
pina bifida is a congenital disorder caused by the incomplete fusion of
the embryonic neural tube during spinal cord development. This cen-
tral nervous system anomaly is associated with considerable morbid-

ity and mortality.1,2 Spina bifida is the most common congenital defect
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Ocular Findings in Spina Bifida

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  To investigate the various ocular findings associated with spina bifida. MMaa--
tteerriiaall  aanndd  MMeetthhooddss:: This study is a retrospective study which included 122 patients (56 female pa-
tients and 66 male patients) with spina bifida who were referred to Ophthalmology Department for
ophthalmologic evaluation between 2015 and 2017. All patients had shunt replacement surgery by
Neurosurgery Department before the ophthalmic examinations. RReessuullttss::  Results of the Hirschberg
and cover tests showed that 49 (40.5%) patients had strabismus and 72 (59.5%) patients did not have
strabismus. The mean spherical equivalent refraction was +1±2.01 D in the right eyes and+1.12±1.97
D in the left eyes. The mean astigmatism was-1.04±0.92 D in the right eyes and-1.08±0.95 D in the left
eyes. Hypermetropia was common (80%) among the patients with esotropia in the left eye, myopia was
common (75%) among the patients with exotropia in the left eye. There was a statistically significant
relationship between the spherical equivalent refraction of the left eye and strabismus type
(X2=5.695; p=0.045). Funduscopic examination detected unilateral optic atrophy in three (2.5%) pa-
tients, bilateral optic atrophy in six (4.9%) patients, and bilateral papilledema in three (2.5%) pa-
tients. Strabismus was more common in patients with fundus abnormalities (n=8, 66.7%).
CCoonncclluussiioonnss::  Ocular findings such as strabismus and refractory error are very common in patients
with spina bifida. Therefore, these patients should be followed up closely after birth for abnormal
ocular findings by a team of ophthalmologists and neurosurgeons.

KKeeyywwoorrddss::  Spina bifida; neural tube defect; strabismus; refractive error

ÖÖZZEETT  AAmmaaçç::  Spina bifidalı hastalarda görülen çeşitli oftalmik bulguların sıklığını değerlendirmek
GGeerreeçç  vvee  YYöönntteemmlleerr:: Bu çalışma 2015-2017 yılları arasında oftalmolojik muayene amaçlı Oftalmo-
loji Departmanı'na refere edilmiş 122 hastayı (56 kadın, 66 erkek) içeren retrospektif bir çalışmadır.
Tüm hastalar oftalmolojik muayene öncesi Beyin ve Sinir Cerrahisi Departmanı tarafından şant
replasmanı uygulanmış hastalardır. BBuullgguullaarr:: Hirschberg ve kapama testinde 49 (40.5%) hastada
kayma saptanmış, 72 (%59,5) hastada kayma saptanmamıştır. Ortalama sferik ekivalan sağ gözlerde
+1±2,01 D, sol gözlerde+1,12±1,97 D olarak saptanmıştır. Ortalama astigmatizma sağ gözlerde -
1,04±0,92 D, sol gözlerde -1,08±0,95 D olarak bulunmuştur. Sol gözlerde ezotropyası olan hasta-
larda hipermetropi (%80) oranı yüksekti, ekzotropyası olan hastalarda ise miyopi (%75) oranı
yüksekti. Sol gözlerde sferik ekivalan refraksiyonu ve kayma tipi arasındaki ilişki istatistiksel ola-
rak anlamlıydı (X2=5,695; p=0,045). Fundus incelemesinde 3 hastada (%2,5) tek taraflı optik atrofi,
6 (%4,9) hastada çift taraflı optik atrofi, 3 (%2,5) hastada çift taraflı papilödem saptanmıştır. Anormal
fundus bulgusu olan hastalarda olmayanlara göre kayma daha sıktı (n=8, %66,7). SSoonnuuçç:: Kayma, ref-
raktif bozukluklar gibi göz bulguları spina bifidalı hastalarda oldukça sık görülmektedir. Bu hastalar
anormal göz bulguları açısından doğumdan itibaren oftalmologlar ile beyin ve sinir cerrahlarından olu-
şan bir ekip tarafından yakından takip edilmelidir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Spina bifida; nöral tüp defekti; şaşılık; refraksiyon kusuru
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affecting the central nervous system and the most
complex congenital defect compatible with life.3

