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Strengths and limitations of this study

 ► The present study investigated the distribution of 
corneal astigmatism in cataract eyes with primary 
pterygium in a rural Chinese population.

 ► The study consisted of a large sample size to reveal 
the change of corneal astigmatism in eyes with pri-
mary pterygium.

 ► The study was limited by its single- centre and ret-
rospective design.

 ► The timing of pterygium surgery in cataract eyes 
needs to be further investigated.

AbStrACt
Objectives To review the pattern of primary pterygium- 
induced corneal astigmatism in patients with cataract in a 
southern Chinese population.
Design Clinic- based cross- sectional retrospective study.
Setting A secondary hospital at southern China.
Participants A group of 1689 eyes with primary 
pterygium (PT group) and the other group of 4062 eyes 
without pterygium (NPT group) were included.
Main outcome measures Corneal power was measured 
by an autokeratorefractometer. Corneal astigmatism was 
calculated as the difference in corneal power between 
the steepest and flattest meridians. Distribution of corneal 
astigmatism was compared between eyes with pterygium 
and eyes without pterygium.
results Distribution of corneal astigmatism was different 
between PT group (skewness=2.548, kurtosis=8.237) 
and NPT group (skewness=2.778, kurtosis=15.52). Mean 
corneal astigmatism was significantly higher in the PT group 
(1.62±1.49D) compared with the NPT group (1.17±0.89D, 
p<0.0001). The prevalence of corneal astigmatism >1D 
(PT 52.3%, NPT 40.9%, p<0.0001), >2D (PT 22.4%, NPT 
10.6%, p<0.0001) or >3D (PT 10.5%, NPT 3.2%, p<0.0001) 
was significantly higher in the PT group compared with the 
NPT group. Eyes in the PT group had significantly higher 
corneal astigmatism than the NPT group in almost every 
age group (all p<0.05), with the exception of patients ≥90 
years. Moreover, eyes in the PT group had significantly higher 
with- the- rule (PT 1.72±1.59D, NPT 1.19±0.88D, p<0.0001) 
and against- the- rule (PT 1.63±1.46D, NPT 1.18±0.88D, 
p<0.0001) but similar oblique astigmatism (PT 1.11±1.00D, 
NPT 0.99±0.89D, p=0.065) corneal astigmatism compared 
with the NPT group. Power vector analysis indicated that 
the axis of corneal astigmatism was not significantly 
different between the two groups (J

0, PT −0.01±0.74D, 
NPT 0.01±0.52D, p=0.48; J45, PT −0.03±0.82D, NPT 
0.00±0.52D, p=0.54).
Conclusions Pattern of corneal astigmatism in eyes with 
cataract and coexisting primary pterygium was different from 
eyes without pterygium. Pterygium is associated with higher 
magnitude but not different axis of corneal astigmatism.

IntrODuCtIOn
Cataract surgery is the only effective treat-
ment proven for age- related cataract. In 
cataract surgery, accurate assessment of axial 
length, corneal power and anterior chamber 

depth is crucial to achieve satisfactory visual 
function and reduce spectacle dependence 
postoperatively.1 2 Corneal astigmatism is also 
one of the major factors affecting postoper-
ative visual function.2 3 With the increasing 
demand of surgery for patients with cataract 
and surgeons for better postoperative visual 
quality, proper and precise management of 
preoperative corneal astigmatism is one of 
the key issues for a successful and satisfac-
tory cataract surgery. At tropical areas where 
people have long time exposure to ultravi-
olet light, eyes with age- related cataract are 
often accompanied by coexisting pterygium.4 
Pterygium have been shown to cause corneal 
irregularity and corneal astigmatism.5 6 
Proper management of corneal astigmatism 
in cataract eyes with coexisting pterygium 
may be challenging to cataract surgeons and 
it requires the knowledge about the distribu-
tion of corneal astigmatism in these eyes. The 
purpose of the present study was to investi-
gate the distribution of corneal astigmatism 
in cataract eyes with primary pterygium in a 
southern Chinese population.

