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Abstract

Background: Congenital hydrocephaly, an abnormal accumulation of fluid within the ventricular 

spaces at birth, can cause disability or death if untreated. Limited information is available about 

survival of infants born with hydrocephaly in Texas. Therefore, the purpose of the study was to 

calculate survival estimates among infants born with hydrocephaly without spina bifida in Texas.

Methods: A cohort of live-born infants delivered during 1999–2017 with congenital 

hydrocephaly without spina bifida was identified from the Texas Birth Defects Registry. Deaths 

within 1 year of delivery were identified using vital and medical records. One-year infant survival 

estimates were generated for multiple descriptive characteristics using the Kaplan–Meier method. 

Crude hazard ratios (HRs) for one-year survival among infants with congenital hydrocephaly 

by maternal and infant characteristics and adjusted HRs for maternal race and ethnicity were 

estimated using Cox proportional hazard models.

Results: Among 5709 infants born with congenital hydrocephaly without spina bifida, 4681 

(82%) survived the first year. The following characteristics were associated with infant survival: 

maternal race and ethnicity, clinical classification (e.g., chromosomal or syndromic), preterm birth, 

birth weight, birth year, and maternal education. In the multivariable Cox proportional hazards 

model, differences in survival were observed by maternal race and ethnicity after adjustment 

for other maternal and infant characteristics. Infants of non-Hispanic Black (HR: 1.28, 95% CI: 
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1.04–1.58) and Hispanic (HR: 1.31, 95% CI: 1.12–1.54) women had increased risk for mortality, 

compared with infants of non-Hispanic White women.

Conclusions: This study showed infant survival among a Texas cohort differed by maternal 

race and ethnicity, clinical classification, gestational age, birth weight, birth year, and maternal 

education in infants with congenital hydrocephaly without spina bifida. Findings confirm that 

mortality continues to be common among infants with hydrocephaly without spina bifida. 

Additional research is needed to identify other risk factors of mortality risk.
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1 | INTRODUCTION

Congenital hydrocephaly is characterized by excessive fluid accumulation, resulting in 

abnormally dilated cerebral ventricles at birth (Isaacs et al., 2018). Although congenital 

hydrocephaly is frequently present among infants with spina bifida, when it occurs without 

spina bifida the etiologies are different (Gili et al., 2022; Isaacs et al., 2018). Therefore, 

this study focused on congenital hydrocephaly without spina bifida (hereafter referred to 

as hydrocephaly, except where otherwise indicated). If left untreated, hydrocephaly leads 

to chronic morbidity and can be fatal (Gili et al., 2022; Isaacs et al., 2018). Prevalence of 

hydrocephaly differs worldwide (Isaacs et al., 2018). Total birth prevalence of hydrocephaly 

in North America is estimated to be approximately 5–6 cases/10,000 live births (Gili et 

al., 2022; Isaacs et al., 2018). In Texas, prevalence of hydrocephaly appears to be higher 

than national levels and is estimated to be 8 cases/10,000 live births (Texas Birth Defects 

Registry, n.d.).

Prior epidemiologic studies (Acakpo-Satchivi et al., 2008; Casey et al., 1997; Fernell 

et al., 1994; Iskandar et al., 1998; Persson et al., 2005; Vinchon et al., 2012) have 

reported survival estimates for hydrocephaly based on limited, clinic-based populations 

(e.g., a single hospital), which are subject to selection bias. A limited number of published 

population-based studies are available regarding hydrocephaly mortality or survival. In a 

recent international study, 6% of neonates with hydrocephaly died within 7 days, and 

infants with syndromic hydrocephaly had approximately a two times higher risk for death 

(Gili et al., 2022). However, the study did not assess mortality beyond 7 days. Two 

older studies conducted in the United States provided state-based estimates for survival 

among infants with hydrocephaly (Nembhard et al., 2001; Wang et al., 2011). In one study 

investigators reported 75% survival (one-year period) among infants born with hydrocephaly 

in Texas in 1995–1997. These results were before full implementation of a statewide active 

ascertainment registry in 1999 (Nembhard et al., 2001). Another study examined data 

from a passive ascertainment system in New York State. The study showed an overall 

25-year survival of 83% among infants with hydrocephaly (Wang et al., 2011). Studies 

also report that infant survival is influenced by maternal and infant-associated risk factors, 

such as maternal race and ethnicity, preterm birth, low birth weight, and maternal age 

(Ely & Driscoll, 2019; Gili et al., 2022; Ratnasiri et al., 2020; Shi et al., 2004), including 

improvements in care of preterm infants in more recent years (Glinianaia et al., 2020). 
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However, a fuller understanding of mortality risk factors is needed using current information 

on survival estimates.

