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ABSTRACT

Introduction: Correction of pre existing corneal astigmatism 
is possible at the time of cataract surgery. The need to know 
the magnitude and pattern of pre existing corneal astigmatism 
thus becomes necessary. Purpose of the research was to study 
the prevalence, magnitude and patterns of preexisting corneal 
astigmatism among patients with cataract.
Material and Methods: Preoperative Keratometry records of 
all consecutive patients with cataract who were enrolled and 
planned for cataract surgery at Ophthalmology department 
in Government General Hospital, located in Nellore, Andhra 
Pradesh, South India, during January 2015 and December 
2015, were reviewed. Data collected included the age and 
gender distributions, keratometric readings and the anterior 
corneal astigmatism in dioptres and retrospective analysis was 
done.
Results: 1578 eyes of 1568 patients with cataract who were 
subjected to keratometry were included. The mean age of 
the patients in our study was 59.48 years (23to 85 years). Of 
these, 911(57.7%) were women, while 667 (42.3%) were men. 
The mean keratometry in diopters was 43.5( K1) and 43.49 
(K2) respectively. The mean corneal astigmatism was 1.5 di-
opters (D). 803 eyes (51%) eyes had ≤ 0.5D astigmatism, 40 
eyes (2.5%) had an astigmatism < 1D, 674 eyes (42.7%) had 
astigmatism of ≥ 1D and 56 eyes (3.5%) an astigmatism of ≥ 
2 D and 5 eyes (0.3%) an astigmatism of ≥ 3D.
Conclusion: Correction of astigmatism especially by the use 
of more surgical techniques like modifying the site of incision, 
limbal relaxing incisions or toric IOLs should be considered 
for better visual outcomes after cataract surgery.
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INTRODUCTION
Cataract surgery is no more a visual rehabilitation surgery. Re-
sidual astigmatism after surgery is a concern for both ophthal-
mologists and patients and can leave patients with symptomatic 
decreased visual function.1-5 With the advances in modern sur-
gical techniques and intraocular lenses (IOLs), patients expect 
and demand refractive error correction after cataract surgery. 
Goal of surgery is to achieve a desirable refractive outcome 
with minimal induction of astigmatism after surgery.6 Archi-
tecture, site of incision, surgical skill, and to a great extent pre 
- existing corneal astigmatism are some of the factors affect-
ing the Surgically Induced Astigmatism (SIA).
Correcting pre existing corneal astigmatism is commonly 
carried out at the time of cataract surgery by making limbal 
or corneal relaxing incisions or by the implantation of toric 
IOLs.8 As the postoperative visual expectation of patients in-
creases, there is an anticipated need for astigmatism correction 
as a part of refractive cataract surgery. The need to know the 
pattern of corneal astigmatism for population groups in order 

for surgeons and IOL manufacturers to predict patient require-
ment consequently becomes necessary.
The distribution and prevalence of corneal astigmatism in cat-
aract patients of different countries have been previously re-
ported. 5,9–15 However, there are no similar reports for cataract 
patients in Indian population. 
This study aims to study the prevalence, patterns and magni-
tude of corneal astigmatism among adult patients undergoing 
cataract surgery in a high volume teaching hospital in South 
India over a period of one year.

