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Purpose: To examine the effect of preoperative angle kappa on patient-reported outcomes after multifocal lens placement during 
cataract surgery and determine if it is an effective measure for preoperative patients screening for multifocal lens placement.
Setting: Private refractive surgery clinics.
Design: Retrospective cohort study.
Methods: All patients undergoing bilateral cataract or refractive lens exchange surgery with a target of emmetropia between 2013 and 
2017 at Optical Express (Glasgow, UK) with multifocal lens placement for whom preoperative angle kappa measurement and 
a postoperative month 1 patient-reported outcomes measures were available were included.
Results: A total of 1368 patients were identified. Median preoperative angle kappa was 0.41mm with an interquartile range of 
0.30mm to 0.53mm. Preoperative angle kappa did not have a significant association with patient-reported satisfaction with vision 
(correlation coefficient 0.15, 95% confidence interval −0.081 to 0.39, P = 0.20) nor with patient-reported photic phenomena (P > 0.09 
for all comparisons). A receiver-operator characteristic analysis did not yield a viable cutoff predictive of patient-reported satisfaction.
Conclusion: Angle kappa was not predictive of patient-reported satisfaction in this study. This study did not find evidence that it 
should be used as a screening test for patients considering multifocal intraocular lens placement.
Keywords: angle kappa, multifocal intraocular lens, refractive lens exchange

Introduction
Angle kappa is defined as the angle of intersection between the nodal point of the eye and the visual axis and represents 
the amount of offset between the pupillary center and the visual axis. Larger values of angle kappa have been implicated 
in patient-reported photic phenomena and dissatisfaction after undergoing cataract surgery,1–3 although this association 
has not been held up universally.4,5 Previous authors have suggested an angle kappa cutoff of half the width of the central 
zone of the lens for implantation of a specific IOL.6,7

In this study, we explore the relationship between angle kappa, visual outcomes, and patient-reported outcomes in 
a population of patients undergoing surgery with presbyopia-correcting multifocal intraocular lenses. This analysis was 
constructed to determine if a relationship between patient-reported outcomes and angle kappa exists, and to explore the 
potential for developing a cutoff value for angle kappa that is predictive of patient-reported satisfaction.

Methods
This retrospective study was deemed exempt from full review by the Institutional Research Board at the University of 
California, San Francisco, because it used only retrospective, de-identified patient data. This study complies with the tenets of 
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the Declaration of Helsinki. Informed consent to undergo refractive lens exchange or cataract surgery was obtained from all 
patients prior to surgery. As a part of informed consent, all patients agreed to use their de-identified data for research purposes 
and statistical analysis.

Preoperative refraction data, surgical data, and postoperative data at the 1-month visit of patients that underwent 
refractive lens exchange or cataract surgery with bilateral implantation of multifocal intraocular lens between 
January 2013 and December 2017 were extracted from Optical Express electronic database. These study dates were 
selected because, during this time period, all refractive surgery patients routinely underwent imaging with a wavefront 
aberrometer. Angle kappa was not calculated preoperatively, nor was it considered for preoperative patient selection.

Patients were included if they met the following criteria: received bilateral surgery during the study time frame with 
implantation of the same class of lens in each eye, had no history of preoperative corneal refractive surgery, absence of 
any ocular pathology other than refractive error and cataract, had preoperative aberrometer measurements that could be 
used to derive angle kappa, attended a postoperative month 1 follow-up exam, and completed a patient-reported 
outcomes questionnaire.8

Preoperative examination included detailed ophthalmic examination with manifest and cycloplegic refraction, uncorrected 
distance visual acuity (UDVA), corrected distance visual acuity (CDVA), uncorrected near visual acuity (UNVA), slitlamp 
evaluation, dilated fundoscopy, autorefraction and tonometry (Tonoref II, Nidek Co. Ltd.), corneal topography (Pentacam, 
Oculus, Inc.), and wavefront aberration measurement (iDesign Advanced WaveScan System, Johnson & Johnson Vision Care, 
Inc, Santa Ana, CA). Distance visual acuity was measured at 3 m with a logarithmic acuity chart, and near reading acuity was 
measured at 40cm with a logarithmic reading card and recorded in Snellen distance equivalent.

