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ABSTRACT

Background: Hydrocephalus (HCP) is defined as pathophysiology with disturbed CSF. Neither
qualitatively nor quantitatively are there adequate data to determine the prevalence and incidence
of HCP in the developing world. HCP is a treatable condition that when left untreated, has fatal

consequences.

Objective: The objective of this study, therefore, was to assess the prevalence and associated risk

factors in pediatric HCP in selected diagnostic centers in Addis Ababa, Ethiopia.

Methods: A cross-sectional facility-based study was conducted over a retrospective and
prospective data collection periods. Children aged 5 years and below who came to the four selected
diagnostic centers for MRI and CT examination were studied. The collected data were analyzed

using binary logistic regression. The level of significance was set at P<0.05.

Result: The retrospective study included 639(58%) males, 432 (42%) females, and 753 (68.4%)
infants were aged younger than 24 months. The mean age calculated was 22.3 months. Children
diagnosed with HCP were 245 (22.3%); of these HCP cases, 153(62.4%) were classified as non-
communicating HCP. Aqueductal stenosis, 17.9% was found to be the most common cause
associated with congenital HCP. This study identified infants aged younger than 24 months to be
significantly associated with HCP (P<0.05). Regarding the gender and age distribution of the
prospective study, 57(57.6%) males, 42 (42.4%) females, mean age of 24.9 months, and 60
(60.6%) infants aged younger than 24 months were included. Children diagnosed with HCP were
23 (23.2%); of these HCP cases, 13(56.5%) were classified as non-communicating HCP. This
study also found Aqueductal stenosis 26.1% as the most common cause associated with congenital
HCP. Inadequate consumption of folic acid, usage of the folic acid supplement after conceiving,

and familial association of HCP were all found to be statistically significant (P<0.05).

Conclusion: The results of this study suggest that the high prevalence of HCP was due to the high
prevalence of Aqueductal stenosis and NTD; with a small contribution of post-infectious causes.
The majority of infants who present with HCP are aged younger than 24months.

Key Words: Hydrocephalus, Cerebrospinal fluid, Neural tube defects, CT, and MRI.



1. INTRODUCTION

1.1. Background

Hydrocephalus (HCP) is defined as a pathophysiology with disturbed cerebrospinal fluid (CSF)
circulation (1). HCP is a common disorder of CSF physiology resulting in abnormal expansion of
the cerebral ventricles. Infants commonly present with progressive macrocephaly whereas children

older than 2 years generally present with signs and symptoms of intracranial hypertension (2).

Infant HCP can be congenital or acquired (3). In the developed world, the incidence of congenital
HCP has been estimated to be about 0.5 cases per 1000 live births and the overall incidence of
neonatal HCP is estimated to be about 3 to 5 cases per 1000 live births (4).

The annual incidence of infant HCP in sub-Saharan Africa is unknown. However, from available
literature, the burden of infant HCP in East Africa is significant, with more than 6,000 new cases
estimated per year. The majority is caused by neonatal infection, and should thus be preventable.
With about 1 neurosurgeon per 10,000,000 people in East Africa, initial treatment for HCP is often
unavailable (3).

In Ethiopia, the etiology and incidence rates of HCP can be assumed to correspond to what has
been reported from other East African countries, where HCP has been estimated to have an
infectious origin in the majority of cases because of a much higher prevalence of untreated neonatal
or even prenatal infections (5). For example in Uganda, post-infectious HCP (PIH) is calculated
to account for as much as 60% of the total pediatric HCP patient population. Several factors
probably contribute to this high incidence of central nervous system (CNS) infections, including

malnutrition and consequently a lowered resistance to infections (6).

According to extrapolated estimates, there will be approximately 6,000 new cases per year in East

Africa and 45,000 new cases of pediatric HCP in Sub-Saharan Africa (6). If these estimates from
Uganda are valid also for Ethiopia, one can expect between 2,000 and 4,000 new cases of pediatric
HCP per year (5).



There are several types of HCP, which are characterized based on the location of the CSF
accumulation, (7) communicating HCP, in which flow is not obstructed, but CSF is inadequately
reabsorbed in the subarachnoid space and the non-communicating HCP or the obstructive type,
in which flow of CSF from the ventricles to subarachnoid space is obstructed (8). Medical
therapy involves decreasing the production of CSF. The most common surgical treatment is the
placement of a ventriculoperitoneal shunt. Postoperative complications may include infection,

blockage, drainage abnormalities, and mechanical failure (7).

Several key risk factors have been identified to be strongly associated with the development of
congenital HCP in an infant. The prevalence of familial patterns of inheritance for congenital HCP

suggests a broader role for genetic factors in the pathogenesis of congenital HCP (9).



1.2.  Statement of the Problem

In developed countries, the incidence of congenital HCP is estimated at three to five cases per
1000 live births (4). The causes of congenital HCP can be divided into primary (idiopathic) or
secondary (acquired) causes, with the majority being idiopathic in origin. Excluding secondary
HCP and that associated with Spinal Bifida, the incidence of primary congenital HCP has been
estimated at 0.2 to 0.8 per 1000 births (4).

Neither qualitatively nor quantitatively are there any adequate data/literature to determine the
prevalence and incidence of HCP in the developing world, especially in sub-Saharan Africa, where
this condition appears to be much more frequent than in developed countries. Taking some very
conservative estimates in Uganda, as an example, between 1000 and 2000 new cases of infant HCP
occurs every year, with this most likely being an underestimate. Extrapolating this to other regions
suggests 6500 new cases per year in East Africa and more than 45,000 new cases per year in sub-
Saharan Africa. The timely treatment of these infants presents an enormous challenge given not
only the economic and infrastructural constraints on families and facilities but also the relative
paucity of neurosurgeons in the region, with an overall ratio of about 1 neurosurgeon to 10 million

people in East Africa (Uganda, Tanzania, and Kenya) (3).

HCP is a common neurosurgical disorder that can lead to significant disability or death if not
promptly identified and treated. Data on the burden of HCP in low-income countries are limited,

given a lack of radiologic resources for the diagnosis of this condition (10).

HCP has many causes. Congenital HCP, most commonly involving aqueduct stenosis, has been
linked to genes that regulate brain growth and development. HCP can also be acquired, mostly
from pathological processes that affect ventricular outflow, subarachnoid space function, or

cerebral venous compliance (2).

In Ethiopia, the etiology and incidence rates of HCP can be assumed to correspond to what has
been reported from other East African countries, where HCP has been estimated to have an
infectious origin in the majority of cases because of a much higher prevalence of untreated neonatal

or even prenatal infections. Only a minute fraction of children with HCP in Ethiopia — a few



hundred each year - are diagnosed and receive proper treatment for their HCP. This probably
means a selection bias that makes it difficult or even impossible to determine or estimate the
general characteristics of HCP in Ethiopia concerning etiology, type of HCP, gender, or age
composition of the patients. If the estimates on new cases of pediatric HCP in Ethiopia are valid,
these children represent an enormous challenge for the nation, not only for diagnostic but also for

surgical capacity (5).

Routine measurements of the head circumference (HC, also termed occipitofrontal circumference)
have proved effective in the early detection of HCP; such routine measurements identify children

with HCP more commonly than clinical symptoms (11).

Ventriculoperitoneal (VP) shunt insertion has been the mainstay of treatment, but over the last
years, endoscopic third ventriculostomy (ETV) with or without choroid plexus cauterization has
come into the picture. VP shunt insertion is associated with high complication and failure rates.
Worldwide, complication rates range widely, from 1% - 40%; shunt infections probably being the
most frequent cause of failure. Studies from so-called developed countries have over the years
reported an incidence of shunt infection varying from 0 - 27 % per procedure (12, 13). Shunt and
endoscopic treatment approaches should be individualized to the child. The long-term outcome for
children that have received treatment for HCP varies. Advances in brain imaging, technology, and
understanding of the pathophysiology should ultimately lead to improved treatment of the disorder

).

This study has assessed and presented an analysis of the prevalence and associated risk factors
of pediatric HCP from a large sample of CT and MRI scans of the head performed at the selected

diagnostic centers in Addis Ababa, Ethiopia, a low-income country in Africa.



1.3.

Significance of the Study
The results of this study will help in the identification of the prevalence and the risk

factors that are associated with pediatric HCP.

The findings of this study will contribute to the understanding of the pathophysiology and
give focus on the management of HCP.

Furthermore, this study will help Radiologists and Radiologic Technologists understand
the predominance of this condition for better diagnosis of their patients. Also, it will build
a better understanding of the advantages of neuro-radiography for other health

professionals for better outcome of patients.

Moreover, this study will create awareness for the importance of prenatal care given to
mothers during their pregnancy.



2. LITERATURE REVIEW
2.1.  What is Hydrocephalus (HCP)

HCP is a common disorder of CSF physiology resulting in abnormal expansion of the cerebral
ventricles. CSF secreted by the choroid plexus epithelium in the cerebral ventricles flows into the
subarachnoid spaces and enters the cerebral venous system via the arachnoid granulations. (2) CSF
surrounds the brain and spinal cord, acting as a protective cushion against injury. It carries nutrients
and proteins to the brain while carrying waste products away from surrounding brain tissue. Under
normal conditions, there is a balance between the amount of CSF that is produced and the rate at
which it is absorbed. HCP is caused most often by an obstruction to the flow pattern of the CSF,
but may also result from a failure of CSF to be absorbed into the bloodstream. Because CSF is
produced continuously, when interference with absorption or flow of spinal fluid occurs, CSF will
begin to accumulate, causing the ventricles to enlarge and pressure to increase inside the head.
When the blockage occurs within the ventricular system, it is called non-communicating HCP.
If the blockage occurs in the subarachnoid space (outside the ventricles), it is called
communicating HCP, meaning that the ventricles remain open and communicate with each other

and the subarachnoid spaces, but CSF cannot be fully absorbed into the bloodstream (14).

2.2. Epidemiology of HCP

Infant HCP can be congenital or acquired. In the developed world, the incidence of congenital
HCP has been estimated to be about 0.5 cases per 1000 live births and the overall incidence of
neonatal HCP is estimated to be about 3 to 5 cases per 1000 live births (3). The observed
prevalence of congenital HCP reported in the northern region of China, from 357 congenital HCP
cases, had a rate of 20.3 HCP cases per 10,000 births. Of the congenital HCP cases, 146 were
isolated congenital HCP cases, accounting for 41% of the total congenital HCP cases and resulting
in a prevalence rate of 8.3 per 10,000 births (15).

The annual incidence of infant HCP in sub-Saharan Africa is unknown. The burden of infant HCP
in East Africa is significant, with more than 6000 new cases estimated per year. The majority is
caused by neonatal infection. The experience from CURE Children’s Hospital of Uganda (CCHU)
has demonstrated infant HCP to be the most common pediatric neurosurgical problem presenting

for treatment in East Africa.



The causes of HCP in these children, and the ability to treat it, are seriously impacted in an

environment characterized by poverty, poor infrastructure, and unstable politics (3).

In Ethiopia, the etiology and incidence rates of HCP can be assumed to correspond to what has
been reported from other East African countries (5). According to extrapolated estimates from
Uganda (3), there will be approximately 6,000 new cases per year in East Africa and if these
estimates are also valid for Ethiopia, one can expect between 2,000 and 4,000 new cases of

pediatric HCP per year (5).

2.3.  Typesof HCP

HCP is caused by a variety of medical problems including birth defects, in utero infections, and
malformations within the brain. If HCP is present before or at birth, it is called congenital HCP.
Many cases of congenital HCP are thought to be caused by a complex interaction of genetic and
environmental factors. When HCP develops after birth and is caused by a factor such as head
injury, meningitis, or a brain tumor, it is termed acquired HCP (14). However, forces such as
hemorrhage and infection can act prenatally and also cause “congenital” HCP. Moreover, some

genetic forms of HCP are not evident at birth but develop over time (16).

