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INTRODUCTION 

Hydrocephalus is a heterogeneous disease marked by 

abnormal dilatation of the cerebral ventricles secondary 

to varying etiologies.1 It is the most common cranial 

abnormality encountered at prenatal ultrasonography, 

with a worldwide incidence ranging from 0.68 to 3.16 per 

thousand live births.1-3 The burden of prenatal 

hydrocephalus is high in developing countries as India. 

However, its incidence in rural settings of India is 
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relatively unknown. The etiology of hydrocephalus is 

multifactorial which includes presence of intracranial 

malformations (neural tube defects, aqueductal stenosis, 

etc), genetic mutations, hemorrhage, infections, and 

tumors.3-5 Several risk factors such as low birth weight, 

prematurity, gestational diabetes mellitus, and ethnicity 

have been implicated in its etiopathogenesis.6,7   

Ultrasonography is the gold standard for diagnosing 

congenital hydrocephalus.8 Depending on the extent of 

ventriculomegaly and presence of other congenital 

anomalies, hydrocephalus is classified as mild, moderate, 

or severe.8,9 Literature about the clinical outcome of 

congenital hydrocephalus according to its severity is 

sparse.9,10  

Considering all the above-mentioned facts, the present 

study was aimed to determine the incidence, risk factors, 

severity, and outcome of congenital hydrocephalus in our 

institute, which is a tertiary healthcare center located in 

northern India.  

METHODS 

The present study is prospective observational in nature. 

It was conducted in the department of obstetrics and 

gynecology, at our tertiary care centre from 1st July 2017 

to 31st June 2018.  

Inclusion criteria 

• All pregnant women, who had attended our antenatal 

outpatient department and/or had delivered in our 

institute in the specified time duration. 

Exclusion criteria 

• Women who refused to give consent for participation 

or were lost to follow up. 

The included women were screened for hydrocephalic 

fetuses via detailed ultrasonography.  

For annual incidence rate determination, the denominator 

comprised of all women, who met the screening criteria. 

Annual incidence rate of prenatal hydrocephalus per 1000 

live births was calculated using the formula mentioned 

below. 

Incidence

=
Number of confirmed cases of hydrocephalus in the year 

Number of pregnant women screened in the year
 

A case of fetal hydrocephalus was defined as anterior 

horn width > 10 mm across the atria of the lateral 

ventricles, as measured by ultrasonography on an axial 

section of the head. Hydrocephalus was further defined as 

mild (10-12 mm), moderate (12-15 mm), or severe (> 15 

mm) according to the extent of ventriculomegaly.10-12 

Ultrasonography was also used to diagnose associated 

congenital anomalies. Confirmed cases with a minimum 

follow-up period of two months of were included in the 

final analyses. An informed written consent was 

mandatory.  

Demographic details, and information about the observed 

risk factors were obtained via detailed history and 

examination. The risk factors observed in our study were 

decided after reviewing the literature.3-7 Low 

socioeconomic status was defined as per the 

Kuppuswamy scale.13  

Management of both mother and child was tailored 

according to the gestational age and associated medical 

conditions. Confirmed hydrocephalic fetuses and their 

mothers were followed up for a minimum period of two 

months after delivery/termination of pregnancy to 

determine their respective outcomes. Outcome of both 

mother and hydrocephalic child was classified according 

to the severity of ventriculomegaly.  

All procedures performed in our study were in 

accordance with ethical standards of the institutional 

ethics committee of Teerthanker Mahaveer Medical 

College and Research Centre and with the 1964 Helsinki 

declaration and its later amendments. Informed consent 

was obtained from all individual participants included in 

the study. 

Statistical analysis 

Due to the small size of our sample, we conducted a 

descriptive statistical analysis. As all our variables were 

qualitative, we expressed the data as percentages with 

95% confidence intervals. 

RESULTS 

 

Figure 1: Ultrasonography findings of fetuses with 

mild (a), moderate (b), and severe                                     

(c) ventriculomegaly. 
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A total of 3627 pregnant women were screened for 

hydrocephalic fetuses in the specified time period, of 

which 10 confirmed cases were identified. There were 2 

cases of mild, 4 cases of moderate, and 4 cases of severe 

ventriculomegaly, respectively (Figure 1). The annual 

incidence was calculated to be 2.75 per 1000 live births. 
 

Table 1: Identified etiologies of the hydrocephalic fetuses (based on ultrasound imaging). 

Etiology Mild (2) Moderate (4) Severe (4) 

Congenital malformations 

Myelomeningocele (Arnold Chiari malformation type-II) 1 1 - 

Syndromes 

Dandy Walker syndrome - - 1 

Down syndrome 1 1 - 

Miscellaneous 

Intraventricular hemorrhage - - 2 

Idiopathic - 2 1 

Values mentioned represent number of fetuses. 

Table 2: Risk factors for hydrocephalus (according to the degree of ventriculomegaly). 

