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ARTICLE

Image-guided system versus manual ®
marking for toric intraocular lens alignment
In cataract surgery

Valentijn S.C. Webers, MD, Noel ].C. Bauer, MD, PhD, Nienke Visser, MD, PhD, Tos T.].M. Berendschot, PhD,
Frank J.H.M. van den Biggelaar, PhD, Rudy M.M.A. Nuijts, MD, PhD

Purpose: To compare the accuracy of toric intraocular lens (IOL)
alignment using the Verion Image-Guided System versus a
conventional manual ink-marking procedure.

Setting: University Eye Clinic Maastricht, Maastricht, the
Netherlands.

Design: Prospective randomized clinical trial.

Methods: Eyes with regular corneal astigmatism of at least 1.25
diopters (D) that required cataract surgery and toric IOL implantation
(Acrysof SNBAT3-T9) were randomly assigned to the image-guided
group or the manual-marking group. The primary outcome was the
alignment of the toric IOL based on preoperative images and images
taken immediately after surgery. Secondary outcome measures
were residual astigmatism, uncorrected distance visual acuity
(UDVA), and complications.

can be achieved by correcting for refractive errors by

implantation of a monofocal intraocular lens (IOL).
However, approximately 20% to 30% of patients having
cataract surgery have preexisting corneal astigmatism of
1.25 diopters (D) or more, which, when uncorrected dur-
ing surgery, will result in spectacle dependency postopera-
tively.' ” In patients without comorbidities and a desire to
achieve postoperative freedom from spectacles for distance
vision, the correction of astigmatism could be addressed at
the time of surgery by using toric IOLs.

Numerous studies have shown that the implantation of a
toric IOL is safe and effective.''" After toric IOL implanta-
tion, 70% to 85% of all patients are spectacle-independent
for distance visual acuity.'”'*""” One factor that determines
the effectiveness of the astigmatism correction is the
accuracy of toric IOL alignment; every 5 degrees of

I n most patients who have cataract surgery, emmetropia

Results: The study enrolled 36 eyes (24 patients). The mean toric IOL
misalignment was significantly less in the image-guided group than in
the manual group 1 hour (1.3 degrees + 1.6 [SD] versus 2.8 + 1.8
degrees; P = .02) and 3 months (1.7 + 1.5 degrees versus
3.1 £+ 2.1 degrees; P < .05) postoperatively. The mean residual
refractive cylinder was —0.36 + 0.32 D and —0.47 + 0.28 D in the
image-guided group and manual group, respectively (P > .05). The
mean UDVA was 0.03 + 0.10 logarithm of minimum angle of
resolution (logMAR) and 0.04 + 0.09 logMAR, respectively
(both P > .05). No intraoperative complications occurred during any
surgery.

Conclusion: The IOL misalignment was significantly less with dig-
ital marking than with manual marking; this did not result in a better
UDVA or lower residual refractive astigmatism.

J Cataract Refract Surg 2017; 43:781-788 © 2017 ASCRS and ESCRS

misalignment will decrease the anticipated effect by
17%."**° Therefore, accurate alignment of the toric IOL
is essential to achieve excellent postoperative outcomes
and reduce residual refractive astigmatism.

Since the introduction of the toric IOL, many manual
marking techniques have been used for the alignment of
toric IOLs.” ** However, with a recently introduced digital
marking system (Verion Digital Marker M, Alcon Labora-
tories, Inc.) toric IOLs can be aligned without preoperative
manual marking.

The purpose of this study was to compare the accuracy of
a new digital marking technique with a conventional
manual marking technique for toric IOL alignment.

PATIENTS AND METHODS

In this randomized controlled trial, patients with cataract and
concomitant corneal astigmatism were recruited from the
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Maastricht University Eye Clinic. All patients provided informed
consent. The study was performed in compliance with the tenets of
the Declaration of Helsinki and good clinical practice guidelines
and was registered in a clinical trial register.* Approval of an
investigational review board was obtained before the start of this
study.

The main inclusion criteria were unilateral or bilateral preexist-
ing corneal astigmatism of 1.25 D or more and age of 18 years or
older. Exclusion criteria were irregular corneal astigmatism, previ-
ous intraocular or corneal surgery, Fuchs endothelial dystrophy
(stage 2 or higher), extensive age-related macular degeneration,
glaucoma or diabetic macular disease, or other contraindications
to cataract surgery and toric IOL implantation.

