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Calculation of the power of anterior chamber
implants

Jose R Villada, Palaniswamy Sunder Raj, Tayo Akingbehin

Abstract
Ninety seven eyes with anterior chamber
implants and a best corrected visual acuity of
at least 6/12 were studied, firstly, to compare
the predictive accuracies of the commonly
used formulas for intraocular lens (IOL) power
calculation and, secondly, to determine the
effect of optimising the 'A' constant on the
predictive accuracies ofthe empirical Sanders-
Retzlaff-Kraff (SRK) formulas. The accu-
racies of the empirical formulas (SRK and
SRK II) were generally similar to those of the
theoretical formulas (Binkhorst II and
Colenbrander-Hoffer). However the original
SRK formula was more accurate than the two
theoretical formulas in long eyes and in all eyes
overall. Optimisation of the 'A' constants did
not improve the predictive accuracy of the
empirical SRK formulas.
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Several formulas are available for calculating
intraocular lens (IOL) power. Theoretical'-3
formulas were used in the initial stages followed
by the development of more accurate empiri-
cal"7 formulas. The two commonly used theo-
retical formulas are the Binkhorst II8 and
Colenbrander-Hoffer9 but the Sanders-Retzlaff-
Kraff or SRK regression formula7 is presently
the most commonly used IOL power calculation
formula and this has recently been modified
(SRK II)'° to take into account the non-linear
relationship between axial length and IOL
power. The predictive accuracy of the newly
described SRK II formula was better than the
original SRK formula in posterior chamber
IOLs.'0" In anterior chamber IOLs, however,
the SRK II formula was found to be less accurate
than the original SRK formula and both of them
were less accurate than the Binkhorst II
formula.'2 A literature search revealed only a

limited number of studies on the performance of
various IOL power calculation formulas in
anterior chamber IOLs.
The use of optimised, rather than

manufacturer recommended, constants has been
reported to improve the predictive accuracy of
the empirical SRK and SRK II formulas in
posterior chamber lens implantation.'0" 13-17

Comparable information is not available for
anterior chamber IOLs. This study was carried
out, firstly, to compare the predictive accuracies
of the commonly used IOL power calculation
formulas and, secondly, to determine the effect
of optimising the 'A' constant on the predictive
accuracies of the two empirical SRK formulas in
anterior chamber IOL implantation.

It must be noted that apart from the commonly
used IOL power calculation formulas evaluated
in this study various other formulas have recently

been introduced including the Holladay'8 and
SRK/T'9 formulas, both of which combine the
theoretical and empirical approaches.

Material and methods
All cases of anterior chamber IOL implantation
performed at our hospital, either as a secondary
procedure for aphakia or following rupture of the
posterior capsule in intended extracapsular
extraction, between January 1984 and January
1990 were reviewed. We excluded cases of
combined trabeculectomy and anterior chamber
IOL implantation, and also if best corrected
postoperative visual acuity was <6/12 or if
postoperative refraction data were incomplete.
The 97 eyes with anterior chamber IOLs which
met the inclusion criteria were studied to evaluate
the predictive accuracies of the various IOL
power calculation formulas.

All the implantations were performed by two
surgeons using indentical surgical techniques.
The anterior chamber lenses implanted were of
the same style and made by a single manufacturer
- Kelman Multiflex MT Series (Cilco).
IOL power was calculated from measurements

of axial length and corneal curvature. Axial
length was measured by applanation (A scan
ultrasonography) using the Cilco Sonometrics
Digicon. Corneal curvature was measured with a
Topcon OM-4 keratometer. The software
program within the ultrasound equipment was
used to calculate the emmetropic IOL power
and the predicted postoperative refraction for
multiple IOL powers based on the SRK or SRK
II formulas with the manufacturer recommended
'A' constant of 115 3. The actual power of the
IOL implanted by the surgeon in each case
depended on the refractive needs of the patient
and the state of the lens and the refraction in the
fellow eye. Postoperative refraction used in this
study were carried out between 8 and 12
weeks postoperatively when spectacles were
prescribed.
Each of two theoretical and two empirical

formulas, with the respective manufacturer
recommended constant ('A' constant or anterior
chamber depth), was used to predict the post-
operative refraction in each patient for the lens
power implanted by the surgeon. The value (in
dioptres) of the difference between the predicted
postoperative refraction and the actual post-
operative refraction (spherical equivalence in
dioptres), termed the predictive error, was
computed in each individual case, for the four
formulas under evaluation.
The predictive accuracies of the four formulas

evaluated were compared on the basis of mean
'absolute' predictive error and its standard
deviation, the range of predictive errors, and the
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distribution of the predictive errors (percentage
of cases with actual postoperative refraction
within 1 or 2 dioptres respectively of predicted
postoperative refraction).

