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The worldwide incidence of neural tube defects 
(NTDs) ranges from 0.17 to 6.39 in 1000 live births.3 
Myelomeningocele (MMC) is the most common 

NTD, characterized by a dorsal midline lesion composed 
of a neural plaque (placode) attached to adjoining dys-
plastic epithelial tissue.1 More than a congenital defect, it 
could lead to serious conditions such as Chiari malforma-

tion type II (CM-II), hydrocephalus, motor disorders, neu-
rogenic bladder, and orthopedic deformities.3,20,31 These 
conditions have already been related to the morbidity and 
mortality of patients with MMC. In 1994, Kaufman et al.16 
associated the inadequate follow-up of these patients with 
high morbidity. In 2003, Oakeshott and Hunt reported the 
association of childhood neurological deficits with the 
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OBJECTIVE  The goal of this study was to analyze the factors that have an impact on morbidity and mortality in patients 
with myelomeningocele (MMC).
METHODS  A retrospective cohort study was conducted to analyze factors associated with MMC that influence the 
morbidity and mortality of the disease. Data were collected from medical records of children who underwent the primary 
repair of MMC at the Fernandes Figueira Institute–Oswaldo Cruz Foundation (IFF-Fiocruz) between January 1995 and 
January 2015, with a minimum follow-up of 1 year. The following variables were analyzed: demographic characteristics 
(gestational age, sex, and birth weight); clinical features (head circumference at birth, anatomical and functional levels 
of MMC, hydrocephalus, symptomatic Chiari malformation type II, neurogenic bladder, and urinary tract infection [UTI]); 
and surgical details such as timing of repair of MMC, age at first shunt placement, shunt surgery modality (elective or 
emergency), concurrent surgery (correction of MMC and shunt insertion in the same surgical procedure), incidence and 
cause of shunt dysfunction, use of external ventricular drain, transfontanelle puncture, surgical wound complications 
prior to shunting, and endoscopic treatment of hydrocephalus.
RESULTS  A total of 231 patients with MMC were included in the analysis. Patients were followed for periods ranging 
from 1 to 20 years, with a mean of 6.9 years. The frequency of shunt placement was observed mainly among patients 
with MMC at the highest spinal levels (p < 0.01). The main causes of morbidity and mortality in patients with MMC were 
shunt failures, diagnosed in 91 of 193 cases (47.2%) of hydrocephalus, and repeated UTIs, in 129 of 231 cases (55.8%) 
of MMC; these were the main causes of hospitalization and death. Head circumference ≥ 38 cm at birth was found to 
be a significant risk factor for shunt revision (p < 0.001; 95% CI 1.092–1.354). Also, the lumbar functional level of MMC 
was associated with less revision than upper levels (p < 0.014; 95% CI 0.143–0.805). There was a significant association 
between recurrent UTI and thoracic functional level.
CONCLUSIONS  Macrocephaly at birth and higher levels of the defect have an impact on worse outcome and, therefore, 
are a challenge to the daily practice of pediatric neurosurgery.
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degree of mobility, independence, and even the patient’s 
blood pressure.24 Also, in this series, death was related to 
cardiorespiratory or renal failure.13

In the early 1950s, the survival rate of individuals with 
MMC did not exceed 10%.20 Recently, with the great ad-
vances in the treatment of complications, a large number 
of children survive and reach adulthood.3,4,25 Even so, de-
spite the decline in incidence and mortality, MMC contin-
ues to be a major cause of chronic disability.4 Therefore, 
the optimal treatment of patients with MMC requires mul-
tidisciplinary care to prevent, monitor, and treat potential 
complications that may affect function, quality of life, and 
survival. In this context, knowledge of the prognostic fac-
tors becomes fundamental. The aim of our study was to 
analyze the factors that impact morbidity and mortality in 
patients with MMC.

