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A multi-purpose system for corneal astigmatic marking
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Abstract

Aim: To evaluate a new astigmatism marking system which creates corneal marks for proper toric intraocular lens
(IOL) placement to improve results of premium IOL surgery and limbal relaxing incision surgery.

Material and Method: Patients were randomly allocated into two groups for preoperative corneal marking
in the sitting position. A conventional pendulum marker and the new marking system were compared for vertical
misalignment and rotational misalignment. A high-resolution anterior segment camera was used to document the
corneal markings, and rotational deviation and vertical misalignment were evaluated.

Results: Each group consisted of 40 eyes and all marking points were clearly identified. The mean vertical
misalignment in the pendulum marking group and in the new marking system group was 0,71+ 0,62 mm and 0,24
+ 0,12 mm, respectively. There was a statistically significant difference in vertical misalignment between the two
groups (p < 0,05). The mean rotational deviation in the pendulum marking group and the new marking system group
was 1,9 + 2,4 degrees and 0,8 + 1,3 degrees respectively, showing a statistically significant difference (p < 0,05).

Conclusion: While the conventional pendulum marker showed a certain amount of deviation and vertical misalignment,
the new marking system marked the desired axis and minimized some possible measurement errors. During use of the
new system, the entire cornea and conjunctiva were visible and the procedure was controlled perfectly.
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Oz

Amag: Premium goz igi lens (GIL) cerrahisi ve limbal gevsetici insizyon cerrahisi sonuglarini daha iyi hale getirmek
amaciyla uygun torik GIL yerlestirilmesi icin kornea isaretleri olusturan yeni bir astigmatizma isaretleme sistemini
degerlendirmektir.

Gere¢ ve Yontem: Hastalar oturma pozisyonunda preoperatif korneal isaretleme igin rastgele iki gruba ayrildi.
Konvansiyonel bir sarkag isaretleyici ve yeni isaretleme sistemi, dikey hizalama hatas1 ve rotasyonel hizalama hatasi
acisindan karsilagtirildi. Korneal isaretlerin belgelendirilmesinde yiiksek ¢oziintirliiklii 6n segment kamera kullanildi
ve rotasyonel sapma ve dikey hizalama hatas1 degerlendirildi.

Bulgular: Her bir grup 40 gozden olugsmaktaydi ve tiim isaret noktalar1 agik¢a tanimlandi. Sarkag isaretleme
grubunda ve yeni isaretleme sistemi grubunda ortalama dikey hizalama hatasi sirasiyla 0,71 + 0,62 mm ve 0,24 +
0,12 mm idi. Iki grup arasinda dikey sapmada istatistiksel olarak anlaml1 bir fark vardi (p <0,05). Sarkag isaretleme
grubundaki ve yeni isaretleme sistemi grubundaki ortalama rotasyonel sapma sirasiyla 1,9 + 2,4 derece ve 0,8 + 1,3
derece idi ve iki grup arasinda istatistiksel olarak anlamli bir fark gosterdi (p <0,05).

Sonuglar: Konvansiyonel sarkag belirteci belirli bir miktar sapma ve dikey hizalama hatasi gosterse de, yeni
isaretleme sistemi istenen ekseni igsaretlemis ve bazi olasi 6l¢iim hatalarini en aza indirmistir. Yeni sistemin kullanimi1

sirasinda tiim kornea ve konjonktiva goriiniir idi ve prosediir miikemmel sekilde kontrol edildi.

Anahtar Kelimeler: Astigmatizma, katarakt, kornea, isaretleme, torik lens

Introduction were candidates for cataract surgery. The study was approved
by the local ethics committee and the experiments followed
the tenets of the Declaration of Helsinki. Written informed
consent was obtained from all participants. The patients

