Refractive Power Calculations for Intraocular Lenses
in the Phakic Eye
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To correct a severe refractive error and obvi-
ate thick spectacles or contact lenses, an intra-
ocular lens can be placed in the anterior cham-
ber in front of the normal crystalline lens as
an alternative to keratorefractive procedures.
The power of the intraocular lens may be
determined from the recipient’s spectacle cor-
rection, its vertex distance, and the corneal
power in diopters. These measurements, com-
bined with an intraocular lens constant based
on its location within the anterior chamber,
provide the appropriate power of the intraoc-
ular lens.

These formulas were applied to seven Baik-
off anterior chamber lenses and three Momose
anterior chamber lenses in phakic eyes. The
mean absolute prediction error was 0.42 (stan-
dard deviation, £0.60) for the Baikoff lenses
and 0.57 (+0.64) for the Momose lenses. The
accuracy of the measurements is limited by
the accuracy of the preoperative refraction,
the measurement of the corneal power, and
the restoration of the preoperative refractive
power of the cornea.

T o correct LARGE REFRACTIVE ERRORS, intraoc-
ular lenses are being placed in the anterior
chamber in phakic eyes as an alternative to
keratorefractive surgery to obviate contact lens-
es or thick spectacles.”” Current surgery is
primarily limited to myopia of more than 6.00
diopters. The accuracy in calculating the appro-
priate refractive power of the intraocular lens to
achieve the desired postoperative refraction is
just as important as the usual calculation in
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patients undergoing cataract extraction. The
equations for determining the intraocular lens
power in phakic eyes, however, are different
from those used when a cataract is removed.

For the intraocular lens calculation in phakic
eyes, the optical elements of the eye (cornea
and crystalline lens) remain unchanged. These
conditions allow direct calculation of the neces-
sary intraocular lens power from the corneal
power, preoperative refraction, and vertex dis-
tance. Knowledge of the ultrasonic axial length
is not necessary. Because calculating the refrac-
tion assumes nothing about the thickness, re-
fractive index, or principal planes of the crystal-
line lens, the calculation is limited only by the
measurement accuracy of the corneal power,
refraction, and spectacle vertex distance.

The appropriate formulas were derived for
calculating the intraocular lens power from the
refraction when the crystalline lens is not re-

"moved. The refraction predicted by these for-

mulas were compared with the actual refractive
results of the first two styles of high minus
power anterior chamber lenses in phakic eyes.
These formulas also are valid for plus power
lenses used in phakic eyes with severe hypero-
pia and also may be used to determine the
proper secondary lens implant power in apha-
kia from the refraction in aphakic eyes.

Material and Methods

The only measurements necessary for the
calculation are the corneal power, the preopera-
tive refraction, and the vertex distance of the
refraction. The other variables necessary for
the calculation are the desired postoperative
refraction and the expected position of the
intraocular lens with respect to the corneal
vertex. If emmetropia is desired, the vergence
of the rays entering the crystalline lens induced
by the combination of the cornea and spectacle
must equal the vergence of the rays entering the
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crystalline lens by the combination of the cor-
nea and intraocular lens. The following three
formulas satisfy these conditions and yield the
intraocular lens power that will produce the
desired postoperative refraction:

(1) A4=374
(2) ELP=AA+SF

G) IoL= 1336 _ 1336
1336 _ELP 1336 _ELP
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1000 v 1000 v
PreRx DPostRx

where AA = anatomic anterior chamber depth
in mm (distance from corneal vertex to plane of
iris root), ELP = expected lens position in mm
(distance from corneal vertex to principal plane
of intraocular lens), SF = surgeon factor in mm
(distance from plane of iris root to principal
plane of lens, negative in anterior chamber),
IOL = intraocular lens power in diopters, K =
net corneal power in diopters, PreRx = preoper-
ative refraction in diopters, DPosiRx = desired
postoperative refraction in diopters, and V =
vertex distance in mm of refractions.

Multiplication of the measured keratometric
reading by the fraction 1333/1337.5 is recom-
mended to compensate for the steeper posterior
curve of the cornea, which reduces the net
power of the cornea by 0.25 to 0.50 diopter
compared to its front surface power.” The cal-
culation of the anatomic anterior chamber
depth from the corneal vertex to the plane of
the iris root has been described previously,*
although it requires the measurement of axial
length. The improved accuracy of performing
this calculation vs using a constant value of
3.74 mm for the anatomic- anterior chamber
depth®® is negligible for minus power anterior
chamber intraocular lenses of 10.00 diopters or
less in phakic eyes.

Because intraocular lens powers are only
available in specific powers (usually in 0.5-
diopter increments), equation 4 is given to
calculate the predicted postoperative refraction
(PPostRx) in diopters for a specific intraocular
lens power.

