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ABSTRACT
AIM: To evaluate the effect of shunt selection on the rate of shunt revision due to early shunt complications in neonatal
myelomeningocele-associated hydrocephalus.
MATERIAL and METHODS: The data of 157 neonatal myelomeningocele cases in three pediatric neurosurgery centers (Ankara
University, Kocaeli University, Selcuk University) who underwent shunt surgery at the time of myelomeningocele repair between
2000 and 2014 were retrospectively analyzed. Clinical features of the patients, shunt types, and early shunt complications within
the first three months were recorded. The patients were classified according to several features of the shunt systems, such as the
valve type, valve size/contour and catheter type.
RESULTS: Of all patients, 71 (45.2%) underwent early shunt revision surgery due to various complications. Mechanical complications
were the most frequent cause of shunt failure, followed by infection. There was no significant difference among the valve types. Also,
no significant difference was observed among the catheter types. Only valve contour/size (contoured regular/ultra-small/burr-hole/
cylindrical/neonatal) seemed to significantly affect the rate of early complications. The patients with neonatal-design valves or ultrasmall valves had significantly less complications, such as poor wound-healing, wound-dehiscence, cerebrospinal fluid leak or shunt
exposure. The infection rate secondary to these complications was found to be lower.
CONCLUSION: Myelomeningocele patients with prominent hydrocephalus frequently have a friable skin, due to reduced
macrocrania-related subcutaneous tissues. Small-sized (neonatal-design or ultra-small) valves may significantly reduce the early
shunt complication rate among this population.
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█

INTRODUCTION

M

yelomeningocele is a complex birth defect which
affects the central nervous system at different and
multiple levels (4,5). Although myelomeningocele is
considered as a static condition, it becomes more complicated
due to the presence of associated problems. Hydrocephalus,

Chiari malformation type II, syringomyelia, and cerebral midline
anomalies are the common conditions which accompany
the spinal cord malformations (12,13). It is well-established
that only one out of six infants born with myelomeningocele
presents signs of increased intracranial pressure at birth, while
only one out of eight of them has a head circumference above
the 98th percentile (4,13,14). Following the initial closure of
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the spinal defect, approximately 65% of the affected children
develop hydrocephalus at two or three weeks of age (14).

1. Mechanical dysfunction (shunt obstruction, peritoneal
problems)

The associated hydrocephalus, either congenital or developing following myelomeningocele closure, is a common condition in which shunt surgery is almost unavoidable (10). While
endoscopic third ventriculostomy has been gaining importance in the management of hydrocephalus, children with
myelomeningocele and that requiring hydrocephalus management at a younger age have the lowest success rates with
this technique (14). Therefore, ventriculoperitoneal shunting
remains the primary modality for the treatment of hydrocephalus in children with myelomeningocele and reported rates of
shunt replacement are almost 80 to 85% (2,6,10).

2. Wound problems (wound-dehiscence, skin irritation,
pressure sores, shunt exposure)

On the other hand, shunt-related complications increase the
patient morbidity and mortality significantly. The overall risk of
shunt infection and malfunction has been reported to be higher
in patients with myelomeningocele (2,6,9). In addition, the risk
of shunt infections is higher in patients with myelomeningocele
than in those requiring shunt placements for the treatment of
other conditions, whereas shunt infections have been shown
to complicate 3 to 25% of the ventriculoperitoneal shunts in
this patient population (6). Also, the need for multiple shunt
placement procedures seems to have an adverse effect on
long-term outcomes (2,3). Therefore, reducing the number of
revisions is of paramount importance.
In this study, we aimed to evaluate the effect of shunt selection on the rate of shunt revision due to early shunt-related
complications in neonatal myelomeningocele-associated hydrocephalus.
█

MATERIAL and METHODS

The data of 157 neonatal myelomeningocele cases, who underwent shunt surgery at the time of myelomeningocele repair in three pediatric neurosurgery centers (Ankara University, Kocaeli University, Selcuk University) between April 2000
and February 2014, were retrospectively analyzed. Clinical
features of the patients, shunt types, and early shunt complications within the first three months were recorded. The patients, who were followed for at least one year after surgery,
were included in the study.
The patients were classified according to several features of
the shunt systems, such as the valve type, valve size/contour
and catheter type.
According to the valve types, the patients were grouped as
follows: fixed-differential-pressure valves, anti-siphon or
gravity activated valves, flow-control valves and adjustable
valves. Regarding the size and the contour of the valves, the
patients were grouped as follows: contoured regular valves,
regular bur-hole valves, cylindrical valves, and ultra-small or
neonatal design valves.
According to the catheter types used, the patients were
grouped as follows: antimicrobial-impregnated or -coated
catheters, and standard catheters.
Early shunt complications were classified in four major
categories:
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3. Infection
4. Dynamic malfunction (overdrainage-related problems).
A written informed consent was obtained from each patient.
The study protocol was approved by the local Ethics
Committee. The study was conducted in accordance with the
principles of the Declaration of Helsinki.
Statistical analysis was performed using SPSS v23 software
(SPSS Inc., Chicago, IL, USA). The Pearson chi-square test
was used to analyze statistical significance. A p value of ≤
0.05 was considered statistically significant.
█

RESULTS

Of 157 patients, 71 (45.2%) underwent early shunt revision
surgery due to various complications. Wound problems were
the most frequent cause of early shunt revision surgery,
followed by infection and mechanical complications. In terms
of the four major shunt complication categories; there was
no significant difference among the valve types. Also, no
significant difference was found among the catheter types.
Only valve contour/size seemed to significantly affect the
complication rate in the categories of wound problems and
infection. The data are summarized in Tables I, IIA, IIB, and
IIC. The patients with neonatal-design or ultra-small valves
had significantly lower rates of wound problems, such as poor
wound-healing, wound-dehiscence, cerebrospinal fluid leak
or shunt exposure. The infection rate was found to be lower in
the valve contour/size group.
█