Toric Intraocular Lens Selection and Calculation

In all cases, an Acrysof aspheric toric IOL (model SN6AT3-9, Alcon
Laboratories, Inc.) with cylindrical powers in 0.75 D steps ranging
from 1.50 D (T3) to 6.00 D (T9) and spherical powers ranging
from +6.00 to +30.00 D was implanted. To calculate the spherical
power of the toric IOL, optical biometry (Carl Zeiss Meditec AG)
and the Sanders-Retzlaff-Kraff formula®® (SRK/T, A-constant
118.9) were used. The cylindrical power of the toric IOL was deter-
mined by transferring into an online toric calculator” the keratom-
etry reading obtained by an optical biometer based on partial
coherence interferometry (PCI) (IOLMaster, Carl Zeiss Meditec
AG). The web-based toric calculator takes into account mandatory
data input, such as the expected surgically induced astigmatism
(SIA) and the position of the main corneal incision. The expected
SIA was 0.30 D for a 2.2 mm superior incision.””

Surgical Technique

All surgeries in this study were performed by 1 of 2 experienced
surgeons (R.N., N.B.). The surgical technique, except the method
of marking for toric IOL alignment, was standardized in each pa-
tient. In all cases, a standard divide-and-conquer phacoemulsifica-
tion technique was performed through a superior 2.2 mm clear
corneal incision.

The manual marking technique consisted of a 3-step procedure.
After the eye was marked at 0 degree, 180 degrees, and 270 degrees
using the Nuijts-Lane preoperative toric reference corneal marker
(AE-2793S, Asico LLC), with the patient seated, the desired im-
plantation axis was marked intraoperatively using a Mendez
ring and a Nuijts toric axis marker (AE-2740, Asico LLC). Implan-
tation and alignment of the toric IOL were performed until the
IOL marks were in line with the manually placed ink alignment
marks.

The Verion Image-Guided System, which consists of a measure-
ment module and digital marker, was used to perform digital
marking for toric IOL alignment. Preoperatively, a high-
resolution color reference image of the patient’s eye was obtained
using the measurement module. These images were transferred to
the digital marker. Using multiple reference points on the con-
junctiva and limbus, a digital overlay of the imported preoperative
image and live-surgery image was created. Because of the eye-
tracking navigation of the system, cyclotorsion and eye move-
ments are eliminated, allowing the desired implantation axis of
the toric IOL to be accurately projected in the right ocular of the
surgeon’s microscope.

Randomization

Consecutive patients were randomly assigned to have digital
marking or manual marking. Blocked randomization was per-
formed to reduce bias and achieve balance in the allocation of
participants to both treatment arms. The assigned randomization
was e-mailed to the surgeon 1 day before surgery. The patient and
investigator performing the postoperative examinations were
masked to the treatment allocation. At the 3-month follow-up,
the randomization was revealed.

Volume 43 Issue 6 June 2017

Preoperative Assessment

Preoperatively, each patient had a full ophthalmologic evaluation
using slitlamp biomicroscopy, including fundoscopy and intraoc-
ular pressure measurement. Automated keratometry (PCI-based
and the image-guided system’s reference unit) and corneal topog-
raphy (Pentacam, Oculus Optikgeraite GmbH) were performed
before surgery.

Determination of Misalignment and Rotation Stability

Atall postoperative visits (1 hour, 1 week, 1 month, and 3 months),
slittamp photography in full mydriasis (phenylephrine hydrochlo-
ride 100 mg/mL, tropicamide 5 mg/mL) was performed. All sli-
tlamp photographs were examined by the same researcher
(V.W.). Misalignment was defined as the difference between the
desired toric IOL axis and the achieved axis 1 hour postopera-
tively. To eliminate cyclotorsion or an in-habitual head position,
the postoperatively obtained slittamp photographs were compared
with preoperative images obtained with the image-guided system’s
measurement unit; these images were obtained while the patient’s
eyes were in a horizontal position. The preoperative image-guided
system measurements were performed according to the manufac-
turer’s directions. These include having patients place their chin in
the center of the chinrest and affirming constant contact of the
forehead with the horizontal supporting band. In addition, head
tilt was prevented during the measurements by ensuring that an
imaginary line connecting the outer canthi was running parallel
with the supporting band.

