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Treatment of Treatment of AstigmatismAstigmatism
Treatment of Treatment of astigmatismcanastigmatismcan bebe frustratingfrustrating , , 

mostlymostly ifif elevatedelevated
ResidualResidual error error maymay bebe presentpresent despitedespite all all 

effortsefforts
ResidualResidual axisaxis maymay bebe disturbinglydisturbingly differentdifferent

fromfrom preoperativepreoperative axisaxis
Custom ablation… Custom ablation… hashas solvedsolved the the problemproblem

onlyonly partiallypartially
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Up Up toto 20012001
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MaterialsMaterials & & MethodsMethods
•• NIDEK EC 5000NIDEK EC 5000
•• PRK PRK -- LASEKLASEK
•• Amoil’sAmoil’s brushbrush--AsicoAsico LASEK setLASEK set
•• CrossCross--CylinderCylinder TechniqueTechnique
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MaterialsMaterials & & MethodsMethods
High PowerHigh Power M and CH M and CH AstigmatismAstigmatism -- PreoperativePreoperative

•• 29 29 eyeseyes of 20 patientsof 20 patients
•• VA 0.84 VA 0.84 ±± 0.150.15
•• Sph 1.73Sph 1.73 ±± 1.25 D1.25 D
•• CylCyl ––3.20 3.20 ±± 0.90 D0.90 D
•• Axis 37.9Axis 37.9°° ±± 60.060.0°°
•• SE 0.06 SE 0.06 ±± 1.25 D1.25 D
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ResultsResults
High Power M and CH High Power M and CH AstigmatismAstigmatism -- PostoperativePostoperative

•• FollowFollow up: 327 up: 327 ±± 196 days196 days
•• VA 0.88 VA 0.88 ±± 0.110.11
•• Sph 1.11Sph 1.11 ±± 1.521.52 DD
•• CylCyl ––1.55 1.55 ±± 1.42 D1.42 D
•• Axis 41Axis 41.3.3°° ±± 63.363.3°°
•• SE 0.34 SE 0.34 ±± 1.11 D1.11 D
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SAFETY: Change in BSCVA SAFETY: Change in BSCVA -- PercentPercent
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RefractiveRefractive OutcomeOutcome::
% % withinwithin AttemptedAttempted CorrectionCorrection
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AttemptedAttempted vs. vs. AchievedAchieved SESE
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PreopPreop CylCyl vs. vs. AchievedAchieved Change in Change in CylCyl. . 
((basedbased on Vector Analysis)on Vector Analysis)
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ConclusionsConclusions
High Power M and CH High Power M and CH AstigmatismAstigmatism

Multizone CrossMultizone Cross--Cylinder is a safe techniqueCylinder is a safe technique
Reduction: Reduction: 56%56% Sphere and Sphere and 49%49% Cylinder Cylinder 
Total wavefront error: decreased (astigmatism is the Total wavefront error: decreased (astigmatism is the 
main component)main component)
Spherical aberration and coma: unchangedSpherical aberration and coma: unchanged

…is that all ?
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AxisAxis AlignmentAlignment
High Power M and CH High Power M and CH AstigmatismAstigmatism

•• Mean preoperative axis: Mean preoperative axis: 
37.9 37.9 ±± 60.0 degrees60.0 degrees

•• Mean postoperative axis: Mean postoperative axis: 
41.3 41.3 ±± 63.3 degrees63.3 degrees

•• Mean resultant axis of correction: Mean resultant axis of correction: 
63.3 63.3 ±± 64.5 degrees64.5 degrees

•• Mean axis error:Mean axis error: 9.6 9.6 ±± 14.6 degrees14.6 degrees
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PowerPower -- VectorialVectorial ChangeChange
AstigmatismAstigmatism

•• Mean preoperative Mean preoperative cylcyl: : --3.20 3.20 ±± 0.90 D0.90 D
•• Mean postoperative Mean postoperative cylcyl: : --1.55 1.55 ±± 1.42 D1.42 D
•• Mean Mean cylcyl power power vectorialvectorial change : change : 

--1.98 1.98 ±± 0.84 D0.84 D

•• Mean Mean Refractive ErrorRefractive Error induced by axis misalignmentinduced by axis misalignment::
•• 0.92 0.92 ±± 1.38 D sphere1.38 D sphere
•• --1.22 1.22 ±± 1.06 D cylinder1.06 D cylinder
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CyclotorsionCyclotorsion
ExtensiveExtensive cyclotorsionalcyclotorsional movementmovement isis a a 

clinicalclinical realityreality
CyclotorsionalCyclotorsional can can resultresult in in significantsignificant opticaloptical

errorserrors
Compensation with Compensation with automated cyclotorsional automated cyclotorsional 

trackingtracking is is necessarynecessary toto optimizeoptimize the the benefitsbenefits of of 
wavefrontwavefront--drivendriven ablationsablations

((McDonaldMcDonald MB, AAO MB, AAO 
Refractive Refractive SurgerySurgery SubspecialtySubspecialty Day, 2003 )Day, 2003 )
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Effects of Ocular Cyclotorsion Effects of Ocular Cyclotorsion 
during Ablationduring Ablation

