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ABSTRACT | Purpose: This study aimed to evaluate the
outcomes of strabismus surgical correction in patients with
Down syndrome. Methods: We conducted a retrospective
chart review of patients with Down syndrome who underwent
strabismus surgery between January 1997 and May 2024 at
an Ophthalmology Outpatient Clinic in Sao Paulo, Brazil. The
data collected included age, sex, medical and ocular history,
surgical details, and follow-up outcomes. The patients were
categorized by strabismus type into esotropia, fourth nerve
palsy, and mixed groups. Surgical success was defined as final
alignment within 10* of orthotropia and, where applicable,
whether there was resolution of abnormal head posture of
ocular origin. Patients with postoperative follow-up <6 months
were excluded. Results: A total of 37 patients (21 females) were
included. Of these, 22 (59.5%) were in the esotropia group, 10
(27.0%) in the fourth nerve palsy group, and 5 (13.5%) in the
mixed group. The surgical success rate in the esotropia group
was 86.4%, with a mean preoperative deviation of 35.2 (+ 6.5),
and mean surgical correction of 30.1 (+ 10.4)". The success
rate in the fourth nerve palsy group was 40.0%, with a mean
preoperative deviation of 10.4 (+ 4.3)%. Overall, success was
achieved with a single surgical procedure in 73.0% of the sample.
No significant associations were found between surgical success
and the clinical and demographic variables, including sex, age
atsurgery, oblique muscle overaction, pattern strabismus, visual
acuity, amblyopia, preoperative deviation, or postoperative
follow-up duration (p>0.05). Conclusions: When standard
surgical tables are applied, strabismus surgery in patients with
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Down syndrome appears to be safe and effective. We found
high success rates, particularly among patients with esotropia.
We observed no tendencies toward over- or under-correction.
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INTRODUCTION

Down syndrome (DS) is among the most common
genetic disorders, with an incidence of approximately 1
in 691 live births®. Children with DS commonly present
with multiple systemic and developmental abnormalities.
These can include congenital heart defects, gastrointes-
tinal malformations, hypothyroidism, celiac disease, and
varying degrees of neuropsychomotor delay-.

The development of the visual and oculomotor systems
in individuals with DS differs substantially from that in
the general population”. Ophthalmological disorders are
particularly common and can include refractive errors,
palpebral fissure abnormalities, iris anomalies, and
ocular misalignment. Strabismus is also a common ocular
manifestation of DS, with a reported incidence ranging
from 19-42%%'". This is significantly higher than the
1-5% incidence in the general population>'?. A Brazilian
study of 152 children with DS found a strabismus rate of
38%, with most cases being acquired esotropia®.

Strabismus can significantly affect both visual func-
tion and quality of life, particularly in children with
developmental delays"®. While surgical correction is
generally well tolerated and effective, the outcomes can
be somewhat less predictable in this population®.

This study aimed to evaluate the outcomes of strabis-
mus surgery in patients with DS treated at an ophthal-
mology outpatient clinic in Sdo Paulo, Brazil.
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METHODS

We conducted a retrospective chart review of pa-
tients with DS seen at the ophthalmology outpatient
clinic Novo Olhar-Fundacdo Dr. Marcelo Cunha and
the Associacdo de Pais e Amigos dos Excepcionais in Sao
Paulo, Brazil, between January 1997 and May 2024.
We collected clinical and demographic data, including
age, sex, diagnosis, medical history, family medical
history, ocular history, ophthalmic examination results,
treatments performed (including surgeries), postopera-
tive follow-up durations, and outcomes. The study was
conducted in accordance with the 1964 Declaration of
Helsinki and its later revisions. 1t was approved by the
Research Ethics Committee of the Associacao de Pais e
Amigos dos Excepcionais (approval no. 5.721.152).

The inclusion criteria were a diagnosis of DS, a
diagnosis of strabismus, strabismus surgery, and a
postoperative follow-up duration of at least 6 months.
Patients without a diagnosis of DS, who did not undergo
strabismus surgery, or whose postoperative follow-up
was <6 months, were excluded. Both children and
adults with DS were included in our sample. Ocular
alignment was assessed using the alternate prism cover
test or, in patients with poor fixation or collaboration in
both primary and cardinal gaze positions, the Krimsky
test. All motor evaluations were conducted with
corrected visual acuity when necessary. The patients
were classified into three groups based on strabismus
type: esotropia, fourth nerve palsy, and mixed. The
mixed group comprised patients with intermittent
exotropia, sixth nerve palsy, and monocular elevation
deficiency. Esotropia was categorized as infantile if it
began before 6 months of age or acquired if it developed
after 6 months. Fourth nerve palsy was diagnosed using
the Parks-Bielschowsky three-step test"®.