Intraocular surgeries were performed either manually or with the assistance of a femtosecond laser (Catalys Precision 
Laser System, Johnson & Johnson Vision Care, Inc., Santa Ana, CA). Patients with greater than 1.5D of corneal astigmatism 
underwent placement of a toric lens. Patients with corneal astigmatism between 0.8 and <1.5D generally underwent placement 
of femtosecond limbal relaxing incisions. For all other patients, the main incision was made on the steep axis if possible. 
Postoperatively, patients were instructed to instill one drop of levofloxacin 0.5%, 4 times daily for 2 weeks, 1 drop of 
dexamethasone 0.1%, 4 times daily for 2 weeks, and one drop of ketorolac 0.5%, 4 times daily for one month.

Lens choice was driven by the desired range of postoperative near vision as well as preoperative corneal astigmatism. 
During the study time period, the Tecnis Multifocal platform was not available in toric models, so patients with corneal 
astigmatism >1.5D received either a Tecnis Symfony Toric (ZXTx, Johnson & Johnson Vision, Santa Ana, CA) or a Lentis 
MPlus Toric (Oculentis B.V., Arnhem, the Netherlands). The other lenses utilized were the Tecnis Multifocal 3.25 
(Johnson&Johnson Vision), the ReSTor 2.5 ActiveFocus (Alcon, Ft. Worth, TX), and the Lentis MPlus (Oculentis B.V.).

As part of their routine clinical care, patients were asked to complete a patient-reported outcomes questionnaire at 
their preoperative, 1 month and 3 months postoperative follow-up visits.8 This questionnaire utilizes a 5-point scale to 
quantify patient-reported satisfaction with vision as well as difficulties with visual photic phenomena such as glare, halos, 
starbursts, and ghosting. Its use and content have been previously described.8 It was self-administered by the patient 
using a password protected and secure computer terminal in a private area of the clinic. The questionnaire responses were 
stored in the secured central database, which is compliant with ISO 27001 for information security management systems 
and the answers were not available to clinic personnel or the treating surgeon.

Patients received preoperative imaging with a Hartmann Shack wavefront aberrometer, either the WaveScan or the 
iDesign (both devices from Johnson & Johnson Vision, Santa Ana, CA). Both devices provide the x and y coordinates of 
the offset between the pupillary axis and the corneal apex. The chord length of this offset was calculated using the 
Pythagorean theorem. As angle kappa and chord length are used interchangeably in the refractive literature,9 the chord 
length is referred to as angle kappa in this manuscript.

Visual and patient demographics such as age are reported as the median with interquartile range as they did not follow 
a normal distribution. Patient-reported outcomes measures were analyzed on a per-patient basis. For angle kappa which 
might have different values for each eye, the data from the eye with the higher value were used in an attempt to magnify 
any potential significant association of angle kappa. A sensitivity analysis was conducted looking at the lower angle 
kappa value, which yielded near-identical effect levels. Binocular visual acuity was used in all patient-reported outcomes 
models. A linear regression model treating patient-reported photic phenomena and patient-reported satisfaction as 
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continuous outcomes was constructed. In both models, a Bonferroni-Holm correction was applied for multiple compar-
isons, and thus a p value of less than 0.01 was considered significant.

A receiver-operator characteristic (ROC) curve was constructed to analyze the characteristics of the cutoff value of 
angle kappa in predicting patient-reported satisfaction. For the purposes of this analysis, patient-reported satisfaction 
was treated as a binary outcome, with patients reporting they were “Very Satisfied” or “Satisfied” treated as satisfied, 
and patients reporting “Neither Satisfied or Dissatisfied”, “Dissatisfied”, and “Very Dissatisfied” being treated as not 
satisfied.

Results
A total of 1368 patients were identified. Demographics and implanted lenses are available in Table 1. The median angle 
kappa value was 0.41mm, with an interquartile range (IQR) of 0.30mm to 0.53mm and a range of 0.02mm to 2.02mm 
(Figure 1A). There was, expectedly, a temporal displacement of the visual axis relative to the pupil center in left and right 
eyes (Figure 1B). Right eyes had, on average, a slightly higher angle kappa value than left eyes (median 0.44mm [IQR 
0.32mm to 0.56mm] versus 0.37mm [IQR 0.29mm to 0.49mm], P < 0.001 by Mann–Whitney U-test).