In the second part of this study, the SRK and
SRK II formulas were solved to derive the
respective optimised 'A' constants based on
measurements of axial length (in mm), corneal
curvature (in dioptres) and the actual post-
operative refraction (spherical equivalence in
dioptres). In addition we 'personalised' the SRK
II formula by first grouping the eyes according to
axial length'° into short eyes (<22 mm), long
eyes (¢e24'5 mm), and average eyes and then
deriving optimal 'A' constants within each group.

During optimisation of the 'A' constants the
following groups of eyes were excluded: obvious
errors in axial length or corneal curvature
measurement, refractive error due to IOL tilt or
malposition, induced surgical astigmatism of
>2-5 D cylinder, and any eye with a predictive
error of >2'5 D in spherical equivalence. These
eyes were however included when evaluating the
predictive accuracies of the two SRK formulas.
The 'A' constants were optimised using the

refraction factors (RFs) recommended with each
formula - the SRK formula2 uses a refraction
factor of 1'5, while the SRK II3 uses 1-25 for
emmetropic IOL > 14 D and 1-0 for emmetropic
IOL - 14 D. The inverse of this refraction factor
indicates the amount of change in postoperative
refraction that will result for each dioptre ofIOL
power above or below the IOL power required for
emmetropia. The formulas evaluated were: (1)
SRK formula with the manufacturer recom-
mended 'A' constant, (2) SRK formula with the
optimised 'A' constant, (3) SRK II formula with
the manufacturer recommended 'A' constant, (4)
SRK II formula with the optimised 'A' constant,
and (5) the 'personalised' SRK II formula. Each
of the above five formulas was used to predict the
postoperative refraction and compute the predic-

Table 1 Predictive error (in dioptres) ofthefourformulas evaluated in eyes grouped according
to axial length

p value
Mean (SD)* Range vs SRKformula

Short eyes
AL<22mm (n= 18)
SRK 1-33 (1-30) -0-943-69 -
SRK II 1-47 (0 88) -1-68-3-20 NS
Binkhorst II 1-37 (1-13) -1-12-3-60 NS
Colenbrander-Hoffer 1-44 (0-95) -1-92-3-20 NS
Average eyes
AL 22-24-49 mm (n=51)
SRK 1-22 (1-05) -1-81-3-42 -
SRK II 1-23 (1-06) -2-163-52 NS
Binkhorst II 1-48 (1-13) -1-20-3*92 NS
Colenbrander-Hoffer 1-38 (1 05) -1-763-84 NS
Long eyes
AL>24-5 mm (n=28)
SRK 0-82 (0 58) -2-21-1-34 -
SRKII 1-17(0 88) -2 80-250 NS
Binkhorst II 1-54 (0 94) -1-503-50 <0-001
Colenbrander-Hoffer 1-77 (0-92) -150-400 <0-001
All cases (n= 97)
SRK 1-13(0-99) -2-21-3-69 -
SRKII 1-25(0-99) -2 80-352 NS
Binkhorst II 1-47 (1-05) -1-503-92 <0 05
Colenbrander-Hoffer 1-50 (0-99) -1-924-00 <0-01

* Mean (SD) of absolute predictive error
AL=axial length
n=number of cases
NS=not significant

tive error in each individual case for the lens
power implanted by the surgeon.
The predictive accuracies of the five formulas

evaluated were compared on the basis of: mean
absolute predictive error and its standard
deviation, 'average' predictive error (taking into
account the plus or minus signs of the predictive
errors) and its standard deviation, and the distri-
bution of the predictive errors (number of cases
with < 1 D or <2 D of predictive error).

STATISTICAL ANALYSIS
In both parts of this study the statistical
significance of the differences in the predictive
accuracies of the formulas evaluated was assessed
using (i) standard error of the difference between
means on the mean predictive error of the
different formulas, and (ii) x2 test on the number
of cases with <1 D of predictive error.