MAterIAlS AnD MethODS
Participants
This is a retrospective study approved by the 
Institutional Review Board of Shanwei Eye 
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Hospital and is in agreement with the Declaration of 
Helsinki. Medical records of eyes referred for cataract 
surgery between 2014 and 2016 were reviewed and eyes 
meeting inclusion criteria were included consecutively. A 
total of 1689 cataract eyes with pterygium and 4062 cata-
ract eyes without pterygium were identified preoperatively 
for analysis. Inclusion criteria were age- related cataract 
with or without coexisting primary pterygium. Exclu-
sion criteria were eyes with pseudopterygium, recurrent 
pterygium, corneal dystrophy or corneal degeneration, 
history of corneal infection, glaucoma, uveitis, ocular 
trauma or ocular surgery. Eyes with large pterygium 
(exceeded 3 mm into the cornea) and/or in which 
keratometry could not be performed were also excluded. 
Since only review of medical records was conducted and 
no individual patient could be identified from the data, 
informed consent was waived.

Eyes were divided into two groups on the basis of with 
or without pterygium: pterygium group (PT) and no 
pterygium group (NPT), and they were further stratified 
into five groups based on age 50–59 years, 60–69 years, 
70–79 years, 80–89 years and 90 years and older. All of the 
eyes underwent cataract surgery (cataract surgery alone, 
simultaneous/sequel pterygium and cataract surgery) 
after thorough preoperative examination.

examination
A comprehensive ocular examination was performed 
on every patient, including best corrective visual acuity, 
intraocular pressure with non- contact tonometry (CT-60; 
Topcon), slit lamp examination and dilated pupil for lens 
and fundus examination. Corneal power was measured 
by an autokeratorefractometer (KR-8900, Topcon, Tokyo, 
Japan) by experienced technicians. The patient’s head 
was positioned in front of the autokeratorefractom-
eter with the forehead and chin properly aligned and 
supported, and both lateral canthi aligned with the marks. 
The patient was asked to blink several times to have the 
tear film evenly distributed on the cornea. The patient 
was asked to open the eye and stare at the fixation target 
while the autokeratorefractometer was proceeded to the 
cornea. Once image of the pupil was clearly shown on the 
centre of the display, the measurement button was pressed 
and three consecutive corneal curvature measurements 
were taken automatically. The procedure was performed 
again if the patient’s eye blink during the measurements 
or if agreement of the three measurements was poor. The 
average of the three measurements with good agreement 
was recorded.

Corneal astigmatism was calculated as the difference in 
corneal power between the steepest and flattest meridians. 
Corneal astigmatism was defined as with- the- rule (WTR) 
when the steepest meridian was 90°±30°, as against- the- 
rule (ATR) when the steepest corneal meridian was 
between 1° and 30° or between 150° and 180° and as 
oblique astigmatism (OBL) when the steepest meridian 
was >30° and <60° or >120° and <150°.7

Power vector analysis
Since corneal astigmatism is a vector consisting both 
magnitude and axis, power vector analysis was used to 
evaluate the corneal astigmatism in the eyes included, 
according to the following equations8:

 J0 = −C/2 ∗ cos2α  

 J45 = −C/2 ∗ sin2α  

where C is minus astigmatism power and α is minus 
astigmatism axis. J0 indicates orthogonal cylinder power 
set at 90° and 180°, and is a positive value in WTR astigma-
tism and a negative value in ATR astigmatism. J45 indicates 
OBL at 45° and 135°, and is positive when the positive 
cylinder is closer to 135° and is negative when it is closer 
to 45°.7

Patient and public involvement
There was no patient or public involvement in the devel-
opment and design of the study.

Statistical analysis
Statistical analysis was performed using STATA software 
(V.15.0, sStata, Inc). Kolmogorov- Smirnov test was used to 
evaluate normality of all variables. Data of corneal astig-
matism were presented as mean±SD. χ2 test or Fisher’s 
exact test was used to compare proportional data. Two- 
tailed Student's t- test was used for comparison of data 
with normal distribution and a Mann- Whitney U test for 
other distributions. P<0.05 was considered to be statisti-
cally significant.

reSultS
The study included a group of 1689 eyes with primary 
pterygium (PT group) and the other group of 4062 eyes 
without pterygium (NPT group). The basic characteris-
tics and spectrum of corneal astigmatism in the PT group 
and NPT group are presented in table 1.

