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Abstract

e Among refractive errors, astigmatism is the most
common optical aberration, where refraction changes in
different meridians of the eye. It causes blurred vision at
any distance and includes corneal, lenticular, and retinal
astigmatism. Cataract surgery used to cause a progressive
increase in the pre-exisiting corneal astigmatism because
of creating a surgically induced astigmatism, for example,
a large size surgery incision. The development of surgical
techniques during last decades has made cataract surgery
interchange to treat preoperative corneal astigmatism at
time of surgery. Nowadays, three surgical approaches can
be used. By placing a sutureless clear corneal incision on
the steep meridian of the cornea, a preoperative corneal
astigmatism less than 1.0 D can be corrected. Single
or paired peripheral corneal relaxing incisions (PCRIs)
provide 1.0-3.0 D corneal astigmatism correction. PCRIs
are typically used for treating 1.0-1.5 D of regular corneal
astigmatism, if more than 2.0 D, the risk of overcorrection
and irregular astigmatism is increased. When toric
intraocular lenses (IOLs) are unavailable in markets, PCRIs
are still a reasonable option for patients with up to 3.0 D of
pre-existing corneal astigmatism. Toric IOLs implantation can
correct 1.0-4.5 D of corneal astigmatism. Several |OLs are
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approved to correct a high degree of corneal astigmatism
with cylinder power up to 12.0 D. These approaches can be
used alone or in combination.
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INTRODUCTION

mong refractive errors, astigmatism is the most common

optical aberration, where refraction changes in different
meridians of the eye. The light rays passing through the eye
cannot converge at a particular focal point on the retina but
form focal lines and was first reported by Thomas Young in
the 18" century'". It causes blurred vision at any distance and
includes corneal, lenticular, and retinal astigmatismm. Cataract
surgery used to cause a progressive increase in the preexisiting
corneal astigmatism because of creating a surgically induced
astigmatism (SIA), for example, a large size surgery incision.
The development of surgical techniques during last decades
has made cataract surgery interchange to treat preoperative
corneal astigmatism at time of surgery. Nowadays, three
surgical approaches can be used. One option is by placing
a clear corneal incision (CCI) on the steep meridian of the
cornea. The other two surgical approaches, single or paired
peripheral corneal relaxing incisions (PCRIs) and toric
intraocular lenses (IOLs) implantation can also be used to
correct corneal astigmatism. In this review paper, we describe
the three surgical methods used to correct corneal astigmatism
during cataract surgery and focus on the degrees of corneal
astigmatism that can be treated with different methods.
CATARACT SURGERY INCISION
The size of incision is a confirmed factor that causes
astigmatism during cataract surgery”!. Corneal SIA is
proportional to the incision size, and the severity of SIA
depends on the length, width, and location of the incision,
a larger incision usually causes larger changes in

astigmatism'.
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In the developing world, manual small incision cataract
surgery (SICS) is a more popular choice for ophthalmologists
because of its low cost™. In conventional SICS, the incision
size is 6.0 mm width. SIA associated with SICS with a straight
superior scleral incision was observed nearly 2.0 D at 3mo
postoperatively by Reddy et al”. Interestingly, for SICS
with a 6.0 mm superior frown incision, only 0.5 D corneal
astigmatism was observed at 90d postoperatively . In a
study by Roman et al'”’, cataract surgery with a sutureless
3-step tunnel and 4.0 mm superior corneal incision, SIA was
approximately 1.5 D one year postoperatively. Similarly,
Barequet et al'® reported a 1.41 D SIA for a 3.5 mm horizontal
nasal CCI 12mo after cataract surgery. But 0.71 D SIA in the
same research surgery with 3.5 horizontal temporal incision.
However, there was no significant difference in SIA between
superior incisions and temporal incisions in conventional SICS
with a straight scleral 6.0 mm incision. At 90d after SICS,
the superior incisions showed 1.92 D against the temporal
incisions 1.57 D of rule astigmatism".