Reference spots on the conjunctiva and limbus were marked in
the preoperative images and postoperative images using Photo-
shop CS6 (version 13.01.3, Adobe Systems, Inc.). After an overlay
of both images was created by matching all reference spots, the
achieved toric IOL axis was determined using its marks, thereby
excluding changes in eye or head position.

A comparable technique was used to determine rotation stabil-
ity postoperatively. Rotation was defined as the difference between
the implanted toric IOL axis 1 hour postoperatively and the toric
IOL axis at consecutive follow-up visits. The rotation of the toric
IOLs was determined using Adobe Photoshop CS6 and the hori-
zontal reference markings obtained from the preoperative image
(as described above).

Visual and Refractive Outcomes

At each follow-up visit, monocular uncorrected distance visual
acuity (UDVA) and corrected distance visual acuity (CDVA)
were measured using Early Treatment Diabetic Retinopathy Study
charts at 4 m. Patients were asked to start reading the charts at the
smallest row on which all letters were easily distinguishable. Pa-
tients were asked to continue to read rows with smaller letters until
no letters on a row were read correctly. The correct number of let-
ters was noted and transferred into logarithm of minimum angle
of resolution (logMAR) values for use in the analyses.

Sample Size

A sample-size calculation was performed using an o of 0.05 and a
power of 80%. A previous study examining manual eye marking**
found a mean toric IOL misalignment of 5.0 degrees & 2.1 (SD) in
pseudophakic eyes. In a pilot study,” the mean misalignment of
the image-guided system was 2.5 degrees. Based on these assump-
tions and assuming a dropout of 15% on the primary outcome
measure, the study would have to include a minimum of 36 eyes.

Statistical Analysis

All data were collected in an electronic data-capture system for
medical research (Castor EDC, CIWIT B.V., Amsterdam) and
transferred to SPSS for Windows software (version 23.0, 2010,
International Business Machines Corp.) for data analysis. An
intention-to-treat analysis was performed. Differences in
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alignment between groups were analyzed using the independent
Student t test. If the distribution of variables was not normal,
the nonparametric Wilcoxon rank-sum test was used. Paired
t tests were used to analyze the changes in visual acuities and re-
sidual refractive cylinder between preoperative visits and postop-
erative visits. Vector analysis according to the Alpin method™® was
used to translate corneal and refractive astigmatism into Cartesian
coordinates (x and y). In all tests, a threshold of statistical signif-
icance was assumed equal to a P value of 0.05.

RESULTS

Thirty-six eyes were randomly assigned to the manual
group or the image-guided group (Figure 1). The image-
guided group comprised 18 eyes of 17 patients (9 women
[50%]) with a mean age of 68 years (range 23 to 89 years).
The manual group comprised 18 eyes of 17 patients
(6 women [33%]) with a mean age of 70 years (range
23 to 89 years). Preoperatively, there were no statistically
significant differences in age, sex distribution, refractive,
and anterior or posterior corneal astigmatism between the
2 groups (Table 1). A statistically significant difference
was noted in preoperative CDVA favoring the image-
guided group (Table 1). One patient in the image-guided
group was lost to follow-up as a result of a systemic health
disorder. Intraoperative digital marking failed in 1 patient,
resulting in conversion to an intraoperative manual
marking technique.

Misalignment

Table 2 shows the mean misalignment 1 hour postopera-
tively in both groups. Of the 36 anterior segment slitlamp
photographs, 35 could be used for analysis of misalignment
1 hour postoperatively. Misalignment was significantly
lower in the image-guided group than in the manual group
(P = .02). The misalignment ranged from 0.0 to 6.1 degrees
in the image-guided group and from 0.3 to 6.5 degrees in
the manual group. Postoperative toric IOL misalignment
of 5 degrees or less occurred in 17 patients (94%) in the

93 Eyes (67 patients) assessed for eligibility

image-guided group and 14 patients (81%) in the manual
group. Counterclockwise rotation compared with the
desired implantation axis was seen in 10 patients (57%) in
the image-guided group and in 11 patients (64%) in the
manual group.

