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ABSTRACT
Background Childhood neurosurgical conditions such 
as hydrocephalus and spina bifida represent a significant 
burden of death and disability worldwide, particularly in 
low and middle- income countries. However, there are 
limited data on the disease prevalence and delays in care 
for pediatric neurosurgical conditions in very low- resource 
settings. This study aims to characterize the delays in 
access to care for pediatric neurosurgical conditions in 
Somaliland.
Methods We performed a retrospective review of 
all children with congenital hydrocephalus and spina 
bifida admitted to the Edna University Hospital (EAUH) in 
Somaliland between 2011 and 2018. Patient demographics 
were analyzed with descriptive statistics and χ2 test 
statistics. We defined delays in care for each condition 
based on standard care in high- income settings. Univariate 
and multivariate logistic regression were performed to 
evaluate predictors of delay in care. Statistical significance 
was set at p<0.05.
Results A total of 344 children were admitted to EAUH 
with neurosurgical conditions from 2011 to 2018. The 
most common condition was congenital hydrocephalus 
(62%). Delays in care were found for 90% of patients and 
were associated with the type of diagnosis and region. 
The longest delay among children with spina bifida was 
60 months, while the longest delay for children with 
congenital hydrocephalus was 36 months. Children with 
congenital hydrocephalus or spina bifida traveling from 
foreign countries had the highest waiting time to receive 
care, with a median delay of 8 months (IQR: 5–11 months) 
and 4 months (IQR: 3–7 months), respectively.
Conclusion We found significant delays in care for 
children with neurosurgical conditions in Somaliland. 
This country has an urgent need to scale up its surgical 
infrastructure, workforce, and referral pathways to address 
the needs of children with hydrocephalus and spina bifida.

INTRODUCTION
With an epidemiological transition towards a 
high burden of non- communicable diseases 
in children, there is a notable lack of pediatric 
neurosurgical care around the world, especially 
in low and middle- income countries (LMICs).1 
Access to timely, safe, and high- quality neuro-
surgical care remains challenging for children 
in many LMICs. Congenital anomalies, such as 

spina bifida and hydrocephalus, are more prev-
alent in LMICs compared with high- income 
countries (HICs).1 2 The reasons for the higher 
incidence of congenital conditions in LMICs are 
unclear, although it may be related to decreased 
use of prenatal folic acid intake and genetic and 
environmental factors.

Care for pediatric neurosurgical conditions 
in LMICs is often markedly delayed compared 
with high- income settings.3–6 Delays in access to 
pediatric neurosurgical conditions lead to poor 
outcomes, lifelong disabilities, increased risks of 
mortality, and high rates of financial catastrophe 
for families.7 8 Most existing studies suggest 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ There is a notable lack of pediatric neurosurgical 
care for congenital anomalies around the world, es-
pecially in low and middle- income countries.

 ⇒ Delays in access to pediatric neurosurgical condi-
tions lead to poor outcomes, lifelong disabilities, in-
creased risks of mortality, and high rates of financial 
catastrophe for families.

 ⇒ The scarce data on epidemiology and delays in care 
for neurosurgical conditions have limited the ability 
for policymakers to strategically allocate resources 
in the poorest regions.

WHAT THIS STUDY ADDS
 ⇒ We found that over 90% of pediatric patients in our 
cohort experienced delays to access care for con-
genital hydrocephalus and spina bifida.

 ⇒ Rural residence and spina bifida diagnosis were 
identified as significant predictors of delayed neu-
rosurgical care.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ With a high demand and extensive delays for pediat-
ric neurosurgical care, Somaliland needs a compre-
hensive scale- up of its surgical system to achieve 
timely and high- quality surgical interventions that 
lead to improved outcomes.

 ⇒ We expect our results to inform next- step interven-
tions aimed to scale pediatric neurosurgical care at 
a regional and national levels.  on A
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that less than 25% of the population in Sub- Saharan Africa 
has timely geographic access to neurosurgical services.9 
However, the limited availability of data on disease burden as 
well as delays in care has limited the ability for policymakers 
to strategically allocate resources for neurosurgical care for 
children in the world’s poorest regions.10

Our goal was to define gaps in neurosurgical care for 
children in Somaliland, one of the poorest regions of the 
world.11 Our previous studies found a high burden of unmet 
surgical care for children as well as delays in receiving care 
for many congenital anomalies.6 12–18 Our current study aims 
to extend these observations to characterize the delays in 
care for pediatric neurosurgical conditions in Somaliland. 
Second, we aim to determine the predictors of delays in care 
for children with these conditions.