The incidence of spina bifida varies among coun-
tries and geographic regions, with the mean inci-
dence being 4.7 per 10,000 live births worldwide.4

Babies with spina bifida may develop various oph-
thalmic findings such as primary optic atrophy; pa-
pilledema with secondary optic atrophy; extrao-
cular muscle palsies; and damage in the optic nerve,
optic pathways, and visual cortex.5

The present study determined the frequency
of various ophthalmic complications in patients
with spina bifida and highlighted the need to fol-
low-up these patients after birth by a team of neu-
rosurgeons and ophthalmologists to improve the
quality of life of them.

MATERIAL AND METHODS

Ethics committee approval was obtained from 
İstanbul Bilim University Clinical Researchs Ethics
Committee (ethics committee approval number:
44140529/ 2018-2475) prior to the study and the
study was conducted according to the tenets of the
Declaration of Helsinki. This study included 122 
patients (56 female patients and 66 male patients)
with spina bifida who were referred to Ophthal-
mology Department for ophthalmologic evaluation
between 2015 and 2017. All patients were per-
formed shunt replacement surgery by Neurosurgery
Department before the ophthalmic examinations.
The examination findings of the patients were ob-
tained by retrospectively examining the files.

Strabismus and ocular motility were evaluated
using cover-uncover, prism cover, and Hirschberg
tests. The degree of strabismus was determined by
evaluating corneal light reflex by using a penlight
(Hirschberg method) or by performing the prism
cover test, if possible. If present, inferior oblique
overaction (IOOA) was graded on levoversion (for
the left IO) and on dextroversion (for the right IO)
on a scale from “0” to “+4.” The lens, vitreous, and
fundus were evaluated by performing ocular ex-
amination by using an indirect ophthalmoscope, if
possible with biomicroscopy. If examination could
not be performed by indirect ophthalmoscopy or

biomicroscopy we examined the patient in the op-
erating room under general anesthesia. During ex-
amination nystagmus was noted if present. The
direction of nystagmus was defined by the direc-
tion of its quick phase. Moreover, the presence or
absence of papilledema and optic atrophy was
recorded during funduscopic examination.

Cycloplegic refraction was performed by
using a pediatric autorefractometer (spot vision
screener; Welch Allyn, USA) in patients younger
than 3 years and by using an autorefractometer
(KR-8900; Topcon, the Netherlands) in patients
older than 3 years. Patients who could not be
evaluated using these methods were examined by
performing skiascopy. Cycloplegia was induced
using two drops of topical cyclopentolate (0.5%
concentration for children younger than 1 year
and 1% concentration for children older than 1
year), which were administered at a 5-minute in-
terval.

Autorefraction measurements of sphere and
cylinder were converted into spherical equivalent
refraction (SER), where SER = Sphere+(Cylinder/2).
For children younger than 2 years, significant re-
fractive error was defined as a spherical equivalent
of-5.00 diopters (D) or more for myopia, +4.00 D
or more for hyperopia, and 1.0 D or more for astig-
matism. For children aged between 2 and 4 years,
significant refractive error was defined as a spher-
ical equivalent of-3.00 D or more for myopia,+2.00
D or more for hyperopia, and 1.0 D or more for
astigmatism. For children aged between 5 and 18
years, significant refractive error was defined as a
spherical equivalent of -0.75 D or more for myopia,
+2.00 D or more for hyperopia, and 1.0 D or more
for astigmatism.6,7

