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Aim: To assess the demography, magnitude, and type of corneal astigmatism in patients
undergoing cataract surgery in North India.

Methods: It is a clinic-based, cross-sectional, observational study. Keratometric values and
demographic data were collected for eligible patients who had undergone phacoemulsifica-
tion at a tertiary eye care center between January 2010 and December 2017, using a non
contact, optical low coherence reflectometry (OLCR).

Results: A total of 3597 eyes were recruited for the study. There were 1810 (50.3%) females
and 1787 (49.7%) males. The mean age was 59.121+15.19 (range 5-100 years). A total of
3559 eyes were qualified for astigmatism analysis. The mean corneal astigmatism among all
patients was 1.17+1.15 D (range 0-12.5 D). There was no astigmatism in 99 eyes (2.78%),
with-the-rule (WTR) in 1062 eyes (29.83%), against-the-rule (ATR) in 1843 eyes (51.72%)
and oblique astigmatism (OA) in 555 eyes (15.59%). The tendency of a gradual change from
with the rule (WTR) to against the rule (ATR) astigmatism was noted as the age advanced.
Conclusion: In the present study around 56.69% of eyes had corneal astigmatism of <1.0 D
that can be managed by simple cost-effective keratorefractive procedures especially in
developing countries. However, our 40.49% patients had >1.0 D of corneal astigmatism,
which may benefit by toric intraocular lenses.
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Introduction
Corneal astigmatism in patients with cataract is a significant concern which affects
the visual function, vision-related quality of life and leads to increased out-of-
pocket expenses. The prevalence of pre-existing anterior corneal astigmatism of
>1.00 diopter (D), >1.5 D and >2.00 D has been reported to range from 32.5—
45.5%, 21.0-26.20% and 8%, respectively, in patients with cataract.' '’ The mea-
surement of corneal astigmatism by manual or automated keratometer takes into
account several assumptions, which can lead to compromised readings and an
unsatisfied post-operative outcome. Instruments based on the principle of optical
low coherence reflectometry (OLCR) permit definite measurement of ocular bio-
metric values and have proven more precise than previous conventional
techniques.'"'?

A promising intervention for its management in cataract and intraocular lens
(IOL) implant surgery is “Refractive cataract surgery”, which refers to the uncom-
plicated removal of cataract while minimizing postoperative spectacle dependence.
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Correction of corneal astigmatism during phacoemulsifica-
tion yield better postoperative vision along with decreas-
ing spectacle dependence and is beneficial from economic
and cosmetic point of view.'?

The present study is an assessment of demographics
and distribution of corneal astigmatism in the study parti-
cipants undergoing cataract surgery in a tertiary eye care
center in North India by OLCR. The study aimed to
estimate the magnitude and type of astigmatism in patients
undergoing phacoemulsification.

Patients and Methods
This
Ophthalmology,

study was carried out in the Department of
Medical
Hospital, Chandigarh, a tertiary-care referral teaching hospi-
tal in North India from January 2010 to December 2017. The
study was approved by Institutional Ethics Committee,
Government Medical College and Hospital (GMCH),
Chandigarh. As the study is retrospective and does not

Government College and

include any identifiable parameters of the patient informa-
tion, patient consent to review their medical records by the
investigators was waived off by Institutional Ethics
Committee, GMCH, Chandigarh. During the study, patient
data remained confidential in compliance with HIPAA and
adhered to the Declaration of Helsinki.

Optical biometry and demographic records were
screened for all patients who had undergone phacoemulsi-
fication in the department.

All the patients with cataract aged 5 years and older
were included. We excluded patients with presence of any
corneal disease or ocular surface disorders, ocular inflam-
mation or trauma, severe systemic disease, and history of
previous corneal or intraocular surgery.

The keratometric values were calculated by using
OLCR with an infrared diode laser at a 950 nm wave-
length (LensStar LS9000, Haag-Streit, Switzerland). As
per the manufacturer’s guidelines, the device measures
the corneal radii in steep and flat axis by analyzing
a pattern of 32 projected light reflections.

Two rings, with sixteen measuring points on each eye are
arranged with an outer diameter of 2.3mm and inner diameter
of 1.65mm. The value displayed (flat/steep radius) corre-
sponds to the radii of an ellipsoid that fits into the array of
points. At least 5 measurements were taken for each eye and
the mean was calculated and taken for the study purpose.

