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ABSTRACT

AIM: To examine the prevalence of epilepsy and other associated cortical abnormalities in patients with Myelomeningocele (MMC), 
and to present our findings along with a review of the literature.   
MATERIAL and METHODS: A retrospective chart review was conducted with MMC patients followed in our pediatric neurology 
outpatient clinic between 2015 and 2020.
RESULTS: The study included a total of 23 patients ranging in age from 7 months to 19 years with a median follow-up period 
of 36 months. The frequency of epilepsy was 43.5% (n=10). Hydrocephalus was present in 20 patients (87%) patients, and 18 
patients (78.3%) had concomitant central nervous system anomalies. Epilepsy was diagnosed in 52.6% of the patients with a 
ventriculoperitoneal shunt but none of those without a shunt.
CONCLUSION: Our study revealed a high incidence of epilepsy among patients with MMC, in contrast to the available literature. 
As the life expectancy of patients with MMC continues to increase, secondary clinical manifestations such as epilepsy may become 
more evident. Furthermore, most research on the prevalence of epilepsy and seizures among individuals with MMC was conducted 
approximately two decades ago. Further studies should examine the changing incidence.
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Lehman syndrome), maternal diabetes, family history, and 
certain teratogenic agents (valproic acid, carbamazepine, vi-
tamin A) (9,25).

Approximately 85% of patients with MMC have concomitant 
hydrocephalus. Hydrocephalus may not always be evident at 
birth, but a shunt is usually required within the first week of 
life. The prevalence of shunt placement due to hydrocepha-
lus in patients with MMC was reported to be 81% (24). Many 
factors are involved in the development of hydrocephalus in 
these patients. The most important of these is Chiari type II 
malformation (CM-II), which is present in approximately 80% 
of children with MMC (3,13). CM-II is characterized by cer-

█   INTRODUCTION

Spinal dysraphism is a term used to describe a wide 
range of anomalies in which the neural, vertebral, and 
mesenchymal tissues of the spine fail to close to vary-

ing degrees. Myelomeningocele (MMC) and myeloschisis are 
examples of open spinal dysraphisms not covered by skin (9). 
The incidence of MMC is approximately 1 in 1000 live births. 
Although the exact mechanism of their formation is unknown, 
the etiology is believed to be multifactorial, and most cases 
are sporadic. Possible risk factors include folate metabolism 
disorders (maternal folate deficiency, MTFHR mutation), cer-
tain genetic disorders (trisomy 18, Meckel-Gruber syndrome, 
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ebellar vermis and herniation of the fourth ventricle through 
the foramen magnum, brainstem kinking, tectal beaking, and 
a small posterior cranial fossa. CM-II may also be accompa-
nied by cerebral abnormalities such as polymicrogyria, corti-
cal heterotopia, corpus callosum dysgenesis, and large massa 
intermedia (17). 

Children with MMC may also develop seizures during fol-
low-up, and accompanying cortical abnormalities are im-
plicated as the etiology of seizures in approximately 20% 
of these children (9). The reported prevalence of seizures in 
MMC patients is 15-29% for those with shunts and 2-19.5% 
among those without shunts. The prevalence of epilepsy is 
approximately 20% (12,18).

In this study, we aimed to investigate the frequency of epilepsy 
and other concomitant cortical abnormalities in patients with 
MMC and present our findings with a review of the literature.

█   MATERIAL and METHODS
A retrospective chart review of all patients diagnosed with 
MMC between 2015 and 2020 was conducted in the pedi-
atric neurology outpatient clinic of Gazi University Hospital, 
a tertiary pediatric referral in Ankara. Data extracted from the 
hospital records included demographic characteristics, brain 
imaging results, history of epilepsy, and electroencephalo-
gram (EEG) results. Of 27 patients identified retrospectively, 
4 were excluded due to missing data (Figure 1). Statistical 
analyses were performed using SPSS for Windows, version 
23.0 software (IBM SPSS Inc., Chicago, IL). Continuous vari-
ables were compared using the Mann-Whitney U test and 
categorical variables were compared using the chi-square or 
Fisher’s exact test depending on the expected values. Results 
were considered statistically significant at p<0.05. Continuous 
variables were expressed as mean, standard deviation, and 
range, and categorical variables as number and percentage. 
The study was conducted in accordance with the Declaration 

of Helsinki. Ethics committee approval was obtained from the 
non-interventional clinical research ethics committee of our 
center (research code number 2024-541).