STATISTICAL ANALYSIS

All statistical analyses were performed using SPSS
statistical software (SPSS for Windows, version
24.0; SPSS, Inc., Chicago, IL, USA). Data were 
analyzed using descriptive statistical methods
(frequencies, percentages, means, and standard
deviations). Qualitative data were compared using
Pearson chi-square and Fisher exact tests. Inde-
pendent samples t-test was used to compare quan-

Alev KOÇKAR et al. Turkiye Klinikleri J Ophthalmol. 2019;28(4):267-72

268



titative variables between groups. All analyses were
performed with a 95% confidence interval, and p <
0.05 was considered statistically significant.

RESULTS

The mean age of the patients was 63±59.9 months
(range, 2-319 months). Of the 122 patients in-
cluded in the study, 66 (54.1%) were male and 56
(45.9%) were female.

There was significant refractive error in 70
(%66) of 106 patients. Results of the Hirschberg
and cover tests showed that 49 (40.5%) patients had
strabismus and 72 (59.5%) patients did not have
strabismus. Of the patients with strabismus, 42
(85.7%) had esotropia, 6 (12.2%) had exotropia. 6
patients had esotropia in their right eyes, 9 patients
had esotropia in their left eyes and 27 patients had
alternan esotropia. Four patients had alternan ex-
otropia, 1 patient had exotropya in his right eye
and 1 patient had exotropya in his left eye. All pa-
tients had constant exotropia. One (2%) patient had
hypertropia because of the fourth cranial nerve
palsy. When the patients were examined for ocular
motility, 1 patient was detected to have restriction
in abduction in his left eye and 1 patient had re-
striction in abduction in both eyes due to sixth cra-
nial nerve palsy. Moreover, 1 (0.8%) patient had
grade 1+ IOOA in her left eye. The degree of tropia
was 0-15 degrees in 37 (78.7%) patients, 15-30 de-
grees in 9 (19.1%) patients, and 30-45 degrees in 1
(2.1%) patient. Moreover, nine (7.4%) patients had
nystagmus, and five (4.1%) patients had nystagmus
along with strabismus (Table 1).

The mean SER was+1±2.01 D in the right eyes
and+1.12±1.97 D in the left eyes. The mean astig-
matism was -1.04±0.92 D in the right eyes and -
1.08±0.95 D in the left eyes. In all, 70 (66%)
patients showed no significant refractive error. Ac-
cording to the SER of the right eyes, 76 (62.3%) pa-
tients had hypermetropia and 30 (24.6%) patients
had myopia. According to the SER of the left eyes,
83 (68%) patients had hypermetropia and 20 (18%)
patients had myopia. Spherical equivalent refrac-
tion of 0-2 years patients was +1.68±1.83 D in the
right eyes and+2.0±1.41 D in the left eyes. Astig-

matism value of 0-2 years patients was -1.14±0.98 D
in the right eyes and -1.0±1.41 D in the left eyes.
Spherical equivalent refraction of 2-4 years patients
were+1.25±0.35 D in the right eyes and +1.25±0.35
D in the left eyes. Astigmatism value of 2-4 years
patients was -2.125±0.53 D in the right eyes and -
1.25±1.41 D in the left eyes. Spherical equivalent
refraction of ≥5 years patients were +4.87±2.29 D
in the right eyes and +3.75±1.06 D in the left eyes.
Astigmatism value of ≥5 years patients was
-2.75±2.12 D in the right eyes and -2.25±0.88 D in
the left eyes (Table 2).