The objectives of this study were to (1) describe population-based survival in a statewide 

cohort of infants born with hydrocephaly, through their first year of life, and (2) to identify 

independent maternal and infant characteristics that influence survival among these infants, 

including maternal race and ethnicity.

2 | METHODS

2.1 | Data

The Texas Department of State Health Services (DSHS) Texas Birth Defects Registry 

(TBDR) was established in 1993 and became statewide in 1999. TBDR is a large, active-

ascertainment surveillance system. It includes diagnoses and relevant clinical information 

for all major birth defects documented within the first year of life and infant and 

maternal demographic characteristics. Methods for identifying structural birth defects and 

chromosomal anomalies within the first year of life have been documented (Anderka et al., 

2015; Miller, 2006). Briefly, trained program staff routinely visit medical facilities in person 

or access the medical records online, to review medical logs (e.g., hospital unit logs and 

discharge listings) and other records to identify potential infants with birth defects. If an 

eligible birth defect is identified during pregnancy, at delivery, or during the child’s first 

year of life, and the mother resided in Texas at delivery, the relevant medical records are 

abstracted.

TBDR is routinely linked to state vital event data managed by the Center for Health 

Statistics at DSHS. These data are derived from birth, death, and fetal death certificates, 

and linkage is performed using a unique identifier (i.e., birth certificate number). Aside 

from vital status and live birth denominators, other important information from vital 

records includes gestational age, maternal education, maternal residence, and supplemental 

demographic data.

This study used data on live-born infants delivered by women residing in Texas from 

1999 (the first year the TBDR covered the entire state of Texas) to 2017. Infants with 

hydrocephaly were identified primarily using codes from the International Classification 
of Diseases Clinical Modification (ICD-9-CM) and the International Classification of 
Diseases Clinical Modification (ICD-10-CM). Infants meeting the case definition were 

then abstracted using modified specific corresponding codes from the British Pediatric 

Association Classification of Diseases: 742.300, 742.310, 742,320, 742.380, and 742.390. 

Because congenital hydrocephaly is frequently present among infants with spina bifida and 

its etiology is similar to hydrocephaly, infants with spina bifida were excluded from this 

analysis.

2.2 | Outcome and independent variables

The main outcome variable was survival time for infants born with hydrocephaly. This was 

calculated in days from birth until the death of an infant or until the infant was aged 1 year, 

with censoring at 1 year. Based on prior work (Benjamin et al., 2021, 2023; Marengo et 
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al., 2014, 2023; Martin-Giacalone et al., 2023; Vendola et al., 2010), infants without death 

records were assumed to have survived to their first birthday. Several independent variables 

were considered, including maternal race and ethnicity (non-Hispanic White [White], non-

Hispanic Black [Black], Hispanic, and additional groups), maternal age at delivery (<35 

years or ≥ 35 years), maternal education at delivery (less than high school [<12 years] 

high school [12 years], and more than high school [>12 years]), preterm birth (gestational 

age < 37 weeks or ≥ 37 weeks at delivery), birthweight (<2500 grams or ≥ 2500 grams), 

clinical classification for infants with hydrocephaly (isolated, chromosomal or syndromic, 

and multiple), and birth year (1999–2011 or 2012–2017) (Supplement A). The clinical 

classification of hydrocephaly was categorized as isolated cases (infants with hydrocephaly 

and no other birth defects), chromosomal or syndromic (infants with hydrocephaly and 

chromosomal or syndromic birth defects) and multiple (infants with hydrocephaly and 

other major birth defects other than chromosomal and syndromic) (Benjamin et al., 2022; 

Langlois et al., 2023). The “additional groups” race and ethnicity category included non-

Hispanic Asian, non-Hispanic Native Hawaiian and Pacific Islander, non-Hispanic American 

Indian and Alaskan Native, and non-Hispanic with ≥2 reported races. Birth year was 

dichotomized before and after 2012 to specifically characterize survival in recent years.

