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ABSTRACT

Background: Clinical examination and ultrasonography have been found useful
in the assessment of patients with hydrocephalus. There is a paucity of data on
the correlation between ultrasound and clinical findings in infants with
hydrocephalus. Objectives: To determine and correlate the clinical and
ultrasound findings in infants with hydrocephalus. Materials and Methods:
This is a cross-sectional study of 50 patients with hydrocephalus aged 1-12
months carried out from May 2021 to January 2022 in the Radiology Department
of a tertiary hospital in Nnewi. Informed consent was obtained from the subject's
parents or guardians. Transfontanelle ultrasound was carried out on the infants
through the anterior fontanelle using a curvilinear transducer with multiple
frequencies. Data analysis was done using Statistical product and service
solutions (SPSS) version 20.0 (Chicago Illinois, USA). Results: Out of 50
infants with hydrocephalus, the largest number 21 (42.0%) were between the
ages of 1-2 months. There were more males 35 (70.0%) than females 15 (30.0%).
The most common clinical features were the abnormal increase in head
circumference 48 (96.0%) and the separation of sutures 47 (94.0%). The
commonest ultrasound findings were aqueductal stenosis 20 (40.0%) and
obstruction at the level of foremen of Luschka and Magendie 19 (38.0%). There
was a significant correlation between clinical findings and ultrasound diagnosis
for irritability, vomiting, poor sucking, dull response to the environment, refusal
of feeds, fever, lower and upper extremity weakness, and seizures (p<0.005, for
all). Conclusion: This study revealed a significant correlation between the
clinical and radiological diagnosis of hydrocephalus in infants.
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INTRODUCTION

Hydrocephalus is excess collection of cerebrospinal fluid (CSF) in the
ventricles of the brain and spinal cord due to excess production,
obstruction of its flow or inadequate drainage.[1,2] It can be due to impaired
absorption or overproduction (rare) of CSF. Impaired absorption can be due to
blockage of CSF flow within the ventricular system or blockage of arachnoid
villi/lymphatic channels of cranial nerves, spinal nerves, adventitia of cerebral
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vessels.[3] The two main functional divisions of
hydrocephalus are obstructive (non-
communicating) and non-obstructive
(communicating) hydrocephalus.[4] Patients with
hydrocephalus can be asymptomatic or
symptomatic. The clinical presentations include
progressive increase in head circumference,
tension and bulging of the fontanelles, separation
of sutures, engorgement of the scalp venous
channels, dwarfing of the face by a large head,
sunset appearance of the eyes, irritability,
somnolence, poor sucking, general obtundation
(dull response to the environment), lower and
upper-extremity weakness, abnormal posturing,
seizures, apnea and coma.[5,6] In infants the
diagnosis of hydrocephalus can be made by
ultrasound where specific causative lesions such as
Dandy-Walker or arachnoid cysts may be
demonstrated or the level of obstruction
identified.[7] Ultrasound has proven to be accurate
and reliable in detecting and grading of
hydrocephalus and is ideally suited to following
progress. Brain ultrasound screening may also help
in early diagnoses of rare lesions.[8] The mean
width of the lateral ventricle in the full-term infant
is 12 mm, measured at the level of the body of the
lateral ventricle.[7] It is measured from the falx
cerebri to the most lateral extent of the lateral
ventricle. The trigone and occipital poles of the
ventricles are generally the largest part of the entire
ventricular system. Early dilatation is often most
prominently featured in the trigone, occipital and
temporal horns.[9] Studies have shown that
common ultrasound findings in patients with
hydrocephalus include ventriculomegaly,
aqueductal stenosis, encephalocele, cerebral
infarct, cerebral abscess, arachnoid cysts,
hypoplasia of the corpus callosum, echogenic
sulci, ventriculitis and subdural empyema. Other
imaging modalities that can be used in evaluation
of the infant's brain include plain radiography,
conventional tomography, computed tomography
and magnetic resonance imaging. Of all these
imaging modalities, plain radiography,
conventional and computed tomography employ
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ionizing radiation. Although ultrasound may not be
the best imaging modality for this condition, it is
the safest, cheapest and most easily available
modality.

