DOI: 10.21608/pajn.2021.82219.1026

Original Article

Combined Early Myelomeningocele Repair and Antibiotic-Impregnated
Ventriculoperitoneal Shunt Insertion in Treatment of Chiari 2 Malformation with
Overt Hydrocephalus: Outcome Analysis of 25 Consecutive Cases

Ahmed Y. Soliman,' Kareem Al Sharkawy,’ Sherif Elkheshin'
'Department of Neurosurgery, Faculty of Medicine, Tanta University; *Department of Plastic Surgery, Faculty of Medicine,
Tanta University, Tanta, EGYPT

Received: 23 June 2021 / Accepted: 2 October 2021 / Published online: 23 June 2022

BACKGROUND: Shunt infection represents a serious complication in patients undergoing repair of myelomeningocele
(MMC) with overt hydrocephalus.

OBJECTIVE: This study aimed to assess the infection rate in patients who underwent combined early MMC repair with
placement of antibiotic-impregnated shunt at the same setting.

PATIENTS AND METHODS: This retrospective study was carried out on live birth neonates with MMC and overt hydro-
cephalus who were admitted to Tanta University Hospitals during March 2014 throughout October 2019. All patients under-
went simultaneous repair of MMC and placement of antibiotic-impregnated shunt within 48 hours after birth. Patients were
followed up for six months postoperatively.

RESULTS: Twenty-five patients were included. Evans’ index significantly decreased after surgery (0.34+0.03 vs. 0.29+0.02,
respectively; p<0.001). Postoperative complications included partial wound dehiscence (12%) and infection (8%).

CONCLUSION: Antibiotic-impregnated shunts have a potential prophylactic role in the management of neonates with MMC
and overt hydrocephalus. However, clinical trials with larger sample size and a control arm with standard shunts should be

conducted to elucidate this effect.

KEYWORDS: Hydrocephalus, Infection, Myelomeningocele, Ventriculoperitoneal shunt.

INTRODUCTION

Open neural tube defect is the most common and complex
congenital malformation of the neuraxis. Incidence varies
among studies, ranging from 0.7 to 5 per 1000 live births
worldwide.! Myelomeningocele (MMC) is estimated
to be the most common neural tube defect. Despite the
improvement in prenatal care and the use of folic acid as
a prophylactic measure, the prevalence of MMC is still
considerable.”? Hydrocephalus is an essential component
of this malformation that may be detected before or after
closure of MMC defect in 65-93% of patients with different
follow-up stages. Neurological deficit associated with
dysgenesis can occur in patients with MMC including the
development of motor disorders, neurogenic bladder, and
orthopedic deformities.* These complications have been
associated with increased rates of morbidity and mortality
in infants with MMC.

At time of birth, hydrocephalus is diagnosed in smaller
percentage (5 to 10%) prior to defect repair.* With exposed
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neural tube defects, many studies recommend repair of
MMC sac during the first 24-48 hours to decrease the risk
of infection. Late repair of MMC (>48 hours following
birth) is associated with significant increase in mortality
and morbidity rates.>’

The strategy of intervention in infants presenting with
MMC and clinically overt hydrocephalus is still a
debatable issue. Some studies support sequential shunt
placement and repair of MMC sac in two separate
surgeries to decrease the risk of shunt infection.*®
However, other studies recommend simultaneous shunt
insertion and repair of the defect at the same setting. The
latter studies provide proofs that combined surgery is
not associated with a higher rate of shunt infection and
has a positive impact on the healing of back wound.*!
Therefore, the aim of the current study was to assess the
infection rate in patients who underwent combined early
MMC repair with placement of antibiotic-impregnated
shunt at the same setting.

PATIENTS AND METHODS
Study settings

This retrospective study was carried out on live birth
neonates with MMC and overt hydrocephalus who were
admitted to Tanta University Hospitals during March
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2014 throughout October 2019. The study attained
approval from the Research Ethics Committee of the
Faculty of Medicine, Tanta University. Informed consent
was obtained from the parent of all individual participants
included in the study. Confidentiality of the patients was
kept by assigning code numbers to patients, which were
known only to the principal investigator.