METHODS
Setting
Somaliland is one of the world’s poorest regions in the 
world, with a gross domestic product of $675 per capita.11 
19 The country has an under- five mortality rate of 117 per 
1000 live births, infant mortality rate of 74 per 1000 live 
births, and neonatal mortality rate of 37 per 1000 live 
births.20 These rates fall far from global rates of 37 under- 
five deaths per 1000 live births,21 29 infant deaths per 1000 
live births,22 and 17 neonatal deaths per 1000 live births.23 
Somaliland includes six regions: Awdal, Maroodi Jeex, Sahil, 
Sanaag, Sool, and Togdheer. The Edna Adan University 
Hospital (EAUH) is the largest hospital in the country, and 
the primary site for the delivery of pediatric neurosurgical 
care in the country. The hospital has three operating rooms, 
five anesthesia machines, and three ventilators. The EAUH 
is located in the most densely populated region of Maroodi 
Jeex in capital city of Hargeisa. EAUH serves children from 
across the country as well as from neighboring countries of 
Ethiopia, Djibouti, and Somalia.

Data collection
This retrospective hospital- based study includes data on 
all pediatric patients up to 15 years old who were admitted 
with pediatric neurosurgical conditions to EAUH between 
2011 and 2018. Data were extracted from medical records 
and surgical logbooks and included age, sex, year of admis-
sion, country, region of residence, diagnosis, condition type, 
management, and outcomes. Postoperative outcomes were 
defined as the status of the patient (alive with no complica-
tions, alive with complications, or died) up to a week after 
surgery. All data were collected by local health workers from 
EAUH.

Data analysis
Proxy set of neurosurgical conditions
Congenital hydrocephalus and spina bifida were chosen 
as proxy conditions for analyzing pediatric neurosurgical 
care, as these were the most common pediatric neuro-
surgical conditions and the date of onset of the condi-
tion can be defined as the date of birth, facilitating the 

determination of delays in care. We summarized data 
from all children admitted with these two conditions 
from January 2011 to December 2018 at EAUH (n=405). 
We excluded 19 children with other diagnoses, including 
encephalocele, subdural hematoma, brain tumor, or 
shunt complications. Hydrocephalus was defined as 
congenital if this information was stated as present at birth 
in the medical records or surgical logbooks. For patients 
with missing data regarding the type of hydrocephalus, 
only children up to 3 years of age were included under 
the assumption that they had congenital hydroceph-
alus. Children with acquired hydrocephalus (n=42) were 
excluded from the final sample size. Our final sample 
size included 344 children.

Calculation of delays to care
We defined the presence of delays in care for congen-
ital hydrocephalus and spina bifida as receiving care 
beyond the expected period following diagnosis based 
on common international standards, specifically 1 month 
after birth for congenital hydrocephalus and 48 hours 
after birth for spina bifida.24 25 Otherwise, patients 
were considered as receiving timely care. For patients 
presenting with a diagnosis of both hydrocephalus and 
spina bifida, we used spina bifida as diagnosis for classi-
fication of delay. Delays in care were depicted by using a 
stratified box plot with sex and region as the first layer and 
type of diagnosis as a sublayer. The comparison of delay 
(medians in months) was performed with Kruskal- Wallis 
test with statistically significant comparisons defined as 
p<0.05.

Predictors of delayed care
Univariable and multivariable logistic regression anal-
yses were performed to define the predictors of delays 
in care. Sex, year of admission, region, diagnosis, and 
condition type were assessed as exposure variables. Delay 
was assessed as a binary outcome variable (yes or no) as 
receiving care beyond the time periods described above. 
Only variables with a statistical significance of p<0.20 
from the univariate models were included in the multi-
variate model. Statistical significance was set at p<0.05 for 
the multivariate model. Outlier analysis was performed 
to enhance model fitting. We decided to exclude one 
child with the largest outlier (hospital admission age: 180 
months) in the data set because the differential percent 
change between the model with and without the outlier 
was only <2%. All analyses were performed with SAS V.9.4 
(SAS Institute) and Tableau (2021.3).

