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Accuracy of routine intraocular lens power calculation
in a district general hospital
P T S GREGORY, R M ESBESTER, AND D L BOASE

From Queen Alexandra Hospital, Cosham, Portsmouth

SUMMARY To assess the accuracy of routine preoperative biometry we reviewed all cases of
extracapsular cataract extraction with posterior chamber implant performed at Queen Alexandra
Hospital in 1985. Of 471 eyes included in the survey 67-9% were within 1-0 D of the expected
refraction and 907% within 2.0 D. Factors influencing accuracy are discussed. The necessity of
routine preoperative biometry is emphasised.

There is increasing evidence of the value of preopera-
tive biometry to calculate the power of an intraocular
implant used during cataract surgery to avoid the
large range of postoperative refractive error associ-
ated with the use of a standard-power lens. This led to
the adoption of biometry in our hospital during 1984
and its routine use throughout 1985. The purpose of
this study was to measure the accuracy of our
biometry and discover reasons for any errors in the
hope that these might be minimised in the future.

Materials and methods

All cases of extracapsular cataract extraction with
implantation of a posterior chamber intraocular lens
(TOL) performed at Queen Alexandra Hospital in
1985 were reviewed, except where penetrating
keratoplasty was simultaneously performed. From
this total of 528 cases 57 cases were excluded for
various reasons (Table 1), leaving 471 eyes in the
survey.
A Haag-Streit Javal-Schi0tz keratometer was used

for keratometry in every case. Axial length was
measured with a Coopervision Ultrascan 2, 10 MHz,
liquid probe until September 1985, when a 3-M
Digiecho, 10 MHz, solid probe was used mounted on
a double table with the keratometer. This arrange-
ment made biometry much more rapid and con-
venient. We used IOLAB Sinskey style lenses with
100 forward angled loops, many with laseridge and
ultraviolet filter (Model nos. G707G and G757G).
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Biometry was carried out by optometrists, consult-
ants, and junior doctors. Twelve people with varying
degrees of experience made the measurements.
For each patient the following steps were taken.

First, keratometry and axial length measurement of
each eye were performed and spectacle prescription
recorded. A decision was then made on the desired
postoperative refraction. Generally we aimed for
emmetropia or slight myopia, but in an ametrope
with vision of 6/24 or better in the other eye we aimed
for two dioptres less ametropia than in the other eye
to avoid possible problems from aniseikonia and
anisometropia.
Next the power of intraocular lens for emmetropia

was calculated from the Sanders, Retzlaff, and Kraff
(SRK) formula':

IOL power =A-2-5 (axial length) -0-9 (mean keratometry) .

(dioptres) (mm) (dioptres)

The A constant recommended for this lens is 116-8,
but may be modified by any surgeon in the light of his
experience.
Where ametropia was desired, this calculation was

adjusted by the formula:
Poweram = Poweremm +±2/3 (dioptres ametropia

required). (The effectivity of a lens at the implant
plane is 2/3 that of a lens at the spectacle plane.)
For example, if the SRK formula suggested a 21-

dioptre lens for emmetropia in a given case, then if 2
dioptres myopia were desired postoperatively a 24-
dioptre lens would be required.
We now decided on the power of implant to use,

bearing in mind the desired postoperative refraction
and also that lenses were available only in half-
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Table 1 Patients excludedfrom survey

1. Biometry not performed: 24 cases
(a) No reason given: 14 cases
(b) Reasons given: 10 cases: 6 difficult eyes

4 difficult patients
2. Post-op. refraction data unavailable: 27 cases

(a) 9 Cases where refraction was not accurately recorded because
acuity was too low to confirm retinoscopy subjectively:

2 central retinal vein occlusions
2 disciform macular degenerations
1 ischaemic optic neuropathy
1 retinal detachment
1 cystoid macular oedema
1 open-angle glaucoma
1 implant subluxation

(b) 6 Cases died before refraction.
(c) 5 Cases were refracted elsewhere.
(d) 3 Cases moved away before refraction.
(e) 3 Cases acuity 'too good' for refraction.
(f) 1 Case did not attend for follow-up.

3. Records missing despite repeated searches: 5 cases
4. Biometry data illegible: 1 case
Total exclusions 57 cases

dioptre steps. We calculated the exact postoperative
refraction expected from this approximately correct
intraocular lens. For example: Suppose biometry
indicates that a 20-85 D implant will give emmet-
ropia. A 21-0 D implant is used. Postoperatively this
eye should have a refraction of: 2/3 (20-85-21-0)=
-0-10 D. This is the expected refraction with which
the actual postoperative refraction is compared to
assess the acuracy of our biometry.

Six to eight weeks after operation the eye was
refracted and astigmatism with the rule was corrected
by cutting and removing some or all of the inter-
rupted 10-0 nylon sutures2 (see below).
The final refraction was performed within 12

weeks, and the difference between this and the
expected refraction was recorded in each case. These
figures quantify the accuracy of our biometry. As a
comparison, an estimate was also made (by means of
the two-thirds effectivity factor) of the expected

Fig. 1 Numbers ofpatients in 0-2
dioptre steps.

postoperative refraction if a 21 -0-dioptre lens had
been used in each case.