Correcting corneal astigmatism during cataract surgery
requires precise alignment of the steep meridian of

astigmatism [1]. Most of the studies involving astigmatic

marking on the cornea use a three-step procedure [2-4]. had a complete ophthalmic examination before the study.
) . . ) They were randomly allocated into two groups, 40 in the
First, the horizontal axis of the eye before surgery is marked 4 . Y . group )
. . e . .. pendulum-marking group and 40 in the new marking system
with the patient sitting in an upright position to correct for . L
. . Lo . group. Online randomization was performed to allocate each
cyclotorsion. Second, a ring gauge is aligned to the limbus o o
. . . . patient into one of two equally divided groups based on the
of the cornea with the patient lying on an operation table. ine device. All marki P 6 b
. . .. . . marking device. All marking procedures were performe
Third, the desired axis is marked with a target axis marker. & i & p . p ) M
. . s . . . the same examiner. The examiner had sufficient experience
Precise marking of the steep meridian of astigmatism is | . .
. . L in both marking procedures. In the pendulum-marking
required because misalignment may result in significant _ _
. . . group, the marking procedures were performed while the
loss of astigmatism reduction. Many of the current . o . ) . . .
. . . . . patients were sitting with their heads in an upright position.
traditional marking devices and methods sometimes fail to ] ]
. .. . Because the pendular marker is only capable of marking the
place the marks in the correct position [5, 6]. A deviation i o )
. . . . horizontal meridian, the marking procedures were performed
of 10 degrees in marking results in a loss of approximately i o
. . . . . along the horizontal meridian in both groups.
one-third of the desired astigmatism reduction [7].

: . . . . In the pendulum-marking group, a pendulum marker
We describe an astigmatic marking system which creates P £ & p., P )
.. (Janach, Como, Italy) was dyed with an ink marker. After
corneal marks for proper toric intraocular lens (IOL) ) ) o ) )
. . a drop of topical anesthetic was instilled in their eyes, the
placement to improve results of premium IOL surgery and , . ,
. S patients were asked to fixate on a distant target at their head
limbal relaxing incision (LRI) surgery.

Material and Method

This randomized single-center study included patients who

level while the examiner marked the eye. The horizontal
meridian was marked at the limbus (Figure 1).
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Figure 1. The pendulum marking technique.

To attain the proper head position, the temporal lid canthus
of the eyes was adjusted to lines on the holding bars of the
slit-lamp as described previously by Popp et al. [5]. In the
new marking system group, a drop of topical anesthetic
was first instilled in the eye as in the other group. The
system used comprised a vertical stem with a ring gauge
at the tip, and three different corneal marking devices
including a corneal marking device with only toric marking
blades, a corneal marking device with marking blades and
a capsulorhexis centration marker, and a corneal marking
device with blades for LRI (Figure 2A-D).

Figure 2A. A stem with a ring gauge at the tip. B. A corneal marking

device with only toric marking blades. C. A corneal marking device

with marking blades and a capsulorhexis centration marker.
D. A corneal marking device with blades for LRI.

The choice of device in the new system was at the
surgeon's discretion. The ring gauge includes markings on
the outer surface corresponding to 0—-180 degrees in five-
degree increments. The preferred corneal marking device
is fitted securely adjacent to the corresponding part of the
ring gauge and the surgeon can manually rotate the marker
to align the radial blades with the markings on the outer
surface of the ring gauge (Figure 3).

Figure 3. The surgeon can manually rotate the marker to align the radial
blades with the markings on the outer surface of the ring gauge.

The instrument was inserted into the socket on the support point
of the illumination rotation arm of the slit-lamp (Figure 4).

Figure 4. The instrument was inserted into the socket on the support

point of the illumination rotation arm of the slit-lamp.

While the patient’s position including the forehead was
maintained using a chin rest and the eyelid was retracted, the
examiner proceeded to mark the patient's eye. The ring with a
0,5 mm width at the distal side of the marking blades was used
for alignment. The inner surface of the ring gauge was aligned
with the limbus. Marking was performed by pressing the sharp
edge of the blades or by application of ink to the sharp edge of
the blades leaving a visible mark on the cornea (Figure 5).
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Figure 5. Marking was performed by pressing the sharp edge of the

blades on the cornea.

After the marking procedures were done, a high-resolution
anterior segment camera (Topcon DC-1 Digital Camera) was
used to document the corneal markings. A different examiner
evaluated the images of each cornea using an image analysis
and processing software (Image J). For vertical misalignment
analysis, a straight line passing through the center of corneal
marks was drawn because the marks had some thickness
preventing the examiner from making a fine comparison of
the marked meridians. The distance between the straight line
and the horizontal meridian passing through the center of the

circle best fitting the limbus was calculated (Figure 6).