This study aims to determine and correlate the
ultrasound and clinical findings in infants with
hydrocephalus. The result of this study will help
determine the baseline data of the common clinical
findings in infants with hydrocephalus in our
environment and will also help in their clinical
management. Furthermore, it will help when
counselling their parents about the outcome of
these problems.

MATERIALS AND METHOD

Study Design

This is a cross sectional study that was conducted
at the Radiology and Neurosurgery

Departments of the Nnamdi Azikiwe University
Teaching Hospital, Nnewi Anambra State, Nigeria.
This study which received ethical approval and
clearance from the Ethical Committee of the
hospital lasted for nine months. An informed,
written and signed consent was obtained from each
of the subject's parents or guardians prior to data
collection. Patient's confidentiality was
maintained.

A total of 50 infant patients referred to the
Radiology Department from the Paediatrics and
Neurosurgery outpatient Departments of the
Nnamdi Azikiwe University, Nnewi Anambra
State was recruited into the study. These patients
first presented at the Paediatrics and Neurosurgery
outpatient clinics where history was taken and
clinical examinations done by a paediatrician and a
neurosurgeon with clinical suspicion of
hydrocephalus in them. They were then referred to
the radiology department for transfontanelle
ultrasound evaluation. At the radiology
department, the subject's parents and guardians
were informed about the nature of the study and a
written consent obtained. In addition to the
information provided by the pediatricians and the
neurosurgeons, further information was sought for
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from the parents. All the clinical information was
documented. The consenting subjects were
examined with ultrasound scan through the
anterior fontanelle.

Technique

These patients were scanned using an Aloka
Prosound SSD 2500 SX (2007) ultrasound
machine with curvilinear transducer with multiple
frequency of 2-5.5 MHz and colour Doppler
capability. Patient lay supine and coupling gel
applied to the area of the anterior fontanelle. The
transducer was placed on the coupling gel and the
six coronal images obtained. The transducer was
turned to 90 degrees clockwise and the three
sagittal images obtained. Following the
satisfactory acquiring of these images, the gel was
cleaned up and procedure ended.

Hydrocephalus was diagnosed when the diameters
of the occipital horn and body of the lateral
ventricles exceed 16 mm and 3 mm respectively on
sagittal views. On coronal views, the third
ventricle should be less than 2 mm in widest
diameter.[10] On coronal view, when the fourth
ventricular width and length exceed 14.3mm and
10.6mm respectively. The width of the fourth
ventricle is the distance between the lateral
recesses and forms the base of the triangle,
posterior to which is the cerebellar vermis. The
length of the fourth ventricle is the distance from
the base to the apex, which is the end of the cerebral
aqueduct.[11] All infants between the age of 0 and
12 months with open anterior fontanelle who have
hydrocephalus and whose guardians gave
informed written consent were included in this
study. Children above 12 months and also those
with closed anterior fontanelle were excluded.
Statistical product and service solutions (SPSS)
version 20.0 (Chicago Illinois, USA) for windows
software was used for data analysis. Frequency
distribution and two-way tables were used to
summarize the data. Fisher's exact test and Chi-
square (x2) were also used to determine the
association between independent and dependent
variables. P value of <0.05 was considered
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significant. The anterior fontanelle serves as
acoustic window for imaging the infant brain.[12]
Also direct imaging with ultrasound can be done
through the membranous temporal bone of the
skull.

