
 

 

The child with a large head: Cranial Computed Tomography findings in 123 Nigerian  
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ABSTRACT 

Objectives: Differentiation of  benign macrocephaly from other etiologies that may require prompt 

evaluation and intervention is very necessary to prevent long term neurological deficits. Cross-

sectional imaging of the brain with Computed Tomography (CT) or Magnetic Resonance Imaging 

(MRI) is recommended in evaluation of such patients.  In resource poor-settings, CT is more 

readily available, hence the objective in this study is to evaluate the spectrum of CT findings in 

children with macrocephaly in our locality  and document the possible etiologic factors that are 

amenable to surgical intervention. 

 Materials and Methods: This is a retrospective study of pediatric patients with clinical diagnosis 

of large head/macrocephaly who were evaluated with cranial CT in a tertiary hospital in Abuja 

from January 2018- June 2022. SAS software (SAS Institute, Cary, North Carolina, USA) version 

9.4 was used for database management and analysis with   P≤ 0.05 level of significance. 

Results: One hundred and twenty three children were included in the study with ages ranging from 

2 days to 4 years.  Majority of the children were males, 74 (60.2%).  The predominant age group 

at presentation was between 0 to 6 months ,78 (63.4%).  Hydrocephalus was  the main  cause of 

macrocephaly in 110 patients (89.4%).  Congenital hydrocephalus was predominant in 81 children 

(73.6%).  Communicating hydrocephalus was noted in 44 children (40%) while 62 (56.4%) were 

non-communicating.  The  commonest level of obstruction was  at the aqueduct of Sylvius  and 

exit foramina in  22 (35.5%) patients each.  There was no significant statistical  difference between 

the genders(P=0.920). 

Conclusion: CT is a veritable tool in the evaluation of the child with a large head with an 

appreciable number of surgically amenable pathologies noted. Hydrocephalus is the commonest 

etiology of macrocephaly in our environment with the majority of the cases due to congenital 

abnormalities. 
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INTRODUCTION 

Macrocephaly (large head) is defined as head circumference more than two standard deviations 

(SD) above the mean value  or greater than the 97th centile for a given age and gender [1]. The 

patency of the fontanelles plays a key role to head growth and skull compliance with volumetric 

increase in any of the intracranial compartments before the closure of the fontanelles leading to an 

increase in the occipitofrontal circumference (OFC).  It is relatively common in pediatric practice 

occurring in about 5% of the population [2]. 

Etiology of macrocephaly is  diverse and includes common causes like benign enlargement of 

subdural space (BESS) and hydrocephalus.  It may also be as a result of  genetic syndromes or due 

to intracranial hypertension secondary to tumors and cysts, pseudotumor cerebri, subdural 

collections or abnormal increase in size of the brain parenchyma [2]. 

Since clinical diagnosis can be nonspecific. Imaging plays a cardinal role in establishing  diagnosis 

and treatment of these patients with the main purpose of establishing predictors for surgical 

intervention, preoperative planning, and follow-up.  

Radiologic investigation  used include skull X-ray, trans-frontanelle ultrasonography, Computed 

tomography (CT) and Magnetic resonance Imaging (MRI) with good correlation between cross 

sectional imaging [3]. 

Skull radiography, commonly used in our environment, is limited in the evaluation of the 

intracranial compartment and so not very useful. Ultrasonography is non-ionizing and useful 

before the closure of the fontanelles and has excellent spatial and anatomic resolution, particularly 

within the first 2 months of life after which  smaller acoustic windows will limit the sensitivity of 

the examination [4].  Due to ignorance, most patients in our locality  present late further reducing 

the overall usefulness of Ultrasonography [5]. 



 

 

MRI is non-ionizing with excellent spatial resolution allowing for proper definition of the 

ventricular chain in hydrocephalus and  level of obstruction, detection  of intracranial masses and 

vascular malformations [6].  The non-availability, exorbitant cost of the few  machines  and long 

duration of image acquisition requiring sedation and contraindications in patients with 

ferromagnetic implants are disadvantages to its use. 