Methods
We conducted a retrospective study of all 384 patients 

who underwent the primary repair of MMC between Jan-
uary 1995 and January 2015 in the Pediatric Neurosurgery 
Division of Fernandes Figueira Institute–Oswaldo Cruz 
Foundation (IFF-Fiocruz) in Rio de Janeiro, Brazil. Data 
were collected from medical records of the neurosurgery 
outpatient clinic. Only patients with a minimum follow-up 
of 1 year were included. Patients with congenital infec-
tions, other congenital malformations, or intraventricular 
hemorrhage were excluded. Any patient whose medical 
records were missing was also excluded. Thus, 231 pa-
tients with MMC were included in the analysis. Patients 
were followed for periods ranging from 1 to 20 years, with 
a mean of 6.9 years.

Data collection included demographic characteristics 
(gestational age, sex, and birth weight); clinical features 
(head circumference at birth, anatomical and functional 
levels of MMC, hydrocephalus, symptomatic CM-II, neu-
rogenic bladder, and urinary tract infection [UTI]); and 
surgical details such as timing of repair of MMC, age at 
first shunt placement, shunt surgery modality (elective or 
emergency), concurrent surgery (correction of MMC and 
shunt insertion in the same surgery), incidence and cause 
of shunt dysfunction, use of external ventricular drain, 
transfontanelle puncture, surgical wound complications 
prior to shunting, and endoscopic treatment of hydroceph-
alus.

Hydrocephalus was defined as a rapidly increasing 
head circumference and progressive ventriculomegaly on 
serial ultrasound studies. Macrocephaly was considered 
when the head circumference was ≥ 38 cm at birth.

Shunt independence was considered when patients with 
discontinued ventriculoperitoneal shunts did not present 
symptoms. We conceive discontinued shunts as occurring 
when fracture, disconnection, or proximal or distal cath-
eter migration was present.

Symptomatic CM-II in neonates and infants was con-
sidered when low cranial neuropathies, swallowing dys-
functions (neurogenic dysphagia), and respiratory disor-
ders (apnea, cyanosis, and laryngeal stridor) were present. 
In older children, cervicalgia, weakness in the upper limbs, 
and spasticity were also considered. Clinical dysfunction 

of swallowing or breathing was confirmed through endos-
copy and bronchoscopy.

The anatomical levels were classified according to the 
radiological records as follows: thoracic (above T12), tho-
racolumbar (from T12 downward), upper lumbar (L1–2), 
lower lumbar (L3–5), and sacral. Functionally, because 
the patients were examined by different professionals, the 
use of a wide scale to classify all the patients was needed. 
Therefore, the patients were categorized according to the 
scale of Hoffer et al., as described in Bartonek et al.2 Teth-
ered cord syndrome was defined as back or leg pain, pro-
gressive scoliosis, change in bladder function, and motor 
decline.

Regarding urinary disorders, the patients were cat-
egorized into continent without catheterization, socially 
continent (without losses between catheterization), incon-
tinent, and too young for sphincter control (less than 2 
years of age).

We identified the rate of latex allergy. Routinely our 
population undergoing intermittent clean catheterization 
for neurogenic bladder uses latex-free catheters. However, 
the protocol for prevention of latex allergy is only per-
formed in the operating room when there is a confirmed 
allergy. We evaluated the main causes of hospitalization 
and death to assess morbidity and mortality.

This project was approved by the Human Research 
Ethics Committee of IFF-Fiocruz.

Statistical Analysis
Descriptive analysis was performed to obtain the fre-

quencies and measures of central tendency (mean and 
median) of the analyzed variables. The bivariate analysis 
was used to obtain measures of association between the 
risk factors and main causes of hospitalization and death. 
For numerical variables the Student t-test was performed 
when they had a normal distribution, or the Mann-Whit-
ney U-test when they did not. Categorical variables were 
assessed using the chi-square or Fisher test. The logistic 
regression model was performed to examine the relation-
ship between the risk factors and main causes of hospital-
ization and death. Statistically significant differences were 
determined by p values < 0.05. All statistical analyses 
were performed using standard statistical software (IBM 
SPSS v22.0, IBM Corp.).

