THE EFFECT OF MULTIPLE
VARIABLES ON
REFRACTIVE ERROR AFTER
CATARACT SURGERY

SUMMARY

THE EFFECT OF MULTIPLE VARIABLES ON THE REFRACTIVE

ERROR AFTER CATARACT SURGERY

Purpose: To analyze refractive results after cataract surgery in relation to used type of mono-
focal intraocular lens, calculation formula, to age, gender and laterality.

Settings: Department of Ophthalmology, Comenius University and University hospital in Bra-

tislava, Slovakia

Methods: We analyzed 173 eyes (118 patients) after uneventful cataract surgery. We calculated
prediction error (PE) and mean absolute error (MAE) of postoperative refraction.

Results and conclusion: We found no statistically significant differences in PE and MAE in
relation to types of used IOL, calculation formulas, gender, age or laterality.
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INTRODUCTION

Cataract surgery has made dramatic advances since 29
November 1949, when Sir Harold Ridley implanted the first
artificial intraocular lens (IOL) produced from polymeth-
ylmethacrylate (1). The first patient was a woman whose
postoperative refraction was high myopia to the degree of
-14 D. Today cataract surgery is not only a procedure for re-
storing the transparency of optic media, but also for adjust-
ing refractive errors. With an improvement in the surgical
techniques and biometric methods, we have made substan-
tial progress since Ridley's first lens. More than 90% of oper-
ated eyes attain postoperative refraction (stated in spherical
equivalent) within a range of +/- 1 D (2). Multiple factors
play a role in the overall result of cataract surgery. The most
important are precise biometry and a correctly chosen mod-
el for calculation of the dioptric strength of the IOL. In ad-
dition to these factors, also of fundamental importance are
the material, shape and other parameters such as individual
healing of the wounds, contraction of the capsule and many
others. For this reason we decided to compare certain input
and output parameters upon cataract surgery, and to eval-
uate our results.

COHORT AND METHOD

Our study was conducted in the premises of the Depart-
ment of Ophthalmology at the Faculty of Medicine, Come-
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nius University and University Hospital in Bratislava. We
retrospectively analysed data from examinations of patients
before and after cataract surgery. In total we included 173
eyes (of 118 patients) in our cohort. Of the total number
of 118 patients, 48 were men and 70 women. The patients
were aged from 27 to 90 years. The average age was 70.7 +
9.84 years. All the patients who took part in the study were
operated on at the department for cataract, with implanta-
tion of an IOL. All the preoperative and postoperative exam-
inations, including the operation itself, were conducted in
the period from September 2014 to March 2017. The opera-
tion itself was conducted by a number of different surgeons,
but with the same location of corneal incisions. Before cata-
ract surgery the patients underwent a measurement of the
biometric parameters of the eye with the aid of an optic bi-
ometer Lenstar LS900 (Haag-Streit, USA), using the principle
of OLCR (Optical Low-Coherence Reflectometry). A model
was used for calculation of the required I0L according to the
recommendations and experiences of the centre as follows:
for axial length (AL) of the eyeball less than 22 mm a Hoffer
Q model was used, for AL from 22 mm to 24.5 mm an SRK-I|
model was used, for AL longer than 24.5 mm and less than
26 mm a Holladay 2 model was used, and for AL equal to or
longer than 26 mm an SRK-T model was used. Eyes which
had undergone uncomplicated cataract surgery with im-
plantation of an IOL into the capsule were chosen for analy-
sis. The eyes were not selected on the basis of axial length of
the eye. All the patients in the cohort had refraction of the
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operated eye measured at least 5 days after surgery with
the aid of an automatic keratorefractometer (Nidek Medical
ARK-500A, NIDEK CO., LTD., Japan). Patients who manifest-
ed any kind of anomaly upon measurement in connection
with cataract surgery (e.g. edema of the corneal epitheli-
um, striae of the Descemet's membrane, anomaly of shape
and localisation of pupil among others) were excluded from
the observation. All the refractions were stated as spherical
equivalent of refraction (SE). The estimated postoperative
refraction was determined from tables automatically calcu-
lated by a Lenstar LS900 instrument on the basis of the se-
lected IOL. Upon the calculation the Lenstar LS900 worked
with selected surgically induced astigmatism of the size of
0.5 D. The difference between the estimated and actually
measured refraction after the surgery served for determina-
tion of the average prediction error (PE) of postoperative re-
fraction, its absolute error (AE) and its mean absolute error
(MAE). The data was analysed and interpreted with the aid
of descriptive statistics. For an evaluation of the relation-
ship between the individual variables we used the Pearson
correlation coefficient. For a comparison of the averages we
used a t-test. In all the statistical analyses, the chosen level
of significance was 5%. The data was statistically processed
with the aid of the software IBM® SPSS® Statistics.

