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Introduction

Freedom from spectacles becomes a
need and necessity for each and every
patient after cataract surgery. Moreover,
the most important hindering factor to
achieving this goal is postoperative residual
astigmatism. Even residual astigmatism of
one-dimensional (1D) is enough to cause
appreciable blurred vision and hamper
postoperative patient-surgeon satisfaction.

Previous intraocular lenses (IOLs) could
not facilitate astigmatic correction; partial
correction could be afforded through limbal
relaxing incisions (LRIs). Unfortunately,
the LRIs can be used only for limited
amounts of astigmatic correction and with
unpredictable outcomes. This gave rise
to the need to develop toric IOLs for a
more predictably controlled correction of
postoperative residual astigmatism.

The correction incurred by toric IOLs
depends vastly on the power as well as on
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Preoperatively, the surgeon instills two drops of 0.5% proparacaine and then marks the 0° and 180°
points at the limbus using a Gentian violet marker and 26G needle edge. Intraoperatively, after
phacoemulsification and irrigation and aspiration of the cortex are complete, the surgeon inspects
the previously marked 0°-180° points on the limbus. In case the steeper astigmatic meridian needs
to be marked, a Mendez Ring is used and the meridian is marked using a Gentian violet marker and
26G needle edge. The desired markings (2 mm in length only) on the anterior lens capsule can be
made using 26G needle bent at the bevel or using micro-vitreoretinal scissors. The toric intraocular
lens (IOL) is then rotated in the bag in the desired meridian (customized-toric IOL in 0°-180° meridian
and noncustomized toric IOL in steeper marked meridian), viscoelastic substance is aspirated and

Axis markings, phacoemulsification, toric intraocular lense

its axis; and hence proper intraoperative
IOL alignment is the key.['? The IOL
alignment and placement depends on the
axis of preoperative astigmatism; hence,
this axis needs to be delineated precisely
for both intraoperative assistance and for
postoperative refractive correlation to
achieve the desired best-corrected visual
acuity.!?

We have developed a new technique for
marking the desired axis of the toric IOL
that can facilitate both intraoperative and
postoperative precision with effortless ease.

Technique

Preoperatively, the surgeon instills two
drops of 0.5% proparacaine and then, marks
the 0° and 180° points at the limbus using a
Gentian violet marker and 26G needle edge.

In case of customized toric IOLs where
the astigmatic marks of the IOL need to
be placed in the horizontal axis, the same
0°-180° marked points on the limbus need
to be replicated onto the anterior lens
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capsule [Video 1]. Alternatively, in noncustomized toric
IOLs, where the astigmatic marks of the IOL need to be
placed in the steeper meridian, this meridian is marked
on the limbus using the 0°-180° marks as guide and then,
this meridian is further replicated on the anterior lens
capsule [Video 2].

Intraoperatively, after phacoemulsification and irrigation
and aspiration of the cortex are complete, the surgeon
inspects the previously marked 0°-180° points on the
limbus. In case the steeper astigmatic meridian needs to
be marked, a Mendez Ring is used and the meridian is
marked using a Gentian violet marker and 26G needle
edge.

The desired markings (2 mm in length only) on the
anterior lens capsule can be made using 26G needle bent
at the bevel or using micro-vitreoretinal scissors (MVR)
scissors. The toric IOL is then rotated in the bag in the
desired meridian (customized toric IOL in 0°-180°
meridian and noncustomized toric IOL in steeper marked
meridian), viscoelastic substance is aspirated and corneal
wounds are hydrated.

Postoperatively, the next day, the pupils are dilated,
the markings on the anterior lens capsule are examined,
and the placement of the IOL in accordance with these
markings is verified [Figure 1].

Results

We have used this technique in 20 cases of uncomplicated
phacoemulsification with >2D preoperative astigmatism.
The markings on the anterior capsule were done in
10 cases with 26G needle bent at the bevel and 10 cases
with MVR scissors.

Intraoperatively, the IOL was placed in the desired
meridian using the markings on the limbus and the
anterior lens capsule.

Postoperatively, the IOL was retained in the desired
meridian in 18 cases. In two cases, there was rotation
of the IOL away from the desired axis when examined
in dilated slit-lamp retroillumation examination on
the first postoperative day. These patients were taken
back to the operation theater, the anterior chamber was
reformed using viscoelastic substance, the IOL rotated
to the desired meridian using the markings on the
anterior capsule, viscoelastic substance aspirated, wound
hydrated, and IOL position reconfirmed before wound
hydration again.

The IOL was well placed, well centered in rest of the
cases, and all patients had achieved postoperative
refractive neutralization of their astigmatic status.
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Figure 1: Postoperative slit-lamp retroillumination photograph depicting the anterior
capsular markings coinciding with the marks of the toric IOL

Discussion

Postoperative residual cornea astigmatism hinders
our efforts to achieve the best possible postoperative
visual acuity. Uncorrected corneal astigmatism can
leave the patient with symptomatic blurred vision
due to a proportionate manifest refractive cylinder
postoperatively. Nontoric IOLs corrected only the
spherical portion of the refractive error and thus led to
the development and refinement of toric IOLs.

Toric IOLs have special markers on the nonvisual optical
zone of the IOL that enable the surgeon to orient, align,
and place the IOL according to the respective astigmatic
correction. The surgeon rotates the IOL after placing itin the
bag to orient its axis for desired postoperative results. A 3°
misalignment from the desired axis can lead to a 10% loss of
cylinder correction.’! A 10° misalignment, one-third effect is
lost and with 30° misalignment, the toric effect is completely
lost.”I This not only makes it imperative for the surgeon to
precisely mark the axis of astigmatism preoperatively, but
it would also be in the best interest of the patient and the
surgeon if the mark would be available and persistent for
postoperative comparison and follow-up.

