Premium toric IOLs outcomes in visual acuity
and rotational stability after implantation
in cataract patients

Wimolwan Tangpagasit', Suthanee Sonthirathi?

!Department of Ophthalmology, Faculty of Medicine, Thammasat
University, Rangsit Campus, Pathumthani, Thailand.
’Phyathai Nawamin hospital, Ladprao hospital.

Objective: To evaluate the visual acuity, refraction and rotational stability after cataract
surgery with implantation of toric IOLs.

Design: Retrospective descriptive study

Methods: Patients with corneal astigmatism undergoing cataract surgery with implanta-
tion of toric IOLs 677TA were reviewed. The uncorrected visual acuity (UCVA), best
corrected visual acuity (BCVA) and residual refraction were evaluated at 1, 3, 6 and
12 months postoperatively. The rotational axis of toric IOLs were assessed at 6 and 12
months postoperatively. These data were analysed for visual outcome and IOLs stability
individually.

Results: The mean uncorrected visual acuity decreased from 0.79 logMAR (range 0.18
to 3.00 logMAR, SD = 0.62) to 0.16 logMAR (range 0.00 to 0.54 logMAR, SD = 0.18)
in the first month after the surgery. The mean refractive astigmatism decreased from -1.96
(range -3.75 to -0.50 D, SD = 1.09) to -1.22 D (range -3.50 to -0.25 D, SD = 0.83) in the
first month. The UCVA, BCVA and refractive astigmatism values were stable during the
1-year follow-up. Intraoperative to 6 months and 1 year postoperative comparison of IOL
axis alignment showed a mean of 10.11 degrees (range -17 to +29 degrees, SD =7.58) and
10.82 degrees (range -22 to 29 degrees, SD = 8.28) respectively.

Conclusion: The toric IOLs 677TA implantation is the good options to correct preexist-
ing astigmatism in cataract surgery. The postoperative refractive astigmatism decreased
from the preoperative values and was stable during the 1-year follow-up. Also, the preop-
erative and postoperative corneal astigmatism were not changed.
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can compromise the postoperative level of
visual outcome. Corneal astigmatism can
be corrected by implanting a toric IOLs, by
changing the corneal curvature by excimer
laser refractive procedures and by placing
relaxing incisions at the steepest meridian
to flatten the corneal curvature'. The toric
IOLs can not only correct the refractive
spherical equivalent (SE) but also mini-
mize the residual astigmatism refractive
error 234367, 8. Superiorly, the toric IOLs
can correct up to 8D of astigmatism and
have the better visual outcome, whereas
relaxing incisions may correct up to 3D
of astigmatism?. Relaxing incisions may
have the risk of infectious keratitis and the
refractive results may change over time of
the corneal healings.

Toric IOLs can rotate. Small rotations
do not affect the astigmatic power, but
larger rotations will reduce the power of
the IOLs. Within 15 degrees of misalign-
ment, the amount of residual cylinder is
approximately 3.3% per degree. A 30 de-
grees misalignment induced an estimated
residual cylinder of 100% of the toric IOL
cylinder power* > %39 So the success of
a toric IOLs is up to its ability to main-
tain a stable position in the capsular bag.
The eye should be marked in an upright
position because of the ocular cyclotor-
sion. The cyclotorsion of approximately
2 to 3 degrees usually occurs, with some
patients having up to 14 degrees of cy-
clotorsion®. There are several eye mark-
ing techniques for toric IOL alignment.
The aim of this study is to evaluate the
visual acuity, refraction and rotational sta-
bility of the Bi-flex T aspheric toric intra-
ocular lens 677TA after cataract surgery in
preexisting corneal astigmatism cases.

Methods

Patients and methods

The 36 eyes of 31 patients were enrolled in
this study. All patients underwent the phaco-
emulsification with toric intraocular lens

677TA implantation. The patients had the
following characteristics including having
senile cataract that cause the compromised
visual acuity, preexisting regular anterior
corneal astigmatism. Exclusion criteria
were irregular corneal astigmatism, cor-
neal scar, amblyopia, glaucoma, uveitis,
diabetic retinopathy, aged-macular degen-
eration, retinal detachment and other reti-
nal diseases.

After patients were informed about pur-
poses and methods of this study and signed
in the consent form, participants who fol-
low inclusion criteria were enrolled in the
study. Age, sex, underlying diseases and
ocular history were recorded. All patients
had a full eye examination with slit-lamp
microbioscopy, fundus examination, pre-
operative distance visual acuity that con-
verting the results into logMAR values,
corneal keratometric power, intraocular
pressure, corneal topography and IOL
calculation by laser interference biometry
(IOL master) and immersion technique (A-
scan ultrasonography)

The appropriate position of the toric IOLs,
including toric IOLs cylinder power and
axis placement, was calculated for emme-
tropia using a program available from the
IOL manufacturer.