Lateral ventriculomegaly with associated
significant thinning of cerebral parenchyma, third
ventricle dilatation and normal fourth ventricle
highly suggests an obstruction at level of aqueduct
of Sylvia.[13]

Dilatation of all components of the lateral
ventricles, third ventricle and fourth ventricle
suggest obstruction at the level of the exit
foraminae of the fourth ventricle.( Foramina of
Luschka and Magendie)

Ventriculitis was seen as thickened, irregular and
echogenic ependyma, with intraventricular
echogenic debris and septae formation.[14]
Cerebral abscess seen as well-defined hypoechoeic
area with hyperechoeic rim. Hyperechoeic septae
and echogenic debris can be seen within abscess
cavity

Choroid plexus mass seen as enlarged choroid
plexus (>3.2mm in lateral ventricle and 2.5mm in
fourth ventricle) with altered echogenicity, may be
hypoechoeic area with regular or irregular margin
within the echogenic choroid plexus.[15]

Roof of fourth ventricle mass seen as uniform or
mixed echogenic, well defined mass at the apex of
the fourth ventricle.

RESULTS

Transfontanelle ultrasound was performed on a
total of 50 infants with hydrocephalus, aged 1-12
months. Out of these 50 infants, 21 (42.0%) were
between the ages of 1-2 months and 12 (24.0%)
between 3-4 months.

Table 1: Age distribution of participants

Age (months) Frequency (%)
1-2 months 21 (42.0)
3-4 months 12 (24.0)
5-6 months 8 (16.0)
7-8 months 4 (8.0)
9-10 months 0(0.0)
11-12 months 5(10.0)
Total 50 (100.0)
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The age group with the lowest incidence of
hydrocephalus was 7-8 months, consisting of 4
patients (8.0%), no patient was seen between 9-10
months (Table 1).

The gender distribution in this study showed that
there were more males 35 (70.0%) than females

Fig1

The most common clinical features in this study
are abnormal increase in head circumference

48 (96.0%), separation of sutures 47 (94.0%) and
tension and bulging of the fontanelles 36 (72.0%).
Poor sucking 7 (14.0%), dull response to the
environment 6 (12.0%), seizures 6 (12.0%), refusal
of feeds 5 (10.0%) and lower and upper extremity
weakness 2(4.0%) were the least common. (Table
2)

Table 2: Clinical findings in infants with hydrocephalus

Clinical Findings Frequency (%)

Abnormal increase in head circumference 48 (96.0)
Separation of sutures 47 (94.0)
Tension and bulging of the fontanelles 36 (72.0)
Engorgement of scalp venous channels 14 (28.0)
Dwarfing of the face by a large head 14 (28.0)
Sunset appearance of the eyes 14 (28.0)
Irritability 13 (26.0)
Fever 11 (22.0)
Vomiting 10 (20.0)
Poor Sucking 7 (14.0)
Seizures 6 (12.0)
Dull response to the environment 6 (12.0)
Refusal of feeds 5 (20.0)
Lower and upper extremity weakness 2 (4.0)
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Table 2
Out of 50 patients, 9 (18.0%) presented with
communicating hydrocephalus while 41 (82.0%)

presented with non-communicating hydrocephalus
Table 3).

Table 3 Table showing types of hydroceph alus by ultrasonic diagnoses

Ultrasound findings Frequency (%)
Communicating hydrocephalus 9(18.0)
Non-communicating hydrocephalus 41 (82.0)
Total 50 (100.0)

The commonest ultrasound diagnosis were
aqueductal stenosis 20 (40%), foramina of Luschka
and Magendie obstruction 19 (38%) and
ventriculitis 8 (16%). The least ultrasound
diagnosis were cerebral abscess, choroid plexus
mass and roof of 4th ventricle mass, one (1) patient
each (2%) (Table 4).

