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Abstract

Purpose To investigate refractive and visual out-
comes as well as rotational stability following implan-
tation of Eyecryl phakic toric intraocular lens (pIOL)
for moderate-to-high myopic astigmatism.

Methods The efficacy, safety, predictability, stabil-
ity, and adverse events of Eyecryl toric pIOL were
evaluated in patients with spherical refraction from
— 4.50 to — 18.50 diopters (D) and cylindrical refrac-
tion from — 0.50 to — 5.50 D.

Results  This study included 60 eyes of 31 patients.
The mean manifest refraction spherical equivalent
(MRSE) dropped from — 10.45 & 2.74 D preopera-
tively to — 0.34 £ 0.51 Dand — 0.40 & 0.56 D at 6
and 12 months postoperatively, respectively. There
was an 81% decrease in astigmatism after surgery. The
safety and efficacy of indices were 1.36 £ 0.43 and
1.20 £ 0 .32. At the final follow-up, the rate of eyes
within £ 1.00 D and =+ 0.50 D of the desired MRSE
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were 85% and 68.33%, respectively. Vision-threaten-
ing complications were not observed during the
follow-up.

Conclusions The implantation of pIOL was effec-
tive, safe, and predictable in patients with moderate-
to-high myopic astigmatism during 1-year follow-up.

Keywords Toric phakic intraocular lens - PIOL -
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Introduction

Surgical correction of moderate-to-high myopia and
astigmatism includes laser refractive surgery and toric
phakic intraocular lens (pIOL) implantation. Toric
pIOLs are superior to laser refractive surgery for
patients with high myopia and astigmatism as they can
correct more cylindrical values and induce less corneal
aberrations [1-3]. Toric pIOLs have anterior (AC) and
posterior chamber (PC) models. Due to concerns
regarding progressive endothelial loss with AC mod-
els, PC pIOLs have gained in popularity [4].

Clinical outcomes of a PC toric pIOL model of
intraocular collamer lens (ICL) (Staar Surgical Co.)
showed its safety, efficacy, and predictability for the
correction of myopic astigmatism [5—8]. In addition to
ICL, there is another PC toric pIOL, Eyecryl phakic
toric IOL (Biotech Vision Care, Ahmedabad, India),
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which is also a foldable and hydrophilic PC pIOL, and
is implanted in the ciliary sulcus similar with ICL.

Early refractive results of Eyecryl toric pIOL
presented similar efficacy and predictability compared
to other toric ICL models [9, 10]. However, there is no
study investigating its refractive results and rational
stability after 1-year follow-up.

The aim of this study was to evaluate the safety,
efficacy, predictability, and rational stability of Eye-
cryl phakic toric IOL 1 year after the implantation.

Methods

This study adhered to the tenets of the Declaration of
Helsinki. Ethical approval was obtained from the
Ethics Committee of Taksim Training and Research
Hospital. The medical record of patients who had
implantation of Eyecryl Phakic Toric IOL for the
correction of moderate-to-high myopic astigmatism at
Beyoglu Eye Training and Research Hospital was
reviewed retrospectively. Patients who had at least
1 year of follow-up were included in the study.

All participants underwent a thorough ophthalmo-
logic examination that included uncorrected (UDVA)
and best corrected visual acuity (BCVA) measure-
ment, cycloplegic refraction, slit lamp evaluation,
intraocular pressure (IOP) measurement using a
Goldmann applanation tonometer, posterior segment
assessment through a dilated fundus, Sirius (Costru-
zione Strumenti Oftalmici, Italy) corneal topography,
endothelial cell density (ECD) (CEM 530; Nidek Co.
Ltd., Aichi, Japan), and postoperative pIOL vault was
measured with a Visante OCT (Carl Zeiss Meditec
AG, Jena, Germany). A dilated anterior segment
photography was performed postoperatively at each
follow-up. The photography was then transferred to
the Goniotrans, a free standalone application (avail-
able at https://www.goniotrans.com/), to determine
the rotational stability of the lens (Fig. 1). A free
application named (AstigMATIC) was used for vector
analysis [11]. Patients were seen postoperatively at
1 week, and at 1, 3, 6, and 12 months.

Inclusion criteria were: stable refraction for a
minimum of 1 year before the pIOL implantation,
minimum age of 21 years old, an ECD > 2000 cells/
mm?, and an anterior chamber depth (ACD) > 3 mm
measured from the corneal endothelium to the anterior
surface of the lens. Patients who had an ocular
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pathology, such as cataract, glaucoma, previous ocular
surgery, or keratoconus, were excluded from the
study.

