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FERRARA RING NOMOGRAM

Evolution of the Nomogram

(criteria for ring selection)

® First generation (1997 - 2002): keratoconus grade
® Second generation (2002 - 2006): spherical equivalent

® Third generation (2006 - 2009): topographic
astigmatism

® Fourth generation (May 2009 to 2018): asphericity (Q)

® Fifith generation (2018): posterior elevation

Torquetti, L



ASPHERICITY (Q)

» Corneal asphericity (Q) — corneal shape;

Prolate;

* “Normal”: mild prolate Keratoconus: hyper prolate cornea;

 Normal Q value: - 0.23°

1. Yebra-Pimentel E, Gonzéalez-Méijome JM, Cervino A, et al. Asfericidad corneal en una
poblacion de adultos jdvenes. Implicaciones clinicas. Arch Soc Esp Oftalmol 2004: 79:385-392

Torquetti, L



CORNEAL ASPHERICITY

Oblate




NOMOGRAM

® The asphericity is the best parameter, at the
present moment, for ring selection;

® There is a tendency to implant “less™ tissue to
achieve the same (or better) correction than
was achieved in the past;

® Q value = Quality of vision

Torquetti, L



WHAT IT ISTHE ROLE OF POSTERIOR ELEVATION
IN THE NOMOGRAM?

® TJo identify map patterns that correlates with sagital
anterior maps,

® Easier pattern (posterior elevation) classification
when compared with sagital anterior maps;

® Better reproducibility;

® Better agreement in surgical planning among
doctors.

Torquetti, L



POSTERIOR ELEVATION MAPS

GEOGRAPHY LANDMARKS

LAGOON ISTHMUS PENINSULA

is a shallow body of water separated from a is a narrow piece of land connecting two larger s a piece of land surrounded by water on the majority
larger body of water by barrier islands or reefs areas across an expanse of its border, while being connected to a mainland
of water by which they are otherwise separated from which it extends.

Torquetti, L



POSTERIOR ELEVATION MAPS

[ T

LAGOON ISTHMUS PENINSULA

Torquetti, L



POSTERIOR ELEVATION MAPS

LAGOON ISTHMUS PENINSULA

Torquetti, L



POSTERIOR ELEVATION MAPS

Torquetti, L



ASPHERICITY X KERATOMETRY X ASTIGMATISM
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CORNEAL ASPHERICITY x ICRSARCH LENGTH
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NOMOGRAM

General Guidelines

IT MUST BE DETERMINED:

1. The type of keratoconus:
Central > Nipple / Astigmatic
Oval or Bow-tie
PMD

2. The corneal asphericity (Q)

3. The pachymetry at the corneal steepest axis and probable ring track (5 mm optical zone)

Torquetti, L



NOMOGRAM

1. Type of keratoconus

Oval / Bow-tie

PMD

Torquetti, L



NOMOGRAM

2. The corneal asphericity (Q):

The selected ring for implantation may induce asphericity changes with a final
result close to “normal” values (- 0.23 + 0.08)

Torquetti, L



160 - ICRS

Q (asphericity) variation according to ring thickness*

Q I $#
- -1,10

150 200 250 150-150  150-200 150-250 200-200 200-250 250-250

0,00

-0,28

-0,55

-0,83

Ring thickness (single segment / 2 segments) - 160 arch

*Torquetti L, Ferrara P. Corneal asphericity changes after implantation of intrastromal corneal ring segments in keratoconus. J Emmetropia, 2010; 1:178-181.



NOMOGRAM

Nipple

Central location
Hiperprolate cornea
Low astigmatism
Lake in the elevation map

Torquetti, L



NOMOGRAM

Nipple
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NOMOGRAM

Q change induced by the 210 ICRS

210/150 - 0.36
210/200 - 0.60
210/250 - 0.82
Q change induced by the 320 ICRS
320/150 - 0.53
320/200 - 0.89
320/250 - 1.14
Nipple = 210 or 320
- 0,60 -0.85 -1.10 -1.35
| | | |
210/150 210/200 210/250 320/250

320/150 320/200



210 - ICRS

Q (asphericity) variation according to ring thickness*

210/150 210/200 210/250

Patient Preop Q = - 0,59 -0,83 -1,03
Torquetti, L



NOMOGRAM

Nipple

Given a Q value that fits
for both 210 and 320 ICRS,

How to choose between them?