Population

The study included all live born neonates with
concomitant MMC having minimal or large part of the
neural placode exposed (including myeloscisis) and
overt hydrocephalus who had clinically detectable suture
diastasis with wide anterior fontanel and essentially
considerable Evans’ index higher than 0.30 measured by
a neuroradiologist. Out of 392 live birth neonates with
MMC in Tanta University Hospitals who were admitted
during the specified study period, only 25 patients met
our inclusion criteria. Cases with mild hydrocephalus
and full thickness skin covering MMC sac were excluded
as management may include elective surgery.

Data collection

The collected preoperative clinical data included
gestational age at birth, birth weight, length, size and
location of the MMC defect, preoperative Evans’ index,
and timing in hours till surgery. Preoperative computed
tomography (CT) scan and/or magnetic resonance
imaging of the brain and spine were performed for all
cases. Postoperative Evan’s index was measured by
neuro-radiologist through hospital picture archiving and
communication system (PACS) in follow up CT brain
at 6 months following surgery. Calculation of the body
surface area of the whole infant was performed using
the following equation: Body surface area= 0.007184 x
weight (in Kg) 0.425 x height (in cm) 0.725."

Following the rule of nine applied in infants and young
children, the whole back (dorsolumbar region, including
buttocks) should represent 18% of total body surface area.
The last step is the calculation of the MMC defect surface
area. This surface area of the sac was then measured as
percentage value in reference to the dorsolumbar region
surface area. If this value is 7% or grater a skin flap is
considered to close the defect. This may decrease the
tension on sutures and avoid wound disruption with
increased risk of infection. Otherwise a primary closure
of the skin edges was considered.

Preoperative preparation

All patients born by C-section and admitted to neonatal
intensive care unit (NICU). Sterile dressing was applied
and systemic antibiotic combination of cefotaxime
+ vancomycin immediately started. Preoperative
preparation included echocardiography, full laboratory
work-up, and CT scan of the brain and spine (as primary
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neuroradiological investigation). Magnetic resonance
imaging (MRI) of the brain and whole spine was required
for five patients to evaluate possible kinking of the cord
in MMC sac, identify suspicious syrinx, and confirm
trans-ependymal cerebrospinal fluid (CSF) permeation.
All surgical procedures were performed early (not
exceeding 48 hours post-natal). Prophylactic antibiotics
(vancomycin and cefotaxime) were continued 6 days
after surgery.

Procedure

The patient was placed in prone position and surgical
draping was performed as usual. The use of neurotoxic
antiseptics was avoided as they may cause damage to
the neural placode. Skin incision was started as close
as possible to the full thickness skin layer. Under
surgical microscopic view, splitting of skin from the
dura was further performed. The neural placode was
then separated from the dura at the zona epitheliosa and
the neural structure was fully released. Intraoperative
neurophysiologal monitoring was performed to
avoid neural damage This included anal sphinters,
quariceps femoris, tibialis anterior, gastrocnemius
and biceps femoris. To release kinked cord in some
cases it was necessary to cut arachnoid bands fixing
the neural placode and spinal cord with additional
dentate ligament release if required. The dura was then
closed overlayd. Duragen® (Integra LifeSciences,
USA) was used in cases of wide dural defects
(5 cases) which is further augmented by released both
sides lumbar facia second repair layer. The skin was
closed either with primary closure or with skin flap
according to the size of the defect as mentioned earlier.
Rotational flaps were performed by plastic surgeon.