All of the participants with esotropia underwent
bilateral medial rectus recession based on standard sur-
gical tables®. The surgical plan for those in the fourth
nerve palsy group followed the guidelines proposed by
Souza-Dias!"”. The surgeries were performed by several
different surgeons on our team.

The extent of surgical correction was assessed by
comparing each patient’s preoperative deviation with
their final postoperative alignment. For patients with
esotropia, the surgical dose-response was calculated by
dividing the surgical correction by the sum in millime-
ters (mm) of the correction in both eyes. Surgical success
was defined as final alignment within 10 prism diopters
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(*) of orthotropia. Where applicable, surgical success
also included resolution of any abnormal head posture
of ocular origin.

Categorical data were presented as counts and per-
centages, and continuous data as means and standard
deviations (range). Statistical tests were performed using
R1 or SPSS for Windows, v. 25 (IBM Corp., Armonk,
NY, USA). All statistical analyses were performed using
a two-tailed alpha of 0.05 (p-value) and a 95% confi-
dence interval. The relationships between quantitative
and qualitative variables were assessed using the Mann-
Whitney U-test or the Wilcoxon test for two variables,
and the Kruskal-Wallis test for three or more variables.

RESULTS

A total of 37 patients (21 female) met the inclusion
criteria. Of these, 22 (59.5%) were in the esotropia
group, 10 (27.0%) were in the fourth nerve palsy group,
and 5 (13.5%) were in the mixed group.

Of the 22 patients (14 female) with esotropia, 10
(45.5%) had infantile esotropia and 12 (54.5%) had
acquired esotropia. The mean age at surgery was 8.3
(£ 6.0) (2.3-30.4) years. Ten (45.5%) patients had pattern
strabismus (seven A-pattern and three V-pattern), and
5 (22.7%) had oblique muscle overaction. The mean
spherical equivalent (SE) was 1.6 (£ 3.8) (—6.3-6.4)
diopters (SE) in the right eye, and 1.6 (+ 3.9) (=7.3-7.3)
diopters in the left eye. The mean visual acuity was 0.3
(+ 0.3) (0-1.1) logMAR in the right eye, and 0.4 (+ 0.3)
(0-1) logMAR in the left eye. The mean preoperative
deviation in the esotropia group was 35.2 (+ 6.5) (25-50)
4, The mean surgical correction was 30.1 (+ 10.4) (0-50)*,
and the mean surgical dose-response was 2.8 (+ 1.0)
(0-4.2)/ mm. The mean postoperative deviation was
5.3 (x 7.4) (0-30)*. The mean postoperative follow-up
duration was 6.8 (+ 6.1) (0.5-22.0) years. We achieved
surgical success in 19 (86.4%) patients. The remaining
three (13.6%) had residual esotropia. There were no
instances of overcorrection in the esotropia group. Table 1
presents preoperative, surgical, and postoperative data
for the esotropia group.

Among the 10 participants (six male) in the fourth
nerve palsy group, the mean age at which strabismus
was diagnosed was 12.0 (+ 10.1) (4.0-24.0) months, and
the mean age at surgery was 5.6 (+ 4.8) (1.1-16.7) years.
All of the fourth nerve palsy patients had overaction
of one inferior oblique muscle, and none had pattern
strabismus. The mean SEs were 0.5 (+ 3.9) (—9.5-4.5)
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diopters in the right eye, and —0.2 (£ 4.3) (—11.0-4.8)
diopters in the left eye. The mean visual acuity was 0.6
(£ 0.2) (0.3-0.8) logMAR in the right eye, and 0.6 (+ 0.1)
(0.5-0.9) logMAR in the left eye. The mean preoperative
vertical deviation was 10.4 (+ 4.3) (3.0-15.0)*. All of
the participants in the fourth nerve palsy group had an
abnormal head position of ocular origin. The mean pos-
toperative follow-up duration was 5.7 (+ 4.8) (0.6-17.3)
years. At the final postoperative visit, 4 (40.0%) of the
10 had deviations <10* with resolution of the abnormal
head position. Three of the patients developed esotropia
postoperatively, and two suffered an increase in preexis-
ting esotropia.

