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ARTICLE INFO ABSTRACT

Article History: Aim To compare changes in the shape and astigmatism of the total and posterior cornea between
Received 14" February, 2019 eyes with a nasal clear corneal incision (CCI) and eyes with a temporal CCI in cataract surgery.
Received in revised form Methods The left eyes of 100 patients undergoing phacoemulsification were randomly assigned
06" March, 2019 to undergo a 2.4 mm nasal (nasal CCI group) or temporal CCI (temporal CCI group). Corneal
Accepted 19“‘_April,h2019 astigmatic changes were compared between groups using power vector analysis,and corneal
Published online 30 May, 2019 shape changes were compared using videokeratography maps at 2 days, and at 2, 4 and 8weeks

ostoperatively.

Key Words: pResullis The nz]ean JO and J45 values of the total cornea were significantly greater in the nasal CCI
Temporal, Cornea, group than in the temporal CCI group at 2 and 4 weeks postoperatively (p<0.0392), but did not
Cataract. differ significantly between groups at 2 days and 8 weeks. The videokeratography maps revealed

a wedge-shaped flattening in the total cornea and a steepening in the posterior cornea around the
CCls in both groups at 2 days postoperatively; those were more prominent in the nasal CCI group
than in the temporal CCI group. The wound-related changes diminished by 8 weeks
postoperatively in the total and posterior cornea, and were not markedly different between groups
at 8 weeks postoperatively.

Conclusion Corneal shape and astigmatic changes were comparable between groups at 8 weeks
postoperatively, although the changes were greater after nasal CCI than after temporal CCI in the
early postoperative periods, indicating that nasal or temporal CCI can be selected based on the
surgeon’s preference.
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approximately 2.8 mm or greater (Kohnen, 2002; Barequet,
INTRODUCTION 2004; Altan-Yaycioglu, 2007; Pakravan, 2009 and Tejedor,

2009). Based on the assumption that the refractive power of
Horizontal clear corneal incision (CCI) is the most preferred  the posterior cornea is proportional to that of the anterior
incision technique in modern cataract surgery (Leaming, 2004;  cornea, most studies assessed only the changes of the anterior
Elder, 2006; Yoon, 2009 and Hayashi, 2009). Right-handed  ¢omea . Recent studies, however, revealed that the posterior
surgeons make the CCI on the temporal side in the right eyes.  corneal astigmatism is not necessarily proportional to the
When performing cataract surgery in the left eyes, however,  anterior corneal astigmatism (Koch, 2012 Nemeth, 2014;
some right-handed surgeons sit at the patient’s head to make Koch, 2013 and Ueno, 2014). Accordingly, it is necessary to
the CCI on the nasal side, while others sit on the left side of  easure the total corneal astigmatism to compare the SIA
the patient to make the CCI on the temporal side. For  petween various types of incisions. Furthermore, the standard
surgeons, changing the sitting position when operating on both  width of CCI has now decreased to 2.4 mm or less. It is
the left and right sides of the patient may be challenging, or  cyrrently unclear whether the shape and astigmatic changes of
sometimes impossible. studies demonstrated that surgically the total cornea differ between a nasal CCI and temporal CCI

induced astigmatism (SIA) is significantly greater after nasal  \yith an incision width of 2.4 mm or less (Hayashi, 2009). The
incision than after temporal incision when the incision width is aim of this study was to compare the changes in shape and

astigmatism of the total and posterior cornea between eyes that

*Corresponding author: Dr.Luay Hashim Jasim, underwent a 2.4 mm nasal CCI and eyes that underwent a
Nineveh Health Directorate, IRAQ. temporal CCI
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PATIENTS AND METHODS

Study design: This study was a prospective randomised
clinical trial and an exploratory study to compare changes in
shape and astigmatism of the total cornea between nasal and
temporal CCI (Cipriani, 2015).

