Effect on refractive outcomes after cataract surgery
of intraocular lens constant personalization using
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PURPOSE: To quantify the effect on refractive outcomes after cataract surgery of personalization of
Haigis intraocular lens (I0L) constants for a given surgeon—-IOL combination.

SETTING: Institute of Eye Surgery and Institute of Vision Research, Whitfield Clinic, Butlerstown
North, Waterford, Ireland.

METHODS: Personalization of Haigis 10L constants was performed using a series of 248 suitable
eyes after biometry by partial coherence interferometry (I0LMaster) and 10L prediction based on
optimized 10L constants derived from pooled data from the User Group for Laser Interference
Biometry web site. A mean error of prediction and a mean absolute error were then calculated using
the personalized IOL constants and compared with those derived using optimized 10L constants,
allowing evaluation and quantification of the maximum realizable refractive benefits (if any) of
personalization.

RESULTS: There was no statistically significant difference between personalized and optimized Hai-
gis IOL constants in absolute error or the proportion of eyes within +1.00 diopters (D), +0.50 D,
or £0.25 D of the target postoperative refraction in all eyes, short eyes (axial length [AL] <22 mm;
n = 19), average eyes (AL >22 mm and <24.5 mm; n = 149), or long eyes (AL >24.5 mm; n = 46)
(all P>.05, McNemar test). Ten eyes with a short AL had a smaller absolute error (by >0.30 D) in
association with personalized 10L constants.

CONCLUSION: Personalized Haigis I0L constants showed marginal, but statistically nonsignificant,
refractive advantages over optimized Haigis |OL constants, but only in eyes with a short AL.
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Modern cataract surgery can be regarded as a refrac-
tive procedure,” and patients have high expectations
of their cataract surgeon and low tolerance for less
than perfect results."® Indeed, the most common
cause of litigation arising from cataract surgery is im-
plantation of an intraocular lens (IOL) of inappropriate
power.'

Refractive outcomes after cataract surgery have im-
proved significantly over the past few years. The per-
centage of eyes with a postoperative refraction within
+1.00 diopter (D) of the target refraction has increased
from 65%° to more than 95%, and even to 100% in
some series.*® A recent multicenter prospective elec-
tronic audit of more than 4000 cataract operations® col-
lected data in 3 cycles over a 3-year period; results
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suggest that the current and minimally acceptable
standard for clinical audit should be as follows: 85%
postoperative refractive results within +1.00 D of
the target postoperative refraction and 55% within
£0.50 D. The authors also concluded that continuous
customization and optimization of IOL A constants is
important to achieve the proposed benchmark stan-
dards in postoperative cataract refractive outcomes.
The reason for the improvement in refractive out-
comes after cataract surgery is that the variables
used to predict postoperative outcomes can now be
validly and reliably measured before surgical inter-
vention by immersion ultrasound biometry or partial
coherence interferometry (PCI).>***" In other words,
the impact of the major contributors to postoperative
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refractive error has been substantially reduced by
improvements in measures of biometric parameters.

Furthermore, for almost 30 years now, many have
been advocating personalizing IOL constants to the in-
dividual surgeon. This is an important step if further
improvements in refractive outcomes after cataract
surgery are to be realized.>'>%®“ Personalization of
IOL constants can be performed for all currently used
formulas, including third-generation 2-variable formu-
las (Hoffer Q,"* Holladay 1,"® SRK/T"7), 3-variable for-
mulas (Haigis'®), and 7-variable formulas (Holladay 2).

The IOL power prediction curve of third-generation
2-variable formulas is mostly fixed and is moved up or
down depending on the IOL constant. The larger the
IOL constant, the more IOL power each formula will
recommend for the same set of biometric measure-
ments. The smaller the IOL constant, the less IOL
power the same formula will recommend for the
same set of biometric measurements. Those formulas
do not take into account the individual geometry of
each IOL model. They also assume that anterior cham-
ber dimensions are related to axial length (AL). They
assume that short eyes have shallower anterior cham-
bers and that long eyes have deeper anterior cham-
bers. However, 80% of short eyes have large
crystalline lenses but a normal anterior chamber anat-
omy in the pseudophakic state.“ Another erroneous
assumption is that eyes with steep corneas have
deep anterior chambers and eyes with flatter corneas
have shallow anterior chambers.