Of the six patients with unsuccessful surgical out-
comes for the correction of fourth nerve palsy, three

Table 1. Preoperative, intraoperative, and postoperative data of patients
in our sample with esotropia

Preoperative deviation, PD

Mean + SD 35.2 +£ 6.5
Final postoperative deviation, PD

Mean + SD 53+7.4

Surgical correction, PD

Mean + SD 30.1 + 10.4
Surgical dose-response, PD/mm

Mean + SD 28+1.0

Surgical success, % 86.4

PD= prism diopters; SD= standard deviation.

underwent a second procedure and achieved deviations
<10* with resolution of the abnormal head position.
One of these was lost to postoperative follow-up, while
the other two remain under observation. Table 2 pre-
sents the preoperative, surgical, and postoperative data
of the fourth nerve palsy group.

In the mixed group, three patients had intermittent
exotropia, one had sixth nerve paresis, and one had
monocular elevation deficiency. Among these, only the
participant with monocular elevation deficiency did
not achieve satisfactory surgical outcomes. This patient
subsequently underwent a second procedure, which
resulted in improved ocular alignment. Table 3 presents
the data of the mixed group.

Overall, 73.0% of the patients in our sample achie-
ved surgical success with one procedure. No significant
association was found between the surgical group and
success (p>0.05). Similarly, no significant differences in
surgical success were found based on sex, age at surgery,
diagnosis, oblique muscle overaction, the presence of
pattern strabismus, visual acuity, amblyopia, SE, preo-
perative deviation, or postoperative follow-up duration.

DISCUSSION

Strabismus is a common disorder in patients with DS,
yet there have been relatively few studies on the surgical

Table 2. Preoperative, intraoperative, and postoperative data of patients in our sample with fourth nerve palsy

Age at surgery  Preoperative Postoperative  Postoperative follow-up Resolution of abnormal
Patient Sex (years) deviation (PD) Surgery type deviation (PD) duration (years) head position
23 F 2.0 LHT 15 Myectomy LIO RHT 4 8.3 No
10.3 RHT 4 RSR Rc 6.0 mm Orthotropic 5.9 Yes
24 M 1.1 LHT 12 LIO Rc 14.0 mm LHT 15 1.4 No
2.5 LHT 15 LSR Rc 4.5 mm Orthotropic 8.6 Yes
25 M 4.7 RHT 3 RIO Rc 10.0 mm Orthotropic 8.0 Yes
ET 30 BMRR 5.0 mm
26 M 4.8 LHT 8 LIO Rc 12.0 mm Orthotropic 0.6 Yes
XT 20 LLR Rc 8.0 mm
27 F 9.6 LHT 6 Rc RIR 4.0 mm ET 35 17.3 No
ET6
26.9 ET 35 BMRR 5.5 mm Orthotropic 0.2 Yes
28 F 16.7 RHT 12 RIO Rc 14.0 mm ET 10 2.3 No
29 M 3.0 LHT 15 Myectomy LIO Orthotropic 3.3 Yes
30 M 3.4 RHT 15 RIO Rc 14.0 mm ET 30 5.5 Yes
31 M 8.9 RHT 6 Myectomy RIO ET 15 BA! Yes
ET 10
32 F 2.3 LHT 12 LIO Rc 14.0 mm ET 10 4.8 Yes

BMRR= bilateral medial rectus recession; ET= esotropia; F= female= LHT= left hypertropia; LIO= left inferior oblique; LLR= left lateral rectus; LSR= left superior rectus; M= male;
PD= prism diopters; Rc= recession; RHT= right hypertropia; RIO= right inferior oblique; RIR= right inferior rectus; RSR= right superior rectus; XT= exotropia.
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Table 3. Preoperative, intraoperative, and postoperative data of patients in our sample with mixed type strabismus

Age at surgery  Preoperative Postoperative  Postoperative follow-up
Patient Sex Diagnosis (years) deviation (PD) Surgery type deviation (PD) duration (years)
33 F Intermittent exotropia .5 X(T) 40 * LLR Rc 8.0 mm, LMR Rs 7.0 mm Orthotropic 0.6
34 M Intermittent exotropia 8.6 X(T) 25 * BLRR 6.5 mm Orthotropic 6.6
35 F Intermittent exotropia 6.1 X(T) 20 * BLRR 5.5 mm X(T) 10 3.0
36 F Right monocular elevation 3.7 RHoT 20 Right Knapp procedure RHoT 20 0.5
deficit

