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Abstract

Objective This study aimed to analyze the distribution of different types of strabismus surgery in a tertiary hospital in
Central China during the three-year period of the COVID-19 pandemic.

Methods A retrospective analysis was conducted on the clinical data of strabismus patients who underwent surgery
and were admitted to the Department of Strabismus and Pediatric Ophthalmology at the First Affiliated Hospital of
Zhengzhou University between January 2020 and December 2022.

Results A total of 3939 strabismus surgery patients were collected, including 1357 in 2020, 1451 in 2021, and 1131 in
2022.The number of surgeries decreased significantly in February 2020, August 2021, and November and December
2022. Patients aged 0-6 years accounted for 37% of the total number of strabismus surgery patientsr. The majority
(60%) of all strabismus surgery patients were diagnosed with exotropia, with intermittent exotropia accounting for the
highest proportion (53%). There was no statistically significant difference in the proportion of intermittent exotropia
and constant exotropia during the three-year period (Y’ =2.642, P=0.267 and x’=3.012, P=0.221, respectively).
Among patients with intermittent exotropia, insufficient convergence type was the most common form of strabismus
(accounting for over 70%). Non-accommodative esotropia accounted for more than 50% of all internal strabismus
cases.

Conclusion During the period from 2020 to 2022, the total number of strabismus surgeries in our hospital did not
show significant fluctuations, but there was a noticeable decrease in the number of surgeries during months affected
by the pandemic. Exotropia accounted for the highest proportion among strabismus surgery patients. Intermittent
exotropia was the most common type among patients undergoing surgery for exotropia, and the most prevalent
subtype was the insufficient convergence type. The age distribution of patients varied in different months, with a
concentration of surgeries for strabismus patients in the 7-12 years old age group during the months of July and
August each year.

*Correspondence:
Zhigang Li
lizhigang@zzu.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-024-03327-7&domain=pdf&date_stamp=2024-2-14

Lang et al. BMC Ophthalmology (2024) 24:67

Page 2 of 6

Keywords COVID-19 pandemic, Strabismus, Strabismus classification, Strabismus surgery, Strabismus surgery type

distribution

Background

Strabismus, a common and prevalent disease in ophthal-
mology, not only affects the appearance of patients, but
also leads to amblyopia, abnormal binocular vision func-
tion, and even psychological inferiority. Epidemiological
studies in European countries have shown that esotro-
pia is the most common type of strabismus in Europe
[1]. Relevant studies have also been conducted in Asian
countries, with results showing that exotropia is the most
common type in Asian countries [2]. Some regions in
China have conducted epidemiological studies on stra-
bismus, with results similar to those in Asian countries
[3, 4]. Our hospital is the largest comprehensive hospital
in Henan Province, China, with sufficient sources of stra-
bismus and pediatric ophthalmology professional groups.
We hope to use statistical analysis of our clinical data to
obtain the distribution pattern of various types of stra-
bismus surgery in the Central Plains region of China, in
order to provide reference for clinical work.

Methods

Collect clinical data of strabismus patients who under-
went surgery by the strabismus and pediatric ophthal-
mology professional group of the First Affiliated Hospital
of Zhengzhou University from January 2020 to Decem-
ber 2022, and carry out statistical analysis. All patient
information is extracted from the medical record system,
including patient names, gender, age, diagnosis, etc.

All patients underwent refraction, best-corrected visual
acuity, anterior segment, fundus, intraocular pressure,
and strabismus specialty examinations, including corneal
reflection test, prism and alternate cover test, Krimsky
test for 33 cm and 6 m strabismus, eye movement, four-
point light, binocular vision assessment, and Titmus ste-
reo chart.

All strabismus patients were admitted for surgical
treatment after strict screening of surgical indications in
the outpatient department. The admission diagnosis was
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Fig. 1 Total number of surgeries per year

classified according to the Chinese Strabismus Diagnosis
Expert Consensus [5].

