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ABSTRACT

Purpose: To determine the clinical pattern and burden of strabismus in a teaching institute of Northeast (NE) India. Methods: In this
hospital-based, cross-sectional study, detailed clinical evaluation of patients with manifest strabismus was carried out for a period
of one and half years. Results: Out of the 7222 new outpatient department attendances, a total of 110 new patients with manifest
strabismus were found, with a hospital-based burden of 1.52% [95% confidence interval: 1.3-1.8]. Comitant strabismus was seen in
84.55%, and incomitant in 15.45%. Exotropia comprised 70%, esotropia 26.36%, hypertropia 10%, and hypotropia 2.72%. The angle
of deviation was large in most of the participants (69.09%) with a mean of 34.90 + 17.08 PD for horizontal and 13.29 + 8.97 PD
for vertical deviations. A cause of strabismus could be identified in 30.91%. Paralytic strabismus was seen in 15.45%, sensory in
11.82%, infantile in 1.82%, and accommodative in 1.82%. Amblyopia was found in 5.45%. In our study, 25.45% patients underwent
strabismus surgery, while 74.55% patients either needed conservative management or were being worked up for surgery till the end
of this study. Conclusion: This study determined the pattern and burden of strabismus in a teaching institute of NE India. Since
the institute caters to patients from different states of NE India, this study gives an indirect picture of the burden of strabismus
of the whole of NE India. It is hoped that these data will aid in determining the overall burden of strabismus in the country. They
will also help the family medicine and primary care physicians to have an idea about the burden and pattern of strabismus in the
community, thus enabling them to create awareness about strabismus, remove the undue apprehensions of patients, and do timely
referrals for treatment and prevent irreversible visual loss.
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Introduction

It is important to know the burden of a disease and its
pattern to get an idea of its magnitude in a given area.
A meta-analysis of various studies across the world on
strabismus showed an estimated pooled prevalence of 1.93%.!"
In this meta-analysis, the prevalence of exotropia (1.23%) was
higher than esotropia (0.77%). This analysis revealed that the
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distribution and pattern of strabismus are heterogeneous in
different parts of the world and within the same region of the
wortld.

There is paucity of studies on the prevalence of strabismus
in India. To our knowledge, there is no study to suggest the
overall prevalence of strabismus in India till date. However,
there are some studies from certain regions of the country. In
North India, the overall magnitude of strabismus was found
to be 6.9% in a hospital-based study.” A similar hospital-based
study in South India estimated the strabismus prevalence to be
7.8 per thousand patients (0.78%).” The Katiapatti Paediatric
Eye Evaluation project carried out in South India showed the
community prevalence of strabismus to be 0.43%." Studies
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from western India and central India found the prevalence to
be 4.95% and 0.2%, respectively.?! All these studies show that
the prevalence or burden of strabismus is different in different
parts of India, ranging from 0.43% to 6.9%. However, to the
best of our knowledge, there are no such data available from the
Northeast (NE) India, which is a land of ethnically highly varied
population. Moreover, many of the patients with strabismus
present late to the ophthalmologists, which can lead to amblyopia,
since the patients and even primary care physicians at times are
unaware of the problems and the need for eatly treatment of
these conditions. Proper knowledge and timely referral of such
patients can prevent the chance of irreversible visual loss in
these patients.

Therefore, the objective of our study was to determine the
clinical pattern and burden of strabismus in patients presenting
to a teaching institute of NE India. As this institute caters to
patients from all the states of the region, it will give an indirect
picture of the whole of NE India. These data, in turn, may aid
in estimating the overall burden of strabismus of our country.
They may also help in guiding the healthcare planners to take the
necessary steps for awareness, screening, and curative services.
It is also expected to help the family medicine and primary care
physicians to have an idea about the burden and pattern of
strabismus and amblyopia in the community. With the knowledge
thus gained, they can create awareness and alleviate their patients’
undue fears about strabismus and its treatment, thus enabling
them to do timely referrals for further treatment and prevent the
chance of irreversible visual loss.

Materials and Methods

A hospital-based, cross-sectional study was conducted in the
Department of Ophthalmology of a relatively new teaching
institute of NE India from May 1, 2021 to October 31, 2022.
Patients of all age groups with only manifest strabismus
were included in the study. Patients with phorias and patients
on follow-ups were excluded. The study was approved by
the Scientific Advisory Committee and the Institute Ethics
Committee.