The Haigis formula is different from the 2-variable
formulas. It uses 3 constants (a0, al, and a2) to set the
position and the shape of a power prediction curve.
The a0 constant moves the power prediction curve up
or down. The al constant is tied to the measured ante-
rior chamber depth (ACD) and the a2 constant, to the
measured AL. All 3 IOL constants are derived by
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multivariable regression analysis from a large sample
of surgeons and IOL-specific outcomes for a wide range
of ALs and ACDs, and they are published on the User
Group for Laser Interference Biometry (ULIB) web
site.” These optimized IOL constants are based on
pooled data from multiple surgeons. Similarly, an
individual surgeon can submit IOL-specific outcomes
to HaigisD and acquire a set of a0, al, and a2 IOL con-
stants that are specific to that particular surgeon-IOL
combination, thereby personalizing the IOL constants.

To our knowledge, the extent of the practice of IOL
constant personalization is not known. We sent an
anonymous survey to cataract surgeons in the United
Kingdom and Republic of Ireland to ascertain the pro-
portion of surgeons who incorporate optimized and/
or personalized IOL constants into their practice, the
methods used to do so, and the reasons some surgeons
choose not to incorporate them. In the survey and in
this paper, the term optimization is used for IOL con-
stants derived from multisurgeon pooled data and
the term personalization for IOL constants derived
from single-surgeon data.

We also designed a study to analyze the refractive
effect of personalizing IOL constants. In the study,
we compared the mean error of prediction and mean
absolute error generated using personalized Haigis
IOL constants and nonpersonalized (but optimized)
Haigis IOL constants for a series of eyes operated on
by the same surgeon using the same IOL model.

PATIENTS AND METHODS
Survey

In June 2009, a postal survey was sent to all consultant
ophthalmologists in the database of the Royal College of
Ophthalmologists in the UK and of the Irish College of Oph-
thalmologists in the Republic of Ireland. The mailing com-
prised a 2-page anonymous questionnaire with a cover
letter and a stamped, addressed envelope for return.

Ophthalmologists were asked a series of questions about
IOL constant optimization and personalization in relation
to their practice of cataract surgery. Specifically, they were
asked whether they personally perform cataract surgery (if
the answer was no, they were not required to answer addi-
tional questions); whether they use published optimized
IOL constants (derived from pooled data) from the ULIB
web site®; whether they personalize their IOL constants by
analyzing their own postoperative refractive data and if so,
which method of personalization they use; and finally, if
they opt not to personalize their IOL constants, to offer rea-
sons for their decision.

The completed questionnaires were returned to the lead
investigator. The responses were manually entered into
a purpose-designed database for analysis.

Study of Refractive Effect of Personalizing Constants

Preoperative, intraoperative, and postoperative data were
prospectively  collected from consecutive cases of
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phacoemulsification cataract surgery performed by the same
surgeon (S.B.). Exclusion criteria included preoperative ocu-
lar comorbidity that would affect vision, previous intraocu-
lar surgery, intraoperative complications, use of a posterior
chamber IOL (PC IOL) other than the Tecnis ZA9003 (Abbott
Medical Optics Inc.), insufficient biometry data, inability to
perform optical coherence biometry, insufficient postopera-
tive refractive data, and postoperative corrected distance vi-
sual acuity (CDVA) worse than 0.5 by subjective refraction
performed 6 to 8 weeks after surgery by the patient’s
optometrist.

Preoperative Data Partial coherence interferometry was
performed with an IOLMaster biometer (version V, Carl
Zeiss Meditec AG). The same experienced operator took all
measurements using a standard technique. When doubt ex-
isted, readings were repeated and were accepted only when
their reproducibility was shown. The following parameters
were measured: AL, keratometry, ACD, and the white-to-
white distance. The Haigis formula was used in each case
to calculate IOL power to achieve the minus postoperative
refraction closest to emmetropia. The Haigis a0, al, and a2
constants for the PC IOL were downloaded from the ULIB
web site® onto the software of the PCI device. When PCI
measurements were not possible, immersion ultrasound bi-
ometry was performed and the cases were excluded from
the study.

Intraoperative Data The surgeon performed all cataract
and IOL implantation procedures using topical anesthesia
and a standard technique. After a clear corneal incision
was created superiorly, the PC IOL was placed in the capsu-
lar bag. A 10-0 nylon suture was placed in the corneal inci-
sion when the surgeon was not satisfied with wound
integrity after stromal hydration.

Postoperative Data Patients were reviewed 2 weeks post-
operatively, consistent with the unit’s protocol.'” The uncor-
rected distance visual acuity (UDVA) and CDVA were
recorded at this visit. In addition, the ophthalmologist eval-
uated patient-reported symptoms or problems. If a corneal
suture was in place, it was removed.