Statistical analysis: SPSS 27.0 was used for statistical
analysis. Chi-square test was used to compare the dif-
ferences in the proportion of various types of strabis-
mus over the three years. If P<0.05 in the comparison
between the three groups, further pairwise comparisons
were conducted.

Results

The total number of strabismus surgeries in 2020 was
1357, in 2021 was 1451, and in 2022 was 1131 (Fig. 1).
The surgical volume significantly decreased in February
2020, August 2021, November 2022, and December 2022.
Except for special circumstances, July and August are the
peak periods for strabismus surgery each year (Table 1;
Fig. 2).

When the patients were grouped by age, it was found
that patients aged 0-6 years accounted for 37% of
the total number of strabismus surgeries, those aged
7-12 years accounted for 31%, those aged 13-18 years
accounted for 12%, and those over 18 years accounted
for 20% (Table 2; Fig. 3). It was also found that strabis-
mus surgeries for children aged 7-12 were concentrated
in June, July, and August of each year (Fig. 4).

From 2020 to 2022, a total of 3939 strabismus surger-
ies were performed, of which exotropia surgeries were
the most common, accounting for 60% (2361 patients);
esotropia surgeries accounted for 29% (1146 patients),
and the number of exotropia surgeries was about twice
that of esotropia surgeries (Table 3). Among exotropia
surgeries, intermittent exotropia had the highest pro-
portion, accounting for about 53%, followed by constant
exotropia, accounting for about 35%. The proportion of
intermittent and constant exotropia did not change sig-
nificantly over the three years (y’=2.642, P=0.267 and
X°=3.012, P=0.221, respectively) (Table 4). Among inter-
mittent exotropia, the proportion of convergence insuf-
ficiency type was the highest, accounting for more than
70%, while the proportion of separation excess type was
the lowest, less than 3% (Table 5). Among esotropia clas-
sifications, non-accommodative esotropia had the high-
est proportion, accounting for more than 50% (Table 6).

Discussion

Over the past three years, the total number of strabis-
mus surgeries performed at our hospital was 1357, 1451,
and 1131, respectively, with no significant fluctuations.
The surgery volume significantly decreased in Febru-
ary 2020, August 2021, November 2022, and December
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Table 1 Total number of strabismus surgeries per month from 2020 to 2022
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Year
2020 126 0 36 116 115 105 170 271 151 90 89 88 1357
2021 102 164 129 128 102 126 253 56 123 119 44 104 1451
2022 57 116 108 37 29 98 223 270 117 55 5 16 1131
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Fig. 2 Distribution of total number of strabismus surgeries per month
Table 2 Distribution of total number of surgeries per month for different age groups
Age(year) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
0-6 109 109 106 129 152 136 115 130 158 75 112 46 1377
7-12 170 45 28 45 74 249 237 216 65 21 19 12 1181
13-18 46 16 7 16 32 120 89 74 26 6 13 7 452
>18 81 67 60 57 81 76 55 91 76 37 66 23 770

2022. Analysis showed that this was due to the severe
impact of the COVID-19 epidemic in Zhengzhou during
these months. Non-ophthalmic emergency patients did
not seek medical attention, resulting in a sharp decline
in strabismus surgery during the months with severe
epidemics. Foreign studies have also found that during
the COVID-19 epidemic, only ophthalmic emergency
patients sought medical attention. This is because oph-
thalmic examinations require face-to-face interaction,
which increases the risk of virus transmission, and oph-
thalmologists are also assigned to care for COVID-19
infected patients [6]. During the epidemic, the total num-
ber of strabismus surgeries per year decreased compared
to the pre-epidemic period. Before the epidemic, our
hospital performed approximately 2000 strabismus sur-
geries per year, and the epidemic indeed had a significant
impact on the total number of surgical patients.

