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ABSTRACT
Objective: Hydrocephalus is a complex neurological disorder affecting the central nervous system, which can lead to severe 
neurodevelopmental complications despite early diagnosis and treatment. Although advances in diagnostic and therapeutic 
methods have been achieved, managing hydrocephalus remains challenging. Neural tube defects are among the most 
common causes of hydrocephalus, highlighting the importance of prenatal diagnosis. Treatment often involves surgical 
intervention, making imaging techniques and timely surgical management critical. This study aimed to investigate the risk 
factors, etiologies, and treatment outcomes of neonates diagnosed with hydrocephalus.
Material and Methods: A retrospective study was conducted on neonates diagnosed with hydrocephalus and followed at 
Ankara Bilkent City Hospital Neonatal Intensive Care Unit between September 2019 and January 2023. Neonates who died 
in the delivery room or during transfer, whose records were incomplete, or whose families were unreachable were excluded. 
Clinical, demographic, and treatment data were obtained from hospital records and analyzed. 
Results: Out of 115 patients screened, 104 met the inclusion criteria. Of these, 42% were born prematurely. The prevalence 
of congenital hydrocephalus was 74%, post-hemorrhagic hydrocephalus 24.1%, and post-infectious hydrocephalus 1.9%. 
Female infants comprised 58.7% of cases, and 87.5% were delivered via cesarean section. Among mothers, 42.5% reported 
regular folic acid intake during pregnancy. Parental consanguinity was noted in 24.5% of cases. Additional anomalies were 
present in 74% of patients, with 67.3% receiving an antenatal diagnosis. Epilepsy was observed in 36.5% of patients, and 
39.9% of these were treated with antiepileptic drugs. Ventriculoperitoneal shunts were placed in many patients, with 44.7% 
requiring shunt revision, predominantly due to infection (33.7%). Referral cases accounted for 17.3%, mostly post-hemorrhagic 
hydrocephalus, with a 72% epilepsy rate and 25.3% antiepileptic treatment initiation in this subgroup.
Conclusion: This study provides comprehensive insights into the epidemiology, familial risk factors, etiological profiles, and 
treatment outcomes of progressive hydrocephalus diagnosed antenatally or postnatally. The findings offer valuable data to 
inform improved diagnostic and therapeutic strategies for neonates affected by hydrocephalus.
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Introduction

Hydrocephalus is defined by the pathological accumulation 
of cerebrospinal fluid (CSF) within the cerebral ventricles 
and/or subarachnoid spaces due to impaired CSF circulation 
(1). The meninges—comprising the dura mater, arachnoid 
mater, and pia mater—together with CSF play a crucial role 
in protecting the central nervous system. CSF circulates 
continuously within the subarachnoid space, maintaining 
homeostasis and providing mechanical protection (2). 

Clinically, hydrocephalus is classified as obstructive 
(non-communicating) or communicating, depending on 
whether the impairment lies in CSF flow pathways or in 
the balance between CSF production and absorption. The 
condition is characterized by ventricular dilatation and 
increased intracranial pressure (ICP), resulting from complex 
pathophysiological mechanisms. Clinical manifestations 
are often non-specific and may occur irrespective of the 
underlying etiology (3). 
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The prevalence of congenital hydrocephalus in the United 
States and Europe is estimated at 0.5–0.8 per 1000 live and 
stillbirths. Approximately half of the cases are associated 
with meningomyelocele, although this proportion varies 
geographically (4). First described by Hakim and Adams 
in 1965, hydrocephalus has since been linked to potential 
genetic susceptibility, as suggested by its increased 
frequency in certain ethnic and regional populations. While 
no single causative gene has been identified, multiple genetic 
alterations are believed to contribute to its development 
(5,6). Several maternal risk factors have been implicated, 
including folic acid and zinc deficiency, fetal alcohol 
exposure, maternal obesity, antiepileptic drug use, and 
insulin-dependent diabetes mellitus. In the neonatal period, 
neural tube defects represent the most common etiology, 
with meningomyelocele being the predominant form. The 
extent of neurological impairment varies according to lesion 
level and is frequently permanent (7). Prenatal diagnosis, 
achievable in up to 90% of cases, allows for optimized 
delivery planning and early postnatal management. The 
primary goal in the management of meningomyelocele 
is to preserve neurological function at birth and prevent 
complications such as meningitis and sepsis. Early postnatal 
surgical repair of exposed neural tissue and closure of the 
defect remains the most effective intervention (8).

