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Introduction

• An air-puff is applied to the cornea and induces a corneal 
deformation, that is recorded by the camera until the initial state 
is reached

• Dynamic corneal response parameters (DCR) are derived from 
this measurement

Healthy cornea. bIOP=14mmHg Keratoconus. bIOP=14mmHg

• Corvis ST: non-contact tonometer with an 
integrated ultra-high speed Scheimpflug 
camera

Source: Oculus



Introduction
• Since 2016, introduction of novel dynamic corneal response 

parameters:

JRS, 2016



Introduction
• Since 2016, introduction of novel dynamic corneal response 

parameters

JRS, 2016

JRS, 2016



Introduction
• Since 2016, introduction of novel dynamic corneal response 

parameters

JRS, 2016

JRS, 2016

JRS, 2017



Introduction
• Literature: DCR parameters have a high sensitivity and 

specificity in differentiating normal from keratoconic corneas
• CBI is the best parameter in detecting of keratoconus based on 

biomechanical properties of the cornea

Herber R & Ramm L et al (JCRS, 2019)



Purpose

Development of a classification model
to differentiate between

the topographic stages of keratoconus (KC) based
on DCR parameters using machine learning algorithm.



Patients and methods
• Prospective, monocentric study including patients between 2017 

and 2019
• Inclusion criteria:

– 1 eye per patient/participant was included
– Healthy participants: normal topography and no clinical signs of 

keratoconus, age between 18 and 45 years
– KC patients: have to be clear assigned to stages of KC regarding 

“topographical classification system (TKC)” provided by Pentacam
– At least 1 follow up, which confirms stability of topographical findings

• Exclusion criteria:
– Ocular and corneal surgeries (e.g. CXL. INTACS)
– Diabetes mellitus
– Advanced keratoconus (TKC = 4)



Statistics
• Random Forest (RF):

– Classification model that constructs a “forest” using many decision trees
– Decisions at nodes defines the way to the prediction
– Example of a decision tree:

• Linear discriminant analysis (LDA):
– Classification model to separate between 2 or more groups using linear 

discriminant functions
– closely related to regression analysis

• Models were trained on a training dataset (70% of cases) and 
evaluated on test dataset (30 % of cases)

• Statistical analysis was performed using R statistics



Demographics
• 104 eyes of 104 healthy participants and 288 eyes of 288 

keratoconic patients were included

Controls (N=104) TKC 1 (N=83) TKC 2 (N=102) TKC 3 (N=103) P – value

age 29.11 ± 7.13 33.63 ± 6.96 33.27 ± 7.42 33.24 ± 7.68 *

bIOP 15.9 ± 1.84 14.52 ± 2.01 14.31 ± 2.06 14.24 ± 2.35 **

PachyMin 554.5 ± 27.6 502.4 ± 34.7 478.5 ± 32.9 437.9 ± 39.8 all
< 0.001

KMax 44.93 ± 1.76 48.49 ± 2.76 53.85 ± 3.69 61.34 ± 5.72 all
< 0.001

* Significant between controls-TKC 1, controls-TKC 2, and controls-TKC 3
**Significant between controls-TKC 1 and controls-TKC 2 



Results RF - Model
• Results on test dataset: (Sn = sensitivity; Sp = specificity)
• Overall accuracy: 72 %

Reference

Controls TKC 1 TKC 2 TKC 3
Pr

ed
ic

tio
n

Controls 30 10 2 0

TKC 1 3 14 4 1

TKC 2 0 4 15 3

TKC 3 0 0 4 22

Sn/Sp 91%/85% 50%/90% 60%/92% 85%/95%



Results RF - Model
• DCR Parameters included = 13
• Top 10 of DCR parameters that were used in the model



Results LDA - Model
• Results on test dataset: (Sn = sensitivity; Sp = specificity)
• Overall accuracy: 69 %

Reference

Controls TKC 1 TKC 2 TKC 3
Pr

ed
ic

tio
n

Controls 26 3 1 0

TKC 1 4 11 8 0

TKC 2 0 7 26 2

TKC 3 0 0 11 17

Sn/Sp 86%/95% 52%/87% 57%/87% 89%/89%



Results
• Comparison of models:

ROC curves Accuracy

RF model

LDA model

P < 0.001



Conclusion
• Certain DCR parameters (ARTh, DA Ratio, Integrated radius, 

pachymetry, A1 velocity and deformation/deflection amplitude) 
are relevant to differentiate between topographic stages of 
keratoconus

• The developed models are currently limited to differentiate 
between TKC 1 and TKC 2

• Controls and TKC 3 have shown higher sensitivity and 
specificity in RF and LDA than TKC 1 and TKC 2

• The classification model enables to support the evaluation of 
biomechanical progression
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