Intraocular lenses

The toric IOL 677TA was the implanted
Bi-Flex T toric IOL, a single-piece aspher-
ic IOL made of hydrophilic acrylic co-
polymer with intergrated covalently bound
benzophenone as an ultraviolet absorbent,
having overall diameter of 13.0 mm, dou-
ble loop haptics, and an optic diameter of
6.0 mm without haptic angulations. The
refractive index of the optic material at 23
degree Celsius is 1.46. The IOL is marked
with two marks at the edge of the toric IOL
optic. The toric IOL is aspheric with neu-
tral asphericity approach with sharp edge
following 360 degree to prevent migration
of lens epithelial cells and prevent posterior
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capsular opacification formation. The toric
IOL is available in cylinder powers of 1.5
to 9.0 Diopters(D)'.

Surgical procedure

All surgeries were performed by the same
experienced surgeon using a standard tech-
nique phacoemulsification with Bi-Flex T
toric IOLs implantation between January
2014 and June 2017.

Topical anesthesia and mydriatic eyedrops
were instilled in all case prior to the sur-
gical procedure. Preoperatively, the eye
was marked at the 3- and 9- o’clock posi-
tion by the corneal marker. Capsulorhexis
size was about 6 mm in diameter. Cataract
was removed by phacoemulsification. All
toric IOLs were inserted into the capsular
bag using a specific injector through the
2.2 mm main incision. After implanta-
tion, the toric IOLs was rotated to its fi-
nal toric IOLs axis referencing by using
the Mendez instrument. The ophthalmic
viscoelastic device was removed. The su-
tureless wound closure was performed.

Preoperativeandpostoperative assessment
Preoperative data included slit-lamp ex-
amination, fundus examination, the un-
corrected visual acuity (UCVA), the
best-corrected visual acuity (BCVA), au-
torefraction (AR), autokeratometry (AK),
IOLs calculation were collected.

Postoperative examinations were per-
formed 1 day, 1 week, and 1, 3, 6, 12
months postoperatively. The research in-
formations included silt-lamp examination,
the UCVA, BCVA, AR, AK at 1, 3, 6, 12
months and IOLs axis for evaluating its ro-
tation at 6, 12 months postoperatively. The
visual acuity was evaluated by interpreted
to logMAR'" and divided into four groups.
Rotational axis of the toric IOL was evalu-
ated by IOL axis measurement after pupil
dilatation compared with the axis position
at the end of surgery. Clockwise rotation
was counted as positive value and coun-
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terclockwise rotation as negative value.

If the patient has the postoperative factors
that can interfere the visual outcome such
as posterior capsular opacity, dry eye or in-
fection, the appropriate treatment had to be
done before collecting the research data.

Statistical analysis

Analytic results were calculated from
SPSS version 12. The mean values and
standard deviations were calculated for
every parameters. Normal distribution was
checked by using Kolmogorov-Smirnov
test. 1-way analysis of variance (ANOVA)
was used to analyse the data from preop-
erative examinations and postoperative
examinations and between consecutive
postoperative visits individually with a p
value less than 0.05 indicating statistic sig-
nificance.

Ethics

Informed written consent was obtained
from all participants. The present study
had approved by the Human Research Eth-
ics Committee of Thammasat University
(No.1: Faculty of Medicine), Thailand.

Results

The study enrolled a total of 36 eyes from
31 patients (16 males and 15 females) with
an age range from 60 to 88 years (mean
age 73.29 years). Laterality were 23 right
eyes and 13 left eyes. Mean preoperative
refractive error were 0.104 D in sphere (SD
3.30, range -5.25 to 6.50 D) and -1.96 D in
cylinder (SD 1.09, range -0.50 to -3.75 D).
Mean preoperative spherical equivalence
were -0.61 (SD 3.33, range -7.125 to 5.125
D). Mean keratometric power in the flat-
test and steepest meridians of the central
cornea were 43.96 (SD 2.08, range 40.00
to 48.25 mm) and 45.65 (SD 2.12, range
41.75 to 50.25), respectively. Mean preop-
erative uncorrected visual acuity was 0.79
logMAR (SD 0.62, range 0.176 to 3.00).
The visual acuity of finger-counting was
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interpreted to 3.00 logMAR (Table 1).

The means of corneal astigmatism were
1.69, 1.56, 1.50, 1.50, 1.49 D at preopera-
tive and postoperative 1, 3, 6, 12 months
respectively. There was no statistically
significant difference between the corneal

astigmatism preoperatively and postopera-
tively (p=0.10) (Figure 1).

The mean intraocular lens power was
20.04 +/- 2.46 D in sphere (range 14.50
to 24.50) and 2.02 +/- 0.71 D in cylinder
(range 1.50 to 3.75).

