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Refractive outcomes of intraoperative wavefront aberrometry versus optical 
biometry alone for intraocular lens power calculation

Zina Zhang, Logan William Thomas, Szu‑Yen Leu, Steven Carter, Sumit Garg

Purpose: To compare the outcomes of intraoperative wavefront aberrometry versus optical biometry 
alone for intraocular lens  (IOL) power calculation in eyes undergoing cataract surgery with monofocal 
IOL implantation. Methods: Preoperative data were obtained with the IOLMaster. Intraoperative 
aphakic measurements and IOL power calculations were obtained in some patients with the optiwave 
refractive analysis  (ORA) system. Analysis was performed to determine the accuracy of monofocal 
IOL power prediction and postoperative manifest refraction at 1  month of the ORA versus IOLMaster. 
Results: Two hundred and ninety‑five eyes reviewed, 61 had only preoperative IOLMaster measurements 
and 234 had both IOLMaster and ORA measurements. Of these 234 eyes, 6 were excluded, 107 had the 
same recommended IOL power by ORA and IOLMaster. Sixty‑four percent of these eyes were within ±0.5D. 
95 eyes had IOL power implantation based on ORA instead of IOLMaster. Seventy percent of these eyes were 
within ±0.5D of target refraction. 26 eyes had IOL power chosen based on IOLMaster predictions instead 
of ORA. Sixty‑five percent were within ±0.5D. In the group with IOLMaster without ORA measurements, 
80% of eyes were within ±0.5D of target refraction. The absolute error was statistically smaller in those eyes 
where the ORA and IOLMaster recommended the same IOL power based on preoperative target refraction 
compared to instances in which IOL selection was based on ORA or IOLMaster alone. Neither prediction 
errors were statistically different between the ORA and IOLMaster alone. Conclusion: Intraoperative 
wavefront aberrometry with the ORA system provides postoperative refractive results comparable to 
conventional biometry with the IOLMaster for monofocal IOL selection.
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Intraoperative wavefront aberrometry has become 
increasingly used in cataract surgery in recent years, with 
the goal of obtaining more predictable postoperative results. 
One such method is the optiwave refractive analysis (ORA) 
(Alcon, Fort Worth, TX, USA) system, which measures 
phakic, aphakic, and/or pseudophakic refraction at the 
time of cataract surgery.[1,2] The ORA system takes into 
account both the anterior and posterior corneal astigmatism, 
which may improve astigmatic outcomes by accounting 
for refractive contribution from the posterior cornea. 
Intraocular lens  (IOL) power calculations using newer 
generation IOL formulae rely on preoperative biometry 
including axial length, keratometry, and often additional 
measurements such as white‑to‑white diameter and 
anterior chamber depth. The previous studies with older 
intraoperative wavefront aberrometry systems, ORange 
Gen 1 and 2  (WaveTec Vision Inc, Aliso Viejo, CA, USA) 
demonstrate similar accuracy compared to conventional 
biometry.[2,3] In addition, recent studies suggest that 
intraoperative wavefront aberrometry is useful for IOL 
power selection after refractive surgery[1,4,5] and may in 
some cases even be superior to conventional methods for 
determining IOL selection.[5]

The purpose of this study was to evaluate the accuracy of 
intraoperative wavefront aberrometry for IOL power selection 
in virgin eyes compared to conventional methods with partial 
coherence interferometry (IOLMaster, Carl Zeiss Meditec, Jena, 
Germany) using a surgeon’s best choice method to select IOL 
power (i.e., surgeon’s choice based on Holladay 1, SRK/T, and 
Hoffer Q formulas depending on the preoperative axial length 
and keratometry). Specifically, the goal of the study was to 
determine whether the use of ORA in addition to preoperative 
data from IOLMaster for IOL selection provides a more 
accurate postoperative result compared to using IOLMaster 
alone for monofocal IOL implantation.