Risk factors Mild (2) Moderate (4) Severe (4) Total (10) 

Age ≥ 30 years 0 2 2 4 

Low SE status 2 3 4 9 

No folic acid supplementation 1 3 4 8 

GDM 1 1 0 2 

Alcohol history 0 1 0 1 

Drug history 0 0 1 1 

Presence of other anomalies                   5 

Arnold Chiari malformation  1 1 0 - 

Dandy Walker malformation  0 0 1 - 

Down syndrome 1 1 0 - 

Period of gestation at diagnosis 

14-24 weeks 1 2 1 4 

25-34 weeks 1 2 1 4 

≥ 34 weeks 0 0 2 2 

SE: socioeconomic, GDM: gestational diabetes mellitus; values mentioned represent number of cases. 

 

Ultrasound findings suggestive of down syndrome in two 

of the hydrocephalic fetuses were increased nuchal fold 

thickness, short femoral length, and echogenic bowel. 

Other soft markers of aneuploidy could not be detected, 

as most of the fetuses were diagnosed after 25 weeks of 

gestation. Ultrasonography of one of the hydrocephalic 

fetuses showed absence of cerebellar vermis, cystic 

dilation of the fourth ventricle, and marked enlargement 

of the cisterna magna. Hence, it was diagnosed as a fetus 

with Dandy Walker syndrome. Sonographic findings of 

two fetuses depicted a small posterior cranial fossa, 

presence of the lemon and banana cerebellum signs, 

along with the presence of a meningomyelocele. Hence, 

they were both classified as fetuses with Arnold Chiari 

malformation type-II. The mutations leading to Dandy 

Walker malformation, and Arnold Chiari malformation 

could not be identified. Ultrasound images of two 

hydrocephalic fetuses in the third trimester were 

consistent with intraventricular hemorrhage, the causes of 

which could not be pinpointed. Also, the causes of 

ventriculomegaly in three of the fetuses could not be 

identified through ultrasound imaging (Table 1). 

 

Figure 2: A terminated fetus with severe 

ventriculomegaly and associated neural tube defects. 
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 The risk factors which were found to be maximally 

associated with hydrocephalus in our study were low 

socioeconomic status (90%), lack of folic acid 

supplementation (80%), presence of other congenital 

anomalies (50%), age > 30 years (40%), and diagnosis 

before 24 weeks of gestation (40%). Other risk factors are 

mentioned in Table 2.  

A total 50% (n = 5) of the fetuses were terminated, and 

50% (n = 5) survived (Figure 2 and Figure 3).  

The termination rate was high in the severely affected 

group (n = 3), as compared to the other groups. The 

surviving fetuses were delivered via vaginal delivery (n = 

2) or cesarean section (n = 3). After 2 months of follow-

up, it was observed that the surviving fetuses underwent a 

ventriculo-peritoneal shunt (n = 3) or are under close 

observation in the postnatal period without any adverse 

outcome (n = 2). All the mothers had a favourable 

outcome and survived (n = 10) (Table 3). 

 

Figure 3: A continued fetus with moderate 

ventriculomegaly managed by a ventriculo-peritoneal 

shunt in the postnatal period. 

 

Table 3: Outcomes of child and mother after 2 months of follow-up. 

Severity of 

hydrocephalus 

Outcome of child Outcome of mother 

MTP Survived Vaginal delivery Caesarean section Mortality Survived 

Mild (n = 2) 1 1 1‡ 0 0 2 

Moderate (n = 4) 1 3 1‡ 2* 0 4 

Severe (n = 4) 3 1 0 1* 0 4 

MTP: medical termination of pregnancy; * Underwent a ventriculo-peritoneal shunt (n = 3); ‡ Under observation in the postnatal 

period without an adverse outcome (n = 2). 

 

DISCUSSION 

Hydrocephalus is a complex condition caused by physical 

or functional obstruction of cerebrospinal flow that leads 

to progressive ventriculomegaly.1,3 It is traditionally 

classified as obstructive or communicating.2,3 The 

worldwide incidence of hydrocephalus varies between 

0.68 to 3.16 per 1000 live births.2 In our study we 

estimated the incidence to be 2.75 per 1000 live births, 

which was comparatively on the higher side. This finding 

is consistent with previous reports which suggest that the 

burden of hydrocephalus is highest in low- and middle-

income countries including India and is often 

underreported.1,2 

The etiopathogenesis of hydrocephalus is both 

convoluted and multifactorial. Extrinsic causes of 

hydrocephalus include hemorrhage, neoplasm, infection 

(bacterial meningitis, CMV infection, toxoplasmosis.), 

and drug/alcohol intake.3 Developmental hydrocephalus 

is often associated with several pediatric syndromes 

comprising of anomalies such as myelomeningocele, 

aqueductal stenosis, posterior fossa crowding, etc.8 

Numerous genes such as L1CAM, AP1S2, POMT, 

MPDZ, FUZ, VANGL1, CELSR1, OFD1, GPSM2, 

FGFR, and NF1 have also been implicated in its 

pathogenesis.3,5  

Once the diagnosis is confirmed via ultrasonography, the 

parent’s apprehension needs to be tackled with great care. 

