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Real-world incidence of monofocal toric
intraocular lens repositioning: analysis of
the American Academy of Ophthalmology

IRIS Registry
Brent A. Kramer, MD, John Berdahl, MD, Xiaolin Gu, MD, PhD, Mohinder Merchea, OD, PhD

Purpose: To determine the 12-month incidence of reoperation to
realign 2 commercially available types of implanted monofocal toric
acrylic intraocular lenses (IOLs).

Setting: American Academy of Ophthalmology IRIS (Intelligent
Research in Sight) Registry.

Design: Registry retrospective study.

Methods: Eyes that underwent cataract extraction and were
implanted with a TECNIS or AcrySof monofocal toric IOL in 2016
and 2017 were identified. The rate of reoperation for IOL realignment
(Current Procedural Terminology code 66825) within 365 days of
implantation was determined for each IOL group. Risk factors for
repositioning were evaluated using logistic regression modeling.

Results: A total of 6482 eyes were implanted with a monofocal
toric IOL, including 2013 (31.06%) with a TECNIS and 4469
(68.94%) with an AcrySof IOL. During the first postoperative

year, 87 (1.3%) eyes underwent surgical IOL repositioning. The
incidence of repositioning was significantly higher (P < .0001) for
TECNIS-implanted (3.1%, 62/2013) than for AcrySof-implanted
(0.6%, 25/4469) eyes (odds ratio [OR] 5.6; 95% CI, 3.5-8.9).
Younger age (OR 0.76; 95%CI, 0.67-0.86 per 5-year increase) was
associated with a higher risk for IOL repositioning.

Conclusions: Real-world analysis of U.S. patients in the IRIS
Registry revealed that the rate of surgical IOL repositioning was 5
times higher in eyes implanted with TECNIS than with AcrySof
monofocal toric IOLs for astigmatic correction at the time of cat-
aract surgery. These findings should be considered when selecting
a toric IOL for correction of astigmatism in cataract patients,
particularly in younger patients with a higher risk for misalignment
requiring repositioning.
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Corneal astigmatism in eyes undergoing cataract
surgery is common. A German study of 23 239 eyes
found that 73.7%, 36.0%, and 16.6% had corneal

astigmatism of ≥0.5 diopter (D), ≥1.0 D, and ≥1.5 D, re-
spectively.1 A study of 110 468 eyes from the United
Kingdom found similar rates, with 78%, 42%, and 21% of
eyes having corneal astigmatism of ≥0.5 D, ≥1.0 D, and ≥1.5
D, respectively.2 A systematic review of 31 studies conducted
throughout the world revealed that up to 47% of eyes un-
dergoing cataract surgery have ≥1 D of preexisting corneal
astigmatism.3 The cost burden of uncorrected astigmatism
after surgery—the lifelong expense of spectacles for vision
correction—has been estimated at $2151 to $3440 per person
in the United States and $1786 to $4629 in Europe.3

Toric intraocular lenses (IOLs) were developed to address
corneal astigmatism at the time of cataract surgery. The

STAAR toric IOL, which has a plate-haptic design, was the
first toric IOL approved by the U.S. Food and Drug Ad-
ministration (FDA) in 1998; a systematic review of visual
acuity (VA) outcomes in eyes implanted with these early
generation toric IOLs for corneal astigmatism demonstrated
postoperative cylinder reduction and improved uncorrected
distance visual acuity (UDVA) with their use.4,5 A later
generation of toric IOLs had an open loop haptic design with
longer overall IOL diameter, providing better rotational
stability than plate-haptic IOLs.6 A systematic review and
meta-analysis incorporating 13 randomized trials comparing
open-loop haptic toric IOLs with nontoric IOLs concluded
that toric IOLs in eyes with preoperative corneal astigmatism
provided better UDVA, greater distance spectacle in-
dependence, and less residual astigmatism than nontoric
IOLs even when relaxing incisions were used.7 Toric IOLs
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have also been shown to be cost-effective and to improve
quality of life.8,9