Corneal astigmatism was categorized as with the rule
(WTR) when steeper meridian lies between 60—120°, against

the rule (ATR) when the steeper meridian lies between
0-30°/150-180° and, oblique, when it is not ATR/WTR.

When the amount of corneal astigmatism (difference
between steep and flat axis) was zero, it was defined as no
astigmatism.

For statistical purposes, the participants were stratified
into five groups based on their age (in years) as- <20, 21-40,
41-60, 61-80, >80 years. The medical records obtained
were tabulated using Microsoft Excel and were statistically
analyzed using SPSS 22.0. (SPSS, Inc., Chicago, IL, USA).
Descriptive statistics were used for quantitative variables
and expressed as meantstandard deviation.

Post hoc analysis was done for multiple comparisons in
normally distributed data between different age groups.
Kruskal-Wallis test, a non-parametric test was done for
the comparison of variance for nonnormally distributed
data among different age group. A p value <0.05 was
considered statistically significant.

Results
Total 3597 eyes were assessed and among them 3559 eyes
were found to be eligible for analysis. The demographics
profile of the final study population is listed in Table 1.
The age of the patients ranged from 5 to 100 years, but
since the prevalence of visually significant cataract
increases with age, patients aged above 60 years contrib-
uted to more than half the study population. Figure 1 and
Table 2 show the mean corneal astigmatism values for the
different age groups. Astigmatism was WTR in 1062 eyes
(29.83), ATR in 1843 (51.7%) eyes, and oblique in 555

Table |
Keratometric Values

Patient Demographic, Corneal Astigmatism and

Characteristics Value
Total Number of Eyes (n) 3559
Sex n (%)
Male 1787 (49.7%)
Female 1810 (50.3%)

Age (years)

Mean * SD 59.12115.19

Range 5-100
Corneal Astigmatism (D)

MeanSD 117115

Range (D) 0-12.5 D

Mean K, (D) 4324 + 1.78

Mean K, (D) 4441 = 1.54

Abbreviations: K|, flat keratometry; K,, steep keratometry; D, diopters.
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Figure | Mean corneal astigmatism (in diopters) and age (in years).

(15.59%) eyes. Incidence of astigmatism decreased from 5
years till 41-60 years, and after 60 years it increased with
age. WTR astigmatism was noted to be 56.93% in >20-40
years age group and ATR astigmatism steadily increased to
71.42% in >80 years age group. This change in trend from
WTR to ATR was noted in patients aged 40 years and
above (Figure 2). The distribution of the amount of astig-
matism for the different age groups is depicted in Table 3
and in Figure 3A—E. On correlating the type of astigma-
tism with age, it was seen that with advancing age, there
was a tendency for an increase in ATR astigmatism, and
a decrease in WTR astigmatism (Figure 2), while oblique
astigmatism did not show any trend with age. In 99 eyes,
of which 34 (34.30%) were females and 65 (65.65%) were
males, there was no astigmatism.

Discussion

The quality of vision in a pseudophakic eye is greatly
affected by the degree of astigmatism. Addressing astig-
matism during cataract surgery has become increasingly

Table 2 The Mean Corneal Astigmatism in the Various Age
Groups

Age Group Number of Eyes Mean Astigmatism
(Years) n (%) Mean+SD
>5-20 138 (3.8) 1.721£1.4149
21-40 219 (6.15) 1.139£1.3141
41-60 1214 (34.1) 0.986+0.995
61-80 1902 (53.4) 1.228+1.152
>80 86 (2.41) 1.794x1.722

61-80YRS >80YRS

important in recent times with the demand for spectacle
independence from patients. The current study reports that
40.49% of the patients had astigmatism of more than 1.00
D and were thus the candidates for astigmatic correction
during cataract surgery. Our data was in accordance with
Prasher P et al and Curragh DS et al, who reported
a prevalence of 40.6% and 41.3%, respectively,®* whereas
it varied from Joshi RS et al, Ferrer-Blasco T et al and Oh
EH et al, who reported a prevalence of 32.5%, 34.8% and
35% of more than 1.00 D corneal astigmatism in their
respective studies.'*'* The mean age of our study popula-
tion is 59.121£15.19 years which coincides with the obser-
vation of Prasher P et al and Isyaku et al.>'?

