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Abstract

Objective—Hydrocephalus, a complex condition characterized by progressive accumulation of 

cerebrospinal fluid within the ventricular system of the brain, affects ~6 in 10,000 infants and is 

heterogeneous in nature. Previous investigations of risk factors have not considered etiologic 

heterogeneity.

Methods—We conducted a case-control study of 1,748 children with hydrocephalus identified 

through birth certificate check boxes and ICD-9 codes of linked hospital discharge records through 

the first year of life. Control infants were identified from birth records (n=19,700), frequency-

matched to cases by year of birth. Three mutually exclusive, non-exhaustive subgroups were 

identified: hydrocephalus associated with a neural tube defect (NTD-H; n=332); prenatal-onset 

hydrocephalus (PO-H; n=402); and hydrocephalus associated with intracranial hemorrhage (ICH-

H; n=446). Within each group, we examined associations with maternal age, race/ethnicity, parity, 

diabetes and hypertension; and infant sex and gestational age. We used logistic regression to 

calculate odds ratios (OR) and 95% confidence intervals (CI).

Results—Asian ethnicity was independently associated with an inverse risk of all subtypes of 

hydrocephalus (NTD-H: OR: 0.44; 95% CI: 0.23–0.84; PO-H: OR: 0.47; 95% CI: 0.27–0.83; 

ICH-H: OR: 0.59; 95% CI: 0.33, 1.07), compared to whites. Pre-existing diabetes was associated 

to varying degrees with all three subtypes (NTD-H: OR: 1.94; 95% CI: 0.61–6.17; PO-H: OR: 

5.20; 95% CI: 2.60–10.40; ICH-H: OR: 5.26; 95% CI: 2.85–9.69). Hypertension had a positive 
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association with ICH-H (OR: 1.91; 95% CI: 1.46–2.52) but an inverse association with NTD-H 

(OR: 0.59; 95%CI: 0.36, 0.98). Gestational age ≤ 30 weeks was associated with all three 

subgroups, most notably ICH-H (OR: 443.56; 95% CI: 326.34–602.87); nearly two-thirds (64%) 

of ICH-H infants were born ≤ 30 weeks. Male sex was independently associated only with ICH-H 

(OR: 1.82; 95% CI: 1.40–2.39). No associations were observed with advanced or young maternal 

age or parity.

Conclusions—The different risk profiles seen among these three subgroups support the 

biologically heterogeneous nature of infantile hydrocephalus. Future research should take specific 

etiologic sub-types into account.
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INTRODUCTION

Hydrocephalus is a common but complex condition characterized by progressive 

accumulation of cerebrospinal fluid (CSF) within the ventricular system of the brain. 

Hydrocephalus can develop at any age, including during the prenatal period. Congenital 

hydrocephalus, which has been defined variably as hydrocephalus that is present at birth or 

that develops during the first year of life, was recently estimated to affect 5.9 in 10,000 

infants during their initial birth hospitalization 1.

Hydrocephalus that develops during infancy is heterogeneous in nature, and can accompany 

a neural tube defect (NTD) or other central nervous system malformation 2, in which case it 

is usually develops in the second or third trimester and is present at birth. Infantile 

hydrocephalus can also be the result of extrinsic causes such as intracranial hemorrhage 

(ICH) or infection 3. In those situations, it is usually not present at birth, but develops later 

in the first year of life. Previous investigations of the risks for infancy-onset hydrocephalus 

have assessed both maternal and infant risk factors such as ethnicity, parity and infant 

gender, but analyses were limited by broad case definitions that did not take etiologic 

heterogeneity into account 1, 4, 5. As a result, risk factors have not been defined for subtypes 

of hydrocephalus, nor have they been compared across subtypes.