Figure 6. For vertical misalignment analysis, the distance between the
straight line and the horizontal meridian passing through the center of

the circle best fitting the limbus was calculated.

For rotational deviation analysis, the axis orientation of
the straight line passing through the center of corneal
marks was calculated and deviation of this value from the
horizontal meridian was analyzed (Figure 7).
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Figure 7. For rotational deviation analysis, the axis orientation of the
straight linepassing through the center of corneal marks was calculated

and deviation of this value from the horizontal meridian was analyzed.

Statistical analysis was performed using statistical
software (SPSS version 21.0; SPSS, Inc., Chicago, IL,
USA). Descriptive statistics for continuous variables were
represented as mean+SD. The Student’s t-test was used to
compare the data between the groups. Statistical significance
was set at a p-value of < 0,05.

Results

Eighty eyes of 80 patients who were candidates for cataract
surgery were enrolled. The mean age was 38 years (range,
26-63 years). All marking points were clearly identified.
The mean vertical misalignment in the pendulum marking
group and in the new marking system group was 0,71+
0,62 mm and 0,24 = 0,12 mm respectively, showing a
statistically significant difference (p < 0,05). The mean
rotational deviation in the pendulum marking group and in
the new marking system group was 1,9 + 2.4 degrees and
0,8 = 1,3 degrees respectively, also showing a statistically
significant difference (p < 0,05). These results indicate that
the new system we used for axis marking is more accurate
than the conventional method.

Discussion

The increasing popularity of toric IOLs have inspired
surgeons to align these IOLs at the desired axis with a
high degree of accuracy. To achieve successful surgical
astigmatism correction outcomes, accurate marking of
the cornea is very important. Surgeons need to mark the
cornea while the patients are sitting in an upright position,
because a significant amount of cyclorotation occurs when
they are in a supine position.

It has been reported in a previous study that the average
positional cyclorotation was four degrees, and eight percent
of the 240 eyes in the study were rotated by 10 degrees [8].
In case of incorrect marking of the eye by surgeons, one
degree of misalignment equals a 3,3% decrease in anti-
astigmatic effect of the IOL.

Several methods have been described for proper alignment
of a toric IOL. Popp et al. compared the results of slit-
lamp marking with an insulin needle, a pendular marker,
a bubble marker, and a tonometer marker mounted on a
Goldmann tonometer. A slight deviation from the horizontal
reference meridian was observed with all devices [5].
Assuming that all these devices showed perfect vertical
alignment, the horizontal alignment is still unclear. In
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cases with vertical or horizontal misalignment, the surgeon
extrapolates the axis when using a ring-marking device.
Most of current devices require two different additional
instruments (after marking the horizontal meridian, a ring
gauge and a target axis marker are required) and this can
lead to measurement errors in each of the three individual
steps. Some devices mounted on the Goldmann tonometer
allow clear visualization through a barrel. Although
they provide a single-step marking procedure, they have
some disadvantages. They are mounted on the slit-lamp
indirectly (Goldmann tonometry) with visualization done
through a narrow barrel.

With such a device, marking is performed by centering the
pupil; however, in case of a dilated pupil, correct alignment
can be challenging. The marking system described in the
present study has several advantages over conventional
techniques. (1) It is a one-step marking procedure that
minimizes some possible measurement errors occurring in
three-step marking procedures. (2) Measurement is simple
and can be performed with basic skills. (3) The entire cornea
and conjunctiva are visible and the marking procedure can
be controlled perfectly. (4) The system has a circle ring
serving as a guide to align the limbus, minimizing vertical
and horizontal misalignments. (5) An optional marking
device with marking blades and a capsulorhexis centration
marker enables the surgeon to make additional marks for
successful capsulorhexis as well as successful multifocal
IOL centration. (6) The marking blades have sharp points
that leave lasting marks. (7) Another optional marking
device enables the surgeon to mark the cornea for LRI for
astigmatism correction.

Optimal visual results are achieved with correct marking
and well centered IOLs. The new astigmatism marking
system described here appears to be more accurate than
the conventionally used marking methods.

Compared to approaches involving advanced technology
that capture iris or conjunctival vessel patterns in digital
images and perform calculations for more accurate
markings, our technique is simpler and less expensive.
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