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Purpose: To investigate the clinical features of strabismus in patients with congenital optic disc anomaly and compare and 
analyze the characteristics of patients who showed changes in the strabismus pattern with those who did not.

Methods: Medical records of the patients who were diagnosed with both strabismus and congenital optic disc anomaly and 
followed-up for ≥1 year were reviewed retrospectively. Clinical characteristics and ophthalmic features at the initial visit and 
final follow-up were assessed. Patients with a change in the direction of strabismus or a difference of >10 prism diopters in 
the deviation angle during the follow-up period were allocated to the changed group. The remaining patients were assigned 
to the unchanged group. The clinical characteristics of the two groups were compared. 

Results: Twenty-eight patients (15 boys) were included (mean age, 39.0 months; range, 5–150 months). Three (10.7%) pa-
tients were born preterm and four (14.3%) had other underlying systemic disease. Sixteen (57.1%) patients had exotropia, and 
12 (42.9%) had esotropia. Concurrent vertical strabismus was present in three (10.7%) patients. Strabismus features changed 
in 14 (50.0%, changed group) patients and remained unchanged in 14 (50.0%, unchanged group) patients. Age, sex, and later-
ality did not differ between groups. Preterm birth history (n = 3) and combined systemic disease (n = 4) were only observed in 
the changed group (p = 0.111 and p = 0.049, respectively).

Conclusions: Considering the possibility of changes in strabismic features, close monitoring of patients with strabismus com-
bined with congenital disc anomaly is essential, particularly in those with preterm birth history or underlying systemic condi-
tions.
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Congenital optic disc anomalies underlie cases of de-
creased visual acuity, strabismus, and nystagmus in child-

hood. These include optic nerve hypoplasia, excavated op-
tic disc anomalies including morning glory syndrome, 
coloboma, tilted disc, and myelinated nerve fibers [1]. In 
addition, such anomalies are a possible cause of superim-
posed amblyopia and strabismus due to sensory depriva-
tion, particularly in cases of unilateral structural abnor-
mality [2]. 

Congenital optic disc anomaly accompanies strabismus 
in 53% to 71% of patients [3-5]. The high prevalence of 
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strabismus and the risk of low visual acuity necessitates 
early detection and proper management to facilitate the 
development of the visual function. Strabismus surgery 
can also be considered. Some studies have shown that stra-
bismus is associated with congenital optic nerve abnormal-
ities, but studies on longitudinal changes of strabismus are 
lacking.

In this study, we aimed to investigate the clinical charac-
teristics of strabismus in patients diagnosed with congeni-
tal optic disc anomalies from a longitudinal perspective. 
We further aimed to evaluate the characteristics of patients 
who experienced changes in the features of strabismus, 
following its conservative management during the study 
period.

Materials and Methods

Ethics statement

The institutional review board in Pusan National Uni-
versity Hospital (2103-002-100) approved this study and 
the procedures used in this study conformed to the princi-
ples of the Declaration of Helsinki. Given the retrospective 
nature of this study, the need for informed consent was 
waived.

Patients’ selection 

The medical records of patients aged <14 years who were 
diagnosed with both strabismus (horizontal strabismus ≥10 
prism diopters [PD] or any vertical strabismus) and con-
genital optic disc anomaly at our hospital between January 
2005 and May 2019 and followed up for ≥1 year were ret-
rospectively reviewed. Each patient underwent a proper 
systemic workup, including radiological imaging or labo-
ratory tests related to their congenital disc anomaly.

Ophthalmic examination

Slit-lamp and fundus examinations were performed to 
assess any combined ocular anatomical abnormalities. The 
refractive error, as determined using cycloplegic refraction 
(three drops of 1% cyclopentolate hydrochloride in each 
eye, with retinoscopy, conducted 30 min after administra-
tion of the initial drop), was recorded as spherical equiva-

lent (SE) values. Significant refractive error included hy-
peropia (SE ≥+1.5 diopters [D]), myopia (SE ≤-1.5 D), high 
astigmatism (Dcyl ≥3.0 D) in at least one eye, and 
anisometropia (SE difference between both eyes ≥2.0 D). 
Visual acuity was measured using a Snellen visual acuity 
chart in cooperative children and was converted to loga-
rithm of the minimum angle of resolution. Poor visual 
acuity, which cannot be represented by numbers, was con-
verted as follows: counting fingers, 2; hand motion, 3; light 
perception, 4; and non-light perception, 5 [6]. The devia-
tion angle was measured using a prism and alternate cover 
test. The Krimsky test was used in cases of non-coopera-
tive or poor-fixating patients. Duction and version were 
also assessed. Refractive errors were corrected, and occlu-
sion therapy was applied in cases of amblyopia.

The patients’ clinical information, including sex, age, 
birth history, and systemic disease, and ophthalmic fea-
tures, including the type of strabismus, deviation angle, 
abnormal ocular movement, refractive error, and visual 
acuity, at the initial visit and final follow-up were assessed. 
In patients who underwent strabismus surgery, the record 
immediately before surgery was used as the final follow-up 
observation. Since the children were often young and un-
able to cooperate at the time of recruitment, the initial vi-
sual acuity measurements during the observation period 
were analyzed separately. 