In the current analysis, we evaluated selected maternal and infant factors associated with 

hydrocephalus diagnosed in Washington State infants during their first year of life, 

compared to control infants without hydrocephalus. Because infantile hydrocephalus is 

heterogeneous, we hypothesized that risk factors would depend on the etiology; we chose to 

evaluate risk factors within three discrete, biologically related subgroups: hydrocephalus 

associated with an underlying neural tube defect (NTD); hydrocephalus present at birth but 

unrelated to NTD or ICH; and hydrocephalus associated with ICH.
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METHODS

The Human Subjects Protection Review Boards at the University of Washington and the 

Washington State Department of Health approved the procedures used in the conduct of this 

study and determined that it was exempt from review.

Data sources

We conducted a population-based case-control study using the Birth Event Records 

Database (BERD), which contains linked hospital discharge-birth certificate data from 

Washington State from 1987 to 2012. Additional information was obtained from the 

Comprehensive Hospital Abstract Report System (CHARS), a statewide longitudinal 

inpatient hospital discharge database.

Selection of cases and controls

Cases were ascertained on the basis of ICD-9 codes for hydrocephalusrelated diagnoses and 

procedures captured in inpatient hospital billing records from the first year of life, as well as 

data reported on the birth certificate. Infants with hydrocephalus were identified using 

ICD-9 codes for hydrocephalus-related diagnoses recorded upon hospital discharge, 

including 331.3 and 331.4 (communicating hydrocephalus, obstructive hydrocephalus), 

741.0 (spina bifida [NTD] with hydrocephalus) and 742.3 (congenital hydrocephalus), and 

several hydrocephalus-related procedure codes, including 002.2 (ventriculostomy), 002.3 

(ventricular shunt placement) and 002.4 (ventricular shunt revision). In addition to 

identifying cases on the basis of diagnosis and procedure codes from hospital discharge data, 

potential cases were identified through birth certificates. From 1980–2002, Washington 

State birth certificates contained a checkbox for hydrocephalus. Infants with a birth 

certificate diagnosis of hydrocephalus but without one of the diagnosis or procedure codes 

that had been used for primary ascertainment were also included if they had an ICD9 

diagnosis code of 741 (spina bifida) or 742 (other congenital anomalies of the nervous 

system). Those who had a birth certificate report of hydrocephalus but no accompanying 

procedure or diagnosis code consistent with this diagnosis were excluded. We initially 

identified 1,970 infants with hydrocephalus that had been born in Washington State between 

1985 and 2002. We subsequently excluded 222 patients because they had a birth certificate 

checkbox but no compatible diagnosis or procedure code, which left 1,748 cases for 

analysis.

For comparison, controls (infants with no record of hydrocephalus) were randomly selected 

from the WA State birth certificate database at a control: case ratio of 10:1, and frequency 

matched to cases by birth year.

Delineation of subgroups

Using information from hospital discharge records, including ICD-9 diagnosis and 

procedure codes as well as length of stay, we defined three mutually exclusive but non-

exhaustive subgroups as follows:

1. NTD-associated hydrocephalus (NTD-H) subgroup: all patients had an NTD-

related ICD9 diagnosis code (741: spina bifida) or underwent an NTD-related 
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procedure (03.51: repair of spinal meningocele, or 03.52: repair of spinal 

myelomenigocele). Because of the specificity of these diagnosis and procedure 

codes, we assume that this group consists entirely of patients with spinal 

myelomeningocele; however, these codes do not allow us to distinguish whether 

the NTD occurred in isolation or in conjunction with other physical anomalies or an 

underlying syndrome.

2. Prenatal-onset hydrocephalus (PO-H) subgroup: all patients had hydrocephalus 

designated on their birth certificates, had a hydrocephalus-related diagnosis code 

given within the first seven days of life, or underwent a hydrocephalus-related 

surgical procedure within the first 14 days of life, and did not meet criteria for 

inclusion in one of the other two subgroups. We assume that most patients within 

this group have developmental brain malformations such as aqueductal stenosis or 

obstructive intracranial cysts, though a small proportion could have had an 

unrecognized intraunterine infection or hemorrhage that led to hydrocephalus6.