The overall performance of toric IOLs is similar to that of
monofocal IOLs.7 However, toric IOLs have a unique per-
formance issue with regard to astigmatic axis alignment, as
the IOL must be implanted and remain at the proper as-
tigmatic meridian to optimize VA outcomes. Postoperative
IOL misalignment can arise from inaccuracy in preoperative
IOL calculations (eg, inaccurate corneal imaging, not ac-
counting for posterior corneal astigmatism, or inaccurately
accounting for surgically induced astigmatism), error in
marking the reference axis on the eye preoperatively, in-
traoperative misplacement, and/or postoperative IOL rota-
tion. Early models of toric IOLs with a plate-haptic design
were associated with high rates of reoperation for
realignment—on the order of 10% to 20%—compared with
the <3% rate associated with open loop haptic toric IOLs.10

Most studies on the rotational stability and repositioning
rates of toric IOLs have been either randomized trials or
uncontrolled single-center case series. Trials are governed by
protocols, often include extensive training of investigators,
andmay underestimate the actual performance in real-world
settings. Single-center experiences reflect the skill sets of one
or a small number of surgeons who may not be represen-
tative of many or most surgeons performing toric IOL
implantation. Large registries include data amassed by large
numbers of surgeons in a real-world setting. The American
Academy of Ophthalmology (Academy) maintains the IRIS
(Intelligent Research In Sight) registry, which includes real-
world data from large numbers of subjects implanted with
toric IOLs.11 The present study analyzed rates of reoperation
for IOL alignment in patients undergoing cataract surgery
with implantation of AcrySof toric IOLs (Alcon Laborato-
ries, Inc.) or TECNIS toric IOLs (Johnson & Johnson Vi-
sion), using real-world data from the IRIS registry.

METHODS
This was a retrospective analysis of data derived from the
Academy IRIS Registry, which collates data from the electronic
health records of patients treated by ophthalmologists in the
United States beginning in 2013.11 This analysis of deidentified
data was not considered research on human subjects. The study
protocol was therefore not submitted for review or approved by
ethics committees.
Data were included on patients aged ≥45 years at the time of

surgery who had been diagnosed with age-related cataract, as
shown by an appropriate International Classification of Diseases,
10th Revision (ICD-10) diagnostic code (Table 1) 30 days prior to
and including the day of the procedure, and who underwent
cataract surgery, as shown by a Current Procedural Terminology
(CPT) code 66984 (extracapsular cataract removal with insertion
of the IOL prosthesis [1-stage procedure] and manual or me-
chanical technique [eg, irrigation and aspiration or phacoe-
mulsification]) between January 1, 2016, and December 31, 2017.
In addition, data were included if patients records in the IRIS
Registry showed at least 2 visits within 180 days after the cataract
procedure (the 2 visits were not required to be with the same care
provider); if they had undergone the procedure at a practice that
contributed data to the IRIS Registry for at least 365 days following
the date of the procedure; and if their records included both the
brand and the type (eg, monofocal vs multifocal) of implanted
IOLs (Table 2). Data were excluded if patient records showed an

ICD-10 code indicating specific exclusion conditions indicative
of preexisting conditions that could potentially confound the
outcomes (Supplemental Table 1, http://links.lww.com/JRS/
A426); if records included an unspecified laterality of the di-
agnosis code for mature cataract or of the procedure code for
cataract removal; if their records in the IRIS Registry mentioned
one or fewer visits following the cataract procedure; or if their
records showed a CPT code for specific procedures indicative
of surgical complications (Supplemental Table 2, http://link-
s.lww.com/JRS/A426).
Data collected included patient demographic and diagnostic

information, the brand and type of IOL implanted, and the presence
of CPT code 66825 (repositioning of IOL prosthesis, requiring an
incision) within 365 days of the primary cataract procedure.
The primary outcome was toric IOL repositioning rate (and its

