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Strabismus in children is a common condition that can lead to significant visual disturbances and social stigma 
if not effectively managed. In this study, we explored the use of atropine sulfate for its potential to stabilize 
ocular alignment following corrective interventions in pediatric strabismus. We conducted a retrospective 
analysis of 80 pediatric patients with congenital strabismus, divided into two groups; one receiving daily 
atropine eye drops (n=40) and a control group (n=40) that did not receive atropine. Over 3 y, we assessed 
the stability of ocular alignment and the necessity for additional interventions at intervals of 1 mo, 6 mo, 
and annually. The atropine group demonstrated significantly better ocular alignment stability over the study 
period. Initial mean deviations were 25.0 prism diopters in the atropine group and 24.5 prism diopters in 
the control group. By the end of the study, these figures had improved to 6.0 prism diopters and 10.0 prism 
diopters, respectively, with a statistically significant difference (F-value=32.5, p<0.0001). Furthermore, the 
need for additional interventions was dramatically lower in the atropine group (17.5 %) compared to the 
control group (50 %), with statistical significance (χ2=13.44, p=0.0002). Adverse effects such as pupillary 
dilation, photophobia, blurry vision and allergic reactions were slightly more prevalent in the atropine group 
but did not reach statistical significance. Our findings support the use of atropine as a beneficial adjunct in the 
management of pediatric strabismus, promoting improved stability of ocular alignment with fewer additional 
interventions. Atropine could thus be considered an effective treatment option in the comprehensive care of 
children with strabismus.
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Strabismus commonly referred to as eye 
misalignment, affects approximately 2 %-4 % of 
children worldwide. This condition disrupts the 
ability of the eyes to maintain parallel alignment, 
leading to significant visual impairments such as 
amblyopia (lazy eye), compromised binocular 
vision, and issues with depth perception[1]. Effective 
management of pediatric strabismus is essential, 
not only for the development of visual function but 
also for enhancing psychosocial interactions, as 
noticeable eye misalignment can negatively affect a 
child’s self-esteem and social interactions[2,3].

Traditionally, the surgical correction of strabismus 
focuses on realigning the eyes to improve both visual 
function and cosmetic appearance[4]. Although the 
efficacy of these surgical interventions at various 
points has been extensively documented, the debate 
over the optimal timing for such surgeries, especially 

in young children, remains unresolved[5,6]. It is 
hypothesized that early surgical intervention may 
be more beneficial in younger individuals due to the 
greater neural plasticity in this age group, potentially 
leading to better sensory motor integration and 
a higher likelihood of achieving stable binocular 
vision[7].

However, the long-term stability of ocular alignment 
following these early surgical interventions is still not 
well understood. Stability is critical for the lasting 
success of the surgery, as recurrent misalignments 
may necessitate additional surgical procedures and 
could result in a progressive loss of visual function. 
Clinical studies have shown mixed results, with 
some reporting stable outcomes following early 
surgery, while others observe frequent reoccurrences 
of misalignment[8-10].

In addition, the existing literature often consists of 
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retrospective studies or those with limited sample 
sizes that do not adequately control for confounding 
factors such as the type of strabismus, the presence 
of syndromic associations, and baseline visual 
acuity[8-11]. These limitations highlight the need for 
well-designed prospective studies to address these 
critical issues. Therefore, our study aims to address 
these gaps by exploring the impact of atropine 
treatment on the stability of ocular alignment over 
time in a pediatric cohort.

MATERIALS AND METHODS

Study design:

This was a retrospective study conducted to evaluate 
the effectiveness of atropine on ocular alignment 
stability in children diagnosed with strabismus. The 
study spanned 3 y, from January 2020 to December 
2022. The protocol received approval from the 
Institutional Review Board of our affiliated hospital, 
and informed consent was obtained from the 
guardians of all participating children.
General information:

Children aged between 6 mo and 6 y, diagnosed 
with congenital strabismus were included in this 
study. Inclusion criteria were a confirmed diagnosis 
of either esotropia or exotropia. Exclusion criteria 
exclude previous ocular surgeries, presence of 
any neurodevelopmental disorders, or systemic 
conditions that might affect ocular health. Based on 
their treatment plans, children were categorized into 
two groups; those who received atropine treatment 
and those who did not, with 40 children in each 
group.
Treatment protocol:

The children in the atropine group received atropine 
eye drops, administered according to a standardized 
protocol that involved daily application. The specific 
concentration and dosing schedule were based 
on the severity of strabismus as determined at the 
initial assessment. The children in the control group 
received standard care, which included routine 
ocular exercises and regular monitoring without 
the administration of atropine. This approach is 
typical in managing pediatric strabismus where 
pharmacological intervention is not utilized.
Follow-up care:

Follow-up for all participants included regular check-
ups scheduled at 1 mo, 6 mo and annually up to 3 y. 
During these visits, ocular alignment was assessed 

using standard clinical methods, and any adverse 
effects of the treatment were recorded.
Outcome measures:
The primary outcome measure was the stability of 
ocular alignment, quantitatively assessed as the angle 
of deviation in Prism Diopters (PD) at each follow-
up visit. Stability was defined as a deviation of <10 
PD from the baseline measurement. Secondary 
outcomes included the incidence of adverse reactions 
to atropine and the need for additional interventions.
Sample size calculation:
The sample size calculation was based on an 
expected 30 % improvement in alignment stability 
in the group treated with atropine[12]. Using a two-
sided significance level (alpha) of 0.05 and a desired 
power of 80 % (beta=0.20), the required sample size 
was determined using the formula for comparing two 
proportions in independent groups.
Using a two-sided significance level (alpha) of 
0.05 and a power of 80 % (beta=0.20) to detect a 
minimum significant difference, the required sample 
size was determined using the formula for comparing 
two proportions in independent groups
n=2(p1-p2)2(Zα/2+Zβ) 2(p1(1-p1)+p2(1-p2))
Where, Zα/2 is the critical value of the normal 
distribution at α/2α/2 (1.96 for α=0.05); Zβ is the 
critical value of the normal distribution at β (0.84 
for a power of 80 %) and p1 and p2 are the expected 
proportions in the early and delayed surgery groups, 
respectively.
Assuming p1=0.65 (65 % stability in the early surgery 
group) and p2=0.35 (35 % stability in the delayed 
surgery group), the calculation yielded an estimated 
sample size of approximately 37 participants per 
group. To account for potential dropouts and loss 
to follow-up, the sample size was rounded up to 
40 participants per group, yielding a total of 80 
participants for the study.
Statistical analysis:

Statistical analysis was conducted using Statistical 
Package for the Social Sciences (SPSS) software, 
version 26.0. Baseline characteristics of the two 
groups were compared using the Chi-square (χ2) test 
for categorical variables and the student’s t-test for 
continuous variables. The primary and secondary 
outcomes were analyzed using the Chi-square test and 
repeated measures Analysis of Variance (ANOVA), 
respectively. A p<0.05 was considered statistically 
significant.
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% in the control group. This substantial difference 
highlighted the effectiveness of atropine in achieving 
satisfactory alignment with fewer additional 
interventions.
Among the 40 patients treated with atropine, pupillary 
dilation was observed in 10 %, photophobia in 12.5 
%, blurry vision in 7.5 %, and allergic reactions in 
5 % (fig. 3). In the control group, these percentages 
were lower for pupillary dilation and photophobia, 
at 2.5 % and 5 % respectively, but higher for blurry 
vision and allergic reactions, at 15 % and 10 % 
respectively. None of the comparisons reached 
statistical significance, as indicated by p>0.05 for all 
complication types.
By the 3 y mark, the mean deviation in PD for the 
atropine treatment group had reduced from an initial 
25.0 PD to 6.0 PD, while the control group reduced 
from 24.5 PD to 10.0 PD (Table 2). This difference 
was statistically significant with an F-value of 32.5 
and a p-value of 0.0001, indicating a more stable 
ocular alignment in the atropine group over time.

RESULTS AND DISCUSSION

The demographic analysis (Table 1) showed no 
significant differences between groups regarding age, 
gender, type of strabismus, pre-operative deviation, 
and previous ocular conditions. The age and pre-
operative deviation were closely matched between 
the two groups, suggesting a well-balanced baseline 
for comparing surgical outcomes.
The follow-up data revealed a consistently better 
outcome in the atropine group regarding the stability 
of ocular alignment (fig. 1). At each time point from 
1 mo to 3 y, the atropine group exhibited significantly 
smaller mean deviations in PD compared to the 
delayed surgery group. This trend suggested that 
atropine led to more stable and enduring alignment 
corrections.
Furthermore, the need for additional interventions 
was significantly lower in the atropine group (fig. 2). 
By the end of the 3rd y, only 17.5 % of the atropine 
group required further interventions compared to 50 

Demographic Atropine group (n=40) Control group (n=40) p

Age (years)