The patient was then put in supine position to insert
ventriculoperitoneal (VP) shunt. We used a combination
of ARES® antibiotic-impregnated both ventricular and
peritoneal shunt tubes (Medtronic, USA) combined
with valve system Miectheke pediGAV® shunt system
(Christoph Miethke GmbH & Co, Germany). All the
patients underwent standard ventriculoperitoneal shunt
placement with frontal precoronal mid-pupillary line
proximal catheter incision and a trans-rectus mini-
laparotomy incision for distal catheter. The gravity
assisted unit was tunneled to a standard location in the
retro-auricular area.

The minimum period for postoperative follow-up was
6 months to rule out infection that could be related to
the procedures. Shunt infection has been verified
by clinical findings (fever, shunt track erythema)
and essentially confirmed by CSF sampling and
analysis  showing  elevated total leukoctic count
and positive bacterial culture. (Figs. 1, 2) demonstrate
radiological findings, repair, and shunt insertion in two
patients in our series.
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Fig 1: (A) Sagittal T1 MRI of dorsolumbar region showing a MMC sac with the lower part of the spinal cord seen kinked and pro-
truding through the defect (arrow) Immediately proximal to the cord’s kinked region, there is syringomyelia extending from the
second lumber to the tenth dorsal vertebrae (arrowhead) (B) Microsurgical repair of the myelomeningocele showing untethering of
the cord’s left side by cutting arachnoid bands, including the dentate ligament (C) Microsurgical release of both the right and cranial
portion of defect (D) Release of lower portion of the kinked cord is continued (E) Primary closure of the defect without the need of
graft (F) Wound healing without disruption (G) Postoperative (3 months following surgery) sagittal T1 MRI of the dorsolumbar
spine showing a near-total resolution of the syrinx with successful release of the kinked portion of the spinal cord.

Fig 2: (A) A preoperative axial CT image is showing overt hydrocephalus (B) Shunt hardware assembly with connection of the
antibiotic-impregnated distal catheter to the Miethke® Pedi-GAV system (C) Freehand insertion of the proximal catheter into the
lateral ventricle (D) Axial CT image of the brain shows resolution of ventriculomegaly and proximal catheter inside the frontal horn
of the lateral ventricle.

Postoperative care A p value < 0.05 was adopted for interpretation of

) ) statistical significance.
Patients were admitted to NICU and kept away from

contact pressure on incisions for 5 days. RESULTS

Statistical analysis The present study included 25 patients with meningocele
and hydrocephalus. Table 1 shows the characteristics
of the studied patients. Male patients constituted 56%,
while female patients accounted for 44%. The mean
gestational age was 37.8+1.5 weeks, ranging from 35
to 40 weeks. Six (24%) patients were preterm, while
R the remaining 19 (76%) were full-term. The mean birth
dlst.rlb'utlon, values were expressed as mean + standard weight was 2940+552.3, ranging from 1600 to 3800 g.
dev1at10n.' Comparl.sons ‘t?etween two paired groups Only 3 (12%) patients were of low birth weight (<2500 g)
were carried out using paired T-test. For data that did whereas 22 (88%) patients were of average birth weight.
not follow normal distribution, the median, interquartile The mean body length, body surface area, and surface

range (IQR: Expressed as 25.th'7_5m percentiles)i and area of the dorsolumbar region of the studied patients
range were calculated. For qualitative data, the variables were 47.042.9 cm. 1850.84231.9 cm?2. and 333.1+41.7
were summarized as frequencies (count and percentage). ’ .

Pearson’s Chi square test for independence, was used to
assess the association between two categorical variables.

Statistical analysis was performed using Statistical
Package for Social Sciences for Windows, version 26
(IBM Corp., Armonk, N.Y., USA). The Shapiro-Wilk test
for normality was performed to determine the distribution
of numerical data. For data that followed normal

cm2, respectively. The most common site of defect was
in lumbar region (n=11, 44%), followed by lumbodorsal
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(n=9, 36%), and then lumbosacral region (n=5, 20%).
The median defect size was 12.6 cm?, ranging from 3.5-
47.1 cm? The median percent of defect to dorsolumbar
surface area was 3.8%, ranging from 1 - 11.8%. Patients
were categorized according to the percent of defect to
dorsolumbar surface area into two groups: those with
percent less than 7% (n=17, 68%) and those with percent
7% or above (n=8, 32.0%). Calculation of the percent of
defect to dorsolumbar surface area is crucial to determine
the type of repair. A percent <7% indicated feasibility
of primary repair, whereas a percent >7% indicated the
need of rotational flap. No other anomalies were detected
except for scoliosis in one patient and Fallot’s tetralogy
in another patient.