4.3 RHoT 20 Rc LSR 6.0 mm Orthotropic 1.0

37 M Bilateral sixth nerve palsy 44.2 ET 90 BMRR 10.0 mm XT 10 10.2

BLRRs 13.0 mm

BLRR= bilateral lateral rectus recession; BMRR= bilateral medial rectus recession; ET= esotropia; F= female; LLR= left lateral rectus; LMR= left medial rectus; LSR= left superior rectus;
M= male; PD= prism diopters; RHoT= right hypotropia; Rc= recession; Rs= resection; X(T)= intermittent exotropia; XT= exotropia.

* Predominance of tropia.

correction of strabismus in this population. Our study
provides insights into the surgical outcomes of strabis-
mus treatment in patients with DS.

Although ocular misalignment is prevalent in children
with developmental delays, the potential for binocular
fusion can be preserved. This has important implications
for the visual function and overall quality of life of such
children™. Previous reports suggest that the surgical
outcomes of strabismus correction in patients with
developmental delays can be somewhat unpredictable.
With adjusted surgical doses, success rates ranging from
37.5% to 86.0% have been reported®. In the present
study, successful outcomes were achieved in the majo-
rity of patients (73.0%) using standard surgical tables. In
those with esotropia, the success rate was 86.4%. Other
studies of esotropia correction surgery in patients with
DS have also demonstrated good results using standard
values. Like us, these studies also found no significant
tendencies toward over- or under-correction®'%9-22_ Hiles
et al.® reported satisfactory postoperative alignment
(within 122 of orthotropia) in 10 DS patients with eso-
tropia using the standard surgical dosages applied to ty-
pically developing children. An evaluation of 21 patients
with DS and esotropia by Ruttum et al."? reported that
14 achieved postoperative alignment within 10* of or-
thotropia, five had residual deviations between 11 and
204, and two had residual deviations >20* after a mean
follow-up of 39 months. Yahalom et al."? retrospectively
analyzed 15 children with DS and esotropia. Alignment
within 10* was achieved in 85.7% of these following
standard surgical protocols, with no trend toward over-
correction. Similarly, a study that compared 17 patients
with DS and 27 controls undergoing surgery for esotro-
pia reported comparable surgical success rates (76% in
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the DS group vs. 78% in the control group). This further
supports the efficacy of standard surgical techniques in
patients with DS®". Another case-control study of bila-
teral medial rectus recession for esotropia compared 21
patients with DS and 42 age-matched controls. There
were no significant differences between the two groups
in either preoperative deviations or surgical outcomes,
with success rates of 80.9% and 83.3%, respectively®?.

In the present study, the surgical dose-response for
medial rectus recessions was 2.8%/mm. In a study by
Motley et al.??, it was 4.4%/mm. These values are com-
parable to those given by standard surgical dose tables,
as well as values obtained in studies of children without
developmental delays®232%. Table 4 summarizes cur-
rent research on the surgical correction of esotropia in
patients with DS®10.19-22,

A non-surgical approach to the management of eso-
tropia is botulinum toxin injection. A multicenter retros-
pective study of 53 patients with DS and esotropia (23
treated with conventional surgery and 30 with botuli-
num toxin injection) found a median preoperative angle
of deviation of 30.0% in the surgery group and 37.5% in
the botulinum toxin injection group, with no significant
difference between the two. Conventional surgery re-
sulted in a significantly higher success rate (65%) than
botulinum toxin injection (30%) (p=0.011)2%:

Although a previous study has reported a correlation
between hyperopia and esotropia in patients with DS?,
we found no relationship between refractive errors and
surgical outcomes following esotropia correction.