RESULTS

The descriptive statistics of the cohort are shown in table
1. From the table we can see that the dimensions of the
eyes did not diverge markedly from the average in our pop-
ulation (3).

We compared the differences between the sexes in the
prediction error of postoperative refractions (table 2). The
differences in PE and MAE were not statistically significant
(p >0.05).

The postoperative prediction error of refraction between
the right and left eye was neither clinically nor statistically
significant (table 3).

Various models for calculating the dioptric strength of the
I0L are used at our centre for the individual axial lengths of

Table 1. Descriptive statistics of cohort

Aver- | Standard
age deviation

Age (years) 70.7 9.84

173 0.01 3.74 0.55 0.53

m 173 -3.74 1.94 -0.03 0.77

Dioptric
strength of 173 2.00 34.00 20.23 4.67

1oL (D)

Axial length

173 19.69  30.43  23.94 1.98
(mm)

PE — prediction error
AE — absolute error
10L — intraocular lens
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the eye, and for this reason we performed a mutual com-
parison of the precision of the models (table 4). In addition
to the comparison of models, we also displayed the aver-
age dioptric strength of the implanted IOL for the individual
models.

The prediction error of refraction and the absolute value
of refraction are not statistically significant. The clinical sig-
nificance is also not marked. The results indicate that the
Hoffer-Q and Holladay models, which rank among the new-
er generations of models, manifest a slight myopic shift of
postoperative refraction. The average dioptric strength of
the implanted lens differs markedly for the individual mod-
els, which is probably linked with the different axial length
of the eyes in which the given models were used.

We analysed which types of IOL attained the best postop-
erative results. At our centre, certain models are preferred
more for certain patients. For example, the three-piece IOL
Tecnis® ZA9003 is used far more often for non-standard
eyes, such as eyes with high myopia, where we expect a
loosening of the suspension apparatus. In those eyes with
a longer axial length, the incidence of imprecisions in the
measurement and in the postoperative result is higher (4),
and as a result the data could be distorted to the detriment
of this type of IOL. On the basis of this assumption, we de-
cided to compare the individual types of I0OL only in eyes
with an axial length of 22 to 26 mm (models SRK-Il and Hol-
laday). The postoperative results for the individual types of
IOL are shown in table 5.

The difference in the results between the individual IOLs

Table 2. Differences between sexes

Dioptric stren-
gth of IOL (D)
m Average 0,02 0,54 19,06

0,74 0,50 4,47
-0,07 0,56 20,99

0,79 0,55 4,66

PE — prediction error
AE — absolute error

SD — standard deviation
I0L — intraocular lens

Table 3. Differences between right and left eye

91 91

Average -0,06 0,49
0,71 0,51

82 82
Average -0,01 0,62
0,83 0,54

PE — prediction error
AE — absolute error
SD — standard deviation
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in table 5 did not reach statistical significance. In order to
verify the above-mentioned empirical observation that eyes
with an extreme axial length attain worse postoperative
results of refraction, we analysed the correlation between
the absolute difference of postoperative refraction and the
strength of the implanted |OL, which is indirectly linked with
axial length. The correlation was neither clinically nor statis-
tically significant (r = 0.05; p > 0.05).

We also analysed the hypothesis concerning whether in-
creasing age may be linked with a worse postoperative re-
sult. We calculated the correlation between the absolute
difference of postoperative refraction and age, in which we
in fact observed a negative correlation, which was neverthe-
less not statistically significant (r =-0.07; p > 0.05).

DISCUSSION

It ensues from our results that cataract surgery with the
implantation of an IOL is a very precise and predictable
procedure with regard to the refractive result. From our
observed parameters we demonstrated that the average
prediction errors of refractions between the sexes were not
statistically significant. On average, in men the implanted
I0L was 1.93 D weaker than in women, which is probably
linked with the fact that on average eyes are longer in men
than in women (3, 5).

