Case Studies: Fitting Keratoconus
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Understanding corneal shapes

GSLS 2012

Oval Cone

Centred Cone

PMD Keratoglobus

Case 1: Centred Cone-Late

History

Physical Measurements

Biomicroscopy and tear assessment
Topography

— Determine cone type (nipple, oval, globus, PMD)
— Simulated K readings

— Corneal astigmatism

— Steepest cone diameter

— Overall cone diameter

— E-values

Case 1 : Centred Cone: Late
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Choosing BOZD/LD

Choosing BOZR based on BOZD/LD

Simulated K readings (D, mm) 47.12 (7.16)@030/53.75 (6.28)@120
Comeal Astigmatism (D) 6.63x 026

Average K reading (D, mm) 50.43 (6.69)

Steepest K reading (D) 61.50

Steepest Cone diameter (mm)

Overall Cone diameter (mm) 2.5)

Q. e and p values* 0.49,0.7,0.51

“Q (asphericity) = €2, e = eccentricity, p (shape factor) = 1-Q

onetype |Cone diameters| BOZD ranges | LD ranges |Lens Examples
[centred Cone: [Floating
Early 40t050mm | 7.4t081mm | 9.4t0 9.6 mm ;"“:‘;“SE:Z- Oynaz
od 28t039mm | 50t073mm | 8.8t0 9.3mm [N L CNELE

fSevere 20t027mm | 301049mm | 80t087mm
one type Cone diameter|  BOZD ) [ens Examples
fcentered Cone:

Rose K, Rose k2, Dyna 2.
fSevere 2.5mm 3.0t04.9mm B7mm  Prezcoehus

1. Start with standard AK(©)
rule for 9.4mm LD wijth

a 7.4mm BOZD
(Calculated K)

2. Then adjust eithe

Calc BOZR (D) (9.4LD)
0.250.10-375D_ Flat K (D) +0.609x(AK)
~4.00D t0-7.50D  Flat K (D) +0.491x(AK)™
-7.75D 10 -16.75D__Flat K (D) +0.354x(AK)

** Average K for 7.4mm BOZD/9.4 LD

Floating BOZD Adjusted BOZR (mm)

3.03.7mm Calculated K(mm)—0.4mm

3.8-4.9mm Calculated K(mm)-0.35mm
5.06.1mm
6.2-7.3mm

Calculated K(mm) - 0.3mm

Choose a FLOATING BOZD/lens type to fit the centred cone, since
as it progresses, the cone becomes smaller and steeper, as does
the lens in order to i {

5 R Calculated K(mm)- 0.2mm
Steeper (If BOZDi 7.4-8.0mm Calculated K(mm)
smaIIer) or flatter (If >8.1B0ZD Calculated K(mm) +0.2mm
BOZD is larger)
AK (D) Calc BOZR (D) (9.4LD/7.4 BOZD) BOZR adjusted

6.63D Calculated K = 50.43D (6.69mm)

Calculated K - 0.35mm (6.69-0.35) =
6.34mm




Sample Trial Lens Set
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718 711 703 696 689
560 550 540 530 520
798 791 783 776 769
560 560 550 550 5.40
898 891 883 876 869
620 600 590 590 580
1018 1011 1003 9.96 9.89

682
510
7.62
5.40
862
580
982

675
500
755
530
855
570
975

668
490
7.8
520
8.48
560
968

690 670 660 650 640 640 630 620
1168 1161 1153 1146 11.39 1132 11.25

770 750 740 7.30 7.20 7.10 7.00
1225 1220 1210 12.00 11.90 1180 1170
870 870 870 870 870 870 870

2
1118
690
1160
870

662
480
7.42
510
842
550
962

610 600 590 580

1112
6.80
1150
870

655 649 637 625 614 603 592
460 440 420 400 380 360 3.40
750 740 730 725 720 745 7.00
500 490 480 470 460 450 450
855 840 830 825 820 815 B.00
540 530 520 510 500 490 490
965 955 935 935 925 925 915

90 580 570 560 550 550
11.00 11.00 10.85 10.80 10.75 10.65 10.50
670 660 650 640 630 620 620
1140 1130 11.20 11.10 11.00 10.90 10.80
870 870 870 870 870 870 870