@
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Using this formula, a table can be created that
enables the surgeon to choose an available Iens
power and see the predicted refraction.
Equations 5 through 11 yield the reverse
solution for the lens position within the eye
(surgeon factor), given the stabilized actual
postoperative refraction (APostRx) and the ac-
tual power of the implanted intraocular lens.
These seven equations allow the surgeon to
determine the personalized surgeon factor
{PSF) based on the experience with any style of
lens after ten to 20 cases. Equation 10 includes
a * sign; the plus sign is used for myopic lenses
and the minus sign is used for hyperopic lenses.

) = 1336
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(10) ELP =—_‘.‘.’}£
24
an PSF=ELP— AA

Personalizing the surgeon factor reduces pre-
diction error.” Because lens constants are not
currently available for these new intraocular
lenses in phakic eyes, equations 5 through 11



Vol. 116, No. 1

Intraocular Lens Refractive Power 65

were used to determine the surgeon factor for
these two styles of lenses.

Results

TABLE
CALCULATION VALUES FOR PATIENT 1

INTRAOCULAR PERSONALIZED
LENS REFRACTION SURGEON

VARIABLE CALCULATION CALCULATION FACTOR

The surgeon factor was —1.027 mm for the
Baikoff lens and was —1.813 mm for the Mo-
mose lens. These values indicate that the prin-
cipal plane of the Momose lens was 0.8 mm
more anterior to the iris than the Baikoff lens.
The method for converting the surgeon factor
to the Binkhorst anterior chamber depth and
the Sanders-Retzlaff-Kraff A-constant have
been described previously.’® The numeric val-
ues of equations 1 through 11 were determined
for Patient 1 (Table).

The predicted refraction for each of the pa-
tients was determined by uSing equation 4. The
difference in the predicted refraction and the
actual postoperative spheroequivalent refrac-
tion yields the prediction error. The mean abso-
lute prediction error was 0.42 diopter (standard
deviation, *£0.60) for the Baikoff lens and 0.57
(standard deviation, £0.64) diopter for the Mo-
mose lens.

Discussion

Calculation of intraocular lens power in
phakic eyes requires measuring the corneal
power, preoperative refraction, and the vertex
distance. In these calculations, the preoperative
refraction is the new measured variable that
replaces axial length. Because the refraction
requires no assumptions, such as crystalline
lens thickness and presumed ultrasonic veloci-
ty, the prediction accuracy should exceed tradi-
tional intraocular lens.power calculations when
the cataractous lens is removed. The accuracy
of these early results supports this contention.

The second factor that should reduce the
prediction error with intraocular lenses in
phakic eyes has to do with the lens location
within the eye. A 1-mm error in the axial
location of a posterior chamber lens results in
approximately a 1.90-diopter error in the spec-
tacle plane. A 1-mm error in the axial location
of an anterior chamber lens results in approxi-
mately a 1.20-diopter error in the spectacle
plane.” However, the average power of lenses

Preoperative

refraction (D) -8.25 -8.25 -8.25
Vertex distance

of refraction

(mm) 14 14 14
Desired post-

operative

refraction (D) -0.50 — —
Anatomic anterior

chamber depth :

(mm) 3.74 3.74 3.74
Surgeon factor

(mm) -1.027
Net corneal

power (D) 4412 4412 4412
Expected lens

position {mm) 2713 2713
Intraocular lens

power (D)
Actual post-

operative

refraction (D) —_ — -0.75
Predicted post-

operative:

refraction (D) —_
Personalized

surgeon

factor (mm) — _

-1.027 —_

2935331

—8.179859 —8.00 —8.00

—0.651874 —

—0.804669

used after cataract extraction is approximately
20.00 diopters. Therefore, intraocular lenses in
the anterior chamber that average 10.00 diop-
ters in phakic eyes would be approximately one
half this amount or 0.60 diopter of error per
millimeter in axial location. Personalizing the
surgeon factor for phakic lenses of 10.00 diop-
ters or less therefore is not as critical as when
using posterior chamber intraocular lenses in
aphakic eyes.

A definite advantage of the high minus power
intraocular lens is the reduced minification
compared to high minus power spectacles. Fora
—12.00-diopter intraocular lens in a phakic
eye, the retinal image is approximately 25%
larger than the image formed on the retina by
the equivalent spectacle lens. A 25% larger
image on the retina is equal to a one-line
improvement in visual acuity. This benefit has
been verified clinically."



66 AMERICAN JOURNAL OF OPHTHALMOLOGY

July, 1993 .

Prediction accuracy with intraocular lenses
in phakic eyes will be limited primarily by the
accuracy with which these lenses are labeled,
the accuracy of the refraction, and the ability of
the surgeon to leave the corneal power un-
changed after the operation. The accuracy of
calculating the intraccular lens power to correct
refractive error in phakic eyes should be similar
to that achieved with conventional spectacle
lenses, that is, = 0.25 diopter. To achieve this

same prediction accuracy consistently with ex-

isting keratorefractive procedures, including
excimer laser procedures, would be difficult,
primarily because of unpredictable variation in
patient healing.
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