NOMOGRAM

Pellucid Marginal Degeneration

Crab claw configuration
Oblate cornea ( Q positive)
High astigmatism
Low keratometry
Posterior elevation: decentered lagoon




NOMOGRAM

Pellucid Marginal Degeneration

Cornea Front

7.02 mm K2:

8.90 mm K1:

7.96 mm K 42.4 D
Astig: 1I:l.2 D

Rmin: 6.89 mm




NOMOGRAM

Pellucid Marginal Degeneration

PMD =140 RING

\ Topographic astigmatism

upto4.00D 150 micra
Q = 0 or positive 400-8.00D 200 micra
oblate cornea >8.00D 250 micra

Torquetti, L



DMP "like”

Cormea &nt

' F.B-‘i 1y K1
o [7E1mm  Km [444D

F.TII :J 'I 06 F.pwr 7.94 mm Rmin: |6.18 mm

Torquetti, L



NOMOGRAM
Astigmatic Keratoconus

Elsct i [Bad]
I it L R
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Central location
Hiperprolate cornea ( Q << -1,3)
High astigmatism
Hlgh keratometry
Posterior Elevation: Isthmus

Torquetti, L



NOMOGRAM

Astigmatic Keratoconus

ASTIGMATIC = ASTIGMATISM ICRS
up to 6,00 D 320/200
2 segments 140 ICRS 6,00 to 10,00 D 2x 140/200 or 320/250
or > 10,00 D 2 140/250 or 320/250

32 0 I C RS Torquetti, L



NOMOGRAM

Astigmatic Keratoconus

Cormea Ant
6.22 mm K1

43.4 S

- - . T O . an e S L |
4.35 mm K2 658.1D /‘ﬁs,s 69.3 * I v
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Torquetti, L



320 - ICRS

Q (asphericity) variation according to ring thickness

320/150 320/200 320/250

Patient Preop Q = - 0,76 -1,12 -1,37
Torquetti, L



Advanced Cones
The 320 ICRS

Torquetti, L



SURGICAL PLANNING:
Step by Step

WHICH MAPS DO | NEED?

Torquetti, L



OCULUS - PENTACAM 4 Maps Refractive
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SURGICAL PLANNING:
Step by Step

FIRST STEP

DEFINE THE KERATOCONUS TYPE

(Axial and Elevation Maps)

Torquetti, L



SURGICAL PLANNING:
Step by Step

SECOND STEP

DEFINE THE STEEPEST AXIS

Torquetti, L



SURGICAL PLANNING:
Step by Step

THIRD STEP

DEFINE THE Q VALUE

Torquetti, L



SURGICAL PLANNING:
Step by Step

FOURTH STEP

DEFINE THE TOPOGRAPHIC ASTIGMATISM

Torquetti, L



SURGICAL PLANNING:
Step by Step

FIFTH STEP
SELECT THE ICRS TO BE IMPLANTED

according to

Q preoperative - Q change induced by the ring = - 0.23 (TARGET FINAL Q VALUE)

Torquetti, L



OCULUS - PENTACAM 4 Maps Refractive
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OCULUS - PENTACAM 4 Maps Refractive
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OCULUS - PENTACAM 4 Maps Refractive
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OCULUS - PENTACAM 4 Maps Selectable

Cornes Front

Rk |5£E mm K1: IB'BE‘
'__l 24 K2. ISZ.D I

Rin. I':L 20

s r
it I1?J.3

hopr
Comes Dack ’ﬁ;ﬁ%

~, N J4.37mm Ki: |4923 _ Hagl
R [tizem . k2 [370

S5 meiZem | En [355
3R Feec[BETan  Amimof2mon

Machy sfrem] ]
2 Cenbe. + [434 [+015  [s071
~achy Aoex: o IS Lo
Threzstloca.. < |337 [012  [-218

<. Max. |Fronl): [uap ERERRERY

ZureaVulu e Adum® O Cunec 122

—hiamoer Yolune. I‘I'JJmm’ | anyle. [38.4"

A Z DzahifrL). r341 i Pupil Dig. [2.80 1

El'tcrIU"I 10Mfeo): I Lens Th.: | _C_ug_;il_ui

IL evalion [Bac4 B

Elzvatch




OCULUS - PENTACAM 4 Maps Selectable . 20
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OCULUS - PENTACAM 4 Maps Selectable 20
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OCULUS
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PENTACAM 4 Maps Selectable
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NOMOGRAM

SUMMARY
GENERAL RULES

Q preoperative - Q change induced by the ring = - 0.23 (TARGET FINAL Q VALUE)

Torquetti, L



NOMOGRAM

SUMMARY
GENERAL RULES

- Avoid overcorrection (astigmatism axis inversion /
hiperopia / positive Q);

