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Relationship Between Defect Volume and Comorbid 
Pathologies in Patients Undergoing Surgery for 
Myelomeningocele

ABSTRACT

AIM: To determine sac volume based on radiological examinations in patients undergoing surgery for myelomeningocele (MMC) and 
to investigate the relationship of sac volume with hydrocephalus and Chiari malformation type 2 (CM) with a view to determining the 
optimum length of follow-up and recommend a treatment plan.  
MATERIAL and METHODS: The present study involved the retrospective review of radiologic examinations and medical files of 81 
patients who underwent surgery for myelomeningocele between 2015 and 2022 in the neurosurgery clinic of Ankara Training and 
Research Hospital. Then, MMC sac volumes were measured and the statistical relationship of these measurements with the Evans 
Index, progressive enlargement of the ventricles after sac repair and CM was investigated. 
RESULTS: Of the 81 patients, 41 (50.6%) were boys and 40 (49.4%) were girls. The median MMC sac volume was 11,005.28 
mm³ and the mean Evans index (EI) based on brain tomography performed on postnatal day1was 0.405 ± 0.146. Analysis of the 
relationship between the EI and MMC sac volume yielded r=0.622, p<0.001 and showed a strong positive correlation between the 
two parameters at a statistical significance level of 5%. Evans Indexes based on brain tomography scans performed on postnatal 
day 1 showed that ventriculomegaly was present in 49 (60.5%) patients and absent in 32 (39.5%) patients. Of the 81 patients, 
48 (59.3%) underwent shunting and the remaining 33 (40.7%) patients did not require shunting. 28 patients underwent shunting 
simultaneously with the sac repair, i.e., on day 12 on average, while 20 patients exhibited a progressive increase in their EI after 
sac repair and required a second surgery for shunting on day 28 on average. The mean MMC sac volume was 11,511.214 mm³ in 
20 patients who subsequently developed hydrocephalus versus 3,066.9997 mm³ in patients who did not require shunting before or 
after sac repair. In patients who developed hydrocephalus after sac repair, there was no correlation between the day of intervention 
and sac volume. Mean sac volume was 28,297.36 mm³ in 28 patients with comorbid CM versus 7,600.32 mm³ in patients without 
CM. All children with CM required shunting.
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█  INTRODUCTION 

Myelomeningocele, a common neural tube defect that  
falls within the spina bifida aperta group, occurs on 
days 28–30 of pregnancy. The neural placode her 

niates from the meninges and the damage progressively in 
creases as the neural tissue is exposed to the amnion. Since 
the neural tube starts closing from the cranial part toward the 
caudal part, defects that occur earlier are associated with the 
anterior neuropore, while defects that occur at later stages, 
such as myelomeningocele, are more caudal (15,21). Our study 
specifically concentrated on cases of myelomeningocele with 
in this spina bifida aperta group. Global prevalence is approx 
imately 1/10003. Studies from different provinces of Turkey 
have reported a prevalence of approximately 3 to 5.8/1000 
pregnancies for neural tube defects in the country (5). Nowa 
days, thanks to improved ultrasonography and fetal screening 
tests, nearly 90% of these defects are prenatally diagnosed 
and 22% of the pregnancies are terminated (8,15). Most cas 
es are sporadic, but a number of genetic and environmental 
factors are involved in the etiology (9), including maternal fo 
late deficiency, anticonvulsant therapy, diabetes mellitus and 
maternal obesity (2,6). There is a strong correlation between 
the location of lesion and neurological deficit. Usually, as the 
lo cation of lesion moves caudally, more neurologic function is 
preserved (16). Although it has been hypothesized that tissues 
may be exposed to micro trauma during normal spontaneous 
vaginal delivery (NSVD) and this may further increase damage, 
studies have found no significant difference between NSVD 
and cesarean section (C/S) (12). The aim of myelomeningo-
cele treatment is to expose the neural tissue with minimal 
damage, then create a closed system for cerebrospinal fluid 
(CSF) cir culation and keep neural structures safe (1). Intro-
duction of shunting has been a breakthrough in the treatment 
of myelo meningocele, because the most serious and mortal 
pathology associated with MMC is the presence of hydro-
cephalus (10,17). Although ventricular dimensions are found 
to been larged at birth in 90% of the cases, symptomatic hy-
drocephalus occurs at a rate of 65% (14). Measurements of 
head circumference and monitoring fontanelle in the newborn 
can be misleading; concurrent USG studies have shown that 
these findings are actually belated signs of hydrocephalus, 
especially in preterm infants (13). That is why some experts 
advocate simultaneous shunting in case of ventriculomegaly 
even in the absence of progressive enlargement of the ventri-
cles in order to prevent cognitive impairment that may result 
from hydrocephalus and to reduce the risk of CSF fistula for-
mation after sac repair. 