Table 1: Preoperative Demographic Data (31 Patients, 36 Eyes)

Mean +/- SD 73.29 +/-7.367
Range 60, 88
Male 16
Female 15

Right 18

Left 8

Both 5
Mean +/- SD -1.96 +/- 1.09
Range -0.50, -3.75
Mean +/- SD 1.69 +/- 0.65
Range 0.50, 3.00
Mean +/- SD -0.61 +/-3.33
Range -7.125,5.125
Mean +/- SD 0.79 +/- 0.62
Range 0.176, 3.00
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Corneal astigmatism
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Figure 1: Showed the stable corneal astigmatism over time after phacoemulsification
with toric IOL implantations. (n=36, p=0.10)

Visual acuity outcomes

Postoperative uncorrected visual acuity
(UCVA) and best-corrected visual acuity
(BCVA) were evaluated as values in both
logMAR and in groups.

The uncorrected visual acuity and best-
corrected visual acuity were showed in
Figure 2, 3 respectively. Postoperative
BCVA was corrected to evaluating the best
vision excluding postoperative refractive
astigmatism and residual refractive error.
In logMAR, an uncorrected visual im-
provement from a mean of 0.79 logMAR
(range 0.18 to 3.00 logMAR, SD = 0.64)
to a mean of 0.14 logMAR (range 0.00
to 0.54 logMAR, SD = 0.17) in the first
month, 0.17 logMAR (range 0.00 to 0.54
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logMAR, SD = 0.14) in the third month,
0.17 logMAR (range 0.00 to 0.54 log-
MAR, SD = 0.15) in the sixth month, and
0.17 logMAR (range 0.00 to 0.54 log-
MAR, SD = 0.15) in one year after the sur-
gery (Figure 2).

The best-corrected visual improvement
from a mean of 0.79 logMAR (range 0.18
to 3.00 logMAR, SD = 0.64) to a mean
of 0.10 logMAR (range 0.00 to 0.54 log-
MAR, SD = 0.13) in the first month, 0.09
logMAR (range 0.00 to 0.54 logMAR, SD
= (.13) in the third month, 0.09 logMAR
(range 0.00 to 0.40 logMAR, SD =0.11) in
the sixth month, and 0.10 logMAR (range
0.00 to 0.40 logMAR, SD = 0.12) in one
year after the surgery (Figure 3).
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Uncorrected visual acuity
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Figure 2: showed distance uncorrected visual acuity (UCVA) over time after phacoemul-

sification with toric IOL implantations.

Best corrected visual acuity
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Figure 3: showed distance corrected visual acuity (BCVA) over time after phacoemulsi-

fication with toric IOL implantations.
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In groups, we divided the visual acuity lev-
els into four groups; group 1 meant 20/20
to better than 20/40, group 2 meant 20/40
to better than 20/70, group 3 meant 20/70
to better than 20/200 and group 4 meant
20/200 and less than 20/200.

Both UCVA and BCVA improved statis-
tically significantly in groups (p<0.001).
Preoperative patients mainly classified in
group 3 (17 eyes, 51.5%) that meant 20/70

to better than 20/200. Postoperatively,
the UCVA was mainly group 1 in 26 eyes
(78.8%), 28 eyes (84.8%), 27 eyes (81.8%)
and 26 eyes (78.8%) at postoperative 1, 3, 6
months and 1 year respectively. The BCVA
was mainly group 1 in 30 eyes (90.9%), 32
eyes (97.0%), 31 eyes (93.9%) and 30 eyes
(90.9%) at postoperative 1, 3, 6 months
and 1 year respectively (Figure 4, 5).

Uncorrected visual acuity
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Figure 4: Table grafts showed the percentage of the number of the eyes in ranging groups
of distance uncorrected visual acuity over time after phacoemulsification with toric IOL

implantations.
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Figure 5 Table grafts showed the percentage of the number of the eyes in ranging groups
of the best-corrected visual acuity over time after phacoemulsification with toric IOL
implantations.
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Refractive outcomes

A spherical equivalent result comparing
preoperative and postoperative was pres-
ent in Figure 6. A reduction of spherical
equivalent from a mean of -0.61 (range
-7.125t0 5.125 D, SD =3.33) t0o -0.32 D

(range -1.625 to 1.75 D, SD = 0.67) in the
first month, -0.26 (range -1.625 to 1.625 D,
SD = 0.71) in the third month, -0.29 (range
-1.50 to 1.625 D, SD = 0.71) in the sixth
month, and -0.25 (range -1.875 to 1.625 D,
SD =0.77) in one year after the surgery.
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Figure 6: showed Spherical Equivalent (S.E.) over time after phacoemulsification with

toric IOL implantations

A reduction in refractive astigmatism was
fromameanof -1.96 D (range-0.50t0-3.75
D, SD = 1.09) to -1.22 D (range -0.25 to
-3.50 D, SD =0.83) in the first month,-1.27
D (range -0.25 to -3.25 D, SD = 0.78)

in the third month, -1.37 D (range -0.25 to
-3.50 D, SD =0.82) in the sixth month, and
-1.46 D (range -0.25 to -3.50 D, SD =0.81)
in one year after the surgery (Figure 7).
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Figure 7: showed Refractive astigmatism over time after phacoemulsification with toric

