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Abstract 
 
Hydrocephalus is a neurological condition marked by an abnormal accumulation of cerebrospinal fluid 
(CSF) within the brain’s ventricles, leading to increased intracranial pressure and potential 
developmental impairments in children. Obstructive hydrocephalus remains a significant 
neurosurgical challenge, especially in resource-limited settings. This study aimed to classify the types 
and causes of hydrocephalus among paediatric patients in AKTH and to develop a machine learning 
model for the prediction of obstructive hydrocephalus using clinical variables and anthropometric 
parameters. A hospital-based cross-sectional study was conducted using real-time data from paediatric 
patients aged 0–7 years. Variables collected included age, sex, head circumference, mid-upper arm 
circumference (MUAC), maternal demographics, and type and cause of hydrocephalus. Statistical 
analysis was performed using SPSS version 27 to assess the relationship between type of hydrocephalus 
and selected variables. A machine learning model was developed and validated using WEKA version 
3.8.6 to predict the type of hydrocephalus based on input features. The statistical analysis revealed no 
significant associations between the type of hydrocephalus and variables such as gender and head 
circumference. The machine learning model demonstrated high predictive accuracy in classifying 
hydrocephalus type. In conclusion, the integration of statistical analysis with machine learning 
methods improved classification and prediction of hydrocephalus, offering a supportive tool for early 
diagnosis and clinical decision-making in resource-limited neurosurgical settings. 
 
Keywords: Obstructive Hydrocephalus, Machine learning, Statistical analysis, Pediatric 
Patients, Anthropometric Parameters. 
 
INTRODUCTION 
Hydrocephalus is an active distension of the ventricular system of the brain related to 
inadequate passage of cerebrospinal fluid (CSF) from its point of production within the 
ventricular system to its point of absorption into the systemic circulation. (Rekate, 2009). 
Hydrocephalus is widely classified as communicating, non-communicating and normal 
pressure hydrocephalus.  
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Communicating hydrocephalus has no defect in CSF flow but rather is due to compromised 
CSF absorption with either over or normal production of CSF. (Koleva & De Jesus, 2023). 
Communicating hydrocephalus has been mainly understood as a deficit at the cranial 
arachnoid villi and granulation absorption site.  
 
Non-communicating/Obstructive hydrocephalus arises due to intraventricular CSF 
obstruction. The obstruction is commonly at the foramen of Monro, to the aqueduct of Sylvius, 
the fourth ventricle, or the foramen magnum. Non-communicating types can arise from 
haemorrhage, traumatic brain injury, brain tumor, cyst, or infection. (Agyei et al., 2021). 
 
Normal pressure hydrocephalus (NPH): This type of hydrocephalus is mostly seen in older 
adults, where ventricles enlarge but CSF pressure stays normal. 
 
The causes of hydrocephalus can be Congenital or acquired. Congenital hydrocephalus is 
often linked to genetic abnormalities, neural tube defects such as spina bifida or intrauterine 
infections. Acquired hydrocephalus may result from intraventricular hemorrhage, meningitis, 
trauma, or tumors. (Warf et al., 2011). 
 
Advances in artificial intelligence, particularly machine learning (ML), have shown promise 
in improving diagnostic accuracy and predicting disease outcomes in various field of 
medicine. ML models can be trained to recognize patterns and associations in clinical data, 
aiding in the classification and prediction of diseases such as hydrocephalus. (Yadav et al., 
2021). This study explores the use of machine learning in predicting obstructive 
hydrocephalus, utilizing clinical variables such as gender and head circumference, while also 
examining the types and causes of the condition. 
 
Anthropometric measurements such as head circumference (HC) and mid-upper arm 
circumference (MUAC) are important tools in the assessment and monitoring of pediatric 
hydrocephalus. Head circumference is especially critical in infants and young children, as it 
serves as an early and reliable indicator of abnormal intracranial pressure and brain growth. 
In children with hydrocephalus, an increase in head circumference is often one of the first 
clinical signs. (WHO, 2006). 
 
Mid-upper arm circumference (MUAC), on the other hand, is a simple, quick, and widely 
used indicator of nutritional status in children under five years of age. In children with 
hydrocephalus, malnutrition may be a co-existing problem due to feeding difficulties, 
metabolic demands, or delayed diagnosis. Therefore, assessing MUAC provides insight into 
the overall health and nutritional status of these patients, which may impact treatment 
outcomes and recovery (Okike et al., 2021; WHO, 2009). 
 