Tables 2, 3 summarize the operative and postoperative
data of the studied series of patients. The repair was
primary in 17 patients (68%), while skin flap was
performed in 8 patients (32%). Preoperative Evans’
index in all patients was above 0.3, with a mean value
of 0.34+0.03. The mean postoperative Evans’ index
was significantly reduced to 0.294+0.02 (p<0.001), with
21 patients (84%) <0.3 and 4 patients (16%) with index

Table 1: Patients’ preoperative characteristics (Total n = 25)

above 0.3. The mean difference between preoperative and
postoperative Evans’ index was 0.056+0.025. The mean
time to surgery was 28.7+9.9 hours, with a maximum
delay of 48 hours. Postoperative complications were
detected in 3 (12%) patients in the form of partial wound
dehiscence (n=3, 12%) and CSF infection (n=2, 8%).

Table 4 demonstrates the characteristics of the three
patients who suffered from postoperative complications.
Two of the patients were females while one patient was
a male. The three patients were preterm; two of them
had low birth weight. The defect was lumbodorsal in
two patients with a size above the median of our series,
whereas the third patient had a lumbar defect with a
size equal to the median. The percentage of the defect
to dorsolumbar surface area was above the median of
our series in the three patients. Two patients underwent
repair with skin flap, while the third had primary repair.
The difference between preoperative and postoperative
Evans’ index was minimal in two patients and null in one
patient, with only one patient having Evans’ index below
0.3. The time to surgery was relatively longer than other
patients in the series (the shortest time was 40 hours).

Parameter All patients (n = 25)
Gender

Female 11 (44.0%)

Male 14 (56.0%)

Gestational age (Weeks)

Mean + SD (Range) 37.8+1.5(35.0 - 40.0)
Preterm 6 (24.0%)

Full-term 19 (76.0%)

Birth weight (grams)

Mean + SD (Range) 2940.0 £ 552.3 (1600.0 - 3800.0)
Low birth weight 3 (12.0%)

Normal birth weight 22 (88.0%)

Length (cm)

Mean + SD (Range) 47.0+2.9 (40.0 - 52.0)
Body surface area (cm?)

Mean + SD (Range) 1850.8 +231.9 (1270.0 - 2220.0)
Surface area of dorsolumbar region (cm?)

Mean + SD (Range) 333.1+41.7 (228.6 - 399.6)
Location of defect

Lumbar 11 (44.0%)

Lumbodorsal 9 (36.0%)

Lumbosacral 5 (20.0%)

Size of defect (cm?)
Median [IQR] (Range)

% of defect to dorsolumbar region surface area
Median [IQR] (Range)

<7%

>7%

Other spinal anomalies
Scoliosis
Congenital anomaly

Fallot’s tetralogy

12.6 [9.4 - 22.0] (3.5 - 47.1)

3.8[2.8-7.3](1.0-11.8)
17 (68.0%)
8 (32.0%)

1 (4.0%)

1 (4.0%)

IQR: Interquartile range; SD: Standard deviation; n: Number.
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Table 2: Operative and postoperative data in the studied patients (Total n = 25)