MATERIAL AND METHODS
Study area: Preoperative Keratometry records of all consec-
utive patients with cataract who were enrolled and planned 
for cataract surgery at Ophthalmology department in Govern-
ment General Hospital, a teaching hospital, located in Nellore, 
Andhra Pradesh, South India, during January 2015 and De-
cember 2015, were reviewed. 
Exclusion criteria: (if occurring in the cataractous index eye) 
included a history of contact lens wear, present or past corneal 
disease, and previous eye surgery.
Study protocol: A retrospective analysis of the preoperative 
keratometry record of all patients aged 16 years and above that 
underwent routine elective cataract surgery was done for the 
period from January to December 2015. Keratometry readings 
of 1578 eyes of 1568 patients were studied.
All the patients had manual keratometry using the Bausch and 
lomb keratometer by two trained Paramedical Ophthalmic as-
sistants as a part of the preoperative biometric assessment for 
IOL implantation. Three readings were taken and average of 
three was taken as final reading.
Data collected included the age and sex of the patient, kerato-
metric readings in dioptres along the two principal meridians, 
and the anterior corneal astigmatism in dioptres.
Definitions: In the present study, K1 was defined as kerato-
metry reading along vertical meridian and K2 as keratometry 
reading along horizontal meridian. Astigmatism was calculat-
ed as the dioptric difference along the two meridians. When 
K1 (vertical dioptric power) > K2 (horizontal dioptric power), 
it was WTR (With the rule) and the viceversa is considered as 
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ATR astigmatism.
The data thus collected was subjected to analysis. Analysis 
was done using MS.Excel spreadsheet.

RESULTS
This study was composed of 1578 eyes from 1568 patients 
with cataract. Of these, 911 (57.7%) were female, while 667 
(42.3%) were male and a female to male ratio of 1.36:1.
The age group of patients in the study population ranged from 
23 to 80 years,with majority of them falling in the age group of 
50 to 70 years. The same is represented in figure 1. The mean 
K1 value was 43.5 D and mean K2 was 43.49 D. The range 
of keratometry readings was found to be 35 D to 48.75 D. 
Astigmatism ranged from 0.25 diopters to 3.00 diopters with a 
mean of 1.5 diopters. 
Table 1 shows grouping of eyes according to magnitude of 
astigmatism. 803 eyes (51%) eyes had ≤ 0.5D astigmatism, 40 
eyes (2.5%) had an astigmatism < 1D, 674 eyes (42.7%) had 
astigmatism of ≥ 1D and 56 eyes (3.5%) an astigmatism of ≥ 2 
D and 5 eyes (0.3%) an astigmatism of ≥ 3D.The same is repre-
sented in figure 2 in graphical form. WTR astigmatism was not-
ed in 595 eyes (37.7%). ATR astigmatism was observed in 561 
eyes (35.5%). 422 eyes (26.8%) had no astigmatism (Figure 2). 

DISCUSSION
The cornea and lens are the main contributors to ocular astig-
matism. For patients undergoing uncomplicated cataract sur-
gery (which eliminates lenticular astigmatism), significant 
preoperative corneal astigmatism remains the major obstacle 
to obtain satisfactory postoperative visual outcome.11 This 
presumes that surgically induced astigmatism has been min-
imized. Prevalence and nature of preoperative corneal astig-
matism in patients with cataract have been reported by several 
countries.5,9-15 To our knowledge there has been no previously 
published report from India.
Table 2 shows the comparative analysis of the data with other 
published studies. The mean age observed in the present study 
is observed to be lower than previously reported data.5,10-12 It is 
observed that the 51-60 year-old age group occupied 36.4% of 
all cases, followed by the 61–70-year-old age group (33.7%) 
and 41-50 year age group (17.6 %); these results were similar 
to those of Chen et al. report from Guangzhou but differed 
from those of Khan and Muhtaseb’s report.5,10 Khan et al. re-
ported that the 71–80-year-old age group was the largest, fol-
lowed by the 81–90- and 61–70-year-old age groups.5 
In terms of gender distribution, our study showed that the 
number of female patients was greater than that of males, 
which is consistent with other published studies.5,10,12

The mean corneal astigmatism of this cohort was 1.5D (range 
from 0.0 to 3D), which is slightly higher than that in other 
published studies.5,10-12 
 In our study 51 % of eyes had a corneal astigmatism of ≤ 
0.5D, which is more when compared with the results from 
other groups.5,10,12 This differs from Isyaku et al which report-
ed an incidence of 31.53% of study population as having an 
astigmatism of ≤0.5 D. A large proportion of eyes (42.7%) had 
a corneal astigmatism of ≥ 1.0D which is similar to that of 
Chen et al (41.3%). This coincides with Khan et al,which re-
ported an incidence of 40% (Table 2).5,10 In the present study, 
3.5% reported an astigmatism of ≥ 2 D, whereas 0.3% had 