3. Intracranial hemorrhage-associated hydrocephalus (ICH-H) subgroup: all patients 

had a hemorrhage-related ICD9 diagnosis code (772.1: intraventricular 

hemorrhage, or 767.0: subdural or cerebral hemorrhage, newborn only). We 

presume that most of the intracranial hemorrhage identified in this group was peri- 

or postanatal in onset, though some may have been prenatal in onset.

Using these criteria, we identified 332 patients with NTD-H, 402 patients with PO-H (not 

associated with NTD or ICH and 446 patients with ICH-H. Of these patients with ICH, 387 

(87%) had been assigned diagnosis codes indicating intraventricular hemorrhage (IVH); the 

other 59 had been assigned codes indicating intracranial hemorrhage (which may also 

include IVH).

The remaining 578 infants did not fall into one of these three categories and were therefore 

not included in the subgroup analyses. Our presumption is that most uncategorized patients 

had other forms of acquired hydrocephalus (especially post-infectious and post-traumatic), 

later-onset developmental forms, and hydrocephalus that truly belonged in one of the three 

defined subgroups, but which had not been assigned the specific diagnosis or prodecure 

codes to enable it to be categorized as such.

Demographic information and risk factors

Maternal age (<20, 20–34, 35+ years), number of prior births (0, 1, 2+), and maternal race/

ethnicity (White, Black, Hispanic, Asian, Native American, Native Hawaiian/Pacific 

Islander) were derived from birth certificate data, as was marital status and maternal 

participation in the Special Supplemental Nutrition Program for Women, Infants and 

Children (WIC), for which there was a checkbox present on birth certificates issued from 

1992 through 2006. Maternal enrollment in Medicaid at the birth hospitalization was 

obtained from the hospital discharge records database. The presence of maternal 

hypertension was determined on the basis of a checkbox that was present on birth 

certificates issued from 1980–2002, and was supplemented with hypertension-related 

diagnosis codes (642: hypertension complicating childbirth, pregnancy and the puerperium, 
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which includes several subcodes that allow distinction between pre-existing hypertension, 

gestational hypertension, pre-eclampsia and eclampsia.)

Maternal diabetes was defined on the basis of a checkbox that was present on birth 

certificates issued from 1980–2006, and was also supplemented with diabetes-related 

diagnosis codes (648.0: diabetes mellitus complicating childbirth, pregnancy and the 

puerperium; 648.83, gestational diabetes, antepartum). Infant sex was obtained from birth 

certificate data. Gestational age at birth (22–30, 31–36, 37–42, 43+ weeks) was obtained 

from birth certificates supplemented by discharge data.

Statistical analysis

We used logistic regression to calculate odds ratios (ORs) and 95% confidence intervals 

(CIs) to estimate the risk of infantile hydrocephalus for each subgroup associated with 

maternal age, race/ethnicity, parity, diabetes and hypertension, as well as the infant’s sex 

and gestational age. To further investigate the association of hydrocephalus with Asian 

ethnicity and male sex above and beyond what might be explained by other risk factors, we 

conducted an additional analysis controlling for gestational age, diabetes, hypertension, sex 

(for the analysis of effect of Asian ethnicity), and ethnicity (for analyses of effect of sex).

The possible confounding effects of marital status, parity, or WIC/Medicaid status were 

evaluated by comparing crude and adjusted ORs for each of our main exposures: maternal 

age, maternal race/ethnicity, diabetes, hypertension, and child’s sex and gestational age at 

birth. We performed these analyses for all hydrocephalus cases combined, and also for each 

of our three subgroups. A factor was considered a confounder after consideration of its 

relationship to the exposure and outcome, and if its adjusted and crude odds ratio differed by 

more than 10%.