Upon a comparison of the models used at our centre, we
did not find either a statistically or a clinically significant dif-
ference in their success rate. We may however take into ac-
count the fact that the Hoffer-Q and Holladay models, which
rank among the newer generations of models, manifest a
slight myopic shift of postoperative refraction. The average

Table 4. Comparison of models for calculation of dioptric strength of IOL

Dioptric stren-
gth of IOL (D)
27 27

[l -
-0,32 0,68 25,83
_ 0,97 0,76 2,99

91 91 91

008 049 21,44
_ 066 045 1,34
m 30 30 30
Holladay 023 052 18,32
_ 068 048 2,30
m 25 25 25
SRK-T 011 068 12,08
_ 08 056 4,35

PE — prediction error
AE — absolute error

SD — standard deviation
I0L = intraocular lens
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dioptric strength of the implanted lens differs markedly for
the individual models, which is probably linked with the
different axial length of the eyes in which the given mod-
els were used. We compared our results for the individual
models and axial lengths with a similarly constructed study,
in which the Hoffer Q model recorded PE =-0.22 D and MAE
= +0.499 D, the Holladay model PE = +0.12 D and MAE =
+0.405 D, the SRK/T model PE = -0.20 D and MAE = +0.484
D (6). SRK-II ranks among the oldest models and is not fa-
voured by the majority of today's studies. However, accord-
ing to our results and other publications (7) it represents a
very precise model, which confirms that the choice of mod-
el should be down to the experience of the centre.

Upon a comparison of the precision of predicting post-
operative refraction, we did not find any statistically signifi-
cant differences. The results may have been imprecise to a
certain extent with regard to the unequal representation of
the individual types of 0L, in which the numbers of ZA9003,
ZCB00 and 7011C were markedly lower than the numbers of
BioLine Yellow and Softec HD. Our results differ slightly from
the study comparing only the I0Ls ZA9003 and ZCBOO (8), in
which their postoperative results were PE (ZA9003) = 0.11 +
0.47 D, MAE (ZA9003) = 0.40 + 0.27 D, PE (ZCBOO) = 0.01
0.47 D, MAE (ZCBO0O0) = 0.39 + 0.35 D. However, in this foreign
study less strict inclusion criteria were used for length of eye,
covering 22 mm to 28 mm. Despite the fact that in our study
we did not demonstrate a statistically significant difference in
the postoperative results between lenses, for our purposes
we drew a certain clinical conclusion which was confirmed

Table 5. Postoperative results for individual types of IOL for lengths
of eye from 22 to 26 mm

N R
i-Medicale | Number  [JY 87
sl‘l’lti""veg I oo 0,49
Accurate® _ 0,73 0,54
Lenstec® m 25 25
Softec HD 0,11 0,60

S oss 0,61
Tecnis® Number | 10 10
ZA9003 I o -
S oss 0,55
Tecnis® m 8 8
£E800 0,49 0,49
1SD T 0,39
i-Medical® m 5 5
(OERE I o 0,46
S oss 0,33

PE — prediction error (z ang. chyba odhadu)
PE — prediction error

AE — absolute error

SD — standard deviation

10L — intraocular lens
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also by our observations that the IOL ZCB0OO manifests a slight
hypermetropic shift of postoperative refraction.

The dependency between the precision of the postopera-
tive results and age was not statistically significant.

The dependency between the dioptric strength of the 10L
and the precision of the postoperative results was not statisti-
cally significant. This observation demonstrates that a correctly
chosen sample for both longer and shorter eyes also produc-
es very precise results, which is in accordance also with other
studies on long eyes (9-12). Some authors have observed an
increase of imprecision in short and long eyes (4, 13, 14).

CONCLUSION

In our study we demonstrated that cataract surgery with
the implantation of an artificial intraocular lens is, upon the
selection of a suitable model for calculation of the I0L, a
very predictable procedure, which very precisely adjusts not
only refraction but also improves connected visual acuity, as
demonstrated by several observations (15, 16). Taking into
account the postoperative results for the given centre upon
the selection of the required artificial intraocular lens may
further improve predictability.
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