After the 2-week review, refraction for a new spectacle
correction was arranged with a local optometrist. The results
were forwarded to the practice. All refractions reported here
are from an examination performed at least 6 weeks after
surgery (and therefore can be considered stable) and at least
4 weeks after removal of the corneal suture, if present.

Personalization of Intraocular Lens Constants Data from
the eligible cases were entered into the Excel spreadsheet
(Microsoft Corp.) zeiss-d2.xls on the ULIB web site.” Data
in the spreadsheet included the unique patient identification
number; preoperative AL, ACD, and corneal radii K1 and K2
measured by PCI; power of the implanted IOL; and the
spherical and cylindrical components of the stable postoper-
ative refraction. Additional information requested on the
spreadsheet included the surgeon’s name or identification
number, the manufacturer and type of IOL, the serial num-
ber of the PCI device, and the method of determining stable
refractive status.

The completed spreadsheet was e-mailed directly to Dr.
Haigis.” Three-variable regression analysis was performed
by calculating the personalized a0, al, and a2 IOL constants
for the PC IOL for the ophthalmologist who performed the
surgeries. The outcomes of the analysis were subsequently

posted on the ULIB web site per the agreement outlined on
the site.”

Statistical Analysis

An error of prediction was derived for each eye to show
the tendency of prediction performance by the Haigis for-
mula in combination with optimized (but not personalized)
IOL constants. The error of prediction is the actual postoper-
ative spherical equivalent (SE) minus the target postopera-
tive SE and tells how close the actual postoperative
refraction in each eye is to the target postoperative refraction.
The sign of the error of prediction denotes the direction of the
departure from the target. In other words, a negative error of
prediction value means that the patient had a postoperative
refraction that was more myopic than intended, while a pos-
itive error of prediction value means that the patient had
a more hypertropic refraction than intended. An absolute er-
ror was also derived for each eye. The absolute error is the
absolute value of the error of prediction in each eye and de-
notes the distance of the refraction from zero, without taking
into account whether the departure from zero was in the my-
opic or hyperopic direction.

The 3 personalized IOL constants for the surgeon and the
PC IOL were subsequently entered into the software of the
PCI device. Using the newly personalized IOL constants
and the Haigis formula, the device calculated the putative
postoperative target SE for the IOL power that had actually
been implanted. This allowed comparison of the actual error
of prediction using the optimized IOL constants (already cal-
culated) with a putative error of prediction using personal-
ized IOL constants (the latter calculated as the actual
postoperative SE minus the target postoperative SE for the
IOL implanted but derived using the personalized Haigis
IOL constants). A putative absolute error in this series of
eyes and personalized Haigis IOL constants were also de-
rived. This allowed, in the context of each operated eye act-
ing as its own control, the investigation, description, and
quantification of the maximum realizable refractive benefits
of personalization of IOL constants for the surgeon in terms
of the error of prediction and absolute error.

Refractive outcomes using personalized Haigis IOL con-
stants and nonpersonalized (but optimized) Haigis IOL con-
stants were compared in terms of the mean absolute error
(Student paired t test) in all eyes and in 3 subgroups: short
eyes (AL <22 mm), average eyes (AL >22 mm and AL
<24.5 mm), and long eyes (AL >24.5 mm). The perfor-
mance of each group of IOL constants across AL subgroups
was also examined (analysis of variance [ANOVA]).

The proportion of eyes achieving an error of prediction
within +£0.25D, £0.50 D, and +1.00 D was calculated over-
all and in each of the 3 subgroups. In each case, agreement
between the personalized IOL constants and optimized
IOL constants was evaluated (McNemar test). Agreement
between the absolute error for the personalized Haigis and
nonpersonalized (but optimized) Haigis IOL constants was
also represented using Bland-Altman plots for all eyes and
for each of the 3 AL subgroups. For statistical purposes,
eyes were analyzed independently in patients who had se-
quential bilateral cataract surgery during the study period
because it has been shown that the correlation between fel-
low eyes is weak when evaluating refractive outcome after
cataract surgery.”” The PASW Statistics software package
(version 18.0, SPSS, Inc.) and R statistical programming lan-
guage® were used for the statistical analysis.
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RESULTS
Questionnaire

The questionnaire was mailed to 943 members of the
Royal College of Ophthalmologists and 65 members of
the Irish College of Ophthalmologists; 561 responses
(55.7% response rate) were received. Of the respon-
dents, 55 (9.8%) did not personally perform cataract
surgery; thus, their responses were excluded from fur-
ther analysis. This left a study group of 506 respondents
(90.2%) who personally performed cataract surgery.