041 042 044 046 048 050 052 055 057 061 065 070 074 078

1070
870
082

Closest Adjusted K with
BOZD between 3.8 to 4.9mm

Apply trial lens and assess fit

Central Fit

— Adjust BOZR first until gentle 3-pt-touch achieved
Peripheral Fit

— Do not adjust until central fit is correct

— When flatter/steeper periphery needed,
adjustments to the BOZR and power are made
due to SMALL optic zones

— Flatter periphery will result in less sagittal depth
and so lens will be steepened and more minus
added and visa versa (by approx. 0.50D)

Centred Cone: Late

8.7 LD: 4.2 BOZD

Case 2: Oval Cone: Moderate

History

Physical Measurements

Biomicroscopy and tear assessment
Topography

— Determine cone type (nipple, oval, globus, PMD)
— Simulated K readings

— Corneal astigmatism

— Steepest cone diameter

— Overall cone diameter

— E-values

Case 2: Oval Moderate

Apvancep ve cunic Tangential Map

ses mm—Power: 4
— Radius: 7.

10— From vertex:
ws Distanca 0.00mm
-merid °
o
pu
s Distance 0 33mm
s— 5.merid
o —
=
o m—
B Simulated Keratometer.
Qo — 16 mm) @6
@ m— )
—

o mm— Astigmatism: 0 870
=

ns M- 1
I Shape Factor: 0.55

Pupil Size: 2.96 mm
os

i

017
1155

AM
o)

3

jons.

£1303-2005 CARL ZE1SS MEDITEC ATLAS Version A12.2 0001]

Extrapoiated 1 mm

Choosing BOZD/LD

Simulated K readings (D, mm) 46.25 (7.3)@150/47.12 (7.16) @060
Comeal (D) 087 x 150

Average K reading (D, mm) 46.68 (7.23)

Steepest K reading (D) 54.00

Steepest Cone diameter (mm) 4

Overall Cone diameter (mm) ([s)

Q. e and p values 56,0.75,0.44

*Q (asphericity) = e, e = eccentricity, p (shape factor) =1-Q

one type one diameters [BOZD ranges |LD ranges JLens Examples
foval Cone Fixed)
Early 20to40mm | 525t07.50mm | 85to9.6mm [CentraCone
[Moderate 42t050mm | 7.60t08.10mm | 9.8to 10.1mm [Centra PGA KBA,
fsevere 52107.0mm | 820109.40mm | 10210 11.4mm frregular Cornea
[Globus Cone >7.0mm 9.20t0 9.60mm | 10.2 to 11.4mm
OR semi-scleral
[Cone type (Cone diameters| BOZD LD [Lens Examples
[oval Cone:
" lcenvacone.
Icenra pGA
loderate 5.0mm 7.6t08.1mm 9.8mm [t et Graft
[Severe
Choose a FIXED BOZD/lens type to fit the oval cone, since as it
prog the cone larger, so the BOZD along

with the LD in order to maintain centration
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Choosing BOZR based on BOZD/LD

¢ Start with standard rule — a&@ Calc BOZR (D) (9.4L.D)
0.25D t0 -3.750>  Flat K (D) +0.609x(AK)
for 9.4mm LD with a 4.00010-750D  FlatK (D) +0.491x(AK)*™*
7.75D10-16.75D _ Flat K (D) +0.354x(AK)
7.4mm BOZD ** Average K for 7.4mm BOZD/9.4 LD
* Then adJUSt either Fixed BOZD/LD BOZR (mm)
1 H 5.25-6.5/8.5-9.01 Calculated K(mm) - 0.2
steeper (if BOZD/LDis ~ SZRecsoomm e o oo
H 7.6-8.1/9.8-10.1mm Calculated K(mm) + 0.15mm
Sma”er) or flatter If 8.2-8.6/10.2-10.6 Calculated K(mm) + 0.2 to
BOZD/LD is larger i

8.7-9.4/10.8-11.4 Calculated K(mm) + 0.4mm

AK (D) Calc. BOZR (D) (9.4LD/7.4 BOZD) BOZR adjusted
0.87D Flat K + 0.61X (0.87)=46.75D | Calc K +0.15mm (7.22+0.15) =
(7.22mm) 7.37Tmm