Parameter All patients (n = 25)
Repair type
Primary 17 (68.0%)
Skin flap 8(32.0%)
Preoperative Evan’s index
Mean + SD (Range) 0.34 +0.03 (0.31 - 0.40)
Postoperative Evan’s index
Mean + SD (Range) 0.29 +£0.02 (0.26 - 0.36)
Time to surgery (hours)
Mean + SD (Range) 28.7+9.9 (10.0 - 48.0)
Postoperative complications
Partial wound dehiscence 3 (12.0%)
Infection of CSF 2 (8.0%)
SD: Standard deviation; n: Number; CSF: Cerebrospinal fluid.
Table 3: Comparison of Evan’s index before and after surgery
Preoperative Postoperative Difference p
Evans’ index 0.34+0.03 0.29 +£0.02 0.056 +0.025 <0.001*
Mean + SD (Range) (0.31-0.40) (0.26 - 0.36) (0.000 —0.100)
*Significant; SD: Standard deviation.

Table 4: Characteristics of patients with complications (Total n = 3)

Patient 1 Patient 2 Patient 2
Gender Female Male Female
Gestational age (weeks) 35 36 36
Birth Weight (grams) 1850 1600 2500
Site of defect Lumbodorsal Lumbodorsal Lumbar
size of defect (cm?) 18.9 18.9 12.6
% of defect to dorsolumbar surface area 7.5% 8.2% 4.2%
Repair type Skin flap Skin flap Primary
Preoperative Evan’s index 0.37 0.32 0.32
Postoperative Evan’s index 0.36 0.32 0.29
Other anomalies Fallot tetralogy Scoliosis
Time to surgery (hours) 40 48 46

Partial wound dehiscence &  Partial wound dehiscence &
CSF infection

Postoperative complications

Partial wound dehiscence
CSF infection

n: Number.

CSF: Cerebrospinal fluid.

DISCUSSION

Myelomeningocele is the most common anatomical form
of spina bifida. In MMC, a bony defect exists along with
a lack of skin covering, resulting in exposure of neural
tissue and membrane to the external environment. The
bony and skin defects increase the risk of bacterial
colonization and infection of the central nervous
system, with the grave consequences of impaired mental
development or mortality.!> High mortality rates, ranging
from 65 to 75% were reported in untreated patients within
the first 6 months of life.”* Only 5-10% of MMC cases
present with clinically overt hydrocephalus at birth.*
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The gravity of MMC mandates early management to
improve patient’s outcomes. Management of MMC
with clinically overt hydrocephalus in infants involves
the placement of ventriculoperitoneal shunt and repair
of MMC sac. These two procedures can be performed
either simultaneously in the same surgical setting or
sequentially in two separate sessions.*!4

Shunt infection is a serious, potentially life-threatening
complication that should be prevented.”! Consequences
of shunt infection include scarring and loculation of the
ventricles resulting in augmentation of hydrocephalus,
and thereby may lead to increased risk of seizures as well
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as mental and psychomotor retardation.'!'¢

Shunt placement when precedes MMC repair may
increase the risk of infection by allowing reverse flow of
the CSF from the lumbar region (exposed MMC sac) to
the ventricles.”!” In addition, it has been postulated that
the MMC sac can be colonized by microorganisms and
hence may predispose to shunt infection. Much scientific
debate exists as regards the potential association between
the time of intervention and performance of the combined
procedures on one hand, and increased risk of shunt
infection on the other hand.

Delayed shunt insertion in a separate session at least 3
to 7 days after MMC repair has been advocated by some
studies. In order to avoid the potential higher risk of
infection and shunt failure following the simultaneous
approach, especially that patients with mild, non-
progressive hydrocephalus may not require shunting.*7%18
According to these studies, the simultaneous approach
may increase the risk of infection through CSF exposure
and the occurrence of transient bacteremia during
operating on MMC. The administration of antibiotics
after MMC repair may reduce the likelihood of infection
with delayed shunt insertion.