DISCUSSION

Myelomeningocele is the most complex congenital anomaly compatible with the long-term survival (4,13,15). These
patients require a multidisciplinary approach for the treatment
of myelomeningocele and hydrocephalus management constitutes a major part in their care. Hydrocephalus in myelomeningocele may be present at birth and may sometimes
develop after the repair of myelomeningocele (13). Study data
indicates that the incidence of hydrocephalus and the requirement of ventriculoperitoneal shunt in these patients vary from
52 to 90% (7). According to the study of Januschek et al.
(4), the shunt dependence occurred in 85% of the patients.
In another study, although approximately 90% patients with
myelomeningocele developed hydrocephalus requiring shunt
placement, only 15% demonstrated active hydrocephalus at
the time of repair surgery (5).
The management of shunts remains an important problem
for these children with myelomeningocele. Despite novel
techniques and technological improvements in shunt systems,
the rate of shunt malfunction remains high (4,5,13). According
to Talamonti et al. (13), the rate of multiple shunt placement
procedures was 53%. In the literature, the overall risk of shunt
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infection and malfunction has been reported to be higher in
patients with myelomeningocele than in those requiring shunt
placements for the treatment of other conditions (9). Some
authors reported that shunt-related complications were more
common, serious, and often life-threatening in these children
(9,12,14). Recent studies also suggest that the overall survival
in patients with myelomeningocele without hydrocephalus is
significantly longer and the patients with myelomeningocele

undergoing shunt surgery have reduced life expectancy,
compared to those not requiring shunt placements for
cerebrospinal fluid diversion (10). On the other hand, Tulipan et
al. (16) recommended prenatal surgery for myelomeningocele
patients. They suggested that this technique might reduce
the hydrocephalus risk and minimize the shunt-related
complications.

Table I: Patients and Postoperative Shunt Complications

Total Number of
Patients

Number of
Patients who have Number of Cases
with Mechanical
Undergone Early
Dysfunction
Shunt Revision
Surgery

157

71

Number of Cases
with Wound
Problems

Number of Cases
with Shunt
Infection

Number of Cases
with Dynamic
Malfunction

28

23
(11+12)*

8

12

* Twelve of the 23 shunt infection cases were related to wound problems such as wound dehiscence and exposed shunt.
Table IIA: Complications Related to Valve Type

Valve Type
Fixed DifferentialPressure Valves

Anti-Siphon or
Gravity Activated
Valves

Flow-Control
Valves

Adjustable Valves

Mechanical Dysfunction

4

2

3

3

Wound Problems

8

5

7

8

Infection

7

5

5

6

Dynamic Malfunction

3

1

2

2

Cylindrical
Valves

Ultra Small or
Neonatal Design
Valves

Table IIB: Complications Related to Valve Size/Contour

Valve Size/Contour
Contoured Regular
Valves
Mechanical Dysfunction

Regular Burr-Hole
Valves

3

4

2

3

11

10

6

1*

Infection

7

8

6

2*

Dynamic Malfunction

2

3

1

2

Wound Problems

*p<0.05.
Table IIC: Infections Related to Catheter Type

Catheter Type
Antimicrobial-Impregnated or
Coated Catheters
Infection

9 (12%)

Standard Catheters
14 (19%)
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Furthermore, infection, the major cause of morbidity and
mortality, is a shunt placement-associated complication
(1,3,9). The poorly developed immune system of newborns,
poorer skin conditions, high-skin bacterial density, reduced
subcutaneous tissue due to macrocrania and multiple shunt
revisions can be implicated as some of the underlying causes
(1,9,11,17).
Some authors have reported that ventriculosubgaleal shunting
may reduce the incidence of shunt revision for infants with
myelomeningocele (8). However, the aforementioned study
was carried out in a very small series with only nine patients
and without comparing with shunt procedures and shunt
types.
Moreover, the ideal timing of shunt surgery is still controversial
with recommendations of concurrent shunt placement with
myelomeningocele repair and sequential treatment as myelomeningocele repair, followed by shunt insertion. Epstein was
one of the first proponents of simultaneous shunt placement
and myelomeningocele repair (14). Some authors provided
support for simultaneous versus sequential myelomeningocele repair in 69 patients with the latter noted to have a higher
rate of cerebrospinal fluid leaks (16.7 vs. 0%) and prolonged
hospital stay (6,12,16). However, the overall complication
rates and infection rates were similar between the study
groups. According to Yilmaz et al. (17), no statistically significant difference was reported between concurrent surgery and
sequential surgery by means of infection rates. Some authors
described a higher infection rates in newborns with late ventriculoperitoneal shunt placement, compared to early shunt
surgery (3); however, some authors reported that there were
no statistically difference of shunt infection in patients with
shunted early or late after myelomeningocele repair operations
(9). In larger series including 170 and 69 patients, respectively,
no difference in the outcome of shunt functions based on the
order of the myelomeningocele repair was observed (15).
█

CONCLUSION

Neonatal myelomeningocele patients with prominent hydrocephalus frequently have a friable skin, due to reduced
macrocrania-related subcutaneous tissues. Small-sized (neonatal-design or ultra-small) valves may significantly reduce the
early shunt complication rate in this patient population.
█
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