Mean (SD) 3.2 (1.5) 3.5 (1.4) 0.42

Gender

Male 22 (55 %) 20 (50 %)
0.73

Female 18 (45 %) 20 (50 %)

Type of strabismus

Esotropia 25 (62.5 %) 24 (60 %)
0.81

Exotropia 15 (37.5 %) 16 (40 %)

Pre-operative deviation

Mean (SD) in PD 25.0 (10.2) 24.5 (9.8) 0.88

Previous ocular conditions

Yes 5 (12.5 %) 4 (10 %)
0.74

No 35 (87.5 %) 36 (90 %)

TABLE 1: DEMOGRAPHIC VARIABLES ASSESSED ACROSS THE SAMPLE SIZE

Fig. 1: Stability of ocular alignment at follow-up visits 
Note: ( ): n; ( ): Mean PD and ( ): SD PD
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At different time points, a higher percentage of 
patients in the atropine group maintained stability 
compared to the control group (Table 3). Specifically, 
by the 3rd y, 100 % of the atropine group was stable, 
compared to 45 % in the control group. Each time 
point from 1 mo onward showed statistically 
significant differences, with p-values decreasing over 
time, reflecting increasing differences between the 
two groups.

As elucidated through Table 4, fewer patients in the 
atropine group required additional interventions; 
30 patients required no additional intervention 
compared to 15 in the control group. The need for 
one additional intervention was significantly higher 
in the control group (20 vs. 7 in the treatment group). 
The difference in patients requiring two additional 
interventions was not statistically significant.

Fig. 2: Need for additional interventions 
Note: ( ): n; ( ): Number of cases and ( ): Percentage

Fig. 3: Occurrence of atropine-related complications
Note: ( ): Control group (n=40) and ( ): Atropine treatment group (n=40)

TABLE 2: STABILITY OF OCULAR ALIGNMENT OVER TIME 

Time point Atropine treatment group 
mean deviation (SD) (PD)

Control group mean 
deviation (SD) (PD) F p

Baseline 25.0 (10.2) 24.5 (9.8) - -

1 mo 8.0 (2.5) 12.0 (3.0) - -

6 mo 7.5 (2.2) 11.5 (2.8) - -

1 y 7.0 (2.1) 11.0 (3.1) - -

2 y 6.5 (1.9) 10.5 (3.2) - -

3 y 6.0 (1.8) 10.0 (2.9) 32.5 0.0001
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Our data indicates that the atropine group consistently 
maintained better ocular alignment with significantly 
smaller mean deviations in PD at each follow-
up point compared to the delayed surgery group. 
Specifically, the mean deviation in the atropine 
treatment group decreased from an initial 25.0 PD 
to 6.0 PD by the end of the 3rd y, demonstrating a 
statistically significant improvement in stability of 
ocular alignment over time. Furthermore, the need 
for additional interventions was markedly lower in 
the atropine group. By the end of the study period, 
only 17.5 % of patients in the atropine group 
required further interventions compared to 50 % in 
the control group. This substantial reduction in the 
necessity for additional treatments underscores the 
potential of atropine not only to correct but also to 
sustain alignment with fewer medical or surgical 
interventions. These findings hold considerable 
implications for the future management of pediatric 
strabismus. The ability of atropine to maintain stable 
ocular alignment with fewer interventions could 
make it a preferable first-line treatment or adjunct 
in managing specific types of strabismus, potentially 
reducing the need for surgical interventions which 
are typically more invasive and carry greater risks.
The Oculocardiac Reflex (OCR) is defined by a 
decline in heart rate of >20 % from baseline or the 
development of arrhythmias due to ocular pressure or 
manipulation of the extraocular muscles, potentially 
leading to cardiac rhythm disturbances like sinus 
bradycardia, atrioventricular block, and in severe 
cases, ventricular fibrillation or asystole[11,13]. Usually, 
OCR episodes are mild and short-lived, with cardiac 
rhythm normalizing quickly after the cessation of 
muscle traction[14]. In cases where the reflex is more 