Results
The main characteristics of our patients are presented 

in Table 1. Most of the patients of this cohort were born 
by cesarean section, with a mean gestational age of 37.9 
weeks. Only 36 patients (15.6%) were preterm. There was 
a discrete predominance of females (55.4%). Surgical re-
pair of MMC was performed within 48 hours of birth in 
157 cases (67.9%), as shown in Table 1.

Anatomical and Functional Level
The frequencies of the anatomical levels in decreasing 

order were as follows: lower lumbar (119), thoracic-lumbar 
transition (50), upper lumbar (29), sacral (26), and thoracic 
(7). However, most of the patients presented functionally 
with thoracic level on the Hoffer scale, representing 37.2% 
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of the cases (86/231). This functional level was followed 
by lower lumbar in 28% (65), upper lumbar in 25.5% (59), 
and sacral in 9.1% (21). Thus, we noticed a tendency for 
the functional level to be worse than the anatomical level.

Chiari Malformation Type II
The frequency of symptomatic CM-II was 12%, and it 

was found mostly in newborns and infants who presented 
with swallow and respiratory dysfunction. Only 1 patient 
was older, presenting at the age of 4 years with weakness 
of upper limbs.

The initial surgical treatment consisted of shunt in-
sertion or revision. In this group, shunt insertion was 
performed in 26 patients and shunt revisions in 2 cases. 
Patients whose symptoms did not improve with these mea-
sures were candidates for posterior fossa decompression 
(PFD), which was required in only 4 patients. In 3 of them, 
PFD was performed within 2 months of age and in 1 pa-
tient at 4 years. Two deaths occurred among the 4 patients, 
one at 12 months due to renal failure and the other at 13 
months of age due to shunt dysfunction. After 4 years of 
age, no patient presented with symptomatic CM-II.

Hydrocephalus
Two hundred twelve patients (91.8%) had ventriculo-

megaly diagnosed at birth by transfontanelle ultrasound. 
Of these, 193 (83.5%) were diagnosed with hydrocepha-
lus. Shunt placement was mostly performed after 40 
weeks of gestational age (Table 1). Concurrent surgery 
was performed in 9 patients. All shunt procedures were 
performed electively. All patients received a standard dif-
ferential pressure valve.

As shown in Table 2, the frequency of shunt placement 
was observed mainly among patients with the highest-lev-
el MMC (p < 0.01). Ninety-one of the 193 patients (47.2%) 

with hydrocephalus underwent at least one shunt revision. 
The first revision occurred on average at 13 months old 
and the main cause of this procedure was attributed to 
proximal obstruction (30%). Multiple shunt revisions were 
recorded in 34 patients (17.6%). Shunt infection occurred 
in 10% of the cases.

Looking for all demographic, clinical, and surgical 
variables that could have an influence in shunt dysfunc-
tion, we noticed that head circumference ≥ 38 cm at birth 
was a significant risk factor for shunt revision (p < 0.001; 
95% CI 1.092–1.354). Also, the lumbar functional level of 
MMC was associated with less revision than upper levels 
(p < 0.014; 95% CI 0.143–0.805). These results are shown 
in Tables 3 and 4.

Endoscopic third ventriculostomy (ETV) was the 
treatment of choice only in children who presented with 
hydrocephalus after 1 year of age or in patients with shunt 
dysfunction and ventricles large enough to allow neuro-
endoscopy. Thus, the ETV frequency of this series is low; 
the procedure was performed in only 5 patients. Two of 
them were previously shunt free and older than 1 year, 
with a good response to the treatment and with 3 years 
of follow-up in one case and 2 years in the other. In the 
remaining cases the patients presented with shunt dys-
function, but ETV was not enough to resolve the clinical 
condition, and a subsequent shunt revision was needed in 
all 3 cases.

During follow-up, 10 of 193 patients (5.2%) undergo-
ing shunt treatment were considered shunt independent. 
Among them, 6 experienced symptoms of dysfunction of 
this system and underwent emergency surgery. The mean 
age at presentation of the symptoms was 13 years and the 
mean time between the diagnosis of shunt independence 
and symptoms of dysfunction was 4.7 years.

