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Purpose: To prospectively evaluate postoperative clinical outcomes with implantation of toric 

intraocular lenses (IOLs) using preoperative keratometry from an optical low coherence reflec-

tometry (OLCR) ocular biometer (Lenstar® LS900) and the built-in Barrett toric calculator.

Patients and methods: A prospective observational study recruited one or both eyes of 

subjects who underwent uncomplicated cataract surgery with toric IOL implantation using OLCR 

biometery data and the Barrett toric IOL calculator for toric IOL planning. Data were collected 

at the preoperative, operative, 1-day and 2-month postoperative visits. The primary outcome 

measure was the manifest refractive astigmatism magnitude at 2 months. The secondary out-

come measures included the manifest refraction, corneal keratometry, and distance visual acuity 

(corrected and uncorrected). The results obtained with the Barrett toric calculator were compared 

with simulated results based on the toric calculators designed for the IOLs being used.

Results: Data from 98 eyes of 54 subjects were available for analysis. In the 74 eyes with 

postoperative lens orientation as planned, and sufficient IOL cylinder power to correct sub-

jects’ measured astigmatism, 77% of eyes (57/74) had 0.5 diopter (D) or less refractive cylin-

der 2 months postoperatively, while 89% (66/74) had 0.75 D or less. Simulated results after 

adjusting actual IOL orientation to the planned orientation suggested that the Barrett calculator 

would result in postoperative residual astigmatism about 0.2 D lower than that expected with 

standard calculators.

Conclusion: Use of the Barrett toric calculator with biometry data from the Lenstar LS900 

biometer for toric IOL planning in a clinical setting resulted in significantly lower levels of 

residual refractive cylinder than might be expected with standard calculators. Postoperative lens 

orientation and variability in the measurement of corneal astigmatism pre- and postoperatively 

appear to be important limiting factors in toric IOL outcomes.
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Introduction
Toric intraocular lenses (IOLs) are arguably one of the most successful methods to 

reduce astigmatism at the time of cataract surgery.1 However, residual astigmatism 

after toric IOL implantation remains a concern, with 36.5% of eyes not within 25% 

of their target astigmatism correction and 35.2% having uncorrected distance visual 

acuity worse than 20/25.1,2 In otherwise healthy and uncomplicated cataract surgeries, 

one of the most important causes for unexpected residual astigmatism postoperatively 

is believed to be inaccurate preoperative keratometry measurements.2 Some commonly 
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used toric calculators can also suffer from inaccuracies that 

render the results less reliable.3,4

Even with accurate measurement, most keratometry 

measurement devices and toric calculators do not include 

consideration of the posterior cornea. One study suggests 

that ignoring posterior corneal astigmatism (PCA) may be a 

significant factor with regard to postoperative refractive astig-

matism after toric IOL implantation.5 PCA has been noted 

to have an average power of 0.3 diopter (D), with a range 

from 0.0 D to 1.0 D; the steep meridian was observed to be 

vertical in the majority of cases.6 It was observed to be higher 

than 0.5 D in up to 55% of cases in one sample population.7 

Orientation of PCA is also variable. It may be possible to 

predict the orientation of the steep meridian of the posterior 

cornea when the steep meridian of the anterior cornea is 

vertical (with-the-rule, or WTR), but it is more difficult to 

predict when the steep meridian of the anterior cornea is 

horizontal (against-the-rule, or ATR) or oblique, especially 

in patients with high ATR anterior corneal astigmatism.8,9 

Given the above, corneal astigmatism measurements that 

rely only on measurement of the anterior corneal surface may 

be poor predictors of the true total corneal astigmatism. The 

likely results of calculations based only on anterior corneal 

astigmatism are toric lens powers that overcorrect eyes with 

WTR anterior corneal astigmatism and undercorrect eyes 

with ATR anterior corneal astigmatism.7,10,11

There are currently three different methods used to 

account for the effects of PCA on total corneal astigmatism. 

The most direct is to measure the anterior and posterior 

surfaces of the cornea, as this accounts for anterior and PCA. 