Diagnosis of hydrocephalus relies on imaging modalities 
such as ultrasonography, computed tomography, and 
magnetic resonance imaging. Treatment options include 
CSF diversion techniques, primarily ventriculoperitoneal 
shunting or endoscopic third ventriculostomy. Careful patient 
selection is essential, and differential diagnoses involving 
other neurodegenerative conditions must be excluded. 
Patients with shorter symptom duration and predominant 
lower extremity involvement are more likely to benefit from 
surgical intervention (9). Hydrocephalus remains a condition 
with significant morbidity despite advances in diagnosis 
and treatment. Early prenatal detection, identification of 
risk factors, and appropriate surgical management play a 
decisive role in improving outcomes. The aim of this study 
was to retrospectively evaluate risk factors, etiological 
causes, and treatment outcomes in newborns diagnosed 
with hydrocephalus and to propose recommendations for 
diagnostic, therapeutic, and follow-up strategies based on 
these findings.

Materials and Methods
This retrospective study analyzed a total of 104 newborns 
diagnosed with hydrocephalus at the Neonatal Intensive 
Care Units (NICU) of Ankara Bilkent City Hospital Children’s 
Hospital between September 2019 and January 2023. 
Inclusion criteria comprised a diagnosis of hydrocephalus 
within the neonatal period (the first 28 days of life) 
confirmed via neuroimaging (ultrasonography, CT, or MRI), 
administration of medical or surgical treatment, and the 
availability of complete medical and follow-up records. 
Conversely, patients diagnosed after the neonatal period, 
those with insufficient imaging or incomplete follow-up data, 

and postmortem-diagnosed cases who did not receive 
treatment were excluded from the study. Demographic 
and clinical characteristics, laboratory findings, and follow-
up data were retrospectively retrieved from the hospital’s 
electronic medical record system. 

The diagnosis of hydrocephalus was established based on 
neurological assessments and standard neuroimaging 
techniques, primarily including cranial ultrasonography (USG), 
magnetic resonance imaging (MRI), and computed tomography 
(CT). The presence of ventriculomegaly, elevated cerebrospinal 
fluid (CSF) pressure, and clinical symptoms—such as increased 
head circumference, persistent fontanelle patency, and 
neurological impairments—were considered in combination. 
Imaging findings were also used to classify the type of 
hydrocephalus as congenital, post-hemorrhagic, or post-
infectious. Among the 104 patients included in the study, 
transfontanelle ultrasonography (TFUS) was performed in at 
least 88 patients (84.6%), while specific TFUS parameters were 
assessed in up to 95 patients (91.3%). The variation in patient 
numbers resulted from missing data or parameters that were 
not evaluated in all cases.

The decision to perform ventriculoperitoneal (VP) shunt 
placement was made by a multidisciplinary team, taking 
into account the patient’s clinical status, imaging findings, 
and CSF pressure measurements. Indications for shunt 
surgery included elevated intracranial pressure, progressive 
ventricular dilatation, and worsening neurological symptoms. 
Post-treatment follow-up included regular assessment for 
complications, shunt revisions, and infection surveillance. 

Statistical analysis 

The data were analyzed using IBM SPSS Statistics for 
Windows (Version 24.0; IBM Corp., Armonk, NY, USA). As 
continuous variables did not show a normal distribution, they 
were summarized as median (interquartile range, Q1–Q3), 
minimum, and maximum values, while categorical variables 
were presented as counts and percentages. Comparisons 
between groups were performed using the Mann–Whitney 
U test for continuous variables and the chi-square test or 
Fisher’s exact test, as appropriate. A p value of ≤0.050 was 
considered statistically significant.

Results

This retrospective study included 104 neonates diagnosed 
with hydrocephalus. Of these, 41.3% were male and 58.7% 
were female. Regarding the mode of delivery, 87.5% 
were born via cesarean section (CS), while 12.5% were 
delivered through normal spontaneous vaginal delivery 
(NSVD). A total of 42% of the infants were preterm births. 
Among the mothers, 75% had no chronic disease before or 
during pregnancy, whereas 22.1% had a chronic condition. 
According to maternal medical history, the most frequent 
chronic condition among the mothers was hypothyroidism, 
followed by hypertension, diabetes mellitus, and asthma.
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The rate of additional anomalies was 92.3%. Among the 32 
patients with facial anomalies, 59.3% had dysmorphic facial 
features, and 12.5% had scaphocephaly.

Epilepsy was present in 36.5% of the patients, and 
antiepileptic treatment was initiated in 39.9%. Shunt revision 
was performed in 44.7% of the patients, and shunt infection 
developed in 33.7%. The rate of central nervous system 
(CNS) infection was 28.8%, and cerebrospinal fluid (CSF) 
culture was positive in 33.7% of the cases.

Discussion
Hydrocephalus is characterized by abnormal cerebrospinal 
fluid (CSF) accumulation resulting from impaired production, 
circulation, or absorption. Sustained intracranial pressure 
elevation and ventricular dilatation adversely affect 
neuronal development; therefore, early diagnosis and timely 
intervention are critical to reducing morbidity and mortality 
(10). In this context, our findings provide insight into both 
etiological distribution and outcome patterns in a tertiary 
referral neonatal population.