95% CI) within 365 days after implantation, stratified by lens type
and brand. The chi-square test was used to compare repositioning
rates between brands. Logistic regression modeling was applied to
identify risk factors associated with repositioning. Formal power
and sample size analysis were not performed. A convenience
sample of all qualifying eyes was analyzed. All data extraction from
the IRIS Registry database and statistical analyses were in-
dependently performed by Verana Health, the partner of the
Academy for the curation and analysis of IRIS Registry data.
Verana Health applied a set of policies and procedures to ensure
data quality, integrity, security, and traceability. Data quality at
Verana Health was assessed based on a matrix of 6 data quality
dimensions (completeness, accuracy, traceability, consistency,
generalizability, and timeliness) across 3 data quality classifica-
tions (technical, clinical, and scientific).

RESULTS
Overall, 78 796 eyes met all the eligibility criteria, with 11 012
(13.98%) of these eyes implanted with a toric IOL. Of these
11 012 eyes, 4530 (41.14%) were implanted with multifocal
toric IOLs and 6482 (58.86%) with monofocal toric IOLs. Of
the eyes implanted with multifocal toric IOLs, only 69
(1.52%) were implanted with AcrySof multifocal toric IOLs,
whereas 4461 (98.48%) were implanted with TECNIS ex-
tended depth-of-focus (diffractive extended depth-of-focus)
toric IOLs, and no TECNIS multifocal toric IOLs were FDA-
approved during the study period. Because of the imbalance
between the 2 types of multifocal/diffractive extended

Table 1. ICD-10 Diagnoses Included in the Analysis.

Code Description

H25.011 Cortical age-related cataract, right eye

H25.012 Cortical age-related cataract, left eye

H25.013 Cortical age-related cataract, bilateral

H25.11 Age-related nuclear cataract, right eye

H25.12 Age-related nuclear cataract, left eye

H25.13 Age-related nuclear cataract, bilateral

H25.89 Other age-related cataract

H25.21 Age-related cataract, morgagnian type

(hypermature), right eye

H25.22 Age-related cataract, morgagnian type

(hypermature), left eye

H25.23 Age-related cataract, morgagnian type

(hypermature), bilateral

H25.811 Combined forms of age-related cataract, right eye

H25.812 Combined forms of age-related cataract, left eye

H25.813 Combined forms of age-related cataract, bilateral

ICD-10 = International Classification of Diseases, 10th Revision
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depth-of-focus toric IOLs, this analysis was limited to eyes
implanted with monofocal toric IOLs. Of the 6482 eyes
implanted with monofocal toric IOLs, 4469 (68.94%)
were implanted with AcrySof and 2013 (31.06%) with
TECNIS IOLs. The demographic characteristics of the eyes
of the included subjects are shown in Table 3. Eyes were from
subjects of mean age ∼70 years; of the 6482 eyes, 3909
(60.31%) were from women, and 5720 (88.24%) were from
White subjects, with no significant differences between the
AcrySof and TECNIS toric IOL groups.
In the first postoperative year, 87 (1.3%) of the 6482 eyes

with monofocal toric IOL implantation underwent surgical
IOL repositioning. The incidence of repositioning was
significantly higher in TECNIS-implanted (3.1%, 62/2013)
than in AcrySof implanted (0.6%, 25/4469) eyes (P < .0001)
(Figure 1). None of the eyes requiring repositioning were
from the same patient.
Figure 2 shows the results of logistic regression mod-

eling to identify risk factors for repositioning among
the study cohort. Relative to eyes implanted with AcrySof
monofocal toric IOLs, eyes implanted with TECNIS
monofocal toric IOLs had an odds ratio (OR) of 5.57
(95% CI, 3.48-8.92) of undergoing repositioning within
365 days of the primary procedure. Younger age was also
significant, with an OR of 0.76 (95% CI, 0.67-0.86) for
every 5-year increase in age, indicating reduced risk with
older age. Sex, race, and region of the country where the
surgery took place were not significant risk factors for
repositioning.