Table 1 Demographics and Lenses Implanted for the Study Population. Data is Presented as 
Median with Interquartile Range (IQR) Due to the Non-Gaussian Distribution

Variable Value

Age (year)

Median (IQR) 57.9 (53.4 to 63.4)
Range 36.6 to 82.8

Gender
Female (%) 643 (47.0%)

Angle Kappa (chord length, mm)
Median (IQR) 0.41 (0.30 to 0.53)

Range 0.02 to 2.02

Lens

Bilateral Diffractive EDOF* 423 (31.0%)

Bilateral Diffractive Multifocal** 394 (28.8%)
Mixed Diffractive EDOF/Multifocal† 365 (26.7%)

Bilateral Rotationally Asymmetric Multifocal‡ 185 (13.5%)

Average Keratometry (D)

Median (IQR) 43.25 (42.25 to 44.375)

Range 37.13 to 55.0

Preoperative Sphere (D)

Median (IQR) +1.75 (+1.00 to +2.5)
Range −10.5 to +9.00

Preoperative Cylinder (D)
Median (IQR) −0.50 (−0.75 to 0)

Range −4.25 to 0

Preoperative Refraction

Myopic 180 (13.2%)

Hyperopic 1188 (86.8%)

Postoperative Sphere (D)

Median (IQR) 0.00 (−0.25 to +0.25)
Range −2.5 to +1.75

(Continued)
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A linear regression model was constructed to analyze factors contributing to patient-reported satisfaction (Table 2). This 
did not demonstrate a relationship between angle kappa and patient-reported satisfaction. Binocular uncorrected distance 
visual acuity (correlation coefficient 0.069, 95% CI 0.019 to 0.12, P = 0.007) was the strongest association. A sensitivity 

Table 1 (Continued). 

Variable Value

Postoperative Cylinder (D)

Median (IQR) −0.50 (−0.75 to −0.25)
Range −2.25 to 0

Postoperative Binocular Uncorrected Distance Acuity (LogMar)
Median (IQR) −0.08 (−0.08 to 0)

Range −0.18 to 0.52

Postoperative Binocular Uncorrected Near Acuity (LogMar)

Median (IQR) 0.20 (0.1 to 0.3)

Range −0.18 to 0.8

Notes: *Patients with bilateral diffractive extended depth of focus (EDOF) lenses received the Tecnis Symfony or 
Symfony Toric (ZXR00 or ZXTx, Johnson & Johnson Vision, Santa Ana, CA). **Patients receiving bilateral diffractive 
multifocal received the Tecnis Multifocal 3.25 (ZLB00, Johnson&Johnson Vision, Santa Ana, CA), or the Restor 2.5 
(SV25T0, Alcon, Ft. Worth, TX). †Patients receiving mixed diffractive EDOF/multifocal lenses received the Tecnis Symfony 
or Symfony Toric in one eye and the Tecnis Multifocal 3.25 in the other (ZRX00/ZXTx ‡Patients receiving a rotationally 
asymmetric multifocal lens received the Oculentis MPlus or MPlus Toric (Oculentis B.V., Arnhem, the Netherlands).

Figure 1 Histogram of angle kappa values in this population (A) and scatterplot (B) of the location of the offset of the corneal vertex from the pupil center for left and right 
eyes.
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analysis was conducted with separate models for patients receiving just one type of lens, but yielded similar effect estimates 
in each model (Table S1). This indicates that the influence of angle kappa does not depend on lens design.

As angle kappa has been suggested as a screening tool for patients receiving multifocal intraocular lenses, a receiver 
operator curve was constructed to examine the utility for defining a cutoff value for angle kappa to screen out patients 
with a higher likelihood of being dissatisfied after surgery (Figure 2). This curve plots the true-positive rate versus the 

Table 2 Linear Regression Model Examining Predictors of Patient-Reported 
Satisfaction. Angle kappa was not correlated with patient-reported satisfaction 
with vision. Mixed lens patients received an extended depth of focus (EDOF) 
lens in one eye (the Tecnis Symfony, J&J Vision, Santa Ana, CA) and a diffractive 
multifocal lens in the other (the Tecnis 3.25 Multifocal, J&J Vision)