It was reported in three African countries, Zambia, Zimbabwe, and Malawi, the most common
cause of congenital HCP were associated with the neural tube defects (NTDs) of Encephaloceles
and Meningomyelocele (MMC) and with Aqueductal stenosis. Postmeningitic HCP comes next in
frequency. In Zambia, there is a special recognition of hemorrhagic HCP. In these countries, few

cases of HCP associated with neoplasms have been reported (17).

HCP secondary to CNS infection is the single most common cause of HCP in Uganda, accounting
for 60% of cases (6). Causes and symptoms of HCP are changing with the patient’s age. The most
common reason for HCP in children before two years of age is intraventricular hemorrhage in the
perinatal period whereas in children older than two years is an inflammatory process (18).

2.4.  Risk Factors Associated with Pediatric HCP

A 10-year retrospective study done on 596 well-defined cases of congenital HCP patients treated
at the University of Mississippi Medical Center was able to identify several significant risk factors.
The identified risk factors included lack of prenatal care, multiparous gestation, maternal diabetes,



maternal chronic hypertension, and maternal hypertension during gestation and alcohol use during
pregnancy. This study showed that several key risk factors were identified to be strongly associated
with the development of congenital HCP in an infant. The prevalence of familial patterns of
inheritance for congenital HCP suggests a broader role for genetic factors in the pathogenesis of
congenital HCP (9). Environmental factors, such as infection and drugs cause 7% to 10% of
congenital anomalies. Although the human embryo is well protected in the uterus, environmental
agents-teratogens-may cause developmental disruptions after maternal exposure to them.
Teratogen is any agent that can produce a congenital anomaly or increase the incidence of an
anomaly in the population and may produce mental retardation during the embryonic and fetal
periods (19).

Infection with cytomegalovirus (CMV) is the most common viral infection of the fetus. Newborn
infants infected during the early fetal period usually show no clinical signs and are identified
through screening programs. CMV infection later in pregnancy may result in severe anomalies:
Intrauterine growth restriction (IUGR), HCP, and cerebral palsy. The Toxoplasmosis Gondi
organism crosses the placental membrane and infects the fetus causing destructive changes in the
brain (intracranial calcifications) that result in mental deficiency, microcephaly, and HCP.
Mothers of congenitally defective infants are often unaware of having had toxoplasmosis. Primary
maternal infections (acquired during pregnancy) of congenital syphilis nearly always cause serious
fetal infection and congenital anomalies; however, adequate treatment of the mother kills the
organism, thereby preventing it from crossing the placental membrane and infecting the fetus.
Early fetal manifestations of untreated maternal syphilis are congenital deafness, abnormal teeth
and bones, HCP, and mental retardation (19).

2.5.  Diagnosis of HCP

The diagnosis of HCP is based on a correlation between clinical symptoms of elevated intracranial
pressure and the image of the dilated ventricular system. The types of HCP: communicating and
non-communicating with subarachnoid space, and the diagnosis depend on CT and MR images
(18) . MRI imaging is the premier imaging modality for diagnosing the various forms and causes
of HCP. MRI imaging is also sensitive to the presence of deep white matter ischemia that may
contribute to the cause of the idiopathic form of normal-pressure hydrocephalus (NPH). Although

CT is satisfactory for imaging in the axial plane, MRI imaging is capable of imaging in any plane



to better demonstrate any cause of observation. MRI imaging is also more sensitive than CT to
interstitial edema (trans-ependymal flow of CSF) and the hyper-dynamic CSF flows seen with
shunt-responsive NPH. On sagittal MR images, we can measure the distance between mammillary
bodies and the brainstem or the size of recesses of the third ventricle (20). Imaging examinations
make possible both diagnosis and establishing causes of HCP. Performing CT examination or MRI
we can estimate the degree of ventricular system dilatation (21). Imaging examinations
differentiate the normal pressure and elevated intracranial pressure (ICP) HCP (22). Brain
sonography has emerged as an effective tool in diagnosing progressive ventricle dilation and may
be used for continuous follow-up. It is also used as a neuroimaging modality to assess the brain
before conducting surgery for ETV shunt and catheter placement. It also provides adequate

information about cortical thickness (23).

Fig. 1- Heavily T2W 3D-SPACE images of different cases. A normal midline sagittal image is
shown for comparison (A). The rest of the images from two different patients with aqueductal
stenosis demonstrate enlargement of the ventricles proximal to the obstruction (B, C),
enlargement of the third ventricular recesses (B, C), dilated ventricular horns (D—F), and
narrowed cortical sulci (maximum intensity —MIP- image, E), which are typical findings of
obstructive hydrocephalus. (24)



A 3 year-old girl presented with an enlarging head circumference in association with
headaches and an altered gait. On examination, she had papilledema, impaired
upgaze, and bilateral lid retraction.

Fig. 2- Non-Communicating Hydrocephalus: (Left and Middle) T1-weighted axial MRIs;
(Right) T1-weighted with gadolinium sagittal MRI. Note the massive enlargement of the
lateral ventricles. In addition, the third ventricle is markedly enlarged and has assumed a
circular shape, as opposed to the normal slit appearance. The cause of the hydrocephalus
can be seen on the sagittal MRI scan - there is compression of the cerebral aqueduct by
an enlarged tectum of the midbrain (i.e., the quadrigeminal plate). Subsequent biopsy
demonstrated a low-grade glioma.

(From https://case.edu/med/neurology/NR/NonCommunicatingas3.htm)



2.6. Treatments, treatment failures and complications of HCP

HCP treatment is based on two surgical methods; VP shunt insertion in the case of communicating
HCP and ETV in the case of non-communicating HCP (25). The most often place of
ventriculostomy is perforation of the floor of the third ventricle just anterior to the maxillary bodies
(26). It makes a possible gradual decrease in the size of the ventricles. Imaging examinations are
performed to control shunt function or ventriculostomy condition (27). Insertion of the ventricular
shunt may result in large numbers of complications which present within six months from surgery.
The overall rate of shunt malfunction is 40% for patients before the age of two and 30% in the
older age group (28). Shunt failure is the most common indication for re-operation and occurs
frequently, both in developed countries and low-income countries. Proximal shunt obstruction due
to ventricular catheter occlusion or misplaced ventricular catheter appears to be the most common
cause of shunt failure (11). These complications can concern both shunt tips; intracranial and
distal shunt catheters (29).

The most severe complication of ventricular tip insertion is intracranial hemorrhage as a result of
the procedure or rapid decompression of the ventricular system. Chronic shunt placement can
cause Craniosynostosis in the youngest children with separated sutures. A slit ventricle syndrome
can become a problem in a small subset of 1% to 5% of older children chronically shunted (30).
These patients present symptoms of intracranial hypertension although they have small ventricles
in CT findings. Another complication in shunted patients with non-communicating HCP is the
isolated fourth ventricle (31). According to a Norwegian study, the incidence of infections was
significantly correlated with age, type of operation, and etiology of HCP: infections being common
during the first 6 months of life, following primary shunt insertions rather than revisions, and in
children with MMC related HCP (32)° Among other possible factors that are related to shunt
infection is a poor condition of the skin, presence of intercurrent infection at the time of surgery,

prolonged operation time, as well as the education and experience of the neurosurgeon (32-36).

2.7. Management of HCP

Management of HCP in the developing world poses the greatest challenge mainly due to the
limited resources that are available and the scarcity of trained neurosurgeons. The high cost of
shunts used to be a major obstacle for the management of HCP until recent years. This problem



was tackled in Ethiopia and other African countries by the introduction of the relatively cheap
Chhabra shunt (37). It has been shown that there is no difference in outcome between the Chhabra

shunt and the much more expensive shunts commonly used in the Western world (38).

HCP is a treatable condition that when left untreated, has devastating or fatal consequences. In
Africa, the problem should be addressed on three fronts: prevention, development of competent
treatment centers, and public education. Efforts to determine the bacterial etiology of PIH will be
crucial to identify the chief times and modes of transmission as well as the common infecting
organisms. Continued research and education are essential if a significant reduction in morbidity

and mortality from this disease is to be accomplished (3).

2.8.  Conceptual/Theoretical framework
Several key risk factors prevalence of familial patterns, lack of prenatal care, multiparous

gestation, maternal diabetes have been identified to be strongly associated with the development
of HCP in an infant (9). This study has used the following independent variables to assess

associated risk factors of HCP.
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eMaternal conditions
(maternal age, diabetes,
hypertension, multiple

parity.....)

Children with HCP aged
below 5 years

eSocio-
demographic
factors (Age,
gender of the
child, residential
area.....)

eEconomic factors
(occupational status,
family average income)

e Antenatal care
follow-up
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3. RESEARCH OBJECTIVES

3.1.  General Objectives
The general objective of this study is to assess pediatric HCP prevalence and associated risk factors

from selected diagnostic centers in Addis Ababa, Ethiopia.

3.2.  Specific Objectives

e To assess the prevalence of pediatric HCP in selected diagnostic centers in Addis Ababa,
Ethiopia
e To identify risk factors and their association with HCP in selected diagnostic centers in

Addis Ababa, Ethiopia
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4. METHODOLOGY
4.1.  Study Setting and Period

This study was performed in four of the diagnostic centers that work in close association with
Addis Ababa University, Wudassie Diagnostic Center (WDC), Dr.Alia Diagnostic Center, Pioneer
Diagnostic Center, and BMY Diagnostic Center. These diagnostic centers were selected randomly.
This study was conducted from January 2018 to February 2020.

In Addis Ababa, Ethiopia, within the private sector, eight diagnostic centers provide imaging
services that include MRI and CT. Four private hospitals provide these same services. Though

there are ten public hospitals in the capital, these services are now limited to three.

Founded in 2008, Wudassie Diagnostic Center (WDC) is one of the diagnostic centers with MRI,
CT scan Digital X-ray, and Ultrasound service in the country. This center has a surplus flow of
patients admitted to its Radiology unit for diagnostic purposes. In regards to personal composition,
the center has four Radiographers, five Radiology Technologists, two Radiologists, and ten Nurses
as health professionals that drive the workforce within the MRI and CT imaging unit. This unit
scans about 100 patients per week. Out of these 100 patients, 30 are pediatric patients; of these

pediatric patients, 10 are pediatric patients with HCP (personal communication).

4.2.  Study Design

A cross-sectional facility-based study was conducted over a two-time period, i.e. a 2-year
retrospective data collection from January 2018 to January 2020 and a prospective data collection
from May 2019 to February 2020. The study design involved children aged 5 years and below who

came to the selected diagnostic centers during the data collection periods.

4.3.  Source Population
The source population was all pediatrics aged 5 years and below who came to the diagnostic
centers associated with Addis Ababa University in Addis Ababa, Ethiopia during the data

collection periods.

4.4.  Study Population
The study population was pediatrics aged 5 years and below who came for MR1 /CT examination

to the selected diagnostic centers during the data collection periods.
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4.5. Sample Size and Sampling Technique

The 2-year retrospective data collection made from January 2018 to January 2020 yielded 1,101
patients. A prospective data collection made from May 2019 to February 2020 yielded 99 patients.
This study involved all children aged 5 years and below who came to the selected diagnostic

centers during the data collection period.

All pediatric patients who were admitted for MRI and CT examination during the time of data
collection and those who were included in as part of the inclusion criteria from whom consent had
been taken were studied. A cross-sectional facility-based study was utilized in which all children
below 5 years who had MRI and CT evaluation in the period of January 2018 to February 2020
were included in the study.