█   RESULTS
Twenty-three patients ranging in age from 7 months to 19 
years (mean, 76.7 ± 71.9 months) met the inclusion criteria. 
Twelve (52.2%) of these patients were female, and the medi-
an follow-up time was 36 months (range, 3-216 months). The 
prevalence of epilepsy was 43.5% (n=10) overall. Ventriculo-
peritoneal (VP) shunts were required in all patients with hy-
drocephalus except one. The patients’ data are summarized 
in Table I. 

Central nervous system (CNS) abnormalities other than hy-
drocephalus included CM-II in 10 patients, corpus callosum 
agenesis/dysgenesis in 8 patients, periventricular gliosis in 2 
patients, and cerebral atrophy in 2 patients. Other concomitant 
abnormalities were Chiari type I malformation, rhombenceph-
alosynapsis, nodular gray matter heterotopia, interdigitation of 
the cerebral gyri, frontal encephalomalacia, interhemispheric 
cyst, and right cerebellar hemisphere hypoplasia.

The EEG results of the patients are presented in Table II. Of 
10 patients with epilepsy, 40% were using two or more anti-
seizure drugs and 70% were using valproic acid as an antisei-
zure drug, either as polytherapy or monotherapy. Four of our 
patients with epilepsy required multiple shunt replacements. 
Two of these patients could be managed with more than one 
antiseizure medication. Epilepsy was not significantly associ-
ated with duration of follow-up or age.

When patients with and without VP shunt were compared 
in terms of the rates of concomitant CNS abnormalities and 
epilepsy, we noted that among patients with a shunt, 52.6% 
(n=10) had epilepsy and 89.5% (n=17) had concomitant CNS 
abnormalities (Figure 2). Of the patients without shunts, 25% 
had concomitant CNS abnormalities and none had epilepsy. 

CNS abnormalities were significantly more common among 
patients with shunt and hydrocephalus (p=0.004 and p<0.001, 
respectively). All patients with epilepsy had VP shunt and con-
comitant CNS abnormalities (Figure 2).

Table I: Demographic and Clinical Data of the Patients

Characteristic Value

Age (months) (mean ±SD) 76.7±71.9 (7-228)

Sex (female), n (%) 12 (52.2)

Follow-up period (months) (mean ±SD) 44.7±44.7 (3-216)

Epilepsy, n (%) 10 (43.5)

Hydrocephalus, n (%) 20 (87)

VP shunt, n (%) 19 (82.6)

Additional CNS abnormality, n (%) 18 (78.3)

Total, n (%) 23 (100.0)

VP: Ventriculoperitoneal, CNS: Central nervous system
Figure 1: Flowchart of patients with myelomeningocele and 
epilepsy.
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█   DISCUSSION
The most common conditions associated with MMC are CM-
II and hydrocephalus (13). In previous studies, the frequency 
of seizures was found to be 17-48.5% in patients with hy-
drocephalus, regardless of the etiology (15,19). In our study, 
epilepsy was observed at a rate of 50% in the group with hy-
drocephalus. The frequency of seizures is higher in conditions 
associated with structural causes and cases of hydrocephalus 
that develop as a sequel of bacterial meningitis compared to 
hydrocephalus associated with MMC (15). The mere existence 
of a shunt raises the likelihood of seizures in individuals with 
MMC. This is believed to be related to minor cortical damage 
caused during the shunt procedures. Seizures may also be 
triggered by shunt infection or malfunction. Although provoked 
seizures are more frequently linked to shunt-related disorders, 
there have been reports suggesting shunt presence may be 
linked to the development of epilepsy (8,14,15). According to 
classical knowledge, a seizure provoked by a transient factor 
that temporarily lowers the seizure threshold in a normal brain 
does not contribute to a diagnosis of epilepsy (10). However, 
in a brain exhibiting invasive and structural changes, differ-
entiating a provoked seizure is often challenging. In a recent 

study, the association of shunt-related provoking factors and 
epilepsy development was noted, given that preventing shunt 
malfunctions and infections may result in an improved long-
term prognosis for seizure prevention (14).

