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Spina bifida (SB) is one of the neural tube defects (NTDs) of primary 
neurulation. It results from failure of fusion in the caudal region of 
the neural tube and is one of the most common malformations of 
the human structure. NTDs are classified as open or closed. Open 
NTDs include meningocele (SB), myelomeningocele, encephalocele 
and anencephaly. Closed NTDs are confined to the spine and include 
encephalocele, SB occulta and cranial dermal sinus. In humans, 
primary neurulation extends caudally into the region of the future 
first to fifth sacral vertebrae and is completed by the 25th day post 
conception.[1] SB and anencephaly can result from interruption in 
cell adhesion or alterations in neural plate shaping or bending that 
prevent apposition of the neural folds.[2]

Epidemiology and risk factors
The prevalence of NTDs is 18.6/10 000 live births worldwide and 
9.9/10 000 live births in South Africa (SA).[3,4] In low-and-middle-
income countries (LMICs), NTD may account for 29% of neonatal 
deaths secondary to congenital defects.[5]

The causes of SB are multifactorial and include chromosomal 
abnormalities, gene disorders and teratogenic exposure, and in 

some cases remain idiopathic. A family history of NTD was found 
in 16.9% of children with tube defects without a difference between 
maternal and paternal lineage.[6] This significant rate suggests 
that genetics and epigenetics may play a fundamental role in the 
pathogenesis of NTD despite folate supplementation.[7] Ethnic 
groups, parity, geographical areas and different seasons contribute to 
the aetiology of NTDs.[8] Studies have noted that NTDs occur mostly 
in firstborn children and with lower parity,[9] and this is because 
first pregnancies are usually unplanned and are associated with 
inadequate folate supplementation and exposure to teratogens.[9] 
Other risk factors include maternal obesity and use of anti-epileptic 
drugs.[10] SB can be prevented by maternal peri-conception folic acid 
supplementation. The mechanism of the protective effect of folic 
acid is unknown, but it is suggested that the genes that regulate folate 
transport and metabolism may play a role. In SA, there are a high 
number of unplanned pregnancies; therefore, pre-conception folic 
acid supplementation is still in huge deficit, which limits prevention 
of SB by supplementation.[3]

The complications of SB range in severity from insignificant 
to paralysing and fatal defects, and hence the increased burden 
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on caregivers, even post repair. The complications may include 
urological, renal, neurological, dermatological and musculoskeletal 
comorbidities. Poor quality of life in these patients is due to the 
numerous complications that occur concurrently. A study by 
Tarcan et al.[11] observed a better prognosis for urinary symptoms 
in patients who had undergone surgical repair within 72 hours 
after birth. The higher the lesion, the more severe the outcome.[12] 
Most children with open SB (OSB) have normal kidney function 
at birth; however, there is a small percentage who will display the 
effects of detrusor-sphincter dyssynergia at birth, and hence the 
importance of early screening for neuropathic dysfunction. Most 
patients complicate with chronic kidney disease secondary to 
bladder outlet dysfunction.[13]

Hydrocephalus is a significant complication of spina bifida. 
Ventricular peritoneal shunting (VPS) is the mainstay of treatment 
for hydrocephalus; however, it can be associated with failure and 
sepsis, which contribute to prolonged hospital stays.[14] Other 
neurological complications are tethered cord or hydromyelia. 
Symptomatic tethered cord presents with muscle spasms, 
hyperreflexia and hypertonia and is an indication for surgery. 
Hydromyelia result in rapidly progressive scoliosis and weakness 
of the arms and legs.[14]

Musculoskeletal comorbidities depend on the site of the lesion; 
symptoms may vary from normal functioning to paraplegia. Apart 
from paralysis, patients may get muscle imbalance around the joints, 
with resultant hip dysplasia, talipes equinovarus, calcaneous foot, 
rocker-bottom feet and scoliosis.[14]