Advances in cataract surgery techniques significantly assist in
reducing the size of surgical incisions. Nowadays, typically
sutureless CCI is about 3.0 mm wide, which leads to an
approximately 0.50 D change in astigmatism, and a 5.0 mm
width leads to a 1.0 D change”'”. Another study indicated
that a 0.5 mm increase in the incision width is associated with
a 0.25 D change in the corneal curvature'''). In some cases,
as the corneal incision size decreases to 2.0 mm, the SIA can
still reach approximately 0.50 D"?. However, 1.8 and 2.2 mm
incisions make no difference in astigmatism®. Piao and Joo™
compared SIA after steep meridian 3.2 mm CClIs in cataract
surgery at temporal, superotemporal, superonasal, and superior
locations. At 2mo, there was a statistically significant reduction
in astigmatism with superior incisions. According to other
studies, the superior incisions are associated with more SIA

514 The distance from cornea to

than temporal incisions are
limbus is shorter in the horizontal direction than in the vertical
direction, and the corneal fibers are much stronger at short
distances from the central cornea!"”.

SIA in cataract surgery is not always a side effect, it can
be used for reducing and eliminating preexisting corneal
astigmatism. Corneal astigmatism of 0.75 D or greater after
surgery may reduce uncorrected visual acuity and induce
symptomatic blur, ghosting of images, and halos"®’. Placement
of the main incision on the steep meridian of corneal
astigmatism is the ideal approach for patients with less than

" The cornea can

1.0 D of preoperative corneal astigmatism!
be flattened by a full thickness corneal incision in meridian
of the incision and thus can reduce preexisting astigmatism.
Postoperative astigmatism less than or equal to 0.50 D allows

most cataract patients to be spectacle-independent!"”.

PERIPHERAL CORNEAL RELAXING INCISION

Eyes with >1.0 D of corneal astigmatism can be treated by
placing additional incisions in the peripheral cornea during
cataract surgery''”. Single or paired PCRIs provide 1.0-3.0 D
corneal astigmatism correction'”. In some literature, PCRIs
are called limbal relaxing incisions, which are inaccurate
because the limbus is not incised””. These incisions are made
in the peripheral clear cornea'”.

The PCRIs are usually made initially of surgery when the
epithelium is still well-maintained and the ocular pressure is
predictable. Traditionally, the incisions are made at a depth of
90% minimum corneal pachymetry. If the corneal topography
and slit lamp examination are normal, the incision depth is,
as usual, 450-550 pm. Amesbury and Miller®” suggested
that a 450 pm depth of PCRI was safe and effective through
their nomogram of the age related cataract population. They
also found that symmetric paired incisions were made in
the steep meridian of peripheral cornea, and each 1.8 clock
hours in length was used to correct 1.8 D of regular corneal
astigmatism. If the astigmatism is irregular, PCRIs can be
made asymmetrically in different meridians, placing a longer
incision on the steeper side of the cornea. The correction of the
astigmatism diopter is half of the sum length of the incisions. A
number of PCRI nomograms have been published to guide the
location and size of peripheral corneal incisions to the intended
magnitude of astigmatism correction, such as the Modified
Gills nomogram (Table 1)*', the Donnenfeld nomogram'”
and the Nichamin nomogram™' (both can be used by an online
calculator , www.lricalculator.com, Latest Version 4.2.0; Figure 1).
PCRIs should be created with a special diamond or metal
astigmatic keratotomy blade. In femtosecond laser-
assisted cataract surgery, PCRIs can be placed by using the
femtosecond laser, namely femtosecond laser-assisted arcuate
keratotomy (FAK). It is classified into two types, penetrating
FAK (pFAK) and intrastromal FAK (iFAK). Most studies have

shown good correction with pFAK™"!

. pFAK can be single-arc
incision or double-arc and separate incision, at 80% or 85%
corneal depth with a 90° side cut angle. The arc diameter for
these arcuate keratotomies was kept at 8.0 mm and they were

limbal centred® 2

I An online calculator (www.Iricalculator.
com) based on the Donnenfeld nomogram or Nichamin
nomogram was used to calculate the angular arc length of
the incision, number of incisions, and axis of placement
of the incision after considering both SIA and preexisting
keratometric astigmatism. Compared to manually performed
PCRI, FAK may be more effective, reliable, and reproducible.