A detailed clinical history relevant to strabismus was taken, visual
acuity was checked, and refraction with appropriate cycloplegia for
the age was done. Extraocular movements in the nine diagnostic
gazes were noted. Hirschberg corneal reflex test was done to see
the rough estimate of the amount of deviation. Prism bar cover
test (PBCT) was done to find the amount of deviation in prism
diopters (PD). For patients with poor vision in one eye, Krimsky
test was done to determine the amount of deviation. Stereopsis
was tested using the Synophtophore. Clinical photos of patients
in nine diagnostic gazes were taken for documentation, which was
meant for the purpose of record keeping only. Diplopia charting
and Hess charting, wherever applicable, were plotted. Blood
investigations and magnetic resonance imaging (MRI)/X-ray
orbits, wherever applicable, were done.
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Amblyopia was defined as reduction of best corrected visual
acuity (BCVA) in one or both eyes due to form visual deprivation
and/or abnormal binocular interaction without any structural
abnormality of the eye or the visual system. It was considered as
presentif there was an interocular difference in BCVA of 2 (two)
lines or more ot if the BCVA was wotse than 6/9.

Categorical variables were expressed as percentages, whereas
continuous variables were expressed as mean * standard
deviation. The data collected were recorded in Microsoft Excel
2022, and statistical analysis was done using the SPSS for Windows,
version 22.0, SPSS Inc., IBM Corp., Chicago, IL. USA. IBM Corp.

The hospital-based burden of strabismus was calculated
by dividing the total number of new patients with manifest
strabismus by the total number of new patients registering in
the outpatient department (OPD) of ophthalmology during the
same time period.

Results

Out of the 27,293 registrations in the ophthalmology OPD
between May 1, 2021 and October 31, 2022, there were 7222
new ophthalmology patients. Among these new patients,
110 patients were found to have manifest strabismus,
and therefore, the burden of strabismus was found to be
1.52% (95% CI: 1.3-1.8). The demographic profile and pattern
of strabismus are given in Table 1. The subclassification of
esotropia and exotropia is given in Table 2. The types of
strabismus which could not be classified strictly into one
distinct type of strabismus by history and/or examination or
which were of mixed possibilities of either one or more types
were classified into “‘Unclassified’ subgroups in this table. The
mean age of the participants was 27.16 £ 15.71 years (range:
2—68 years). The majority of the patients (43.63%) were in the
age group of 20 to 39 years. Males outnumbered females in our
study, comprising 55.45% and 45.55%, respectively. The mean
age of onset of strabismus was 12.96 years; the mean age of
presentation was 27.16 years, and the mean duration of delay
in presentation was 14.22 years.

Comitant strabismus was more common than the incomitant
type. The percentage of comitant strabismus was 84.55%, while
that of incomitant strabismus was 15.45%. Exotropia was the
most common deviation (70%), followed by esotropia (26.36%),
hypertropia (10%), and hypotropia (2.72%). It was noted that
horizontal deviations were frequently coexisting with vertical
deviations. There were a few cases of dissociated vertical
deviations associated with infantile esotropia, infantile exotropia,
and sensory tropias. Since these were present as associations,
these are not shown as separate entities in Tables 1 and 2. The
mean angle of horizontal deviation was 34.90 PD for far and
33.47 PD for near, whereas it was 13.29 PD for the vertical
deviations. The majority of cases were idiopathic (69.09%).
Among the identifiable causes, the paralytic cause was 15.45%,
sensory 11.82%, and accommodative 1.82%. Superior oblique
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Table 1: Demographic profile and clinical pattern of

Table 2: Subclassification of esotropia and exotropia

strabismus Subtypes Percentage (numbers)
Parameters MeantSD/ Range Esotropia
Percentage (numbers) Comitant

Mean Age (years) 27.16%15.71 2-68 Accommodative

Age group (years) 32.73 (36) Refractive 6.89 (2)
0-19 43.64 (48) Nonrefractive 0 (0)
20-39 18.18 (20) Partially Accommodative 0 (0)
40-59260 545 (6) Non-accommodative

Se;{ale 5545 61, Essential Infantile 3.45 (1)
Female 45.55 (49) Essential acquired/Late onset 20.68 (6)

Burden 1.52 (95% CI: 1.3-1.8) Sensory , 10.343)

T £ strabismus Acute acquired concomitant 3.45 (1)
ypes of s !

