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Abstract

Purpose To investigate the influence of preoperative
biometric parameters on the accuracy of Haigis and
SRKT formulae in predicting postoperative target
refraction.

Methods Retrospective analysis of 108 eyes (70
patients) underwent uneventful phacoemulsification
surgery with implant of Alcon-SN60WF intraocular
lens (IOL). Forty-five eyes were intentionally targeted
to myopia (—0.75 to —1.25 dpt), while the others
targeted between 0 and —0.75 dpt. Preoperative axial
length and keratometry (K) were measured with
optical biometry (LENSTAR—Haag-Streit). Postop-
erative  spherical equivalent was  assessed
3 4+ 2 months after surgery.

Results There is a significant correlation between the
mean keratometry (K) and the Haigis—SRKT predic-
tion differences (P < 0.001; r = 0.749). Linear
regression indicates that a decrease of 1 diopter
(D) on K implies an increase of 0.23 D on the
difference between formulae prediction. K alone does
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not influence the prediction error for both formulas.
The difference between the two formulae is dependent
on K (r = —0.75; P < 0.01). Moreover, eyes with K
<43.75 targeted at myopia (n = 23) showed a signif-
icant myopic shift of —0.26 £ 0.09 dpt (P < 0.05)
with Haigis, but a hyperopic shift of 0.24 £ 0.09 dpt
(P < 0.05) with SRKT.

Conclusion Divergences between Haigis and SRKT
formulae cause uncertainty in choosing the IOL. Our
results indicate that, in eyes with lower preoperative
K, an IOL targeted at myopia might result in a small,
but significant myopic shift with the Haigis formula,
while a hyperopic shift with the SRKT formula.

Keywords Cataract surgery - Phacoemulsification -
Monovision - Myopia - Intraocular lens - Biometry

Introduction

Precise prediction of postoperative refraction has
become pivotal in the actual scenario of cataract
surgery. In our days, patients demand independency of
glasses after surgery.

Multifocal intraocular lenses (IOL) have been
developed on early 1990s and can be used to improve
far and near vision [1], but there are still several
drawbacks, such as risk of macular diseases and
consequent eccentric fixation [2], dry eye [3], and
astigmatism [4], that might compromise the visual
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outcome with these lenses [5]. Besides, multifocal
IOL implant is related to glare, visualization of halos,
and lower contrast sensitivity that restricts its use [5].

In this context, one broadly used approach is the
pseudophakic monovision, in which an IOL targeted
for emmetropia is implanted in one eye, but intentional
myopic overcorrection is targeted for the contralateral
eye, providing near, intermediate, and distance vision
[6-8]. There are reports of 92% patient satisfaction
with monovision [8], and clinical trials comparing this
strategy with multifocal IOLs show similar results for
near and far visual acuity and patients spectacle
dependency [6].

Achieving success with monovision requires care-
ful preoperative planning. The ideal amount of inten-
tional anisometropia is controversial; however, there
are evidences that the difference between eyes should
be around 1.5 D [9]. In any case, achieving intentional
myopia should be rationally and precisely predicted,
since the worst consequences for higher postoperative
anisometropia are related to the loss of stereopsis [9].

Recently, high-accuracy technologies for ocular
axial measurements using partial coherence interfer-
ometry, coupled with precise keratometry, and the
new prediction formulae, particularly Haigis, SRKT
and Holladay have provided improvements on IOL
calculation [10, 11], but their reports usually show
precision when the target is emmetropia [11]. In this
study, we investigate the accuracy of IOL calculation
based on Haigis and SRKT formulae in predicting
postoperative myopic intentional overcorrection using
Lenstar.

Materials and methods
Patients

We performed a retrospective study including 108
eyes of 70 patients who underwent uneventful cataract
surgeries with implantation of SN6OWF IOL (Alcon).
All patients signed informed consent, agreeing with
the procedure. The approval of local ethics committee
for data analysis was obtained. Age ranged from 45 to
87 years old (mean 67.6); 43 patients were female.
We selected consecutive patients referred for
surgery who had cataract with no other ocular
pathology, such as diabetic retinopathy, glaucoma,
history of ocular trauma or uveitis. Exclusion criteria
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were missing follow-up, lacking of medical
chart data, presence of endophthalmitis, posterior
capsule rupture or any other intra- or peri-operative
complication, and postoperative macular edema
affecting visual acuity.