Tethered Cord Syndrome
Tethered cord syndrome was diagnosed in 11 patients 

(4.8%) and all of them underwent surgery for spinal cord 
release. Among them, 45.5% were wheelchair dependent.

Bladder and Bowel Function and UTIs
Only 2 patients (0.9%) were continent without cath-

eterization and 55 (23.8%) achieved social continence. In 
contrast, 141 patients (61%) presented with urinary incon-
tinence even with intermittent catheterization. Patients 

TABLE 1. Characteristics of the cohort of 231 patients with MMC

Characteristic Value

Gestational age in wks, mean (SD) 37.9 (1.6)
Birth weight in g, mean (SD) 3072 (580)
Sex, % female 55.4
Age at shunt placement, %
  <40 wks 38
  ≥40 wks 62
Head circumference at birth in cm, mean (SD) 36.5 (3.8)
Hydrocephalus, % 83.5
Shunt revisions, % 47.2
PFD, % 1.73
Tethered cord release, % 4.8
ETV, % 2.2
Timing of repair of MMC, %
  <24 hrs 48.9
  <48 hrs 19
  <72 hrs 12.2
  ≥72 hrs 19.9

TABLE 2. MMC anatomical level and frequency of shunt 
placement

Anatomical Level
Shunt

TotalYes No

Thoracic 7 (100%)* 0 (0%) 7
Thoracolumbar 47 (94%)* 3 (6%) 50
Upper lumbar 25 (86.2%)* 4 (13.8%) 29
Lower lumbar 100 (84%)* 19 (16%) 119
Sacral 14 (53.8%)* 12 (46.2%) 26
Total 193 (83.5) 38 (16.5%) 231

* p < 0.01.
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who were not old enough for their sphincter control to be 
evaluated corresponded to 33 cases (14.3%).

Correlating the functional level with the degree of con-
tinence, it is evident that urinary incontinence is present 
in high frequency at all functional levels and, therefore, 
there is no relation between the neurogenic bladder and 

the MMC level (Fig. 1). Likewise, homogeneous distribu-
tion was found in cases of chronic UTIs; it was present 
in 129 patients (55.8%). However, there was a significant 
association between recurrent UTI and thoracic functional 
level (Table 5).

Bowel dysfunction was present in the majority of the 
cohort, with 169 patients (73.2%) presenting with fecal in-
continence and 111 (48.1%) presenting with constipation.

Latex Allergies
Latex allergy occurred in 7 patients (3%). Of these, 6 

were female. All patients underwent intermittent catheter-
ization due to neurogenic bladder. Only 1 patient had a 
history of excessive exposure to latex, with 3 shunt revi-
sions, 1 vesicostomy, and 5 hospitalizations due to UTI.

Hospitalization and Mortality
In this series there were 314 hospitalizations (mean: 

TABLE 3. Variables used in bivariate analysis for shunt dysfunction

Variable

Shunt Dysfunction

p Value OR (95% CI)
Yes No

No. % No. %

Timing of repair of MMC 0.6807
  <24 hrs 50 51.0% 48 49.0% Reference
  <48 hrs 18 50.0% 18 50.0% 1.042 (0.485–2.236)
  <72 hrs 8 40.0% 12 60.0% 1.563 (0.587–4.156)
  ≥72 hrs 15 41.7% 21 58.3% 1.458 (0.674–3.156)
Concurrent surgery 0.2558
  Yes 6 66.7% 3 33.3% 2.329 (0.565–9.597)
  No 85 46.2% 99 53.8% Reference 
Transfontanelle puncture 0.6288
  Yes 8 53.3% 7 46.7% 1.308 (0.455–3.761)
  No 83 46.6% 95 53.4% Reference
Wound complications 0.7663
  Yes 12 50.0% 12 50.0% 1.141 (0.485–2.685)
  No 78 46.7% 89 53.3% Reference
Anatomical level of MMC 0.285
  Thoracic 4 57.1% 3 42.9% 3.000 (0.446–20.15)
  Upper lumbar 39 54.2% 33 45.8% 2.659 (0.750–9.428)
  Lower lumbar 43 43.0% 57 57.0% 1.697 (0.490–5.880)
  Sacral 4 30.8% 9 69.2%  Reference
Functional level of MMC 0.0026
  Thoracic 50 61.0% 32 39.0% 6.25 (1.247–31.320)
  Lumbar 36 38.7% 57 61.3% 2.526 (0.507–12.570)
  Sacral 2 20.0% 8 80.0%  Reference
Gestational age in wks* 88 38.2 (1.4) 98 37.9 (1.5) 0.229 0.886 (0.727–1.080)
Weight in g† 90 1.9 (0.3) 102 1.8 (0.4) 0.511 0.765 (0.346–1.695)
Head circumference ≥38 cm‡ 85 38.2 (4.4) 99 35.6 (2.9)  0.001 0.812 (0.736–0.894)