Astigmatism(D) No.of eyes Percentage (%)
≤0.5 803 51
<1 40 2.5
≥1 674 42.7
≥2 56 3.5
≥3 5 0.3
Total 1578 100

Table-1: Magnitude of astigmatism in 1578 eyes
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Figure-2: Pattern of pre existing astigmatism among the study 
group
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Figure-1: Frequency distribution of the sample by age group.

an astigmatism of ≥ 3D.This differs from the results of other 
studies.5,10-12 Genetic factors known to be important in the eti-
ology and manifestation of corneal astigmatism may be partly 
responsible for this finding.18

Regarding the patterns of astigmatism, WTR astigmatism was 
noted in 37.7% of the study group whereas ATR astigmatism 
was seen in 35.5% of the patients. This does not comply with 
the results of other studies.9,10,12,15 
No significant difference was noted in the distribution of vari-
ous patterns of astigmatism between males and females.
Limitations:  Some limitations of this study include the non 
measurement of posterior corneal astigmatism. Anterior cor-
neal astigmatism though more significant, underestimates 
total corneal astigmatism by about 0.25–0.50 diopter.16 Al-
though manual keratometry is both accurate and reliable as 
a method of measuring corneal astigmatism, computerized 
corneal topography has over time become the gold standard.17 
The range of astigmatism observed in our study is in between 
0 to 3 D, whereas in other studies it is upto 6.59 D. This might 
be because of the manual keratometry method employed in the 
current study by Bausch and Lomb keratometer which meas-
ures only central cornea. 

CONCLUSION
In conclusion, our study revealed the distribution of preopera-
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tive astigmatism in all cataract candidates in one year in a sin-
gle hospital in South India. A significant number of our cases 
(42.7%) exhibited a corneal astigmatism of ≥ 1.0D. Correction 
of this astigmatism especially by the use of toric IOLs or by 
modification of the surgical technique like site of incision or 
using limbal relaxing incisions lshould be considered in order 
to improve the visual outcome of these patients undergoing 
cataract surgery.

REFERENCES
1.	 D. D. Koch, S. F. Ali, M. P. Weikert, M. Shirayama, R. 

Jenkins, and L. Wang. Contribution of posterior corne-
al astigmatism to total corneal astigmatism. Journal of 
Cataract and Refractive Surgery. 2012; 38:2080–2087. 

2.	 L.Wang,W. E. Hill, and D. D. Koch. Evaluation of 
intraocular lens power prediction methods using the 
American Society of Cataract and Refractive Surgeons 
Post-Keratorefractive Intraocular Lens Power Calcula-
tor. Journal of Cataract and Refractive Surgery. 2010; 
36:1466–1473.

3.	 L.Wang, A. M. Mahmoud, B. L. Anderson, D. D. Koch, 
and C. J. Roberts. Total corneal power estimation: ray 
tracing method versus Gaussian optics formula. Inves-
tigative Ophthalmology and Visual Science. 2011;52: 
1716–1722.

4.	 L. D. Nichamin. Astigmatism Control. Ophthalmology 
Clinics of North America. 2006;19:485–493.

5.	 M. I. Khan and M. Muhtaseb. Prevalence of corneal 
astigmatism in patients having routine cataract surgery 
at a teaching hospital in the United Kingdom. Journal of 
Cataract and Refractive Surgery. 2011; 37:1751–1755.

6.	 Iftikhar S, Matin ZI, Kiani A. Outcome of phaco in-
cision on steepest meridian in eyes with pre-existing 
astigmatism. Pak J Med Sci. 2008;24:227-30.

7.	 Kohen S, Neuber R, Kohen T. Effect of temporal and 
nasal unsutured limbal tunnel incisions on induced 
astigmatism after phacoemulsification. J Cataract Re-
fractive Sur. 2002;28:821-5.