Use of Published Optimized Intraocular Lens GCon-
stants Of the 506 respondents who performed cata-
ract surgery, 201 (39.7%) reported using published
optimized IOL constants (derived from pooled data)
from the ULIB web site; 243 (48%) reported not using
published optimized IOL constants, 58 (11.5%) did not
know whether they were using published optimized
IOL constants, and 4 (0.8%) did not answer the
question.

Personalization of Intraocular Lens Constants More
than 78% of cataract surgeons (396; 78.3%) reported
that they did not formally personalize their IOL con-
stants using a validated and recognized technique,
while approximately 22% (110; 21.7%) said they did.
Table 1 shows the methods of personalization.

Table 1. Method of IOL constant personalization (N = 198
surgeons).

Personalization Method Surgeons, n (%)

Informal methods 75 (37.9)
of lens constant
adjustment related to one’s
own surgical experience*

Electronic medical 55 (27.8)
record system (Medisoft)

ULIB web site®/ Warren Hill 36 (18.2)
web site®

Partial coherence 7 (3.5)
interferometry (IOLMaster)

Holladay IOL Consultant 6 (3.0)

Method not recognized 3 (1.5)
by the authors’

Hoffer programs (EyeLab Inc.) 2 (1.0

Okulix program package 1 (0.5)

Unknown/not specified/question 13 (6.6)

left unanswered

*Not explicitly specified whether data from a single surgeon or multiple
surgeons were used. The term personalization should infer a process spe-
cific to the individual surgeon, which represents a limitation of the ques-
tionnaire design.

"Back /Bates proportional method, IOL brain neural net software, London

vision clinic optimization

Reasons for Not Personalizing Constants Of the 308
(60.9%) respondents who reported that they did not
personalize their IOL constants by any means (even in-
formal methods), 124 (40.3%) used optimized IOL con-
stants from the ULIB web site, 139 (45.1%) used neither
optimized nor personalized IOL constants; 43 (14.0%)
did not know whether they used optimized IOL con-
stants, and 2 (0.6%) did not answer the question.

Of the 124 respondents who used ULIB-derived (but
not personalized) IOL constants, 31 (41.2%) reported
that they believed their postoperative refractive results
were satisfactory using the web site-optimized IOL
constants and therefore did not feel the need to person-
alize them and 23 (18.5%) said they believed there was
no good evidence to support personalization. Ten re-
spondents (8.1%) did not explain why they did not
personalize constants; 8 (6.5%) were preparing to start
personalizing; 9 (7.3%) worked in a department in
which the biometry machine is used by more than 1
surgeon, making personalization of IOL constants
logistically difficult; 8 (6.5%) did not have the time to
undertake such a process; 7 (5.6%) lacked the
postoperative refractive results; and 3 (2.4%)
performed low-volume surgery. One respondent did
not know what the term personalization of IOL constants
meant.

Study of Refractive Effect of Personalizing Constants

Postoperative Refractive Results After implementa-
tion of the exclusion criteria, 248 (195 patients) of 577
consecutive cases were deemed eligible for analysis.
Patients were excluded because of lack of postopera-
tive refractive data (115 cases; 19.9%), lack of biometric
data in (112 cases; 19.4%), a postoperative CDVA that
was worse than 0.5 (67 cases; 11.6%), an intraoperative
complication (7 cases; 1.2%), lack of PCI biometry
(3 cases; 0.5%), and implantation of an IOL other
than the Tecnis ZA9003 (25 cases; 4.3%). The mean
age of the 195 included patients (122 women, 62.6%)
was 71 years £ 9.3 (SD). The ratio of right eye to left
eye was 120:128. There were 21 eyes in the short AL
subgroup, 180 eyes in the average AL subgroup, and
47 eyes in the long AL subgroup. The PCl-calculated
putative postoperative target SE for the IOL power
that had been implanted was available for 219 cases;
the biometry for 29 eyes had been removed from the
PCI device and this was not available for recalculation.

The Haigis optimized (but nonpersonalized) IOL
constants were as follows: a0 = —0.879, al = 0.252,
and a2 = 0.220 (based on 421 sets of postoperative re-
fractive data and taken from ULIB web site). The mean
postoperative SE derived using the optimized (but
nonpersonalized) Haigis IOL constants was —0.24 =+
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Table 2. Mean error of prediction and MAE with Haigis optimized lens constants and with Haigis personalized lens constants and percent-
age of eyes with an error of prediction of £1.00 D, £0.50 D, £0.25 D by AL.