Comitant 84.55 (93) Consecutive 00
Incomitant 15.45 (17) Cyclic 00
Types of Exotropia Microtropia 0 (0)
Comitant Nystagmus blockage syndrome 0 (0)
Constant 36.67 (33) Incomitant
1IDS 15.56 (14) Paralytic 31.03 (9)
Incomitant Restrictive 0 (0)
Paralytic 8.89 (8) Spastic 0 (0)
Restrictive 0 Unclassified/Mixed type* 2413 (7)

Types of Esotropia Exotropia
Accommodative 6.89 (2) .

Non-accommodative 93.10 (27) Comitant

Hypertropia 10 (11) tbs 18.18 (14)

Hy . 27203 Constant 42.88 (33)
ypotropia 3 . .

Mean angle of deviation (PD) Essental Infantile 1.29.(1)
Horizontal (fa) 34.90+17.08 6-85 Sensory 12.98 (10)
Horizontal (near) 33.47+16.65 3-90 Consecutive 00
Vertical 13.29+8.97 3-30 Incomitant

Causes Paralytic - acquired 10.38 (8)
Sensory 11.82 (13) Congenital 0 (0)
Paralytic 15.45 (17) Restrictive 0 (0)
Infantile 1.82.(2) Unclassified/Mixed type* 14.28 (11)
Accommodative 1.82 (2) *The types of strabismus which could not be classified strictly into one distinct type of strabismus
Otherts 69.09 (76) by history and/or examination or which were of mixed possibilities of either one or two types were

Refractive Error

Myopia 23.64 (26)
Hyperopia 14.55 (16)
Others 61.82 (68)
Stereopsis
Intact grossly 87.27 (96)
Not Intact 8.1 (9)
Could not be tested 4.5 (5)
Amblyopia 5.45 (6)
Anisometropic amblyopia 3.63 (4)
Strabismic Amblyopia 1.82 (2)
Treatment
Conservative 74.55 (82)
Surgery 25.45 (28)

SD=Standard Deviation, IDS=Intermittent Divergent Squint, PD=Prism Diopter

palsy (CN IV) was seen in three cases, third nerve (CN III)
palsy in seven cases, and lateral rectus palsy (CN VI) in six
cases. Inferior oblique overaction was seen in 25 cases. During
the study period, 11 numbers of V pattern, 2 numbers of A
pattern, 1 number of X pattern, and 1 number of Y pattern
wete seen. During the same period, we did not encounter any
case of restrictive pathologies like Duane’s retraction syndrome,
Brown syndrome, thyroid ophthalmopathy causing restrictive
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classified into ‘Unclassified’ subgroups

strabismus, congenital fibrosis of extraocular muscles, chronic

progressive external ophthalmoplegia, and so on.

In our study, refractive errors were found in 38.18% of the
patients, myopia contributing to 23.64% and hyperopia 14.55%.
Among the exotropes, myopia was seen in 24% (18) of the
patients, and among the esotropes, hypermetropia was seen in
31.03% (9) of the patients.

Amblyopia was seen in 5.45% of the patients, of which 1.82%
was strabismic amblyopia, while the remaining 3.63% was

anisometropic amblyopia.

Out of the 110 new patients, 28 underwent surgical corrections
during the study period, while the remaining 82 were managed
conservatively or were being worked up for surgical corrections till
the end of this study. Among the subset managed conservatively,
15 of them needed surgical corrections, but they opted not to

undergo the procedure due to apprehension and other reasons.
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Discussion

This study profiled the clinical pattern and burden of strabismus
presenting to a relatively new teaching institute in NE India.
There is lack of studies on strabismus prevalence across the
country, especially where all age groups are included. The
burden of strabismus in our hospital-based study was found to
be 1.52% (95% CI: 1.3-1.8). Saxena R ez a/? found the overall
magnitude of strabismus to be 6.9% in their hospital-based study.
Their overall magnitude is much higher than that of our study as
it was conducted in the apex institute of the country, which gets
referral from all over the country, whereas ours is a relatively new
institute in one of the states in the NE region. Studies on the
pediatric population from North India found the prevalence to
be 0.27%, western India 4.95%, and central India 0.2%.57 'The
worldwide pooled prevalence of strabismus by a meta-analysis
was estimated to be 1.93%." A similar meta-analysis on African
studies found the prevalence to be 0.8%.% Studies from China
found the prevalence of strabismus to vary from 1.98% to 5%.11
Studies from Singapore, Ethiopia, and Iran showed a prevalence
of 0.80%, 17.9%, and 2.02%, respectively.' " A study in USA
showed the strabismus prevalence to be 3.3% in white children
and 2.1% in African American children." All these studies
suggest that the prevalence of strabismus has a wide range.