RESULTS
A final sample of 344 children admitted to EAUH with 
neurosurgical conditions were included in this study 
(table 1). Most children had congenital hydrocephalus 
(62.2%), 15.4% had spina bifida, and 22.4% had both 
hydrocephalus and spina bifida. Most patients traveled 
from the urban region of Madoori Jeex (39%) and other 
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regions in Somaliland (38%). However, a significant 
number of patients (23%) traveled from neighboring 
countries, including Djibouti, Ethiopia, and Somalia. 
Patients from Maroodi Jeex presented at younger ages 
compared with other regions (30.6% vs 11.4% for 

<1 month, and 7.5% vs 15.2% for >1 year). Delays in care 
were found for 90.1% of the patients, with children from 
other regions in Somaliland concentrating the biggest 
proportion of delays (40.0%), followed by children from 
Maroodi Jeex (36.5%).

Table 1 Characteristics of hydrocephalus and spina bifida patients from 2011 to 2018 at Edna Adan University Hospital 
stratified by region of residence and status of delay

Variables, % (n)

Total
patients
(n=344)

Maroodi Jeex
(n=134)

Others
(n=210) P value

Delay
(n=310)

No delay 
(n=34) P value

Sex

  Female 40.1 (134) 40.0 (52) 40.2 (82) 0.9716 40.9 (123) 33.3 (11) 0.4021

  Male 59.9 (200) 60.0 (78) 59.8 (122) 59.1 (178) 66.7 (22)

  Unknown (10)

Age

  ≤ 1 month 18.9 (65) 30.6 (41) 11.4 (24) <0.0001 10.0 (31) 100.0 (34) <0.0001

  1 to ≤6 months 42.4 (146) 41.0 (55) 43.3 (91) 47.1 (146) 0.0 (0)

  6 to ≤12 months 26.5 (91) 20.9 (28) 30.0 (63) 29.4 (91) 0.0 (0)

  >1 year 12.2 (42) 7.5 (10) 15.2 (32) 13.5 (42) 0.0 (0)

Region

  Madoori Jeex 39.0 (134) 36.5 (113) 61.8 (21) 0.014

  Other regions in Somaliland 38.1 (131) 40.0 (124) 20.6 (7)

  Foreign regions* 23.0 (79) 23.6 (73) 17.7 (6)

Diagnosis

  Hydrocephalus 62.2 (214) 47.8 (64) 71.4 (150) <0.0001 62.2 (187) 79.4 (27) 0.0927

  Spina bifida 15.4 (53) 26.1 (35) 8.6 (18) 16.1 (50) 8.8 (3)

  Spina bifida and hydrocephalus 22.4 (77) 26.1 (35) 20.0 (42) 23.6 (73) 11.8 (4)

Delay

  No 9.9 (34) 15.7 (21) 6.2 (13) 0.0041

  Yes 90.1 (310) 84.3 (113) 93.8 (197)

Management

  Spina bifida closure/repair 29.4 (101) 41.0 (55) 21.9 (46) 0.0002 30.7 (95) 17.7 (6) 0.2442

  VPS 60.8 (209) 47.8 (64) 69.1 (145) 59.4 (184) 73.5 (25)

  Others 9.9 (34) 11.2 (15) 9.1 10.0 (31) 8.8 (3)

Postoperative outcome

  Survived without complication 81.5 (119) 79.7 (47) 82.8 (72) 0.6185 82.6 (109) 71.4 (10) 0.4481

  Survived with complication 15.8 (23) 18.6 (11) 13.8 (12) 15.2 (20) 21.4 (3)

  Died 2.7 (4) 1.7 (1) 3.5 (3) 2.3 (3) 7.1 (1)

  Unknown (198)

Year

  2011 7.6 (26) 9.7 (13) 6.2 (13) 0.2222 7.4 (23) 8.8 (3) 0.6622

  2012 11.9 (41) 11.2 (15) 12.4 (26) 12.6 (39) 5.9 (2)

  2013 13.4 (46) 12.7 (17) 13.8 (29) 13.6 (42) 11.8 (4)

  2014 19.8 (68) 22.4 (30) 18.1 (38) 19.7 (61) 20.6 (7)

  2015 16.9 (58) 14.9 (20) 18.1 (38) 5.8 (49) 26.5 (9)

  2016 8.1 (28) 4.5 (6) 10.5 (22) 8.7 (27) 2.9 (1)

  2017 10.5 (36) 9.0 (12) 11.4 (24) 10.7 (33) 8.8 (3)

  2018 11.9 (41) 15.7 (21) 9.5 (20) 11.6 (36) 14.7 (5)