In utero diagnosis of OSB is important for counselling and 
preparing parents for the birth of a child with OSB, and also affords 
them the options of fetal surgery or termination of pregnancy. 
Early  diagnosis with maternal serum alpha-fetoprotein has a 
screening sensitivity of ~80 - 85%.[15] Ultrasound can detect SB up 
to a rate of 96 - 100%.[16] There is a gap in the antenatal diagnosis 
of OSB in Africa, mostly owing to lack of access to healthcare. 
Ultrasound prognosticates motor function by prenatally assessing 
the level of the lesion.[15,16] A  study in Uganda concluded that 
surgery for SB was essential for the survival of these children in 
Africa.[10,14] A study comparing prenatal and postnatal surgery 
stated that prenatal surgery reduced the need for shunting and 
improved motor outcomes at 30 months; however, it was associated 
with significant maternal and fetal risks.[17] Prenatal surgery is 
not yet available in SA. It is vital that closure is performed early 
because the exposed nerve can become  infected and injured. 
Ideally repair should be done within  24 - 48 hours of birth.[18] 
One study showed a lower incidence of pre-surgical rupture of 
the OSB, post-surgical dehiscence and neurodevelopmental delay 
one year after birth if the lesion was repaired immediately after 
birth.[19] Surgical repair of OSB and anaesthetic exposure may pose 
life-threatening complications mostly related to the associated 
anomalies (hydrocephalus, Chiari malformation and scoliosis).[20] 
Postsurgical monitoring in a neonatal intensive care unit (NICU)
or high care is required. Management of these patients requires 
lifelong multidisciplinary care.[13] Caregivers and patients also 
require regular outpatient follow-up, rehabilitation and economic 
assistance.[7] Prevention of recurrence in future pregnancies and 
maternal counselling are mandatory.

Patients with OSB require specialised management at tertiary-
level hospitals. In KwaZulu-Natal (KZN) province there is only 
one centre that provides such care for the entire province, which 
delays imaging and surgical repair because of limited bed capacity. 
Most African countries face similar challenges.[21] A study in 
Nigeria revealed that late presentations, maternal illiteracy and 

failure to follow up are the major factors contributing to difficulty 
in managing these  patients.[21] The current study was therefore 
conducted with the aim of assessing the timing of diagnosis, 
immediate post surgical outcomes and long-term complications of 
children with OSB referred to a quaternary centre in KZN.

Methodology
A retrospective chart review was conducted at the Neonatal Intensive 
Care Unit (NICU) of the Inkosi Albert Luthuli Central Hospital 
(IALCH), KZN, SA. This government quaternary hospital has 846 
beds and is the main referral centre for KZN and part of Eastern 
Cape provinces. The NICU has 12 ICU beds and 6 high-care beds. 
All neonates diagnosed with spina bifida were identified. The study 
period was from 1  January 2011 to 31 December 2015. Data were 
collected from the IALCH electronic database.

All neonates with SB admitted to the IALCH NICU were 
included; any patient who presented beyond the neonatal period 
(i.e. >28  days) was excluded from the study. Data collected 
included maternal demographics: maternal age, parity, gravidity, 
associated illness in pregnancy, antenatal care booking status, 
place of delivery, antenatal diagnosis, and family history of SB. 
Additionally, neonatal history was reviewed which included mode 
of delivery, birthweight, gestational age, risk factors, gender 
and age on admission to the NICU at IALCH. The clinical state 
of the neonate prior to surgery was documented; this entailed 
the level/site of the lesion, presence of wound sepsis, and other 
complications associated with the lesion. Post-surgery complications 
were evaluated and classified as immediate post-surgery and long-
term complications. Outpatient management post discharge was 
reviewed, i.e. number of follow-up visits, readmissions, rehabilitation 
status, long-term complications and outcome.

Data were recorded on Excel (Microsoft Corp., USA). Exploratory 
data analysis used frequencies to identify outliers and miscodes. Stata 
version 13.1 was used to generate descriptive statistics, frequencies 
and percentages (StataCorp., USA). χ2 or Fisher’s exact tests were 
used to compare immediate post-repair complications when repair 
was done early v. late. Ethical approval was obtained from the 
University of KZN’s Biomedical Research Ethics Committee (BREC 
no. BE461/17) and permission to conduct the study was granted by 
the chief executive officer of IALCH.