Rotational Stability

Table 2 shows the mean rotation of the toric IOLs measured
at consecutive follow-up visits. In 27 of 36 cases, anterior
slittamp photographs of good quality were obtained at all
4 follow-up visits. The mean rotation during the follow-
up period (1 hour to 3 months) was comparable between
the 2 groups (P = .25). In terms of rotation over time
(1 hour to 3 months), a statistically significant decrease in
rotation was measured (P = .04, image-guided group;
P = .03, manual group); however, no statistically signifi-
cant differences were seen between the 2 groups at any of
follow-up timepoint (P = .13, P = .71, and P = .25 for
1 week, 1 month, and 3 months, respectively). The percent-
age of clockwise rotation during follow-up was 78% (14
patients) in the image-guided group and 82% (14 patients)
in the manual group. Three months postoperatively, the
mean error in alignment (misalignment and rotation com-
bined) was significantly less in the image-guided group
than in the manual group (P = .05).

Visual Acuity and Refraction

Three months postoperatively, the mean UDVA was
0.03 £+ 0.10 logMAR in the image-guided group and
0.04 & 0.09 logMAR in the manual group (P = .74). The
mean CDVA was —0.05 = 0.08 logMAR and —0.04 +
0.07 logMAR, respectively (P = .82).

A statistically significant reduction between preoperative
corneal astigmatism and postoperative refractive astigma-
tism occurred in both groups (both P < .0001)
(Figure 2). The mean residual refractive astigmatism
3 months postoperatively was —0.36 + 0.32 D in the

57 eyes (43 patients) excluded
53 Eyes (41 patients) did not meet inclusion criteria
4 Eyes (2 patients) refused to participate

36 Eyes (24 patients) randomized

/\

Figure 1. Patient screening and
follow-up.

18 Eyes randomized to manual marking
18 Recieved assigned intervention

18 Eyes randomized to digital marking
17 Recieved assigned intervention

0 Lost to follow-up

1 Unusable for primary outcome determination assessed

1 Lost to follow-up after primary outcome was

|

17 Eyes included for primary outcome analysis

| ‘ 18 Eyes included for primary outcome analysis
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Image-Guided Group Manual Group

Characteristic Mean + SD Range Mean + SD Range
CDVA (logMAR) 0.10 £+ 0.10* —0.086, 0.26 0.24 £+ 0.21* 0.04, 0.92
Refractive astigmatism (D) —2.15 £ 1.04 —1.00, —4.75 —2.47 £1.17 —1.00, —6.00
Keratometric corneal astigmatism (D) 2.29 + 0.90 1.32, 5.08 2.42 + 0.95 1.564, 5.23
Topographic corneal astigmatism (D)

Anterior 212 + 0.90 1.20, 4.80 2.19 £+ 0.91 1.20, 4.80

Posterior 0.40 + 0.25 0.0, 0.9 0.41 + 0.25 0.0, 0.1

CDVA = corrected distance visual acuity.
P < .05.

image-guided group, representing a reduction of 84% of the
preexisting astigmatism magnitude, and —0.47 £+ 0.28 D in
the manual group, representing a reduction of 81% of the
preexisting astigmatism magnitude. Three months postop-
eratively, the mean SIA was —0.27 + 0.44 @ 113 in the
image-guided group and —0.21 + 051 @ 121 in the
manual group. The mean magnitude of SIA was
0.64 £ 0.38 D and 0.58 £ 0.33 D, respectively. Twenty-
one patients (60%) had a magnitude of SIA greater than
0.50 D.

Figure 3 shows the distribution of UDVA and residual
refractive astigmatism in both groups 3 months postopera-
tively. There were no statistically significant differences in
terms of UDVA, CDVA, or mean residual refractive astig-
matism between the 2 groups at any time during the follow-
up (P > .05).

Vector Analysis

Table 3 shows the astigmatism parameters 3 months post-
operatively obtained through vector analyses. No statisti-
cally significant differences were seen in the correction
index, index of success, magnitude of error, or angle of error
between the 2 groups (P > .05). The mean correction index
in the image-guided group was slightly higher than in the
manual group (P = .18) (Figure 4), representing a general