8.	 Grunstein LL, Miller KM. Astigmatism management at 
the time of cataract surgery. Expert Rev Ophthalmol. 
2011;6:297‑305.

9.	 T Ferrer-Blasco, R Mont´es-Mic´o, SC Peixoto-de-Ma-
tos, JM Gonz´alez-M´eijome, and A Cervi˜no. Prev-
alence of corneal astigmatism before cataract surgery. 

Journal of Cataract and Refractive Surgery. 2009;35:70–
75.

10.	 W. Chen, C. Zuo, C. Chen et al.. Prevalence of cor-
neal astigmatism before cataract surgery in Chinese 
patients. Journal of Cataract and Refractive Surgery. 
2013;39:188–192.

11.	 Isyaku M, Ali SA, Hassan S. Preoperative corneal astig-
matism among adult patients with cataract in Northern 
Nigeria. Indian J Ophthalmol. 2014;62:1094-5.

12.	 Z.Guan, F.Yuan,Y.-Z.Yuan, andW.-R.Niu. Analysis of 
corneal astigmatism in cataract surgery candidates at a 
teaching hospitalin Shanghai, China. Journal of cataract 
and refractive surgery. 2012;38:1970–1977.

13.	 MA Rashid, KA Hossain, AKMR Islam, Prevalence of 
Pre-Existing Corneal Astigmatism in Age Related Cata-
ract Patient, Faridpur Med. Coll. J. 2013;8:02-04.

14.	 M. De Bernardo, L. Zeppa, M. Cennamo, S. Iaccarino, 
and N. Rosa. Prevalence of corneal astigmatism before 
cataract surgery in Caucasian patients. European Jour-
nal of Ophthalmology, 2013.

15.	 P. C. Hoffmann and W. W. H¨utz. Analysis of biome-
try and prevalence data for corneal astigmatism in 23 
239 eyes. Journal of Cataract and Refractive Surgery. 
2010;36:1479–1485.

16.	 Koch DD, Ali SF, Weikert MP, Shirayama M, Jenkins 
R, Wang L. Contribution of posterior corneal astigma-
tism to total corneal astigmatism. J Cataract Refract 
Surg. 2012;38:2080‑7.

17.	 Chang M, Kang SY, Kim HM. Which keratometer is 
most reliable for correcting astigmatism with toric in-
traocular lenses? Korean J Ophthalmol. 2012;26:10‑4.

18.	 Lopes MC, Hysi PG, Verhoeven VJ, Macgregor S, He-
witt AW, Montgomery GW, et al. Identification of a can-
didate gene for astigmatism. Invest Ophthalmol Vis Sci. 
2013;54:1260‑7.

Source of Support: Nil; Conflict of Interest: None

Submitted: 27-01-2016; Published online: 18-02-2016

Parameter Present Isyaku et al11 Khan et al5 Guan et al12 Chen et al10

Eyes/patients (n) 1578/1568 3286/3169 1230/746 1430/827 4831/2849
Age(y)
Mean+/ SD
Range

59.48
23,85

60.8±12.7
16,110

75.54±0.71
30,104

72.27 ±11.59
16,98

70.56±9.55
40,95

Male/Female 667/911 1826/1343 343/403 359/468 1090/1759
Corneal astigmatism
Mean
Range

1.5
0.0,3.00

1.16
0.25,6.00

1.03±0.73
0.0,6.2

1.07±0.73
0.06,5.52

1.01±0.69
0.05,6.59

K1 mean +/SD
K2 mean+/SD

43.5
43.49

43.99
43.80

43.43± 1.49
44.46±1.56

43.57±1.56
44.64±1.65

43.76±1.53
44.76±1.56

Corneal astigmatism(%)
≤0.5D
<1
≥1.0D
≥2.0
≥3.0

51
2.5
42.7
3.5
0.3

31.53

45.92
14.88
6.12

24.47

40.4
9.67
4.61

21.2

45.37
10.33
2.22

23.14

41.3
8.22
3.52

Table-2: Comparison with other studies