Others oppose this view, citing shunt infection and related 
morbidity (11,22). Chiari malformation type 2 (CM) is another 
condition that affects mortality and morbidity when it accom 
panies MMC. CM occurs when the cerebellum and brain stem 
herniate below the foramen magnum (4,23). The extent of 
herniation correlates with the severity of symptoms. 95% of 
children diagnosed with CM also have MMC (7). The present 
study sought to investigate the association between sac vol 
ume in patients who underwent surgery for MMC and the risk 
of hydrocephalus and Chiari malformation type 2 with a view 
to identifying the optimum length of follow-up and incorporat 
ing new parameters to treatment.   

█  MATERIAL and METHODS
The study included 81 patients who underwent surgery for 
MMC in the neurosurgery clinic of SBU Ankara Training and 
Research Hospital between 2015 and 2022. Approval for the 
study was received from the Ethics Committee of Ankara 
Training and Research Hospital, study no. 1120, E-93471371- 
514.99. The medical files and radiological examinations of the 
patients were retrospectively reviewed. Hydrocephalus was 
identified by using non-contrast brain computed tomography 
(CT) performed on postnatal day 1 and measurement of 
Evans Index yielding a result above 0.3 was interpreted as 
ventriculomegaly (Figure 1). Patients’ MMC sac volumes were 
measured approximately through pre-operative spinal MRIs 
using the formula A(anterior-posterior diameter) x B(medial-
lateral diameter) x C(superior-inferior diameter) x0.52. The 
presence of Chiari malformation and the extent of herniation 
were also measured using MRI. 

The variables were checked for normality of distribution 
using visual methods (histogram and probability plots) and 
analytical methods (Kolmogorov-Smirnov test). Descriptive 
analyses were presented usingmean and standard deviation 
for normally distributed variables and using median and 
interquartile rangefor non-normally distributed variables. 
Nominal and ordinal variables were expressed using frequency 
tables. Comparisons between groups were performed using 
Student’s t-test for normally distributed variable sand Mann  
Whitney U test for non-normally distributed variables. The 
relationship between non-normally distributed continuous 
variables was analyzed using Spearman’s rank correlation 
coefficient. Since the EI value was found to be normally 
distributed, this parameter was compared across classes of 
lower extremity mobility (mobile, hypoactive and paraplegic) 
through one-way analysis of variance test. Homogeneity of 

CONCLUSION: Patients with larger myelomeningocele sac volume have higher risk of concomitant hydrocephalus or subsequent 
development of hydrocephalus after sac repair compared to patients with a smaller sac volume. These patients should definitely 
be evaluated for same-session intervention. Patients with a larger sac volume and/or comorbid CM should be followed up more 
frequently and for a longer period of time.
KEYWORDS: Arnold-Chiari malformation, Evans index, Hydrocephalus, Myelomeningocele, Ventriculomegaly
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variances was evaluated using Levene’s test. When there 
was a significant difference between groups, pair wise post 
hoc comparisons were performed using Tamhane’s T2 test. 
Frequency of categorical variables was presented using 
cross-tabulations. Analysis of whether or not groups differed 
in terms of frequency was presented using chi-square test, 
Fisher’s exact test (when values in cells did not meet the 
assumptions of the chi-square test) or Monte Carlo Pearson’s 
chi-square test depending on relevance. Further comparisons 
using post-hoc analysis was processed with Bonferroni 
correction. P values below 0.05 in the SPSS21 program were 
considered statistically significant.  

█  RESULTS
Of the 81 patients included in the study, 41 (50.6%) were 
boys and 40 (49.4%) were girls. Of the total, 24 (29.6%) of 
the patients had a gestational age of less than 37 weeks while 
57 (70.4%) had a gestational age of 37 weeks or above. The 
median gestational age was 38 weeks and the median birth 
weight was 3,040 grams. The method of delivery was cesarean 
section (C/S) in 57 (70.4%) patients and NSVF in 24 (29.6%) 
patients. The mean maternal age was 28.25 ± 6.35 years and 
29 mothers were outside the age range of 20 to 35 years. The 
median head circumference of the infants was 36 cm. 