Table 1. Demographics of babies with spina bifida (N=159)
Characteristic n (%)
Maternal age (years)

15 - 24 63 (39.6)
25 - 29 47 (29.6)
30 - 45 49 (30.8)

Antenatal diagnosis
Yes 16 (10.1)
No 143 (89.9)

Gender
Male 93 (58.5)
Female 64 (40.2)
Ambiguous 2 (1.2)

Gestational age
Term 125 (78.6)
Premature 34 (21.4)

ANC booking
Yes 145 (91.2)
No 14 (8.8)

ANC = antenatal care.
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Results
One hundred and fifty-nine participants were included (58% male) 
(Table 1). One hundred and forty-five (91%) neonates were referred 
to the IALCH NICU from hospitals around KZN for management, 
while 14 (9%) neonates were in-born. The mean maternal age was 
26.7 (SD 6.6) years, with the majority (40%) between 15 and 24 years. 
Only 10% had an antenatal diagnosis of OSB.

Seventy-nine percent were term deliveries and 21% were born 
prematurely. There was no statistical significance in the gender of 
the babies with OSB.

The lumbar/sacral region mostly is affected in these patients 
(55.6% male and 44.4% female). However, more males (14%) had 
thoraco/lumbar lesions than females (7.8%) (Table 2). Two children 
with lumbar SB lesions had disorder of sexual differentiation.

More than half of the patients (52%) presented beyond 3 days 
of life and 48% presented before 3 days of life. The patients 
who presented beyond 3 days of life had statistically significantly 
increased wound sepsis compared with those with early presentation 
(p=0.003). On admission, the complications of open SB were: 
hydrocephalus (50%), dysmorphic features (9%), club foot (40%), 
lower limb dysfunction (21%), hip deformity (10%), hip dislocation 
(3%), renal complications (7%), seizures at birth (7%) and septic 
wounds (4%) (Table 3).

Fifty-one percent (51%) were repaired beyond 10 days of life, 
43% between 4 and 9 days, and only 25% repaired within 72 hours 
after birth. Of those repaired before 3 days of life, the complications 
were apnoea (8%), prolonged hospitalisation (15%), seizures 
(3%), wound sepsis (18%), meningitis/ventriculitis (5%) and 
hydrocephalus requiring ventriculoperitoneal shunt (VPS) (28%) 
(Table 4).

The postoperative complications in patients repaired beyond 3 days 
of life included: apnoea (5%), prolonged hospitalisation (22%), 
seizures (8%), wound sepsis (34%), meningitis (13%), hydrocephalus 
requiring VPS (28%) but none was statistically significant compared 
with those with early repair (all p>0.05). There was a borderline 
association between prolonged hospitalisations with wound sepsis 
(p=0.07).

Regarding follow-up, 38% had only 2 visits, 36% had 3 - 6 visits, 
and 26% had >10 visits. Long-term complications identified were: 
68% lower limb paralysis/dysfunction, 18% urological complications, 
14% limb deformity, and 11% hydrocephalus, of which 3% was 
associated with raised intracranial pressure while 5% had arrested 
hydrocephalus. VPS sepsis and blockage were observed in 4% 
and 6%, respectively. Fourteen percent had developmental delay, 
7% psychomotor disorder, 3% seizures, 3% septic wounds, 2% 
upper airway obstruction (UAO) and 10% required re-admission. 
Three  percent were palliated owing to associated complex 
complications and dysmorphism not compatible with life. The 
mortality for the cohort was 7%.

Discussion
Spina bifida is the most common congenital disorder involving 
the nervous system; the demographic risk factors have been 
extensively researched.[6-10] In the current study, the mean 
maternal age was 26.7 years, of whom 40% were between 15 and 
24 years. Unlike previous studies in LMIC settings, mortality 
from OSB was 7% overall, far lower than the reported 29% 

Table 2. Level of the lesion of neonates with spina bifida
Level of lesion Male, n (%) Female, n (%) Total
Lumbar/sacral 49 (52.7) 39 (60.9) 88
Sacral 16 (17.2) 8 (12.5) 24
Thoraco/lumbar 13 (14.0) 5 (7.8) 18
Lumbar 14 (15.1) 11 (17.2) 27
Thoracic 1 (1.1) 1 (1.6) 2
Total 93 64 157