DISCUSSION
This analysis of real-world data drawn from the IRIS
Registry found that significantly fewer eyes implanted with
AcrySof monofocal toric IOLs than with TECNIS mono-
focal toric IOLs required secondary surgical intervention
for repositioning due to IOL malalignment. Secondary
surgical intervention was also more likely to occur in
younger patients.

This study found that the incidence of repositioning 1
year after implantation of TECNIS monofocal toric IOLs of
repositioning was 3.1%, higher than the 2.3% rate at
6 months observed in the registration trial of these lenses.12

Similarly, this study found that the incidence of re-
positioning 1 year after implantation of AcrySof IOLs was
0.6%, higher than the 0.4% in the registration study.13 The
higher rates observed in this study were not surprising in as
much as manufacturer-sponsored clinical trials are more
tightly controlled than real-world clinical practice.
The sample sizes of the 2 groups were not balanced, with

the number of eyes implanted with AcrySof lenses being
approximately 2.2 times greater than the number of eyes
implanted with TECNIS lenses. In contrast, the number of
repositioning procedures was about 2.5 times greater in eyes
implanted with TECNIS than with AcrySof lenses. More-
over, the 95% CI of the OR for repositioning of these lenses
was higher than 1.0, indicating that balancing of the sample
sizes of the 2 groups was unlikely to change the overall study
results. The results of the current study are also consistent
with prior reports of toric IOL misalignment or

Table 3. Demographic Characteristics.

Characteristic

AcrySof

(N = 4469)

TECNIS

(N = 2013) P value

Age (y), mean ± SD 69.9 ± 7.9 69.4 ± 8.3 .05

Female, n (%) 2691 (60.2) 1218 (60.5) .85

Race, n (%)

White 3953 (88.5) 1767 (87.8) .33

Black 78 (1.7) 46 (2.3)

Other or not reported 438 (9.8) 200 (9.9)

U.S. geographical region,

n (%)

Midwest 1442 (32.3) 522 (25.9) <.0001

North 456 (10.2) 269 (13.4)

South 2030 (45.4) 830 (41.2)

West 541 (12.1) 392 (19.5)

Table 2. IOL Models Included in the Analysis.

Type

Brand

AcrySof TECNIS

Monofocal SN60WF, SA60WF, SN60AT, and SA60AT ZCB00

Monofocal toric SN6AT3, SN6AT4, SN6AT5, SN6AT6, SN6AT7, SN6AT8,

SN6AT9, SA6AT3, SA6AT4, SA6AT5, SA6AT6, SA6AT7,

SA6AT8, and SA6AT9

ZCT150, ZCT225, ZCT300, ZCT400, ZCT425, ZCT525,

and ZCT600

Multifocal SN6AD1, SV25T0, and SN6AD3

Keyword: “ReSTOR multifocal”

ZKB00, ZLB00, and ZMB00

Keyword: “TECNIS multifocal”

Multifocal toric SND1T3, SND1T4, SND1T5, SND1T6, SV25T3, SV25T4,

SV25T5, and SV25T6

Keyword: “ReSTOR multifocal toric”

NA

Diffractive EDoF/EDF NA ZXR00

Keywords: “TECNIS Symfony,” “Symfony,” “EDoF,” and

“EDF”

Diffractive EDoF/EDF toric NA ZXT150, ZXT225, ZXT300, and ZXT375

Keywords: “TECNIS Symfony toric,” “Symfony toric,”

“EDoF toric,” and “EDF toric”

EDoF/EDF = extended depth of focus
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postoperative rotation, which required additional surgical
procedures to address reduced visual performance.14–16