Optimized Haigis Lens Constants Personalized Haigis Lens Constant

Mean (D) + SD (Range) % Eyes Within Mean (D) + SD (Range) % Eyes Within

MAE = mean absolute error; ME = mean error

ME of + + + ME of + + +

Group Prediction MAE 1.00D 050D 0.25D Prediction MAE 1.00D 0.50 D 0.25 D

All eyes —0.09 + 0.48 038 £ 031* 96 74" 43"  4+001D + 047 036 £030* 96" 73" 44!
(n=214) (-178to +1.53)  (0.01 to 1.78) (-1.72to +1.50)  (0.00 to 1.72)

Short eyes —0.37 £ 047 045 + 039 89 68" 42! —0.01 + 0.48 038 £ 028 95" 68" 377
(n = 19) (-153to +0.25)  (0.10 to 1.53) (-119 to +0.57)  (0.03 to 1.19)

Average eyes  —0.11 £ 0.48 038 £ 031 97" 74T 407 +0.02 + 0.46 037 £ 030+ 96" 737 427
(n=149)  (-178to +1.25) (0 to 1.78) (-1.72to +1.50)  (0to1.72)

Long eyes +0.08 + 0.43 032 £ 030+ 98" 78"  s52f +0.05 + 0.41 0.32 £ 029+ 98" 78"  52f
(n = 46) (-0.83 to +1.53)  (0.01 to 1.53) (-0.83to +1.48)  (0to1.48)

Means + SD

*P> .05 (paired t test comparing corresponding outcome measures for optimized and personalized lens constants)
P> .05 (McNemar comparing corresponding outcome measures for optimized and personalized lens constants)

0.50 D (range —2.50 to +0.88 D). The mean logMAR
CDVA postoperatively was 0.06 + 0.12.

The Haigis personalized IOL constants for the PC
IOL were as follows: a0 = —2.341, al = 0.278, and
a2 = 0.276 (based on 248 sets of postoperative refrac-
tive data e-mailed to Dr. Haigis).

Table 2 shows the mean error of prediction and
mean absolute error with the Haigis optimized IOL
constants and the Haigis personalized IOL constants
as well as the percentage of all eyes and eyes in each
AL subgroup with an error of prediction within
+1.00 D, £0.50 D, and +0.25 D. There was no statis-
tically significant difference in absolute error between
personalized IOL constants and optimized IOL con-
stants in any group (P = .275, ANOVA 1l-way)
(Figure 1). In the Bland-Altman plots, the variance in
all eyes, average eyes, and long eyes was stable and
positive and negative differences occur randomly
moving across from left to right (ie, with increasing
mean absolute error) (Figure 2, A, C, and D). The
Bland-Altman plot for short eyes suggests that an in-
creasing mean absolute error (0.7 or above) is associ-
ated with a mean difference in absolute error that is
always negative in association with personalized IOL
constants (Figure 2, B); however, this group had a small
number of eyes (19), with only 4 having a mean abso-
lute error of 0.7 or above.

Figure 3 shows the cumulative percentage of eyes (y
axis) that achieved less than or equal to a given error of
prediction. The performance of optimized and person-
alized IOL constants was similar except in the short AL
group. In this group, the proportion of eyes achieving
a postoperative refraction within £1.00 D of the target

was slightly higher with personalized IOL constants
than with optimized IOL constants.

Ten eyes in the entire series had a smaller absolute
error (by 0.30 D or more) with personalized Haigis
IOL constants than with the optimized Haigis IOL con-
stants; although all these eyes were in the short AL
group, in no eye in the entire series was the absolute er-
ror 0.50 D smaller or more with personalized constants

Short Average Long
1.54 =
)
£
i
a 1.01 L
L
=
[
w
2
<
0.5 5
L * - .
. L]
0.0 F
Opt Per Opt Per Opt Per
Method

Figure 1. Box plot of the absolute derived using optimized Haigis
IOL constants and personalized Haigis IOL constants by AL sub-
group (AE = absolute error, Opt = optimized Haigis IOL constants,
Per = personalized Haigis IOL constants).
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Figure 2. Bland-Altman plots showing agreement in the absolute error after cataract surgery between optimized Haigis IOL constants and per-
sonalized Haigis IOL constants. The solid horizontal lines represents the mean difference in the absolute error using the 2 techniques and the
dotted lines, the upper and lower limits of agreement. A: All eyes (A), short eyes (B), average eyes (C), and long eyes (D). (Difference = AE using
optimized IOL constants minus AE using personalized IOL constants; Mean = mean value of the AE using optimized IOL constants and the AE

using personalized IOL constants).

than with the optimized constants. In contrast, 4 eyes
had an absolute error that was 0.30 D smaller with
optimized constants than with personalized constants;
again, all the eyes were in the short AL group.