Patient recruitment: A clinical research coordinator screened
all consecutive patients scheduled to undergo cataract surgery.
The major inclusion criterion was left eyes scheduled for
phacoemulsification with implantation of a single-piece acrylic
intraocular lens. The exclusion criteria were eyes with any
pathology of the cornea, optic nerve or macula; eyes with a
lens nucleus harder than grade4 (Chylack, 1993), eyes with
poor mydriasis (<4.5 mm); eyes with a possible zonular
dehiscence or pseudoexfoliation and eyes with a history of
surgery or inflammation. After explanation of the protocol, the
patients who met the criteria were asked whether they wished
to participate. Written informed consent was obtained from all
patients who agreed to participate.

Randomisation: The patients were randomly assigned to one
of two groups. One group comprised patients scheduled to
undergo nasal CCI (nasal CCI group), and the other group
comprised patients scheduled to undergo temporal CCI
(temporal CCI group). The coordinator generated a
randomization code with equal numbers (1:1 ratio) using
computer software and assigned all patients to either the nasal
or temporal CCI group on the day before surgery. The
coordinator informed the nurse in charge of the surgery room
the group to which each patient was assigned several hours
before surgery. Just before surgery, the nurse informed the
surgeon of the group to which the patient was assigned. The
coordinator concealed the assignment schedule until all
examinations were completed.

Table 1  Baseline characteristics and surgical outcomes of the
patients with eyes that underwent a 2.4 mm nasal CC (nasal CCl
group) and eyes that underwent a 2.4 mm temporal CCI (temporal
CCl group)

Temporzl CCI
Nasal CCl group group P values
Age (years) 65.4+04 67.2+6.6 03719
Sex (men'women) 22128 23127 0.8407
Corneal astigmatism (1) U.35+0.45 (580,36 U.bb/4
MRSE (D] —2.3943.75 —-2.18+466 0B124
Corrected logMAR visual acuity  0.35+026 0.35+£0.26 0.9726
Pupillary diameter (mm) 3.50+054 3.57+0.52 07777
Nucdear opalescence 1.38+035 2.08+0.29 01237
Surgery time {min} 8344183 8.70+1.30 06154
CDE {mil§joulac) 8.38=3 7 2.21+3.99 03199
Irrigation volume (mL) 564112 54.2+120 0.5444

*Lomeal astigmatism of the total comea.

CCl clear comeal incision, COE, cumulative dissipated energy; D, dioptre; logMAR
logarithm of minimal angle of resolution; MRSC, manifest spherical equivalent
value,

Surgical techniques: One surgeon (KH) performed all
surgeries using surgical techniques, as described previously
(Hayashi, 2017). First, two side ports were made 90° away
from the CCI. Next, the surgeon created a continuous
curvilinear capsulorrhexis of ~5.0 mm using a needle. A 2.4
mm single-plane CCI was made from the limbus using a
keratome at the 9 o’clock meridian in the nasal CCI group and
at the 3 o’clock meridian in the temporal CCI group. The

surgeon estimated the incision meridian and made the CCI
~1.5 mm in length. After hydrodissection, nuclear
phacoemulsification and cortical aspiration were conducted.
The anterior chamber was filled with viscoelastic material, and
the IOL was placed in the capsular bag using the Monarch II
injector with a D cartridge. On aspirating the viscoelastic
material, all wounds were thoroughly hydrated and closed with
balanced saline solution without sutures.

Table 2  Comparison of the mean (+5D) magnitude of surgically
induced astigmatism of the total cornea betwezn eyes that
underwent a 2.4 mm nasal clear corneal incision (CCl; nasal CQ
group) and eyes that underwernt a 2.4 mm temporal CCl {temporal
CCl group)

Temporal CCl
Nasal CCl group  group P values
2 days postoperatively 0.88=0.56 0.63:0.44 0.0151*
2 weeks postoperatively 0.71£0.39 0.54+0.35 0.0214*
4 weeks postoperatively 0.63+0.36 0.48+0.35 0.0352
8 weeks postoperatively 0.58+0.39 0.45£0.42 0.1098

*Statistically significant difference between groups.