Table 4. Immediate post-spina bifida repair complications 
v. days of life of repair

Immediate 
complications

           Age at repair
Total 
n (%) p-value

0 - 3 days,
n (%)

>3 days,
n (%)

UAO
Yes 1 (2.6) 6 (5.0) 7 0.9
No 38 (97.4) 114 (95.0) 152

Palliation
Yes 3 (7.7) 2 (1.7) 5 0.095
No 36 (92.3) 118 (98.3) 154

Wound sepsis
Yes 7 (17.9) 41 (34.2) 48 0.07
No 32 (82.1) 79 (65.8) 111

Meningitis/ventriculitis
Yes 2 (5.0) 16 (13.3) 18 0.2
No 37 (95.0) 104 (86.7) 141

HCP requiring VPS
Yes 11 (28.2) 34 (27.5) 45 0.9
No 28 (71.8) 87 (72.5) 115

Apnoea
Yes 3 (7.7) 6 (5.0) 9 0.7
No 36 (92.3) 114 (95.0) 150

Seizure
Yes 1 (2.6) 9 (7.5) 10 0.5
No 38 (97.4) 111 (92.5) 149

Prolonged hospitalisation
Yes 6 (15.4) 26 (21.7) 32 0.5
No 33 (84.6) 94 (78.3) 127

UAO = upper airway obstruction; HCP = hydrocephalus;  
VPS = ventriculoperitoneal shunt.

Table 3. Early complications of children with OSB on 
admission

Age on admission (days)
Immediate 
complications 0 - 3, n (%) 4 - 24, n (%) Total n (% p-value
Renal 
complications

4 (36.3) 7 (63.3) 11 (6.9) 0.5

Wound sepsis 0 (0) 6 (100) 6 (3.8) 0.003
Dysmorphism 7 (50.0) 7(50.0) 14 (8.8) 0.9
OEIS complex 3 (50.0) 3(50.0) 6 (3.8)
Hydrocephalus 31 (38.8) 49(61.2) 80 (50.3) 0.026
Hip dislocation 2 (50.0) 2 (50.0) 4 (2.5) 0.9
Club foot 32 (50.7) 31 (49.3) 63 (39.6) 0.6
Hip flexion 
deformity

6 (37.5) 10 (62.5) 16 (10.1) 0.4

LL dysfunction 
pre-repair

58 (46.4) 67 (53.6) 125 (78.6) 0.5

Seizure at birth 5 (45.4) 6 (54.6) 11 (6.9) 0.9
OSB = open spina bifida; OEIS = omphalocele-exstrophy-imperforate anus and 
spinal defects; LL = lower limb.
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in other LMIC settings.[6] There was no familial risk factor 
identified in this cohort in comparison with reported rates of 
16.9%.[6] The retrospective nature of the present study may to 
some extent explain this discrepancy. There was also no gender 
predilection demonstrated, albeit a slight male preponderance 
found;[6] Komolafe et al.[21] also made this observation. Thoraco/
lumbar lesions were also more commonly found in 14% of males 
as compared with 7.8% of females; this conflicted with previous 
studies, which documented that males commonly present with 
lower vertebral lesions.[6] The lumbar/sacral regions were the most 
commonly affected with OSB in the current study. Ultrasound as 
the main tool for antenatal diagnosis and prognostication was 
rarely utilised, with only 10% of patients being diagnosed with 
this modality. Previous studies demonstrated better outcomes 
associated with antenatal diagnosis of SB.[14,15]

Surgical intervention for OSB is essential for the survival of 
affected children in Africa.[8,13] On comparison of complications 
encountered by the patients whose OSB was repaired within 
3 days of life (early) and beyond 3 days of life (late), the majority 
(over 75%) were repaired late. Late diagnosis and repair have been 
found to negatively affect the management and outcomes of these 
patients.[17,21] Critical areas observed in the current study that were 
associated with delay, were limited bed capacity at the quaternary 
hospital and late imaging because of waiting times.