DISCUSSION

The aim of this study was 2-fold. First, we sent a survey
to cataract surgeons in the UK and Republic of Ireland
to ascertain the attitudes toward and extent of the
practice of IOL constant personalization. Second, we
performed a study that evaluated and quantified the

maximum realizable refractive benefits of personal-
ized Haigis IOL constants over optimized Haigis IOL
constants. We achieved the latter by comparing the er-
ror of prediction and absolute error between 2 groups;
that is, a single-surgeon series in which optimized Hai-
gis IOL constants were used to predict the IOL power
required to achieve emmetropia and an identical theo-
retical series of eyes in which personalized Haigis IOL
constants were used. The design of the study (compar-
ing a series of eyes with an identical theoretical series)
ensured that the maximum realizable refractive
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Figure 3. Cumulative percentage of operated eyes (y axis) that achieved less than or equal to a given error of prediction (x axis) using person-
alized (solid line) and optimized (dashed line) Haigis IOL constants in all eyes (A), in short eyes (B), average eyes (C), and long eyes (D) (AE =

absolute error).

benefits of personalized Haigis IOL constants could be
evaluated and quantified.

In addition to the core data retrieved from the anon-
ymous survey, it was apparent from the responses that
there is considerable confusion regarding the termi-
nology of IOL constant manipulation, with no univer-
sally accepted system of nomenclature. The terms
optimization, customization, personalization, and individ-
ualization have all been used, sometimes interchange-
ably, to refer to different aspects of IOL constant
manipulation.***"**P< We are proposing a system
of nomenclature that is clear and unambiguous and
that will help cataract surgeons understand the

principles behind the methods described. We propose
using the term optimization when IOL constants are de-
rived from multisurgeon pooled postoperative refrac-
tive data (published pooled data or unpublished
pooled data within a department) and the term person-
alization when IOL constants are derived from a single
surgeon’s postoperative refractive data.

Fewer than 22% of respondents to the survey said
they perform IOL constant personalization. The most
frequently cited reason for not personalizing constants
was that the respondent chose to use published opti-
mized IOL constants rather than personalized IOL
constants.
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The survey results also show the logistical difficul-
ties inherent in IOL constant personalization. These
are reflected in the reasons surgeons gave for not per-
sonalizing constants (eg, lack of time; use of the biom-
etry machine by more than 1 surgeon, making
isolation of single-surgeon data difficult; inadequate
number of cases due to low-volume surgery; lack of
postoperative refractive data) and by our experience
collating appropriate data sets for personalization.
For example, we had to prospectively recruit 577 con-
secutive cases of phacoemulsification by a single sur-
geon, a process that took approximately 12 months
(even in a high-volume cataract surgery practice), to
yield 248 data sets with which to personalize our
IOL constants because of the stringent inclusion crite-
ria required for a valid process of IOL constant person-
alization. Furthermore, given that rapid advances in
IOL technology, a typical practice is likely to adopt
a new IOL model at relatively frequent intervals (in
our practice, approximately every 24 months); there-
fore, any refractive benefit of using personalized IOL
constants will be short-lived.

Most authors measure refractive outcomes by the
proportion of eyes achieving an error of prediction
within +1.00 D of the target, within +0.50 D of the
target, or both. Indeed, current proposed benchmark
standards for postoperative cataract refractive out-
comes are reported this way.g’M’B'26 In our study, op-
timized Haigis IOL constants achieved postoperative
refractive outcomes that compare favorably with cur-
rently proposed benchmark standards, with 96% of
eyes and 73% of eyes achieving an error of prediction
within £1.00 D and within £0.50 D of the target, re-
spectively, with no statistically significant difference
between optimized Haigis and personalized Haigis
IOL constants.