Eyecryl phakic toric IOL (Biotech Vision Care,
Ahmedabad, India) is a foldable, hydrophilic acrylic,
plate-haptic posterior chamber pIOL.

IOL power calculation was performed in software
provided by the manufacturer based on manifest
refraction and keratometry. The size of toric pIOL
was determined by horizontal white-to-white (WTW)
distance and ACD measured with Sirius and Visante
OCT, respectively.

Surgical procedure

All cases were performed by the same surgeon (AA)
using sub-tenon anesthesia. Before the operation, the
0- and 180-horizontal axis was marked manually at the
slit lamp to prevent the effect of potential cyclotorsion.
At the beginning of the operation, a Mendez ring was
placed on the eye to mark the desired implantation
axis. Mydriasis was achieved with preoperative topi-
cal cyclopentolate and phenylephrine drops.

After creating paracentesis, sodium hyaluronate 1%
(Provisc; Alcon Inc., Ft. Worth, TX, USA) was
injected in the anterior chamber. The toric pIOL was
inserted in the anterior chamber using the injector
system through a temporal corneal incision of
2.75 mm. The haptics of pIOL was cautiously tucked
under the iris, and the pIOL was rotated until the
markers of plOL were matched with the markers of the
implantation axis. Viscoelastic material was removed
by washing out with a buffered salt solution, and
corneal incisions were hydrated.

Statistical analysis

Statistical analysis was performed using SPSS for
Windows (version 21.0, IBM Corp.). The estimation
of sample size was based on the number of eyes
required to a mean decrease of 4.3% + 11.5% after
12 months in ECD to achieve 80% power with a 5%
level of significance. Accordingly, a total of 57 eyes
was required to conclude the study. The Shapiro—Wilk
test was used to evaluate the distribution of parame-
ters. The results were described as mean =+ standard
deviation.
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Fig. 1 A slit lamp photograph of a dilated eye in Goniotrans application demonstrates well-placed pIOL in ciliary sulcus. The black
arrow indicates axis mark on the IOL. The red arrow and red circle show the measurement result

Results

Sixty eyes of 31 patients (11 males [35.4%], 20
females [64.5%]) were included in the study. Preop-
erative data of patients are provided in Table 1.

Refractive outcomes

The improvement in the manifest spherical refraction
equivalent (MRSE) and its stability are shown in
Table 2. MRSEs between each pair of follow-ups were
compared, and no statistically significant differences
were found except for MRSE between 3 and

12 months (Wilcoxon test; P = 0.04). At 12 months
postoperatively, all eyes except one eye were within +
2.00 D of the desired MRSE. The number of eyes
within + 1.00 D and 4 0.50 D were 51 (85%) and 41
(68.33%), respectively.

The change in manifest cylindrical refraction over
time is shown in Table 2. When the mean cylindrical
refraction at the last visit was compared to the
preoperative mean, we detected an 81% decrease in
astigmatism. The distribution of refractive astigma-
tism preoperatively and at 12 months postoperatively
is illustrated in Fig. 2. All except two eyes had < 1.00

Table 1 Preoperative
patient demographics

Characteristic

Mean = standard deviation

Age (years)
LogMAR UDVA
LogMAR BCVA

Manifest spherical refraction (D)

Manifest cylindrical refraction (D)

MRSE (D)
D diopters, UDVA
uncorrected distant visual
acuity, BCVA best corrected
visual acuity, ACD anterior
chamber depth, MRSE
manifest refraction
spherical equivalent

Axial length (mm)

ACD ( mm)

Mean keratometric readings (D)

Central corneal thickness (pum)

White-to-white distance (mm)

31.63 + 8.58 (range, 21-54)
1.94 + 0.18 (range, 1-1.3)
0.25 £ 0.21 (range, 1.0-0)

— 9.59 + 2.86 (range, — 4.50 to — 18.50)
— 1.95 £ 0.96 (range, — 0.50 to — 5.50)
— 10.55 £+ 2.97 (range, — 5.25 to — 19.13)

44.66 £+ 1.82 (range, 39.04-48.22)

27.02 £ 1.50 (range, 24.28-31.88)
522.850 + 35.02 (range, 444-518)
3.21 £ 0.24 (range, 2.89-4.11)

11.77 £ 0.28 (range, 11.18-12.11)
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Table 2 Summary of outcomes