Results
Table 1 shows the mean absolute predictive errors
of each of the four formulas for anterior chamber
IOL implantation in eyes of different axial
lengths. There were 18 short eyes (<22 mm), 28
long eyes (:e24-5 mm), and 51 eyes of average
axial length (22-24-49 mm). The SRK formula
had the smallest mean predictive error overall.
This was statistically significant when com-
pared with the Binkhorst II (p<005) and
Colenbrander-Hoffer (p<0-01) formulas but not
with the SRK II formula (p>0- 1). The SRK
formula also had the smallest mean predictive
error within the different subsets of eyes studied
but this was not statistically significant except
when compared with the Binkhorst II and
Colenbrander-Hoffer formulas in long eyes
(p<0O001). The theoretical formulas had larger
predictive errors than the empirical formulas in
eyes of average and long axial lengths but were
similar in short eyes.
The distribution of the predictive errors of the

four formulas evaluated in eyes of different axial
length groups is shown in Table 2. The predictive
errors are depicted as cumulative percentages
within 1 dioptre and within 2 dioptres and as
percentages over 3 dioptres for each of the
various IOL power calculation formulas. The
SRK formula had the largest percentage of cases
within 1 D of predicted postoperative refraction
in short eyes (67%), long eyes (7 1%), and all cases
(70%). However none of the differences in Table
2 were statistically significant.
The manufacturer recommended 'A' constant

with the SRK formula was 115'3 for the Kelman
Multiflex style of anterior chamber IOL
implanted in all the cases. After optimisation the
'A' constant was 116'-1 for the SRK formula and
116-2 for the SRK II formula respectively.
The optimised 'A' constants for the

personalised SRK II formula were 116'8 for
short eyes, 116'3 for eyes of average axial length,
and 1 15'6 for long eyes.

Table 3 shows the predictive errors of the
various formulas in eyes ofdifferent axial lengths.
After optimising the respective 'A' constants
both the SRK and SRK II formulas showed a
reduction in mean absolute predictive error and a
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Table 2 Distribution ofpredictive error ofthefourformulas in eyes grouped according to the
axial length

SRK SRK II Binkhorst II Colenbrander-Hoffer

Short eyes
AL <22 mm (n= 18)
* <1 D 67 33 56 50
*<2D 78 67 78 78
t>3D 6 6 6 6
Average eyes
AL 22-24-49 mm (n=51)
* <1 D 71 73 65 65
*<2D 90 92 88 86
t>3D 2 2 4 4
Long eyes
AL ¢24-5 mm (n=28)
*<1D 71 64 46 43
*<2D 93 82 82 86
t>3D - - 4 4
All cases (n= 97)
*<1D 70 63 58 56
*<2D 89 85 85 82
t>3D 2 2 4 4

AL= axial length
n=number of cases
*cumulative percentages
tpercentage of all eyes

tendency for the mean 'average' predictive error
to be closer to zero with one exception: in long
eyes the mean 'average' predictive error of the
SRK formula moved away from zero. The
personalised SRK II formula had the lowest
mean absolute predictive error and the closest to
zero mean 'average' predictive error except in
long eyes (Table 3). After optimisation of the 'A'
constant the SRK formula (p<004), SRK II
formula (p<005), and the personalised SRK II
formula (p<003) showed a statistically signifi-
cant reduction in the mean 'average' predictive
error when all the eyes were considered.

Table 4 shows the cumulative percentages of
cases with actual postoperative refraction within
1 D and within 2 D ofthe predicted postoperative
refraction and also the percentage of eyes with
more than 3 D of predictive error for the five
formulas evaluated. None of the differences were
statistically significant.

Discussion
In this study of commonly used IOL power
calculation formulas in anterior chamber IOL

Table 4 Distribution ofpredictive errors of the various
formulas evaluated in eyes grouped according to axial length

SRK OptSRK SRK II OptSRK II PersSRK II

Short eyes
AL <22 mm (n= 18)
* <1 D 67 72 33 39 61
*<2 D 78 94 67 72 94
t>3D 6 6 6 6 -

Average eyes
AL 22-24-49 mm (n=51)
* <1 D 71 71 73 73 75
* <2 D 90 90 92 92 94
t>3D 2 - 2 - -

Long eyes
AL >24 5 mm (n=28)
*<1D 71 79 64 75 86
*<2 D 93 96 82 96 96
t>3D - 4 - 4 -