Values for the last 3 rows are expressed as the mean (SD) in columns 3 and 5.
* Comparison: < 37.9 weeks versus ≥ 37.9 weeks.
† Comparison: < 3072 g versus ≥ 3072 g.
‡ Comparison: < 38 cm versus ≥ 38 cm.

TABLE 4. Logistic regression model prognostic factors for shunt 
dysfunction and revision

Variable p Value OR (95% CI)

Functional level of MMC 0.035 —
  Thoracic 0.267 0.64 (0.290–1.408)
  Lumbar 0.014* 0.34 (0.143–0.805)
  Sacral 0.054 0.12 (0.014–1.038)
Head circumference ≥38 cm 0.001* 1.2 (1.092–1.354)

* Statistically significant at p < 0.05.
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2 hospitalizations per patient). Most of them were attrib-
uted to shunt dysfunction, in 118 cases (37.6%), followed 
by UTI in 56 (18%), and suspected but unconfirmed shunt 
dysfunction in 16 (5%). Other causes of hospitalization 
were (in order of frequency): pressure ulcers, tethered cord 
syndrome, epilepsy, pneumonia, and others.

Seventeen deaths (7.4%) were noted. Of these, 6 (35%) 
were attributed to shunt dysfunction, 5 of which were due 
to infection and 1 due to proximal obstruction. The sec-
ond cause of death was urinary sepsis and renal failure, 
corresponding to 5 children. The other deaths were identi-
fied through the information registry of the Rio de Janeiro 
Court, with unknown cause.

Considering causes of hospitalization and deaths as 
prognostic indicators, shunt dysfunction and UTIs were 
the 2 main features responsible for morbidity and mortal-
ity.

Discussion
The survival rate of patients with MMC has increased 

due to advances in the treatment of the associated condi-
tions,3,4,25 such as hydrocephalus and neurogenic bladder. 
Thus, multidisciplinary and specialized attention is re-
quired throughout life.19

The Pediatric Neurosurgery Division of the IFF-Fio-
cruz is a reference center that coordinates numerous spe-
cialists involved in the long-term treatment of patients 
with MMC. In our series, ventriculomegaly was evident 
in 212 patients and treatment for hydrocephalus was re-
quired in 193 (83.5%) of the cases, as shown by previously 
reported data in the literature.4,10

We evaluated the main causes of hospitalization and 
death to assess morbidity and mortality. In this way we 
found that shunt dysfunction and UTI were the 2 main fea-
tures responsible for morbidity and mortality. Previously, 
the prognosis of these children was assessed based on pa-
tient survival.32 Nowadays, shunt device survival is consid-
ered the basis for determining the prognosis, because the 
rate of shunt dysfunction is relatively high in patients with 

MMC.6,9,30 Bowman et al.4 have shown that the mortality 
rate continues to rise as patients approach adulthood, with 
the main cause being shunt dysfunction. As previously 
described,4 we observed a high rate of shunt dysfunction 
(47.2%). This occurred on average at 13 months of life.

There is evidence in the literature that some features 
could lead to shunt dysfunction, such as gestational age, 
birth weight, and age at shunt placement.35 Looking for-
ward using the logistic regression model (Table 4), in our 
series these features were not related to the risk of shunt 
dysfunction.