Visit n  MRSE Manifest cylindrical refraction ECD (cell/mm?) IOP (mmHg)
(D) (mean = standard (D) (mean = standard deviation) (mean = standard (mean = standard
deviation) deviation) deviation)
Pre- 60 — 10.556 £ 2.975 — 1.954 + 0.961 2713.18 + 304.24 13.617 &£ 1.975
operative
Month 1 60 — 0.258 £+ 0.693 — 0.233 + 0.550 2708.48 + 246.79 14.339 £ 3.937
Month 3 60 — 0.310 £ 0.495 — 0.254 + 0.450 2741.80 + 319.32 13.915 4 2.648
Month 6 60 — 0.387 £0.776 — 0.329 + 0.459 2726.60 + 378.92 14.433 + 2.212
Month 12 60 — 0.438 £ 0.594 — 0.371 £ 0.518 2661.65 + 277.21 13.800 £ 1.603

n the number of the eyes, MRSE manifest refraction spherical equivalent, D diopter, ECD endothelial cell density, /OP intraocular

pressure

cylindrical refraction (D)
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Fig. 2 The distribution of manifest cylindrical refraction preoperatively and at 12 months postoperatively

D of astigmatism, and 73.3% of eyes had < 0.50 D of
astigmatism at the last visit.

Vector analysis was performed using the Alpins
method. Figure 3 shows a vector analysis of refractive
astigmatism of the patients at the last visit. The vector
mean of target induced astigmatism (TIA) and surgi-
cally induced astigmatism (SIA) were 0.99 D at 0° and
0.73 D at 178°, respectively. The difference vector
(DV), which is the difference between TIA and SIA,
was 0.26 D at 4°. The correction index (CI), which is
calculated by dividing SIA by TIA, was 0.89 (CI <

1.0 means under-correction, CI > 1.0 means
overcorrection).

Visual acuity

The logMAR UDVA was improved from 1.94 + 0.18
preoperatively to  0.18 & 0.14,  0.19 £ 0.13,
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0.17 £ 0.13, and 0.18 £0.13 at 1, 3, 6, and
12 months postoperatively, respectively. ANOVA
analysis for postoperative values found that P = 0.27.

The number of eyes with a UDVA of < 0.0
logMAR (> 20/20 Snellen) at 12 months (nine eyes;
15.0%) was equal to the number of eyes with a
preoperative BCVA of < 0.0 logMAR (> 20/20
Snellen) (nine eyes; 15.0%). The number of eyes with
a UDVA of < 0.3 logMAR (> 20/40 Snellen) at
12 months (51 eyes; 85.0%) was equal to the number
of eyes with a preoperative BCVA of < 0.3 logMAR
(= 20/40 Snellen) (51 eyes; 85.0%). The efficacy
index (postoperative UDV A/preoperative BCVA) was
1.20 £ 0.40, 1.16 +£0.31, 1.22 £0.35, and
1.20 £ 0.32, at 1, 3, 6, and 12 months postopera-
tively, respectively.

The logMAR BCVA was
0.25 £ 0.21  preoperatively  to

improved from
0.13 £ 0.20,
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Fig. 3 Vector analysis of refractive astigmatism of patients at
12 months after surgery. The analysis was performed by the
Alpins method and comprised different vectors, including target
induced astigmatism (a), surgically induced astigmatism (b),

0.14 + 0.21,0.13 + 0.20, and 0.14 + 0.20 at 1, 3, 6,
and 12 months postoperatively, respectively. At the
end of the study, all eyes except two eyes had a BCVA
of < 0.5 logMAR (> 20/63 Snellen), 88.3% of eyes
had a BCVA of < 0.3 logMAR (> 20/40 Snellen).
Additionally, the proportion of eyes with a BCVA
of < 0.0 logMAR (> 20/20 Snellen) improved from
15% before surgery to 43.3% at 12 months. The safety
index (postoperative BCV A/preoperative BCVA) was

139 £ 041, 133 4+036, 137 +032, and
1.36 £ 0.43 at 1, 3, 6, and 12 months postoperatively,
respectively.

Figure 4 shows the gain and loss lines of BCVA at
12 months after surgery. While only one (1.8%) eye
had lost one line, loss of two or more lines was not
observed during the follow-ups.

Rotational stability
The mean absolute rotation of lenses was

2.56° £ 2.25°, 3.61° £ 3.54°, 3.55° £ 3.64°,
3.25° &+ 3.64°, and 3.51° £ 3.30° at 1 day and 1, 3,

difference vector (¢) (which is the difference between target
induced astigmatism and surgically induced astigmatism), and
correction index (d) (which is calculated by dividing surgically
induced astigmatism by target induced astigmatism)

6, and 12 months postoperatively, respectively. The
absolute rotation in axis orientation between follow-
ups is given in Table 3. Accordingly, < 90% of lenses
had a misalignment of < 5° between all follow-ups,
and the mean value of the absolute axis orientation
error was < 3° for all visit intervals.