In our cohort, congenital hydrocephalus was the predominant 
etiology (74%), followed by posthemorrhagic (24.1%) 
and postinfectious forms (1.9%). The overall incidence 
of neonatal hydrocephalus (1.52%) is consistent with 
reports from developed countries. However, the relatively 
high proportion of posthemorrhagic hydrocephalus likely 
reflects our center’s role as a referral unit for extremely 
preterm infants. Importantly, this distribution suggests that 
local neonatal care characteristics substantially influence 
etiological patterns, emphasizing the need for center-
specific management strategies (11,12).

Contrary to reports of male predominance in pediatric 
hydrocephalus, female infants constituted the majority of 
our cohort (13). We believe this finding may be related to a 
higher proportion of prenatally diagnosed congenital cases 
and referral bias, rather than a true gender-related biological 
difference. This observation highlights the impact of prenatal 
screening practices on postnatal epidemiological profiles.

Birth weight was comparable to previous studies; however, 
lower gestational age and earlier prenatal diagnosis were 

Among the 19 mothers who used medication during pregnancy, 
the distribution was as follows: 36.3% used levothyroxine, 13.6% 
anticoagulants, 9% insulin, 9% antihypertensives, 9% inhaled 
corticosteroids, 9% antibacterials, 4.5% urinary antispasmodics, 
4.5% antiretrovirals, and 4.5% phlebotonics (Table I).

While 42.5% of the mothers regularly used folic acid throughout 
pregnancy, 32.9% used it irregularly, and 24.4% did not use 
it at all. Additionally, 35.1% of the mothers had a history 
of at least one abortion. Table I summarizes the gender 
distribution of the patients and the pregnancy characteristics 
of the mothers.

The mean maternal age was 27.48±6.22 years, the mean 
birth weight of the infants was 2569.80±882.97 g, and the 
mean gestational age was 35.65±4.30 weeks. The mean 
number of pregnancies among the mothers was 2.95±2.06. 
The mean APGAR scores were 5.69±1.87 at 1 minute and 
7.68±1.48 at 5 minutes postpartum. The mean time to 
symptom onset was 3.32 ± 9.64 days (Table II).

Among the patients, 67.3% had received an antenatal 
diagnosis. The rates of ventriculomegaly, meningomyelocele, 
and encephalocele were 56.3%, 43.6%, and 10.8%, 
respectively. While 81.8% of the patients were born in the 
hospital, 17.3% were referred from external centers. The 
rate of parental consanguinity was 24.5%, and 11.1% of the 
mothers reported a history of previous pregnancies affected 
by hydrocephalus or spina bifida.

Regarding hydrocephalus types, 74% had congenital 
hydrocephalus, and 24.1% had posthemorrhagic hydrocephalus. 

Table I: Gender distribution and maternal pregnancy 
characteristics of patients (n=104)
Characteristic n (%)
Gender

Male
Female

43 (41.3)
61 (58.7)

Delivery mode
Cesarean section
Normal spontaneous vaginal delivery

91 (87.5)
13 (12.5)

Maternal chronic disease (n=101)
Present
Absent

23 (22.1)
78 (75.0)

Medications during pregnancy (n=19)
Levothyroxine
Anticoagulant
Insulin
Antihypertensive
Inhaled corticosteroid
Antibacterial
Urinary antispasmodic
Antiretroviral
Phlebotonic

8 (36.3)
3 (13.6)

2 (9)
2 (9)
2 (9)
2 (9)

1 (4.5)
1 (4.5)
1 (4.5)

Folic acid supplementation (n=94)
Regular
Irregular
None

40 (42.5)
31 (32.9)
23 (24.4)

History of abortion (n=104)
Present
Absent

37 (35.1)
67 (64.9)

Table II: Demographic and clinical characteristics of the study 
population
Variable mean±SD min-max
Maternal age (years) 27.48±6.22 17.00-42.00
Birth weight (g) 2569.80±882.97 700.00-4880.00
Gestational age (weeks) 35.65±4.30 24.00-41.00
Gravidity 2.95±2.06 1.00-11.00
APGAR 1 5.69±1.87 1.00-8.00
APGAR 5 7.68±1.48 4.00-9.00
Antenatal diagnosis week 24.15±6.04 10.00-39.00
Symptom onset         
(postnatal day) 3.32±9.64 0-61
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quality of life (28). Our findings support the growing emphasis on 
individualized treatment strategies, early risk stratification, and 
advances in prenatal diagnosis to reduce shunt dependency 
and improve long-term outcomes (29).

Conclusion
This study is limited by its retrospective, single-center 
design, incomplete records, and lack of standardized 
neurodevelopmental and genetic assessments. Nevertheless, 
it provides valuable real-world data reflecting the impact of 
referral patterns, prenatal diagnosis, and maternal factors on 
neonatal hydrocephalus. Future multicenter prospective studies 
incorporating genetic analyses and long-term follow-up are 
essential to further clarify disease mechanisms and optimize 
management.
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