Surgery and intraocular lens

Experienced surgeons performed all operations using
the same standard phacoemulsification protocol (In-
finity—Ozil 0.9 mm—Alcon) with the phaco-chop
technique, through a 2.75 mm temporal clear corneal
tunnel incision and a 5.0-5.5 mm capsulorhexis.
Phacoemulsification was followed by in-the-bag
implantation of the IOL.

All surgeries were performed in the Clinics Hospi-
tal of Ribeirdo Preto (University of Sao Paulo) from
June 2013 to October 2015.

In 45 eyes the postoperative refraction was inten-
tionally target to myopia (—0.75 to —1.25 dpt) in
order to obtain pseudophakic monovision. The other
63 eyes were targeted to emmetropia or slight myopia
(0 and —0.75 dpt).

Postoperative refraction and visual acuity were
assessed by the same examiner at the medical
appointment 3 &+ 2 months; after procedure this data
was obtained through assessment of medical records.

Measurements

All biometry measurements were taken using the same
optical biometer (Lenstar LS900—Haag-Streit) includ-
ing axial length, keratometry, anterior chamber depth,
lens thickness, central cornea thickness, and white to
white. Also by Lenstar were obtained IOL power,
refractive target using the Haigis and SRKT formulas.
Only eyes with complete biometry measurements
achieved by Lenstar were included in the study.
SN60WF biometric optimized constants used for
IOL power calculations at the study were a0 = —0.576,
al = 0.311, and a2 = 0.197 (Haigis formula); and
A = 119.2 (SRK/T formula). (http://www.doctor-hill.
com/physicians/lenstar-constants.htm).

Statistics
A paired ¢ test was used to investigate whether the

difference found between predicted and postopera-
tively observed spherical equivalent is significant.
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Multivariate linear regressions (fitted as an ensem-
ble) were explored between formulas prediction
differences and preoperative biometric variables,
including: axial length, corneal central thickness,
aqueous depth, anterior chamber depth, lens thickness,
astigmatism, white-to-white distance, and mean
keratometry.

Regression parameters are reported along with
bivariate correlation coefficient (r — Pearson) and
P values. All calculations were performed using JMP-
IN 10.0 (SAS).

Results

To verify the biometric variables could be involved in
the discrepancy between the Haigis and SRKT
predictions, multifactorial linear regressions along
with Pearson correlations coefficients were calculated
for the interrelations between all Lenstar measured
variables and the intra-individual difference between
Haigis and SRKT formulas predictions. Pearson
coefficients are listed in Table 1.

Noticeably, the correlation between the mean
keratometry (K) and the Haigis—SRKT prediction
differences is highly significant (P < 0.001; with
r = 0.749) (Fig. 1a; Table 1). The linear regression
parameter for variable K = —0.23 £ 0.01 indicates
that a decrease of 1 diopter (D) on K implies an
increase of 0.23 D on the difference between formulas
prediction.

Other variables showed significant bivariate corre-
lations, but no significant multivariate linear regres-
sion parameters (Table 1).

However, only weak correlation is observed
between overall prediction errors for the two formulas
and K (Fig. 1b, c¢), showing that K alone does not
influence the prediction error for both formulas.
Nonsignificant correlations and estimates for multi-
variate linear regression were found for all other
biometric variable.

Interestingly, if an intentional myopia is aimed

(postoperative spherical equivalent aiming
< —0.75 D), the influence of K on Haigis formula
prediction error is positive (myopic shift; » = —0.300;

P = 0.049), but is negative for SRKT (hyperopic shift;
r = 0.420; P = 0.004).

In eyes aimed myopia with K < 43.5, the mean
prediction error for Haigis formula was
0.24 £ 0.09 D, but -0.27 & 0.09 D for SRKT, but
this difference was not observed for eyes with
K > 43.5 (Fig. 2).

Discussion

Pseudophakic monovision is broadly used in clinical
practice with high rates of patient satisfaction [8], but
this strategy is not free of patient disappointment with
postoperative near and/or far visual acuity.