Distribution of age groups and gender was not signifi-
cantly different between the PT group and the NPT 
group (both p>0.05, figure 1A,B). Distribution of corneal 
astigmatism was different between the PT group (skew-
ness=2.548, kurtosis=8.237, figure 2A) and the NPT group 
(skewness=2.778, kurtosis=15.52, figure 2B). Corneal 
astigmatism distribution of the PT group was more posi-
tively skewed and strongly peaked than the NPT group. 
Mean corneal astigmatism was significantly higher in the 
PT group (1.62±1.49D) compared with the NPT group 
(1.17±0.89D, p<0.0001). In the PT group, corneal astig-
matism was ≤1.0D in 47.7%, 1.0–2.0D in 29.8%, 2.0–3.0D 
in 11.9% and >3.0D in 10.5% of eyes. In the NPT group, 
corneal astigmatism was ≤1.0D in 59.1%, 1.0–2.0D 
in 30.4%, 2.0–3.0D in 7.4% and >3.0D in 3.2% of eyes 
(p<0.001 compared with the PT group). The prevalence 
of corneal astigmatism >1D (PT 52.3%, NPT 40.9%, 
p<0.0001), >2D (PT 22.4%, NPT 10.6%, p<0.0001) or 
>3D (PT 10.5%, NPT 3.2%, p<0.0001) was significantly 
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Table 1 The frequency and demographic characteristic 
between patients with and without pterygium (mean±SD)

Parameter
Eyes with 
pterygium

Eyes without 
pterygium P value

Number of 
eyes

1689 4062

WTR, eyes 
(%)

705 (41.7%) 1698 (41.8%) 0.966*

ATR, eyes 
(%)

834 (49.4%) 2046 (50.4%) 0.494*

OBL, eyes 
(%)

150 (8.9%) 318 (7.8%) 0.184*

Age (years) 71.4±8.1 70.3±8.5 <0.001†

Male/female 
sex (%)

47.4%/52.6% 50.6%/49.4% 0.023*

Corneal 
astigmatism 
(D)

1.62±1.49 1.17±0.89 <0.001†

WTR (D) 1.72±1.59 1.19±0.88 <0.001†

ATR (D) 1.63±1.46 1.18±0.88 <0.001†

OBL (D) 1.11±1.00 0.99±0.89 0.065†

J0 (D) −0.01±0.74 0.01±0.52 0.480

J45 (D) −0.03±0.82 0.00±0.52 0.540

*χ2 test, p<0.05 was considered to be statistically significant.
†Mann- Whitney test, p<0.05 was considered to be statistically 
significant.
ATR, against- the- rule; D, diopter; OBL, oblique astigmatism; WTR, 
with- the- rule.

Figure 1 Frequency distribution (%) of eyes with or without pterygium by age group (A) and frequency distribution (%) of eyes 
with or without pterygium by gender group (B).

higher in the PT group compared with the NPT group. 
Moreover, eyes in the PT group had significantly higher 
corneal astigmatism than the NPT group in almost every 
age group (all p<0.05), with the exception of patients ≥90 
years (figure 3).

In the PT group, corneal astigmatism was WTR in 
41.7%, ATR in 49.4% and OBL in 8.9% of eyes. In the NPT 

group, corneal astigmatism was WTR in 41.8%, ATR in 
50.4% and OBL in 7.8% of eyes (p=0.391 compared with 
the PT group, figure 4). Eyes in the PT group had signifi-
cantly higher WTR (PT 1.72±1.59D, NPT 1.19±0.88D, 
p<0.0001) and ATR (PT 1.63±1.46D, NPT 1.18±0.88D, 
p<0.0001) but similar OBL (PT 1.11±1.00D, NPT 
1.00±0.89D, p=0.065) corneal astigmatism compared with 
the NPT group (figure 5). Power vector analysis indicated 
that the axis of corneal astigmatism was not significantly 
different between the two groups (J0, PT −0.01±0.74D, 
NPT 0.01±0.52D, p=0.48; J45, PT −0.03±0.82D, NPT 
0.00±0.52D, p=0.54, figure 6).