The location of the sac was lumbosacral in 46 (56.8%) 
patients, sacral in 14 (17.3%) patients, lumbar in 14 (17.2%) 
patients, thoracolumbar in 5 (6.2%) patients and thoracic in 2 
(2.5%) patients. Analysis of the relationship between defect 
location and lower extremity muscle strength yielded Monte 
Carlo Pearson chi-square =28.187, p=0.001. In other words,  
there was a statistically significant relationship between 
lower extremity muscle strength and sac location. Post-hoc 

analyses showed that difference was caused by the group 
with natural lower extremity mobility. In this group, the most 
common category was patients whose defect was located at 
the sacral level. 

The mean EI based on brain CT scans performed on postnatal 
day 1 was 0.405 ± 0.146. Of the 81 patients, 49 (60.5%) had 
ventriculomegaly at birth and 32 (39.5%) did not. Of these 
patients, 48 (59.3%) received shunting and 33 (40.7%) did not 
require shunting. The median MMC sac volume was 11,005.28 
mm³. Analysis of the relationship between the EI and MMC 
sac volume yielded a value of r =0.622, p=0.001, indicating 
a strong positive correlation between the two parameters. 
Those with larger MMC sac volumes had larger EI values 
on CT brain imaging performed on postnatal day 1. Of the 
patients, 28 underwent shunting at the same session as sac 
repair, i.e., on day 12 on average, while 20 patients exhibited 
a progressive increase in their EI after sac repair and these 
patients underwent shunting on day 28 on average. The mean 
MMC sac volume was 11,511.214 mm³ in the 20 patients who 
developed hydrocephalus subsequently versus 3,066.999709 
mm³ in patients who did not require shunting before or after 
sac repair. There was no statistically significant correlation 
between sac volume and the day of intervention in patients 
who developed hydrocephalus after sac repair. 

CM was present in 28 (34.6%) of the patients and absent in 53 
(65.4%). The mean sac volume was 28,297.36 mm³ in patients 
with CM versus 7,600.32 mm³ in patients without CM. Analysis 
of the relationship between CM and MMC sac volume yielded 
a Mann-Whitney U value=362.5 and p=0.001. In other words, 
the groups had a statistically significant difference in their 
sac volume depending on the presence or absence of CM. 
Patients with a larger sac volume were more likely to have CM. 

Using brain CT scans performed on postnatal day 1, EI values 
were compared between those with and without CM; the mean 
EI value was 0.54 ± 0.146 in those with Chiari Malformation 
type-2 and 0.34 ± 0.087 in those without CM, with t=−6.678 
and p=0.001. The difference in the mean EI values was 
statistically significant between patients with and without CM. 
Patients with CM were more likely to have hydrocephalus. 

Comparison of lower extremity muscle strength between 
patients with and without CM yielded chi-square =17.337, p= 
0.001. Further post-hoc analysis showed that this difference 
was between the paraplegic and mobile group. The proportion 
of patients who had normal lower extremity mobility was lower 
among those with CM (21.4) compared to those without CM 
(62.3). Post-hoc analyses were performed with pair wise 
comparisons and values below the type-1 error (0.05/3=0.016) 
after Bonferroni correction were considered significant. In 
other words, the presence of CM is associated with a greater 
likelihood of motor loss in the lower extremities.  

█  DISCUSSION
Myelomeningocele, one of the most severe congenital dis-
eases that are compatible with life,is still common worldwide, 
with 50% of these patients dying during intrauterine life or at 
birth (20). Although studies have showed that it predominant-

Figure 1: Evans Index:A/B.
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pathway. That is why it has been reported that 90% of patients 
with both myelomeningocele and CM have hydrocephalus 
and 80%–86% of them require shunting (19). In the present 
study, 28 (34.6%) of the patients had CM and the mean EI 
of these patients on postnatal day 1 was 0.54±0.146 versus 
0.34 ± 0.087 in those without CM. Of these 28 patients with 
CM, 26 required shunting during the first surgery and two 
of them required shunting during a second procedure after 
sac repair. Although it has been reported that 14 to 20% of 
children with myelomeningocele who also have CM manifest 
symptoms during infancy and early childhood, only one of the 
patients in our study underwent decompressive surgery and 
this happened at the age of 4 years.  

█  CONCLUSION
Myelomeningocele is a disease that is compatible with life but 
is associated with high morbidity due to its own pathophysi 
ology and related comorbidities. Its progression can however 
be prevented through a multidisciplinary approach. 