CylCyl
–– UndercorrectionUndercorrection
–– Different Different postoppostop. axis. axis
SphereSphere
–– Negative Negative CylCyl: induces + sphere: induces + sphere
–– Positive Positive CylCyl: induces : induces -- spheresphere
HO AberrationsHO Aberrations
–– UndercorrectionUndercorrection
–– Increases HO aberrations (mostly coma)Increases HO aberrations (mostly coma)
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No Axis ErrorNo Axis Error



Dott.Dott. Fabrizio CamesascaFabrizio Camesasca TopicsTopics in in OphthalmologyOphthalmology

330 0 Axis Error ! Axis Error ! 
Inducing High Order AberrationsInducing High Order Aberrations

1.00 D Coma1.00 D Coma



CompromisingCompromising Custom Custom 
Ablation GoalAblation Goal

HO HO aberrationsaberrations lessless
toleratedtolerated thanthan residualresidual
refractiverefractive errorerror

HO HO aberrationsaberrations can can notnot bebe
correctedcorrected withwith spectaclesspectacles
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ComaComa
1st order1st order
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OPDAltim

Axial Istant

Wavefront mapWavefront map
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ComaComa
2nd order2nd order



Custom Ablation,Custom Ablation,
no no TorsionTorsion Error Error 

DetectorDetector
2001 2001 -- 20022002
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MaterialsMaterials & & MethodsMethods

•• OPD scanOPD scan
•• NIDEK EC 5000NIDEK EC 5000
•• Final Fit + Final Fit + CATzCATz
•• EyeEye trackertracker
•• LASEKLASEK
•• Amoil’sAmoil’s brushbrush--AsicoAsico LASEK setLASEK set
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125 eyes
• Mean age:  34 years (range: 20 to 53 yrs)

• Mean ± SD sph.: -5.12 D ± 2.54 D (-12.75 to 2.00)
• Mean ± SD cyl:-0.94 D ± 0.81 D (-4.50 to 0.00)
• Mean ± SD SE: -5.59 D ± 2.54 D (-13.63 to 2.00)

MaterialsMaterials & & MethodsMethods
Custom Ablation, no Custom Ablation, no TorsionTorsion Error DetectorError Detector
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PREDICTABILITY: Attempted vs Achieved (Scatter)      96 eyes

y = 0,95x + 0,22
R2 = 0,93
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Double Angle Average Cyl
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Custom Ablation,Custom Ablation,
TorsionTorsion ErrorError

DetectorDetector
2002 2002 -- 20062006
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MaterialsMaterials & & MethodsMethods

•• Mean age: 36 yrs (range: 22 to 56 yrs)Mean age: 36 yrs (range: 22 to 56 yrs)
•• OPD scanOPD scan
•• NIDEK EC 5000NIDEK EC 5000
•• Final Fit + Final Fit + CATzCATz
•• EyeEye trackertracker
•• Torsion Torsion ErrorError DetectorDetector
•• LASEKLASEK
•• Amoil’sAmoil’s brushbrush--AsicoAsico LASEK setLASEK set

68 68 eyeseyes
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PreopPreop. . RefractionRefraction
(68 (68 eyeseyes))

+4.00+4.000.000.00+3.00+3.00maxmax

--10.0010.00--5.005.00--9.009.00minmin

--6.006.00--0.750.75--5.005.00medianmedian

--6.256.25--0.750.75--6.006.00modemode

3.113.110.760.762.892.89S.D.S.D.

--5.105.10--0.800.80--4.514.51meanmean

SESECylCylSphereSphere
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PostopoperativePostopoperative RefractionRefraction
(3 (3 mosmos))

+2.00+2.000.000.00+2.00+2.00MaxMax

--1.001.00--1.001.000.000.00MinMin

0.000.000.000.000.000.00medianmedian

0.000.000.000.000.000.00modemode

0.400.400.350.35--0.320.32S.D.S.D.

0.000.00--0.180.18--0.090.09meanmean
SESECylCylSphereSphere
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PREDICTABILITY: Attempted vs Achieved (Scatter)      68 eyes

y = 0,96x + 0,18
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Double Angle Average Cyl
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AxisAxis RotationRotation
24% negative 24% negative axisaxis rotation rotation (i.e 10° (i.e 10° toto 5°)5°)

76% positive 76% positive axisaxis rotation  rotation  (i.e 10° (i.e 10° toto 15°)15°)

MeanMean: 3°: 3°
S.D.: 2.64°S.D.: 2.64°
MinMin.: 0°, .: 0°, Max.: 10°Max.: 10°
Mode: 3°,  Mode: 3°,  MedianMedian: 3°: 3°
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ConclusionsConclusions
Custom Ablation Custom Ablation appliesapplies eccentriceccentric
focalfocal ablationsablations
Cyclotorsion Cyclotorsion causescauses::
–– UnaccurateUnaccurate positioningpositioning of of spotsspots
–– CylinderCylinder axisaxis deviationdeviation
Severe Severe inductioninduction of of aberrationsaberrations



Dott.Dott. Fabrizio CamesascaFabrizio Camesasca TopicsTopics in in OphthalmologyOphthalmology

ConclusionsConclusions
CorrectCorrect axisaxis alignementalignement isis
mandatorymandatory
TorsionTorsion error detector error detector 
improvesimproves safetysafety and and resultsresults
of Custom Ablationof Custom Ablation
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The FutureThe Future
NIDEK offset systemNIDEK offset system
LOS and visual LOS and visual axisaxis
difference…difference…..
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