4.6. Inclusion and Exclusion criteria
As the majority of children who present with HCP do so before 2 years of age (39, 40), this study
has tried to include those under 5 years of age.
4.6.1. Inclusion Criteria
e All children of either gender aged 5 years and below admitted for MRI /CT
examination of the Brain during the data collection periods

e Those parents/caretaker willing to participate in the study

4.6.2. Exclusion Criteria
e Patients, who had surgical procedures for HCP before the study period started
e Patients, under 5 years but who had imaging examination besides Brain were
excluded
e Parents/caretaker not willing to participate in the study
e Those parents/caretaker unable to communicate for some reason and patients who

were critically ill were excluded
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4.7.  Variables
4.7.1. Independent Variable
e Socio-demographic factors (Age and gender of the child, educational level of
parents and caregivers, residential area)

e Economic factors (occupational status, family average income)

e Maternal conditions (maternal age, diabetes, hypertension, multiple parity, alcohol,

tobacco, and drug abuse; infection rates and trauma during pregnancy)
e Antenatal care follow-up (folic acid supplement consumption, prenatal care given)

4.7.2. Dependent Variables
Children with HCP aged below 5 years

4.8.  Operational Definition
Depending on Radiographic investigations, it was classified as Non-communicating
(Obstructive), i.e. if the 4th ventricle was not enlarged and Communicating (Non-obstructive)

if all four ventricles were enlarged (5).

16-Slice CT: CT scanner which took 16 cross-sectional images and places them on top of one
another creating an accurate representation of patient’s tissues, organs, and bones with faster
scanning time. This study applied standard axial scanning technique with a slice thickness of 3mm,
kV (kilovoltage) of 120, and mAs (milliampere seconds) of 300 for head scans of the children
to diagnose HCP.

MRI scanner (0.35T Strength): tomographic imaging modality that produces three-dimensional

images consisting of individual slices of the brain. It uses a high magnetic field that can be
measured outside of the body and used to generate very high-resolution diagnostic images that
reveal information about water molecules in the brain and their local environment. The image was
displayed in all three planes, i.e., axial, coronal, and sagittal. Imaging sequences of T2 weighted-
turbo spin echo-transverse, T1weighted-spin echo-transverse, T2weighted FLAIR-coronal-
dark fluid, T2weighted-turbo spin echo-sagittal, T1weighted-STIR-transverse, diffusion
weighted-180° and 5mm slice thickness were applied during the scanning period.
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4.9. Data Collection Instrument

Parents/caretakers of children who came to the selected diagnostic centers for MRI/CT
examination were informed about the study. Pre-tested semi-structured questionnaires were used
for data collection. The data collection tool, survey instrument, was prepared in English — after
passing through rigorous revision and pre-test in a real study location. Aiming to simplify the data
collection, a standard translation was made into Amharic, and consistency was checked with the
English version during the data checking. The questionnaire consisted of socio-demographic,
economic factors, and maternal conditions of the study participants. Brain images were acquired
using Philips Medical Systems 16-Slice CT and Magnetom- Siemens 0.35T strength MRI scanner
with standard brain receiving coils. Images were acquired using standard scanning techniques.
Finally, neuroimaging findings were extracted from reports done and signed by senior consultant
Radiologists and Neuro-Radiologists. CT and MRI imaging and clinical data records were
retrieved and recorded in a format designed to include patients’ sex, age, clinical indication, and

imaging finding.

4.10. Data Collection Procedure

The retrospective data were collected by the employment of a checklist that included the patient's
clinical indication, the type of modality used, confirmation of HCP, and type of HCP confirmed.
The checklist also included the name of the diagnostic center and the time at which the data was
collected. The prospective data were collected through a pre-tested semi-structured questionnaire.
The questionnaire consisted of socio-demographic and economic factors, maternal conditions, and
radiological results of the study participants. Both the retrospective and prospective data were
collected by nurses (BSc in Nursing) within each diagnostic center and they were employed by the

principal investigator.

4.11. Data Quality Control

One day training along with the demonstration of data collection tools was prepared by the
principal investigator for all data collectors. The training focused on the objective of the study,
confidentiality, consenting procedures, interviewing skill, and description of each variable. The
questionnaire was originally prepared first in English then translated into Amharic and then back
to English to maintain its consistency. To ensure the validity and reliability of the tools, impartial

personnel, Public Health expert was used; supervision was also carried out by the principal
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investigator to check completeness and consistency to keep the quality of the data. The
questionnaire was pre-tested on 12-pediatrics. Based on the pretest, questions were revised, edited,

and those found to be unclear or confusing were removed.

4.12. Data Analysis

The data were entered, cleaned, and analyzed using SPSS software version 23.0. The data collected
was analyzed by descriptive analysis. As binary logistic regression estimates the relationship
between one or more variables, a bivariate analysis was applied along with a 95% confidence
interval (Cl) to test the degree of association between dependent and independent variables.
Multivariate analysis was applied to identify predictors of the outcome variable. A P-value of less

than 0.05 was taken as statistically significant.

4.13. Ethical Consideration

Ethical clearance was obtained from the postgraduate office of Anatomy, College of Health
Sciences; Addis Ababa University. Permission was obtained from the office of selected diagnostic
centers. The purpose and importance of the study were explained to each study participant and
they were informed that no personal identifiers were used in the data. Verbal and written consent
was also obtained from each participant. Participants had the right to be excluded from the study

if they were not voluntary to participate.

4.14. Dissemination and Utilization of Results
The findings of this study will be presented to the Department of Anatomy and Department of

Medical Radiology Technology (MRT), College of Health Sciences, Addis Ababa University. The
results will also be disseminated through publication in local or international journals,

presentations on annual scientific seminars, conferences, and meetings.
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5. RESULTS

This study identified pediatric HCP patients and their associated risk factors conducted over two
periods. A 2-year retrospective data collection (January 2018-January, 2020) yielded a total of
1,101 patients and prospective data collection yielded a total of 99 patients (May 2019-February
2020)

In the retrospective study, 639(58%) males and 462(42%) females participated. Their age ranged
from 1 to 60 months with a mean age of 22.3 months and a standard deviation of £18.8. There
were 753 (68.4%) children aged younger than 24 months (Table 1). Fifty-seven (57.6%) males
and 42(42.4%) females were included in the prospective study with their age ranging from 1 to 60
months; with a mean age of 24.9 months and a standard deviation of £19.2. This data set had 60
(60.6%) children aged younger than 24 months (Table 2).

The prevalence of HCP was calculated separately for both study periods. The number of children
diagnosed with HCP during the retrospective study was 245 (22.3%) and of these HCP cases,
153(62.4%) were classified as non-communicating HCP and 93(37.9%) as communicating HCP
based on MRI and CT images (Fig.2). Males were relatively higher to be diagnosed with HCP in
this study (140 patients accounting for 57.14% of all patients diagnosed with HCP).

Prevalence of HCP calculated during the prospective study was 23 (23.2%) and of these HCP
cases, 13(56.5%) were classified as non-communicating HCP and 10(43.5%) as communicating
HCP based on MRI and CT images (Fig. 4). Females had a relatively higher chance of being
diagnosed with HCP in this study (12 patients accounting for 52.17% of all patients diagnosed
with HCP).
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5.1. Characteristics of Study Participants of the Retrospective Study

This retrospective study included a total of 1,101 pediatric patients. Out of these, 639(58%) were
males and 462(42%) were females. Their age ranged from 1 to 60 months with a mean age of 22.3
months and a standard deviation of +18.8. These pediatric patients underwent MRI and CT
imaging investigations. MRI was used to image 736(66.8%) and 365(33.2%) were imaged using

a CT machine.

Table 1. Characteristics of Study Participants of the Retrospective Study within the Selected Diagnostic
Centers in Addis Ababa, Ethiopia, 2018-2020

Variable Category Frequency Percent (%)
Age of <24 months 753 68.4
child
>24 months 348 31.6
Gender Male 639 58
Female 462 42
Type of MRI 736 66.8
modality CT 365 33.2
used

5.2.  Characteristics of Study Participants of the Prospective Study

This prospective study included a total of 99 pediatric patients. Out of these, 57(57.6%) were males
and 42(42.4%) were females. Their age ranged from 1 to 60 months with a mean age of 24.9
months and a standard deviation of +19.2. Sixty (60.6%) children were aged younger than 24
months These pediatric patients underwent MRI and CT imaging investigations. Ninety-three

(93.9) were imaged using MRI and 6(6.1%) were imaged using CT.

Regarding the maternal history, those aged 18-23 were 23 (23.7%), those aged 24-29 were 45
(46.4%), those aged 29-34 were 17 (17.5%), and those aged 35-40 were 12 (12.4%). Concerning
the mother’s educational level, those that did not attend school were 22(24.2%), on the other hand,
those who attended elementary school we 29 (31.9%), those that went to high school were
22(24.2%) and those that had a diploma and above were 18(19.8%).
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Forty-nine (49.5%) of the mothers interviewed were from the rural area and 74 (81.3%) were
housewives. Seventy-five (82.4%) of the mothers reported that they attended the antenatal clinic
during the pregnancy, 29 (32.2%) did not take their folic acid nutritional supplement, 58 (58.6)
started consuming the folic supplement after conceiving, and 54 (58.7%) of them were scanned by
Ultrasound during their prenatal follow-up visits. The majority of these mothers had vaginal

delivery 71 (78.0%) as opposed to 19 (20.9%) of Caesarean deliveries.

History of HCP among families was found to account for 46 (46.5%) of all the interviewed cases.
Also, it was identified that 55.6% of the families had a first-degree relative and 22.2% had second
and third-degree relatives with HCP. (Table 2)
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Table 2. Characteristics of Study Participants of the Prospective Study within the Selected
Diagnostic Centers in Addis Ababa, Ethiopia, 2019-2020

Variables Category Frequency Percent
(%)
Age of child <24 months 60 60.6
>24 months 39 39.4
Gender Male 57 57.6
Female 42 42.4
Age of mother 18-23 23 23.7
24-29 45 46.4
29-34 17 17.5
35-40 12 12.4
Did not attend school 22 24.2
The educational Elementary school(1-8) 29 31.9
level of the mother  High school(9-12) 22 24.2
Diploma and above 18 19.8
Employed 17 18.7
Occupational status Housewife 74 81.3
of the mother
Type of modality MRI 93 93.9
used CT 6 6.1
Residential area Urban 50 50.5
Rural 49 49.5
Antenatal care Yes 75 82.4
follow up No 16 17.6
Mode of delivery Cesarean 19 20.9
Vaginal 71 78.0
Trauma during Yes 8 8.8
pregnancy No 83 91.2
Pre-eclampsia Yes 9 9.9
No 82 90.1
Sexually transmitted Yes 4 4.4
disease No 87 95.6
Diabetes mellitus Yes 2 2.2
No 89 97.8
Uterine infection Yes 9 9.9
No 82 90.1
Folic acid Yes 61 67.8
supplement No 29 32.2
Usage of folic acid  Before conceiving 3 3.3
After conceiving 58 58.6
History of HCP Yes 46 46.5
No 53 53.5
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5.3.  Prevalence and Types of Pediatric HCP from Retrospective Study

The number of pediatric patients diagnosed with HCP was 245 (22.3%) based on MRI and CT
images. The observed prevalence in the population studied during this study period was 222.72
per 1,000 births. HCP types were classified as non-communicating HCP 153(62.4%), and
93(37.9%) communicating HCP; also based on MRI and CT images.

m yes
® No

Figure 3. Pediatric HCP cases confirmed by Radiologist within the Selected Diagnostic Centers in
Addis Ababa, Ethiopia, 2018-2020

50 100 150 200

Non-communicating hydrocephalus

Communicating hydrocephalus

Figure 4. Type of Hydrocephalus confirmed by Radiologist within the selected diagnostic centers in
Addis Ababa, Ethiopia, 2018-2020
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5.4. Prevalence and Types of Pediatric HCP from the Prospective Study

The number of pediatric patients diagnosed with HCP was 23 (23.2%) based on MRI and CT
images. The prevalence observed in the population during this study period is 232.3 per 1,000 live
births. HCP types were classified as non-communicating HCP 13(56.5%) and 10(43.5%) as

communicating HCP; also based on MRI and CT images.