Since the effect of the exposures on the risk for hydrocephalus did not differ within strata 

defined by maternal age and race, and since no potential confounder met our confounding 

criterion (above); we present risk estimates for each of our risk factors adjusted only by the 

matching variable, year of birth.

All analyses were performed using Stata12 software (Stata Statistical Software: Release 12. 

College Station, TX: StataCorp LP).

RESULTS

Women who gave birth to children with hydrocephalus were generally similar to the 

mothers of the control group with respect to maternal age and race/ethnicity (Table 1), 

although they were less likely to be Asian (4% of cases vs 8% controls). They were also less 

likely to have completed a level of education beyond high school (50% vs 55%). Mothers of 

infants with hydrocephalus were more likely to be unmarried (32% of cases vs 28% of 

controls), obese (27% vs 23%), and have a history of pre-existing diabetes (1.7% vs 0.5%). 

Compared to the control group, mothers of infants with hydrocephalus were more likely to 

qualify for WIC or Medicaid (48% vs 45%), and more commonly had a history of cigarette 

smoking during their pregnancy (15% vs 14%). Mothers of children with intracranial 
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hemorrhage-associated hydrocephalus were more likely to have pre-existing hypertension 

(3.8%) as well as pre-eclampsia or eclampsia (11.1%) compared to controls (1.3% and 6.8% 

respectively). A greater proportion of infants with hydrocephalus were male (56% vs 51%) 

(Table 2). The ICH-H subgroup had the largest percentage of males (64.8%). Infants with 

hydrocephalus were also more likely to be of <37 weeks gestation compared to controls 

(44% vs 8%) and die within their first year of life (13% vs 1%). Among the three subgroups, 

the greatest proportions of deaths were seen in infants in the PO-H subgroup (26.4%), 

despite the fact that infants within the ICH-H subgroup were considerably more likely to be 

born <30 weeks gestation (64.2%; n=281).

Maternal age and parity were not associated with any subtype of hydrocephalus (Table 3). 

Asian race/ethnicity was associated with an inverse risk of all three hydrocephalus subtypes 

even when controlling for other risk factors (Table 4, Figure 1); however, the risk of ICH-H 

among Asians may have been due to chance (NTD-H: OR: 0.44; 95% CI: 0.23–0.84; PO-H: 

OR: 0.47; 95% CI: 0.27–0.83; and ICH-H: OR: 0.59; 95% CI: 0.33, 1.07). Pre-existing 

diabetes was associated with a five-fold increased risk of P-OH and ICH-H (OR: 5.20; 95% 

CI: 2.60–10.40 and OR: 5.26; 95% CI: 2.85–9.69, respectively), but only atwo-fold higher 

risk for NTD-H (OR: 1.94; 95% CI: 0.61–6.17). Pre-existing hypertension was associated 

only with ICH-H, conveying an approximately three-fold increased risk (OR: 2.76; 95% CI: 

1.65–4.63). Hypertension of any kind was inversely associated with NTD-H (pre-existing: 

OR: 0.71; 95%CI: 0.23, 2.24; all types: OR: 0.59; 95%CI: 0.36, 0.98). When controlling for 

other risk factors, male sex was independently associated only with ICH-H (OR: 1.82; 95% 

CI: 1.40–2.39) (Figure 1).

Gestational age ≤ 30 weeks was associated with all three subtypes of hydrocephalus, but the 

risk was substantially higher in the ICH-H subgroup (OR: 467.8; 95% CI: 347.8–637.7); 

among these infants, nearly two thirds (n=281) were born at 30 weeks gestation or earlier.

DISCUSSION

Here, we assessed ORs for several maternal and child factors associated with infantile 

hydrocephalus. Since hydrocephalus has diverse clinical associations, we delineated three 

mutually exclusive subtypes: NTD-H, associated with neural tube defects; PO-H, prenatal in 

onset, and which we presume contains a high proportion of congenital malformations; and 

ICH-H, associated with intracranial hemorrhage. Our goal was to determine whether 

differences in etiology would be evidenced by risk profiles that varied by subgroup.