The mean corneal astigmatism in the study population
was noted to be 1.17+1.15 D (Range 0-12.5 D), which is
slightly higher than the previously published studies.''¢'®

The difference could be attributed to eligibility criteria,
age, racial factor, and methods of keratometry measurements.
The mean magnitude of astigmatism was noted to decrease to
a minimal in the age group of 40—60 years after which it was
noted to increase progressively with age (p<0.001). A similar
progressive increase in mean astigmatism with age has also
been reported in the available literature.'” "’

The number of eyes with neutral astigmatism was
noted to be of the same order as that noted in the study

1'15

of Isyaku et al.”” Regarding gender distribution, the num-

ber of females outnumbered the males which are similar
from reports of other studies on this subject.**'
The shift of astigmatism was noted significantly as the

age advanced (p<0.001). There was a gradual shift from
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Figure 2 Types of astigmatism in various age groups.

WTR astigmatism to ATR astigmatism with an increase in
age. This change was noted after 40 years of age. Oblique
astigmatism was not noted to vary with age. Similar results
have also been reported in previous studies on this
subject.®!'%-16

In the present study, ATR astigmatism was noted to be
the most prevalent astigmatism contributing to 51.7% of
the cases, which coincides with Joshi RS et al.! This can
be attributed to the mean age of the population 59.121
+15.19 years since cataract is mainly a disease of the
elderly. However, Bernardo et al,22 and Hoffman and
Hutz'® have reported a higher prevalence of WTR astig-
matism (44% and 46.8%, respectively) as compared to
ATR astigmatism.

Table 3 Magnitude of Astigmatism in the Study Population

Magnitude of Astigmatism (D) Number of Eyes n (%)
Zero 99 (2.78%)
<0.50 665 (18.68%)
<0.50-1.00 1353 (38.01%)
1.01-1.50 646(18.15%)
1.51-2.00 329 (9.24%)
2.01-2.50 183 (5.14%)
2.51-3.0 98 (2.75%)
3.01-3.50 63 (1.77%)
3.514.0 38 (1.06%)
>4.00 85 (2.38%)

Abbreviation: D, diopter.

4 OA-Oblique Astigmatism

61-80YRS >80YRS

Various factors such as physiological changes in the
corneal curvature as age advances, pressure from eyelids,
pressure by intraocular pressure, and of the extraocular
muscles have been anticipated to be responsible factors
for changes in ATR and WTR with age.

Several techniques have been developed in recent years
to combat pre-operative astigmatism during cataract sur-
gery. The approaches include on-axis phacoemulsification,
opposite clear corneal incisions, limbal relaxing incisions,
toric IOLs, and excimer laser refractive procedures. The
choice of the procedure to be performed depends upon the
amount of pre-operative corneal astigmatism.”> The pre-
sent study utilized the LensStar LS9000, which is based on
the principle of optical low coherence reflectometry, which
is a non invasive, non contact optical biometer.

A stepladder approach is recommended with on-axis
phacoemulsification and opposite clear corneal incisions
being used when the astigmatism is <1.0 D. This present
approach can be undertaken in 56.69% of the cases as seen
in our study. However, the surgeon should be competent in
changing the phacoemulsification incision to different
meridians and must be comfortable operating in those
different positions.

Another approach in addressing astigmatism is the use
of toric IOLs, which have shown to be clinically useful
when the pre-operative astigmatism is greater than 1.50
D. This magnitude of astigmatism was noted in 22.38% of
the patient understudy, who are thus potential candidates
for this procedure. Production of a low and cost-effective
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Figure 3 (A-E) Distribution of corneal astigmatism (in diopters) values for the different age groups.

toric IOL will thus help provide quality vision to a larger
section of the Indian population.

The present study is the first study including largest
cohort from North India, where astigmatism was calculated
by using OLCR. The other previously reported studies in

Indian  population is done by using auto-
refractokeratometer and had relatively smaller sample
. 1,3,16
size. ™

Our study has few limitations. First, it is a retrospective
study, which itself carries the risk of potential inaccuracy in
records management, and second, it is a hospital-based study.
Future studies with community-based approach would
improve the data extrapolation.

To conclude, the present study reveals the prevalence
of different types of astigmatism in patients undergoing
cataract surgery in a tertiary care center in North India, and
recorded more than 1.0 D of astigmatism in 40.49% of
eyes, which should be addressed during cataract surgery
using the approaches as discussed above. Corneal astig-
matism was found to increase with age after 40 years and
a shift from WTR to ATR astigmatism was noted with
advancing age. With the improvement in the quality of
healthcare and better age expectancy more number of
patients would require quality vision following cataract
surgery, which can only be achieved if pre-operative astig-
matism correction is taken into consideration.
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