CT scan on the other hand is more readily  available in our environment , reproducible and with 

greater advantage in  emergency situations because of its speed of image acquisition and  superior 

ability to detect small foci of hemorrhage and calcifications [7].  It is however ionizing with risk 

of  radiation hazard to the developing brain. 

Early detection and differentiation of  benign macrocephaly from other etiologies that may require 

prompt evaluation and intervention is very necessary to prevent long term neurological deficits 

[8].  

The purpose of this study is to evaluate the spectrum of CT findings in children with macrocephaly, 

document the possible etiologic factors involved and determine the occurrence  of surgically 

amenable pathologies while adding to the body of literature. 

MATERIALS AND METHODS 

This is a retrospective evaluation of pediatric patients with clinical  features of macrocephaly 

referred to  the Radiology department of a tertiary health care centre in Abuja, Nigeria for cranial 

CT scan.  Study period was from January 2018- June 2022.  Study complied with the local ethical 

standard  in accordance with  the Helsinki Declaration.  No patient consent was obtained since 

stored data was used.  Confidentiality of data was strictly maintained . 

CT scan was performed using Toshiba ACTIVION 16 CT machine [2007, Japan].  A scanogram 

and helical acquired continuous axial slices of 5 mm thickness were taken from the base of the 

skull to the vertex.  Images obtained were subjected to multiplanar reformatting in coronal and 

sagittal orthogonal planes.  The principal researcher examined all the cranial CT scans in soft tissue 

window (80W and 35 C for the brain).  A 512 x 512 matrix with a 1.0 mm slice thickness, kernel 

H60 sharp, 200 mm field of view, and modified window width (50) and level (250) was employed 

for the CT brain protocol.  Intravenous contrast was used in 20  patients with predetermined clinical  

clinical features of space occupying lesions and 25 with  clinical features of intracranial infection. 



 

 

Criteria for  diagnosis of hydrocephalus included dilated intracranial ventricles including the  

temporal horns and inferior recesses of third, transependymal hypodensity and Evan’s index 

greater than 0.3  ( ratio of the maximum width of the frontal horn to the maximum inner diameter 

of the skull [9].  

Patients with previous intracranial surgery were excluded from the study.  Data was obtained from 

the patient’s records and Images viewed from the departmental Picture archiving and 

communication system, PACS. 

DATA ANALYSIS: 

SAS software (SAS Institute, Cary, North Carolina, USA) version 9.4 was used for database 

management and analysis,  

Numerical descriptors  used to summarize data include mean, standard deviation, minimum and 

maximum values for continuous variables while frequency and percentage were used to describe 

categorical variables. Fisher's exact test was used to assess the relationship between sex and the 

different radiologic parameters  with p≤ 0.05 level of significance. 

 

 

RESULT 

One hundred and twenty three  children were included in the study , 74 males (60.2%) and 49 

(39.8%)  females in a ratio of 1.5:1.  The age range was from 2 days to 4 years and  predominant 

age group was 0-6months.  See figure 1. 



 

 

 

 Figure 1: Pie chart showing age range of patients. 

Clinically, all presented with enlarged head, and some presented with other clinical indications 

including post meningitis in 18 (14.6%) and clinical features of space occupying lesion in 6 (4.9%). 

On Brain CT, 110 (89.4%) of the children had macrocephaly secondary to  hydrocephalus seen as 

increased Evans index  >0.3. 

  Benign enlargement of subarachnoid space was the cause of macrocephaly in 6 (4.9%) children 

with 7 (5.7) % syndromic children. 

Most of the cases of hydrocephalus were congenital (73.6%) with severe infantile hydrocephalus 

the commonest (24.5%); while the acquired type was  seen in 26.4% of cases . See Table 1 and 

Figure 2. 