Regarding the timing of repair of the spinal defect, be-
cause cesarean sections were usually scheduled, repair of 
MMC occurred in the first 48 hours of life in 67.9% of the 
cases, the majority of them being performed in the first 24 
hours. Late repairs occurred only in cases of nonscheduled 
deliveries, when prenatal complications were present. In 
the literature, there is a recommendation for the treatment 
of MMC within the first 48 or 72 hours.5,21 An increased 
risk of shunt revision was reported after late MMC repair, 
due to the increase in circulating proteins and debris in 
CSF, which would cause shunt obstruction, even without 
infection.12,34 In this cohort, we found no association be-
tween late repair of MMC and the frequency of shunt re-
visions (Table 3). The absence of this association can be 
explained by the adequate care of the newborn (wound 
protection and antibiotic therapy). Despite this, we recom-
mend that the MMC repair be done as early as possible.

There is controversy in the literature regarding the risk 
of complications after concurrent repair of MMC and shunt 
insertion. Some authors18 did not demonstrate a significant 
increase in complications, although others26 demonstrated 
risks related to CSF exposure, transient bacteremia dur-
ing the surgical manipulation of MMC, and unrecognized 
UTIs. In our series, concurrent surgeries were performed 
only when considerable macrocephaly was present at birth 
and we did not demonstrate an increased risk of shunt fail-
ure in relation to concurrent surgery.

Oakeshott and Hunt24 demonstrated that children with a 
head circumference above the 90th percentile had a worse 
prognosis. In a recent cohort a dismal prognosis related 
to a large head circumference was also described.17 Our 
results corroborate these studies and, as far as we know, 
for the first time in the literature we demonstrate the as-
sociation of a cutoff point of 38 cm of head circumference 
at birth with increased risk of shunt dysfunction (Table 4). 
The Management of Myelomeningocele Study (MOMS)36 
also showed a worse prognosis in patients with exuberant 

FIG. 1. Bar graph showing distribution (%) of neurogenic bladder be-
tween functional levels of MMC.

TABLE 5. Functional level of MMC and recurrent UTI

Functional Level
UTI

TotalYes No

Thoracic 54 (62.8%)* 32 (37.2%) 86
Upper lumbar 29 (49.2%) 30 (50.8%) 59
Lower lumbar 34 (52.3%) 31 (47.7%) 65
Sacral 12 (57.1%) 9 (42.9%) 21
Total 129 (55.8%) 102 (44.2%) 231

* p < 0.025.
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ventricular dilatation (≥ 15 mm), and it is not possible to 
avoid shunting in these cases. For these patients, possibly 
the best treatment would continue to be postnatal surgery, 
preserving greater maternal and fetal safety. Also, as re-
ported before,17 we noticed that the incidence of hydro-
cephalus varies according to the anatomical level of the 
spinal defect and that shunt dysfunction is more common 
among the highest levels of the defect (Tables 2 and 3). 
This fact should be considered when comparing the prog-
nosis of fetal intervention and postnatal repair of MMC.

The shunt independence concept is based on the context 
of arrested hydrocephalus. Hurni et al.14 describe circum-
stances in which hydrocephalus can be spontaneously ar-
rested. In such a situation, ventricular enlargement is no 
longer active, intracranial pressure returns to normal val-
ues, and a conservative approach is often adopted. In this 
context, Iannelli et al.15 reported in a retrospective series 
of 850 children with nontumoral hydrocephalus that shunt 
independence could be demonstrated in 3.2% of the pa-
tients (27 cases). In our series, we initially considered 10 
patients (5.2%) to be shunt independent, but in more than 
half of them (60%) symptoms of dysfunction worsened 
and the patients underwent prompt surgery. Talamonti et 
al.34 also initially considered 34 patients (24%) with MMC 
to be shunt independent. However, 10 patients throughout 
the follow-up required shunt revision. Other authors have 
reported that a disconnected portion of fractured shunt 
may be working and that it is not safe to state that the shunt 
is no longer needed.11,28 In this way, we believe that the 
concept of arrested hydrocephalus should be treated with 
great care and that patients with catheter fractures, dis-
connections, or migrations should be carefully followed up 
with routine control examinations, and also that the ability 
of the family to access the hospital should be considered 
in the decision between surgical or conservative treatment.