M yes

Figure 5.Hydrocephalus confirmed by Radiologist within the Selected Diagnostic Centers in Addis
Ababa, Ethiopia, 2019-2020
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Non-communicating hydrocephalus

Communicating hydrocephalus

Figure 6. Type of Hydrocephalus confirmed by Radiologist within the Selected Diagnostic Centers
in Addis Ababa, Ethiopia, 2019-2020
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5.5. Risk Factors Associated with HCP in the Retrospective Study

The risk factors associated with pediatric HCP were also calculated separately for the two study
periods. The retrospective study identified 753 (68.4%) children were younger than 24 months;
accounting for the majority. With a statistical significance of (AOR=1.90 [95% CI= 1.36, 2.26],
P<0.05), the study has found that out of all patients diagnosed with HCP, 192 (78.3%) infants were
younger than 24 months; accounting for the majority of the HCP patients. (Table 3)

Table 3. Associated Risk factors of HCP of the Retrospective Data within the Selected Diagnostic
Centers in Addis Ababa, Ethiopia, 2018-2020

Variables @ Category Diagnosis COR (C1 95%) AOR (CI 95%)
Variable Diagnosis COR (Cl 95%) AOR (CI 95%)
Yes No

Age of the  >24
child months 53 293 1 1

<24

months 192 559  1.89 (1.36, 2.65)* 1.90 (1.36, 2.26)*
Gender Male 140 497 1 1

Female 105 355  0.95(0.72,1.27) 1.01 (0.75, 1.35)

Note: *significance; p<0.05

5.6.  Risk Factors Associated with HCP in the Prospective Study

The prospective study identified the majority of children 60 (60.6%) were younger than 24 months.
Out of all patients diagnosed with HCP, 15 (65.2%) infants were younger than 24 months; though
this accounted for the majority of the HCP patients, it was not found to have statistical significance
(P>0.05). No statistical significance was identified among the gender of these patients either
(P>0.05). (Table 4)

Mothers who did not take folic acid nutritional supplements were 29 (32.8%). These mothers were
identified to be significantly associated with HCP occurrence (OR=6.107 [95% CI=1.32, 28.35],
P<0.05). Concerning the utilization of supplements only once after they found out they were
pregnant, there is a significant association of HCP development at P<0.05 with a proportion of 58
(58.6%) (Table 4)
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History of HCP among families was found to account for 17 (73.9%) from all the confirmed cases
of HCP. Also, of all the confirmed cases of HCP, it was identified that 8.69% of these families had
a first degree relative with HCP. History of HCP was found to have a significant association with
the occurrence of HCP (OR=4.52 [95% CI=1.624- 12.984], P<0.05). (Table 4)

The interviewed mother’s age was grouped into four categories. This category included mothers
aged 18-23 (23.7%), 24-29 (46.4%), 29-34 (17.5%), and 35-40 (12.4%). No significant association

was found among any of these categories (P>0.05).

The interviewed mother’s educational level was also grouped into four categories. This category
included mothers who did not attend school (24.2%), those that went to elementary school
(31.9%), those that went to high school (24.2%), and those that had a diploma and above (19.8%).

A significant association was not found among any of these categories (P>0.05).

The majority of mothers 75(82.4%) attended their antenatal clinic follow-ups. This study indicated
that 17.6% of mothers had not gone to their check-ups; statistical significance, nevertheless, was

not reached among these mothers (P>0.05).

During the interview process, mothers that did not experience trauma were 83 (91.2%). However,
this study indicated that 17.3% of mothers of children with HCP suffered from a trauma during

their gestation, as there is no statistical significance of such (P>0.05).

This study identified that interviewed mothers who had Pre-eclampsia were (9.9%), chronic
hypertension (8.8%), and Diabetes mellitus (2.2%) during their gestation. Though these variables
were studied as risk factors, a significant association with HCP was not found (P>0.05). Sexually
transmitted infections were identified among 4.4% of the interviewed mothers but this did not
reach significance (P>0.05). This study also did not find any association between the use of alcohol
and cigarette smoking among mothers interviewed (P>0.05). This study identified that mothers
who took medication (prescribed or otherwise) were (10.1%) and these mothers that took this
medication in the first-trimester were (33.3%), the second trimester was (55.6%) and in the third

trimester were (11.1%); however, this did not reach statistical significance (P>0.05)
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Table 4. Associated Risk factors of HCP of the Prospective data within the Selected Diagnostic

Centers in Addis Ababa, Ethiopia, 2019-2020.

Variables
Age of child

Gender

Age of mother

The
educational
level of the
mother

Antenatal care
attendance

Consumption
of folic acid

Use of folic
acid

History of
HCP in the
family

Trauma to the
mother during
pregnancy

Category

>24months
<24 months
Male
Female
18-23
24-29
29-34
35-40

Did not attend
school
Elementary
school(1-8)
High school(9-
12)

Diploma and
above

Yes

No

Yes

No

Before
conceiving

After conceiving

Yes

No

Yes

No

Note: *significance; P<0.05

Diagnosis
Yes | No
8 31
15 45
11 46
12 30
2 21
14 31
5 12
2 10
8 14
6 23
4 18
3 15
19 56
2 14
19 42
2 27
2 1

17 41
17 29
6 47
4 4

17 66

COR (CI 95%)

1
1.2(0.08, 1.3)

1

0.59(0.23, 1.52)
1

0.21(0.04, 1.03)
0.23 (0.038, 1.36)
0.48(0.06, 3.88)

1
2.2(0.63,7.64)
2.6(0.64,10.31)
2.8(0.63 12.9)

1

2.38(0.49, 11.41)
1

6.107(1.32,
28.35)*

1

0.59(0.04, 0.804)*

1

4.52(1.624,
12.984)*

1

3.882(0.88,
17.140)

AOR (CI 95%)

1
1.3(0.6,1.7)

1

1.69 (0.63, 4.54)
1

0.22 (0.04, 1.08)
0.24 (0.04, 1.43)
0.43 (0.05, 3.58)

1
2.04 (0.54, 7.79)
2.61 (0,57, 11.7)
3.92 (0.78, 19.5)
1

0.34 (0.06, 1.78)
1

1.64 (0.052,
51.5)*

1

0.27 (0.009,
8.32)*

1

4.89 (0.64,
3.23)*

2.93 (0.56, 15.3)
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5.7.  Prevalence of Congenital and Acquired Hydrocephalus

5.7.1. Prevalence of Congenital and Acquired HCP within the Retrospective Study
Prevalence of congenital and acquired HCP in both study periods was studied separately based on
MRI and CT images.

Of all children diagnosed with HCP (22.3%), congenital HCP was described in terms of Aqudectal
stenosis and NTDs. Aqudectal stenosis, accounting for 17.6%, was identified to be the most

prevalent.

NTDs were found as the second most prevalent type of congenital HCP. These NTDs were further
studied and explained through Chari 11 41(16.7%), and Chari Il malformations 1(0.4), Dandy-
Walker variant 28(11.4%), and Colpocephaly 8(3.2%). NTDs associated with MMC 2(0.89%),
Encephalocele 5(2.04%), and Meningoencephalocele 3(1.2%) were further identified. These
NTDs accounted for 35.91% in total. (Table 5)

Acquired HCP was described in terms of Post-infectious, Post-hemorrhagic, Adhesion of Foramen

of Monroe, and tumor-related causes.

Post-infectious HCP (PIH) (3.2%), was determined according to the child’s clinical indication and
CT and MRI imaging findings. MRI images showing areas of hyper-intensity on T2 weighted
images with complete ring enhancement were used as evidence to diagnose cerebral and cerebellar
abscess. In acute meningitis, leptomeningeal inflammation over the cerebral convexity and in the
basal cisterns seen on delayed Gadolinium-enhanced FLAIR sequence was used to diagnose
meningitis with TB and pyogenic causes. Imaging features of enhancement of the ventricular wall
and hyper-intense ventricular content on diffusion weight sequence on MRI were used to diagnose
Ventriculitits. Following these, PIH was thus defined in terms of chronic in-utero infection
(TORCH- Toxoplasmosis, Rubella, Cytomegalovirus, and Herpes), Ventriculitis, Cerebral and
Cerebellar abscess, and Tuberculoma that led to the development of HCP. Post-meningitis
complications (6.9%) due to Pyogenic and Tuberculous causes were also included in this group.
(Table 6)

This same technique was applied to diagnose post-hemorrhagic complications leading to HCP as
well. The hemorrhagic complications were depicted as marked hypointensity on the Gradient echo
(GRE) T2 MRI sequence.
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Subdural hematoma (0.4%), hypoxic-ischemic cerebral injury (1.2%), perinatal ischemic insult
(1.2%), Cystic Encephalomalacia (0.8%), and Dural venous malformation (0.4%) were

investigated and included in this group as well. (Table 8)

Tumor-related HCP was diagnosed according to imaging investigations and was identified in terms
of Medulloblastoma-Teratoid Rhabdoid Variant 12(4.8%), Craniophangioma (0.8%), Pineal gland
Glioma (0.4%), and Ependymoma (0.4%). (Table 7) Another type of acquired HCP identified in
this study was the Adhesion of Foramen of Monroe (0.4%)

Table 5. Congenital Pediatric HCP- Retrospective data compilation from the Selected Diagnostic
Centers in Addis Ababa, Ethiopia, 2018-2020

Congenital HCP n %
Aqueductal Stenosis 44 17.9
Chari Il malformation 41 16.7
Dandy-Walker Malformation 28 114
Colpocephaly 8 3.2
Encephalocele 5 2.04
Myelomeningocele 2 0.81
Meningoencephalocele 3 1.2

Table 6. Acquired Pediatric HCP- Retrospective data compilation from the Selected Diagnostic Centers
in Addis Ababa, Ethiopia, 2018-2020

Acquired HCP %
Post-infectious (chronic in-utero infection 8 3.2
(TORCH), ventriculitis, cerebral and
cerebellar abscess, and Tuberculoma)

>S5

Post-meningitis (complications due to 17 6.9
Pyogenic and Tuberculous)
Adhesion of Foramen of Monroe 1 0.4

Table 7. Tumor Related Pediatric HCP- Retrospective data compilation from the Selected Diagnostic
Centers in Addis Ababa, Ethiopia, 2018-2020

Tumors (N=16) n %
Medulloblastoma

12 4.8

Pineal gland glioma 1 0.4

Ependymoma 1 0.4

Craniopharyngioma 2 0.8
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Table 8. Post-hemorrhagic HCP Retrospective data compilation from the Selected Diagnostic Centers
in Addis Ababa, Ethiopia, 2018-2020

Etiology of HCP n %

Subdural Hematoma 1 0.4
Hypoxic-ischemic cerebral injury 3 1.2
Perinatal ischemic insult 3 1.2
Cystic Encephalomalacia 2 0.8
Dural venous malformation 1 0.4

5.7.2. Prevalence of Congenital and Acquired HCP within the Prospective Study
This study has also tried to assess the prevalence of congenital and acquired HCP separately similar

to the retrospective study; of the total pediatric patients diagnosed with HCP (23.2%).