Table 1: Etiology of Hydrocephalus among participants  

Hydrocephalus Frequency (%) Percentage  

 A. Congenital/developmental 

malformation 

  

Aqueductal Stenosis  

  

17 15.5 



 

 

Arnold Chiari   

  

  8 7.3 

Dandy Walker   

  

13 11.8 

Congenital cysts +  ventriculomegaly 13 11.8 

Congenital infantile   hydrocephalus

  

27 24.5 

Encephalocele   

  

  2 1.8 

Vein of Galen aneurysm 

   

  1 0.9 

B. Acquired   

Post Meningitis  

   

18 16.4 

Intracranial tumors  

  

 8 7.3 

Post neonatal trauma  

  

 3 2.7 

Total    110 (100) 100 

 

 

  



 

 

 

 

Figure 2:Axial and 3D reformatted cranial CT  images of  a 3/12 female with post-meningitic 

hydrocephalus and macrocephaly. 

 

The predominant type of hydrocephalus was obstructive in 62 patients (56.4%) with the 

commonest level of obstruction  at the aqueduct of sylvius and 4th ventricle (71%).See Table 2 and 

3 and Figure 3.  The p-value from the Fisher’s exact test was 0.9202, therefore, no relationship 

was found between sex and type of hydrocephalus and the obstruction level of non-communicating 

hydrocephalus.  

 

Table 2:  Characteristics of Hydrocephalus among study patients 

 

Obstruction Type  All % Female (n,%) Male (n,%) 

Communicating 44 40  20 (18.2) 24 (21.8) 

Obstructive 62 56.4  23 (20.9) 39 (35.5) 

Unspecified   4   3.6    1 (0.9)    3 (2.7) 

Total 110 100%   44 (39.8)  56 (60) 



 

 

 

Table 3:  Distribution of levels of non-communicating hydrocephalus  

Obstruction level All % Female (n,%) Male (n,%) 

Aqueduct 22 35.5 9 (14.5) 13 (21) 

3rd ventricle 7 11.3 1 (1.6) 6 (9.7) 

4th ventricle 7 11.3 3(4.8) 4(6.5) 

Lateral ventricle 4 6.5 2 (3.2) 2 (3.2) 

Exit foramina 22 35.5 9(14.5) 13 (21) 

Total 62 100 24 (25.8) 38 (61.3) 

 

 

 

Figure 3: Sagittal and 3D reformatted cranial CT of  a 4/12 old male  with macrocephaly and 

severe non-communicating hydrocephalus at the level of the acqueduct. 

 

 

 



 

 

DISCUSSION 

Despite the lack of consensus for imaging guidelines in children with macrocephaly, it is   

recommended that CT or MR brain imaging should be considered in children with abnormal 

ultrasound findings of neurodevelopmental abnormalities or features of raised intracranial pressure 

[10]. CT, which is more readily  available and less costly, finds greater use in our resource 

challenged environment hence its use in this study.  

The male predominance in macrocephaly seen in this study is consistent with others in different 

parts of the world [11,12-15]. Our finding of hydrocephalus as the dominant etiology of 

macrocephaly defers markedly with the studies by Jeong et al [12] , Yılmazbaş et al [13] and 

Sampson et al [14] who reported familial macrocephaly and BESS as the commonest etiology in 

imaging.  Unlike these studies which were conducted in more developed countries with different 

health seeking behaviors, we noted BESS and syndromic children in 4.9% and 5.7% respectively. 

Self-medication and late presentation of pediatric patients to clinics is a very common occurrence 

in Nigeria hence the likelihood that patients with pathologic causes of macrocephaly are more 

probable to  come in for further evaluation [5].  This presumably explains the similarity between 

our study and that done in South-East Nigeria which showed BESS and Hydrancephaly in 1.25% 

and 6.2% respectively [16]. 

Among the syndromic children in the current study  were holoprosencephaly in 3, Hydrancephaly 

in 3 and Schizencephaly in 1 child. This  finding is  important since Holoprosencephaly has been 

associated with Trisomy 13 and Trisomy  18 with prevalence ranging from 62% to 86% and 11% 

to 17%, respectively [17].   