This retrospective study was designed to help
surgeons planning a postoperative myopia with choos-
ing the best IOL, particularly if Haigis and SRTK
formula disagree. Our data indicate that in those cases,
namely in eyes with lower mean keratometry, an IOL
targeted at myopia might result in a small (around 0.25
D), but significant myopic shift using the Haigis

Table 1 Pearson coefficients for correlations between preoperative biometric data and the deviation between Haigis and SRKT

predictions

Variable Mean + SD r (P)? Linear regression parameter”
Axial length (mm) 23.43 + 1.09 0.074 (0.4452) —0.17 £ 0.02

Corneal central thickness (um) 537.61 £ 33.09 —0.157 (0.1036) 0.00 £ 0.00

Aqueous depth (mm) 2.83 £ 0.5 0.197 (0.0407) 0.04 + 0.13

Anterior chamber depth (mm) 3.36 + 0.50 0.204 (0.0344) 0.19 £ 0.13

Lens thickness (mm) 4.10 + 0.51 —0.242 (0.0115) —0.02 £ 0.04

Astigmatism (D) —0.78 £+ 0.46 0.253 (0.0084) —0.01 £ 0.03
White-to-white distance (mm) 11.98 £ 0.39 0.198 (0.0399) 0.01 + 0.04

Keratometry (D) 43.86 £ 1.47 —0.749 (<.0001) —0.23 + 0.01

4 Pearson correlation coefficient and P value

® Multivariate linear regression parameters
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Fig. 1 Scatter plots showing the interrelation between mean
keratometry (K) and A Haigis—SRKT prediction difference;
B SRKT prediction deviation to postoperative spherical
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formula, while with the SRKT formula, a hyperopic

shift can be expected.

There are only a few reports, so far, discussing

accuracy of both formulae. Recently,
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[11] reported that Haigis formula, with optimized

constants, is slightly better than SRKT, and Miraftab

Sharma et al.

et al. [12] showed that Haigis formula is the preferred
choice for eyes with anterior chamber depth >3.5 mm.
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Both studies compared formulas predictability for
emmetropia, which is also very similar in our patients’
eyes aimed to emmetropia. Nevertheless, a difference
between formulas predictability was only found in our
data, when myopia is target for eyes with K < 43.5,
and no influence of anterior chamber depth was found
for prediction precision in our cases.

A recent study comparing Haigis and SRKT
formulas for corneal astigmatism correction with toric
intraocular lenses stated that Haigis is more accurate
predicting the refractive outcome and astigmatism
correction with these IOLs [13]. They included eyes
with mean preoperative K of 44.82 + 1.66 and
apparently aimed emmetropia, but since the prediction
error pointed in our study is corneal dependent, it could
be interesting to investigate whether similar findings
would be observed with toric IOLs aimed to myopia.

Interestingly, Lundqvist et al. [14] associated
prediction errors of SRKT and Haigis formulas to
patient gender, but they also indicate that flatter
corneas, longer axial lengths, and deeper anterior
chamber depth also worse prediction errors. Gender is
not a significant factor determining prediction error in
our cohort for neither formulas, but since authors also
indicate that corneal steepness differed significantly
between the sexes, we hypothesize that, in agreement
with our data, the myopic shift found for Haigis and
the hyperopic shift for SRKT could be, at least
partially, due to the flat cornea in their cohort.

Moreover, Behndig et al. showed that Haigis
performs better than SRKT in predicting postoperative
refraction in women. Here again women had steeper
corneas and shorter axial lengths than men, and
keratometry seems to play an important role on the
differences between the two formulas [15].

Despite the relatively small cohort included in these
analyses, we were able to determine a strong correla-
tion between preoperative keratometry and the differ-
ence among Haigs and SRKT predictions (Fig. 1) and
to determine that, if an intentional myopia is aimed, the
influence of keratometry on Haigis formula prediction
error is positive, but is negative for SRKT (Fig. 2).

In summary, if surgeons aim to implant an IOL
targeted at myopia in eyes with flatter corneas, they
should consider a small, but significant myopic shift
for Haigis formula and hyperopic shift with SRKT.
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