In our study, the percentage of comitant strabismus was 84.55%
and that of incomitant strabismus was 15.45%. Saxena R e/ a/!
found in their study the comitant subtype to be 78.1% and
incomitant to be 21.9%. We see that the percentages of comitant
and incomitant strabismus in our study are nearly similar to their
findings.

Exotropia was the most common strabismus (70.0%) in our
study, followed by esotropia (26.36%), hypertropia (10.0%), and
hypotropia (2.72%). Saxena R ¢f /™ found similar percentages
of exotropia and esotropia, 45.5% and 46.4%, respectively.
Sarosh ez al" found esotropia (59.93%) to be more common
than exotropia (36.6%). Jing Fu ez a/"” found exotropia to be
the most common deviation (94.4%). In our study, among
the exotropes, constant exotropia was more common than
intermittent divergent squint (IDS), which is in contrast to the
existing literature.'"™ The frequency of IDS was greater in the
age group of 0-19 years (8), followed by 20-39 years (5) and
40-59 (1) years of age.l'! This supports the natural history of
progression of IDS, which becomes constant with time. The IDS
being the most common subtype of exotropia in the literature
could be attributed to the fact that it becomes constant over time
and most of the strabismus studies have been conducted in the
pediatric population. Saxena ¢f /P also found constant exotropia
to be more common than IDS, which is similar to our study and
where the study population was also similar to ours, in which the
patients of all age groups were included.

The mean age of the participants in our study was
27.16 + 15.71 years (range: 2—68 years). Most of the participants

wete young adults, which implies that the patients in our study
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sought medical advice for the treatment of strabismus at a later
stage. The majority of participants were in the age range of
20-39 yeats. In the hospital-based study of Saxena R ¢7 a/,? the
mean age of participants was 16.1 years * 14 years. Though,
they also included participants of all ages; their mean age was
lower than that of our study. In the study conducted in western
India, the age range was 5-15 years, and in southern India, it

was 3-16 years.>!”

! In the study by Jing Fu ¢f a/,!" the mean age
was 12.4 £ 0.6 years, and Agaje BG ez a/" found the mean age
to be 7.14 £ 4.13 years. Most of the studies on strabismus were
done in pediatric populations, and hence, their mean ages were

lower than that in our study.

We found a male preponderance in our study. The percentages
of male and female participants were 55.45% and 44.55%,
respectively. The South Indian study by Attada T R ¢7 a/"” found
almost an equal proportion of males and females, 51% and 49%,
respectively. The Chinese study by Jing Fu ez a1 also found
similar findings, 50.4% males and 49.6% females.

The mean angle of deviation for horizontal strabismus in our
study was large. The mean PBCT for horizontal deviation for
far was 34.90 PD and that for near was 33.47 PD, whereas for
the vertical strabismus, it was 13.29 PD. Saxena R ¢# 2/ found
most of the patients to have small angle deviations between 1
and 9 PD, while Sarosh R ez 2/ found the angle of deviation to
be between 20 and 40 PD for most of the patients. Tengtrisorn
et al” in their hospital-based study in Thailand, found the
angle of deviation to be 47.82 PD for far, though they excluded
paralytic, accommodative, and cyclovertical deviations.

Sensory strabismus was found in 11.82% participants in our
study, and paralytic strabismus was found in 15.45%. Infantile
deviation was found in 1.82%. The accommodative cause was
found in 1.82%. The paralytic causes in young were neurovascular
conflict, cerebral vasculitis, and CNS infections, whereas space
occupying lesions were predominantly seen in the eldetly people.

Amblyopia was found in 5.45% (6) of our participants, 3.63% (4)
of which were anisometropic amblyopia, while 1.82% (2) were
strabismic amblyopia. Indian studies have found the prevalence
of amblyopia to vary between 2 and 35.89%.7> The global
pooled prevalence of amblyopia was found to be 1.75% in a
meta-analysis by Hashemi H ¢ 2/P In North America, the
prevalence was estimated to be 2-4%.7% The prevalence of
amblyopia was found to be 0.6% in African studies.” In South
East Asian studies, it varied from 0.82% to 2.3%.”'" Even though
the majority of the literature suggests that strabismic amblyopia
is the predominant type of amblyopia, Fu | ¢ 2/l and Ganekal
S et alP also found anisometropic amblyopia to be the mote
common type of amblyopia. A comparison of some studies on
strabismus from India and the World is given in Table 3.