Astigmatism analysis: All patients underwent examinations
by videokeratography (Topographic Modeling System V.5
(TMS-5), Tomey, preoperatively, and at 2 days, and at 2, 4 and
8 weeks postoperatively. The TMS-5 includes a rotating
Scheimpflug system and Placido-ring topographer. This device
obtains topographic data of the total, anterior and posterior
cornea by merging Placido-ring topography with the
Scheimpflug system.The magnitude and meridian of the
corneal astigmatism of the total, anterior and posterior cornea
were determined with the simulated keratometric (K) values.
The reproducibility of the K values was confirmed in previous
studies (Guilbert, 2012; Bao, 2017; Hamer, 2016). SIA was
calculated as the change from the preoperative astigmatism to
the postoperative astigmatism at each postoperative interval.
The SIA was decomposed into vertical (90°)/horizontal (180°)
astigmatic changes and oblique changes (45° and 135°) using
power vector analysis (Thibos, 2001). This analysis expresses
the vertical/horizontal change as JO, and the oblique change as
J45. In the total cornea, a positive JO indicates a with-the-rule
astigmatic change, while a negative JO indicates an against-
the-rule change. In the posterior cornea, a positive JO indicates
against-the-rule astigmatic change, while a negative JO
indicates with-the-rule change. In the total cornea, a positive
J45 indicates a clockwise oblique astigmatic change, while a
negative J45 indicates a counter-clockwise oblique change.
Irregular astigmatism was calculated by Fourier harmonic
transformation, which was described previously (Hayashi,
2009 and Hayashi, 2017). Briefly, the refractive powers of the
total cornea are transformed into four trigonometric
components: the spherical equivalent power, the first-order
asymmetry, the second-order regular astigmatism, and the
third and higher order irregularity. The asymmetry and higher
order irregularity are defined as irregular astigmatism. The
calculations were performed for a 6.0 mm central optical zone.

Evaluation of surgically induced changes in corneal shape:
The mean changes in the shape of the total and posterior
cornea were assessed using the average of difference map of
the TMS-5. The mean corneal shape changes were determined
as the change from the preoperative shape to the postoperative
shape at each postoperative interval.
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The average of difference map was produced by subtracting
the mean postoperative data from the preoperative data with
the mean corneal diameter of approximately 8.9 mm. This map
displays between —5.0 dioptre (D) and 7.5 D in 0.5 D steps.

Secondary outcome measures: Uncorrected (UDVA) and
corrected distance visual acuity (CDVA) were examined on
decimal charts, and these acuities were converted to the
logarithm of minimal angle of resolution scale for statistical
analysis. The length and meridian of CCIs were examined at 2
weeks postoperatively using an anterior segment-optical
coherence tomography (SS-1000; Tomey). The ocular higher
order aberrations (HOAs) were measured using a Hartmann-
Shack wavefront aberrometer (KR-1W: Topcon) (Lopez-
Miguel, 2013). Ocular HOAs were measured in the central 6.0
mm optical zone.

Statistical analysis: The normality of the data distribution was
examined by inspecting histograms. The magnitude of the SIA,
JO and J45, and other continuous variables followed a normal
distribution, and therefore parametric tests were applied. The
STIA and other continuous variables were compared between
groups using an unpaired t-test. The JO and J45 were compared
between groups using multivariate analysis of variance. The
ratio of men and women and other discrete variables were
compared using the y2 test or Fisher’s exact test. To avoid a
type I error, we modified the significance level according to
the adjustment method of the false discovery rate using the
Benjamini-Hochberg procedure (Benjamini, 1995). Because
the primary endpoints were the magnitude of SIA, and the JO
and J45 of the total cornea, we determined that a p value of
0.0214 would provide an acceptable alpha level.