Statistical analysis

Patients with a change in the direction of the strabismus 
or a change >10 PD in the deviation angle from the initial 
to the final presentation were allocated to the changed 
group. The remaining patients were assigned to the un-
changed group. Fisher exact test and the Mann-Whitney 
U-test were used to compare the two groups. IBM SPSS 
Statistics ver. 21.0 (IBM Corp., Armonk, NY, USA) was 
used for all statistical analyses, and p-values ≤0.05 were 
considered statistically significant. 

Results 

A total of 28 patients (15 boys and 13 girls) were includ-
ed in the study. The mean age was 39.0 months (range, 
5–150 months). Twenty-three (82.2%) patients had unilat-
eral optic disc anomalies and five (17.9%) had bilateral disc 
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anomalies. The diagnosis of the anomaly was optic nerve 
hypoplasia in ten (35.7%) patients, morning glory syn-
drome in nine (32.1%), coloboma in three (10.7%), myelin-
ated nerve fiber in three (10.7%), optic disc atrophy in one 
(3.6%), tilted optic disc in one (3.6%), and vacant disc in 
one (3.6%). Three (10.7%) patients were born preterm, and 
four (14.3%) had other underlying systemic diseases, in-
cluding epilepsy, cerebral palsy, Kabuki syndrome, and 
Cornelia de Lange syndrome (all n = 1).

Myopia, which was observed in 14 (50.0%) patients, was 
the most common significant refractive error. Hyperopia 

was observed in six (21.4%) patients, high astigmatism was 
observed in one patient (3.6%), and anisometropia was ob-
served in 11 (39.3%) patients. The mean visual acuity of 
the worse eye was 1.60 (range, 0–4), which was initially 
assessed in 14 patients. During the follow-up observations, 
visual acuity measurements were available for 24 patients; 
eight (28.6%) of these patients presented with increased vi-
sual acuity compared to the initial presentation. 

Sixteen (57.1%) patients had exotropia and 12 (42.9%) 
had esotropia. Concurrent vertical and horizontal strabis-
mus was observed in three (10.7%) patients. The clinical 

Table 2. Clinical features of the patients in the two groups according to the change of strabismus

Unchanged (n = 14) Changed (n = 14) p-value
Age (mon) 37.5 (5–109) 40.4 (5–150) 0.839
Sex (male : female) 9 : 5 6 : 8 0.225
Laterality 0.163

Unilateral 10 (71.4) 13 (92.9)
Bilateral 4 (28.6) 1 (7.1)

Optic disc pathology
Optic nerve hypoplasia 7 (50.0) 3 (21.4)
Morning glory syndrome 5 (35.5) 4 (28.6)
Coloboma 1 (7.1) 2 (14.2)
Myelinated nerve fiber 0 (0) 3 (21.4)
Optic disc atrophy 0 (0) 1 (7.1)
Tilted optic disc 1 (7.1) 0 (0)
Vacant disc 0 (0) 1 (7.1)

Preterm birth 0 (0) 3 (21.4) 0.111
Systemic disease 0 (0) 4 (28.6) 0.049
Refractive error

Worse eye (SE) -0.705 (-7.0–+9.3) -1.43 (-10.4–+13.9) 0.667
Better eye (SE) 0.429 (-4.75–+5.75) 0.723 (-1.25–+4.25) 0.946

Type of strabismus 0.352
Exotropia 7 (50) 9 (64.3)
Esotropia 7 (50) 5 (35.7)
Combined vertical strabismus 1 (7.1) 2 (14.3) 0.500

Ocular deviation at initial visit (PD) 23.36 (10–50) 21.07 (10–50) 0.667
Visual acuity at final visit

Worse eye (logMAR) 1.83 (0–5.0) 1.67 (0.2–5) 0.932
Better eye (logMAR) 0.23 (0–1.0) 0.05 (0–0.2) 0.291

Follow-up period (mon) 37.8 (12–122) 46.7 (12–138) 0.104

Values are presented as mean (range), number, or number (%); Change of strabismus was defined as change in the direction of the strabis-
mus or a change of >10 PD in the deviation angle comparing the initial and final presentation.
SE = spherical equivalent; PD = prism diopters; logMAR = logarithm of the minimum angle of resolution.
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characteristics of the patients are presented in Table 1.
Strabismus features changed in 14 (50.0%, changed 

group) patients, and remained unchanged in 14 (50.0%, un-
changed group). The direction changed in six (42.9%) pa-
tients. Esotropia changed to exotropia in three patients and 
dissociated vertical deviation in one patient. Exotropia 
changed to esotropia in one patient and dissociated vertical 
deviation in one patient. The deviation angle changed in 
eight (57.1%) patients. Esotropia decreased in one patient. 
Exotropia increased in three patients and decreased in four 
patients. Age, sex, and laterality did not differ between the 
two groups. Preterm birth history and combined systemic 
disease were only observed in the changed group (p = 0.111 
and p = 0.049, respectively). Ophthalmologic characteris-
tics, including refractive error, type, and degree of strabis-
mus, and final visual acuity did not differ between the 
groups. The follow-up period was 37.8 months (range, 12–
122 months) in the unchanged group and 46.7 months 
(range, 12–138 months) in the changed group and did not 
significantly differ between the groups (Table 2). 