Unprompted comments by survey respondents in-
dicate that many surgeons remain unconvinced of
the advantages of personalized IOL constants over
published optimized IOL constants. In our study of
the benefits of personalized Haigis IOL constants, the
mean absolute error achieved with optimized IOL con-
stants in the single-surgeon series was not statistically
different from that achieved with personalized IOL
constants. This finding held true regardless of the eye’s
AL. Also, there was excellent agreement between the
mean absolute errors achieved with personalized
and optimized IOL constants; again, this was not af-
fected by AL. Notably, only 10 eyes (all with a short
AL) benefited from a mean absolute error that was
0.30 D or more smaller with personalized IOL con-
stants than with optimized IOL constants. In no case
did personalization of IOL constants confer a refractive
benefit (in terms of absolute error) of 0.50 D or more.
Given that most IOLs come in increments of 0.50 D,

it is difficult to argue strongly in favor of personaliza-
tion of Haigis IOL constants. However, the validity of
IOL constants, whether personalized or optimized,
will relate to the size of the data set from which the
IOL constants have been derived. In this study, data-
bases of 421 eyes and 248 eyes were used to derive
the optimized Haigis IOL constants and personalized
Haigis IOL constants, respectively.

In conclusion, personalization of Haigis IOL con-
stants resulted in a marginal but statistically nonsignif-
icant improvement in refractive outcomes after
cataract surgery, and only in eyes with a short AL. In
real terms, however, 577 consecutive data sets by a sin-
gle cataract surgeon were required to meet the inclu-
sion criteria for the process of personalization,
resulting in 248 data sets deemed eligible for the pro-
cess and ultimately resulting in only 10 eyes in which
the absolute error was more favorable using personal-
ized IOL constants than using optimized IOL con-
stants by a degree of 0.30 D or more. In addition, no
eye had a refractive advantage of 0.50 D or greater. Al-
though continuous audit is an essential component of
modern cataract surgery, the refractive benefits of us-
ing personalized Haigis IOL constants over optimized
Haigis IOL constants are probably not clinically mean-
ingful unless the surgeon performs a very high volume
of cases annually, and even then only as long as that
surgeon continues to use the same IOL model that
was used in the process of personalization.

REFERENCES

1. Chu RY, Talley-Rostov AR. Cataract surgery: new options, new
challenges. Rev Ophthalmol 2006; 13(7):71-78

2. Riederle F, Buchwald H-J, Preissinger C, Lang GK. Refraktive
Gesichtspunkte moderner Katarakt-Chirurgie. [Refractive as-
pects of modern cataract surgery]. Klin Monatsbl Augenheilkd
2006; 223:943-951

3. Madge SN, Khong CH, Lamont M, Bansal A, Antcliff RJ. Optimi-
zation of biometry for intraocular lens implantation using the
Zeiss IOLMaster. Acta Ophthalmol Scand 2005; 83:436-438.
Available at: http:/wwwa3.interscience.wiley.com/cgi-bin/fulltext/
118668639/PDFSTART. Accessed March 4, 2010

4. Packer M, Fine IH, Hoffman RS, Coffman PG, Brown LK.
Immersion A-scan compared with partial coherence interferome-
try; outcomes analysis. J Cataract Refract Surg 2002; 28:239—
242

5. Olsen T. Improved accuracy of intraocular lens power calcula-
tion with the Zeiss IOLMaster. Acta Ophthalmol Scand 2007;
85:84-87. Available at: http://www3.interscience.wiley.com/
cgi-bin/fulltext/118515533/PDFSTART. Accessed March 4,
2010

6. Eleftheriadis H. IOLMaster biometry: refractive results of
100 consecutive cases. Br J Ophthalmol 2003; 87:960-
963. Available at: http://www.ncbi.nim.nih.gov/pmc/articles/
PMC1771062/pdf/bjo08600299.pdf. Accessed March 4, 2010

7. Percival SPB, Vyas AV, Setty SS, Manvikar S. The influence of
implant design on accuracy of postoperative refraction. Eye
2002; 16:309-315. Available at: http://www.nature.com/eye/
journal/v16/n3/pdf/6700043a.pdf. Accessed March 4, 2010

J CATARACT REFRACT SURG - VOL 36, JULY 2010



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

IOL CONSTANT PERSONALIZATION USING THE HAIGIS FORMULA

. Gale RP, Saldana M, Johnston RL, Zuberbuhler B, McKibbin M.