Congenital HCP was were characterized in terms of Aqudectal stenosis and NTDs. Congenital
pediatric HCP identified five different types. Of which, the largest, a little more than a quarter was
attributable to aqueductal stenosis (26.1%). This, on the other hand, was followed by NTDs further
studied in terms of Dandy-Walker malformation (17.4%), and Chari Il malformation (8.7%). HCP
associated with MMC (8.69%) and Meningoencephalocele (8.69%) were also included in this
category. These NTDs accounted for 43.48% in total. (Table 9)

Acquired HCP, similar to the retrospective study, also identified post-infection related post-

meningitis complications, post-hemorrhagic, and tumor-related HCP.

The same diagnosis criteria used in the retrospective study were applied here as well. Post-
meningitis complications due to Pyogenic and Tuberculous causes account for (8.69%).

Perinatal hypoxic-ischemic injury and post-perinatal hypoxic-ischemic injury due to Ex-vacuo
ventriculomegaly were studied as post-hemorrhagic complications. Ex-vacuo ventriculomegaly
was not defined as a type of HCP in this study, but its development due to post-perinatal hypoxic-
ischemic cerebral injury (21.7%) and perinatal hypoxic-ischemic cerebral injury (13.04%) was
identified and investigated as a post-hemorrhagic complication. This group also included Subdural
hematomas (21.7%). (Table 11)
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This study has also identified tumor-related HCP and has diagnosed it using results of imaging

investigations. Medulloblastoma-Teratoid Rhabdoid Variant, Germinoma, and Craniophangioma

each accounting for 8.69% were included in this group. (Table 10)

Table 9. Prevalence of Congenital and Acquired Pediatric HCP- Prospective data compilation from the

Selected Diagnostic Centers in Addis Ababa, Ethiopia, 2019-2020

Pyogenic and Tuberculous)

Congenital and Acquired Pediatric HCP n %
Aqueductal Stenosis 6 26.1
Dandy-Walker malformation 4 17.4
Chari Il Malformation 2 8.7
Meningocele 2 8.69
Meningoencephalocele 2 8.69
Post-meningitis (complications due to 2 8.69

Table 10. Tumor Related Pediatric HCP- Prospective data compilation from the Selected Diagnostic

Centers in Addis Ababa, Ethiopia, 2019-2020

Tumors n %

Medulloblastoma 2 8.69
Germinoma 2 8.69
Craniopharyngioma 2 8.69

Table 11. Post-hemorrhagic HCP- Prospective data compilation from the Selected Diagnostic Centers

in Addis Ababa, Ethiopia, 2019-2020

Post-hemorrhagic HCP N %
Subdural Hematoma 5 21.7
Ex-vacuo ventriculomegaly due to Post-|5 21.7
perinatal hypoxic-ischemic cerebral injury

Ex-vacuo ventriculomegaly due to perinatal | 3 13.04
hypoxic-ischemic cerebral injury
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Fig 7. MRI of a 4 months old male infant represented by A. T2 Sagittal, B. T1 Axial and C. T2 Coronal
FLAIR Dark fluid- Finding(s): Superior vermian arachnoid cyst compressing the superior vermix and the
tectal plate and effacing the aqueduct causing severe aqueductal stenosis and obstructive HCP. (The
image was performed by the assigned Medical Radiology Technologist within the diagnostic center.)

e B. C.
Fig 8. MRI of a 4 year old male represented by: A. T2 Axial, B. T2 Sagittal and C. T1 Coronal-
Post-contrast enhanced sequences. Findings: Extensive cystic supra and right parasella mass
with peripheral rim and nodular solid contrast enhancement causing effacement of the third
ventricle and left lateral ventricle causing right lateral mono ventricular obstructive severe
HCP with subepyndema-predominantly Cystic Craniopharngioma . (The image was
performed by the assigned Medical Radiologist Technologist within the diagnostic center.)

31



A. B

Fig 9. MRI of a 3 months old female infant represented by A. T2 Sagittal and B. T2 Axial sequences. The
image was performed by the assigned Medical Radiologist Technologist within the diagnostic center.
Findings- Dandy-Walker huge cyst with Occipital meningocele and HCP

Fig 10. Congenital cerebral anomalies induced by Toxoplasma infection. The diagnostic images
were obtained at 2 years and 9 months of age. A Plain computed tomography scan. The lateral
ventricles are moderately dilated. Multiple calcified foci are apparent in the brain parenchyma
(arrows 1) and along the ventricular wall (arrow 2). B, Magnetic resonance imaging, T1 WI. The
cortical gyri are widened on the left side and the cortex is thickened in the left frontal lobe
(arrow) compared with the corresponding structure on the right. C, Magnetic resonance imaging,
T2 WI. The left frontal lobe shows abnormal hypo-intensity (arrow) (From Moore KL, Persaud
TVN, Torchia MG. The developing human: clinically oriented embryology 2020. )
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6. DISCUSSIONS

This study was designed to determine the prevalence of pediatric HCP cases and their associated
risk factors in Addis Ababa, Ethiopia within two study periods. The age group of pediatric patients
ranged from 1 to 60 months. Brain imaging techniques were used to confirm HCP cases.

6.1. Demographics: Sex, Age and Patient Characteristics of both studies

As opposed to their female counterparts, males had a relatively higher chance of being diagnosed
with HCP (140 patients accounting for 57.14%). This finding is similar with published studies in
other African countries which have shown that the majority of pediatric patients with HCP were
males; 64.6% of the population in a study from Tanzania and 53% in a study from Kenya (41);
60.5% in a study from Nigeria (42), as well as a predominance of 51.9% in a study from Uganda
(43). The finding also is in agreement with a published study in Ethiopia which similarly found
males to be predominant both in isolated HCP (38 male patients accounting for 66.7% of all
patients with isolated HCP) and in the MMC associated HCP group (30 male patients accounting
for 53.6% of the patients in that group) (5).

However, the prospective study had a different finding; as it was found that females had a relatively
higher chance of being diagnosed with HCP (12 patients accounting for 52.17% of all patients
diagnosed with HCP). In this study, sex was not considered as one of the risk factors of HCP. As
a result, the relatively higher prevalence of HCP among males in retrospective study and females
in prospective studies was not further investigated.

In this study, age distribution ranged from 1 to 60 months; there was a slight increment in the mean
age of pediatric patients from 22.3 months to 24.9 months in the two study periods but the
difference was not statistically significant. A statistically significant association between age and
the development of HCP was found (P<0.05), in the retrospective study, among children aged
younger than 24 months; 192 infants (78.3%) out of all patients diagnosed with HCP. These infants
were observed to have a higher risk of developing HCP 1.9 times as opposed to those aged older
than 24months. (Table 3) This is similar to an article published in the journal of the International
Society for Pediatric Neurosurgery (ISPN) and the National Organization of Rare Disorders
(NORD) both of which reported the majority of children who present with HCP do so before 2
years of age (39, 40).
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Non-communicating HCP (obstructive HCP) was predominant in both populations, 62.4% in the
retrospective and 56.5% in the prospective study. This is in agreement with the Ethiopian study
that also found obstructive HCP to be predominant in two of their study periods, 64.7 % during
the first period, and 62.2 % in the second (5).

6.2.  Prevalence of HCP

In developed countries, the incidence of congenital HCP is estimated at three to five cases per
1000 live births. Excluding secondary HCP and that associated with Spinal Bifida, the incidence
of primary congenital HCP has been estimated at 0.2 to 0.8 per 1000 births (4). This study had a
different finding as it identified the prevalence in the population studied during the retrospective
study to be 222.72 per 1,000 births (2,222.72 per 10,000 births) and the prevalence observed during
the prospective study period to be 232.3 per 1,000 (2,323.2 per 10,000 births).

The observed prevalence of pediatric HCP in both studies is much higher than prevalence rates of
20.3 per 10,000 births seen in northern China (15), 4.65 per 10,000 births in four European regions
(44), 11 per 10,000 births in Denmark (45), 5.9 per 10,000 births for California (46), and
prevalence of 28.7 per 10,000 births in a region of Nigeria (47).

However, the results of this study are in agreement with the study conducted in Uganda-from
CURE Children’s Hospital of Uganda (CCHU) which demonstrated infant HCP among 3,684
children. The study estimated the infant HCP prevalence rate between 1,000 and 2,000 cases every
year (3). This study is also similar to research conducted here in Addis Ababa, Ethiopia that used
the estimates applied in the Ugandan research and presented an estimate between 2,000 and 4,000

new cases of pediatric HCP per year (5).

As described earlier, this high prevalence rate of HCP in Ethiopia has been attributed to high
percentages of Aqucdectal stenosis, NTDs, and a small contribution of post-infectious causes
observed in both study periods. In presenting the causes and incidence rates of HCP from East
Africa (5), where it served as a reference for Ethiopia, there is a contradiction concerning the cause
of HCP.

34



6.3.  Prevalence of Congenital and Acquired HCP

This study has found the prevalence of congenital and acquired HCP for both study periods. It has
identified aqueductal stenosis and NTDs associated with congenital HCP; post-infectious,
posthemorrhagic, and tumor-related HCP were associated with acquired HCP.

6.3.1. Aqueductal stenosis and Neural tube defects (NTDs)

This study has identified Aqueductal stenosis (17.9%) as the most prevalent type of congenital
HCP. Aqueductal stenosis is a narrowing of the aqueduct of Sylvius which blocks the flow of CSF
in the ventricular system. The aqueduct of Sylvius, a channel that connects the third to the fourth
ventricle, because of its small size, is the most likely place for a blockage of CSF in the ventricular

system (48).

Reports that aqueductal stenosis causes the majority of the Obstructive HCP (48), have been
reviewed by this study and it similarly has attributed the non-communicating HCP (Obstructive
HCP) predominance in both populations, i.e. 62.4% in the retrospective and 56.5% in the

prospective study to Aqueductal stenosis.

Following this, NTDs have been identified as the second most prevalent type of congenital HCP.
NTDs compiled within the retrospective data were Chari Il malformation, Dandy-Walker
malformation, and MMC. (Table 5) This result is in agreement with a study conducted in three
African countries; Zambia, Zimbabwe, and Malawi, that stated the most common cause of HCP to
be congenital, associated with Aqueductal stenosis and NTDs (17). A similar distribution was also
found when compiling the prospective data, Aqueductal stenosis accounting for 26.1%, followed
by NTDs (Dandy walker malformation, MMC and Chari Il malformation) (Table 9)

In contrast, this study differed from the study in Uganda which indicated HCP secondary to CNS

infection to be the single most common cause of infant HCP accounting for 60% of cases (6).

This study is also similar to a study from Saudi Arabia which attributed the cause to Spinal
dysraphism 39.3% (associated with Spinal Bifida Cystica and Encephalocele) and Aqueductal
stenosis 16.4% of infant HCP cases (49), and the study from Kenya which indicated Spinal Bifida
as the most common cause of HCP (50).
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The results of this study may be explained by the diagnosis of typical characteristics of NTDs and
level of obstruction of the cerebral aqueduct on MRI neuroimaging of the children’s brain and
clinical history acquired during the interview process that was able to show the classic features of
HCP, that is, increase in head size, sun-setting eyes, vomiting, and seizures in the patients.

This study also found HCP associated with MMC accounting for 0.81% retrospectively and 8.69%
prospectively. This result is different from the Ugandan study which found MMC associated HCP
to account for 14% (3). This finding is also contrary to the study conducted here in Ethiopia that
found MMC associated HCP among children aged under 5 years to account for 44.5%. This high
percentage was attributed to selection bias where these children with MMC were easily diagnosed
just after birth (5). This study also differed from the study in Kenya which found MMC (Spinal
Bifida) associated HCP to account for 43.4% (50), south-western Saudi Arabian study that found
Spinal Bifida Cystica accounting for (95.8%) (49), and the Tanzanian study that reported MMC
to account for 16% of their cases (51).

In this study, HCP associated with Encephalocele accounted for 2.04%; which is higher than the
Ugandan study which found Encephalocele accounting for 1% from a total of 468 children
diagnosed with HCP (6), and higher than similarly conducted Tanzanian study which found it to

also account for only 1% (51).