Except for special circumstances, the peak period for
strabismus surgery is usually in July and August each
year. Statistical analysis of the age distribution of patients

showed that strabismus surgery for children aged 7-12
years is concentrated in June, July, and August each
year. This is related to the Chinese national conditions,
where July and August are summer vacation periods. The
majority of strabismus patients are school-age children.
To avoid affecting their studies, parents choose longer
holidays to allow their children to undergo strabismus
surgery. There were no significant differences in this dis-
tribution pattern before and after the epidemic. Relevant
studies in China have also shown a significant seasonal
variation in the number of strabismus patients seeking
medical attention, with peak periods during the winter
and summer vacations [7, 8].

After grouping the patients by age, it was found that
strabismus surgery patients under 18 years old accounted
for 80% of the total, indicating that most strabismus
patients undergo surgical treatment before adulthood.
The purpose of strabismus surgery is not only to improve
appearance but also to obtain good binocular visual
function. Studies by many scholars in China and abroad
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Fig. 3 Proportion of total number of strabismus surgeries per year for dif-
ferent age groups

have shown that the development of human binocular
vision begins in infancy. The sensitive period is from 3 to
5 months after birth, with a peak at 1-3 years old, and
development continues until 6-9 years old [9]. Therefore,
some scholars suggest that for intermittent or constant
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exotropia, surgery should be performed before the age
of 7 to better restore perceptual function [10]. With the
increasing awareness of strabismus and the necessity of
strabismus surgery among parents, the window for stra-
bismus surgery has shifted earlier.

In the past three years, exotropia surgery patients
accounted for the largest proportion, about 60%, fol-
lowed by esotropia surgery patients, accounting for
about 29%. The number of exotropia surgery patients is
about twice as high as that of esotropia surgery patients.
Among exotropia surgery patients, the proportion of
intermittent exotropia is the highest, about 53%, followed
by constant exotropia, accounting for about 35%. Among
patients with intermittent exotropia, the proportion of
insufficient convergence type is the largest, accounting
for over 70%, while the proportion of excessive separa-
tion type is the smallest, less than 3%. With the develop-
ment of China’s economy and health care system, young
children can receive early vision screening, such as rou-
tine physical examinations in kindergartens. Strabismus
patients can be detected early and undergo conserva-
tive treatment, such as wearing glasses and vision train-
ing. More and more parents can supervise their children
to persist in wearing glasses and vision training, which
enables some children with accommodative esotropia to
restore normal eye position through conservative treat-
ment and avoid surgery. Therefore, exotropia surgery
patients are more than esotropia patients, with simi-
lar results in many domestic studies. In a retrospective
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Fig. 4 Distribution of total number of strabismus surgeries per month for different age groups

Table 3 Distribution of strabismus surgery patients by different types

Year Exotropia Esotropia Vertical and torsional strabismus Special types of strabismus
2020 830 388 96 43

2021 829 459 97 66

2022 702 299 62 68

Total 2361(60%) 1146(29%) 255(6%) 177(5%)
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Table 4 Classification of exotropia surgery patients
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Year Intermittent exotropia Constant exotropia Sensory exotropia Secondary exotropia Non-comitant exotropia
2020 460,(55%) 274,(33%) 30,(4%) 29,(4%) 37,(4%)

2021 430,(52%) 302,(36%) 37,(5%) 32,(4%) 28,(3%)

2022 365,(52%) 258,(37%) 27 ,(4%) 28,(4%) 24,(3%)

x2 2.642 3.012 0.829 0.285 1.673

P 0.267 0.221 0.669 0.874 0.449

Note: Each subscript letter indicates at the 0.05 level, and the column proportions of these categories have no significant differences with each other

Table 5 Classification of intermittent exotropia surgery patients

Year Basic type Insufficient convergence type Over-convergence type
2020 129,(28%) 324,(70%) 7.2%)

2021 117,(27%) 309, ,(72%) 4.(1%)

2022 76,(21%) 289,(79%) 0,(0%)