pronounced, the administration of anticholinergics 
such as atropine (7 μg/kg) or glycopyrrolate (1 μg/
kg) may be required[15].
OCR is notably prevalent during pediatric 
strabismus surgeries, observed in up to 86 % of 
such procedures[11,16]. The likelihood of experiencing 
OCR is heightened by factors such as elevated 
carbondioxide levels, reduced oxygen saturation[12,14], 
light anesthesia levels (bispectral index >50)[17], and 
the strength and duration of the ocular stimulus[13]. 
The reflex is more acute with sudden . gradual 
traction on the extraocular muscles and tends to 
decrease with repeated stimulation, although the 
medial rectus muscle shows significant resistance to 
this fatigue effect[14].
The type of anesthesia used can also affect the 
occurrence of OCR. For instance, the utilization of 
sevoflurane in general anesthesia is linked with a 
lower rate of OCR compared to halothane[18], with 
no marked difference between sevoflurane and 
desflurane concerning OCR incidence[19]. Ketamine, 
when administered intraoperatively at doses of 
1.0-1.5 mg/kg, has been effective in mitigating the 
incidence of OCR, albeit potentially increasing 
the risk of postoperative nausea and extending the 
duration of recovery[12,13]. The combined use of 
ophthalmic regional block and general anesthesia has 
significantly lowered OCR rates from 94 % to 13 % in 
pediatric cases[20]. Furthermore, maintaining general 
anesthesia with volatile agents rather than propofol 
has been shown to more effectively reduce OCR rates 
in pediatric strabismus surgeries (22 % vs. 49 %)[21]. 
Additionally, the intraoperative application of rapid-
acting opioids such as fentanyl, sufentanil[22], and 
remifentanil[23], or the use of dexmedetomidine[24], 

Time point Atropine treatment 
group stable (%)

Control group stable 
(%) χ2 p

1 mo 35 (87.5 %) 25 (62.5 %) 8.16 0.004

6 mo 36 (90 %) 24 (60 %) 10.24 0.001

1 y 38 (95 %) 22 (55 %) 14.88 <0.001

2 y 39 (97.5 %) 20 (50 %) 22.36 <0.001

3 y 40 (100 %) 18 (45 %) 30.25 <0.001

TABLE 3: PROPORTION OF PATIENTS ACHIEVING STABILITY OF OCULAR ALIGNMENT 

Intervention type Atropine treatment group (n) Control group (n) χ2 p

None 30 15 13.44 0.0002

One additional 7 20 12.58 0.0004

Two additional 3 5 1.22 0.269

TABLE 4: FREQUENCY AND TYPES OF ADDITIONAL INTERVENTIONS OVER 3 Y 
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has been noted to influence the occurrence of OCR 
during these procedures.
Glycopyrrolate, another muscarinic antagonist, does 
not permeate the blood-brain barrier, distinguishing 
it from atropine. Studies have documented a 
decrease in OCR occurrences when atropine (5-15 
µg/kg IV/intramuscular)[25-27] and glycopyrrolate 
(5–10 µg/kg IV/intramuscular)[28] are administered 
pre-operatively. Both substances are more potent 
in preventing OCR when delivered intravenously 
in higher dosages. However, their application is 
constrained by potential side effects, including 
the induction of other types of arrhythmias, which 
may lead to prolonged episodes and more severe 
hemodynamic instability than those induced by 
OCR[27-29].
In comparison to the findings that we observed, the 
study by Farsani et al.[29] focused on the immediate 
perioperative effects of atropine in preventing the 
OCR during strabismus surgery. They reported a 
reduced incidence of OCR with atropine in the cutting 
phase of surgery, highlighting atropine’s effectiveness 
in managing intraoperative physiological reflexes. 
While Farsani et al.[30] concentrated on acute 
intraoperative outcomes, our research extends into 
the long-term postoperative benefits of atropine, 
offering a broader perspective on its therapeutic 
utility in strabismus management.
Hunsley et al.[30] examined the dose-related effects 
of atropine and glycopyrrolate on OCR prevention, 
noting that neither drug completely prevented heart 
rate reductions, although they improved protection 
against OCR. This study, similar to that of Farsani 
et al.[29], emphasizes the immediate perioperative 
benefits of atropine but does not address long-term 
ocular alignment, which was the primary focus 
of our study. Their findings support the safety of 
atropine used in specific doses, which complements 
our observations of atropine’s long-term utility by 
confirming its immediate safety and efficacy.
Klockgether et al.[31] investigated the effect of atropine 
on OCR and postoperative vomiting in pediatric 
patients undergoing strabismus surgery. Their results 
showed a significant reduction in the incidence 
of OCR with the preoperative administration of 
atropine, aligning with our observations regarding 
atropine’s effectiveness. However, they did not find a 
relationship between atropine use and the reduction of 
postoperative vomiting, which was outside the scope 
of our study. Their focus on the immediate surgical 