Variable Correlation 
Coefficient

95% Confidence 
Interval

P value

Angle Kappa 0.15 −0.081 to 0.39 0.198

Gender
Female (ref) – 0.969

Male −0.0016 −0.080 to 0.077

Age (year) −0.0056 −0.011 to −0.00007 0.050

Binocular UCDVA 0.069 0.019 to 0.12 0.007

Binocular UCNVA 0.022 −0.011 to 0.054 0.197

Lens Type
EDOF (ref) –

Diffractive −0.027 −0.13 to 0.075 0.602

Rot. Asym. 0.17 0.038 to 0.30 0.012
Mixed −0.058 −0.16 to 0.044 0.268

Abbreviations: UCDVA, uncorrected distance visual acuity; UCNVA, uncorrected near visual acuity; 
Rot. Asym, Rotationally asymmetric multifocal lens.

Figure 2 Receiver operator characteristic curve of angle kappa predictive of patient-reported satisfaction.
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false-positive rate of an ascending order of cutoff values. An ideal curve would yield a value with a high true positive rate 
and a low false-positive rate, whereas a test with no predictive value would trend close to the unity line where the true 
positive rate is the inverse of the false-positive rate. The curve for angle kappa trends close to the unity line, indicating 
that angle kappa has low utility for use as a screening test.

A larger angle kappa has been suggested to be responsible for increased patient-reported photic phenomena, such as glare, 
halos, starbursts, and ghosting. An analysis was conducted to examine if there was a relationship between patient-reported photic 
phenomena and angle kappa (Table 3). No association was found between angle kappa and patient-reported photic phenomena.

To analyze for potential effects of loss to follow up, we studied the distribution of angle kappa and preoperative 
refractive error in this population versus the population of patients that underwent surgery during the same time period 
but did not complete a 1 month follow-up, did not undergo surgery in both eyes during the time period, who underwent 
surgery with a monofocal lens, or who did not fill out a patient-reported outcomes questionnaire. During this time period, 
a total of 6982 patients underwent surgery and had a preoperative angle kappa measurement available. The median angle 
kappa for the entire cohort was 0.41 (IQR 0.29 to 0.53), which did not differ from the study cohort (P = 0.9, Mann 
Whitney test). The manifest spherical equivalent (MSE) for the study population was slightly more hyperopic than for the 
overall population (mean +1.30±2.31D for the study population vs +1.18±2.39D for the overall population, P < 0.001).

Discussion
In this study of angle kappa in a large patient population undergoing bilateral surgery with multifocal lenses, we did not 
find an association between angle kappa and patient-reported satisfaction with vision or patient-reported photic phenom-
enon. Sensitivity analyses within patients receiving the same type of lens likewise did not demonstrate an association. 
A receiver-operator characteristic analysis did not reveal any utility in angle kappa as a screening characteristic to select 
patients that would be satisfied after surgery.

There have been a number of studies exploring the relationship between patient-reported outcomes measures and 
preoperative angle kappa in the clinical setting. Prakash, et al, reported in 2011 that increased angle kappa had a negative 
association with patient-reported photic phenomena and satisfaction in a cohort of 37 patients undergoing placement of 
a zonular refractive IOL (ReZoom IOL, no longer in manufacture).1 Fu, et al, demonstrated that a larger angle kappa was 
associated with decreased modulation transfer function and Strehl ratio in a cohort of patients receiving an extended 
depth of focus lens (Tecnis Symfony), but did not analyze its effects on patient satisfaction.3

Conversely, other authors have not reported an association between angle kappa and patient-reported satisfaction. Garzon, 
et al, did not find an association between angle kappa and patient-reported halos in a cohort receiving implantation of a trifocal 
IOL (PodF, PhysIOL, Liége, Belgium)4 A study of a rotationally asymmetric refractive multifocal lens (SBL-3, Lenstec, 
St. Petersburg, FL) by Liu, et al, found no influence of angle kappa on patient-reported outcomes, modulation transfer 
function, or the Strehl ratio.5

Decentration of a multifocal lens with respect to the visual axis has the potential to induce aberrations due to zones of 
diffractive or refractive change overlapping fixation.2 This has been demonstrated both theoretically in diffractive 