Sample Trial Lens Set

831 813 794 776 758 742 738 7i1 703 695 689 682 675 668 662 655 649
760 760 760 760 760 760 780 780 780 780 780 780 780 B0 800 B0 800
931 13 894 676 858 642 798 791 783 706 769 762 755 748 742 750 740
800 800 00 B00 800 800 820 820 820 820 820 820 820 B0 840 B0 84D
1033 1020 1015 1010 1000 980 B9 891 883 876 869 B62 855 645 842 655 840
860 860 860 B60 860 860 B0 880 880 880 880 B0 880 900 900 000 900
113 1150 1150 1140 1130 1100 1018 1011 1003 99 989 982 975 968 952 065 955
920 920 920 920 920 920 940 940 940 940 940 940 940 960 90 960 960
1235 1225 1215 1215 1210 1200 1168 1161 1LS3 1ld5 1139 1132 1125 1118 1112 1100 1100
980 980 980 980 98 950 1000 1000 1000 1000 1000 1000 1000 1020 1020 1020 1020

0200 0220 023 0259 0280 0204 0312 0321 03% 0342 0353 0364 0376 0413 0426 0453 0464

Closest to the
Adjusted K result
with the 7.6BOZD

Apply trial lens and assess fit

* Central Fit
— Adjust first until gentle 3-pt-touch achieved

Peripheral Fit

— Do not adjust until central fit is correct

— When flatter/steeper periphery needed,
adjustments to the BOZR and power may NOT be
made due to LARGE optic zones

Oval Cone: Moderate

9.8 LD :7.6 BOZD

Case 3: Oval Cone: Globus

* History
* Physical Measurements
* Biomicroscopy and tear assessment
* Topography
— Determine cone type (nipple, oval, globus, PMD)
— Simulated K readings
— Corneal astigmatism
— Steepest cone diameter
— Overall cone diameter
— E-values

Case 3: Oval Cone: Globus
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Choosing BOZD/LD

Simulated K readings (D, mm) 54.43 (6.2)@031/55.13 (6.12)@121
Comeal () 070 x 031

Average K reading (D, mm) 54.78 (6.16)

Steepest K reading (D) 71.80

Steepest Cone diameter (mm)

Overall Cone diameter (mm) 7.5)

Q. e and p values. 045,067, 0.55

*Q (asphericity) = 2, e = eccentricity, p (shape factor) = 1-Q

[onetype  [Cone diameters[BOZD ranges |LD ranges _|Lens Examples

(Globus Cone >7.0mm [9.20t0 9.60mm [10.2 to 11 4mm Pyna Intraimbal
loR semi-scleral Rose K Ireguiar Comea.
[semi-Scieral, MSD

[onetype  [Cone diameters|  B0ZD D [ens Examples

921096 11.omm  pyna insaimbal

Giobus Cone’ 7.5mm
Rose K Irreguiar Comea.

[seni-Scieral, MsD

Choose a FIXED BOZD/lens type to fit the oval cone, since as it
the cone b larger, so i the BOZD along
with the LD in order to maintain centration

Choosing BOZR based on BOZD/LD

AK(D) BOZR (D) (9.4LD)
-0.25D 0-3.75D 0 Flat K (D) +0.609x(AK)
400D 10-7.50D  Flat K (D) +0.491x(AK)™
7.75D 10 ~16.75D__Flat K (D) +0.354x(AK)

* Start with standard rule
for 9.4mm LD with a

7.4mm BOZD

** Average K for 7.4mm BOZD/9.4 LD

* Then adjust either

Fixed BOZD/LD

BOZR (mm)

5.25-6.5/8.5-9.0mm
7.2-7.5/9.2-9.6mm

steeper (if BOZD/LD is

Calculated K(mm)—0.2mm
Calculated K(mm)

H 7.6-8.1/9.8-10.1mm Calculated K(mm) + 0.15mm
Sma”er) Or fI atter (If 8.2-8.6/10.2-10.6 Calculated K(mm) + 0.2 to 0.3mm
H 8.7-9.4/10.8-11.4 Calculated K(mm) + 0.4mm
BOZD/LD is larger L ),
AK (D) Calc BOZR (D) (9.4LD/7.4 BOZD) BOZR adjusted
0.70D Flat K +0.61 X (0.70) = 54.86D K +0.4mm (6.15+0.4) =
(6.15mm) 6.55mm

Sample Trial Lens Set

854 833 813 794 776 758 742 T8 711 69 68 682 675 662 655 649
940 940 940 940 940 940 940 940 940 040 94D 040 040 940 940 940
973 953 9 914 B9 878 852 B4 830 810 800 790 780