Methods
This was a nonrandomized, consecutive retrospective study 
from a single center; one surgeon (SG) performed all the cases. 
Approval for this study was obtained from the Institutional 
Review Board of the University of California, Irvine, and the 
study was in accordance with the Helsinki Declaration of 1975, 
as revised in 2000.
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Inclusion criteria were patients with monofocal IOL 
implants and those who also had postoperative manifest 
refraction (MRx) at approximately 1 month. Exclusion criteria 
included the presence of significant ocular comorbidities that 
could limit best corrected visual acuity, eyes with poor visual 
potential, corneal ectasias or opacities, inability to cooperate 
with postoperative refraction or insufficient follow‑up, inability 
to fixate intraoperatively, previous refractive surgery, or 
intraoperative complications.

All patients underwent preoperative biometry with 
IOLMaster in two locations affiliated with the University of 
California, Irvine. Various technicians performed IOLmaster 
measurements using either the IOLMaster 300 or IOLMaster 
500, depending on the location. All measurements were 
captured before any contact with the patient’s cornea 
(e.g., intraocular pressure check) to avoid affecting the numerical 
outcomes. All patients’ eye surgeries were performed under 
topical anesthesia, and phacoemulsification was performed 
through temporal, clear corneal incision with IOL implantation 
in the capsular bag. During measurements with ORA, the 
speculum was carefully adjusted to avoid extra pressure 
on the eyelid. ORA measurements were obtained after the 
cataract was removed, and the anterior chamber was inflated to 
normotensive level with a cohesive viscoelastic (Healon– Abbott 
Medical Optics, Santa Ana, CA, USA), as previous studies have 
indicated successful measurements in aphakia with the presence 
of viscoelastic.[6,7] This study was completed with the ORA 
before the more recent upgrade to VerifEye+™ Technology.

We examined a cohort of 61  patients who had cataract 
surgery and preoperative IOLMaster measurements between 
January 2011 and January 2013 with the IOLMaster only 
(pre‑ORA group). The IOLMaster was used to select the 
appropriate power of IOL implantation by surgeon’s best 
choice, and the target postoperative spherical equivalent (SE) 
was obtained. This group was included to serve as a reference 
before ORA technology use. Another cohort of 234 patients from 
July 2012 to February 2014 who had preoperative IOLMaster 
as well as ORA measurements intraoperatively was included 
in this study. Again, the target postoperative SE refraction was 
obtained using IOLMaster. When the ORA provided several 
different IOL powers during aphakic measurements, the IOL 
with the ORA‑predicted power closest to the preoperative 
IOLMaster selected target was chosen, and the predicted SE 
refraction given by the ORA was also recorded. Between one 
to four capture attempts were made for each patient with the 
ORA, depending on the quality of the measurements, averaging 
about 2.2 captures per patient. In many cases, the surgeon 
chose a different IOL power than was originally planned by 
the IOL Master, based on the ORA reading, either to a higher 
or lower lens power.

Postoperative uncorrected visual acuity, best‑corrected 
visual acuity, and subjective MRx were performed, and the 
SE was recorded. The prediction error for IOLMaster was 
calculated as the difference between the postoperative MRx 
in SE and preoperative target refraction in SE. The prediction 
error for ORA was calculated based on the difference between 
the postoperative MRx SE and the ORA predicted postoperative 
refraction SE. Finally, in cases where the ORA and IOLMaster 
recommended different IOL powers for the same target 
postoperative refraction, the IOLMaster “error” was calculated 

as the difference between final postoperative MRx SE, and 
the IOLMaster target postoperative SE based on the final IOL 
power that was implanted.

Statistical analysis
Some subjects in the study had both eyes operated on and the 
outcomes from the same subject might be correlated. Thus, 
the group difference in real prediction errors on postsurgery 
MRx were analyzed using the linear mixed model, and the 
group difference in absolute prediction errors was analyzed 
using the generalized linear‑mixed model with gamma 
distribution. Operated eye  (right eye, left eye) and number 
of days’ postsurgery were included as covariates in both 
models. The post hoc pairwise comparisons were performed 
with Bonferroni’s multiple comparison adjustment method. 
All analyses were performed using SAS 9.4 (Cary, NC, USA), 
and the significance level was set at 0.05.