Compared to the literature, the prevalence of epilepsy in 
shunted patients (52.6%) and in all patients with MMC (43.5%) 
was higher in our study. This may be related to the fact that 
seizures can now be detected more easily and in a shorter 
time with advances in technology and increased accessibility. 
Another reason may be that our center is a tertiary referral 
center and thus receives more complicated cases. Popula-
tion studies on this subject will help determine more accurate 
rates. In addition, most studies on the incidence of epilepsy 
and seizures in patients with MMC were conducted with data 
collected 2-3 decades ago. Over time, patients with more se-
vere malformations are likely to experience secondary clinical 
manifestations such as epilepsy more frequently as care im-
proves and life expectancy increases.

The incidence of seizures is low in patients with MMC without 
VP shunt, whereas seizures and epilepsy are more common in 
patients with VP shunt (8). In our study, none of the patients 
without VP shunt were diagnosed with epilepsy. The higher 
frequency of epilepsy in shunted patients may be the result of 
adverse effects of the drainage system, such as brain damage 
created during the procedure, CNS infections, and increased 
intracranial pressure due to dysfunction (14,21). Four of our 
patients who were diagnosed with epilepsy required several 
shunt replacements. In a study conducted on patients with 
MMC, the overall prevalence of epilepsy was found to be 
31%. This rate was 10% in patients who did not require any 
shunt revision and increased to 58% after one revision and 
67% after two or more revisions (21). Studies in the literature 
(indexed in PubMed) examining the coexistence of MMC with 
seizures and/or epilepsy are summarized in Table III. 

It is believed that in MMC patients with epilepsy, the VP shunt 
could not be the sole causative factor, and concomitant CNS 
abnormalities are also involved in epileptogenesis (14,27,30). 
In our study, 9 of 10 patients with epilepsy underwent cra-
nial imaging (CT/MRI). Of those, 7 had CM-II, 3 had corpus 
callosum agenesis/dysgenesis, 2 had encephalomalacia/glio-
sis, and cerebral atrophy, interhemispheric cyst, and rhomb-
encephalosynapsis were each detected in 1 patient. As seen 
in our study, not all CNS defects in MMC patients are epi-
lepsy-related. It is clear that epilepsy in these children has a 
multifactorial etiology, with no single cause.

Current studies showing that the incidence of MMC has de-
creased over time (7,20). This may be largely due to greater 
awareness of modifiable causes, which resulted in increased 
use of folic acid during pregnancy and careful antenatal fol-
low-up of mothers using antiseizure drugs. In addition, the life 
expectancy of these patients is longer due to early interven-
tion and good care. In one study comparing MMC patients 
born in the periods of 1971-1981 and 1996-2006, the inci-
dence of MMC was found to be 2.5 in 10,000 births vs. 1.1 in 
10,000 births, respectively. However, one of the most striking 
findings reported in the study was the mortality rates, which 
were found to be 18% and 0%, respectively. No differenc-

Table II: Electroencephalogram (EEG) Findings of the Patients

EEG Findings n (%)

Normal 5 (38.5)

Multifocal epileptiform discharges 3 (23.1)

Focal epileptiform discharges 4 (30.8)

Cerebral dysfunction 1 (7.7)

Figure 2: Distribution of shunted patients with and without epi-
lepsy according to the presence of concomitant central nervous 
system abnormalities.
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observed in 19.7% of the patients (14). However, the study 
covered a period of approximately 40 years, without grouping 
by decade. New studies examining the relationship between 
MMC and epilepsy according to current data are needed. 