However, this is only as reliable as the actual measurements, 

and the reliability of some of the devices currently used to 

measure PCA has been questioned.12–14 Another approach is 

to compensate for expected PCA using a population-based 

nomogram or an adjustment of the actual calculator using 

proxy data to predict PCA. Some that have been discussed 

in the literature include the Baylor nomogram, the subtoric 

IOL calculator, Goggin et al nomogram, and the Barrett 

toric IOL calculator.3,4,8,12 The Baylor nomogram and the 

subtoric IOL calculators both used Scheimpflug devices on 

a population set to determine average PCA.8,12 Both methods 

are likely to suffer from some inaccuracies due to inherent 

problems with the measuring device and also by not taking 

into account or by assuming a fixed location of the steep 

meridian of the PCA.8,12,13 The Goggin et al nomogram adjusts 

the anterior corneal astigmatism based on the orientation of 

the anterior cornea (ie, WTR or ATR) and on the toric lens 

power. The latter limitation applies the nomogram only to 

toric IOLs with #2.0 D of cylinder correction, because the 

effects of PCA appear negligible with higher cylinder power.3 

The Barrett toric calculator estimates the PCA for each eye 

using a proprietary mathematical model.4

Early evidence suggests the Barrett toric IOL calculator 

may be more precise when compared with direct measure-

ment of the PCA or application of the Baylor nomogram 

to the AcrySof and Holladay toric IOL calculators.4,15 One 

study demonstrated that using the keratometry values from a 

biometer based on optical low coherence reflectometry (OLCR; 

Lenstar LS900®, Haag-Streit AG, Koeniz, Switzerland) and 

the Barrett toric IOL calculator together was likely to further 

improve results after toric IOL implantation.4 However, 

analyses to date have been theoretical, and based on measured 

postoperative, rather than preoperative, keratometry.

The purpose of the current study was to prospectively eval-

uate postoperative clinical outcomes when toric IOLs were 

planned using keratometry from the Lenstar biometer and 

the built-in Barrett toric calculator. The primary measure of 

interest was the postoperative refractive astigmatism. Results 

were compared with simulated results based on planning the 

toric IOL using the standard calculator for each lens type.

Patients and methods
This was a prospective observational (noninterventional) 

single-arm study of toric IOL implantations completed by 

a single surgeon at one site. Subjects without any disease/

condition that might have compromised refractive outcomes 

after cataract surgery were recruited. Participating subjects 

signed a written informed consent on enrollment. Consecu-

tive patients from 9/10/15 to 3/2/16 were invited to partici-

pate. The target enrollment was 100 eyes. One or both eyes 

of each subject could be included. The study was approved 

by an appropriate ethics review committee (the Regional 

Committees for Medical and Health Research Ethics [REK], 

Norway), and was conducted in accordance with the tenets of 

the Declaration of Helsinki and Good Clinical Practice.

Included eyes were measured using an OLCR ocular 

biometer. Toric IOL power was calculated using the Barrett 

toric IOL calculator. All surgeries were completed with a 

2.2 mm primary incision at the 12 o’clock position (superior). 

The Verion™ Image-guided System (Alcon, Fort Worth, TX, 

USA) was used for locating incisions, the capsulorhexis and 

the final orientation of the IOL in the eye. Surgeries were 

performed bilaterally on the same day.

All the subjects had four study visits, including one pre-

operative visit, a surgery visit, and 1-day and 2-month post-

operative visits. Best-corrected monocular distance visual 
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acuity, manifest refraction, and keratometry with an OLCR 

biometer were collected at the preoperative and 2-month 

postoperative visits. Lens orientation was also recorded at the 

2-month visit. Uncorrected monocular distance visual acuity 

was recorded at the 1-day and 2-month postoperative visits. 

A high-contrast logMAR) chart under photopic lighting was 

used for all applicable visits. Adverse events were recorded 

at the operative and all postoperative visits.

The primary outcome measure was the manifest refractive 

astigmatism at the 2-month postoperative visit. Secondary 

outcome measures included the manifest refraction and the 

corrected and uncorrected distance visual acuity. An addi-

tional secondary measure was the postoperative keratometry 

to permit post-hoc analysis of corneal changes. The refractive 

results provided using the toric IOL calculation methods 

earlier were compared with simulated results based on 

the standard toric calculator for the given toric IOL. This 

was based on a “remove and replace” algorithm described 

previously.16

Clinical data were tabulated and deidentified on appro-

priate case report forms and tabulated in Microsoft Excel 

(Microsoft Corp., Redmond, WA, USA) along with a relevant 

data file that was exported from the ocular biometer. Toric 

IOL calculations using the relevant IOL-specific calculators 

were performed and recorded. All data were imported into 

an MS Access database for data checking, collation, and 

preliminary analysis (Microsoft Corp., Redmond, WA, USA). 