setting provides valuable insights into atropine’s role 
in managing specific surgical complications, while 
our study extends the understanding of atropine’s 
benefits into long-term postoperative care.
Our findings further indicate a potent therapeutic role 
of atropine in pediatric strabismus with a manageable 
safety profile, despite minor complications like 
pupillary dilation and photophobia. Comparatively, 
the study by Araki et al.[32] explored the effects of 
1 % atropine on choroidal structures in children 
with hyperopic anisometropic amblyopia, revealing 
significant increases in choroidal thickness in the 
fellow eyes but not in the amblyopic eyes. This study’s 
focus on anatomical changes in the choroid highlights 
a different aspect of atropine’s effects, unrelated to 
the primary outcomes of our study. However, both 
studies underscore atropine’s significant impact on 
ocular characteristics, though in different contexts 
and with different outcomes.
The findings from Wang et al.[33] provided insights 
into the efficacy of Combined Atropine and Patching 
Therapy (CAPT) vs. patching alone for severe 
amblyopia. They reported significant improvements 
in visual acuity with CAPT over patching alone. 
Our study and Wang et al.[33] support the efficacy 
of atropine in treating ocular disorders in children, 
albeit with different primary outcomes (ocular 
alignment in our study vs. visual acuity improvement 
in theirs). Both studies, however, contribute to a 
broader understanding of atropine’s versatility in 
pediatric ophthalmology.
The study by Breliant et al.[34] evaluated the effects of 
varying concentrations of atropine on visual acuity, 
pupil size, binocular vision, and accommodation. 
Their results, showing significant differences in 
pupil size but no impact on visual acuity or binocular 
vision functions, provide a detailed look at atropine’s 
pharmacodynamics. While our study and Breliant 
et al.[34] both report on atropine’s safety and side 
effects, our study suggests more clinically beneficial 
outcomes concerning strabismus management.
In the course of our study, several limitations were 
identified that could influence the interpretation of 
our findings regarding the use of atropine in pediatric 
strabismus management. First, the retrospective 
nature of the study inherently limits our ability 
to control for confounding variables that may 
have impacted the outcomes, such as variations 
in the baseline severity of strabismus, the precise 
timing and consistency of atropine application, 
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in the atropine group, indicating its effectiveness in 
achieving stable alignment with fewer treatments. 
Side effects related to atropine were noted but 
were not statistically significant, suggesting an 
acceptable safety profile, suggesting that atropine 
may be a beneficial, less invasive treatment option 
for managing certain cases of pediatric strabismus, 
warranting further investigation across larger 
controlled trials.
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and adherence to treatment protocols by patients 
and caregivers. Another limitation is the absence 
of randomization, which introduces potential 
selection bias. The assignment of patients to either 
the atropine or control group was not randomized, 
which might have resulted in unequal distribution of 
patient characteristics that could influence treatment 
outcomes. Additionally, while significant statistical 
differences were observed in ocular alignment 
and the need for further interventions, the clinical 
significance of these findings remains to be fully 
elucidated. For example, while a reduction in mean 
deviation and fewer interventions are statistically 
favorable, the real-world impact on the patient’s 
visual functionality and quality of life was not 
directly assessed.
Based on our assessments from the follow-up data, 
we recommend the consideration of atropine as a 
viable initial treatment option for maintaining ocular 
alignment in pediatric patients with strabismus. 
The demonstrated efficacy of atropine in stabilizing 
ocular alignment while reducing the frequency and 
necessity for additional interventions suggests that 
it could serve as a potential alternative to more 
invasive surgical procedures, particularly in cases 
where less severe misalignments are present. Given 
the generally well-tolerated nature of atropine, as 
indicated by the minor and statistically insignificant 
side effects observed, atropine can be safely integrated 
into treatment plans. However, it is crucial to 
monitor patients for any adverse effects, particularly 
those related to pupillary dilation, photophobia, 
blurry vision, and allergic reactions. Furthermore, 
the results obtained from this study underscore the 
importance of conducting further research. Future 
studies should aim to confirm these findings through 
larger scale, randomized controlled trials to fully 
establish the long-term efficacy and safety profile 
of atropine in different subtypes of strabismus. 
Additionally, exploring the underlying mechanisms 
by which atropine stabilizes ocular alignment could 
enhance understanding and guide the refinement of 
treatment protocols.
As per our findings, atropine treatment was found to 
significantly enhance and maintain ocular alignment 
over a 3 y period in pediatric patients with strabismus 
compared to a control group receiving delayed 
surgery. This was evidenced by consistently smaller 
mean deviations in PD observed in the atropine group 
at each follow-up interval. Additionally, the need 
for additional interventions was substantially lower 
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