While previous studies have explored the clinical presentation and management of 
hydrocephalus, few have combined real-time anthropometric measurements with advanced 
computational tools like machine learning to enhance diagnostic precision and early 
prediction. This study introduces a novel integration of machine learning algorithms with 
clinical and anthropometric data specifically head circumference (HC) and mid-upper arm 
circumference (MUAC) to predict obstructive hydrocephalus among pediatric patients. By 
doing so, it not only enhances the accuracy of early diagnosis but also provides a framework 
for individualized risk assessment and management planning. The inclusion of MUAC as a 
nutritional indicator adds a unique dimension to the diagnostic model, recognizing the 
interplay between nutritional status and disease prognosis. To the best of our knowledge, this 



Machine Learning Model for Prediction of Obstructive Hydrocephalus in Aminu Kano Teaching Hospital (AKTH) 

Kano State   

 

 
S. I. Haruna, M. A. Bashir, DUJOPAS 11 (3b): 14-21, 2025                                                                                16 

 

is one of the first studies in the region to combine machine learning techniques with 
anthropometric variables to predict obstructive hydrocephalus, offering a novel, data-driven 
approach to supporting clinical decision-making in resource-limited settings. (Okike et al., 
2021). 
 
MATERIALS AND METHODS 
This study was conducted at the neurosurgery clinic of Aminu Kano Teaching Hospital 
(AKTH), Kano, Nigeria. It focused on paediatric patients aged 0–7 years who were diagnosed 
with hydrocephalus. A total of 116 participants were selected using a purposive sampling 
technique. (Okike et al., 2021; Agyei et al., 2021). 
 
Real-time data were gathered using a structured form(proforma) which included 
demographic variables (age, sex), clinical measurements (head circumference, mid-upper arm 
circumference), and maternal factors (age, parity, education level, residence). The type and 
cause of hydrocephalus were also documented. Ehical approval was obtained from AKTH 
(BUK HREC) before commencing the study. (Warf et al., 2011). 
 
Anthropometric measurements were taken using non- stretchable measuring tape. Statistical 
analysis was conducted using SPSS version 27 to examine associations between 
hydrocephalus type with gender and head circumference, applying chi-square and 
independent sample T tests with a significance level set at p ˃ 0.05. (Warf et al., 2011). 
 
To predict the type of hydrocephalus, a decision tree algorithm (J48) was used to train a model 
that would predict the type of hydrocephalus with the following attributes/features: 
 Patient’s sex, mother’s age, mother’s occupation, mother’s educational level, mother’s parity, 
head circumference, mid-upper circumference and cause of the hydrocephalus 
Data was randomized and divided into testing and training data based on the ratio 0.8 to 0.2. 
The model was evaluated using the following: 
a. accuracy 
b. recall 
c. precision 
d. F-measure and  
e. Receiver Operating Characteristics (ROC) Curve 
The machine learning model was trained and validated using the Waikato Environment for 
Knowledge Analysis (WEKA) version 3.8.6. (Yadav et al., 2021). 
 
RESULTS AND DISCUSSION 
 
Results 
The mean age of the study participants was 14 years and the mean age of their mothers was 
25 years. The average mother of the study participants has an average parity of 3. Mean 
head and mid-upper arm circumferences were respectively 49cm and 12 cm (Table 1). 
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Table 1 Descriptive statistics of patient’s age, mother’s age, mother’s parity, HC and 
MUAC. 

Variables     Mean±SD Minimum Maximum 

Patient’s age                                 14.38±16.922            0.07 84 
Mother’s age                                 25.89±6.016             17 45 
Mother’s parity                             2.62±1.811                1 11 
Head circumference                      48.80±7.158             36.5 72.5 
Mid upper arm 
circumference       

11.71±1.999             6 18.5 

 
Table 2 Frequency and Percentage of types of Hydrocephalus  

Types of hydrocephalus                      Frequency Percent (%) 

Communicating    48 41.4 
Obstructive/Non communicating           68 58.6 
Total   116 100 

 
Table 3 Frequency and Percentage of causes of Hydrocephalus 

Causes of hydrocephalus             Frequency Percent (%) 

Acquired    59 50.9 
Congenital 57 49.1 
Total    116 100 

 
Table 4 The Association between the types of hydrocephalus and gender 

Types of hydrocephalus                                       Gender 

 Female Male 
Communicating     20(41.7%)      28(58,3%) 
Obstructive        26(38.2%)      42(61.8%) 

Chi square value (X2= 0.138), Degree of freedom (df=1), p=0.710 

 
Table 6 The Relationship between head circumference and the types of hydrocephalus. 

Types of 
hydrocephalus       

Communicating Obstructive    T value P value 

Head 
circumference             

48.21±7.37              49.22±7.02         -0.746 0.457 

 
Table 7 Machine learning model for predicting obstructive hydrocephalus 

Data Accuracy (%) Recall (%) Precision (%) F-Measure (%) Area under ROC (%) 

Training  87 96 84 90 89 
Testing 87 93 88 90 79 
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Figure 2 Receiver Operating Characteristic Curve of the training data 
 

 
Figure 2 Receiver Operating Characteristic Curve of the testing data 
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DISCUSSION 
The mean age of patient was 14.38±16.922, with a minimum value of 0.07months 
(approximately 2 days old) and maximum value of 84.0months (7years). This indicate that 
most hydrocephalus cases were detected during infancy. 
 