Statistical analyses were performed using the STATISTICA 

data analysis software system, version 12 (StatSoft, Inc., 

Tulsa, OK, USA). Statistical testing was performed using 

analysis of variance (ANOVA) on continuous variables 

and appropriate nonparametric tests on categorical data. 

Statistical significance was set at P=0.05.

Results
One hundred and one eyes of 55 subjects were successfully 

recruited. One subject (two eyes) was lost to follow-up and 

one eye of one subject was treated with additional relaxing 

incisions and so removed from the data set. That left 98 eyes of 

54 subjects in the final data set. Demographics of the subject 

pool are shown in Table 1. As can be seen in Table 2, the 

majority of lenses implanted were Tecnis® Toric IOLs (Abbott 

Medical Optics, Santa Ana, USA), though 5 were Alcon IQ® 

Toric IOLs (Alcon, Fort Worth, USA). IOL cylinder power 

ranged from 1.00 D to 3.75 D, corresponding to a nominal 

power at the corneal plane from 0.69 D to 2.57 D.

The primary measure of interest was the residual refractive 

cylinder after toric IOL planning. There was no statistically 

significant effect of age (P.0.1) or gender (P.0.6) on the 

results. To analyze residual refractive cylinder, the data were 

divided by outcome class. In 4 cases, the calculated manifest 

residual cylinder after surgery was 0.5 D or higher because 

of limitations in the available cylinder powers for correction; 

this was not a function of the calculator. These cases were 

noted as “HighResid”. Second, in 11% of cases (11/98), the 

orientation of the IOL was not within 10 degrees of intended. 

All the misoriented lenses were Tecnis; all Alcon lenses were 

within 5 degrees of the intended orientation. Again, residual 

refractive error related to lens misorientation is not a func-

tion of the calculator. These cases were noted as “OffAxis”. 

In another 9 cases, the lens orientation could not be con-

firmed to be within 10 degrees of intended because the pupil 

could not be sufficiently dilated; these cases were labeled 

“Unknown”. The remaining 74 cases were within 10 degrees 

of intended and had an expected residual astigmatism ,0.5 D; 

they were labeled “OK”. Figure 1 shows the histogram of 

residual refractive cylinder at the 2-month postoperative visit 

in this latter subgroup. As can be seen, 77% of eyes (57/74) 

had 0.5 D or less refractive cylinder at 2 months postopera-

tive, while 89% (66/74) had 0.75 D or less. Figure 2 shows 

the ANOVA of refractive cylinder at 2 months by the groups 

identified earlier. There was a statistically significant differ-

ence between the groups (P=0.02).

Summary refractive data for all eyes at 2 months postoper-

ative are shown in Table 3. Figure 3 shows that the uncorrected 

Table 1 Demographic summary (by eye) of data set

Patients, n 54
eyes, n 98
Age (years)* 73.9±7.3 (47 to 86)
sex, n 30 F, 24 M
Preoperative average keratometry (D)* 43.85±1.47 (40.88 to 47.34)
Preoperative corneal astigmatism (D)* 1.54±0.90 (0.20 to 5.02)
Axial length* 23.54±1.27 (20.44 to 27.30)

Note: *Mean ± standard deviation (minimum to maximum).

Table 2 Count of lenses by manufacturer and cylinder power

IOL cylinder 

IOL 
plane (D)

Corneal 
plane (D)*

Alcon IQ® 
Toric

AMO Tecnis® 
Toric

1.00 0.69 18 (zct100)
1.50 1.03 3 (SN6AT3) 25 (zct150)
2.25 1.54 1 (SN6AT4) 24 (zct225)
3.00 2.06 1 (SN6AT5) 14 (zct300)
3.75 2.57 12 (zct375)

Note: *Nominal value based on an average eye, cited by manufacturers.
Abbreviation: iOl, intraocular lens.
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visual acuity was slightly better in the “OK” group, but was 

not statistically significantly different from the other groups 

(P=0.12). There was no statistically significant difference in 

the best-corrected visual acuity (P=0.98) or the uncorrected 

visual acuity (P=0.12) between the groups. Seventy-one 

percent (70/98) of all eyes had an uncorrected visual acuity 

within one logMAR line of their best-corrected acuity.