X2 6.390 8.846 5446

P 0.041 0.012 0.062

Note: Each subscript letter indicates at the 0.05 level, and the column proportions of these categories have no significant differences with each other

Table 6 Classification of esotropia surgery patients

Year

Partial accommodative esotropia Non-accommodative esotropia Sensory esotropia Secondary esotropia Non-comitant esotropia

2020 138(36%) 203(52%)
2021 137(30%) 261(57%)
2022 95(32%) 157(53%)

8(2%) 15(4%) 24(6%)
9(2%) 32(7%) 20(4%)
7(2%) 27(9%) 13(4%)

study involving 5,746 strabismus patients, found that
exotropia surgery accounted for 63.5% of cases, esotro-
pia surgery accounted for 13.2% of cases, and intermit-
tent exotropia was the most common subtype within
exotropia surgery, accounting for approximately 71.3%
[11]. However, the primary subtype in intermittent exo-
tropia was different from our study’s findings. In a study
of 4,640 strabismus surgery patients, reported that exo-
tropia surgery accounted for 54% of cases, esotropia
accounted for 22.1% of cases, and constant exotropia
was the most common type within exotropia, although
its prevalence decreased over the years [4]. Intermittent
exotropia was the next most common type and showed
an increasing trend. A study conducted in Singapore on
a Chinese population also indicated a ratio of 7:1 for exo-
tropia to esotropia, with the majority of exotropia cases
being intermittent (63%). In a study of 12,327 strabismus
surgery patients over a 10-year period, found that con-
stant exotropia was the most common type among all
subtypes, and the number of exotropia surgery patients
was approximately 5.83 times that of esotropia surgery
patients [12]. However, a study conducted in a tertiary
hospital in Spain over a year and a half period involving
153 patients showed that esotropia accounted for 47.7%
of cases, while exotropia accounted for 35.9% [13]. These
findings indicate significant differences in the classifica-
tion of strabismus surgery patients between China and
Europe.

During the past three years, the proportion of inter-
mittent exotropia has decreased, and the proportion of

constant exotropia has increased, but the difference was
not statistically significant (y*=2.642, P=0.267; y*=3.012,
P=0.221). This may be because the COVID-19 epidemic
has limited the medical treatment of patients with inter-
mittent exotropia, and the condition has gradually pro-
gressed to constant exotropia. Some studies have shown
that one-third of patients with intermittent exotro-
pia experience a deterioration of their condition after a
three-year follow-up [14].

This study conducted a statistical analysis of the distri-
bution of strabismus surgery in our hospital during the
three-year period of the Covid-19 pandemic. It identi-
fied the characteristics of strabismus surgery distribution
during the pandemic period. However, there are certain
limitations to this study. It is a retrospective analysis that
only reflects the results of a specific period and cannot
study the overall incidence rate of strabismus. In the
future, it is hoped that research with a larger sample size
will be conducted to explore the universality of the distri-
bution characteristics of strabismus and the issue of stra-
bismus prevalence in China.

Conclusion

During the three-year period of the Covid-19 pandemic,
the total number of strabismus surgeries in our hospi-
tal did not show significant fluctuations. The number
of strabismus surgeries decreased significantly during
the months of the Covid-19 pandemic. Patients under
18 years old accounted for 80% of the strabismus sur-
geries, and patients between 7 and 12 years old were
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concentrated in the months of July and August each
year. Among all strabismus surgery patients, exotropia
was the most common type, occurring twice as often as
esotropia. Among patients with exotropia, intermittent
exotropia had the highest proportion. The combined pro-
portion of intermittent exotropia and constant exotro-
pia remained stable during the three-year period of the
Covid-19 pandemic, but the proportion of intermittent
exotropia decreased, while the proportion of constant
exotropia increased. This fully demonstrates the impor-
tance of early screening and regular follow-up observa-
tion for patients with intermittent exotropia, and the
need for necessary intervention measures at the appro-
priate time to prevent the progression of intermittent
exotropia to constant exotropia.
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