Without an international consensus on categorization of hydrocephalus, a number of classification 

systems are being used.  Hydrocephalus, which is the commonest  cause  of macrocephaly in our 

study, can be classified based on etiology.  Most of our patients (73.6%) had congenital etiology  

similar to the studies  by Ayodeji et al [18] who reported  (69%) in North Central Nigeria, Gele at 

al [11] in Sokoto, Nigeria (54%) and Al Nadawwi et al [19] in Iraq who reported (72%) . This 

finding of high level of congenital cause for hydrocephalus  is very important since it has been 

attributed to poor  socioeconomic status, poor use of antenatal care and consequently  lack of folic 

acid supplementation which  are noted to be  common in Northern Nigeria [20] where  the index  

study was undertaken. 



 

 

The finding however differed from that of Waif et al [19] in Uganda, Jaiswal et al [20]   in India 

and Usman et al [23] in NE Nigeria which reported predominantly acquired cases mostly due to 

post infective causes.  

Post-infectious etiology in the current study (16.4%) falls within the range recorded in Africa (7% 

- 60%)  in Africa [21].  The inflammatory exudates and  scarring or gliosis associated with brain 

infections  can lead to obstruction to CSF flow in the ventricular system and /or subarachnoid 

spaces, leading to either obstructive or communicating hydrocephalus [8]. 

Non-communicating  hydrocephalus has been documented to be commoner in children and is 

concordant with the index study which records majority of the children (56.4%) with non-

communicating hydrocephalus vs (40%) with communicating hydrocephalus. This is similar to 

most other studies[16,18,21-24] .  Imaging is invaluable in distinguishing between the two types 

since early identification can save lives especially in the cases of non-communicating 

hydrocephalus, which may require surgical decompression [25]. The commonest levels of 

obstruction were at the aqueduct of Sylvius (connecting the third ventricle to the posterior fossa)  

and the exit foramina making up 71% of cases.  Major contributing factors to this level of 

obstruction were developmental anomalies including Dandy walker malformations (11.8 %) and 

Acqueductal stenosis (15.5%). The latter was primary without  any definable cause on CT.  Genetic 

factors have been implicated in the development of such isolated cases [26]. 

Hydrocephalus and subsequently macrocephaly  is a common presentation in pediatric patients 

with intracranial neoplasm leading to macrocephaly in children with unfused sutures. Unlike a 

previous study which  showed that 56.7% of pediatric patients with primary brain tumor had 

hydrocephalus,[27] intracranial tumors were noted as a contributor to obstructive hydrocephalus 

in all the children with primary brain tumor in the index study. The index study noted 4 

infratentorial and 4 supratentorial tumors with 1 intraventricular tumor.  

Although post-hemorrhagic hydrocephalus of prematurity is one of the common  causes of 

hydrocephalus in developed countries with an incidence between 25% - 50% [28], we recorded 

only 0.7%.This is close to the study by Obanife et al [29]  who reported 2.9% of cases.  They 

exerted that the relative rarity can be ascribed to the underdevelopment of neonatal care services 

in their locality. 



 

 

Indications for surgical intervention in macrocephaly are determined by the etiology with 

Ventriculoperitoneal shunt (VPS) still the most common treatment for hydrocephalus in Nigeria 

[18].  BESS, being self-limiting is followed up unlike hydrocephalus which can be pathological.  

Study by Medina et al [2] showed that  imaging was a veritable tool in  predicting lesions that 

required  surgical intervention and these included  moderate-to-severe ventriculomegaly and  focal 

space-occupying lesions as noted in the current study. 

The significance of this study is that it has highlighted surgically amenable etiologies of 

macrocephaly in our locality and the role of CT in diagnostic evaluation of  these patients 

especially in the absence of MRI. 

The poor record keeping in our facility  limited our ability to  further compare signs and symptoms 

of  neurological deficits of children to imaging findings. This is important in determining children 

that require neuroimaging. 

CONCLUSION: Cranial Computed Tomography  is a veritable tool in the evaluation of the child 

with a large head with an appreciable number of surgically amenable pathologies noted. 

Hydrocephalus is the commonest etiology of macrocephaly in our environment with most of the 

cases due to congenital abnormalities. This further highlights the need for meticulous evaluation 

of the fetal head during prenatal obstetric scan. 

Ethical Approval:  Permission for this study was obtained by the hospital ethical research 

committee.UATH/HREC/PR/2024/01/101. 
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