2.3 | Statistical analysis

Counts and percentages were tabulated to summarize distribution of infants with 

hydrocephaly by maternal and infant characteristics. The Kaplan–Meier method was used to 

estimate infant survival probability and to generate survival curves for hydrocephaly overall. 

Analyses were also stratified by maternal race and ethnicity, maternal education, maternal 

age, hydrocephaly classification type, preterm birth, birth weight, and birth year.

Unadjusted hazard ratios were computed using univariable Cox proportional hazards 

models.

Subsequently Cox proportional hazards models were used for multivariable analysis to 

estimate the mortality hazard ratios (HRs) for infants with hydrocephaly by maternal 

race and ethnicity adjusted for all other maternal and infant characteristics identified 

during literature review. All variables were included in a simultaneous Cox proportional 

hazards regression model to obtain adjusted HRs. A simultaneous regression approach was 

employed because no theoretical basis exists for considering one variable over another in 

terms of relevance to study objectives (Harrell, 2001). Schoenfeld residuals were used to test 

proportional hazards assumptions, and assumptions were met for main variable of interest 

and other covariates with exception of gestational age and less than high school category of 

maternal education (Supplement B). All analyses were carried out using SAS® version 9.4 

(SAS Institute Inc., Cary, North Carolina, USA).

This project was approved by the DSHS Institutional Review Board. This project was 

reviewed by the Centers for Disease Prevention and Prevention (CDC) and was conducted 

consistent with applicable federal law and CDC policy (e.g., 45 C.F.R. part 46.102(l)(2), 21 

C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et seq.).
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3 | RESULTS

In total, 5709 infants with hydrocephaly were analyzed for delivery years 1999–2017 (Table 

1). In terms of maternal race and ethnicity, 34.78% of mothers of infants were White, 

13.37% were Black, 48.48% were Hispanic, and 3.37% were from additional groups. 

Based on clinical classification, 15.76% of infants had chromosomal or syndromic, 26.69% 

isolated (no co-occurring birth defects), and 53.56% multiple forms of hydrocephaly. 

Among infants analyzed, 42.53% were preterm (<37 weeks of gestation) and 41.01% were 

low birth weight (<2500 grams). In total, 62.67% of infants with hydrocephaly were born 

before 2012. Distribution of infants born based on maternal education was 28.51%, 30.68%, 

and 40.81% for <12 years, 12 years, and > 12 years of education, respectively.

Overall, infant survival for hydrocephaly was 82.83% (95% CI: 0.82–0.84) (Table 2, 

Figure 1). The lowest infant survival rates were observed among infants with hydrocephaly 

classified as chromosomal and syndromic (66.33%; 95% CI: 63.14–69.32), preterm births 

(78.91%; 95% CI:77.24–80.48), and low birth weight (76.29%; 95% CI: 74.52–77.96). The 

highest survival rates were observed among infants with isolated hydrocephaly (92.45%; 

95% CI:91.01–93.67). The survival patterns in Kaplan–Meier curve showed the greatest 

decrease in survival occurring during neonatal period (within the first month), followed by a 

leveling of the survival estimates in later months (Figure 1).

In the unadjusted Cox proportional hazard model, the following maternal and infant 

characteristics had an increased risk of infant mortality: maternal race and ethnicity, clinical 

classification, gestational age, birth weight, birth year period, and maternal education (Table 

3). In the multivariable Cox proportional hazards model, racial and ethnic differences in 

infant survival were observed after adjustment for all maternal and infant characteristics. 

Infants of Black (HR:1.28, 95% CI: 1.04–1.58) and Hispanic (HR:1.31, 95% CI: 1.12–1.54) 

women were at approximately 30% increased relative risk for death, compared with White 

women (Table 4).