Endothelial cell density

Table 2 shows the change in the mean ECD over time.
The repeated measures ANOVA for ECD returned a
P-value of 0.223, confirming that there was no
statistically significant difference from the preopera-
tive baseline to the last visit.

Vault

At the 1-, 3-, 6-, and 12-month follow-ups, the mean
vault of the lens was 561 £ 190 ym (range
205-940 pum), 578 £ 176 um (range 180-920 pm),
564 £ 167 pm (range 220-960 pm), and
539 £ 169 um (range 220-940 pum), respectively.
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Fig. 4 Gain and loss lines of BCVA at the final visit

Table 3 Absolute change in axis orientation between visits

no change

gained 1 ganed 2 gained »2

Visit range

Absolute rotation (mean = standard deviation)

Lens rotation < 5° n (%) Lens rotation < 10° n (%)

1 day-3 months 2.07 &£ 3.70
3—6 months 1.31 £ 1.54
1 day—6 months 2.24 £ 4.06
6-12 months 2.11 £3.22
1 day—12 months 242 £+ 3.59

58 (96.6) 58 (96.6)
58 (96.6) 60 (100)
55 (91.6) 58 (96.6)
56 (93.3) 58 (96.6)
56 (93.3) 59 (98.3)

n number of eyes

The change in the vault was not statistically significant
(P = 0.07, the repeated measures ANOVA).

Intraocular pressure

Table 2 shows the change in the mean IOP over time.
There were no differences in IOP from the preoper-
ative visit to the last visit (P = 0.24).

Adverse events

The pupillary block was seen in one eye (1.6%) and
was treated successfully with laser iridectomy 1 day
after surgery. Two eyes (3.3%) of two patients
developed asymptomatic anterior subcapsular lens
opacities. Since these patients showed no change in
BCVA during the follow-up, pIlOLs were not
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removed. Glaucoma was seen in one patient at
1 month after the surgery. The patient was diagnosed
with steroid-induced glaucoma, and the IOP was
controlled with antiglaucoma eye drops. No vision-
threatening complications (i.e., retinal detachment)
were observed over the course of the 1-year follow-up.

Discussion

In the current study, the visual and refractive outcomes
and rotational stability of a new toric pIOL were
analyzed in patients with moderate-to-high myopic
astigmatism. We aimed to determine the predictabil-
ity, stability, and safety of the Eyecryl phakic toric
IOL during 1 year of follow-up.
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In our study, the mean MRSE improved from
—10.55 £297D preoperatively to
—0.25 £ 0.69 D, — 0.31 £ 0.49 D,
— 038 £0.77D, and — 043 £ 0.59 D at 1, 3, 6,
and 12 months postoperatively, respectively. The
correlation between the attempted and achieved
MRSE was high (> = 0.93). At the last visit, all eyes
except one eye were within & 2.00 D of the desired
MRSE, and the number of eyes within & 1.00 D
and &+ 0.50 D were 51 (85%) and 41 (68.33%),
respectively. The FDA toric ICL clinical study
reported an improvement in the MRSE from
— 9.36 £ 2.66 D before surgery to 0.05 £ 0.46 D at
1 year after surgery, with 76.9% of eyes within &
0.50 D and 97.3% within £ 1.00 D [5]. Similar to
the FDA toric ICL study, Alfonso et al. also found an
improvement in MRSE; from — 6.16 &+ 2.99 D
before surgery to — 0.04 4+ 0.24 D at 1 year after
surgery, with 94.5% of eyes within & 0.50 D and
100% within + 1.00 D [6]. Both mentioned studies
reported slightly better outcomes of postoperative
MRSE than those found in our study.

The manifest cylindrical refraction decreased from
— 195 £ 096 D preoperatively to
—023£055D, —025+£045D, —032£04
5D, and — 0.37 £ 051 D 1, 3, 6, and 12 months
postoperatively, respectively. An 81% decrease in the
manifest astigmatism was achieved after 1 year.
Similarly, the FDA toric ICL clinical study found a
73.6% decrease in manifest astigmatism and residual
manifest astigmatism of — 0.53 4+ 0.48 D after 1 year
[5]. Schallhorn et al. [12] also stated — 0.58 4 0.31 D
of manifest astigmatism at 1 year after toric ICL
implantation.