In our study, 25.45% underwent corrective surgeries,
while74.55% of patients either received conservative treatment

or were being worked up for surgery till the end of this study.
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Table 3: Comparison of some studies on strabismus from India and the World

Study Place of Mean Age Sex (M:F) Prevalence/  Exotropia  Esotropia Amblyopia Paralytic
study (years)/Range (%) burden (%) (%) (%) (%) Strabismus
(years/months) (%)
Saxena R et al? North India 16.1£14 52.9:27.3 6.9 45.5 46.4 2 14.2
Rajasckaran R et alP’!  South India - - 0.78* 57.17 30.94 - -
Kelkar J et alt! West India 5.15%£3.32 57.07:42.93" 4.95 - - - -
Singh V et all¥ North India 5-15 46.94:53.05 0.27 - - 0.41 -
Agrawal D et all’ Central India 5-15 44.4:55.6 0.2 - - 0.4 -
Sarosh et all"”) North India - 43.3:56.6 - 36.6 59.93 35.89 -
Attada TR et al.l"”) South India 3-10 51:49 0.6 57.6° 40.68 - -
Zhu H et alV China 7.710.6 54.6:55.4 1.98 99l 8 0.82 2
13.810.7 41.5: 485
Jing Fu et al."") China 12.410.6 50.4:49.6 5 94.4I 1.9 2.3 2.8
Chia et al") Singapore 6-72 months - 0.80 - - 1.19 -
Agaje B et all'? Ethiopia 7.14+4.13 56.9:43.1 17.9 - - 16.7 -
Yekta A et al.! Iran 12.5 - 2.02 1 0.59 2.29 -
Friedman DS et al"  USA 6-71 months - 3.3 White 1.8 White 1.5 White 1.8 Whites -
2.1 Aftican 1 Aftican 1 Aftican 0.8 Aftican
American American American American
Present Study North East 27.16£15.71 55.45:45.55 1.52 70 26.36 5.45 12.72
Natung e al. India

*Given as prevalence per 1000 OPD patients for the year 2018.7Only percentage of males was given, female percentage deduced. *Male and female percentages were deduced, originally given in numbers. ‘Percentage

deduced, originally given in numbers. 'Deduced after combining percentages of intermittent exotropia and constant exotropia

Out of the patients managed conservatively, 18.29% (15) of
them were advised surgery, but they opted otherwise. This
shows that a few patients were sceptical about undergoing
strabismus surgeries due to apprehension and lack of
awareness.

We did not find any history of consanguineous marriage in any
of our participants owing to the fact that this practice itself is
uncommon in most parts of NE India. A positive history of
strabismus among siblings and first-degree relatives was seen in
three cases. Studies conducted in regions of the world where
consanguineous marriage is a common practice show increased
prevalence of strabismus. The higher prevalence of strabismus
in these populations could be attributed to consanguineous
martiage.”**! The study in Kashmir by Sarosh R 7 /" found
that 37.10% of the patients were born out of consanguineous
marriages. Attada T ez /"™ in Andhra Pradesh study found
history of consanguinity in 22% of cases.

It is worthy to note that most of the previous studies on
strabismus were conducted in the pediatric age groups which do
not give the true picture of the overall burden of strabismus in
the population. Our study included patients of all age groups,
which is a true representation of strabismus in the real world.

There were a few limitations in this study. It was conducted in
a relatively new teaching institute, the duration of study was
short, the sample size was relatively small, phorias were not
included in the study, it has calculated only a hospital-based
burden of strabismus, and stereopsis was measured only with
synophtophore. A large community-based study in the NE region
is recommended to get the true picture of the prevalence and
pattern of strabismus in this region.
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Conclusion

This study throws light on the pattern and burden of strabismus
in patients attending a teaching institute of NE India. Since the
institute caters to patients from different states of NE India,
this study gives an indirect picture of the burden of strabismus
of the whole of NE India. It is hoped that this will add to
the pool of strabismus data in India and aid in estimating the
overall burden of strabismus in the country. It will also help
the family medicine and primary care physicians to have an idea
about the burden and pattern of strabismus and amblyopia in
the community, thus enabling them to create awareness about
strabismus and amblyopia, remove the apprehensions of their
patients, and do timely referrals for proper treatment and prevent
irreversible visual loss.
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