Table 3 Linear Regression Models of Patient-Reported Photic 
Phenomena. Each Line Represents a Separate Model Analysis. All 
Models Were Multivariable, Controlling for Uncorrected Binocular 
Distance Acuity, Age, Gender, and Lens Type

Correlation Coef. 95% CI P-value

Glare 0.36 −0.099 to 0.81 0.125

Halos 0.44 −0.064 to 0.95 0.087

Starburst 0.29 −0.19 to 0.78 0.235

Ghosting 0.13 −0.22 to 0.47 0.476

Abbreviation: CI, Confidence Interval.
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multifocal lenses and with an optical bench system with one type rotationally asymmetric segmented multifocal 
lenses.2,10 It is curious as to why we did not see an effect when there is the optical and theoretical potentials for there 
to be one.

A theoretical study by Karhanova, et al, proposed the concept of a critical angle kappa value for each type of 
diffractive multifocal lens.2 This critical value is theoretically dependent upon the effective lens position, diameter of the 
central optic, and keratometry in a non-linear relationship. The average critical angle kappa values that they described 
were quite high – between 10° and 15° depending on lens type, which corresponds to a chord length of 1 to 1.5mm in an 
average eye. A potential reason that we did not see an effect of angle kappa is that we might not have had a large enough 
number of patients with a substantially high angle kappa to show a difference. The distribution of angle kappa that we 
encountered in eyes in this study compares similarly to previously reported studies, so it is unlikely that we are studying 
a population that differs substantially from a population of normal patients seeking to undergo cataract surgery. We did 
not have many eyes in this study with very large angle kappa values (>1mm), so it is theoretically possible that such eyes 
may experience a decrease in visual quality. We did not find evidence of a step-off in patient-reported satisfaction or 
photic phenomena at any level of angle kappa in this cohort.

Karhanova et al recommended taking care when implanting multifocal lenses in hyperopic eyes due to a potentially 
shallow effective lens position, which reduces the critical angle kappa.2 We unfortunately do not have postoperative effective 
lens position data to study this effect, but the cohort of patients in this study was overwhelmingly hyperopic (86% of patients 
had a hyperopic preoperative manifest spherical equivalent). Our failure to find an association between angle kappa and 
patient-reported satisfaction indicates that angle kappa is unlikely to be a substantial factor in the hyperopic population.

Angle kappa has been shown to diminish after cataract surgery.11 In this study, we only had preoperative angle kappa 
measurements, and it is possible that the decrease is such that it renders any potential effects from a larger angle kappa 
preoperatively insignificant. However, we think this is unlikely given the reported magnitude of change (0.04mm in 
chord length), which is small compared to the median preoperative chord length 0f 0.41mm in this population.

This study has several limitations. First, it is retrospective and as such is subject to loss to follow-up bias. A sensitivity 
analysis revealed that the patients included in this study had similar baseline angle kappa and preoperative refraction to 
patients who did not complete a patient-reported outcomes questionnaire. This indicates that our variable of interest, angle 
kappa, did not influence patient follow-up. The study population was slightly more hyperopic than the entire population, but 
this would theoretically have the effect of increasing any effect of angle kappa per the model in Karhanova et al.2 Additionally, 
we recently analyzed risk factors and potential for bias in follow-up and completion of patient-reported outcomes ques-
tionnaires in patients undergoing laser vision correction and found that patients with worse visual outcomes were more likely 
to both follow-up and complete a questionnaire.12 If this were to have happened in our population, the effect would have been 
to bias our population toward greater degrees of dissatisfaction and thus amplify the effects of any factors contributing to this. 
Thus, we believe it is unlikely that loss to follow-up would have obscured an effect of angle kappa in this population.

An additional drawback is that we did not use a validated questionnaire in our study. Unfortunately, there are no currently 
available validated questionnaires for studying patient-reported outcomes in patients receiving multifocal intraocular lenses. 
Our questionnaire is based on one validated for use in laser vision correction, but not multifocal lens surgery.

Overall, our analysis of angle kappa in this large patient cohort with multiple designs of multifocal lenses indicates 
broadly that angle kappa is not related to patient-reported visual or photic outcomes in this population. Although there 
might be theoretical effects of lens decentration on visual quality, we are not able to detect this in a systematic way such 
that angle kappa should be used as a screening tool for patients’ candidacy for multifocal lens placement.
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