All cases (n= 97)
* <1 D 70 73 63 67 75
*<2D 89 93 85 90 95
t>3D 2 2 2 2 -

AL=axial length
n=number of cases
*cumulative percentages
t percentage of all eyes

Table 3 Predictive errors of theformulas evaluated in eyes
grouped according to axial length

Predictive error (in D)
Average Absolute
Mean (SD) Mean (SD)

Short eyes
AL <22 mm (n= 18)
SRK 1*10(1*53) 1 33 (1 30)
Optimised SRK 0-68 (1-42) 1-23 (1-04)
SRK II 0-51(1-71) 1-47 (0-88)
Optimised SRK II -0 37 (1-63) 1-39 (0-77)
Personalised SRK II 0-03 (1-61) 1-19 (0 84)
Average eyes
AL 22-24-49 mm (n=51)
SRK 0 70(1-46) 1-22(1-05)
Optimised SRK 0-26(1-51) 1-19(0-81)
SRK II 0-67 (1-47) 1-23 (1-06)
Optimised SRKII 0-19(1-50) 1-17(083)
Personalised SRK II 0-08 (1-51) 1-16(0 80)
Long eyes
AL :24 5 mm (n=28)
SRK -0-02 (1-04) 0 82 (0-58)
Optimised SRK -0-26 (1-29) 1 13 (0-99)
SRK II 0-50 (1 41) 1-17 (0-88)
Optimised SRK II 0-14 (1-26) 0-95 (0-83)
Personalised SRK II 0-28 (1-28) 0-85 (0-81)
All cases (n=97)
SRK 0 57 (1-40) 1-13 (0 99)
Optimised SRK 0-13 (1-45) 1 11 (0-87)
SRK II 0 59 (1-47) 1-25 (0 99)
Optimised SRK II 0-17 (1-45) 1-21 (0-83)
Personalised SRK II 0-11(1-44) 1 08 (0-81)

AL=axial length
n=number of cases
SD= standard deviation

implantation the predictive accuracy of the SRK
II formula was similar to that of the SRK formula
and two theoretical formulas, Binkhorst II and
Colenbrander-Hoffer. The SRK formula was
similar to the two theoretical formulas in short
and average eyes but was more accurate in all the
eyes as a whole and in long eyes.

In Richards and Steen's report of anterior
chamber IOLs,'2 the Binkhorst II theoretical
formula was more accurate than the SRK and
SRK II empirical formulas. This conclusion is
not supported by our findings. This may be
because several factors affect the accuracy of the
IOL power calculation formulas. These include
the method of ocular biometry, the surgical
technique, the type and style of IOL, the IOL
manufacturer, and the axial length ofthe operated
eye."III20 In view of this we recommend that each
ophthalmic surgeon should select the most
accurate formula for his/her own practice by
comparing the performance of the various
formulas in a sample of his/her own patients after
standardising the factors that affect IOL power
calculation.
The manufacturer recommended constants

were used in this study since the aim was to
evaluate the comparative performance of the
various IOL power calculation formulas in
anterior chamber IOLs. The use of optimised
constants reportedly improves the accuracy of
various IOL power calculation formulas in
posterior chamber intraocular lenses.'0 1'17 19

This result has not yet been demonstrated with
anterior chamber IOLs.

In the second part of this study of anterior
chamber implants we focused our attention on
the empirical SRK formulas (SRK and SRK II)
mainly because they are highly accurate, widely
utilised, and their 'A' constants can be readily
optimised unlike the constants used by the
theoretical formulas.` 13-17 21-28
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We did not evaluate the recently developed
SRK/T formula'9 which is a combination of the
empirical and theoretical approaches because (i)
at present it is neither readily available nor
widely used, (ii) it was not superior to the more
commonly used SRK II formula except in eyes of
axial length >28-4 mm,9 and eyes of this axial
length were not encountered in this study
population.
The optimisation of the 'A' constants resulted

in a statistically significant reduction in the mean
'average' predictive error, but there was no
significant increase in percentage of cases within
1 D of predictive error. This may be due to the
relatively small number ofeyes studied. Presently
we are undertaking a larger study to determine if
the observed statistically significant reduction in
the mean 'average' predictive error after
optimisation of the 'A' constant translates into a
significant increase in predictive accuracy of the
empirical SRK formulas in terms of the per-
centage of cases within 1 D of predictive error.

We thank Sister A E Lewis for administrative help and M Lynch
for help with the computerised data analysis.
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