4 | DISCUSSION

This study provides contemporary population-based infant survival estimates for 

hydrocephaly in Texas from an active ascertainment birth defects surveillance system. 

Overall survival estimates of 83% appears to be higher than the 75% estimate observed in a 

previous study conducted in Texas during the 1990s. The difference between the two studies 

might be the result of the earlier data being from an incomplete surveillance system and with 

relatively limited frequencies. However, this estimate seems consistent with the survival 

estimate (83%) provided in a 2011 New York study (1983–2006), based on passively 

reported data (Nembhard et al., 2001; Wang et al., 2011). Compared with population of all 

infants born in Texas, the excess mortality among infants with hydrocephaly is considerable 

(Nembhard et al., 2001).

Studies have shown that mortality is higher among infants and children with birth defects 

(Agha et al., 2006; Copeland & Kirby, 2007; Kassebaum et al., 2017), compared with those 

in the general population. An analysis of National Vital Statistics System and the National 
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Linked Birth and Death data from 1915 to 2017 revealed racial and ethnic, socioeconomic, 

and geographic disparities in infant mortality in the United States (Singh & Stella, 2019). 

Factors, including maternal race and ethnicity, maternal age, maternal education, gestational 

age, and birth weight were shown to be associated with mortality and survival among infants 

with or without birth defects (Almli et al., 2020; Lopez et al., 2018; Nembhard et al., 2010; 

Oster et al., 2013; Pace et al., 2018; Yang et al., 2006). Early diagnosis and treatment of 

birth defects such as hydrocephaly and an improved understanding of potential risk factors is 

crucial for infant survival.

This study provided statewide, population-based survival estimates for infants with 

hydrocephaly stratified by multiple factors, including maternal race and ethnicity. After 

accounting for multiple variables, adjusted HRs suggested that infants with hydrocephaly 

born to Black and Hispanic mothers are approximately 30% more likely to die during 

infancy, compared with infants born to White mothers. These results appear consistent 

with typical birth defects survival patterns (Glinianaia et al., 2020). Associations with 

maternal race and ethnicity might represent the role of many complex factors not included 

in this study. Although racial and ethnic differences in low birth weight, prematurity, and 

respiratory distress syndrome are hypothesized to play a role in birth defect mortality 

(Centers for Disease Control and Prevention [CDC], 1990), the current analyses accounted 

only for low birth weight and preterm birth. Given the complex landscape of factors 

associated with maternal race and ethnicity, to reduce infant mortality from birth defects, 

further work is needed to understand discrepancies that lie within social determinants 

associated with adverse infant outcomes.

In this study, unadjusted results showed infants with chromosomal or syndromic 

hydrocephaly had approximately five-times higher hazard of death, compared with infants 

born with isolated hydrocephaly. This finding is consistent with those from an international 

study concerning early neonatal hydrocephaly mortality that reported case fatality rates 

approximately 2.7 times higher among infants with syndromic versus nonsyndromic 

hydrocephaly (Gili et al., 2022). A previous Texas study also reported 88%, 63%, and 

25% survival for infants with hydrocephaly with zero, one, and two co-occurring “life-

threatening” defects, respectively, but did not focus on chromosomal or syndromic defects 

specifically (Nembhard et al., 2001).

Similarly, the unadjusted results showed low birthweight (<2500 grams) was significantly 

associated with higher mortality. Further, unadjusted preterm birth was associated with 

infant mortality among this population. Gestational age and birthweight play a crucial role 

in survival among infants without birth defects and might also be important among those 

with birth defects. For instance, Benjamin et al. reported that preterm and low birth weight 

contributed to 10% of deaths among all infants with birth defects in Texas (Benjamin et al., 