- Avoid ICRS implantation in flat areas;

- Quiality of vision (Q) is more important that the
refractive result:

Torquetti, L



CONCLUSION

- The nomogram is reproducible and aims to treat the
corneal deformity (not the refraction);

- The posterior elevation maps may aid the identification
of keratoconus type;

- Posterior elevation may provide better morphology
classification of ectasia phenotype than the usual maps
(sagital / axial);

Torquetti, L
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CLINICAL CASES



CASE 1

Q=-0,77, K1 =44,3 D K2 = 50,8 D Astigm =5,1 D
Classification Oval

-0,77 (Q) -x=-0,23 x=0,54
Surgical Plan 160/150 + 160/150

Awial / Sagittal Curvature (Front)

Cornea Front

- | 7.63 mm K1: 44.3 D

v ELEIEI i K2: 51.5 D

| 7.09 mm Kom: 476D

Ashig: | 73D

er: | 8.04 mm Rmin: 15.75 mm

Curvature
Abs




CASE 2

Q=-1,86, K1 =54,3D K2 =68,1 D Astigm=13,9 D

Classification  Astigmatic
Surgical Plan 140/250 + 140/250

Curvaturg Sagitel ynicrior)
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CASE 3

Q=-1,01, K1 =45,6 D K2 = 50,8 D Astigmn = 5,1 D

Classification Oval
-1,01 (Q)-x=-0,23 x=0,78
Surgical Plan 160/200 + 160/150

Last Name:

First Name:

ID: m Awial / Sagittal Curvature [Front)
Date of Birth: | 3

Exam Date:

Exam Info:

/"2“/ | Cornea Front™ %E
' ™. Rk [7.40mm ki: [0 —=

40.0
\ ==
k22 [Ensp N ECEN

Rm: F".IJ'Z mm Km: 4El.1 D b 34.0
st i34 9 * Astig: 5.1 D : ggg
L (J-val. ; —
Ak #1 200
Q) Tl L=

, _ 10.0 —
- o™ D

Curvature
Abs




CASE 4

Q=-1,98, K1 =55 DK2 =62,9 D Astigm =7,9D

Classification  Astigmatic

Surgical Plan 140/200 + 140/200

I 550D Astig: . Axial / Sagittal Curvature (Front)

Q-val.:
<

Pa

Pupil Center: + 45I:I pm -EI.1?'

Thinnest Locat.: O W ,W IW
Chamber Yolume: 233 mm?* Angle:

&, C. Depth [Int.): W Pupil Dia: IW
Enter 10P | I0P{cor): [ LlemsTh: [

Curvature
Abs




CASE &

Q=-0,56 K1 =44,6 D K2 =48,6 D Astigm =4,0D

Classification Oval
-0,56 (Q) -x=-0,23 x=0,33
Surgical Plan 160/200

Awial / Sagittal Curvature (Front)

Cornea Front
K1: I 446D

K2: |486D

Komn: 45.50
Ashig: 4.I:ID
Rmin: 8.48 mm

Curvature

Abs




CASE ©

Q=0,02 K1 =43,2D K2 =38,4 D Astigm =4,8 D

Classification DMP "like"

Surgical Plan 140/150

Axial / Sagittal Curvature (Front)

12

Cornea Front

Km: 4I:I.T-"D
Astig: 4.:E:D

Rmin: |7.60 mm

Curvature
Abs




CASE 7

Q=-0,15K1=448D K2 =57,2 D Astigm =12,5D

Classification Post-keratoplasty

Surgical Plan 140/250 + 140/250

Sagittal Curvature (Front)

Cornea Front

Rf: 754 mm K1: 44.3 D

ot

/= Rs [590mm K2 [572D
70° . [6.72 mm km [50.2D
" Astig [125D

Q-val.: = o ' 37
an‘r::ﬂ -|.|.15 Rper: |6.11 mm Rmin: | 4.87 mm 0.25D

Curvature
Rel




CASE 8

Q=-1,71K1=562,4D K2 =55,6D Astigm=3,3D

Classification Nipple
-1,71(Q) -x=-0,23 x=1,48
Surgical Plan 320/250

v o [Fo &) RFSef 25Fu 1 Di w7 5

=

: Ir
Ao

-~ '%)\
-

"
—

Cornea Front e
[ 4 58 b

6.44 mm K1: 524D Hord,

K2: |55ED

Km:

Ashig:

Bmin: |5.58 mm

Tiedne

“Es