Results
Two hundred and ninety‑five eyes of patients (50.2% male) with 
median age 71 (range 22–95) years old were identified. Among 
them, 61 eyes  (20.7%) had cataract surgery with IOLMaster 
measurements, but without ORA  (pre‑ORA), and 234 eyes 
had both IOLMaster and ORA measurements. Of these, 
107  (36.3%) eyes had the same IOL power recommendation 
from IOLMaster and ORA  (BOTH group). For 95  (32.2%) 
eyes, the final IOL power implanted was chosen from ORA 
recommendations rather than IOLMaster  (ORA group). 
Thus, for the ORA group, the final implanted IOL power was 
changed from what surgeon’s best choice from IOLMaster 
measurements once ORA measurements were obtained. The 
decision to change was made by the surgeon to meet individual 
patient preference for near, intermediate, or distance refractive 
goals. For 26 (8.8%) patients, the final IOL power implanted was 
based on surgeon’s best choice from IOLmaster measurements 
rather than ORA  (IOLMaster group). Six patients were 
excluded from the data analyses; three had the same IOL power 
chosen by ORA and surgeon’s best choice from IOLMaster, 
but the surgeon ended up placing a different IOL type than 
previously planned, two had IOL power implantation different 
from that chosen by ORA, and surgeon’s best choice and one 
had postsurgical myopic surprise likely related to a corneal 
condition that was diagnosed after surgery.

Of the 95  patients where final IOL power implantation 
was made based on the ORA measurements rather than 
preoperative IOLMaster measurements, the chosen IOL power 
was higher (HIGHER) than IOLMaster for 39 (41.1%) subjects 
and lower  (LOWER) for 56  (58.9%) subjects. Postoperative 
MRx was obtained at approximately 1 month after surgery. 
The median days  (min, max) postsurgery for postoperative 
MRx were 27 (8, 139), 25 (6, 97), 23.5 (11, 110), and 22 (5, 57) for 
ORA, BOTH, IOLMaster, and pre‑ORA group, respectively, and 
the difference was not significant. Other sample characteristics 
including axial length, keratometry, anterior chamber depth, 
implanted IOL power and predicted refraction in SE for each 
study group were summarized in Table 1 and as shown the 
values were similar between groups.

Prediction error of intraocular lens master target manifest 
refraction
Table 2 shows the prediction errors of the postoperative MRx 
SE compared to the IOL master’s target refraction SE and are 
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expressed either in absolute error (only positive values) or real 
error  (includes both positive and negative values, referring 
to either a more hyperopic or myopic result than targeted). 
The results showed that a statistically significant difference 
between the 4 groups in absolute error (P = 0.0049) but not in 
real error (P = 0.57). The post hoc comparisons identified that the 
absolute error in the BOTH group was significantly smaller than 
the ORA (P = 0.002) and pre‑ORA (P = 0.0037) groups, but not 
than the IOLMaster group (P = 0.35). There was no significant 
difference between ORA, IOLMaster and pre‑ORA groups 
(all P > 0.25). In addition, there were 3 (2.8%), 0 (0%), 5 (8.2%), 
and 9 (9.5%) eyes with large absolute errors (>1D) in the BOTH, 
IOLMaster, pre‑ORA, and ORA groups, respectively.

Prediction error of optiwave refractive analysis predicted 
manifest refraction
When the ORA was used intraoperatively, before IOL 
implantation, it gave a predicted final refraction in SE for 
different IOL powers of the specified lens type that may 
be chosen. Table  3 shows the distribution of the ORA’s 
prediction error for postoperative refraction, in both real and 
absolute error. The error is the difference between the actual 
postoperative MRx and the ORA’s‑predicted postoperative 

refraction. There was a significant group difference in 
absolute prediction error (P = 0.0053) but not in real prediction 
error  (P  =  0.91). The absolute prediction error in the BOTH 
group was significantly less than the ORA group (P = 0.004) 
but not the IOLMaster group  (P  =  0.12), and there is no 
difference between ORA and IOLMaster groups  (P  =  0.75). 
Thus, the absolute prediction error was significantly smaller in 
cases where the surgeon’s best choice (based on IOLMaster), 
and ORA recommended the same IOL power based on the 
preoperative target refraction, compared to cases where the 
final IOL power was changed based on ORA measurements. In 
addition, there were 3 (2.8%), 1 (3.8%), and 7 (7.4%) eyes with 
large absolute errors (>1D) in the BOTH, IOLMaster, and ORA 
groups, respectively.