Results

The accuracy of our biometry was determined by
recording the dioptric value of: (actual refraction)-
(expected refraction) in each case.
Over all cases the mean of this difference was

-0.17 dioptre, indicating that on average the eyes
ended up 0*17 dioptre more myopic than expected.
The standard deviation of this difference was 1P71
dioptres.
The equivalent figures estimated if a 21-0 D lens

had been used in each case were: mean postoperative
refraction -1-08 D, with standard deviation 2-68 D.
An average of emmetropia for our patients would
therefore have been achieved if the standard lens
power had been 19*38 D (21+32 (-1*08)=19-38).
The large standard deviation would of course not be
affected.
The only caution in comparing these figures is that

our accuracy is not totally transferred to the patient
owing to the half-dioptre steps between available
implants. From this a patient can expect on average
0*083 D less accuracy than if an infinite range of
powers were available. This is evidently of no
practical consequence.
The percentage of cases falling in given dioptre

Table 2 Percentage ofcases within dioptre ranges

Biometry
90-66% of cases were within ±2-0 D of the expected refraction.
84-29% of cases were within ± 1.5 D of the expected refraction.
67-94% of cases were within ± 1-0 D of the expected refraction.
40-76% of cases were within ±0-5 D of the expected refraction.
Standard 21 0 D lens
70-02% of cases were within ±2-0 D of emmetropia.
56-96% of cases were within ± 1-5 D of emmetropia.
42-83% of cases were within ± 1-0 D of emmetropia.
20-56% of cases were within ±0-5 D of emmetropia.

BIOMETRY
STANDARD 21.0D

-48
-44

-40

-36
-32

-28

-24
-20
-16
-12
-8

-4

-21-201 1 - - 8 -7 - 5+
an
6 +7R-21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -1 1 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 -I' +2 +3 +4 +5 +6 +7' +8

DIOPTRES ERROR
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ranges from biometry and the standard 21-0 D lens is
shown in Table 2, and a histogram of numbers of eyes
in 0-2 dioptre steps is shown in Fig. 1.
As mentioned above, in some cases sutures were

cut to reduce astigmatism. This was generally done
when there was a positive cylinder of 2 or more
dioptres with a near vertical axis (60°-120° approxi-
mately). In all, 384 sutures were removed from 100
eyes, with a mean reduction of 1*21 dioptres cylinder
per suture. Overall mean sphere refraction of an eye
was not affected by suture removal.

Discussion

Other surveys I"7 have studied the value of preopera-
tive biometry for calculating the power of intraocular
lenses for the correction of aphakia. This survey is
unusual in examining a large number of cases and
representing a whole year's workload from a district
general hospital. Our figures compare favourably
with other published studies."I'l3 18 We were
anxious to include all possible cases regardless of
biometric difficulty. A subjective confirmation of
refraction was obtained in most cases, but in some
cases retinoscopy was considered sufficiently
accurate.
Our figures of 90*66% of cases within ±2-0

dioptres of expected refraction show that encourag-
ing accuracy is being achieved. In some centres
biometry is not undertaken and a standard power
lens is used (usually 21-0 D for the type of posterior
chamber lens we are using). Our figures show that
this method would have produced a much wider
range of postoperative refraction than did biometry.
Other centres vary the implant power according to

the pre-cataract spectacle refraction. The usual
formula used is:

IOL power=21+3/2 (pre-cataract spectacle refraction).

It is well established that the dioptric power of an eye
depends on corneal curvature, crystalline lens posi-
tion and power,3 19 and axial length. In any group of
emmetropic eyes there will be found a wide range of
these four variables, despite their identical overall
refraction. This is why spectacle refraction alone
gives such a poor guide to implant power, as has been
shown by other studies.?5810 There is also little
correlation between fellow eyes of axial length,
keratometry, and anterior chamber depth. 19
We re-examined the records of our worst results-

that is, the 44 eyes where the final refraction differed
from expected by 2-0 dioptres or more. The errors
ranged from -20-0 dioptres (subsequently
remeasured and found to have been grossly mis-
measured preoperatively) to +8 75 dioptres. We
listed the apparent main causes of error (see Table 3).

Table 3 Reasonsfor inaccuracy

No. %

No obvious reason 16 36-4
Biometric difficulties 15 34-0
Long eyes 13 29 5
Short eyes 1 2-3
Proved mismeasurement 5 11-4
Surgical problems 3 6-8
Records unavailable 1 2-3

In some cases two or more of these factors were
present.

Biometric difficulties were ascribed to a number of
factors: (a) Mental and physical problems made
measurements technically difficult. (b) Ocular prob-
lems were: dense cataracts causing poor transmission
of ultrasound; cataracts and macular disease causing
poor fixation; corneal irregularities causing poor
keratometry. (c) Many of these cases were measured
by inexperienced biometricians.

Several cases showing the more extreme errors
were remeasured and found to have been wrongly
measured before surgery. We found only one short
(<21 mm) eye in the inaccurate group, but 10 long
eyes (>25 mm). This is 22-7% of our worst cases in
comparison with 7% of the whole survey. Some
authors advocate the use of a different formula to
calculate implant power in long and short eyes. II "-I'

Surgical problems may have contributed to the
inaccuracy of the results of biometry in three of these
cases. In one case the implant was nasally displaced,
potentially affecting the refraction; one wound had
to be resutured; and one posterior capsule was
ruptured.
Another possible source of error is the degree of

accuracy of the stated implant power, which has been
questioned, but which recent studies have shown to
be of a very high standard.2'22 We have therefore
relied on the quality control figures of the manu-
facturers.
Our results show that preoperative biometry is a

practicable routine procedure in a district general
hospital and has proved very useful in the accurate
correction of aphakia with intraocular lens implanta-
tion. Our results compare well with those in other
published series despite the fact that measurements
were undertaken by no fewer than 12 people and all
difficult cases have been included wherever possible.
We consider that biometry should be part of the
routine preoperative examination in all cases where
intraocular lens implantation is being considered.

We thank the Consultants at Queen Alexandra Hospital for
permission to report on their patients, and Lieut. Commander J R
Wills, RN, for help with data analysis.
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