On the other hand, other studies.”'®*?° have supported
the simultaneous MMC repair and shunting, arguing
that the simultaneous approach is associated with more
rapid recovery, prevents further brain damage which
may develop during the delay period, shortens the length
of hospital stay, and is associated with lower risk of
CSF leakage. The risk of infection in the simultaneous
approach is controversial, as most studies which compared
the rates of infection between the two approaches did
not report a significant difference.®'*'*!%! Moreover, a
recent meta-analysis demonstrated the lack of significant
difference between simultaneous and delayed approaches
as regards the rates of shunt failure and infection, whereas
the delayed approach was associated with shunt failure.*!

We believe that both hydrocephalus and the back sac
of MMC are essentially linked components of Chiari
II malformation whose management should be as early
and appropriate as possible. We hypothesized that early
simultaneous repair of MMC could be performed,
while minimizing the risk of shunt infection by using
antibiotic-impregnated shunts. The aim of the present
study was to assess the infection rate in patients who
underwent combined early MMC repair with placement
antibiotic-impregnated shunt at the same setting. We used
antibiotic-impregnated shunts that release rifampin and
clindamycin. The combination of these two antibiotics
was found to reduce colonization with Gram-positive
bacteria for up to 127 days in vivo.?>*

A meta-analysis in 2014 included 6 studies comparing the
use of antibiotic-impregnated shunts with standard shunt
in children and stated that antibiotic-impregnated shunts
resulted in decreased risk of infection (risk ratio: 0.51;
95% confedence interval (CI): 0.29-0.89; p<0.001).*
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The present study included 25 patients with MMC
and overt hydrocephalus. Ventricular enlargement was
evaluated preoperatively by measuring Evans’ index,
which represents the ratio between the maximal width of
the frontal horns and the maximal width of the inner table
of the cranium at the level of the frontal horns.>® All our
patients had an Evans’ index above 0.3, which indicates
ventricular enlargement not entirely caused by cerebral
atrophy or congenital enlargement. This constitutes one
of the criteria for selecting shunt-responsive patients.?’

The repair of MMC with overt hydrocephalus is
recommended to be performed within the first 48 to
72 hours after birth.?®?° Late MMC repair has been
associated with increased risk of shunt revision due to
shunt occlusion with increased circulating proteins and
debris in CSE."*3 Moreover, MMC repair after a delay
more than 48 hours was associated with a higher incidence
of infection,* morbidity, and mortality.>” Cherian et al.*
recommended that surgery for MMC should be performed
on the second day of life, as surgeries performed on the
first day were associated with significantly higher rates
of postoperative complications. Therefore, in the present
study, we decided to perform surgery within 48 hours
after birth (the mean time to surgery: 28.7+ 9.9 hours).

Repair of the skin defect of MMC may be performed
by primary closure or use of flaps. Primary closure is
performed by undermining of the wound margins and
can be accomplished in approximately 75% of cases.
The use of flaps is required in the remaining cases
in which the defects are too large to be managed by
primary closure.**** Primary closure of large skin defects
may cause enhanced tethering, skin necrosis, suture
detachment, and infections.>3¢

Several types of flap can be used including cutaneous,
muscular, musculocutaneous as well as bone and muscle
flaps.*>=*7 There is no consensus in the literature on when
primary closure or a flap should be used to repair skin
defects. Several factors affect the choice of repair method
by surgeon including the defect’s size, shape, and the
amount of adequate soft tissue around the defect.’**’
Regardless of the method, successful repair should be
tension-free and should provide good soft-tissue padding
of the neural tube, prevent CSF leakage, and provide
stable and durable wound healing.*

Prior to surgery, we calculated the sac surface area
and percentage of whole patient back to decide if this
defect would be primarily closed or a skin flap should
be considered for closure. Ozveren et al.* in their study
of 32 infants with myelomeningocele repair declared
that it was not possible to perform primary repair of any
defect occupying more than 8% of the thoracolumbar
area. Despite their organized defect size percentage
calculation, three out of twenty cases of primary closure
subjected to wound dehiscence, which we believe it may
add a risk on VP shunt. To avoid this case scenario we
have chosen a lower percentage value of 7% for primary
closure. If the percentage of the sac surface area to
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whole back surface area was 7% or greater, a skin flap
was chosen for closure. In either case, a plastic surgeon
performed the repair, avoiding any tension on the wound
to decrease the risk of wound dehiscence which would
expose the shunt and increase the likelihood of infection.