Change in intraocular lens power based on optiwave refrac‑
tive analysis measurements
In 95 eyes, the ORA and IOLMaster measurement did not 
agree on the same IOL power for the same target refraction, 
and the surgeon chose the final IOL power based on the 
ORA’s recommendation rather than preoperative IOL 
measurements. Therefore, the IOL power was changed based 
on the intraoperative ORA measurements, in 39 eyes for a 

Table 1: Sample characteristics

Group Axial length (mm) Keratometry (Kmin, Kmax) Anterior 
chamber 

depth (mm)

Implanted IOL 
power (D)

Target 
refraction (SE)

n Mean±SD n Mean SD n Mean±SD n Mean±SD n Mean±SD

ORA 95 23.74±1.401 95 44.69, 43.52 1.715, 1.54 20 3.11±0.44 95 20.66±3.93 95 −0.30±0.38

BOTH 107 23.91±1.007 107 44.2, 43.17 1.417, 1.452 35 3.18±0.38 107 20.51±2.85 107 −0.31±0.43

IOLMaster 26 23.6±1.09 26 44.22, 43.24 1.364, 1.42 6 3.22±0.41 26 21.48±3.13 26 −0.32±0.34
Pre‑ORA 61 23.66±1.215 61 44.64, 43.52 1.499, 1.277 60 3.26±0.41 61 20.99±3.68 61 −0.40±0.34

D: Diopters, SD: Standard deviation, SE: Spherical equivalent, IOL: Intraocular lens, ORA: Optiwave refractive analysis

Table 2: Prediction error of intraocular lens Master target manifest refraction

Group Real prediction error Absolute prediction error* Number (proportion) in error 
range (%)

n Mean±SD Median 
(minimum–maximum)

Mean±SD Median 
(minimum–maximum)

≤±0.5 >±0.5 to ±1 >±1

ORA 95 −0.007±0.556 0 (−1.445-1.71) 0.434±0.345 0.365 (0-1.71) 62 (65.3) 24 (25.3) 9 (9.5)

BOTH 107 −0.05±0.399 −0.06 (−1.29-1.44) 0.295±0.272 0.2 (0-1.44) 86 (80.4) 18 (16.8) 3 (2.8)

IOLMaster 26 0.027±0.443 −0.025 (0.75-0.98) 0.359±0.251 0.335 (0-0.98) 19 (73.1) 7 (26.9) 0
Pre‑ORA 61 −0.155±0.575 −0.15 (−1.62-1.095) 0.462±0.37 0.36 (0.005-1.62) 39 (63.9) 17 (27.9) 5 (8.2)

*BOTH group was significantly smaller than ORA and pre‑ORA groups. SD: Standard deviation, IOL: Intraocular lens, ORA: Optiwave refractive analysis

Table 3: Prediction error of optiwave refractive analysis predicted manifest refraction

Group Real prediction error Absolute prediction error* Number (proportion) in error 
range (%)

n Mean±SD Median 
(minimum–maximum)

Mean±SD Median 
(minimum–maximum)

≤±0.5 >±0.5 to ±1 >±1

ORA 95 −0.022±0.561 0.02 (−1.615-1.72) 0.434±0.354 0.335 (0.01-1.72) 63 (66.3) 26 (27.4) 6 (6.3)

BOTH 107 −0.05±0.403 −0.06 (−1-1.56) 0.299±0.273 0.22 (0.005-1.56) 85 (79.4) 20 (18.7) 2 (1.9)
IOLMaster 26 0.027±0.506 −0.06 (−0.86-1.05) 0.412±0.283 0.408 (0.045-1.05) 18 (69.2) 7 (26.9) 1 (3.8)

*BOTH group was significantly smaller than ORA. SD: Standard deviation, IOL: Intraocular lens, ORA: Optiwave refractive analysis
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higher‑powered lens and in 56 eyes for a lower‑powered lens 
than previously planned, as shown in Table 4. The difference 
between higher and lower power in prediction error of 
IOLMaster target MRx was not significant in real prediction 
error (P = 0.44) or absolute prediction error (P = 0.4).