Mean += SD
Image-Guided
Postop Parameter Group Manual Group
Misalignment (°)
1 hour 1.3 £16" 2.8 £ 1.8°
Absolute rotation
over time (°)
1 hour-1 week 0.5+ 0.6 1.1 +£141
1 hour-1 month 11 +1.0 1.2 +1.0
1 hour-3 months 11+1.0 156+ 141
Absolute diff between
intended vs achieved
axis (°)
1 hour 1.3 +1.6° 28 £ 1.8
1 week 1.1 £16" 2.8 £ 2.0°
1 month 1.7 £1.4 31 +£22°
3 months 1.7 £ 15" 3.1+ 21"

diff = difference
P < .05

Volume 43 Issue 6 June 2017

overcorrection in both groups. In the image-guided group,
9 patients (53%) had an overcorrection of 0.25 D or more
and 5 patients (29%) had 0.50 D or more. In the manual
group, the overcorrection was 0.25 D or more in 7 patients
(39%) and 0.50 D or more in 4 patients (22%). The success
of astigmatism correction was 73% in the image-guided
group and 78% in the manual group (P > .05).

Manual Group

6 A
4 4
2
L 4
© XN
¢ ®
o & - #
r T v 6 T ’ T d
6 o -4 » S| 2 a 6
|
* *
-2
¢ 41
+ Preop Corneal Astigmatism
-6 <  mPostop Residual Refractive Astigmatism

Image-Guided Group
6 -

» o
®
L 4
[ |
. . . l—h—. ——— )
6 -4 & ®2 @ 4 6
L 4
-2 4
L 4
-4 -
@ Preop Corneal Astigmatism
-6 - B Postop Residual Refractive Astigmatism

Figure 2. Double-angle vector plot comparing preoperative corneal
astigmatism and postoperative residual refractive astigmatism.
Values are in diopters.
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100% 100%

100

= Manual
m Image Guided

72% 71%

Patients, %

>20/20 >20/25 >20/40
Snellen Visual Acuity

100%100%

= Manual 94% 94%

= Image Guided

Patients, %

0 <0.25 D <0.50 D <0.75D <1.00 D
Residual refractive astigmatism (D)

Figure 3. Cumulative postoperative monocular UDVA (top) and re-
sidual refractive astigmatism (bottom) 3 months postoperatively.

Complications and Adverse Events

No complications occurred during any surgery. Postopera-
tively, a macular pucker was seen in 1 patient in the manual
group. Neodymium:YAG laser capsulotomy was performed

Manual Group

. 6
e -
E 5 »,
g -
© - -
E 4 ~ =
2 - - -
[7) -
s 3 -
2 -
g - P
S 2 —— "=
B -~ ,”
- - e
= 1 ’/' -
S -~
® 0 e : : : .
a 0 1 2 3 4 5
Target induced astigmatism (D)
Image-Guided Group
6
(=) _-
n
g . ”V -
- - -
g 4 ” ”
2 et
8 3 -1 =
° m ’: -~
5 5 L Y-
3 >
h= ’,‘ -
] - ’/
> 1 — — -
ga 0 -
[ T T T T )
a 0 1 2 3 4 5

Target induced astigmatism (D)

Figure 4. Target-induced astigmatism (TIA) versus SIA of the preex-
isting corneal astigmatism 3 months after surgery. Ideally, the ratio
between SIA and TIAis 1.0. An overcorrection reflects in a ratio high-
er than 1.0, whereas an undercorrection results in a ratio lower than
1.0.

Mean + SD

Image-Guided
Parameter Group Manual Group
Target induced astigmatism (D) 2.10 + 0.80 2.24 + 0.83
Total surgically induced 2.39 + 0.90 2.42 £+ 0.99
astigmatism (D)
Difference vector (D) 0.51 + 0.29 0.46 + 0.27
Magnitude of error (D) 0.29 £+ 0.40 0.18 + 0.31
Angle of error (°) -2+ 16 -6+ 14
Absolute angle of error (°) 11 + 12 9+ 11
Correction index* 1.16 1.07
Index of success” 0.27 0.22

*Mean only

in 1 eye in both groups to treat posterior capsule opacifica-
tion. No toric IOL had to be repositioned.

DISCUSSION

The purpose of this study was to compare the accuracy of a
new digital marking technique with a commonly used
manual marking procedure in the alignment of toric IOLs
during cataract surgery. Using slitlamp photography, the
misalignment 1 hour after surgery was determined. In our
study, there was a significant difference in misalignment be-
tween the groups favoring the Verion image-guided system
over the manual marking procedure. However, the differ-
ence in misalignment did not result in significant differences
in UDVA or residual refractive astigmatism between the 2
groups 3 months postoperatively.