Surgically induced astigmatism (SIA) is defined as the 

measured change in corneal astigmatism from preoperative 

to postoperative. All surgical planning was based on an SIA 

value of 0.3 D, with vertical incisions in all eyes. The average 

SIA magnitude and the centroid (the vector sum) of the SIA 

vectors are shown in Table 3. As can be seen, the average 

SIA magnitude was higher than the planning value and the 

centroid was lower than the planning value.

For the 74 “OK” cases, the difference between the 

expected residual astigmatism and the actual postoperative 

refractive astigmatism could be calculated using vector math. 

The absolute mean difference and standard deviation was 

0.50 D±0.32 D. The difference was #0.5 D in 57% of cases 

(42/74) and #0.75 D in 80% of cases (59/74).

For the “OK” and “OffAxis” cases (n=85), a “remove 

and replace” algorithm was applied to compare the actual 

results with those that might have occurred if the standard 

toric calculator had been used; these were simulations 

based on available data, no surgery was performed. For 

each of the lenses already in the eye that were “OffAxis”, 

the IOL was “rotated” by first removing it and replacing it 

at the originally planned orientation based on the Barrett 

toric calculator; this was the “Adjusted Barrett” group. The 

Standard group was calculated by “removing” the IOL in 

the eye and replacing it with the IOL power and orientation 

suggested by the appropriate standard calculator (Alcon or 

Tecnis, depending on the IOL). Figure 4 shows an ANOVA 

of the expected postoperative residual astigmatism associated 

with the Adjusted Barrett and Standard groups, categorized 

by the IOL cylinder power at the corneal plane. There was a 

statistically significant difference in the expected refractive 

cylinder between the Adjusted Barrett group and the Standard 

calculation group (P,0.01) but no statistically significant 

effect of lens power (P=0.08) and no lens power/lens group 

interaction (P=0.77); the mean difference between the groups 

was just under 0.2 D. It is important to note that, in this 

simulation, the expected refractive cylinder in the Adjusted 

Barrett group was not always lower than in the Standard 

Figure 1 Distribution of postoperative refractive cylinder (n=74).

Figure 2 Mean refractive cylinder by study analysis group.
Notes: HighResid: cylinder correction limited by intraocular lens (IOL) power available. OffAxis: lens orientation .10 degrees from intended. OK: correctable with available 
IOL powers and orientation within 10 degrees of intended. Unknown: lens orientation could not be determined.
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group. In almost one-half of the cases (42/85, or 49%), the 

difference in expected residual refractive cylinder from 

the two calculations was 0.25 D or less. In 9 of 85 cases, the 

expected residual refractive cylinder in the Standard group 

was more than 0.25 D lower than in the Adjusted Barrett 

group, while the reverse was true in 34 cases.

Discussion
We believe this is the first clinical case series reported of toric 

IOL implants that were planned using the Barrett calculator 

with the Lenstar LS900 biometer. Previous clinical results 

have been reported, but postoperative keratometry was used 

for the evaluation because the calculations were designed to 

highlight the advantages of the calculator.4,15 While this latter 

approach is helpful to understand the potential benefits of 

improved accuracy with the calculator, it does not provide 

any clinical expectations in a real-world setting.

In the study, a subpopulation of eyes most likely to be 

affected by the calculator (“OK” cases, eyes that could be 

corrected appropriately and in which the IOL was oriented 

as intended) was identified. In this subgroup, the percentage 

of eyes with 0.5 D or lower (77%) and 0.75 D or lower 

(89%) refractive cylinder at 2 months postoperative appeared 

consistent with results previously reported for the Barrett 

calculator, though the previous calculations were based on 

postoperative keratometry.4 These results appear better than 

previous results with other calculators that have been reported 

in the literature, a pooled estimate of 71% of eyes with 0.5 D 

or lower refractive cylinder was calculated from 11 studies 

(991 eyes) of one single piece hydrophobic acrylic IOL.17

The absolute mean difference between the expected and 

actual residual astigmatism was 0.5 D, which is lower when 

compared with Alcon and Holladay toric calculators as found 

in a previous study but 0.03 D higher than when the Alcon 

Table 3 refractive data 2 months postoperatively (n=99)

Value Mean SD Median Minimum Maximum

Spherical equivalent refraction (D) 0.25 0.44 0.25 -1.75 1.13
Refractive cylinder (D) -0.51 0.38 -0.50 -1.75 0.00
Average keratometry (D) 43.91 1.47 43.76 41.08 47.60
Corneal astigmatism (D) 1.45 0.89 1.19 0.27 4.30
Uncorrected visual acuity (logMAR) 0.07 0.11 0.04 -0.14 0.56
Best-corrected visual acuity (logMAR) -0.03 0.05 -0.02 -0.14 0.14
Difference in visual acuity (logMAR)a 0.09 0.08 0.08 0.00 0.42
Average SIA magnitude (D) 0.61 0.40
Centroid of SIA (X, Y), magnitude (-0.05, -0.05), 0.07

Note: aDifference in visual acuity is best-corrected – uncorrected, 0.1=1 line.
Abbreviations: D, diopter; sD, standard deviation; sia, surgically induced astigmatism.