Discussion
With improvements in cataract surgery techniques and 
technology arises the demand to provide more accurate 
postoperative results similar to the precision offered by 
refractive surgery. Intraoperative wavefront aberrometry is 
one tool that may help with improving surgeons’ accuracy, 
and while, it has shown to be helpful in postrefractive 
cases.[1] In our study, the use of intraoperative wavefront 
aberrometry combined with IOLMaster was comparable, 
but not superior, to the use of conventional biometry with 
IOLMaster alone. Our postoperative outcomes show that 
for 107 patients in the group that had both IOLMaster and 
ORA recommend the same IOL power for the same target 
refraction (BOTH), the mean absolute error of postoperative 
SE compared to IOLMaster target SE is statistically smaller 
than 61 patients who had IOLMaster measurements without 
the use of ORA  (pre‑ORA). In addition, in this group 
where the IOLMaster and ORA agreed  (BOTH), the mean 
absolute error was also statistically smaller than the group 
of 95  patients where the IOL power was changed based 
on ORA measurements  (ORA). When the mean absolute 
prediction error was used to compare postoperative SE to 
ORA‑predicted SE, the group of 107 patients where IOLMaster 
and ORA recommend the same IOL power  (BOTH) had a 
statistically smaller mean absolute error than the group of 
95  patients where the IOL power was changed based on 
ORA measurements (ORA). However, there was no statistical 
difference in mean absolute error between the BOTH group 
and the group of 26  patients where the IOL power was 
chosen based on the original IOLMaster target, despite 
ORA recommendations  (IOLMaster). It is worth noting 
that there is a theoretical systematic difference between the 
measurements obtained using the IOLMaster 300 versus the 
IOLMaster 500, although we suspect this difference would be 
minimal. Changing the previously planned IOL power (based 
on preoperative IOLMaster) to another IOL power, whether 
higher or lower, based on ORA measurements did not lead 
to a better postoperative result in our study. This suggests 
that in cases, in which the IOLMaster and ORA agree, the 
postoperative outcome will be closer to target. However, 
this may be due to a variety of factors, including patient 
cooperation, technique of intraoperative aberrometry 
capture, stability of intraoperative IOP, lack of ocular surface 
disease, or other associated ocular comorbidities.

The differences in our study were small because the 
ORA and IOLMaster often provided very similar IOL power 
recommendations based on their predicted refractions. Out 
of 121 cases in which the ORA and IOLMaster did not agree 
on the same IOL power, and final IOL selection was made 
based on either the ORA or surgeon’s best choice based on 
IOLMaster, in 87% (106 eyes) the variation was only ±0.5D. In 
only three cases, the difference in power between surgeon’s 
best choice and ORA was ±1.5D, and in 12 cases, it was ±1.0D. 
The study could identify significantly lower absolute error in 
BOTH group compared to ORA group and pre‑ORA group, 
but not compared to IOLMaster group, probably due to the 
small sample size in the IOLMaster group. While this was 
limited to a retrospective study at a single center with a single 
experienced surgeon, this likely also served to decrease any 
differences caused by surgeon technique and decision‑making 
in IOL selection.