Sources of residual refractive astigmatism after toric IOL
implantation include variations in SIA, the effects of poste-
rior astigmatism, and misalignment of the toric IOL. A
reduction of 3.3% in astigmatism correction for every de-
gree of misalignment of the toric IOL axis to its desired
axis reflects the importance of perfect intraoperative align-
ment and excellent postoperative rotation stability. Devel-
opments in toric IOL design and material and marking
techniques for toric IOL alignment have resulted in
improved outcomes after toric IOL implantation for the
correction of preexisting corneal astigmatism.”

Various methods to mark the eye before toric IOL implan-
tation have been described; of them, manual marking is
considered the gold standard at present. In a study by Visser
et al,*” the use of a 3-step ink-marker procedure led to a
mean error in alignment of 4.9 £ 2.1 degrees. Popp
et al.”* compared several manual methods for marking the
eye (slitlamp, pendulum, bubble-marker, and tonometer).
The mean errors in toric IOL alignment ranged from
1.8 £ 2.2 degrees (pendulum) to 4.7 £ 2.9 degrees (tonom-
eter), indicating that the pendulum method achieved the
highest accuracy.

Several studies evaluated other approaches, such as eye
mapping, using a corneal analyzer system and using a 3-
dimension (3-D) imaging system. Cha et al.”’ compared 3
methods; that is, marking the eye with a toric reference
marker, using the slit beam, and using a mapping method.

Volume 43 Issue 6 June 2017
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The mapping method consisted of preoperatively obtained
slittamp photography to identify several reference vessel
points. During surgery, these reference points were used
to mark the desired toric IOL axis using calipers. To eval-
uate the accuracy of the 3 axis-marking methods, anterior
segment photographs were taken. This new mapping
method led to statistically significant smaller error in
marking the eye than when conventional marking methods
were used (2.3 X 1.1 degrees versus 3.7 £ 1.5 degrees
versus 3.1 + 1.6 degrees) (all P < .05). Carey et al.!
analyzed postoperative misalignment after manual intrao-
perative marking using a 4-point procedure. After the eye
was marked at 12 o’clock and 6 o’clock using a Codman
surgical pen, the slit beam was rotated 90 degrees to mark
the eye at 9 o’clock and 3 o’clock. The 3-month postopera-
tive misalignment was measured using 2 techniques, a slit-
lamp approach and a corneal analyzer. Both methods
showed a high correlation and comparable means of
misalignment (2.7 & 2.0 degrees versus 2.6 + 2.8 degrees
for corneal analyzer and slittamp approach, respectively)
(r = 0.99, P < .001). Montes de Oca et al.”” analyzed the
accuracy of toric IOL axis alignment using a 3-D
computer-guided visualization system compared with the
accuracy of a manual marking procedure to mark the eye
at 0 degree and 180 degrees. The digital method used a pre-
operative high-resolution photograph and intraoperative
registration of the patient’s eye based on scleral and limbal
vessels to allow digital surgical guidance and alignment of
the toric IOL. The mean error of 3.0 + 2.5 degrees and
2.9 £ 2.2 degrees in the digital group and manual group,
respectively, was not significantly different between the 2
methods.

Table 4 shows an overview of the findings in previous
studies, reflecting a wide range in misalignment between
different marking methods. In the current study, signifi-
cantly less misalignment immediately after surgery was

Table 4. Overview of studies reporting mean error in toric IOL
alignment using different methods.

Study* Mean Misalignment (°)
Visser®

Bubble marker 49 + 21
Popp™”

Slitlamp 23+ 18

Pendulum 1.8+ 2.2

Bubble marker 29+ 19

Tonometer 47 £ 29
Cha™®

Reference marker 3.7+ 15

Slittlamp 31+16

Mapping method 23 £ 1.1
Carey”'

Slitamp 26 £ 28

Corneal analyzer 27 £ 20
Montes de Oca”®

Reference marker 29+ 22

3-D imaging 30+ 25
Current

Reference marker 28+ 1.8

Image-guided system 1.3+ 1.6

*First author

Volume 43 Issue 6 June 2017

seen with the image-guided system than with the manual
marking procedure. The findings in the manual group are
comparable to those seen in previous studies. However,
the mean misalignment in the image-guided group was
less than that reported in previous studies of manual
marking, indicating the former is more accurate than other
manual marking methods. However, there are limitations
to comparing previously published studies”'*” and the cur-
rent study. In many of these studies, postoperative
misalignment was not measured immediately after surgery
but rather several weeks later. It is well known that toric
IOLs can rotate in the early postoperative period.”” There-
fore, measuring misalignment after a few weeks can distort
the true misalignment because of the possible rotation of
the IOL. Furthermore, most studies used a slitlamp orienta-
tion to determine misalignment, while we created an over-
lay between preoperative images and postoperative images
to eliminate cyclotorsion and differences in the patient’s
head position.