DISCuSSIOnS
Pterygium is an ocular surface disorder involving a wing- 
like fibrovascular growth of the bulbar conjunctiva and 
underlying subconjunctival tissue onto the cornea.9 It is 
commonly seen in areas within the ‘pterygium zone’—a 
geographical latitude 40° north and south of the equator,10 
and in people with outdoor occupations or hobbies,9 10 
implicating the role of UV radiation in the pathogenesis 
of pterygium. Besides, chronic irritation and/or inflam-
mation in the peripheral cornea and limbus caused by 
dust, low humidity, microtrauma from smoke or sand, 
human papilloma virus infection and genetic factors have 
also been suggested as risk factors for the development of 
pterygium.9 Pterygium has been found to have a signif-
icant impact on the corneal surface, reducing corneal 
surface regularity index while increasing astigmatism and 
the surface asymmetry index.5 6 It has been shown that 
corneal astigmatism is significantly higher in eyes with 
pterygium compared with eyes without pterygium,11 and 
that pterygium- induced astigmatism is associated with 
size and vascularity index of the pterygiam.5 Mohammad- 
Salih and Sharif analysed corneal astigmatism in 77 
patients with unilateral primary pterygium and showed 
that the mean difference in corneal astigmatism between 
pterygium- affected eyes and control eyes was 0.60±0.7D. 
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Figure 2 Frequency distribution (%) of corneal astigmatism in eyes with pterygium (A) and eyes without pterygium (B).

Figure 3 Magnitude of corneal astigmatism (D) in five age groups.

They also found a positive linear correlation between 
pterygium size and corneal astigmatism.11 In a consec-
utive series of 163 eyes undergoing primary pterygium 
removal surgery, percent pterygium extension was posi-
tively correlated with preoperative corneal astigmatism 
and postoperative change in corneal astigmatism.12 In our 
study, cataract eyes with pterygium were found to have 
significant higher corneal astigmatism (1.62±1.49D) than 
those without pterygium (1.17±0.89D, p<0.001). Mean 
corneal astigmatism in the PT group was also significantly 
higher than the corneal astigmatism reported in eyes 
without pterygium from other Chinese populations.13–15 
The difference in mean corneal astigmatism between the 
PT group and NPT group was 0.45D. This was consistent 
with what had been reported in the literature.5 11 12

In the era of precision medicine, proper manage-
ment of corneal astigmatism has become increasingly 
important in cataract surgery. With the increasing 
demand of postoperative visual quality, accurate preoper-
ative evaluation of corneal astigmatism and precise intra-
operative astigmatism correction are crucial in patients 
undergoing cataract surgery,16 especially for patients with 
pterygium, in whom the pterygium may affect the corneal 
astigmatism and its management strategy. A fundamental 
basis of precision astigmatism management in cataract 
eyes with pterygium is the knowledge about distribution 
and change of corneal astigmatism in these eyes. In the 
present study, we showed that the distribution of corneal 
astigmatism in cataract eyes with pterygium was different 
from eyes without pterygium. The distribution curve of 
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Figure 4 Frequency distribution (%) of with- the- rule, against- the- rule and oblique astigmatism in eyes with or without 
pterygium.

Figure 5 Magnitude of with- the- rule, against- the- rule and oblique corneal astigmatism (D) in eyes with or without pterygium.

corneal astigmatism in the PT group was less positively 
skewed and lower peaked than the NPT group. It meant 
that higher prevalence of larger corneal astigmatism was 
present in the PT group compared with the NPT group. 
In our study, the mean WTR and ART corneal astigmatism 
were significantly higher in cataract eyes with pterygium 
compared with eyes without pterygium. These findings 
indicate that corneal astigmatism is higher in cataract eyes 
with primary pterygium and a high magnitude of astigma-
tism correction is needed to be considered in these eyes. 
Moreover, in patients having simultaneous pterygium and 
cataract surgery, the extra corneal astigmatism induced by 
the pterygium may need to be taken into account when 
deciding the intraocular lens (IOL) power. The corneal 
astigmatism was also significantly higher in cataract eyes 
with pterygium than eyes without pterygium in all the 
age groups, with the exception of patients ≥90 years. The 
exception might be due to the small sample size in this 
age group. However, the trend of corneal astigmatism 

change in our study was consistent with a recent study 
by Shao et al that showed a non- linear trend of increased 
corneal astigmatism with ageing.17 Careful evaluation and 
management of the higher corneal astigmatism in cata-
ract eyes with coexisting pterygium is crucial to having 
satisfactory visual outcomes after cataract surgery, espe-
cially in eyes with ATR corneal astigmatism.