Table 4 : Ultrasound diagnosis in infants with hydrocephalus

Ultrasound diagnosi s Frequency (%)
Communicating 9 (18.0)
Ventriculitis 8 (16.0)
Cerebral abscess 1(2.0)
Non-communicating 41 (82.0)
Foramina of Luschka and Magendie obstruction 19 (38.0)
Aqueductal stenosis 20 (40.0)
Roof of 4™ ventricle mass 1(2.0)
Choroid plexus mass 1(2.0)
Total 50 (100.0)

Irritability, vomiting, poor sucking, dull response
to the environment, refusal of feeds, fever, lower
and upper extremity weakness and seizures showed
P-values <0.05 (Table 5).
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Table 5: Correlation of clinical findings and ultrasound diagnosis in infants with hydrocephalus

Diagnosis (n=50)

Diagnosis

Choroid Foramen of Roof of 4th  Ventriculitis Aqueductal Cerebral

plexus Luschka. and - entricular stenosis abscess

mass Magendie mass

. 2
Total (%) obstruction . y*-value p-value

Progressive increase
in head
circumference
Absent 2(4.0) 0 0 0 0 2(10.0) 0 3.125 0.681
Present 48(96.0) 1 (100) 19 (100) 1(100) 8 (100) 18 (90.0) 1(100)
Tension and bulging
of the fontanelles
Absent 14(28.0) 1 (100) 7(36.8) 0 1(12.5) 5(25.0) 0 5.128 0.400
Present 36(36.0) 0 12 (63.2) 1(100) 7(87.5) 15 (75.0) 1(100)
Separation of sutures
Absent 3(6.0) 0 2(10.5) 0 0 1(5.0) 0 1.427 0.921
Present 47(94.0)  1(100) 17 (89.5) 1(100) 8(100) 19 (95.0) 1.(100)
Engorgement of
scalp venous channels
Absent 36(72.0)  1(100) 16 (84.2) 0 6(75.0) 12 (60.0) 1(100) 6.218 0.286
Present 14(28.0) 0 3(15.8) 1(100) 2(25.0) 8 (40.0) 0
Dwarfing of the face
by a large head
Absent 36(72.0)  1(100) 14 (76.7) 0 6(75.0) 14 (70.0) 1(100) 3.451 0.631
Present 14(28.0) 0 5(26.3) 1(10) 2(25.0) 6(30.0) 0
Sunset appearance of
the eyes
Absent 36(72.0)  1(100) 15(79.0) 0 6(75.0) 13 (65.0) 1(100) 4.325 0.504
Present 14(28.0) 0 4(21.0) 1(100) 2(25.0) 7(35.0) 0
Irritability
Absent 37(74.0)  1(100) 16 (84.2) 0 3(37.5) 17 (85.0) 0 13.870  0.016*
Present 13(26.0) 0 3(15.8) 1 (100) 5(62.5) 3(15.0) 1(100)
Vomiting
Absent 40(80.0) 1 (100) 15(79.0) 1(100) 4(50.0) 19 (95.0) 0 11.825  0.037*
Present 10(20.0) 0 4(21.0) 0 4(50.0) 1(5.0) 1(100)
Poor Sucking
Absent 43(86.0) 1(100) 17 (89.5) 0 5(62.5) 20 (100) 0 19.564  0.002*
Present 7(14.0) 0 2(10.5) 1(100) 3(37.5) 0 1 (100)
Dull response to the
environment
Absent 44(88.0) 1 (100) 18 (94.7) 0 6(75.0) 19 (95.0) 0 17.828  0.003*
Present 6(12.0) 0 1(5.3) 1(100) 2(25.0) 1(5.0) 1(100)
Refusal of feeds
Absent 45(90.0) 1 (100) 16 (84.2) 1(100) 7(87.5) 20 (100) 0 12.207  0.032*
Present 5(10.0) 0 3(15.8) 0 1(12.5) 0 1(100)
Fever
Absent 39 (78.0) 1(100) 15(79.0 1 (100) 2 (25.0) 20 (100) 0 22.856  <0.001
Present 11(22.00 0 4(21.0) 0 6 (75.0) 0 1 (100)
Diminished loss of consciousness
Absent 50 (100) 1 (100) 19 (100) 1 (100) 8 (100) 20 (100) 1 (100) - -
Present - - - - - - -
Lower and upper extremity weakness
Absent 47 (94.0) 1(100) 18 (94.7) 1 (100) 7 (87.5) 20 (100) 0 17.688  0.003*
Present 3(6.0) 0 1(5.3) 0 1(12.5) 0 1 (100)
Abnormal posturing
Absent 50 (100) 1(100) 19 (100) 1 (100) 8 (100) 20 (100) 1(100) - -
Present - - - - - - -
Seizures
Absent 44 (88.0) 1(100) 16(84.2) 1 (100) 6 (75.0) 20 (100) 0 11.872  0.037*
Present 6(12.0) 0 3(15.8) 0 2(25.0) 0 1(100)
Apnea
Absent 50 (100) 1(100) 19 (100) 1 (100) 8 (100) 20 (100) 1 (100) - -
Present - - - - - - -
Coma
Absent 50 (100) 1(100) 19 (100) 1 (100) 8 (100) 20 (100) 1(100) - -
Present - - - - - -