To avoid the negative effects of intersecting incisions, two
caveats should be noted"*. If the PCRI coincides with the
clear corneal cataract incision, it should not exceed the length

of the cataract incision and should only lengthen after IOL

1371
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LRI Calculator

Surgeon and Patient Information

Surgeon Name (

Patient ( PatientAge [ |
Eye Selection ® OD (right) OS (left) Scale @ Degrees
Surgeons's View ® Superior Temporal Clock Hours
Keratometry

Nomogram Selection @ DONO (Donnenfeld)
Steep K (35.00 - 50.00) D Steep Meridian (0-180) [ |°
FlatK (35.00-50.00) | D Flat Merician

Thinnest Corneal Depth (500 - 1200)

NAPA (Nichamin)

Auto Entry
microns

Phaco Incision ® No Yes

Surgically Induced Astigmatism (SIA) (0.00 - 1.00) D

Meridian Incision Location (0 - 360)

Clear Entries Calculate Results

Phaco :iiNew Steep Meridian

LRI == == == New Flat Meridian

Figure 1 The online calculator to calculate the size of peripheral corneal relaxing incision.

Table 1 Modified Gills nomogram for PCRIs to correct keratometric

astigmatism during cataract surgery

Length (degrees) of arc
30-40y 41-50y 51-60y 61-70y 71-80y 81-90y =90y
WTR astigmatism

Preoperative
cylinder (D)

1.50t0 2.25 60 55 50 45 40 35 30
1.50to0 2.25 70 65 60 55 50 45 40
23.25 80 75 70 65 60 55 45

ATR astigmatism

1.50to0 2.00 70 65 60 55 45 30 30
2.25t02.75 90 80 70 60 50 45 40
>3.00 90 90 85 70 60 50 45

PCRIs: Peripheral corneal relaxing incisions; WTR: With the rule; ATR:
Against the rule.

implantation. If the PCRI is close to the paracentesis incision,
the paracentesis should be performed peripherally to the PCRI
to avoid intersecting the incisions. Usually, a cataract incision is
placed inside the PCRI, if the cataract incision is created 90° away
from the PCRI axis to avoid a prominent brow or other obstacle,
the lengths of the PCRIs should be added to compensate™.
PCRIs are typically used for treating 1.0-1.5 D of regular corneal
astigmatism, more than 2.0 D, the risk of overcorrection and
irregular astigmatism is increased””. When toric IOLs are
unavailable in markets, PCRIs are still a reasonable option for
patients with up to 3.0 D of pre-existing corneal astigmatism"”.
This procedure should not be performed on corneas suspected
of having ectasia based on abnormal topography, or those with
obvious thinning on slit lamp examination.

TORIC INTRAOCULAR LENSES IMPLANTATION
Toric IOLs implantation are often used in patients who have

128 Compared with

corneal astigmatism greater than 0.75 D!
PCRIs, this is the prime method for treating higher orders of
regular corneal astigmatism in patients at the time of cataract

surgery'””.
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The first use of toric IOL in cataract surgery was reported by
Shimizu et al®” in Japan in 1994. In the United States, the
first toric IOL approved by the FDA in 1998 was the STAAR
toric IOL (Staar Surgical, Monrovia, CA)!"". Currently, a
wide variety of toric IOLs can be found in the market. They
can correct 1.0-4.5 D of corneal astigmatism, and several
IOLs have been approved to correct a high degree of corneal
astigmatism with cylinder power up to 12.0 D (Table 2).

To surgeons, before implanting toric IOLs as an astigmatism
correction strategy in cataract surgery, identifying corneal
astigmatism is much more important than total astigmatism
which includes both lens and corneal astigmatism. Because
lens astigmatism is eliminated with the removal of the
cataractous lens, only correction of the preoperative corneal
astigmatism is needed. Many types of instruments can be
used to measure corneal astigmatism and can successfully
determine the corneal astigmatism value and steep axis
during toric IOL implantation. Some widely used methods
are based on keratometry and measure the corneal curvature
and astigmatism by analyzing a constant-sized image of mires
and include manual keratometry, automated keratometry,
the Lenstar LS900 (Haag-Streit AG, Switzerland)"", and
the IOLMaster (Carl Zeiss Meditec AG, Germany)"”. Other
approaches, such as the Pentacam (Oculus GmbH, Germany)~”, the
Orbscan II (Bausch & Lomb, USA)™", and the iTrace (Tracey
Technologies, USA)** are based on corneal topography.