Funduscopic examination detected unilateral
optic atrophy in three (2.5%) patients, bilateral
optic atrophy in six (4.9%) patients, and bilateral
papilledema in three (2.5%) patients (Table 1). Stra-
bismus was more common in patients with fundus
abnormalities (n=8, 66.7%) according to the patients
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n %

Gender
Female 56 45.9
Male 66 54.1
Total 122 100

Significant refractive error

Yes 70 66.0
No 36 34.0

Total 106 100

Strabismus

Yes 49 40.5

No 72 59.5

Total 121 100

Strabismus type

Esotropia 42 85.7

Exotropia 6 12.2
Hypertropia 1 2.0

Total 49 100

Inferior oblique overaction
Yes 1 0.8

No 121 99.2
Total 122 100

Degree of strabismus

0-15 degrees 37 78.7

15-30 degrees 9 19.1

30-45 degrees 1 2.1

Total 47 100

Fundus abnormalities

Unilateraloptic atrophy 3 2.5

Bilateral optic atrophy 6 4.9

Bilateral papilledema 3 2.5

None 110 90.2

Total 122 100

Nystagmus

Yes 9 7.4
No 113 92.6

Total 122 100

TABLE 1: All patients had horizontal nystagmus
General distribution of patients.



with no fundus abnormality. However, the rela-
tionship between fundus abnormalities and strabis-
mus was not statistically significant (X2= 3.786; p=
0.052). Among the patients with fundus abnormal-
ities, five (11.9%) had esotropia, two (33.3%) had
exotropia, and one had hypertropia. Because only
one patient had hypertropia, this patient was ex-
cluded from the analysis for evaluating the rela-
tionship between strabismus type and fundoscopic
abnormalities. Esotropia was more common in pa-
tients with fundus abnormalities (71.4%); however,
this result was not statistically significant (X2=
1.935; p= 0.206). Among the patients with fundus
abnormalities, 1 (8.3%) had nystagmus and 11
(91.7%) did not have nystagmus. Moreover, no sig-
nificant relationship was observed between nystag-
mus and fundus abnormalities (X2= 0.018; p= 0.619)

Among the patients with esotropia in the right
eye, 8 (21.6%) were myopic and 29 (78.4%) were
hypermetropic. Among the patients with exotropia
in the right eye, three (75%) were myopic and one
(25%) was hypermetropic. No statistically signifi-
cant relationship was observed between the spher-
ical equivalent refraction of the right eye and
strabismus type (X2 =5.239; p=0.052). However, hy-
permetropia was common (78.4%) in patients with
esotropia and myopia was common (75%) in pa-
tients with exotropia. In contrast, among the pa-
tients with esotropia in the left eye, 7 (20%) were
myopic and 28 (80%) were hypermetropic. Among
the patients with exotropia in the left eye, three
(75%) were myopic and one (25%) was hyperme-
tropic. Moreover, a statistically significant rela-
tionship was observed between the spherical
equivalent refraction of the left eye and strabismus
type (X2=5.695; p=0.045). In addition, hyperme-
tropia was common (80%) among the patients with
esotropia in the left eye and myopia was common
(75%) among the patients with exotropia in the left

eye. 92.30% of the patients in the 0-2 years were
esotropia and 7.69% were exotropia. 78.94% of the
patients in the 2-4 years were esotropia and 15.78%
were exotropia. 88.23% of the patients in the ≥5
years years were esotropia and 11.76% were ex-
otropia (Table 3).

DISCUSSION

Because spina bifida is the most common complex
congenital defect compatible with life, early diag-
nosis and treatment of complications related to this
disorder are of utmost importance.3 Spina bifida
may be accompanied by various ophthalmologic
abnormalities. Therefore, ophthalmologists and
neurosurgeons should work together to manage
ophthalmologic abnormalities that may arise in pa-
tients with spina bifida.5

Strabismus is frequently observed in patients
with spina bifida, with esotropia (convergent stra-
bismus) being the most common strabismus type.5

Previous studies have attributed the high preva-
lence of esotropia in patients with spina bifida to
abducens nerve palsy caused by the recurrent
episodes of elevated intracranial pressure and hy-
drocephalus.8,9