There are a variety of possible contributors to ab-
normal head position in patients with DS, including
skeletal, muscular, neurological, and otolaryngologic
issues, and problems with the extraocular muscles. In
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Table 4. Studies on strabismus surgery for esotropia in patients with Down syndrome

Age at surgery Postoperative Surgical
Participants  (months [m] and/or years [y]) Surgery* follow-up (months success**
Authors n mean (range) Strabismus type n x type [m] and/or years [y]) %
Hiles et al.®) (1974) 10 3(1-7)y Not mentioned 9 x BMRR Not mentioned 90.0
1T x SMRR
Ruttum et al."? (2004) 21 55 (+35) m Not mentioned 17 x BMRR Mean 39 (+36) 66.7
(11-140 m) 2 xR+R (11-131) m
2 x Unknown
Yahalom et al."® (2010) 15 6.2 (1.2-24.9) y 14x infantile esotropia 12 x BMRR >6 m 85.7
1x partially accommodative 3 x R+R
esotropia
Motley et al.?” (2012) 16 Median 4.1y Not mentioned BMRR 24 m Success rates
(interquartile range, 3.2-6.8) y not given
Perez et al.?" (2013) 17 59 (+3.8)y @mto 15y) 10 x infantile esotropia BMRR 54y 76.0
7 x acquired esotropia (range, 6 m to 16 y)
Gurez et al.?? (2018) 21 7.37 (£4.81) (2-17)y 14 x infantile esotropia BMRR 1y 80.9
7 x acquired esotropia
Present study (2025) 22 8.3 (+6.0) (2.3-30.4) y 10 x infantile esotropia BMRR 6.8 (+3.0)y 86.4

12 x acquired esotropia

(range, 0.51-22'y)

BMRR= bilateral medial rectus recession; R+R= medial rectus recession and lateral rectus recession; SMRR= single medial rectus recession.
* Standard surgical tables used (only Ruttum et al.", in which surgical methodology is not described).
** Surgical success=within 10" of orthotropia (except Hiles et al.®, in which success=within 12" of orthotropia).

a retrospective study of 259 patients with DS, abnor-
mal head position was observed in 24.7%. Incomitant
strabismus was found to be the most common cause,
followed by nystagmus®®. Other factors that have been
found to contribute to abnormal head position include
macroglossia, atlantoaxial instability, and cervical mus-
cle contracture®”. All of these are common in patients
with fourth nerve palsy. When these factors are present,
they can prevent complete resolution of abnormal head
position following strabismus surgery. Among patients
with DS and abnormal head positions, the underlying
cause is unidentified in approximately 19%%. In our
study, four (40%) of the patients in the fourth nerve
palsy group had deviations <10* and resolution of their
abnormal head position at the final postoperative visit,
with no further surgery required. Two (20%) had devia-
tions <10* without abnormal head position resolution.
One of these two had no vertical deviation, possibly due
to cervical muscle contracture, while the other showed
improvement in their abnormal head position after a
second surgical procedure.

After the first surgery, half of the patients in the
fourth nerve palsy group developed an increase in
convergent deviation (three developed postoperative
esotropia, and two exhibited an increase in preexisting
esotropia). Additionally, one experienced vertical devia-
tion reversal and was diagnosed with masked bilateral

fourth nerve palsy. This underscores the importance
of informing caregivers about the potential need for
a second surgical intervention. Notably, we found no
other studies that specifically address fourth nerve palsy
surgery in patients with DS.

Divergent strabismus is much less common than
other strabismus types in patients with DS, with an
incidence of just 1%®. In the mixed group, the three
patients with intermittent exotropia all achieved surgi-
cal success (two who underwent bilateral lateral rectus
recession, and one who underwent recession-resection),
using standard surgical protocols. Similar results have
previously been reported in three patients with DS who
attained successful surgical outcomes for exotropia®.
Two of these patients underwent bilateral lateral rectus
recession, while one underwent recession-resection.
All achieved alignment within 10* of orthotropia using
standard techniques.

Our study had some limitations. Its retrospective de-
sign and small sample size will have limited the statistical
power of the analysis. Additionally, many of the patients
in our study were treated within the public healthcare
system, where access to surgery is more limited and
delays in treatment are common due to comorbidities.
This may also explain the higher age at surgery in our
cohort compared with those in other studies, and could
potentially have affected the results and success rates.
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Despite these limitations, this study provides valuable
insights into the outcomes of strabismus surgery in
patients with DS. Strabismus can significantly affect
visual development and quality of life"®. Therefore, its
treatment is important to the development and vision
of these patients. Our findings support the safety and
effectiveness of strabismus surgery in this population
using standard values, and demonstrate that there is
no surgical tendency toward either over- or under-
correction.
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