To determine more accurately, the impact of the
surgery on the refractive astigmatism of patients,
vector analysis using the Alpins method was per-
formed. A CI of 0.89 revealed a slight under-correc-
tion of refractive astigmatism. Lee et al. [13] also
reported a similar CI (0.91) for V4c toric ICL in their
study. Similar results for V4c and V4 toric ICLs were
found by Hyun et al. [14].

In our study, the visual outcomes were satisfactory
in terms of the efficacy index and safety index. The
efficacy index was 1.20 £ 0.32; the safety index was
1.36 £ 0.43 at 12 months postoperatively. By the last
follow-up, while only one eye (1.6%) had lost one line
of BCVA, 46.5% of eyes had gained at least one line of
BCVA. The proportion of eyes witha UDVA of < 0.0

logMAR (> 20/20 Snellen) and < 0.3 logMAR
(> 20/40 Snellen) were 15.0% and 85.0% after
12 months. The FDA toric ICL study reported that
7.5% of eyes had lost at least one line, and 76.4% of
eyes had gained at least one line after 12 months. They
also reported the proportion of eyes with a UDVA
of < 0.0 logMAR and < 0.3 logMAR were found to
be 83% and 96%, respectively. In comparison with
patients’ visual acuity and MRSE at baseline in the
FDA toric study and the study by Alfonso et al., our
patients had higher MRSE and lowered visual acuity
values [5, 6]. One of the inclusion criteria for the FDA
toric study was the requirement of a BCVA of < 0.3
logMAR; however, there were nine eyes (15.0%) with
aBCVA of > 0.310gMAR in our study [5]. Moreover,
our study included 30 eyes (50.0%) with preoperative
MRSE of > — 10.00 D, whereas the rate of patients
with preoperative MRSE of > — 10.00 D was 36.7%
in the FDA toric study.

Similar to our study, Alfonso et al. [6] reported that
one eye had lost two lines, and more than 50% of eyes
gained at least one line of BCVA with an efficacy
index of 1.08 and the safety index of 1.18. Unlike our
results, these authors found that 60.0% of eyes had a
UDVA of < 0.0 logMAR, and 94.5% of eyes had a
UDVA of < 0.3 logMAR after 12 months. In our
study, patients had a lower preoperative UDVA and
BCVA compared to those in the study by Alfonso et al.
(0.01 £0.01, 061 £019 vs. 0.11 £0.11,
0.74 £ 0.18, respectively) [6].

To achieve satisfactory refractive and visual out-
comes after a toric IOL, analysis of the rotational
stability of a toric IOL is crucial. Hence, the alignment
axis of the Eyecryl toric pIOL was measured at each
follow-up, and the absolute rotation was calculated.
We found that the mean absolute rotation was
3.25° £ 3.64° and 3.51° & 3.30° at 6 and 12 months
after surgery. More than 90% of lenses rotated < 5°
between all follow-ups. Rotational stability of the
Eyecryl toric pIOL showed comparable results to
those found in other studies [13-15].

The most concern regarding PC pIOL implantation
is anterior subcapsular cataract [16, 17]. In our study,
although two eyes (3.6%) developed anterior subcap-
sular opacities, the patients were asymptomatic. In the
FDA toric ICL study, anterior subcapsular opacities
were seen in six eyes (2.9%). Of these patients, five
cases were asymptomatic, and only one case under-
went ICL removal due to symptomatic anterior
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subcapsular cataract [5]. Alfonso et al. [6] reported no
eyes with anterior subcapsular opacities 1 year after
ICL implantation.

In our study, pupillary block was seen in one eye
1 day after surgery. The patient had presented with
pain. On examination, the painful eye had a shallow
anterior chamber and increased IOP. Following laser
iridectomy, the pain was relieved, and IOP had
returned to normal values. Although pupillary block
is observed as the complication of PC pIOLs without a
central port, it has also been reported after PC pIOLs
with a central port [18, 19].

Limitations of the current study included a rela-
tively low patient population and retrospective design.
Also, a 1 year of follow-up might not be sufficient to
evaluate the long-term complications of a pIOL.
Nevertheless, to our knowledge, the current study
was the first to evaluate refractive and visual outcomes
of the Eyecryl phakic toric IOL as well as its rotational
stability for 1 year after implantation.

In conclusion, the Eyecryl toric pIOL demonstrated
relatively good visual acuity and refractive results
regarding the efficacy index and the safety index. Its
rotational stability is similar to other PC pIOLs.
However, prospective controlled studies with a longer
follow-up and larger population are now needed to
thoroughly investigate and compare the results of the
Eyecryl toric pIOL.
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