Pinello et al. found that 44% (26/59) patients
with spina bifida were squint, with convergent
squint being the most common type (80%).10 An-
derson et al. detected strabismus in 42 out of 112
(39%) patients with spina bifida. Moreover, most
of these patients had esotropia (n=26) and few of
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SER (right eyes) Astigmatism (right eyes) SER (left eyes) Astigmatism (left eyes)

0-2 years (n=31) +1.68 ±1.83 D -1.14 ± 0.98 D +2.0 ± 1.41 D -1.0 ± 1.41 D

2-4 years (n=37) + 1.25 ± 0.35 D -2.125 ± 0.53 D +1.25 ± 0.35 D -1.25 ± 1.41 D

≥5 years (n=54) +4.87 ± 2.29 D -2.75 ± 2.12 D +3.75 ± 1.06 D -2.25 ± 0.88 D

TABLE 2: Refractive errors according to age groups.

Esotropia (%) Exotropia (%)

0-2 years (n=13) 92.30 7.69

2-4 years (n=19) 78.94 15.78

≥5 years (n=17) 88.23 11.76

TABLE 3: Strabismus types according to age groups.



these patients (n=14) had exotropia.11 Similarly, an-
other study reported that 73% patients with stra-
bismus had esotropia.12 When compared healthy
children and children with spina bifida; in a study
by Ünsal et al. in 76 healthy children over 4 years
of age, esotropia was found in 2.6% and exotropia
in 1.3%.13 Cumurcu et al. found that with cerebral
palsy (CP) cases in our country; strabismus was de-
tected in 15 (32.6%) of the children with CP and
in 9 of the children in the control of the group
(18%).14 In the present study, 40.5% (n=49) patients
had strabismus, of which 85.7% (n=42) had es-
otropia, which is consistent with the literature.

Anderson et al. detected nystagmus in 26%
(n=29) of the patients, of which 23 also had stra-
bismus.11 Cumurcu et al. reported nystagmus in 10
(21.7%) children with CP and 3 (6%) of the con-
trol group.14 In the present study, nine (7.4%) pa-
tients had nystagmus and five (4.1%) patients had
nystagmus along with strabismus. The small num-
ber of the patients with nystagmus in the present
study may be due to including all patients with
spina bifida irrespective of its type, i.e., spina bifida
occulta and spina bifida aperta.

Saunders et al. reported a study which includes
59 preterm infants. They found an association be-
tween the infants with abnormal cranial ultra-
sound in the neonatal period and early hyperopia.15

Ozturk et al. found hyperopia in 70% of their pa-
tients with neurological diseases.16 Likewise, Cu-
murcu et al. found a high rate of hypermetropia in
patients with CP.14 Hypermetropia was common
among the patients included in the present study
(hypermetropia of the right eye in 62.3% patients
and of the left eye in 68% patients), which is con-
sistent with the studies of Saunders et al. and Oz-
turk et al.15,16

The limitation of our study is that there were
missing data on the refraction values of children
˂ 5 years. Therefore, refractive errors in 0-2 years
and 2-4 years groups seem to be lower than those in
5 years and older.

Optic atrophy is common in patients with
spina bifida and hydrocephalus.17 Caines et al. de-
tected optic atrophy in 2 out of 22 patients.12 Fun-

duscopic examination performed in the present
study detected unilateral optic atrophy in three
(2.5%) patients and bilateral optic atrophy in six
(4.9%) patients. 

Gaston et al. detected papilledema in 6 out of
55 patients.8 In the present study, bilateral pa-
pilledema was detected in three (2.5%) patients.
The low rate of papilledema in the present study
may be because all the patients included in the
study were diagnosed with spina bifida previously
and were treated by performing shunt placement.

CONCLUSION

Ophthalmic findings such as strabismus and re-
fractory error are very common in patients with
spina bifida. Therefore, these patients should be
followed up closely after birth for ophthalmic com-
plications by a team of ophthalmologists and neu-
rosurgeons as the risk of amblyopia due to
strabismus and refractive errors in patients with
spina bifida may be reduced.
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