SB is associated with multiple comorbidities at birth. These 
include hydrocephalus, renal and neurological complications, and 
orthopaedic effects.[11] In the current study, half the neonates were 
born with hydrocephalus. Usually, gross  hydrocephalus does not 
occur until after the OSB is repaired, and this occurred in 28% who 
subsequently required VPS.[14] Of those with VPS, 13% developed 
meningitis as a postoperative complication.

A third of neonates (34%) developed immediate postoperative 
complications with wound sepsis, and 22% required prolonged 
hospitalisation post OSB repair. There was a borderline association 
of prolonged hospitalisation with wound sepsis (p=0.07), which 
was secondary to wound dehiscence. Pinto et  al.[17,19] showed a 
lower incidence of pre-surgical rupture of the SB, post surgical 
dehiscence and a lower incidence of neurodevelopmental delay one 
year after birth, if repair of the lesion was carried out immediately 
after birth. However, Komolafe et  al.[21] did not observe an 
association between delayed repair and wound sepsis (p=0.56).

Danzer et  al.[22] assessed long-term neurofunctional outcomes, 
executive function and behavioural adaptive skills following fetal 
SB surgery and concluded that fetal SB surgery improves neuro-
functional outcome; however, bowel and bladder control is an 
ongoing challenge. Although fetal SB surgery has not yet been 
established at IALCH, the present study observed that 125 (78%) 
patients had limb dysfunction at birth prior to neurosurgical repair 
and, on long-term follow-up, 89 (56%) patients still had limb 
dysfunction. A randomised controlled trial comparing prenatal and 
postnatal surgery, concluded that prenatal surgery for SB reduced 
the need for shunting and improved motor outcomes at 30 months.[17] 
SB can result in bladder dysfunction in addition to lower-limb 
neurological abnormalities.[23] It is shown in the present study that 
at birth there were 83 patients with overall limb deformity (club 
foot, hip dislocation or flexion deformity); when reviewed post 
surgery, limb deformities persisted in only 23 patients.

Of the 30% of subjects with sacral lesions, 18% had neurogenic 
bladder and faecal incontinence. These bladder issues were only 

identified after toilet training was achieved, and hence there was 
late referral to urologists. Johnston et  al.[24] also recognised such 
bladder and bowel complications in their study.

On follow-up, 4% had septic shunts and 6% had blocked shunts. 
Other studies have noted shunt failure to be a major long-term 
complication long-term.[23] This poses difficulties in the management 
of severe hydrocephalus because VPS is the mainstay of treatment. 
The 7% mortality in this study was related to shunt complications, 
but this is lower than the reported rate in other LMICs.[6]

Study limitations and strengths
The retrospective nature of the study was limited in terms of 
the data that could not be captured, including family history of 
SB and number and first antenatal clinic attendance as well as 
documentation of folic supplementation. Long-term complications 
may also be biased towards those children who had more severe 
complications, and therefore these were the ones who attended 
follow-up, while those who had to travel long distances may have 
been unable to return, despite the presence of complications.

The sample size was reasonably large, and it included participants 
from a large geographic region of KZN and Eastern Cape provinces. 
IALCH is the only centre which provides neurosurgical services for 
the state in KZN; consequently all possible children in the province 
were captured. The immediate complications and factors which 
caused delay in closure were all documented.

Conclusion and recommendations
In the current study of OSB, lower maternal age and delay in 
diagnosis and closure of OSB were found, which were related to lack 
of access to early neonatal ultrasound and lack of beds at the referral 
centre for early repair of lesions. The delay in surgical interventions 
resulted in higher rates of wound sepsis and therefore prolonged 
hospitalisation on admission. Despite this issue, mortality rates were 
lower than those reported in other LMICs.

Primary health facilities should encourage women of childbearing 
age to take supplements, especially folic acid during preconception 
and pregnancy. Education of the general public on the importance 
and need for folic acid supplementation should be pursued. There 
is a need for a co-ordinated and comprehensive approach at 
multiple levels of care from primary, secondary and quaternary 
levels on the acute management, early referral and intervention for 
children with OSB to prevent wound sepsis in particular, as well 
as secondary complications. This model requires health system 
changes (e.g. clear care pathways), physical and human resources, 
and training of health professionals. Finally, the caregivers of 
children with OSB require education and social support to facilitate 
follow-up care and rehabilitation of these children.
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