Among maternal risk factors, neither age nor parity was associated with any subtype of 

hydrocephalus; however, we noted a decreased risk associated with Asian ethnicity. After 

adjusting for multiple other risk factors, this association persisted in all three subtypes, 

though results were statistically significant only for NTD-H and PO-H, possibly due to small 

numbers of affected Asian infants. A previous study assessing risk factors for hydrocephalus 

in California noted a similarly reduced risk associated with Asian ethnicity; however, 

specific subgroups were not evaluated 1. The reduced risk for NTD-H and PO-H could arise 

from differential termination of pregnancy, since both NTD-H and PO-H may be diagnosed 

on prenatal ultrasound. However, it would not explain the reduced risk seen in ICH-H as 
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well. Thus, there may be genetic factors possibly related to anatomy of the brain and skull 

that influence risk within this ethnic group.

Diabetes, particularly pre-existing diabetes, was associated with all three subtypes of 

hydrocephalus, though the result was not statistically significant in the NTD-H group, 

possibly because of small numbers. Two possible explanations exist for these associations. 

First, hyperglycemia is known to cause impaired expression of genes that are critical to 

central nervous system development 7, presumably leading to obstructive CNS 

malformations in NTD-H and PO-H. Second, diabetes has a strong association with 

premature delivery 8, which is strongly associated with ICH-H.

Hypertension (both pre-existing and pregnancy-related) was associated with an increased 

risk only for ICH-H. This is unsurprising, since hypertension is not a known risk factor for 

birth defects, but is strongly associated with preterm delivery 9. Interestingly, we noted an 

inverse association between NTD-H and hypertension. Hypertension seems unlikely to exert 

a protective effect for neural tube defects, so the nature of this association is unclear.

Among infant risk factors, prematurity was highly associated with all three subtypes of 

hydrocephalus, with similar risk increases seen in NTD-H and PO-H. Since the onset of 

hydrocephalus in both these subtypes is prior to delivery, we assume that premature delivery 

is either a consequence of the hydrocephalus or reflects other factors that led to – or are 

associated with – both hydrocephalus and premature delivery. ICH-H, by contrast, is post-

natal in onset. Hemorrhage is a well-recognized complication of premature birth 10, 11, and 

post-hemorrhagic hydrocephalus is a known consequence of intracranial hemorrhage 12, 13. 

Therefore, the remarkably high OR seen here likely reflects the causal role of prematurity in 

this subtype.

Male sex was associated only with ICH-H. While the findings presented here are based on 

relatively few cases and are therefore imprecise, it is noteworthy that this finding is 

consistent with reports from multiple previous studies 14, 15. We believe this primarily 

reflects the increased risk of intraventricular hemorrhage seen in male preterm infants, 

which has been well described16–18. Though we anticipated a modestly increased male 

predominance in the PO-H group due to X-linked forms of hydrocephalus, this was not seen.

This study was limited by our reliance on hospital discharge data to classify infants into 

subgroups. Even within a relatively homogeneous diagnostic entity such as NTD or ICH, 

there may be key clinical information not captured within diagnosis codes, which may 

render these subgroups more biologically diverse than their names imply. The PO-H 

subgroup was delineated exclusively on the basis of hydrocephalus time of onset. Although 

we expect that most patients in this group have obstructive central nervous system 

malformations, prenatal factors such as infection could introduce additional heterogeneity 

into this group that we were unable to account for in our analyses.

The differing risk profiles seen across subtypes supports the notion of hydrocephalus as a 

heterogeneous entity, with risk factors that depend upon underlying biologic mechanism. 

The apparence inverse association seen with Asian ethnicity and all three subtypes of 
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hydrocephalus deserves further investigation. Future research should take etiologic subtype 

into account.
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Figure 1. 
Adjusted odds ratios for Asian ethnicity and male gender, by subgroup
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