IOL implantation
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Misalignment and IOLs rotation
outcomes

In the clockwise (plus) rotation group,
the mean IOLs rotation was 8.19 +/- 5.68
degrees (range 0 to 17 degrees) and 8.81
+/- 6.61 degrees (range 0 to 22 degrees) in
postoperative sixth months and one year
respectively. In the counterclockwise (mi-
nus) rotation group, mean IOLs rotation
was 10.13 +/- 9.69 degrees (range 0 to 29

degrees)and 10.80 +/- 10.30 degrees (range
0 to 29 degrees) in postoperative sixth
months and one year respectively. There
was no statistically significant difference
between counter-clockwise and clock-
wise IOL rotations (p=0.20) (Figure 8).
The mean of all IOLs rotation was 10.11
+/- 7.58 degrees and 10.82 +/- 8.28 de-
grees in postoperative sixth month and one
year respectively (Figure 9).
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Figure 8: showed the degrees of intraocular lens rotation in postoperative 6 months and
12 months compared with reference at the end of surgery. (The plus value was represented
for clockwise rotation and the minus value was for counterclockwise rotation.)
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Figure 9: all of intraocular lens rotation was adjusted to positive values in postoperative
6 months and 12 months compared with reference at the end of surgery.

Discussion

Corneal astigmatism contributes the resid-
ual refractive error after cataract surgery
with non-toric intraocular lens implanta-
tion. The toric IOLs is the options of cor-
rect corneal astigmatism and provide the
better visual outcomes. It provides the bet-
ter refractive astigmatism and greater dis-
tance spectacle independence. Precise IOL
calculation measurement, IOL placement,
IOL rotational stability are important fac-
tors for the best visual outcome.

The use of toric IOLs to correct corneal
astigmatism is complicated by rotation of
IOL in the capsular bag.

The causes of toric IOL rotational devia-
tion are the IOL rotation itself, secondary
by capsular bag shrinkage or fibrosis, IOL
capture, haptic displacement, incomplete
removal of ophthalmic viscoelastic devic-
es, changes in intraocular pressure®’.

In this study, there was no occurrence of
capsular bag fibrosis or IOL capture. In
cases of posterior capsular opacity, the
YAG-capsulotomy was done before col-
lecting the research data.

The previous study, Alexander et al.! found

the low level of toric intraocular lens
677TA rotation (mean 2.12 +/- 3.45 de-
grees; range -2 to +5 degrees). In parts of
the toric IOLs in this study, the mean was
10.11 +/- 7.58 degrees and 10.82 +/- 8.28
degrees in postoperative sixth month and
one year respectively. Approximately 1 de-
gree of off-axis rotation results in a loss of
up to 3.3% of cylinder power for each de-
gree of rotation. The amount of proportion
of group 1 in uncorrected distance visual
acuity was less than in best-corrected vi-
sual acuity because of the residual refrac-
tive astigmatism.

The several techniques including the com-
plete OVD clearance after right-axis IOL
placement, avoidance of postoperative IOP
fluctuations, appropriate capsulorhexis
size, IOL design and material can support
IOL rotational stability, reduce amount of
residual postoperative astigmatism and im-
prove the visual and refractive outcomes.
The toric IOLs power should be calculated
from the total corneal astigmatism or the
summation of both anterior and posterior
corneal astigmatism. The most commonly
used keratometry or IOL master devices do
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not measure posterior corneal power. The
posterior corneal curvature which has min-
imal cylinder power may effect to the resid-
ual refractive astigmatism error after cata-
ract surgery with toric IOLs implantation.
So the outcomes of toric IOL implantation
could be improved by adjusting posterior
corneal surface astigmatism using Penta-
cam Schiempflug imaging devices. The
Baylor nomogram (regression analysis of
the adjustment of posterior corneal astig-
matism) and Barrett toric calculation for-
mula provide an adjusted corneal reflecting
a predicting posterior astigmatism based
on anterior keratometry, anterior cham-
ber depth (ACD) and axial length!! 1% 13

Conclusion

The toric IOLs 677TA implantation is the
good options to correct preexisting astig-
matism in cataract surgery. The postopera-
tive refractive astigmatism decreased from
the preoperative values and were stable
during the 1-year follow-up while the pre-
operative and postoperative corneal astig-
matism were not changed.
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