P-value <0.05 is significant
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DISCUSSION

The most common age group in this study is 1-2
(42%) and 3-4 (24%) months. This is similar to the
work done by Eze et al where the most common
age range was noted to be between 0-5 months.[16]
It is also similar to the study done by Nzeh et al
which recorded a high age between 0-3 months 76
(77.6%).[17] The reason for this may be early
suspicion of intracranial pathology in these
patients in hospital-based deliveries as well as
prompt referral to the radiology department for
transfontanelle ultrasound.[17,18] Another reason
for this high number of patients recorded in the
early age group may be due to improved obstetrics
antenatal care in these hospital based deliveries.
The low number of patients noted in the older age
group may be due to early surgical intervention.
Also, some of these patients may have died athome
fromneglect as noted by Binitie. [19]

More males (70%) were recorded in this study than
females (30%). This is similar to the study done by
Saidu et al which recorded 60.9% males and 39.1%
females as well as studies done by Bajpai et al and
Baruah et al where they all recorded more males
than females.[18,20,21] This is different from the
study done by Nzeh et al which recorded more
females than males.[17] There is no known reason
for the male preponderance because the different
causes of hydrocephalus has no sex preference.

The most common clinical features in this study
are abnormal increase in head circumference
(96%), separation of sutures (94%) and tension and
bulging of the fontanelles (72%). This is similar to
the study done by Ashraf et al which noted a
common clinical finding of abnormal increase in
head size 80%, splaying of the suture 76% and
tense fontanelle 76%.[19] The reason for this is
that these are the early presenting features in this
condition, therefore they represent the commonest
findings in these patients. Other common findings
include engorgement of scalp venous channels,
dwarfing of the face by a large head, sunset
appearance of the eyes, irritability and fever. The
least common findings were poor sucking (14%),
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dull response to the environment (12%), seizures
(12%), refusal of feeds 5(10%) and lower and
upper extremity weakness (4%). No patient
presented with diminished loss of consciousness,
abnormal posturing, apnea and coma. This is
because these features are seen more in older
patients with long standing hydrocephalus.