RESULTS

One hundred eyes of 100 patients were recruited, and all
patients underwent the scheduled examinations. Because the
appearances of eyes that had nasal and temporal CCIs were
similar, the examiners were unaware of which eye underwent
nasal or temporal CCI. Patients’ characteristics and surgical
outcomes did not differ significantly between groups (Table
1). The mean CCI length was 1.55+0.17 mm in the nasal CCI
group and 1.57+0.14 mm in the temporal CCI group; it was
similar between groups (p=0.4632). For the total cornea, in the
nasal CCI group, wedge-shaped flattening and coupled
steepening were observed around the CCIs at 2 days
postoperatively, and these changes diminished over time
(Figure 2). In the temporal CCI group, the wedge-shaped
flattening occurred around the CCIs at 2 days postoperatively,
and this change diminished by 4 weeks. These changes were
more prominent and extended closer to the central cornea in
the nasal CCI group than in the temporal CCI group until 4
weeks. At 8 weeks postoperatively, a slight coupled steepening
remained in the temporal CCI group, while slight peripheral
flattening and a coupled steepening were detected in the nasal
CCI group; the difference in the map between groups became
small. The difference in the induced astigmatism decreased to
0.17 D at 8 weeks. For the posterior cornea, a focal steepening
occurred around both CCIs at 2 days postoperatively; this
steepening was slightly greater in the nasal CCI group than in
the temporal CCI group (Figure 2). This steepening rapidly
diminished in both groups and was not detected by 4 weeks.
The maps of the anterior cornea are shown in online
supplementary Figure 3.



27848

Dr.Luay Hashim Jasim et al. Total and posterior corneal shape changes after temporal versus nasal clear corneal incision cataract surgery

1) Posterior

Temporal CC]

Figure 2 Mean shape changes of the total (A) and posterior (B)
cornea shown in the average of difference map in eyes that underwent
a 2.4 mm nasal clear corneal incision (CCl; nasal CCl group) and eyes
that underwent a 2.4 mm tempaoral CCl {tempora CCl group). (A) For
the total cornea, wedge-shaped flattening and coupled steepening were
observed around the CCls in Lthe early posluperalive periods in buth
groups, and these changes diminished over time. These changes were
more prominent and extended closer to the central cornea in the nasal
CCl group than in the temporal CCl group until 4 weeks. At § weeks
postoperatively, slight coupled steepening was observed in the tempora
CCI group, while slight peripheral flattening and coupled steepening
were observed in the nasal CCl group; the difference between groups
became slight by 8 weeks postoperatively. (B) A focal steepening
occurred around both the nasal and temporal CCls at 2 days after
surgery, and this steepening was slightly greater in the nasal CCl group
than in th temporal CCl group. This wound-related steepening rapidly
diminished and was not detected at 4 weeks after surgery orlaterin
either group.

Table 3 Comparison of the mean (£5D} irregular astigmatism
components of the total cornza between eyes that underwent a 2.4
mm nasal clear cormeal incision (CCl; nasal CCl group) and eyes that
underwent 2 2 4 mm temporal CCI {temporal CCl group)

Nasal CCl Temporal CCI
group group P values
Higher order imegularity component
Preoperalively 0.15£0.04 0.16£0.06 01113
2 days pusloperalively 031010 0.24+0.10 0.00157
2 wzeks pusloperatively 0.22+0.06 0.19£0.09 0.0814
4 w=eks pustoperatively 0.20+0.07 0.17+005 0.0202
8 weeks postoperatively 0.18+0.06 0.17+0.06 03320
ASymmetry component
Preoperatively 0.45+021 0.51+033 0.2917
2 days postoperatively 0.70+£034 0.75£047 0.5950
2 weeks postoperatively 0.50£021 0.50£025 0.3651
4 weeks postoperatively 0.45+0.19 0.49+0.29 0.828)
8 waeks postoperatively 0462021 0.48+027 07315

*Statistically s.gnificant difference between groups.