Discussion

In our study, optic nerve hypoplasia was the most com-
mon congenital optic disc anomaly, and myopia was the 
most common refractive error. Overall, changes in strabis-
mus features were observed in 50% of the patients. While 
there was no difference in ophthalmic characteristics 
among these patients, all patients with a history of preterm 
birth or systemic disease exhibited features of changed 
strabismus. 

Similar frequencies of exotropia and esotropia were ob-
served. Both exotropia and esotropia are predominantly 
observed in patients with congenital optic disc anomalies 
[3,4,7,8]. Myopia was the most common refractive error in 
our study. There are several previous reports of refractive 
errors in patients with congenital optic disc anomalies 
[4,5,7,9]. The diagnosis was heterogeneous and the rate of 
specific refractive error of each diagnosis was not analyzed 
individually because we recruited patients with both con-
genital optic disc anomaly and strabismus. This may ex-
plain the diversity of previous reports of refractive errors. 
Nevertheless, the high frequency of significant refractive 
errors and anisometropia suggests that proper refractive 
inspection and vigorous correction of refractive errors are 

necessary. 
Twenty-nine percent of patients exhibited improvement 

in visual acuity from the first visual acuity measurement to 
that at the final follow-up, and the remaining patients exhib-
ited no increase in visual acuity despite amblyopia treat-
ment. This may be considered a poor prognosis but also 
highlights the possibility of enhancement of visual function 
in certain patients. A congenital optic disc anomaly can be 
superimposed with functional amblyopia [2]. Even if the 
amblyopic eye had structural abnormalities, amblyopia 
treatment could achieve increased visual acuity [10].

The angle of strabismus increased or decreased, and the 
direction of strabismus also changed, which appeared in 
various ways. There are some previous reports about the 
progression of strabismus [11,12]. VanderVeen et al. [12] re-
ported that strabismus observed in high-risk retinopathy of 
prematurity patients disappeared within 1 year of age in 
30% of patients. They also suggested that stability of ocu-
lar alignment could be delayed, owing to either ocular or 
developmental abnormalities as the cause. Similarly, 
younger age at the initial visit was strongly associated with 
an increased probability of spontaneous resolution of es-
otropia in a PEDIG study. The authors argued that this 
correlation is related to the immaturity of the ocular motor 
system [13]. It can be presumed that the change in clinical 
features of strabismus may be caused by the natural course 
of strabismus itself over time or related to changes in visu-
al function following the treatment of amblyopia.

It is not uncommon for congenital optic nerve malfor-
mations to be accompanied by ophthalmic abnormalities 
or systemic diseases. Furthermore, Brodsky [14] noted that 
the subclassification of various forms of colobomatous de-
fects has been updated to predict the likelihood of related 
central nervous system abnormalities based on the appear-
ance of the optic disc. A previous report found that devel-
opmental delay (32%), cerebral palsy (13%), and seizures 
(12%) were present in combination with optic nerve hypo-
plasia [4]. Mental-motor retardation, cerebral palsy, hydro-
cephalus, and epilepsy were also reported in 42.9% of pa-
tients with bilateral optic disc pathology and strabismus 
[7]. This study differed from our study in that it included 
both acquired optic disc atrophy and congenital optic 
nerve disease, but a high frequency of systemic disease 
suggests that a multidisciplinary approach is needed in 
these patients. 

We included a patient with optic disc atrophy. Both optic 
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nerve hypoplasia and optic atrophy could present during 
the gestational period, depending on the timing of the in-
sult [15]. Since the patient was preterm, had epilepsy as a 
combined systemic disease, and had no other relevant sec-
ondary disease that could result in optic disc atrophy after 
birth, optic disc atrophy was considered a congenital defi-
cit in this patient. 

Our study has some limitations. First, as a retrospective 
study, the duration of follow-up was not consistent among 
patients. Second, because the number of patients was 
small, a detailed analysis of each optic nerve anomaly was 
not possible. A further large-scale study could overcome 
these limitations and add significance to this paper.

A significant number of patients exhibited clinical fea-
tures of strabismus, and both the deviation angle and the 
direction of the strabismus changed either in the amount or 
the direction of the ocular deviation. Some patients exhib-
ited improved visual acuity during the follow-up period. 
This suggests that the diagnosis and treatment of strabis-
mus should be carefully determined in these patients. In 
addition, this study emphasizes that the changes are dis-
tinct among patients with systemic disease. Patients with 
accompanying systemic disease are often less cooperative, 
and therefore, ophthalmic evaluation is often delayed or 
forgone. However, active evaluation and treatment without 
omission should be considered. 

In conclusion, careful monitoring is essential during 
identification and management of patients with strabismus 
accompanied by congenital optic nerve anomalies, consid-
ering the possibility of a significant change in the clinical 
features of strabismus, particularly in cases of a history of 
preterm birth or accompanying systemic disease.
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