Comparisons were performed with χ² test statistic.
Postoperative and follow- up complications include infection, seizure, convulsion, flacid lower limbs, deafness, blindless, fever, paralysis, kyphosis, intellectual 
disability, and comorbidities including meningitis, anemia, and diarrhea.
*Includes other regions in Somaliland (Awdal, Sahil, Sanaag, Sool, and Togdheer) and foreign countries (Somalia, Ethiopia, and Djibouti).
VPS, ventriculoperitoneal shunt.
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When stratified by sex and region, the median time of 
access to care reported for either congenital hydroceph-
alus or spina bifida was markedly delayed beyond the ideal 
treatment time (figure 1). The longest delay reported 
among children with spina bifida was 60 months, while 
the longest delay among children with congenital hydro-
cephalus was 36 months. Children with either hydroceph-
alus or spina bifida traveling from foreign countries had 

the highest waiting time to receive care, with a median 
delay of 8 months (IQR: 5–11 months) and 4 months 
(IQR: 3–7 months), respectively. No difference in delay 
was found between men and women.

Delays in receiving care were associated with diagnosis 
and region (figure 2). Children from rural regions of 
Somaliland and foreign countries were 4.2 and 3.1 times 
more likely to experience delays in care compared with 

Figure 1 Stratified box plot of status of delay and diagnosis by patient sex and region. Box plots depict descriptive statistics 
including median, IQR, and outliers. Dots represent status of delay (months). Comparison of delays (median) was performed 
with Kruskal- Wallis test within the diagnoses stratum. Statistically significant comparisons at p<0.05 are depicted with an 
asterisk (*). HC, hydrocephalus; SB, spina bifida; DX, diagnosis.

Figure 2 Univariate and multivariable logistic regression of likelihood to experience delays in care for patients with 
neurosurgical conditions (hydrocephalus and spina bifida). *Statistically significant values at p<0.05. †Foreign countries include 
Somalia, Ethiopia, and Djibouti. ‡Other regions in Somaliland include Sahil, Awdal, Sanaag, Sool, and Togdheer. CI, confidence 
interval.
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children living in Madoori Jeex. Children diagnosed with 
spina bifida were 3.6 times more likely to experience 
delays in care compared with children with a hydroceph-
alus diagnosis.

DISCUSSION
Neurosurgical care for congenital hydrocephalus and 
spina bifida remains a major challenge in Somaliland, 
with significant delays in care in over 90% of the patients 
with these conditions. Rural residence and spina bifida 
diagnosis were identified as significant predictors of 
delayed neurosurgical care. Timely and high- quality 
surgical intervention is essential for the care of neuro-
surgical conditions among children in Somaliland. We 
expect our results to inform next step interventions 
aimed to scale pediatric neurosurgical care at regional 
and national levels.

Untreated congenital hydrocephalus and spina bifida 
can lead to developmental delays, seizures, psycho-
motor retardation, dementia, gait difficulties, paralysis, 
incidence of febrile urinary tract infections, vesicouret-
eral reflux, hydronephrosis, psychological distress, and 
death.26–29 Delayed care also adds financial burden to 
families and public healthcare systems.30–32 With over 
90% of pediatric neurosurgical patients having signifi-
cant delays in care, it is no surprise that these children’s 
families face tremendous financial challenges and are 
frequently pulled into poverty.33 We identified rural 
residence and diagnosis of spina bifida as the main 
predictors for delays in care, similar to other studies 
in sub- Saharan Africa.6 8 13 34 35 Rural residence might 
be associated with financial constraints since travel 
distances and transportation are significant challenges 
in Somaliland.15 36 Other sources of delay reported in 
sub- Saharan Africa include misdiagnosis, incorrect 
management, and financing.36

Other reasons for delays in care frequently reported 
by caregivers to our team were related to awareness, 
cultural beliefs, and financial hardship. Families from 
rural areas of Somaliland often lack knowledge that 
hydrocephalus and spina bifida conditions can be 
successfully treated. These conditions are often seen 
as a death sentence, and many caregivers do not even 
try to seek treatment for their children. In other cases, 
families are not aware that treatment for these condi-
tions is fully covered at the EAUH or are unaware that 
diagnostic capabilities are available during the prenatal 
period. Out- of- pocket expenses for treatment in other 
hospitals can range from $800 to $2500, pushing fami-
lies to look for traditional healers as their first option. 
These healers burn the heads of children with metal 
and wood in a series of treatments that can last for 
several months. After all their resources are spent, 
families are unable to travel to the hospital in Hargeisa. 
Children who finally reach the hospital are admitted 
with significant delays and deteriorated health. Cultural 
beliefs also play a role in delays in seeking care. Some 

families hide their sick children because of the stigma 
around congenital diseases in general. Mothers are 
often blamed for having a misconduct when their chil-
dren are born with these types of diseases, putting their 
families at risk of being cast out from society.