Using data drawn from a toric back-calculation dataset,
developed to guide decision making regarding the value
of reoperation for IOL realignment to address residual
cylinder, 8229 calculations included intended lens orienta-
tion and IOL type data.14 An estimate of the denominator of
overall toric IOL usage by brand found that higher pro-
portions of implanted TECNIS lenses than AcrySof lenses
had ≥5-degree misorientation from the intended axis, both
in the dataset (81% vs 64%, P < .0001) and in the extrap-
olated analysis of all implanted IOLs (1.86% vs 0.75%, P <
.0001). A single-site retrospective analysis of 1273 eyes re-
ceiving either TECNIS (n = 647) or AcrySof (n = 626) toric
IOLs found that IOL rotations >5 degrees (18.2% vs 8.1%,
P < .0001), >10 degrees (6.8% vs 2.2%, P = .0002), and >15
degrees (3.6% vs 1.4%, P = .02) were significantly more
frequent in eyes implanted with TECNIS than with AcrySof
toric IOLs.16 Reoperations were nearly twice as common in
eyes implanted with TECNIS than with AryrSof IOLs (3.1%
vs 1.6%), although this difference was not statistically sig-
nificant (P = .10). A retrospective, multicenter analysis of
9430 eyes implanted with toric IOLs reported an overall
repositioning surgery rate of 0.944%, with the rate being
significantly lower for AcrySof (0.213%) than for TECNIS
(1.797%) or HOYA (1.942%) (Hoya Surgical Optics, Inc.)
toric IOLs (P < .0001).15

Rotation of toric IOLs reduces the effective astigmatic
correction, resulting in residual postoperative astigmatism
compromising VA outcomes. A 10-degree rotation results
in a 33% reduction in astigmatic correction, and this may
have greater visual performance impact at higher cylinder
magnitude levels. The cost-effectiveness and quality-of-life
improvements reported with the use of toric IOLs to im-
prove UCDVA are likely diminished by suboptimal VA
outcomes in eyes with modestly misaligned toric IOLs and
the need for reoperation to realign rotated IOLs in eyes
with greater misalignment.8,9 Toric IOL models with
greater rotational stability and lower rates of reoperation
for misalignment would thus be expected to provide greater
cost-effectiveness and patient satisfaction.

Although the time to toric IOL rotation is an interesting
endpoint, the primary objective of this study was to evaluate
the rate of toric IOL repositioning, not time to repositioning.
Most rotations occur within the first few days after im-
plantation, whereas repositioning is frequently not performed
until several weeks later.While time to toric IOL rotation is an
interesting endpoint, it was not analyzed in this study as there
likely was a discrepancy between IOL rotation and when the
repositioning surgery actually occurred and the procedure
code (CPT 66825) was entered into the IRIS registry.17

This study also found that younger age was a significant
risk factor for repositioning, with an OR of 0.76 (95% CI,
0.67-0.86) for every 5-year increase in age. The reduced risk
for repositioning with older age may have been due to
younger patients being visually more demanding. Moreover,
most lenses undergo rotation during the first hours/day after
surgery.16 Thus, if younger patients are more active soon
after the surgery, they may experience a higher rate of ro-
tation. Alternatively, the biomechanics of the capsule may
differ in younger and older patients. A higher prevalence of
with-the-rule astigmatism in younger patients has been
established, and therefore, toric location (ie, a higher per-
centage of torics being placed vertically) could also play a
role; of note, the IRIS registry does not record toric axis, and
therefore, a post hoc subanalysis was unable to be conducted.
Additional clinical studies investigating the impact of age on
toric IOL rotation are required.
This study’s key strength is its use of real-world data from

the Academy’s IRIS Registry database. This database is a
unique and valuable repository of real-world data extracted
from the electronic health records of physicians in the United
States. In 2016 alone, the IRIS Registry incorporated health
data from over 36 million visits by more than 17 million
unique patients to 7400 ophthalmologists at 2300 practices in
the United States.10 The IRIS Registry permits analysis of
large sample sizes not attainable through clinical trials, fa-
cilitating precise estimation of rates of uncommon events
such as toric IOL repositioning. Also, unlike data from
clinical trials—which are typically governed by strict clinical
protocols that may not reflect clinical practice patterns and
often include investigator training and certification for sur-
gical studies—data from the IRIS Registry reflect real-world
clinical practice and outcomes representative of surgeons
from all regions, practice settings, and experience levels.