At 3 months, 82% in the image-guided group and 72% in
the manual group achieved a postoperative residual refrac-
tive cylinder of 0.50 D or less. This appears to be a higher
proportion than in most recent studies, in which residual
astigmatism of 0.50 D or less occurred in approximately
50% of cases.'"”” In our study, there were no statistically
significant differences in terms of the mean UDVA and
mean residual refractive astigmatism between the 2 groups.
However, 3 months postoperatively the mean error in
alignment (misalignment and rotation combined) was
significantly less in the image-guided group than in the
manual marking group (1.7 & 1.5 degrees and 3.1 & 2.1
degrees, respectively) (P = .05). These findings could be ex-
plained by different causes. First, although the difference in
misalignment immediately after surgery between the 2
groups was significant, it was rather small (ie, 1.5 degrees).
This difference in alignment remained stable during the
3 months of follow-up. At 3 months, the mean absolute dif-
ference between the intended axis and the achieved axis was
1.7 £ 1.5 degrees in the image-guided group and 3.1 & 2.1
degrees in the manual group (P < .05). In the current study
the mean preoperative corneal astigmatism was relatively
low (242 £ 095 D and 229 £ 0.90 D, respectively).
Therefore, the impact of a 1.5-degree difference in align-
ment error might not be clinically relevant in this popula-
tion. However, this difference might become clinically
relevant in patients with a higher level of preexisting
corneal astigmatism. Second, in the current study, we
used a first-generation toric calculator.” This calculator
does not take posterior corneal astigmatism and effective
lens position (ELP) into account.

It is well known that posterior astigmatism plays an
important role in the calculation of cylindrical power of a
toric IOL.”*™*' Because the posterior side of the cornea
acts as a minus lens, neglecting this part of the cornea
will result in overcorrection of the preexisting corneal astig-
matism in a patient with with-the-rule astigmatism,
whereas an undercorrection will occur in patients with
against-the-rule astigmatism. In the current study, a mean
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overcorrection occurred in both groups (1.16 D and 1.07 D
in image-guided group and manual group, respectively)
(P = .18). The higher amount of overcorrection in the
image-guided group might be explained by the lower
misalignment 3 months postoperatively. The cylindrical
power of the toric IOL calculated by a toric calculator
that uses input from anterior keratometry and neglects pos-
terior astigmatism was on average 0.40 D and 0.41 D in the
image-guided group and manual group, respectively, and
will usually result in overcorrection. Because of the higher
misalignment in the manual group, a reduction of the antic-
ipated correction of the preexisting corneal astigmatism re-
sulted in less overcorrection than in the image-guided
group. Therefore, it is essential in the near future to imple-
ment second-generation toric calculators that take poste-
rior astigmatism and ELP into account to prevent residual
refractive astigmatism in cases in which the toric IOL is
or nearly is perfectly aligned.”***

In conclusion, both the digital and manual marking
methods showed high accuracy in aligning toric IOLs
intraoperatively. Although this study did not show signif-
icant advantages in terms of UDVA and residual refractive
astigmatism using the digital marking system, IOL
misalignment was significantly less in this group than in
the manual marking procedure. Further studies will be
required to determine whether the current difference
might be more clinically relevant in a patient population
with higher levels of preexisting corneal astigmatism.
Future studies should also assess the effect on residual
refractive astigmatism of updated toric calculators that ac-
count for posterior astigmatism in combination with dig-
ital marking technology.

WHAT WAS KNOWN

e Adequate alignment of toric IOLs is essential to achieve
excellent postoperative results.

WHAT THIS PAPER ADDS

o The new digital approach that uses eye-tracking navigation
to eliminate cyclotorsion and eye movements reduced
misalignment immediately after surgery by 50% compared
with a commonly used 3-step manual marking procedure.
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