The recommended age of surgery for congenital 
hydrocephalus and spina bifida in most high- income 
settings is at 1 month of age and within the first 48 
hours of life, respectively. However, hydrocephalus and 
spina bifida cases at EAUH were markedly delayed in 
care, with a median delay of 8 and 4 months, respec-
tively. Our previous study identified that children 
with neurosurgical conditions had one of the greatest 
burdens of attributable delayed disability- adjusted life 
years compared with children diagnosed with other 
congenital anomalies.6 Our result in this multiyear 
cross- sectional study follows this pattern and depicts 
a landscape where extreme cases of children with 
neurosurgical conditions face up to 5 years of delay in 
treatment.

Timely, affordable, and high- quality access to 
surgical care remains a significant challenge in many 
of the world’s lowest income settings.7 Neurosurgical 
care requires a multidisciplinary team, specialized 
surgical and anesthesia workforce, special environ-
ments, and trained postoperative care.37 The unique 
needs of pediatric surgical patients increase these chal-
lenges. In LMICs, only 6% of neurosurgeons care for 
34% of the global population.38 In sub- Saharan Africa, 
there is only one neurosurgeon per 7 million people, 
and in East Africa, there is only one neurosurgeon 
per 9 million people. In Somaliland, surgical systems 
for children are limited, even more, for children with 
special neurological needs, with only one pediatric 
surgeon and a total surgical workforce density of 1.2 
per 100000 population.14 39

The way forward
Improving timely access to neurosurgical care for 
children requires both, policy initiatives and public 
health interventions. From a policy standpoint, 
training neurosurgeons and other human resources 
and expanding the surgical infrastructure for chil-
dren are fundamental steps in improving access to 
safe and timely neurosurgical care. This includes 
including surgical care for children in national health 
plans and recognizing the importance of children’s 
surgical care in attaining the United Nation’s Sustain-
able Development Goals.31 40 41 Telemedicine has been 
found to be a promising intervention in accelerating 
neurosurgical diagnosis and patient transfer in other 
resource constrained contexts.42–44 This intervention 
may be adaptable to Somaliland, allowing health-
care professionals from rural settings to make remote 
consultation to enhance diagnosis and timely referral 
to higher level hospitals. From a public health stand-
point, preventive interventions such as folic acid 
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fortification have proven cost- effective in both HICs 
and LMICs, but many women in LMICs like Somali-
land do not seek or don’t have access to this preven-
tive care during the prenatal period. Inadequate 
financing and outreach programs, lack of awareness 
among the population and the healthcare workers, 
cultural beliefs, and misconceptions remain signifi-
cant barriers to successful micronutrient interventions 
in Somaliland.45 Further research on behavioral and 
health systems interventions is needed to effectively 
approach these specific challenges.

Limitations
Our study offers foundational data to understand 
the high burden of delays in neurosurgical care for 
children in Somaliland. However, some limitations 
warrant discussion. First, the retrospective nature 
of this study limits our ability to discern causality. 
Second, this is a hospital- based study at a single center, 
and it might be prone to selection bias. However, 
it is important to note that the EAUH is the largest 
hospital in the country and the primary referral site 
for delivery of pediatric neurosurgical care for all 
regions in Somaliland. EAUH also receives a signifi-
cant number of patients from neighboring countries 
such as Ethiopia, Djibouti, and Somalia. Finally, we 
had a significant amount of missing data on postop-
erative and follow- up outcomes, limiting our under-
standing of quality of care and important indicators 
such as mortality rate and case fatality rates. Reporting 
outcome data is an essential component of surgical 
monitoring.46 However, the availability of these data is 
still a limitation, especially in LMICs. Further epidemi-
ological surveillance is needed to fill this gap in knowl-
edge.

Conclusions
We found significant delays in care for pediatric 
patients with neurosurgical conditions in Somaliland. 
With a high demand for pediatric neurosurgical care, 
Somaliland has an urgent need to scale up its surgical 
system in terms of infrastructure, workforce, referral 
pathways, and preventive care in order to better satisfy 
the needs of children with hydrocephalus and spina 
bifida conditions.
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