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1. Assumptions

A. Anatomy
The eye is a sphere of outer radius 12 mm.  The inner scleral surface is a sphere of radius 11 mm, terminated by the ora serrata at a height of 6 mm above the center of the eye. The macula and lens are located at opposite poles; the macula at 11 mm from the center (at inner scleral surface), and the center of the lens at 7.5 mm from the center of the eye.  The chord length from equator to macula is 15.6 mm.  (Fig. 1)  The maximum separation between the macula and the center of the optic disc in such cross section is 4 mm.

B. Tumor Localization

Distances as reported by the ophthalmologist are chord lengths at the inner scleral surface (as opposed to arc lengths).  Distances measured in “disc diameters” can be converted to mm at 1.5 mm per disc diameter. (Fig. 2)

C. Plaque
The center of the plaque is located over the center of the tumor base.  The seed arrangement is symmetric, and thus the relative rotation of the seed geometry is ignored.

2. 
Calculations

A. Coordinate System

A right handed cartesian coordinate system is defined for seed and dose point localization.  The x axis joins the center of the plaque (center of tumor base) and the center of the eye.  The plane of Figure 1 is the x-y plane.  The origin of the coordinate system is at the inner scleral surface. (Fig. 3)

B. Seed Localization

The “plane” of the plaque is the y-z plane.  A seed at the center of the plaque has x, y, z coordinates (-2.4, 0, 0), 1 mm to inner plaque surface + 1 mm to seed surface + 0.4 mm seed radius).

C. Dose Calculation Points

The points at which dose is to be calculated include the following (with x, y, z coordinates for the first four points):


i.
Apex of tumor of height H mm
(H, O, O)


ii.
5 mm depth from inner scleral surface 
(5 mm, 0, 0)


iii.
Inner scleral surface
(0, 0, 0)


iv.
Opposite retinal surface
(22 mm, 0, 0)




v.
Macula (fovea centralis)




vi.
Optic nerve (optic disc)




vii.
Center of lens


A suggested formalism for localizing the macula, optic disc, and center of lens is presented below.  With seeds and dose points localized, point dose calculations can easily be performed by hand, on a computer spreadsheet, or on a suitable treatment planning computer system.  However, in addition to the point dose reporting, isodose lines superimposed on the standard eye anatomy including tumor and target outlines and dose calculation points must be prepared.

D. Coordinate Localization of Macula, Optic Disc, and Lens 
In Figure 2 is shown the fundus view with tumor localized by the ophthalmologist.  Distances that should be available and recorded on this diagram include the major axes dimensions of the tumor base, and the distances of the tumor from the macula and the optic disc.  Note that as measured and reported these are chord lengths at the inner scleral surface.  If distances are specified in disc diameters the conversion to be used is 1.5 mm per disc diameter.

Figure 4 is a reproduction of Figure 2 on which the center of the tumor base is located and lines drawn from tumor center to the macula and to the optic disc.  The following chord lengths should be determined:
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=
Macula to tumor margin



[image: image2.wmf]BM


=
Base dimension of tumor at center in the direction 



from macula
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=
Disc to tumor margin
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=
Base dimension of tumor at center in the direction 



from disc

Depending on the shape of the tumor base, reasonable judgements must be made to determine 
[image: image5.wmf]BM

 and 
[image: image6.wmf]BD

.  The above chord lengths are indicated in Figure 4.

In Figure 5 chord lengths 
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 and 
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 are indicated on the standard eye cross section.  Referring to Figure 5, chord 
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subtends angle (1, and chord 
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 subtends angle (2.  The angle between the macula and the tumor center is (M = (1  + ½ (2.  These angles are easily calculated by assuming the standard eye anatomy as:
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Referring to Figure 6, the coordinates of the macula are then calculated as:
Xm = r (1 - cos (m) = 11 mm (1 – cos (m)


Ym = r sin (m = 11 mm sin (m

Zm = 0

The chord distance from macula to tumor base center is given by:
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The coordinates of the optic disc are calculated in similar fashion.  However, assuming the 
[image: image15.wmf]DT

 is measured from the edge of the optic disc, the angular separation of the disc radius, 0.068 radians (3.9 degrees), should be added for determination of (D.
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The chord distance from disc center to tumor base center is given by:
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Referring again to Figure 6, the coordinates of the center of the lens are calculated using (m as:



XL = 11 mm + 7.5 mm cos ( m


YL = 7.5 mm sin (m


ZL = 0

3.
Example 1 (POTFR)

The formalism presented above will be applied to the tumor described by the fundus diagram of Fig. 2.  In a simplification, this tumor can be transferred to the cross section by transferring chords 
[image: image18.wmf]MT

 and 
[image: image19.wmf]BM

, locating the tumor center, then transferring 
[image: image20.wmf]BD

 and 
[image: image21.wmf]DT

.  In a composition representation the relative location of the optic disc may require displacement from that shown in the transverse cross section.  From the fundus diagram, the following chords are determined:
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The coordinates of the macula, disc, and lens are calculated on the attached worksheet.

The chord lengths from tumor center to macula and disc center are given by:
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From the COMS protocol documentation, the total dose at each of these points must be calculated and reported, and these points located on the isodose distribution (Fig. 7).

4. Example 2 (EXMPL #2)


This recent case demonstrates some of the difficulties encountered with the simple approach used here.  In Fig. 8 is shown the fundus diagram, and in Fig. 9 the chords 
[image: image29.wmf]MT

,
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,  
[image: image31.wmf]BM


and 
[image: image32.wmf]BD

are drawn.  Definition of the center of the tumor base is imprecise, given the distortion of the fundus view.  The calculation of (M and (D ought rigorously be a three dimensional exercise, particularly (D in this example.


Nevertheless, charging ahead, . . . 
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For representation in cross section (refer to Fig. 10), chords 
[image: image37.wmf]MT

and 
[image: image38.wmf]BM

 are transferred and the tumor center located.  Then chord 
[image: image39.wmf]BD

 is transferred, centered on 
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; then 
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 is transferred.  Finally, the maximum base diameter (6DD = 9 mm) is added, centered with 
[image: image42.wmf]BM

 and 
[image: image43.wmf]BD

.  The result is a crude composite of three eye sections.


My procedure for preparing the cross section for dosimetry has been to locate the tumor based on 
[image: image44.wmf]MT

 and 
[image: image45.wmf]BM

, locate the center of the optic disc based on 
[image: image46.wmf]DTC

, and represent the tumor by its largest base dimension.


Calculations for this case are attached, and the dose distribution is shown in Fig. 11.



PLAQUE DOSIMETRY WORKSHEET

Patient Name:


Date:  


Hospital #:


Base Diam.:  






Tumor Height:  






Plaque Diam.:  


From Fundus Diagram
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XM = 11 mm (1 – cos (M: _____) = _____
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YM = 11 mm sin (M: _____ = _____
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 + SQRT (XD2 + YD2) = _____

XD = 11 mm (1 – cos (D: _____) = _____
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 + SQRT (XL2 + YL2) = _____

YD = 11 mm sin (D: _____ = _____

XL = 11 mm + 7.5 mm cos (M: _____ = _____

YL = 7.5 mm sin (M: _____ = _____

	Location
	X
	Y
	Z
	(mm)

	Apex
	___
	0
	0
	

	5 mm Depth
	5
	0
	0
	

	Inner Sclera
	0
	0
	0
	

	Opposite Retina
	22
	0
	0
	

	Macula
	___
	___
	0
	

	Optic Disc
	___
	___
	0
	

	Lens Center
	___
	___
	0
	


Completed by:  _______________
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