2021). Similarly, a national-level analysis of linked birth defects and infant death records for 

infants born to U.S. residents during 2002–2017 reported increased mortality rates among 

preterm infants with birth defects born at 32–36 weeks (Almli et al., 2020). Prematurity and 

low-birth weight pose increased health concerns because of conditions such as premature 

lungs, difficulty with feeding and risk for infection, which might influence mortality hazard 

in infants with existing hydrocephaly.
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Based on unadjusted results, the current study also reported that over the 19 years of the 

study’s cohort (from 1999 to 2017), infants born before 2012 were at an increased risk 

for mortality (16% higher), compared with those born in years after 2012. These findings 

suggest some improvement in clinical care and wraparound services in terms of timely 

identification and referrals. Examples of potential improvement in prenatal and neonatal 

clinical care over time include advances in prenatal diagnosis, neonatal care (including 

intensive care, standard use of antenatal steroids, and surfactant therapy for prevention 

of neonatal mortality and morbidity in preterm births), early surgical interventions, 

extracorporeal membrane oxygenation, care centralization, and treatment and transplantation 

of certain organs or body systems (for those with co-occurring defects) (Glinianaia et al., 

2020). Similarly, results of a meta-analyses showed statistically significant improvement 

in survival over time among infants with spina bifida, esophageal atresia, biliary atresia, 

congenital heart defects (CHD), gastroschisis, and Down syndrome with CHD, but not 

with encephalocele, biliary atresia with a native liver or Down syndrome without CHD 

(Glinianaia et al., 2020).

Strengths of this study include new information for an under published topic, regarding the 

survival of infants with hydrocephaly in Texas. This analysis used statewide data collected 

through a large public health surveillance system with active ascertainment of birth defects, 

accounting for approximately 1 in 10 annual births in the United States (Agha et al., 2006). 

Finally, this study used a substantial sample size, resulting in relatively precise estimates for 

survival estimates and HRs.

Study limitations include reliance on state-level vital records, although our prior work 

suggests that only a limited number of infant deaths might occur out of state for infants with 

birth defects born in Texas (Nembhard et al., 2001). Assumptions about proportionality of 

hazards held for main variable of interest (race/ethnicity) and other covariates with exception 

of gestational age and less than high school category of maternal education. This analysis 

included some infants who might have had hydrocephaly that developed early in infancy 

rather than in utero. However, hydrocephaly that was likely secondary to another select 

documented anomaly was excluded from the analysis. This study did not conduct separate 

analyses for infant survival and for each confounding maternal and infant characteristics, 

which might have addressed bias introduced by intermediate variables in the causal pathway. 

Additional clinical variables that were not available (e.g., full diagnostic details, treatment 

strategies, and other clinical information) might shed additional light on mortality risk in 

future studies. In this analysis racial and ethnic groups other than NH White, NH Black, and 

Hispanic were collapsed into one additional groups category due to small sizes. Therefore, 

this may not be a full examination of all racial/ethnic differences in infant survival by 

maternal race/ethnicity. Although research on causal pathways has increased, most cases 

of hydrocephaly remain genetically unexplained from a clinical diagnosis and treatment 

standpoint and can play a role in infant survival (Allington et al., 2021; Tully & Dobyns, 

2014). Therefore, results of this study should be interpreted cautiously.
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5 | CONCLUSIONS

This study confirms that mortality continues to be common among infants with 

hydrocephaly in a Texas cohort, which highlights the need for new avenues to work 

toward identification of modifiable mortality risk factors among affected infants. As a next 

step in this direction, the study identified racial and ethnic differences in infant survival 

for hydrocephaly and potential differences by clinical classification, gestational age, birth 

weight, birth year, and maternal education. Some of these potential associations might 

identify candidate risk factors that can be considered for future hypothesis-testing analytic 

approaches, such as time analyses. Such further research is expected to ultimately help 

elucidate the underlying causal pathways involved and might translate to clinical strategies 

for improving infant survival for hydrocephaly.
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FIGURE 1. 
One-year Kaplan–Meier survival estimates for infants born with hydrocephaly without spina 

bifida, Texas, 1999–2017. Modeled one-year survival estimates among infants born with 

hydrocephaly with censoring at 364 days.

Ahmed et al. Page 11

Birth Defects Res. Author manuscript; available in PMC 2025 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahmed et al. Page 12

TA
B

L
E

 1

D
is

tr
ib

ut
io

n 
of

 in
fa

nt
s 

bo
rn

 w
ith

 h
yd

ro
ce

ph
al

y 
w

ith
ou

t s
pi

na
 b

if
id

a 
an

d 
se

le
ct

ed
 c

of
ac

to
rs

, s
tr

at
if

ie
d 

by
 c

la
ss

if
ic

at
io

n 
ca

te
go

ry
, T

ex
as

, 1
99

9–
20

17
a  

(N
 =

 

57
09

).