Figure 2. Risk factors for IOL repositioning within 365 days of
primary surgery.

Figure 1. Incidence of reoperation for IOL realignment ( CPT code
66825)within 365daysof surgery by IOLbrand. AcrySof toric IOLswere
found to require less additional repositioning than TECNIS toric IOLS
(*P < .0001; chi-square test). CPT = Current Procedural Terminology
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Limitations of database studies pertain primarily to the
nature and quality of the data collected. This study was
designed to estimate the real-world incidence of toric IOL
repositioning among patients in the United States. The
performance of repositioning procedure was based on the
presence of CPT code 66825 in the IRIS registry. This CPT
code applies to the repositioning of IOLs for purposes that
include realignment for toric axis, repositioning IOL with
severe tilt, decentration, or haptics out of bag. However, for
toric IOLs, most repositioning procedures are performed
due to misalignment either from misplacement during
surgery or rotation after surgery. Thus, the incidence of
toric IOL repositioning may be higher than the actual toric
IOL rotation rate. Other factors such as preoperative cal-
culation, method of intraoperative toric IOL alignment, and
postoperative toric axis measurement could have impacted
the results of this study; however, these details are not
recorded in the IRIS database, and therefore can’t be further
evaluated (of note, both manufacturer calculators began to
include posterior corneal astigmatism during this study:
Alcon Laboratories, Inc. in August of 2016 and Johnson &
Johnson Vision in October of 2016). Errors and/or omis-
sions in documentation are not easily identified at the
patient level in such large datasets and may affect analyses.
Also, contribution of data to the IRIS Registry is voluntary;
the surgeons and practices electing to participate may not
be representative of all surgeons or practice settings. This
analysis would not capture data from patients who un-
derwent surgery with a surgeon or practice in the IRIS
Registry and then were lost to follow-up because they
sought postoperative care from a practice outside the IRIS
Registry. In addition, it would also not capture data from
patients in which the CPT code was not billed. Although
these limitations affected the study cohort as a whole, they
should not skew the proportions by affecting 1 IOL group
in particular.
Other limitations of this study include its retrospective

nature, which may have introduced a selection bias. Because
this studywas retrospective in nature, no repositioning criteria
were predetermined in the study protocol.Moreover, there are
no current standards for such secondary surgical interven-
tions. Rather, surgery is performed if the repositioning would
likely improve a patient’s visual outcomes and if the surgeon
prefers this approach.
Since the completion of this study, Johnson & Johnson

Vision introduced the TECNIS toric II. Changes were made
in the IOL design in an effort to enhance rotational stability
of the TECNIS toric platform. Future studies are needed to
confirm the rotational stability of these new toric IOLs.
In summary, analysis of real-world data from the Aca-

demy’s IRIS Registry revealed that the rate of surgical IOL
repositioning was significantly higher in eyes implanted
with TECNIS monofocal toric IOLs than with AcrySof
monofocal toric IOLs for astigmatic correction at the time
of cataract surgery. This finding is consistent with reports
from prior small studies. These findings should be con-
sidered when selecting toric IOLs for correction of astig-
matism in patients with cataract, particularly in younger

patients, who are at a higher risk for misalignment re-
quiring repositioning.
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WHAT WAS KNOWN
� Compared with nontoric IOLs, toric IOLs provide superior

visual and quality-of-life outcomes in eyes with regular cor-
neal astigmatism.

� Toric IOLs must be implanted and remain at the proper
astigmatic axis alignment to optimize visual acuity outcomes.

� Studies have shown differences among lenses in toric IOL
rotation and the need for repositioning.

WHAT THIS PAPER ADDS
� According to the Academy’s IRIS Registry, the original

TECNIS toric platform required more postoperative re-
positioning compared with the AcrySof toric platform.

� Younger age is associated with higher rates of postoperative
toric IOL repositioning.
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