980 980 980 980 980 980 980 980 980 080 980 980
1120 1100 1090 1080 1070 1060 1050 1040 1020 1000 90 985 980
1020 1020 1020 1020 1020 102 1020 1020 102 1020 102 102 102 102 1020 102
1220 1200 1190 1180 1170 1160 1150 1140 1130 1120 1115 1110 1105

1060 1060 1060 1060 1060 1060 1060 1060 1060 1060 1060 1060 1060 1060 1060
1365 1350 1335 1325 1305 1300 1205 1285 1275 1265 1260 1255

1120 1120 1120 1120 1120 1120 1120 1120 1120 1120 1120 1120 1120 1120 1120 1120
0245 0263 0285 0300 033 0362 0391 0442 0454 0490 0508 0528 D549 0560 0617 0641

0703

Apply trial lens and assess fit

* Central Fit
— Adjust first until gentle 3-pt-touch achieved

Peripheral Fit

— Do not adjust until central fit is correct

— When flatter/steeper periphery needed,
adjustments to the BOZR and power may NOT be
made due to LARGE optic zones

Oval Cone: Globus

11.2 LD :9.4 BOZD

Case 4: PMD: Late

* History
* Physical Measurements
* Biomicroscopy and tear assessment
* Topography
— Determine cone type (nipple, oval, globus, PMD)
— Simulated K readings
— Corneal astigmatism
— Steepest cone diameter
— Overall cone diameter
— E-values
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Case 4: PMD (late)
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Choosing BOZD/LD

Simulated K readings (D, mm) 44.62 (7.56)@076/48.87 (6.91)@166
Comeal ©) -4.25x 076

Average K reading (D, mm) 46.75 (7.3)

Steepest K reading (D) 54.50

Steepest Cone diameter (mm) 6

Overall Cone diameter (mm) 8.5)

Q. e and p values 23,048,0.77

*Q (asphericity) = €2, e = eccentricity, p (shape factor) = 1-Q

one type [Cone diameters BOZD ranges LD ranges [Lens Examples
[PMD: (Fixed)
[Early 50t0 7.0mm | 82t0 9.4mm |10.2to 11.4mm [Dyna Intralimbal
lLate 7.2t09.0mm | 9.4t0 10.5mm [11.4 to 18.2mm Irregular Cornea.

Semi-Scleral, MSD.

one type _ [Cone diameters 502D D [Lens Examples
lpvD [oyma invaimbal
[Rose K ireguar Cornea
Late 8.5mm 9.4t0 10.5mm 135mm [Pemsdent

Choose a FIXED BOZD/lens type to fit the oval cone, since as it
[¢] the cone b larger, so il the BOZD along
with the LD in order to maintain centration

Choosing BOZR based on BOZD/LD

* Start with standard rule

AK (D) BOZR (D) (14.0 LD)
as recommended by 020101000 FaK (D)
-1,00D10-2,000  Flat K (D) +0.50D st
manufacturer (H LD) 2.250 :nd up F\aAK(D)$O3Ux(:;)EPer
Scleral Lens.

¢ Then adjust either
steeper (if BOZD/LD is
smaller) or flatter (if
BOZD/LD is larger)

AK (D) BOZR (D) (14.0 LD) BOZR adjusted (13.5 LD)
4.25D Flat K + 0.3(AK)= 44.62 + 0.3(4.25) =45.89D 45.89D + 0.25D=46.25D
(7.34mm) (7.30mm)

Apply trial lens and assess fit

* Central Fit

— Adjust first until very gentle 3-pt-touch achieved if LD
is 14.0 mm or LESS

— Otherwise, clear the apex of the cone, completely
— Remember that the lens will settle back! So wait!

* Mid-Peripheral Fit

— Ensure that there is clearance over the limbus

* Peripheral Fit

— Ensure that there is NO blanching of the blood vessels
and conj moves freely beneath the lens edge

PMD: Late

13.5 LD: Flattened

13.5LD: Steep

If area of touch is too harsh with PMD- late, then try a reverse
geometry type design, where the central portion is flatter reducing
the central clearance and the mid-periphery is steeper allowing more
clearance over the inferiorly displaced cone.

Current technology to help with
peripheral fit

* OCT technology

Limbal Clearance Zone

Limbus

Photo: Randy Kojima
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