Although different hypotheses have been put forward con 
cerning the etiology of hydrocephalus, the most common 
condition affecting mortality and morbidity in myelomenin 
gocele patients, it can be caused by obstruction in the CSF 
circulation pathway, defects in CSF absorption, irregularities 
in the distribution of CSF volume and the presence of many 
other pathologies that have not yet been elucidated. 

Treatment planning and follow-up process of the patients is 
lengthy and requires dedication. The results of the present 
study showed that patients with a large sac volume have a 
high risk of developing hydrocephalus before or after sac 
repair, and this risk increases further in the presence of CM. 

Against this background, we believe that patients with a 
relatively larger sac volume should undergo a longer period of 
follow-up, scheduled at more frequent intervals. 

Limitations

Sac volume in the present study was measured using the 
formula AXBXCX0.52, which provides approximate values. 
The syringomyelia criterion caused statistical deviations and 
could not be included in the parameters as it was not detected 
in sufficient numbers. 

The intention was to evaluate the patients using the Spina 
Bifida Neurological Scale, but this was not possible due to the 
small number of patients that could be followed up to the age 
of toilet training. 

Studies conducted over a longer period of time with a larger 
number of patients could provide more precise data and 
can incorporate CSF flow MRI to determine the correlation 
between sac volume and the numerical value of partial 
obstruction in the presence of CM.
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ly affects females, our study found an approximately equal 
sex distribution. The median head circumference of the pa-
tients was 36 cm in the present study and was reported to be 
35.8±3.8 cm by Oncel et al. (20). During initial examination, 
the anterior fontanelle of 26 (32%) infants was found to be 
tense. 

Maternal age may be a risk factor for myelomeningocele; the 
likelihood of having a baby with myelomeningocele has been 
reported to be 5.6 per 1000 live births in mothers under 20 
years of age and over 35 years of age (3,18). In the present 
study, the youngest mother was 17 years old and the oldest 
mother was 41 years old, with a mean maternal age of 28.25 
± 6.35 years. 29 mothers were outside the age range 20 to 35 
years. 

The level of the sac was lumbosacral in 46 (56.8%) patients, 
sacral in 14 (17.3%) patients, lumbar in 14 (17.2%) patients, 
thoracolumbar in 5 (6.2%) patients and thoracic in 2 (2.5%) 
patients. Analysis of the relationship between defect location 
and lower extremity muscle strength yielded a statistically 
significant result. The difference was caused by the group 
with natural lower extremity mobility. In this group, the most 
common category was patients whose defect was located at 
the sacral level. All children with lesions located at the thoracic 
level were paraplegic. This result is in line with Noetzel’s study; 
as the location of lesion progresses toward the caudal part, 
motor muscle strength is affected less (18). 

Although the effect of method of delivery on mortality has not 
been clearly proven, recent studies suggest that 69%–80% 
of children with MMC are delivered through C/S (13). In the 
present study, 57 (70.4%) of the patients were delivered via 
C/S and 24 (29.6%) via NSVM. 

Radiologic examinations in myelomeningocele patients detect 
an associated ventriculomegaly at a rate as high as 90%. Brain 
CT scan performed on postnatal day 1 for the 81 patients in 
the present study revealed a mean EI of 0.405 ± 0.146 and 
ventriculomegaly was detected in 49 of them. Conversely, 20 
patients exhibited a progressive increase in their ventricular 
dimensions within the first 2 months after myelomeningocele 
surgery and these patients required a second surgery for 
shunting. A study of 10,627 patients conducted in 2019 by Mc 
Carthy et al. reported that 57%-86% of patients developed 
hydrocephalus after defectrepair (13). When this was analyzed 
in relation to sac volumes before defect repair, the mean 
MMC sac volume was found to be 11,511.214 mm3 among 
the 20 patients who developed hydrocephalus after the first 
procedure versus 3,066.999709 mm3 among patients who 
did not require shunting before or after sac repair. In other 
words, those with a larger sac volume have an increased risk 
of developing hydrocephalus after a repair surgery even if 
initial evaluation does not show any need for shunting. This 
suggests that the primary problem is CSF malabsorption and 
that the volume of CSF produced remains actually the same. 
There was no significant correlation between sac volume and 
the day of shunting in patients who developed hydrocephalus 
after repair surgery. In the case of CM, which is another 
comorbid condition, it is hypothesized that tonsils that migrate 
down ward cause a relative obstruction in the CSF circulation 
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