V
ar

ia
bl

e
C

at
eg

or
ie

s
F

re
qu

en
cy

P
er

ce
nt

M
at

er
na

l r
ac

e 
an

d 
et

hn
ic

ity
N

on
-H

is
pa

ni
c 

W
hi

te
19

83
34

.7
8

N
on

-H
is

pa
ni

c 
B

la
ck

76
2

13
.3

7

H
is

pa
ni

c
27

64
48

.4
8

A
dd

iti
on

al
 g

ro
up

sb
19

2
3.

37

C
la

ss
if

ic
at

io
n

C
hr

om
os

om
al

 a
nd

 s
yn

dr
om

ic
90

0
15

.7
6

Is
ol

at
ed

15
24

26
.6

9

M
ul

tip
le

30
58

53
.5

6

G
es

ta
tio

na
l a

ge
Pr

et
er

m
 <

37
 w

ee
ks

24
28

42
.5

3

Te
rm

 ≥
37

 w
ee

ks
32

81
57

.4
7

B
ir

th
 w

ei
gh

t
L

ow
 b

ir
th

 w
ei

gh
t <

 2
50

0 
gr

am
s

23
41

41
.0

1

N
or

m
al

 b
ir

th
 w

ei
gh

t ≥
 2

50
0 

gr
am

s
33

68
58

.9
9

B
ir

th
 y

ea
r

<
20

12
35

78
62

.6
7

≥2
01

2
21

31
37

.3
3

M
at

er
na

l e
du

ca
tio

n
<

12
 y

ea
rs

15
79

28
.5

1

12
 y

ea
rs

16
99

30
.6

8

≥1
2 

ye
ar

s
22

60
40

.8
1

M
at

er
na

l a
ge

<
35

 y
ea

rs
48

90
85

.6
5

≥3
5 

ye
ar

s
81

9
14

.3
5

a O
nl

y 
liv

e-
bo

rn
 in

fa
nt

s 
w

ith
 h

yd
ro

ce
ph

al
y 

w
ith

ou
t s

pi
na

 b
if

id
a 

w
er

e 
in

cl
ud

ed
 in

 th
e 

an
al

ys
is

. N
ot

 a
ll 

m
at

er
na

l a
nd

 in
fa

nt
 c

ha
ra

ct
er

is
tic

s 
ca

te
go

ri
es

 a
dd

 u
p 

to
 th

e 
to

ta
l b

ec
au

se
 o

f 
m

is
si

ng
 d

at
a.

b A
dd

iti
on

al
 G

ro
up

s 
ra

ce
 a

nd
 e

th
ni

ci
ty

 c
at

eg
or

y 
in

cl
ud

ed
 n

on
-H

is
pa

ni
c 

A
si

an
, n

on
-H

is
pa

ni
c 

N
at

iv
e 

H
aw

ai
ia

n 
an

d 
Pa

ci
fi

c 
Is

la
nd

er
, n

on
-H

is
pa

ni
c 

A
m

er
ic

an
 I

nd
ia

n 
an

d 
A

la
sk

an
 N

at
iv

e,
 a

nd
 n

on
-H

is
pa

ni
c 

tw
o 

or
 m

or
e 

ra
ce

s.

Birth Defects Res. Author manuscript; available in PMC 2025 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahmed et al. Page 13

TA
B

L
E

 2

Su
rv

iv
al

 e
st

im
at

es
 (

%
, w

ith
 9

5 
C

I)
 f

or
 in

fa
nt

s 
bo

rn
 w

ith
 h

yd
ro

ce
ph

al
y 

w
ith

ou
t s

pi
na

 b
if

id
a 

an
d 

se
le

ct
ed

 c
of

ac
to

rs
, T

ex
as

, 1
99

9–
20

17
 (

N
 =

 5
70

9)
.a

V
ar

ia
bl

e
C

at
eg

or
ie

s
In

fa
nt

s 
N

o.
D

ea
th

s 
N

o.
Su

rv
iv

al
 e

st
im

at
e 

(%
)

