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DDEFOCUS EFOCUS EQEQUIVALENTUIVALENT

““DEQDEQ”” = |SEQ| + 1/2 |= |SEQ| + 1/2 |cylcyl||

--0.50 +  1.00  x 90 = +0.500.50 +  1.00  x 90 = +0.50
--5.00 + 10.00 x 90 = +5.005.00 + 10.00 x 90 = +5.00

Proportional to Blur Circle/Proportional to Blur Circle/VaVa
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Spectacle and CornealSpectacle and Corneal
Astigmatism NOT EQUALAstigmatism NOT EQUAL

MYOPIA MYOPIA ---- Corneal Corneal AstigAstig LowerLower

HYPEROPIA HYPEROPIA ---- Corneal Corneal AstigAstig HigherHigher
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VertexingVertexing Refraction fromRefraction from
Spectacle to CorneaSpectacle to Cornea
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Three RX FormsThree RX Forms
@ Spectacle Plane@ Spectacle Plane

Plus cyl: -5.34 + 1.44 X 65°

Minus cyl: -3.90  - 1.44 X 155°

Cross cyl:     -3.90 X 65° and -5.34 X 155°

Vertex:14 mm
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VertexingVertexing Cross Cylinder FormCross Cylinder Form
from Spectacle to Corneafrom Spectacle to Cornea
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Three RX FormsThree RX Forms
@ Corneal Plane@ Corneal Plane

Plus cyl: -4.97 + 1.27 X 65°

Minus cyl: -3.70  - 1.27 X 155°

Cross cyl:     -3.70 X 65° and -4.97 X 155°

Vertex: 0 mm
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Computing Mean AstigmatismComputing Mean Astigmatism
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Computing Standard Deviation Computing Standard Deviation 
AstigmatismAstigmatism
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Holladay JT, Dudeja DR, Koch DD. Evaluating and reporting astigmatism for 
individual and aggregate data. J Cataract Refract Surg 1998

7/17/2006 Jack T. Holladay, M.D. 21-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Summit Apex Plus VISX Star

Cylinder 0.1 to 1 DCylinder 0.1 to 1 D

45

18090

135
7/17/2006 Jack T. Holladay, M.D. 22-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Summit Apex Plus VISX Star

Cylinder 1.01 to 2 DCylinder 1.01 to 2 D

45

18090

135



Individual and Aggregate Astigmatism Analysis 2006

Jack T. Holladay, M.D.,F.A.C.S. Page 4 of 5

7/17/2006 Jack T. Holladay, M.D. 23-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

Summit Apex Plus VISX Star

Cylinder 3.01 to 4 DCylinder 3.01 to 4 D

45

18090

135
7/17/2006 Jack T. Holladay, M.D. 24

Triple SIRC PlotTriple SIRC Plot

Preop
(+ 0.28 @ 89°)

SIRC
(+ 0.19 @ 89°)

Postop
(+ 0.47 @ 89°)
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Triple SIRC PlotTriple SIRC Plot

Preop
(+ 0.11 @ 77°)

SIRC
(+ 0.42 @ 91°)

Postop
(+ 0.52 @ 88°)
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ConclusionConclusion
Astigmatism Analysis must use 
doubled angles & DEQ

Cylinders and axes must be 
converted to Cartesian
Coordinates (X and Y)

SIRC and Prediction Error are 
the appropriate parameters to 
evaluate astigmatic results 
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Relationship of Axis Error  Relationship of Axis Error  
to Diopter Errorto Diopter Error
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DioptricDioptric Error vs. Angular ErrorError vs. Angular Error
for a for a 1.00 D1.00 D of astigmatismof astigmatism

Angle Error (°) Dioptric Error (D)

Dioptric Error = 2 * Cyl * sin (angular error)

% Error

2.002.00
1.931.93
1.731.73
1.411.41
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0.520.52

0.000.00
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Converting from Polar (Converting from Polar (CylCyl, Axis), Axis)
to Cartesian (X ,Y) Coordinatesto Cartesian (X ,Y) Coordinates

)2( axisCosCylinderX ∗∗=

)2( axisSinCylinderY ∗∗=
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Converting from Cartesian (X ,Y) Converting from Cartesian (X ,Y) 
Coordinates Coordinates 

to Polar (to Polar (CylCyl, Axis), Axis)
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Final Axis of Mean AstigmatismFinal Axis of Mean Astigmatism

•• IF X & Y > 0IF X & Y > 0
THEN  AXIS = AngleTHEN  AXIS = Angle

•• IF X < 0IF X < 0
THEN  AXIS = Angle + 90THEN  AXIS = Angle + 90°°

•• IF X > 0  &  Y < 0  IF X > 0  &  Y < 0  
THEN AXIS = Angle + 180THEN AXIS = Angle + 180°°
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Example Conversion fromExample Conversion from
Cartesian to PolarCartesian to Polar

DCylinder 40.0022.399. 22 =+=

oArcAngle 6.1
399.0
022.0tan

2
1

=⎟
⎠
⎞

⎜
⎝
⎛∗=

X = + 0.399      &     Y = + 0.022

Since X & Y > 0     +0.40 X 1.6°
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! Thank you for your Attention !
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