MMC cases were not encountered as much as expected in this study because it was conducted
within diagnostic centers and these patients had better chances of being treated in public hospitals
since they were detected early and diagnosed clinically; not a lot of imaging investigations were
referred out to diagnostic centers. Besides, there is no centrally managed database of the patient’s

clinical history in public and private health institutes.

6.3.2. Post-infectious HCP (PIH)

Studies in Uganda (3), Tanzania (51), and Kenya (50) have reported PIH prevalence of 57%,
22.4%, and 27.7%. In our study, however, a prevalence of only 10.1% and 8.69% have been
observed in the retrospective and prospective study periods respectively. This discrepancy may be
explained by differences in methodology. In the Ugandan study, for example, PIH was defined in

terms of the absence of HCP at birth, history of febrile illness or seizure preceding the onset of
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HCP, and convincing evidence of prior ventriculitis based on imaging or ventriculoscopic findings
if the history was unclear (3). In this study, however, PIH was defined in terms of the patient’s
clinical history and post-natal CT and MRI imaging investigations. It identified PIH as chronic in-
utero infection TORCH infections, Ventriculitis, Meningitis, Cerebral and Cerebellar abscess, and
Tuberculoma that led to the development of HCP thus defining PIH in terms of post-natal

diagnosis.

This study has identified PIH related post-meningitis complications due to Pyogenic and
Tuberculous causes accounting for 6.9% and 8.69% within the retrospective and prospective data
respectively. In contrast, this study had a lower percentage when compared with the south-western

Saudi Arabia study that found post-meningitis causes accounting for 14.8% (49).

Although this study showed a lower percentage, it is in agreement with the study conducted in
Uganda which assumed PIH (57%) secondary to neonatal ventriculitis or meningitis as an
important cause of HCP throughout East Africa and in other developing nations. This Ugandan
study identified meningitis as the most common probable cause of PIH that leads to ventriculitis,
cerebral infraction, aqueductal obstruction, and HCP. The infection that preceded the onset of the
HCP in these infants occurred within the neonatal period; these infections, i.e. sepsis and

meningitis followed likely due to organisms acquired during delivery (6).

This study also agrees with the study conducted in three African countries; Zambia, Zimbabwe,
and Malawi, that identified post-meningitic HCP as the most frequent cause next to NTDs and
aqueductal stenosis. PIH was reported among 35 (51.5%) Malawian infants (17). A similar study
in Kenya was observed to show the same finding where it classified post-meningitis HCP within
the PIH group which was again identified as the second most common cause of HCP following
Spinal Bifida (50).

6.3.3. HCP secondary to Tumors and Adhesion of Foramen of Monroe

This study has recognized small contributions of HCP secondary to tumors. It found
Medulloblastoma- Teratoid Rhabdoid Variant accounting for 4.8%, Craniopharngioma accounting
for 0.8%, and Pineal gland Glioma and Ependymoma each accounting for 0.4%. The prospective
study also found Medulloblastoma- Teratoid Rhabdoid Variant, Germinoma, and

Craniopharngioma each accounting for 8.69%. This study is similar to the study conducted in three
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African countries which found few cases of HCP associated with neoplasms (17). This study
however was contrary to the study from Tanzania, which reported a 2.4% occurrence of HCP due

to tumors (51).

This study found it difficult to compare the prevalence of HCP due to tumors with other literature
because exact values were not adequately reported and there was a difference in methodology. For
example, the Ugandan study categorized causes HCP as non-post infectious HCP (NIPH) which
accounted for 25% in total. This category included congenital causes, i.e. Dandy-Walker
malformation and aqueductal stenosis, and those in whom the cause was indeterminate. Although
HCP secondary to tumors was included in this group, its exact value was not reported (3). The
study from Kenya similarly used this methodology and identified NIPH to account for 15% of the
etiologies of HCP. This classification technique included tumor-related HCP, but again its exact

amount was not reported (50).

Adhesion of Foramen of Monroe accounted for 0.4% of the cases of HCP this study found, which
is much lower when compared with the Tanzanian study that reported atresia of the Foramen of
Monroe to account for 7% of the cases (51).

6.3.4. Post-Hemorrhagic HCP

The non-congenital etiologies of acquired infant HCP associated with post-hemorrhagic HCP of
prematurity were reported to be the most common cause of HCP in more economically developed
countries (3). Nevertheless, the retrospective study has found a small contribution of
intraventricular hemorrhage (IVH) in the occurrence of pediatric HCP. HCP caused by post-
hemorrhagic complications accounted for 4.0% in total in this study. This result was similar to a
small contribution also observed in the study in Uganda which found only one case of IVH that
lead to HCP from 468 children with HCP (6). This study was contrary to the Saudi Arabian study
which found post-hemorrhagic HCP to account for 8.2% (49).

Unlike the retrospective study, the prospective study has found a higher contribution of IVH to
HCP occurrence. It identified HCP caused due to subdural hematomas accounting for 21.7% and
these cases were further complicated by the development of subdural and subarachnoid hygromas.
Though this study did not classify Ex-vacuo dilation of the ventricular system (ex-vacuo

ventriculomegaly) as a type of HCP, it found its occurrence due to perinatal hypoxic-ischemic
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injury accounting for 13.04%. This study has categorized these as post-hemorrhagic
complications. Although the exact number of occurrences is not mentioned, a study in Zambia

gives special recognition to hemorrhagic HCP (17).

The study from South-western Saudiarabia attributed the causes of the intracranial bleeding
leading to HCP to, IVH of prematurity, birth asphyxia, disseminated intravascular coagulation
(septicemia and heat stroke), and hemorrhagic disease of newborn (49). The study from Saudi was
conducted in the only referral hospital for HCP and enough clinical assessment was made to
diagnose their patients and identify the exact causes of IVH. This study was however not able to
reach the same conclusion as few details about the child’s clinical information were attained from
mothers during the interview process, minor clinical details were written on request papers sent
for imaging investigations, and difficulty in acquiring patient’s full medical charts at a diagnostic

center level made it hard to identify the exact causes of IVH.

6.4.  Imaging investigations

The early diagnosis of HCP in pediatric patients is essential for the management and treatment of
this disease. Imaging examinations make possible both diagnosis and establishing causes of HCP.
Performing CT examination or MRI we can estimate the degree of ventricular system dilatation
(22).

6.4.1. Computed tomography (CT)

CT is one of the tomographic modalities that work by exposing patients to ionizing radiation (52).
This study applied standard axial scanning techniques with a slice thickness of 3mm, kV
(kilovoltage) of 120, and mAs (milliampere seconds) of 300 for head scans of the pediatric patients
to diagnose HCP. This study has found acute cerebral hemorrhage, TORCH infections, and
subdural hematomas better demonstrated by CT. Bones were also more clearly demonstrated on
CT since it could absorb ionizing radiation due to its high density. Changes within the skull due to
Colpocephaly, Scaphocephaly, Craniosynostosis, and Chari Il malformation were also better
displayed on CT images. The results of this study are in agreement with an article published by
the Department of Radiology in Harvard medical school on neonatal brain imaging that also
applied these similar scanning techniques and recommended CT to be reserved for large

intracranial hemorrhages requiring immediate evacuation and to characterize TORCH infections.
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It also reported cerebellar hemorrhage and inter-hemispheric subdural hematoma were better
picked by CT imaging (53).

6.4.2. Magnetic resonance imaging (MRI)

MRI is another tomographic imaging modality that functions by the use of magnetic fields instead
of ionizing radiation. The image is displayed in all three planes, i.e. Axial, Coronal, and Sagittal.
MRI provides exquisite detail of brain anatomy and generates images with different tissue contrast
properties. The magnetic field strength of 0.2 up to 3 teslas is used in clinical settings (52). This
study has similarly used 0.35T MRI machines in all of the selected diagnostic centers. This study
has applied standard scanning protocols and sequences to perform scans of the brains of pediatric
patients. This is similar to the study published in Germany on the benefits of MRI brain imaging
in infants which used the same sequences as this study to diagnose not only HCP but also cerebral
ischemia, hypoxic-ischemic encephalopathy, and myelination (54). In this study similarly, post-
hemorrhagic HCP has been represented in Tables 8 and 11. If imaging examinations were made
the standard for the basis of diagnosis and if MRI imaging was made the standard imaging modality
to examine infants, as it has no ionizing effect, it would make an enormous change in creating a

successful clinical outcome for patients.

6.5. The Risk Factors Associated with Pediatric HCP

6.5.1. Prenatal care given to mothers and HCP

This prospective study identified that 82.4% of the interviewed mothers attended their antenatal
visits. Statistical significance was not reached (P> 0.05) among those mothers that did not attend
their visits (17.6%). This study hypothesized that those mothers that said they went to their visits
may not have attended all the visits they were supposed to go to. This may be explained by poor
antenatal follow-ups and this could have resulted in NTDs, which in turn lead to HCP. This study
is supported by a study conducted in Atlanta that has suggested that getting adequate prenatal care
might help prevent birth defects, HCP being one of them. The study from Atlanta has also
suggested the use of peri-conceptional multivitamins are associated with a reduced risk of NTDs
(55).
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In this study, no association was found with the onset of prenatal care given to the mother and
HCP development (P>0.05). This finding is supported by the study from Mississippi that similarly
studied potential risk factors of congenital HCP, which similarly did not find any association
among prenatal care given to mothers and HCP occurrence (9). This study could not establish a
significant association between poor prenatal care given to mothers during their early pregnancy
period with that of HCP development. A similar study conducted in Tanzania provides a good
insight and has suggested that poor prenatal care given to mothers might contribute to the high
incidence of neonatal sepsis, which was included in the post-infectious group reported as an
etiologic agent of HCP (51).

6.5.2. Folic acid Supplementation and HCP

Folate deficiency has a recognized teratogenic effect, resulting in an increased risk of NTDs (47).
This study argues that the incidence of these NTDs that eventually lead to HCP and other CNS
anomalies could have resulted due to the inadequate consumption of folic acid. In this study,
mothers who did not take folic acid nutritional supplements were significantly associated with
HCP occurrence (P<0.05) (Table 4). During early development, folic acid helps form the neural
tube hence, it plays an important role in the prevention of some major birth defects of an infant’s
brain i.e. (Anencephaly) and spine (Spinal Bifida) (56).

Although the majority (67.8%) of the interviewed mothers in this study did take their folic acid
supplement, it was discovered that they took their supplements once they had found out they had
conceived and within their late first trimester period and about 32.2 % of these mothers did not

take their supplements at all.

This study also found that mothers who took their supplements after they had conceived (58.6%)
were significantly associated with HCP development (P<0.05). This study has gathered from this
that these mothers did not plan their pregnancy and early consumption of folic acid was not
considered. The fact that these mothers did not take their supplements before pregnancy and during
their early pregnancy periods could explain the 35.91% and 43.48% of NTDs identified during the
retrospective and prospective study period respectively. This study is also in agreement with the
study from the Enugu region of Nigeria that similarly suggested that the high incidence of NTDs
among the study cohort attributed to the lack of use of folic acid by the majority of the mothers
studied, 57 (79.2%) of the affected children (47). This study is also similar to another study that
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suggested the consumption of adequate amounts of folic acid by women before pregnancy and

during early pregnancy decreases their risk for having a pregnancy affected by NTDs (57).

This study again goes following the study conducted in Northern China that found the
supplementation of folic acid reduced the incidence of their study population of total and isolated
cases of congenital HCP and NTDs. The study from China also found that the prevalence of HCP
declined over the entire study period when a nationwide folic acid supplementation program was
introduced (15). Similarly, folate imbalance, deficiency of folate, and vitamin B12 were identified
as risk factors for HCP by multiple studies (58-60).