The mean age of mothers was 25.89±6.016, with a minimum value of 17years and a maximum 
value of 45years. The mean for mother’s parity was 2.62±1.811, with a minimum value of 1 
and a maximum value of 11. These findings indicate that most mothers were in their 
reproductive age and had multiple children. Although not directly associated with 
hydrocephalus type, high parity and young maternal age may reflect limited access to 
antenatal education and healthcare services as noted by (Ewah & Ibeziako, 2006). 
 
The mean head circumference was 48.80±7.158, with a maximum of 72.514.cm, indicating 
marked cranial enlargement in some patients. The mean MUAC was 11.71±1.999, with values 
as low as 6.0 cm, suggesting potential malnutrition in some cases. These findings emphasize 
the importance of nutritional assessment and early neurosurgical intervention to improve 
outcomes. Similar observations have been reported in African studies, where children with 
untreated hydrocephalus often develop nutritional deficiencies due to feeding difficulties and 
repeated illness (Warf, 2011). 
 
This study found that obstructive (non-communicating) hydrocephalus was more common 
(58.6%) than communicating hydrocephalus (41.4%). This finding is similar to the work of 
Adeleye et al., (2010) who found out that obstructive hydrocephalus was more frequent than 
communicating hydrocephalus. 
 
The causes were nearly evenly split between acquired 59 (50.9%) and congenital 57 (49.1%). 
This finding contrasts slightly with the work of Ewah and Ibeziako, who reported a higher 
rate of acquired hydrocephalus especially due to post infectious Complications. (Ewah & 
Ibeziako, 2006). 
 
The relationship between type of hydrocephalus and gender was not statistically significant 
(x2= 0.138, p = 0.710). Although more males had both types of hydrocephalus, the difference 
was not significant (p˃0.05). This supports findings from other studies that reported no strong 
gender-based predisposition to a specific type of hydrocephalus (Tully & Dobyns, 2014). 
 
The association between the types of hydrocephalus and head circumference was not 
statistically significant (p˃0.05). The mean head circumference was significantly higher in 
patients with obstructive hydrocephalus (49.22cm) compared to those with communicating 
hydrocephalus (48.21cm). The independent t test result was t=-0.746 with a p value of 0.457, 
which is greater than 0.05. This suggest that head circumference alone may not reliably 
differentiate between the types of hydrocephalus.  
 
These findings align with the work of Mwaka et al., in Uganda, who also observed that 
macrocephaly was a common feature in both types of hydrocephalus, without significant 
variation in head size between groups. (Mwaka et al., 2011).   
 
Similarly, Warf et al., reported that while head circumference is a useful indicator of 
hydrocephalus in infants, it does not reliably indicate the underlying type. (Warf et al., 2005). 
The machine learning model demonstrated high performance in predicting obstructive 
hydrocephalus, with an accuracy of 87% on both training and testing data sets. This is in line 
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with the findings from previous studies of Alzubaidi et al., 2021 where machine language 
achieved comparable results in classifying neurological disorders. The high recall indicates 
that the model can identify cases of obstructive hydrocephalus which is critical for early 
diagnosis and management. 
 
The drop in AUC from 89% (training data) to 79% (testing Data) may suggest mild overfitting 
or the need for more balanced or diverse data. Nonetheless, the model remains clinically 
promising and demonstrates the potential of artificial intelligence in supporting neurosurgical 
decision making in resource limited settings. 
 
The ROC curve for the training data showed an AUC of 0.8922, indicating strong performance 
of the machine learning in distinguishing between the types of hydrocephalus. On the testing 
data, the model achieved an AUC of 0.7875, which still reflects good predictive capability, 
although slightly reduced due to the nature of unseen data. These results suggest that the 
model can be reliably used for predicting the type of hydrocephalus in clinical settings. 
 
CONCLUSION 
Obstructive Hydrocephalus remains a significant clinical concern in pediatric patients 
attending AKTH. The condition is more prevalent in males and is predominantly of the 
obstructive type. Both congenital and acquired causes contribute substantially to the burden 
of the disease. This study effectively combined statistical analysis with modern machine 
learning techniques to classify and predict hydrocephalus types in paediatric patients. 
Statistical findings revealed no significant associations between hydrocephalus type and 
variables like gender and head circumference. The machine learning model achieved strong 
predictive performance using readily available clinical data. These results demonstrate the 
value of integrating both analytical approaches in improving diagnostic accuracy, clinical 
decision-making, and individualized patient care, especially in low resource settings. 
 
As a real-life implementation of this research, a desktop application titled Hydrocephalus 
Type Predictor was developed. The application enables users to input both patient and 
maternal data (patient’s sex, mother’s age, mother’s occupation, mother’s education level, 
mother’s parity, head circumference, mid upper arm circumference and cause of 
hydrocephalus) and receive an estimated type of hydrocephalus based on the trained machine 
learning model. The tool demonstrates the practical utility of the research findings in 
supporting diagnostic decisions in clinical settings. 
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