Figure 3 Mean visual acuity by study analysis group.
Notes: HighResid: cylinder correction limited by intraocular lens (IOL) power available. OffAxis: lens orientation .10 degrees from intended. OK: correctable with available 
IOL powers and orientation within 10 degrees of intended. Unknown: lens orientation could not be determined.
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and Holladay toric calculators used the Baylor nomogram; 

note that this study used postoperative keratometry data.4 This 

suggests that taking into account the PCA plays an important 

role in toric lens calculations. In addition, the absolute mean 

difference between the expected and actual residual astig-

matism was 0.11 D higher than previously found using the 

Barrett calculator and the OLCR keratometry values; this 

may be related to effects of SIA as the study being compared 

eliminated the effects of the SIA by using postoperative 

keratometry data.4

It is suggested by Goggin et al3 that an adjustment for 

PCA be applied only to lenses with 2.0 D or less of cylinder 

power. However, Figure 4 in the current study suggests that 

consideration of PCA is still important in cases with higher 

cylinder power, as simulated results with the Barrett calcula-

tor resulted in significantly less expected residual astigmatism 

relative to simulated results with a standard calculator.

Rotational stability of the toric IOLs in the eye is also a 

factor when evaluating clinical outcomes. In this study, 11% 

of lenses were not oriented as intended; the percentage of 

lenses that were misaligned by more than 10 degrees (11%) 

was somewhat higher than has been reported previously in 

the literature.18 However, the “remove and replace” algorithm 

applied to the postoperative data corrected for misalignment 

when comparative data were calculated.

The differences between the standard calculators and the 

Barrett formula were relatively modest in the current data set, 

compared with the residual refractive cylinder observed, but 

some overall improvement in aggregate results was evident. 

One possibility is that the comparison was done between 

groups where residual astigmatism was less than 0.5 D, so 

appreciating the difference between the toric calculators may 

not have been adequately realized with our current sample 

size. A larger study group is warranted to help elucidate the 

difference between the currently available toric calculators.

It appears that reducing variability in terms of SIA and 

keratometry may be necessary before the full effects of the 

improved calculator will be appreciated. Factors such as dry 

eye can significantly affect the repeatability of keratometry 

measurements in cataract patients.19 This will also affect the 

calculation of SIA, as SIA is the preoperative to postopera-

tive vector difference in corneal astigmatism; this will be 

the sum of the actual change in corneal astigmatism and 

any measurement errors. The authors recommend that the 

vector centroid of the SIA value (here 0.07) be used for the 

Barrett toric calculator. This is because random variability in 

the measurement of corneal astigmatism will have a greater 

effect on the average SIA magnitude than on the vector 

centroid of the SIA. In a recent correspondence, Dr Koch and 

Dr Wang illustrated the importance of using a centroid SIA 

when calculating toric lens powers because the SIA value 

has a magnitude and a direction and should be treated as a 

vector sum as opposed to the sum of the absolute values.20 

As such, if the centroid SIA value was used in the current 

Figure 4 Residual refractive astigmatism as a function of nominal intraocular lens (IOL) cylinder power. 
Notes: HighResid: cylinder correction limited by IOL power available. OffAxis: lens orientation .10 degrees from intended. OK: correctable with available IOL powers and 
orientation within 10 degrees of intended. Unknown: lens orientation could not be determined.
Abbreviation: iOl, intraocular lens.
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study for preoperative planning, it is possible that the results 

could have been further improved.

In summary, using the Lenstar LS900 biometer with the 

Barrett toric calculator for toric IOL planning in a clinical set-

ting resulted in residual refractive cylinder that was slightly 

lower than that expected with standard calculators. Clinical 

variability in the measurement of corneal astigmatism and 

SIA appears to reduce the expected differences between toric 

calculators; using the centroid SIA for toric calculations may 

further improve outcomes.
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