To correctly align the toric IOL, the surgeon should mark 6
o’clock and/or 3 and 9 o’clock positions on the cornea of the
patient in the upright seated position looking straight ahead
and with both eyes open to avoid cyclotorsion. The reference
mark could compensate for ocular torsion when the patient lies
flat. In addition to manual marking, there are also some image
guided systems can be used, such as the Callisto eye image-
guided markerless system (Carl Zeiss Meditec AG, Germany),
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Table 2 Toric IOLs are currently available

Toric IOL Manufacturer Material d(i)a\ﬁtreat!r ?J%l\\:erir,caDl (corrizltir;i:irgrelzvé?rrn), D Addtiogpower,
Monofocal lenses
AcrySof Toric IOL Alcon Labs Hydrophobic acrylic lens 13 mm 6.0-30 1.5-6.0 (0.75-4.11)
Hoya Vivinex Toric I0L Hoya Surgical Optics Hydrophobic acrylic lens 12.5 mm 10-30 1.0-6.0
AT Torbi IOL Zeiss Hydrophilic acrylic lens with 11 mm -10to 32 1.0-12
hydrophobic surface
EnVista Toric I0L Bausch+Lomb Hydrophobic acrylic lens 12.5 mm 6.0-30 1.25-5.75 (0.90-4.03)
LuxSmart Toric IOL Bausch+Lomb Hydrophobic acrylic lens 11 mm 6.0-34 0.75-6.0
Tecnis Toric I0L Johnson Hydrophobic acrylic lens 13 mm 5.0-34 1.5-6.0 (0.75-3.62)
Ankoris Toric I0L PhyslOL Hydrophilic acrylic lens 11.4 mm 6.0-30 1.5-6.0 (0.90-4.36)
Precizon Toric IOL Ophtec Hydrophilic acrylic lens 12.5 mm 1.0-34 1.0-10
Multifocal lenses
AcrySof 1Q ReSTOR 10L Alcon Hydrophobic acrylic lens 13 mm 6.0-34 1.0-3.0 2.5and 3.0
AT LISA Tri Toric 939MP IOL Zeiss Hydrophilic acrylic lens with 11 mm 10-28 1.0-4.0 1.66 and 3.33
hydrophobic surface
FineVision Toric IOL Physiol Hydrophilic acrylic lens 11.4 mm 6.0-35 1.0-6.0 1.75and 3.5
TECNIS Symfony Toric IOL Johnson Hydrophobic acrylic lens 13 mm 5.0-34 1.5-3.75 1.75
TECNIS multifocal Toric I0L Johnson Hydrophobic acrylic lens 13 mm 5.0-34 1.5,2.25,3.0,4.0 4.0
Panoptix Toric IOL Alcon Hydrophobic acrylic lens 13 mm 6.0-34 1.0-3.75 2.17 and 3.25

IOL: Intraocular lens.

the Alcon Verion Image Guided System (Alcon Laboratories,
Inc., USA) and the TrueVision 3-D system (TrueVision
Systems, Inc., USA).

Accurate orientation of the toric IOLs intraoperatively is necessary,
because each 1 degree of rotation will bring approximately
3.5% loss of the astigmatic correction of the lens. Therefore,
if the IOL is bias axis by thirty degrees, the astigmatism will
remain unchanged but will be aligned at an axis different from
the original steep axis'. Similarly, another study showed
that every 1° a toric IOL is off axis, there is a 3.3% loss of
astigmatic correction””. The rotation may occur in several
situations: such as eyes with axial lengths exceeding 24 mm,
highly myopic eyes because of weaker zonules, and residual
viscoelastic materials in the capsular bag especially behind the

[1.37

lens'*”. However, it was found that if an IOL is malpositioned

because of rotation, tilt or trauma, it can safely be repositioned
in the operating room up to 2wk after implantation™”.

In cataract surgery, toric IOLs can only be implanted in an
intact capsular bag but not sulcus. Conversely, in the phakic
eye, the Visian Toric Implantable Collamer Lens (Staar Surgical)
can be implanted in the posterior chamber behind the iris and
in front of the anterior capsule to correct corneal astigmatism'"),
It should be noted that toric IOLs should not be used in patients
with irregular astigmatism or defective lens capsule.
CONCLUSION

Nowadays, three surgical approaches can be used to treat
preoperative corneal astigmatism at the time of cataract
surgery. Sutureless CCI was placed on the steep meridian of
the cornea, single or paired PCRIs were made, and toric IOL

implantation was performed. By placing sutureless CCI on

the steep corneal meridians, preoperative corneal astigmatism

less than 1.0 D can be corrected. Single or paired PCRIs

provide 1.0-3.0 D corneal astigmatism correction. Toric IOLs
implantation can correct 1.0-4.5 D of corneal astigmatism.

These approaches can be used alone or in combination.
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