Hydrocephalus can be congenital or acquired.[22]
The congenital causes as shown in this study
constitute a major part of the ultrasound findings
followed by infective causes which are acquired.
The congenital causes include aqueductal stenosis
and foramina of Luschka and Magendie
obstruction. This is similar to the study done by
Saidu et al, Ashraf et al and Nzeh et al which also
stated that congenital causes constitute a major part
of the findings in patients with
hydrocephalus.[18,23,24] The study done by Saidu
et al recorded congenital finding of 81%.[18]
Improved antenatal scan as well as early
presentation to hospital may have contributed to
the higher percentage recorded by Saidu et al.[18]
This finding contradicts the study done by Tabari et
al on 18 infants where he stated that infective
causes are commoner than congenital causes.[25]
The relatively small sample size may have
contributed to this contradiction. Aqueductal
stenosis constitutes a major part of the congenital
cause, followed by obstruction at the level of
foramen of Luschka and Magendie. This is similar
to the study done by Saidu et al and Ashraf et al
where they noted that aqueductal stenosis was a
major finding among the congenital causes.[18,23]
The commonest congenital findings in the study
done by Saidu et al were cerebral aqueductal
stenosis as well as obstruction of the exit foramina
of Luschka and Magendie, similar to findings in
our study.[18] Nzeh et al also reported foramen of
Luschka and Mangendie obstruction and
encephalocele as their commonest congenital
causes.[24] No encephalocele was seen in this
study. Saidu et al reported a low percentage of
encephalocele which were associated with
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hydrocephalus.[18]

Other ultrasound findings in this study includes
masses at the choroid plexus and 4th ventricle
which were noted in one patient each with a
percentage of 2. The choroid plexus mass was
located at the supratentorial region while the 4th
ventricular mass was located at the infratentorial
region and these are common locations of these
masses in this age group. These masses are rare
lesions and this reflected in their percentages.
Infective causes like ventriculitis and abscess
collection were reported. These are acquired
causes which are complications of meningitis and
as such do not usually manifest early. Baruah et al
and Eze et al in their study on bacterial meningitis
documented that infective causes manifest in
older age group.[16,21] This explains the reason
for the low number of patients with infective
conditions in this study.

This study also recorded no obstruction at the
level of foramen of Monro unlike the study done
by Nzeh et al where one patient was diagnosed
with foramen of Monro stenosis.[17] This is
usually a rare finding. The study duration and
sample size might have contributed to this finding.
No post-haemorrhagic cause of hydrocephalus
was recorded in this study. Saidu et al recorded a
low incidence.[18] This may be as a result of low
incidence of intracranial haemorrhage in our
developing countries which is attributed to
environmental and genetic factors.[20] Also, lack
of well-established pre-term ultrasound screening
service in our hospital may have contributed.
Other studies have more findings like cerebral
infarcts, dandy walker syndrome,
cephaloblastoma, arachnoid cyst and subgaleal
cysts.[27,28] These were not seen in our study and
the reason may be because the studies with these
findings were done over longer duration with
larger sample size.

There is no normal finding in this study, which
means that the clinical diagnosis is 100%
accurate. The study done by Eze et al recorded
47.3% normal findings.[28]

Communicating hydrocephalus was seen in 18%
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of patients while non-communicating
hydrocephalus was seen in 82% patients. The
communicating hydrocephalus found in this study
are infective conditions like ventriculitis and
abscess. The non-communicating hydrocephalus
are aqueductal stenosis, obstruction at the level of
foramen of Luschka and Magendie, choroid plexus
mass and 4th ventricular mass. The reason for the
high number of patients with non-communicating
hydrocephalus is because congenital anomalies
like aqueductal stenosis and obstruction at the level
of the foramen of Luschka and Magendie which
formed a major part of the non-communicating
hydrocephalus are usually diagnosed early. These
congenital conditions when detected or suspected
during antenatal scanning are then rescanned after
delivery and proper diagnosis made immediately
after birth. The non-communicating hydrocephalus
comprising of infective conditions and
haemorrhage are diagnosed at an older age as noted
by Baruah et al in their study on acute bacterial
meningitis and their sequelae on infants.[21] The
finding in this study that non-communicating
hydrocephalus has a higher percentage is different
from the study done by Eze et al where 77.8% had
communicating and 22.2% had non-
communicating hydrocephalus.[29]

Their study was done amongst patients with
bacterial meningitis. The greater percentage of
communicating hydrocephalus noted in their study
is because infective conditions are among the
major cause of communicating hydrocephalus.
Marchie had previously affirmed that
ultrasonography to be a very useful modality for
investigation of hydrocephalus amongst
infants.[30]

This study showed a significant correlation
between clinical findings and ultrasound diagnosis
with a predictive value of less than 0.05 for
irritability, vomiting, poor sucking, dull response
to environment, refusal of feeds, fever, lower and
upper extremity weakness and seizures. The
limitation in this study is the relatively small
sample size for which we recommend future
studies with large sample size, as well as other
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imaging modalities like MRI that will better
demonstrate levels of CSF obstruction.

