechanics

e Less dependent on Kmax

e Detects preclinical ectasia

e More robust than CBI or BAD-D alone

e This is why TBI is now considered one of the strongest screening tools
before refractive surgery
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Key concept

e TBI is not biomechanics alone and not tomography alone It is a
synergistic risk probability
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Relational Tissue Altered (RTA)
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RTA

e An artificial intelligence-based metric designed to quantify the
biomechanical impact of different LVC procedures on the cornea.

e Developed to improve upon traditional safety metrics like Residual
Stromal Bed (RSB) and Percent Tissue Altered (PTA) that focus solely

on thickness,

e RTA integrates multiple data points to assess biomechanical
disruption. it provides a more accurate assessment of how surgery

alters corneal structure.
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https://eyewiki.org/Calculation_for_LASIK_Ablation
https://eyewiki.org/Calculation_for_LASIK_Ablation
https://eyewiki.org/Ectasia_After_LASIK

Key Features and Performance

e Superior Accuracy: In clinical studies, RTA demonstrated a higher area
under the curve (AUC 0.913) compared to RSB (0.832) and PTA
(0.805), indicating better diagnostic performance in identifying eyes
with significant surgical impact.

 Predictive Model: It uses a neural network algorithm that incorporates
variables such as pachymetry (thinnest point), flap thickness, ablation
depth, and patient age.

e Clinical Threshold: An RTA value above 0.24 typically indicates a
significant biomechanical impact.
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https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=21938245&AN=187458845&h=KSDcMQ1WEDZl8H18XVvTA7vmA9%2Fw8rTcKyUt8%2FGknoDAlVz2ufnXeif5WWKTXQicWZVc8Ct6y7y9O31HaTS8QQ%3D%3D&crl=f

Integration in BEES Software

o The BEES (BrAIN Enhanced Ectasia Software) platform implements the "Two-Hit
Hypothesis"—the theory that ectasia occurs when a cornea with inherent
susceptibility (Hit 1) is further destabilized by the impact of surgery (Hit 2).

« The software merges three advanced indicators into a single unified risk profile:
« BAD-D v4
« TBIv2: The Tomographic and Biomechanical Index.
o RTA Index: Quantifies the surgical impact.

« By displaying these together, the BEES interface allows surgeons to see if a high-
impact procedure (High RTA) is being planned for a cornea that is already vulnerable
(High TBI), enabling a safer surgical planning.
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Combined lomographic and tomechanical assessment
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Take-home message

« Al has transformed ectasia susceptibility screening by integrating subtle
tomographic, and biomechanical derived signals that are often missed by a
single parameter.

e PRFI, TBI, and RTA represent complementary Al-driven indices:

« PRFI enhances detection of early and subclinical ectasia by combining
refractive, pachymetric, and elevation data.

e TBI fuses corneal biomechanics with tomography
« RTA quantifies the biomechanical impact of LVC procedures on the cornea

e The greatest value comes from using these indices together rather than alone
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" Disclaimer




Disclaimer:

Al-based indices are decision-support tools and
should be interpreted in conjunction with clinical
judgment and comprehensive corneal evaluation, not
as standalone diagnostic criteria
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Thank you