They need to be counselled in details about the risks of 

continuing the pregnancy based on the severity of the 

hydrocephalus, and motivated for further investigations 

to improve the fetal outcome.14,15 

Investigations such as detailed ultrasonography, 

karyotyping, chromosomal analysis, TORCH screening, 

and fetal magnetic resonance imaging are often employed 

to determine the underlying etiology, and identify other 

fetal anomalies.8,10,16,17 In our study, we identified 

intraventricular hemorrhage, Dandy Walker syndrome, 

Arnold Chiari malformation type-II, and Down syndrome 

as underlying etiologies in some of the cases, based on 

ultrasound findings. However, most parents couldn’t 

proceed with further investigations to determine the 

chromosomal/causative basis of these etiologies due to 

financial constraints.  

In western countries, the major risk factors identified to 

be associated with congenital hydrocephalus include lack 

of prenatal care, multiparous gestation, maternal diabetes, 

maternal chronic hypertension, maternal hypertension 

during gestation, low socioeconomic status, and 

alcohol/drug use during pregnancy.6 However, in our 

study we found low socioeconomic status and lack of 
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folic acid supplementation as leading risk factors 

associated with hydrocephalus. This finding could be 

explained by the fact that most of the pregnant women 

referred to our center are of low socioeconomic status. 

Low socioeconomic status directly/indirectly influences 

prenatal care which includes folic acid 

supplementation.1,7 Most pregnant women visiting our 

hospital did not have any prior antenatal visit and 60% of 

fetuses were diagnosed with hydrocephalus after 24 

weeks of gestation, indicating lack of prenatal care. Other 

risk factors which we found relevant and consistent with 

previous studies included maternal age, maternal 

diabetes, maternal drug/alcohol history, and diagnosis 

before 34 weeks of gestation.7,8,10 However, further 

research is warranted to confirm the impact of these 

identified risk factors and examine their behavioral 

and/or biological basis to develop suitable preventive 

measures.  

Isolated mild to moderate ventriculomegaly is linked to 

an abnormal outcome in 10-20% of children.8,10 In our 

study, all cases of isolated mild to moderate 

ventriculomegaly (n = 2) were successfully managed with 

a ventriculo-peritoneal shunt in the postnatal period. 

Generally, fetuses with isolated severe vetriculomegaly 

are considered to have a poor prognosis.8,12,14 In our 

study, we observed that 100% of parents with such 

fetuses (n = 3) chose to terminate their pregnancies. The 

high termination rate could be due to the lack of 

sufficient data regarding the outcome of such fetuses. 

However, some conflicting reports have suggested that 

fetuses with isolated severe ventriculomegaly have a 

favorable outcome in almost 60% of the cases.9  

Ventriculomegaly with associated anomalies is 

characterized by an abnormal outcome in up to 40-50% 

of children.8,12,17 In our study, 60% (n = 3) of all 

hydrocephalic fetuses associated with other congenital 

anomalies (n = 5) were terminated. The remaining 40% 

(n = 2) were delivered successfully without any major 

abnormal outcome in the follow-up period.  

Timing and mode of delivery in each of the pregnancies 

was selected on the basis of standard obstetrics 

indications taking into account both maternal and fetal 

complications.3,6,7 In our study, mode of delivery was 

surgical in 60% of the cases, and vaginal in 40% of the 

cases. In one patient vaginal birth after cesarean section 

(VBAC) was preferred as the presentation of the baby 

was vertex with mild macrocephaly. Cephalocentesis 

may be an option to potentially allow vaginal delivery.8 

In the postpartum follow-up period, all mothers recovered 

without complications indicating a positive maternal 

outcome.  

Management of hydrocephalus requires a 

multidisciplinary approach and is tailored according to 

the etiology, and severity of the disease.3,7,10 Current 

long-term treatment options for hydrocephalic children 

are restricted to surgical interventions, including shunt 

placement and endoscopic ventriculostomy.10,16,18 Non-

invasive treatment options including use of 

diuretics/fibrinolytics and lumbar puncture only provides 

temporary relief.19  

Fetal procedures conducted in the intrauterine life in 

order to improve outcome include cephalocentesis, 

vetriculo-amniotic shunt, and fetal neuroendoscopic 

procedures.8 However, literature about the success rate of 

these procedures is sparse.  

Our study had numerous limitations. First, the duration of 

the study was short due to which we had a few numbers 

of cases. Second, due to the financial constraints of the 

patients we could not conduct detailed 

radiological/molecular investigations to determine the 

genetic/causative basis of the underlying etiologies. 

Third, due to the short follow-up period we could not 

determine the long-term outcome of the cases. Future 

long-term studies are warranted to confirm our findings.  

CONCLUSION 

The incidence of hydrocephalus is considerably high in 

India. In rural settings of India, low socioeconomic status 

and lack of folic acid supplementation are leading risk 

factors associated with hydrocephalus. Outcome of 

patients with isolated mild to moderate hydrocephalus is 

generally favourable. Severe cases of hydrocephalus and 

cases with associated anomalies have a poor prognosis. 
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