Our study has several limitations. The first is that as a sin-
gle-center study, it may not reflect the actual numbers in the 
population. Secondly, as our center is a tertiary hospital, pa-
tients with mild findings are less likely to present. Thirdly, stud-
ies in which MRI imaging and EEG traces are available and 
can be evaluated together for all patients may have provid-
ed clearer results. As patients have easier access to pediat-
ric neurologists in recent years, conducting a comprehensive 
study that includes MRI and EEG results as well as provoked 
seizures and epilepsy subgroups will yield more accurate data 
on this subject. 

es were observed in terms of hydrocephalus or CM-II (20). In 
our study of patients from the years 2015-2020, the propor-
tions of patients with hydrocephalus, CNS malformations, and 
VP shunt were similar to those in the literature (87%, 78.3%, 
and 82.6%, respectively). However, the prevalence of epilep-
sy was higher in our patients than the literature. We attribute 
this to the above-mentioned fact that data on the incidence 
of epilepsy are generally 2-3 decades old, and the decrease 
in mortality is associated with an increase in the incidence of 
controllable morbidities such as epilepsy. Early intervention 
reduces early complications. Furthermore, longer life expec-
tancy in these patients may increase complications such as 
VP shunt dysfunction and infections, which subsequently 
trigger the development of seizures and epilepsy. One of the 
most recent studies examining seizures in MMC included pa-
tients between 1975 and 2013. In that study, seizures were 

Table III: Studies Evaluating the Coexistence of Epilepsy and/or Seizures in Patients with Myelomeningocele

Article Author, year MMC 
(n)

Hydrocephalus 
(n)

VP 
shunt 

(n)

CNS 
malformations 

or disorders 
(n)

Seizures 
(n)

Epilepsy 
(n)

Noetzel and Blake, 1991 (18) 140 109 109 6
24 (5 with CNS 

malformation, 18 
shunted)

N/A

Danzer et al., 2010 (8) 48 N/A 24 N/A 8 (6 shunted) 3 (shunted)

Amaral et al., 2019 (1) 15 N/A 13 N/A 6 N/A

Klepper et al., 1998 (16) 44 44 N/A N/A N/A 4

Spazzapan and Velnar, 2021(26) 20 N/A 13 N/A 4 N/A

Bartoshesky et al., 1985 (2) 111 106 98 14 (shunted) 25 (24 shunted) N/A

Talwar et al., 1995 (27) 81 66 66 63  17
14 (12 

with CNS 
pathology)

Okurowska-Zawada et al., 2007 (21) 86 70 49 N/A N/A 27

Bowman et al., 2001 (4) 71 N/A 61 N/A 16 (all shunted) N/A

Brown et al., 2008 (5) 35 N/A 31 18 31 N/A

Wasserman and Holmbeck, 2016 (29) 95 N/A 79 N/A 13 N/A

Chadduck and Adametz, 1988 (6) 190 N/A 144 N/A 33 (32 shunted) N/A

Hack et al., 1990 (11) 346 346 346 N/A 51 N/A

Karakas et al., 2022 (14) 122 108 98 57 (cerebellar 
malformation) 24 15

Yoshida et al., 2006 (30) 6 N/A N/A 5 N/A 0

Tully et al., 2016 (28) 78 78 67 78 N/A 5

Persson et al., 2005 (23) 84 84 N/A N/A N/A 8

Persson et al., 2006 (22) 44 44 N/A N/A N/A 5

MMC: Myelomeningocele, CNS: Central nervous system, N/A: Not available
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█   CONCLUSION
Epilepsy is less common in patients with MMC compared to 
other causes of hydrocephalus. Morbidity rates in these pa-
tients are likely increasing due to prolonged life expectancy 
resulting from medical advances. Epilepsy is one of these 
morbidities, and we hypothesize that the incidence of the dis-
order may rise as a result of potential complications caused 
by VP shunts. While our findings are consistent with this hy-
pothesis, more precise results can be obtained from popula-
tion-based research.
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