A limitation of the study is that there was no standardized 
preoperative IOL calculation method, instead relying on 
surgeon’s best choice. Most cases relied on the Holladay 1 
formula, with some preference to SRK/T for eyes with longer 
axial length, and Hoffer Q for eyes with shorter axial length. 
This study did not compare the predictive errors of each 
individual prediction formula (i.e., Haigis vs. Holladay 1 vs. 
Hoffer Q, etc.), and this may prove beneficial in the future 
research by providing additional data to aid in comparison 
between groups. In general, the surgeon looks for agreement 
in various formulas when choosing an IOL. Regarding the 
few instances where ORA gave several different IOL powers 
during aphakic measurements, the IOL was selected to closely 
match that of the initial prediction by the IOL master. This 
may influence the data by introducing confounding and bias. 
However, these cases comprised a small portion of our study, 
and the IOL powers provided by ORA were also chosen with 
the patients’ postoperative goals in mind. In addition, in our 
study, several different types of IOLs were used although the 
majority consisted of ZCB00 or ZA9003 (Abbott Medical Optics, 
Santa Ana, CA), or SN60WF (Alcon, Fort Worth, TX, USA). The 
use of different IOL types and A‑constant modification may 
have influenced the preoperative or intraoperative predictions. 
Other factors, such as patient fixation, intraocular pressure, 
external pressure from the eyelid speculum, and viscoelastic 
versus balanced saline solution in the anterior chamber may 
also affect the accuracy of the ORA measurements.[6] In our 
study, Healon was used in the anterior chamber for all ORA 
measurements, which very well may impact the predictions 
by ORA. In the future, additional studies to optimize these 
variables may be needed to determine the best conditions for 
intraoperative biometry.

Table 4: Prediction error of intraocular lens Master target manifest refraction for optiwave refractive analysis group

ORA power 
group*

Real prediction error Absolute prediction error Number (proportion) in error 
range (%)

n Mean±SD Median 
(minimum–maximum)

Mean±SD Median 
(minimum–maximum)

≤±0.5 >±0.5 to ±1 >±1

HIGHER 39 −0.062±0.63 −0.025 (−1.45-1.71) 0.47±0.417 0.39 (0-1.71) 24 (61.5) 10 (25.6) 5 (12.8)
LOWER 56 0.031±0.501 −0.03 (−1.04-1.13) 0.409±0.285 0.363 (0-1.135) 38 (67.9) 14 (25.0) 4 (7.1)

*IOL power was changed based on ORA measurements intra‑operatively, to a HIGHER or LOWER power from what was previously planned based on 
preoperative IOLMaster measurements. SD: Standard deviation, IOL: Intraocular lens, ORA: Optiwave refractive analysis
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Another limitation of this study centers arounds the cases 
when ORA recommended several different IOL powers 
during aphakic measurements. ORA depends on several 
variables (e.g., intraocular pressure, hydration, and external 
pressure), and these data were not recorded in this retrospective 
study. It may be useful in the future studies to focus on this 
issue as a possible limitation of ORA. Another limitation is only 
121 patients out of 289 patients had recorded anterior chamber 
lengths in chart review.

Other uses for intraoperative wavefront aberrometry 
include the measurement of cylindrical power and axes to 
determine the placement of limbal relaxing incisions (LRI) for 
astigmatism and as well as orientation and power of toric IOL 
implants. Our study examined the accuracy of ORA in standard 
monofocal nontoric IOLs only. While some surgeons already 
use this technology for LRIs,[8] further studies to elucidate the 
value of intraoperative aberrometry specifically for toric IOL 
implantation, rotation, and residual postoperative cylinder 
would be useful.

A recent retrospective case series demonstrated the utility of 
intraoperative wavefront aberrometry for toric IOL placement 
in eyes with a history of prior refractive surgery.[9] Although 
limited by a small number of patients in the study, the study 
by Yesilirmak et  al.[9] did demonstrate successful use of the 
ORA in eyes with significant astigmatism after both myopic 
and hyperopic LASIK that underwent toric IOL implantation, 
compared to IOLMaster and the online ASCRS calculator. 
Another recent retrospective study examined the use of the ORA 
with the Trulign accommodative toric IOL (Bausch + Lomb) and 
demonstrated good uncorrected distance visual acuity and low 
refractive cylinder on postoperative refraction.[10] Although this 
study was also limited by small sample size and did not have 
a control group, the ability of the ORA to consider anterior as 
well as posterior astigmatism likely makes it useful for toric 
IOL implantation and orientation. Additional comparative 
studies on whether intraoperative wavefront aberrometry 
provides more accurate results for toric IOL implantation 
would be important.

Conclusion
Intraoperative wavefront aberrometry with the ORA system 
provides comparable postoperative refractive results relative to 
conventional biometry with IOLMaster in patients undergoing 
routine cataract surgery with monofocal IOL implantation.
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