CONCLUSION

There was significant correlation between clinical
and radiological diagnosis of hydrocephalus. The
most common clinical presentation is abnormal
increase in head circumference, separation of
sutures and bulging of the fontanelles while
aqueductal stenosis, obstruction at the level of
foramen of Luschka and Magendie and
ventriculitis were the commonest ultrasound
findings.

Acknowledgement: We would like to thank Prof
Oyinloye O. and Dr Badu-Peprah A. for all the
support provided during the course of this study.
Author contributions: O.K.C. conceived of the
presented idea. O.K.C. and E.U.R. recruited
patients, carried out the examination and collected
data with the help of U.E.O.and A.C. E.U.R. and
0.K.C. wrote the manuscript. E.K.C. and E.J.K.C.
supervised the project.

Data availability
The data used to support the findings of this study
are available from the site publicly.

Funding: No funding sources.
Conflict of interest: None declared.

Ethical approval: The study was approved by the
Institutional Ethics Committee.

REFERENCES

1. Eze KC. Skull and Central Nervous System In:
Radiology for Medical Students 1sted. Mindex
Publishing Company Limited, Nigeria. 2012:
198.

2. Keong NC, Czosnyka M, Czosnyka Z, Pinkard
JD. Clinical Evaluation of adult
hydrocephalus. Youmans Neurological surgery
6th ed. Elsevier, Philadelphia2011; 494.

For Reprint: info.tjimr@gmail.com

nttp://Gomw.org.ng

Clinical and ultrasound findings in Hydrocephalus

3. Dahnert W. Radiology review manual 7th ed.
Lippincott Williams and Wilkins, Philadelphia
2011;299.

4. Greenberg MS. Hydrocephalus In: Handbook of
Neurosurgery 6th ed. Webcom Limited, Canada.
2006: 180.

5. Badoe EA, Archampong EQ, da Rocha-Afodu
JT. Neurosurgery In: Principles and practice of
surgery including pathology in the tropics 3rd
ed. Ghana Publishing Corpration, Ghana. 2000:
949.

6. Sanders RC, Winter TC. Clinical Sonography. A
practical guide. 4th ed. Lippincott Williams and
Wilkins, India2007: 342-346.

7. Sutton D, Stevens J, Miszekiel K. Intracranial
lesions (1) In: Textbook of radiology and
imaging 7th ed. Churchill Livingstone, India.
2003:1728.

8. Wang LW, Haung CC Yeh TF. Major brain
lesions detected on sonographic screening of
apparently normal term neonates.
Neuroloradiology 2004; 46: 368-373.

9. Sutton D, Stevens J, Miszekiel K.
Intracranial lesions (2) In: Textbook of
radiology and imaging 7th ed. Churchill
Livingstone, India. 2003: 1809.

10.Saunders AJS. Ultrasound scanning of the infant
brain. Postgrad. Doctor Afr. 1988;10: 97

11.B Ebruke, O Tongo, A Sofoluwe, B Orimadegun,
M Obajimi, O Akinyinka. Intracranial
Ventricular Size and Corelated in term Nigerian
Infants at Birth and 6 weeks. The Internet Journal
of Paeditrics and Neonatology. 2008; Volume 11
Number 1.