This study supports the findings above. Nevertheless, multivariate analysis of this study was not
able to show the inadequate consumption of folic acid as the predictor of HCP occurrence. This
has been attributed to the small sample size in the studied population. However, bivariate analysis
of this study has found that mothers who did not take the folic acid nutritional supplement were
significantly associated with HCP occurrence. As Ethiopia is one of the largest producers of Wheat
in Sub-Saharan Africa, (61) and most Ethiopian’s diet commonly use Wheat in bread, fortification
of wheat flour is an effective, and simple strategy for supplying folic acid and iron to its population
(62) thereby reducing the incidence of NTDs that have the potential to lead to HCP.

6.5.3. Advanced maternal age and HCP

Although an association was expected between advanced maternal age and occurrence of HCP,
this study did not find a significant relationship between the two (P>0.05). It was difficult to find
association as the number of interviewed mothers aged above 35 accounted for only 12.4% and
these mother’s risk of having a child with HCP was not found to have increased; whereby only
8.6% of these mothers had an infant with HCP. This is in agreement with the study conducted in
Mississippi that similarly did not find any association with advanced maternal age and HCP
occurrence (P=0.976) (9).

This study has however found that the majority of mothers (46.4%) were aged 24-29; of these
mothers (60.8%) were found to have a child with HCP. This finding among the young mother's
age group goes following the study from Atlanta which has also identified HCP without NTDs
among young mothers and has reported 1.56 times increased risk among this sect of the population.

It was suggested that the most likely explanation for the increased risk for birth defects observed
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in these young mothers may be due to different lifestyle factors like inadequate prenatal care, lower
intake of vitamins, lowest awareness of folic acid, unhealthy diet, exposure to alcohol, smoking
and/or drugs (55).

Young maternal age and advanced maternal age are both associated with increased risks for some
types of non-chromosomal birth defects and mothers under 20 and over 35 have a higher risk of
giving birth to an infant with a birth defect (55). However, this study was not designed to determine
the mechanism by which birth defects occur among different age groups of mothers but further

investigation is needed to understand the effects of maternal age on HCP and other birth defects.

6.5.4. Familial Association and HCP

This study was able to show an association between the history of HCP among family members
and the development of congenital HCP with a statistical significance of (P<0.05) (Table 4); when
performing the bivariate analysis. However, the multivariate analysis was not able to show this as
a predictor of HCP development and this as mentioned before has been attributed to the small
number of study participants. History of HCP among family members was found to account for
73.9% of all the diagnosed cases of HCP. This is similar to a study conducted in Mississippi which
reported 72 of 596 congenital HCP cases (12.1%) had at least one additional family member with
HCP (9). Although in this study significant association among different degrees of relatives and
the development of HCP was not found, it was identified that of the children with HCP, 8.69%
had a first degree relative with congenital HCP and these accounted for the majority of HCP
diagnosed patients. This result is in agreement with a study conducted in Denmark that also found
a significant association of HCP among individuals with first- or second relatives with congenital
HCP. The Denmark study suggested that familial aggregation and both the genetic and the
maternal effects play important roles in congenital HCP pathogenesis (63). A manuscript published
by the American Journal of Medical genetics studied fourteen families in which more than one
child was diagnosed with HCP of prenatal onset in their genetic counseling clinic. From the
fourteen families, seven were composed of Jewish and Arab families. Of the five of the Jewish
family, two were diagnosed with X-linked HCP and three X-linked HCP was suspected (64). This
study was unable to adequately analyze genetic sequences due to the lack of genetic laboratories
and clinics. Though this study did not investigate genetic agents as a risk factor for HCP, it does

recognize its significance and recommends further exploration into the topic for future researches.
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6.5.5. Sex preference of HCP

This study did not find any significant association between sex and the occurrence of HCP. X-
lined HCP has been reported by the National organization of rare diseases (NORD) as one etiology
of HCP (39), and again by the International Society for Pediatric Neurosurgery (ISPN) suggesting
that it comprises less than 4% of all cases of HCP (38). This study is in line with the reports of
NORD and ISPN that suggest most types of HCP that occur, except for those caused by an X-
linked genetic trait, seem to affect males and females equally. Thereby suggesting that there is no
obvious sex predilection in pediatric HCP (38, 39). However, as stated earlier, this study did not
assess X-linked HCP due to the limited resources (finance and specialized human resource -
genetic counselor), and a further detailed investigation was not considered at a genetics level at

this time.

6.5.6. Maternal parity and multiple pregnancy and HCP

During the conduction of this study, maternal parity and multiple pregnancies were not identified
to be significantly associated with HCP development. This study was contrary to the article
published by the University of Ottawa, in Canada, which identified maternal parity and multiple

pregnancies as biological risk factors significantly associated with HCP (65).

The result of this study is also contrary to a study conducted in Florida that showed a 46% increased
risk of birth defects among multiple births compared to singletons; HCP was identified as one of
those birth defects (66), another study in Denmark that investigated familial aggregation of HCP
had a higher risk ratio among siblings of multiple births (63), and birth defects among twins studied
in Minneapolis, Minnesota, that similarly reported that twins have a greater than a four-fold
increased risk of HCP compared to singletons (67). This study however was unable to show the
association as the nature of some questions regarding abortion and stillbirth were sensitive and

limited information was acquired from mothers during the interview process.

6.5.7. Trauma during Pregnancy

In this study, trauma to the mother during the pregnancy period was not significantly associated
with pediatric HCP (P> 0.05). This study indicated that 17.3% of mothers of children with HCP
suffered from a trauma during their gestation. However, this did not show statistical significance.

This is in agreement with a similar study conducted in Mississippi that identified trauma to the
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mother during her gestation (3%) and traumatic birth (19.5%) as risk factors for the development

of HCP; this study from Mississippi nevertheless did not find this to be statistically significant (9).

In this prospective study, vaginal delivery (78%) and caesarian section delivery (20.9%) accounted
for the total number of modes of deliveries questioned. Instrumental delivery was considered a
traumatic birth that could have the potential to cause brain injury leading to HCP. Falling accidents
during the gestational period were also considered to be causes of fetal brain damage. This goes
following a study in Washington State, USA, that reported brain injury as one of the severe birth

traumas observed among hospital singleton live births (68).

However, this study was not able to acquire sufficient information from mothers about the details
of delivery and only a few of the mothers interviewed were able to recall falling during their
pregnancy time. This made it difficult to assess the association; thus making it hard to conclude
that birth traumas and accidents were exactly the causes that lead to HCP development.
Nonetheless, it hypothesizes that post-hemorrhagic complications that resulted from these traumas

could have the potential to lead to HCP.

Even though the etiologies of acquired infant HCP associated with post-hemorrhagic HCP of
prematurity were reported to be the most common cause of HCP in more economically developed
countries (3), this study has described earlier the contribution of post-hemorrhagic HCP i.e.
hypoxic-ischemic cerebral injury, perinatal ischemic insult, subdural hematoma, IVH and cystic
encephalomalacia here in Addis Ababa, Ethiopia, a low-income country. Following the initial
hypothesis, this study has attributed the occurrence of these post-hemorrhagic complications of

acquired HCP to post-traumatic reasons.

6.5.8. The Educational Level of the Mother

Most of the uneducated adults live in South Asia, West Asia, and sub-Saharan Africa, and of all
the uneducated adults in the world two-thirds are female. Ethiopia has been grouped as one of the
nations with a low literacy rate of 49.1% along with Liberia (literacy rate of 47.6%), Chad (literacy
rate of 40.2%), and Mali (literacy rate of 38.7%) (69). By the year 2017 the literacy rate of male
and female adults in Ethiopia, was 59.24% and 44.2% respectively which puts Ethiopia’s literacy
rate the lowest in the world (70, 71). It was presumed in this study that the low level of literacy

Ethiopia faces especially in its female population particularly among rural communities would be
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one factor for the limited knowledge of these mothers regarding the health of their child. Going in
line with this presumption, we found 49.5% of the interviewed mothers to be from the rural
population, and 81.3% to be housewives. The findings of this study could be attributed to
sociocultural factors, for example, gender violence, early marriage, and the burden of housework
that affect women’s and girls to not pursue and complete their education. Of the mothers from the
rural side, 16.16% of them had a child diagnosed with HCP. In this study, 87.9% of the mothers
interviewed did not have any awareness about HCP and had never even heard about it. This study
is in line with the article published by Indiana University that reported low health literacy
negatively affects a woman's health knowledge, ability to navigate the health care system, and

ability to care for her children (72).

Despite not being able to establish a statistically significant association between the mother’s
educational level and HCP occurrence, different works of literature this study has reviewed has
explained its assumptions about the fact that mother’s education is important not only to empower
these women but to have a better awareness about their child’s health. In this study, mothers with
an educational level of diploma and above had a reduced rate of children with HCP, about 3.29%
were identified. This study is in line with another study conducted where parental occupation was
examined as a risk factor for HCP. This study found that engineers’ and architects’ infants had a

reduced risk as compared to janitors who showed a higher risk of HCP among their infants (73).

6.5.9. Maternal Pathologies, Infections, Smoking, Illicit drug use, and Maternal
Medication
Maternal chronic hypertension, pre-eclampsia, and maternal diabetes (pre-gestational and
gestational) were investigated as risk factors of HCP development, these associations had no
statistical significance. This goes in line with reports from the study that similarly did not find
statistical significance between maternal diabetes and preeclampsia with HCP development (74).
Reports of the prevalence of diabetes and preeclampsia are limited in the developing country
setting as opposed to the Western world. For example, a study from Mississippi has identified
maternal hypertension during pregnancy to be significantly associated with HCP (9). Unlike this,
a study conducted within the eastern zone of Tigray, in Ethiopia has reported the prevalence rate

of gestational diabetes mellitus to be only 3.7% (75).
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In this study, intrauterine infections, for example, TORCH infections were identified among 9.9%
of the mothers. These infections were diagnosed while CT and MRI imaging of the child’s brain
was performed and HCP was diagnosed. This is in agreement with the study conducted in the
University of Athens which also reported an association between maternal infections of
toxoplasmosis and cytomegalovirus with congenital HCP but were not able to establish a statistical
significance (74). This study found it difficult to reach a statistical significance as the mothers
were neither able to explain the type of infection they were diagnosed with nor were they able to
know whether they had an infection in the first place. This study has attributed this to the fact that
the majority of these mothers were not educated, as previously reported, only 19.8% of the
interviewed mothers had a diploma and above. Besides, as some of the viral infections stayed
dormant with no clinical signs, this study did not find it surprising these mothers were unaware of
the infections. In this study, sexually transmitted infections during pregnancy were identified
among 4.4% of mothers. These identified infections were not confirmed by laboratory
investigations in this study rather they were gathered from mothers during the interview process.
Though this did not reach statistical significance, it goes following the study from Mississippi that
similarly reported sexually transmitted infections at the time of delivery were 1.2% but this was

not statistically significant (9).

Cigarette smoking and drug use by mothers during their pregnancy were studied as potential risk
factors, but statistical significance was not reached. This follows the study from Mississippi which
while it reported illicit drug use (3.9%) as a risk factor of HCP, statistical significance was not
established. Tobacco smoking during pregnancy was not found to be significant among mothers
of infants with HCP either (9). Studies have reported that maternal medication use of
antidepressants during the first-trimester pregnancy were found to have a significant association
with the development of HCP (74). This study was different from this as interviewed mothers that
took prescribed medication in this study however were only 10% and the majority of the mothers
were not aware as to what the medications were. As the majority of the mothers interviewed were
not educated, this study found it difficult to acquire sufficient information about the exact time and
type of medications taken during the pregnancy, and types of treatments they may have received
before or during the pregnancy. Statistical significance was not found among maternal use of
medications and HCP in this study.
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7. STRENGTH OF THE STUDY
+Cross-sectional facility-based study design employed across the four selected diagnostic centers

allowed this study to be representative of the study population
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8. LIMITATIONS OF THE STUDY

*The limited amount of time and resource the prospective study had has affected the data
distribution. Marked reduction in the number of patients during this study period resulted due to
the failure of the MRI machine to work during the data collection period. As physicians preferred
MRI to diagnose HCP and the unavailability of the machine, as a result, has decreased the total

studied population.