UTI was the second most common cause of morbidity 
and mortality. As expected,29 virtually all patients present-
ed with neurogenic bladder, with a homogeneous distribu-
tion of incontinent patients between the thoracic, lumbar, 
and sacral levels. The same distribution was demonstrat-
ed for recurrent UTIs, with the exception of the thoracic 
functional level, which correlated with a higher number of 
UTIs (Table 5). The urodynamic protocol for patients with 
recurrent UTIs consists of prophylactic antibiotic therapy, 
increased frequency of intermittent catheterizations, and 
early vesicostomy when needed. This protocol usually al-
lows the control of infections, which makes us think that 
possibly nonadherence to treatment may be a limiting fac-
tor for the prevention of UTIs, but our study did not pro-
pose this investigation.

Because the inclusion criteria in this study consisted 
of a minimum follow-up of 1 year, we evaluated the later 
symptoms of CM-II. As observed in other series,4,34 the 
frequency of CM-II symptoms was approximately 12%. 
The initial surgical treatment usually consists of shunt 
insertion or revision.33 Patients whose symptoms do not 
improve with these measures are candidates for PFD. Our 
results are compatible with the literature. We report shunt 
insertion in 26 cases and shunt revisions in 2 cases. PFD 
was required in only 4 patients; in 3 of them PFD occurred 
within 2 months of birth, and in 1 it occurred at 4 years 

of age. Among these 4 patients, 2 deaths occurred, one at 
12 months due to renal failure and the other at the age of 
13 months due to shunt dysfunction—these were our most 
important indicators of morbidity and mortality. We also 
emphasize that after 4 years no patient presented with the 
symptomatic form of CM-II.

As previously reported,27 we noticed that the functional 
level tended to be worse than the anatomical level. How-
ever, because this is a retrospective study, many different 
professionals performed the clinical examination. Thus, 
a wide scale was used to classify all patients, and there-
fore there may be some bias. In addition, in the literature 
there are reports of poor clinical outcome leading to motor 
worsening,7 which may explain the discordance found.

According to the available literature,4 only 10%–30% 
of patients develop tethered cord syndrome. Our results 
are compatible with the reported data, with a frequency of 
4.8%. The mean age of the patients was 7.1 years, although 
2 peaks of incidence were reported in the literature.

Several authors8,22,23 have reported that latex allergy 
depends on the degree of exposure to it, due to multiple 
surgical procedures. In the Bowman et al. series,4 approxi-
mately one-third of the cohort presented with a latex al-
lergy. Interestingly, our results contradict the findings in 
the literature. Usually we did not use a latex-free protocol 
in the operating room, and yet only 7 patients (3%) were 
identified as allergic. Of these, only 1 had a history of ex-
cessive exposure to the allergen. Our results led to the un-
derstanding that repeated exposure alone is not enough to 
trigger the allergic reaction and that it may also depend on 
individual predisposition.

This long-term cohort allows us to know better the 
population of survivors and to prevent possible events 
that increase the rate of hospitalization and morbidity and 
mortality, aiming to provide a better quality of life. Even 
though the 2 main causes of morbidity and mortality have 
been described in the literature,4,24,25 the mortality of the 
group of patients that we studied is lower, demonstrating 
that we are moving in the right direction.

Conclusions
Myelomeningocele is the most complex malformation 

of the CNS compatible with long-term survival. Morbid-
ity and mortality, previously associated with CM-II, now 
are related to shunt dysfunction and frequency of UTIs. 
Macrocephaly at birth and higher levels of the defect have 
an impact on worse outcome, related to more shunt dys-
functions and UTIs, and therefore are a challenge to the 
daily practice of pediatric neurosurgery. Also, the concept 
of shunt independence could be related to sudden shunt 
dysfunction and should be carefully analyzed. Knowledge 
of these factors allows us to predict the prognosis, prevent 
complications, and guide the family and the patient about 
care and attention throughout life.
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