12.Swischuk LE. Head, brain and meninges. In:
Imaging of the newborn, infant and young child.
4th ed., Baltimore. William and Wilkins; 1997:
922

13.JJ Cobett, DE Haines. The ventricles choroid
plexus and cerebrospinal fluid in Fundamental
NeuroScience for Basic and Clinical
Applications 5th edition, 2018; Chapter 6pages
93 106 Elsevier.

14.Ali Yikilmaz, GA Taylor. Sonographic findings
in bacterial menimgitis in neonates and young

Trop J Med Res, Vol. 21, No. I, 2022



Obilo KC et al.,

infants . Paediatr Radiol 2008; 38 (2) 129 - 139

15.Lysyy O, Puzhervsky A, Strauss S. Choroid
plexus papilloma in an infant: Ultrasound
diagnosis. European Journal of Paediatrics
2012:171;1717-1718

16.Eze KC, Enukegwu SU, Odike Al. Brain
Sonography in African infants with complicated
sporadic bacterial meningitis. Niger Med J
2013;54:320-324.

17.Nzeh DA, Pam SD, Erinle SA, Saidu SA.
Ultrasound diagnosis of hydrocephalus among
infants in Nigeria; West Afrcan Journal of
Ultrasound 2001; 2: 13-16.

18.Saidu SA, Maaji SM, Nzeh DA, Shehu BB,
Ismail NJ.
hydrocephalus among under five children in
Sokoto, North Western Nigeria. Sahed Med J
2015;13:172-176.

19.Binitie OP. Congenital malformations of the

Sonographic pattern of

central nervous system at the Jos University
Teaching Hospital, Jos Plateau State of Nigeria.
WestAfrJMed 1992;11:7 12.

20 Bajpai M, Kataria R, Bhatnagar V, Agarwala S,
Gupta DK, Bharadwaj M, et al. Management of
hydrocephalus. Indian J Pediatr 1997; 64: 48 56.

21. Baruah D, Gogoi N, Gogoi RK. Ultrasound

evaluation of acute bacterial meningitis and its
sequale in infants. Ind J Radiol Imag 2006;
16:4:553-558.

22. Emejulu JKC: Basic Neurosurgery for Nurses,

Medical Students and Doctors:

nttp://Gomw.org.ng

23.

24.

25.

26.

27.

28.

29

30.

Clinical and ultrasound findings in Hydrocephalus

Hydrocephalus, 1st ed. Nimo, Rex Charles and
Patrick, 2008; 3945.
Ashraf A, Gursev S, Paras K, Dines S, Abhaya

G, Parag K, et al, Outcome analysis of shunt
surgery in hydrocephalus, J Indian Assoc
Paediatr Surg2009;14: 98-99.

Nzeh DA, Saidu SA, Erinle SA, Pam SD.
Sonographic diagnosis of congenital brain
malformations: the Ilorin experience. Niger
Postgrad Med J 2006; 13: 57-60.

Tabari AM, Isyaku K, Mamman M, Ma'aji S,
Idris SK. Experience on transfontanelle
neurosonography in Kano, Nigeria: a
preliminary report, Niger Postgrad Med J
2008; 15:255-258.

Isreal GD. Determining sample size Fact sheet

PEOD-6:1992.

Carsten K. Cranial ultrasound in neonates and

infants in rural Africa. SAJCH 2010; 4: 83
Nzeh DA, Ajayi OA. Sonographic diagnosis of
intracranial hemorrhage and periventricular
leukomalacia in premature African neonates.
EurJ Radiol 1997;26:77-82.

.Eze KC, Enukegwu SU. Transfontanelle
Ultrasonography of infant brain. Analysis of
findings in 114 patients in Benin City, Nigeria.
Niger J Clin Pract2010; 13: 179-182.
Marchie TT, Ayara CO. Investigation of infant
brain with or without hydrocephalus in our
environment using anterior transfontanelle.
NigerJ Surg2013;19:7-12.

For Reprint: info.tjimr@gmail.com

Trop J Med Res, Vol. 21, No. I, 2022



	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205