With the advent of technological explosion, both manual
and digital methods are available for toric IOL markings.
Visser et al.*! evaluated the accuracy of three-step ink
marking procedure (reference axis marking, alignment axis
marking, and IOL alignment) and also calculated the errors
in toric IOL alignment using vector analysis. According
to them, the three-step ink marker procedure led to a
mean error of 5° in IOL placement, especially in higher
cylinder power IOLs. Cha et al.®! described the mapping
method in which an anterior segment photograph was
used to demarcate several reference vessel points and axis
marking points as well as to calculate the actual lengths
from the reference vessel points to the axis marking points.
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Their method was reported to show less axis marking
errors as compared to the conventional 3-6-9 o’ clock and
horizontal-axis-3-9 0" clock marking methods. Farooqui
et al.l®! compared the preoperative bubble marker versus
the pendulum marker and reported both to be equally
comparable, simple, predictable, reproducible, and easy
to perform. Popp et al.”! compared four corneal marking
methods, i.e., pendular marker, slit lamp-based marking,
bubble marker, and tono-marker. The pendular marker
showed the least horizontal deviation, and slit-lamp
marker showed the least vertical deviation. They also
noted that slit-lamp marker was the easiest to handle
and pendular more difficult. Elhofi and Helaly!® made
a comparison between digital and manual marking for
toric intraocular IOLs. They reiterated that the VERION
facilitated both preoperative planning and intraoperative
digital guidance and therefore resulted in comparatively
less postoperative deviation toric IOL misalignment.

However, none of these techniques could enable the
surgeon to assess the IOL orientation, placement,
and alignment postoperatively with respect to the
preoperative desired axis unless fresh corneal markings
were done or compare it to the intraoperative IOL
position at wound closure when the preoperative
markings had faded away. Hence, we devised a simple
technique to overcome these shortcomings and empower
us to assess, compare, and correct the IOL position
postoperatively. We performed all our preoperative
markings in the sitting position to avoid cyclotorsion.
Cyclotorsion of the eye from the upright to supine
position is approximately 2°-4° on an average but can
be up to 15° in individual patients.!

The advantages and practical applications of our
technique are manifold. First, it is flexible and versatile
as it can be done by any of the five instruments, namely
26G needle bent at the bevel, MVR scissors, intraocular
RF knife cautery, Fugo blade capsulotome, and Vannas
scissors. Second, while most techniques of axis-marking
for toric IOL orientation, alignment, and placement make
use of the cornea, our technique makes use of the anterior
capsule of the lens. In fact in the true sense, our markings
are most reasonable, most reliable, most replicable, and
most resilient as they are placed closest to the final IOL
position. Therefore, while the corneal markings may fade
away as the corneal epithelium heals, our markings on
the anterior capsule will be persistent and in fact become
more prominent as the rest of the capsule undergoes
fibrotic changes. Third, no other technique can enable
the surgeon to assess or compare the postoperative
IOL orientation and alignment in comparison to the
preoperative intended placement. However, since our
markings are on the anterior capsule, a simple dilated
slit-lamp retroillumination examination will tell us
whether the IOL is in the intended axis or has torted away
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from the desired position. Fourth and most importantly,
in those cases where there has been cyclotorsion of the
toric IOL away from its intended axis of orientation on the
first postoperative day, the patient can be simply taken
back into the operation theater and the IOL can be easily
rotated back in position using our capsular markings as
guide to achieve astigmatic correction without the need for
fresh markings whatsoever. Finally, the capsular markings
would not fade neither disappear nor disintegrate with
time and hence can be used in the long-term follow-up
of refractive visual prognosis based on the regression or
progression of corneal astigmatism. In case of long-term
follow-up, when the patient may complain of deterioration
of visual acuity, comparison of fresh cornmeal markings
and the IOL markings, when compared with the capsular
markings may give a hint toward capsular contraction,
capsular phimosis, or capsular complex migration.

There are, however, two very important precautions
that need to be borne in mind. A preoperative or
intraoperative inadvertent iatrogenic zonular dialysis
is a contraindication to the placement of a toric IOL and
thereby is an absolute contraindication to the use of our
technique. Second, a small nick on the anterior capsule
could be the harbinger of an anterior capsular tear that
can extend posteriorly leading to a posterior capsular
rent. We have avoided this by limiting the dimensions
of the markings to 2 mm only and by performing the
capsular markings either after the cortical irrigation and
aspiration is over or after the primary placement of the
IOL but before rotating it in the desired axis.

Since the capsular markings can be done by as simple
a thing as a 26G needle (used with insulin syringe), the
availability of resources would not be a limiting factor
even in developing countries. Considering that the
only possible variable would be surgeon expertise and
learning curve, we expect and hope that our technique
of anterior-lens-capsular markings would definitely
enable surgeons to accurately mark and precisely
orient-align-place the toric IOL in the bag in their quest
to achieve the desired best possible visual acuity.

Conclusion

Anterior capsular markings play a very important role not
only in the alignment-orientation-placement-centration
of the toric IOL but also facilitate accurate postoperative
refraction and follow-up visual prognosis of patients
with preoperative astigmatism who have undergone
uncomplicated phacoemulsification with an in-the-bag
toric IOL.
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