In contrary to the common belief that pterygium could 
flatten the cornea on the horizontal axis and cause WTR, 
our study showed that the proportions of WTR, ATR and 
OBL were not significantly different between the PT and 
NPT groups. Power vector analysis also indicated that the 
axis of corneal astigmatism was not significantly different 
between the two groups. These findings suggest that in 
our population the pterygium may not be associated 
with change of corneal astigmatism axis in cataract eyes. 
Therefore, adjustment of target corneal astigmatism in 
these eyes should focus more on the magnitude but less 
on the orientation of the corneal astigmatism. Besides, 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-034219 on 10 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


6 Xu G, et al. BMJ Open 2020;10:e034219. doi:10.1136/bmjopen-2019-034219

Open access 

Figure 6 Power vector analysis of corneal astigmatism (D) in eyes with or without pterygium.

mean ATR corneal astigmatism was significantly higher 
in the PT group than the NPT group. These findings 
could be explained by the diversity of pterygium charac-
teristics in our study, considering a large number of eyes 
with pterygium were included. Various characteristics of 
pterygium might have diverse effects on corneal astigma-
tism and subepithelial irregularities.18

Due to the corneal astigmatism caused by pterygium, 
eyes with cataract and coexisting pterygium usually need 
to undergo pterygium removal before cataract surgery 
can be performed, if the pterygium cause significant 
change in corneal astigmatism. Pujol et al showed that 
the best threshold of preoperative corneal astigmatism of 
indicating astigmatism reduction after pterygium surgery 
was 1.05D, with 82.5% sensitivity and 80.5% specificity.19 
After pterygium removal, the timing of cataract surgery 
also needs to be considered. Tomidokoro et al showed 
that refractive status of the cornea was markedly modified 
but stabilise 1 month after pterygium surgery, and have 
suggested cataract surgery to be performed 1 month or 
more after pterygium surgery.12 After pterygium surgery, 
the residual corneal astigmatism can be managed by 
limbal relaxing incisions, femtosecond laser- assisted 
astigmatic keratotomy or toric IOL implantation during 
cataract surgery.20 21 One of the key issues to a sustainable 
visual outcome after subsequent cataract surgery is the 
prevention of pterygium recurrence. Surgical methods 
such as conjunctival autografting and conjunctive mito-
mycin C have been wildly used in pterygium surgery to 
minimise recurrence.22 23 In some settings simultaneous 
pterygium excision and cataract surgery may be recom-
mended to the patients to provide faster visual recovery 
while reducing hospital visits and overall cost.24 25 In these 
patients, a postoperative myopic shift should be taken 
into account when deciding the IOL power when the 
pterygium is large.24 25

The study was limited by its single- centre and retrospec-
tive design. Since we only included eyes referred for cata-
ract surgery, most of our patients were aged people. Many 

young patients with primary pterygium and eyes with 
pterygium but without cataract were not included. There-
fore, the results of the study only reflected the effect of 
primary pterygium on corneal astigmatism observed in 
eyes with age- related cataract. Moreover, this is a cross- 
sectional study, the cut- offs of corneal astigmatism and 
pterygium characteristics parameters indicating the 
benefit of pterygium removal in cataract eyes could not 
be determined. A prospective cohort study is needed to 
address these issues.

In conclusion, our study provides previously unavail-
able information regarding the details in distribution 
of corneal astigmatism in cataract eyes with coexisting 
pterygium. Change of corneal astigmatism in these eyes 
is an important clinical issue which cannot be overlooked 
during planning of cataract surgery.
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