The mean higher order irregularity component of the total
cornea was significantly greater in the nasal CCI group than in
the temporal CCI group at 2 days and 4 weeks postoperatively
(p<0.0202; table 3), and did not differ significantly between
the groups at 2 and 8 weeks. The mean asymmetry component
did not differ significantly between the groups at any
postoperative period. The mean UDVA and CDVA (online
supplementary table 3), ocular total, coma-like and spherical-

like aberrations (online supplementary table 4) did not differ
significantly at any follow-up period.

DISCUSSION

The videokeratographic findings revealed a wedge-shaped
flattening in the total cornea and a focal steepening in the
posterior cornea around the CCIs postoperatively. In the early
periods, these changes were greater in the nasal CCI group
than in the temporal CCI group. The wound-related changes in
the total and posterior cornea, however, diminished over time
in both groups. Accordingly, at 8 weeks postoperatively, the
difference in the corneal shape changes became small between
groups. The intergroup difference in the induced astigmatism
decreased to only 0.17 D. Thus, the difference in the total and
posterior corneal shape became clinically irrelevant by 2
months postoperatively in eyes with a 2.4 mm nasal or a
temporal CCI. The SIA was a with-the-rule shift in the total
cornea and an against-the-rule shift in the posterior cornea, and
the shift towards oblique astigmatism was slight. These
changes in total regular astigmatism were significantly greater
in the nasal CCI group than in the temporal CCI group at 2 and
4 weeks postoperatively, but did not differ significantly
between groups at 8 weeks.

Additionally, the higher order irregularity of the total cornea
was significantly greater after nasal CCI than after temporal
CCI in the early periods, but was similar at 8 weeks. These
findings suggest that all changes in the total and posterior
cornea became comparable between the nasal and temporal
CCI groups by 8 weeks postoperatively if the incision width
was 2.4 mm or less. The mean ocular HOAs and visual acuity
were not significantly different between groups at any
postoperative period. Thus, although the surgically induced
changes were different in the early periods, the differences did
not markedly affect the visual outcomes. Previous studies
demonstrated that the SIA of the anterior cornea is
significantly greater after nasal incision than after temporal
incision when the incision width is 2.8 mm or more.[5-9]
Barequet et al[6] reported a significant difference in the mean
SIA following a nasal CCI (1.65 D) compared with that
following a temporal CCI (0.74 D) at 6 weeks postoperatively;
the difference was significant. In contrast, the present study
demonstrated that corneal shape and astigmatic changes of the
total and posterior cornea became comparable between eyes
with a 2.4 mm nasal CCI and those with a temporal CCI within
2 months postoperatively.

This inconsistency was probably due to the smaller incision
width and evaluation of the total cornea in this study. Recently,
the standard CCI width became 2.4 mm or less. Because the
outcomes did not differ at 2 months postoperatively, we
consider that surgeons can choose the nasal or temporal
incision according to preference. A potential limitation of the
present study is the relatively short follow-up duration.
Corneal shape changes rapidly diminish and stabilise within 2
months postoperatively, however, when the incision width is
2.4 mm or less.[23] When the incision width is 2.4 mm or less,
a longer follow-up may not be necessary. In conclusion,
corneal shape and astigmatic changes were comparable at 2
months postoperatively between eyes that underwent a 2.4 mm
nasal CCI and eyes that underwent a temporal CCI, although
in the early periods the changes were greater after nasal CCI
than after temporal CCI. Accordingly, we believe that
surgeons do not need to perform the temporal incision



27849

International Journal of Development Research, Vol. 09, Issue, 05, pp. 27845-27849, May, 2019

considering the difficulties in changing their position. Whether
the wound stability and frequency of anterior chamber
contamination differ between these two incision sites,
however, remains unclear. Further studies are needed to
compare the wound stability and frequency of the anterior
chamber contamination between nasal and temporal CCls.
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