Benchmark standards for refractive outcomes after NHS cata-
ract surgery. Eye 2009; 23:149-152

. Haigis W, Lege B, Miller N, Schneider B. Comparison of immer-

sion ultrasound biometry and partial coherence interferometry
for intraocular lens calculation according to Haigis. Graefes
Arch Clin Exp Ophthalmol 2000; 238:765-773

Haigis W. Optical biometry using partial coherence interferome-
try. In: Shammas HJ, ed, Intraocular Lens Power Calculations.
Thorofare, NJ, Slack, 2004; 141-157

Norrby S. Sources of error in intraocular lens power calculation.
J Cataract Refract Surg 2008; 34:368—-376

Lee AC, Qazi MA, Pepose JS. Biometry and intraocular lens
power calculation. Curr Opin Ophthalmol 2008; 19:13—-17
Olsen T, Corydon L, Gimbel H. Intraocular lens power calcula-
tion with an improved anterior chamber depth prediction algo-
rithm. J Cataract Refract Surg 1995; 21:313-319

Hoffer KJ. The Hoffer Q formula: a comparison of theoretic and
regression formulas. J Cataract Refract Surg 1993; 19:700-712;
errata 1994; 20:677

Norrby S, Lydahl E, Koranyi G, Taube M. Reduction of trend er-
rors in power calculation by linear transformation of measured
axial lengths. J Cataract Refract Surg 2003; 29:100-105
Holladay JT, Prager TC, Chandler TY, Musgrove KH, Lewis JW,
Ruiz RS. A three-part system for refining intraocular lens power
calculations. J Cataract Refract Surg 1988; 14:17-24

Retzlaff JA, Sanders DR, Kraff MC. Development of the SRK/T
intraocular lens implant power calculation formula. J Cataract
Refract Surg 1990; 16:333-340; correction, 528

Haigis W. EinfluB3 der Optikform auf die individuelle Anpassung
von Linsenkonstanten zur |OL-Berechnung. In: Rochels R,
Duncker G, Hartmann C, eds, Kongref3 der Deutschsprachigen
Gesellschaft fir Intraokularlinsen Implantation, Marz 1995, Kiel
9. Berlin, Germany, Springer, 1996; 183—-189

Saeed A, Guerin M, Khan |, Keane P, Stack J, Hayes P, Tormey P,
Mullhern M, Beatty S. Deferral of first review after uneventful
phacoemulsification cataract surgery until 2 weeks; randomized
controlled study. J Cataract Refract Surg 2007; 33:1591-1596
Tuft SJ, Manassian D. Paired observations of refractive error af-
ter cataract surgery. Ophthalmic Epidemiol 2005; 12:139-142
Gale RP, Saha N, Johnston RL. National biometry audit. Eye
2004; 18:63-66. Available at: http://www.nature.com/eye/
journal/v18/n1/pdf/6700550a.pdf. Accessed March 4, 2010

22.

23.

24.

25.

26.

1089

Korynta J. [Importance of individualizing the formula for improv-
ing the accuracy of calculating emmetropia in intraocular lenses
before cataract surgery]. [Czechoslovakian] Cesk Slov Oftalmol
1995; 51:45-50

Hoffer KJ. Intraocular lens calculation: the problem of the short
eye. Ophthalmic Surg 1981; 12:269-272

Hoffer KJ. To the editor. [letter on intraocular lens calculation:
the problem of the short eye]. Ophthalmic Surg 1982; 13:
419-420

Sanders DR, Retzlaf J, Kraff MC. To the editor [letter on intraoc-
ular lens calculation and the problem of the short eye]. Ophthal-
mic Surg 1982; 13:420

Hoffer KJ. To the editor [letter replying to Sanders, Retzlaf and
Kraff’s letter]. Ophthalmic Surg 1982; 13:962

OTHER CITED MATERIAL

A.

Dell SJ. Screening and Evaluating Presbyopic Patients. Cata-
ract & Refractive Surgery Today March 2007; 81-82. Available
at: http://bmctoday.net/crstoday/pdfs/CRST0307_18.pdf. Ac-
cessed March 4, 2010

. User Group for Laser Interference Biometry. Optimized IOL

constants for the Zeiss IOLMaster. Available at: http://www.
augenklinik.uni-wuerzburg.de/ulib/c1.htm. Accessed March 4,
2010

. Hill W. IOLMaster Lens Constants; the Haigis Formula. http://

doctor-hill.com/zeiss_iolmaster/haigis_formula.htm. Accessed
March 4, 2010.

. Wolfgang Haigis, PhD. Available at: w.haigis @ augenklinik.uni-

wuerzburg.de.

. The R Project for Statistical Computing. Available at: www.R-

project.org. Accessed March 4, 2010

First author:
Sofia Charalampidou, MRCPI,
MRCOphth

Institute of Eye Surgery, Whitfield
Clinic, Waterford, Ireland

J CATARACT REFRACT SURG - VOL 36, JULY 2010