Musculocutaneous flaps were advocated by some
researchers for management of large MMC defects.
However, high complication rates were reported in
association with the use of musculocutaneous flap to
cover large lumbosacral MMC defects.” We preferred
to use skin flaps in cases in which primary closure was
not appropriate. Compared to musculocutaneous flaps,
skin flaps are easier to perform with less operative time
and less blood loss. Successful use of skin flaps was also
described in management of large MMC defects.?**

The overall outcome of our series of patients was
satisfactory and ventricular enlargement was significantly
reduced postoperatively as inferred from the comparison
between preoperative and postoperative Evans’ index
(0.3440.03 vs. 0.29+0.02, respectively; p<0.001).

Postoperative complications of MMC wound closure
were reported in the literature, with rates ranging from
7.7% to 33%. The most frequent complications are CSF
leak, meningitis, seroma, hematoma, skin flap necrosis,
wound infection, and dehiscence.’>* Complications were
encountered in three cases only (12%) in our series. The
three cases had partial wound dehiscence with no growth
in bacterial culture obtained from the wound, and two
of them (8% of total cases) had shunt infection. There
was very slight difference between preoperative and
postoperative Evans’ index in those patients, which may
suggest non-functioning shunt. However, Evan’s index
may not reflect the postoperative decrease in ventricular
enlargement in some cases.**? Failure of infection
prophylaxis in the two patients could be explained by
contamination of other devices used in the shunt such
as the valve and the reservoir which are not antibiotic-
impregnated. Other potential factors that may make the
patients more susceptible to infection are skin ulcerations
and wound dehiscence.

The reported rates of shunt infection in pediatric patients
following repair of MMC and hydrocephalus varied
widely among previous studies. The rates of shunt
infection following simultaneous procedures ranged from
as low as 5.2% up to 25.8%.>!17184 The rates of shunt
infection following consecutive separate procedures were
generally lower than those of simultaneous procedures,
but also widely varied, ranging from null up to 9.5%.""

Comparing the outcomes (infection rate and wound
dehiscence) among the present study and two relevant
studies; the groups in the two studies included
simultaneous and delayed shunt insertion. Both
studies were conducted on neonates with MMC and
hydrocephalus who underwent repair within 48 hours
after birth. Infection rate was lower in the present study
(8%) compared to simultaneous shunting in the studies
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by Gurbuz & Yuksel,'* (13.6%) and Arslan et al.* (12.3%)
as well as separate shunting in the study by Gurbuz &
Yuksel,'* (9.5%). However, these differences did not
reach statistical significance (P=0.704). As regards
partial wound dehiscence after repair, the rate was 12% in
the present study compared to 4.6% in the simultaneous
shunting group and 17.2% in the separate shunting group
in the study by Arslan et al.*

Contradictory reports have been published as regards the
effect of performing separate or simultaneous procedures
on the rates of shunt infection in patients with overt
hydrocephalus and MMC. We compared the rates of
infection in the present study to those reported by two
relevant studies. Both studies included simultaneous
and delayed shunt insertion in neonates with MMC
and hydrocephalus which were performed within 48
hours after birth. The principal difference between the
present study and the other two studies is that antibiotic-
impregnated shunt was used in our cohort. The infection
rate was lower in the present study (8%) than those reported
following simultaneous shunting (12.3%-13.6%).%!*
as well as separate shunting (9.5%)."* However, these
differences were not statistically significant.

CONCLUSION

Our results suggest a potential prophylactic role for
antibiotic-impregnated shunts in the management of
neonates with MMC and overt hydrocephalus. However,
clinical randomized prospective trials with larger sample
size and a control arm with standard shunts should be
conducted to elucidate this effect.
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