* The selected diagnostic centers did not keep the patient’s records in a computerized manner and
the patient’s history was not fully documented in the form of a medical chart as in public hospitals.
This made it difficult to acquire all the relevant information about the patient’s clinical history and

this has affected the retrospective data collection.
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9. CONCLUSIONS
Pediatric hydrocephalus presents a colossal challenge in Africa, especially in Sub-Saharan Africa.
Ethiopia, a low-income- country faces this problem too. Based on the findings and discussions

above, below are major conclusions.

1. High prevalence observed in the pediatric population of both study periods i.e. the retrospective

study was 22% and the prospective study was 23%.

2. Agueductal stenosis was found to be the most prevalent type of congenital HCP, followed by
NTDs.

3. Hydrocephalus that developed secondary to infection was minimal whereby 10.1% and 8.69%

were observed in the retrospective and prospective study periods respectively.

4. Male predominance was observed in the majority of the retrospective study’s pediatric
population while females were predominant in the prospective study. Furthermore, this study has
observed non-communicating HCP predominance in both study periods and has attributed it to

Agueductal stenosis.

5. Advanced maternal age, maternal parity, multiple pregnancies, maternal pathologies, and sex
preference of HCP; the educational level of the mother, attendance of antenatal clinic, and trauma
during pregnancy were all studied as potential risk factors for HCP development but statistical
significance was not found. Inadequate consumption of folic acid during pregnancy, the onset at
which the mothers took their supplement, and history of HCP within the family were significantly
associated with the development of HCP but this study was not able to show these as major
predictors of the outcome variable. However, infants aged younger than 24months were identified

as risk factors (major predictor) that were significantly associated with the development of HCP.

6. Although the educational level of the mother was not significantly associated with HCP
occurrence, mothers with an educational level of diploma and above had a reduced rate of children
with HCP.

7. The majority of HCP diagnosed patients had first degree relatives with congenital HCP.
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8. There is a high association between the amount of folic acid consumption in early pregnancy

and the incidence of NTDs. Sufficient utilization reduces the incidence of having a child with

NTDs.

9. In this study, hypoxic-ischemic cerebral injury, perinatal ischemic insult, and IVH were all
associated with post-hemorrhagic complications of acquired HCP and resulted due to post-

traumatic reasons.
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10. RECOMMENDATIONS

It would be ideal if public teaching hospitals affiliated with universities, public and private
medical schools, and diagnostic centers across the country conducted similar research regarding
the prevalence and risk factors of HCP. This would help in formulating a guideline that can be

used across the nation and better understand its public health impact.

*The role of familial association and sex preference of HCP need further investigation.
Development of a genetic clinic to assess X-linked HCP detailed gene sequences have the potential

to identify HCP cases and tackle this pathology head-on.

* Proper education about the severity of HCP, adequate education to increase women’s health

literacy, and adequate prenatal care to women must be given especially in rural areas

Further investigation is recommended to understand maternal risk factors associated with the

occurrence of congenital and acquired HCP.

* If a centrally managed database of patient’s clinical history among public and private health
institutes was organized under the Ministry of Health, it would help keep records for better

management of the patient and will also serve as a medical and public health policy input.
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12. ANNEXES

Annex 1- Consent Form (English Version)

Addis Ababa University College of Health Sciences
Department of Anatomy

A questionnaire prepared to assess the prevalence and associated risk factors of
Hydrocephalus (HCP)

Written Consent Form

Dear study participant, Good morning/afternoon, my name is Blein Mulugeta, and | am a graduate
student at the University of Addis Ababa. | have been working on developing this questionnaire
to assess the prevalence and associated risk factors of Hydrocephalus (HCP). For this study, your
permission is important to research your child and it will help policymakers to design strategies to
give focus on the quality of treatment and management of HCP in the Ethiopian setting. There are
no harms associated with this study. You will benefit from this study in sharing and reflecting on
your views, concerns, and experiences as a parent or caregiver of a child with HCP.

This questionnaire will ask you about your experience while you were pregnant. There will be
sections of questions that will ask you to answer if you’ve had proper prenatal and postnatal follow
up care and if your child has received a proper diagnosis for Hydrocephalus, as well as if you have
taken your child to be scanned by different machines once diagnosed with Hydrocephalus.
Completing this questionnaire will approximately take 15 to 20 minutes.

Your name will not be written in this form and will never be used in connection with your child’s
imaging results. All findings from this data will be kept strictly confidential. You are not obligated
to permit without your interest. Your decline/refusal to participate will not affect any of the
services you should obtain from the diagnostic center. If you feel discomfort to give permission,
please feel free to drop out at any time you want.

Thank you, in advance, for your valuable cooperation. If you have any questions/concern you can
contact me on the following addresses;-

Principal investigator address: 0910902966
Could I have your permission to continue?

1. Yes, signature 2. No, skip to the next subject.

Informed consent certified by investigator

Name Signature

Date of permission given Time
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Consent Form (Amharich Version)

PA&N ANN RLNCAL PMT ARTN DAE

PAGFaq, anges P

PYLECASAN (ATF.N.T) NCE-T AT + L PH +IAs 1T Ui PFY AdRaecan p+HIE aBMEed
PRA-& NIRRT R

M-8 PTF +AFL T ATLICT LG / ATRIRT P T NAT A AL ANAAL T AT A% NASA ANN RLNACAL
PgRLP +Z 1T PY LB CASLAN (AT.ALT) NCeT AT FHME +IARTF U3 PTT AGDIIRI9R YT
MMLP NMHIEF AL AW INC = AHLU DG PACAP &L ABEPT ATIDTF ANLAT 10 ATT® 7AA,
ADRRLPT NAFER L e DD NAT.T.T ANIPT AT ALPH Mot AR A8 PHN4 NATTYT AR L&
LLBFPA = NHU mTF IC O+ LPH FEFT PAID = NAT.ALT. AL U9T AE MAT mLI™ +7hNnhM,
NPT PAPTYT AAPANNT T st T AT ATPRT NN A AT NTY716NZSP hHU DT +MPT, LT =

24U a®Mmed ACTH NINGNT 1H AAIMI™PF 17T LML PA :: THAAT PP LD MA L AT P2 UL DAL
ATTA ATANNN NAPTF AT AEP AYLLCL4AN FRAAAT 9oCaDs 7T AT8U9° ABPY NAR Ui

AT T PMASF NPT IAEPT NYLLECLEAN NHPH NBA NTALE MACT AT8.2% hdN s
AT8MAMNAP PO ML P PRPT NEAT LF4A = LUTT APMLS TMTPS N192F h 15 ANN 20
LePPTT LMASA =

PACNP NI° NHU $& ALRAGID AT NAEP PIRAA Mt T IC N+LLH NEBed-A MPIP AL AL M-ATD:
NHU @28 AR 95+ F N NP NTULAME LPaMAs: PA ACAP §AYT PADES L 912, 3 PANPFIR::
AATRSNA / AATRPNA NIRCADL AHNA TR TH PANPFT TRIT YT ATAV T ARINGD = L S8
AMAMT oF+ P AMPT hPT ANAP NEATT AT AdR+a- 197F £ATPTF

NA @2 FNNCP NP LY P AARANTAL: IFM-I° M PR / T NAPF N N+AT ARLAPT
APTTE LFAN -

Pq aoCanys ke ¢-A 0910902966
AGPMA PACNP .28 M T+ ATA LU7?

1. AP T 4L 2. AR T ML PMRCON 5L EHAN:

Na®ZE 0+2,97M .98 NALTRLM- P+2,I7M

nge &CM

PHPLNT 7 e+
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Annex 2- Questionnaire

No. Question Answer
Section 1: Basic Details of Young Infant
101 | Age of infant
102 | Sex of infant 1. Male 2. Female
103 | Gestational age at delivery in weeks Weeks
104 | Birth weight of infant Kg
Section 2: Maternal Details
201 | Residential area 1. Urban 2. Rural
202 | Age of the mother in years years
203 | Educational level of mother 1 Did not attend school

2 Elementary school(1-8)

3 High school(9-12)

4 Diploma and above
204 | Occupational status of mother 1. Employed 2. Housewife
205 | Family average monthly income 1.Governmental

2. Non-governmental

3. Private
206 | How many children have you given birth to
Section 3: Risk Factors and clinical characteristics
301 | Did you attend antenatal clinic during the pregnancy? 1. Yes 2. No
302 | Did you have abortion in past pregnancy/pregnancies? 1. Yes 2. No
303 | Is there history of still birth in past pregnancy/pregnancies? 1. Yes 2. No
304 | Mode of delivery of this child 1. Caesarean 2. Vaginal
305 | Was your labor prolonged? 1. Yes 2. No
Did you experience any of these complications in pregnancy?
306 | Vaginal bleeding 1. Yes 2. No
307 | Trauma 1. Yes 2. No
308 | Pregnancy induced hypertension (Pre-eclampsia) 1. Yes 2. No
309 | Maternal chronic hypertension 1. Yes 2. No
310 | Sexually transmitted disease 1. Yes 2. No
311 | Did you receive any treatments for any of the above? 1. Yes 2. No

If yes, what treatments and for which?
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If yes, at which trimester? 1. First 2. Second  3.Third
312 | Did you use folic acid (nutritional supplements) during the 1. Yes 2. No
pregnancy?
If yes, when did you start using them? 1. Before pregnancy(specify)
2. After conceiving (specify)
313 | Did you take alcohol during pregnancy? 1. Yes 2. No
314 | Did you smoke cigarette during pregnancy? 1. Yes 2. No
315 | Did you take prescribed medication during pregnancy? 1. Yes 2. No
If yes, what type of medicaton have you taken
If yes, was this medication prescribed knowing you were 1. Yes 2. No
pregnant?
If yes, at what gestation age?
316 | Do you have Diabetes Mellitus? 1. Yes 2. No
If Yes, do you use medication regularly 1. Yes 2. No
317 | Were you exposed to x-ray irradiation during pregnancy? 1. Yes 2. No
If yes, how many X ray exposures did you have? 1.2 or less 2. more than 2
If yes, at what gestation age?
318 | During your pregnancy, were you diagnosed with infection 1. Yes 2. No
related to the uterus?

319 | Have you ever heard of hydrocephalus (HCP)? 1. Yes 2. No
320 | Is there a history of hydrocephalus (HCP) in your family? 1. Yes 2. No
If Yes, how is that person related to this child? 1. .First degree relative

2. Second degree relative
3. Third degree relative
321 | Have you undergone any of these scans during your 1. X-ray
pregnancy? 2. CT scan
3. MRI scan
4. Ultrasound
322 | Once you gave birth, has your baby been scanned by which 1. X-ray
one of these? 2. CT scan
3. MRI scan
4. Ultrasound
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Section 4: Radiology Results of Brain CT/MRI Examinations

401 | Clinical indication
402 | Type of modality used 1. MRI 2.CT
403 | Hydrocephalus confirmed by radiologist report 1. Yes 2. No
404 | Type of Hydrocephlaus confirmed by report of radiologist 1.Communicaitng

2. Non communicaitng

THANK YOU VERY MUCH!

Name of Diagnostic Center:

Name of data collector:

Date of Interview:

Signature of Interviewer:
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