95
%

 C
I

O
ve

ra
ll

57
09

98
0

82
.8

3
81

.8
3–

83
.7

8

M
at

er
na

l r
ac

e 
an

d 
et

hn
ic

ity
N

on
-H

is
pa

ni
c 

W
hi

te
19

83
27

1
86

.3
3

84
.7

4–
87

.7
7

N
on

-H
is

pa
ni

c 
B

la
ck

76
2

14
5

80
.9

7
78

.0
0–

83
.5

8

H
is

pa
ni

c
27

63
53

8
80

.5
3

79
.0

0–
81

.9
6

A
dd

iti
on

al
 g

ro
up

sb
19

2
26

86
.4

6
80

.7
5–

90
.5

7

C
la

ss
if

ic
at

io
n

C
hr

om
os

om
al

 a
nd

 S
yn

dr
om

ic
90

0
30

3
66

.3
3

63
.1

4–
69

.3
2

Is
ol

at
ed

15
23

11
5

92
.4

5
91

.0
1–

93
.6

7

M
ul

tip
le

30
58

51
9

83
.0

3
81

.6
5–

84
.3

1

G
es

ta
tio

na
l a

ge
Pr

et
er

m
 <

37
 w

ee
ks

24
28

51
2

78
.9

1
77

.2
4–

80
.4

8

Te
rm

 ≥
37

 w
ee

ks
32

80
46

8
85

.7
3

84
.4

9–
86

.8
8

B
ir

th
 w

ei
gh

t
L

ow
 b

ir
th

 w
ei

gh
t <

 2
50

0 
gr

am
s

23
41

55
5

76
.2

9
74

.5
2–

77
.9

6

N
or

m
al

 b
ir

th
 w

ei
gh

t ≥
 2

50
0 

gr
am

s
33

67
42

5
87

.3
8

86
.2

1–
88

.4
5

B
ir

th
 y

ea
r

<
20

12
35

78
64

2
82

.0
6

80
.7

6–
83

.2
8

≥2
01

2
21

30
33

8
84

.1
3

82
.5

1–
85

.6
2

M
at

er
na

l e
du

ca
tio

n
<

12
 y

ea
rs

15
79

31
7

79
.9

2
77

.8
6–

81
.8

2

12
 y

ea
rs

16
98

28
7

83
.1

0
81

.2
3–

84
.8

0

≥1
2 

ye
ar

s
22

60
34

4
84

.7
8

83
.2

3–
86

.2
0

M
at

er
na

l a
ge

<
35

 y
ea

rs
48

89
82

9
83

.0
4

81
.9

6–
84

.0
7

≥3
5 

ye
ar

s
81

9
15

1
81

.5
6

78
.7

3–
84

.0
5

a O
nl

y 
liv

e-
bo

rn
 in

fa
nt

s 
w

ith
 h

yd
ro

ce
ph

al
y 

w
ith

ou
t s

pi
na

 b
if

id
a 

w
er

e 
in

cl
ud

ed
 in

 th
e 

an
al

ys
is

. T
he

 e
st

im
at

es
 a

re
 K

ap
la

n–
M

ei
er

 s
ur

vi
va

l e
st

im
at

es
. N

ot
 a

ll 
m

at
er

na
l a

nd
 in

fa
nt

 c
ha

ra
ct

er
is

tic
s 

ca
te

go
ri

es
 a

dd
 

up
 to

 th
e 

to
ta

l b
ec

au
se

 o
f 

m
is

si
ng

 d
at

a.

b A
dd

iti
on

al
 G

ro
up

s 
ra

ce
 a

nd
 e

th
ni

ci
ty

 c
at

eg
or

y 
in

cl
ud

ed
 n

on
-H

is
pa

ni
c 

A
si

an
, n

on
-H

is
pa

ni
c 

N
at

iv
e 

H
aw

ai
ia

n 
an

d 
Pa

ci
fi

c 
Is

la
nd

er
, n

on
-H

is
pa

ni
c 

A
m

er
ic

an
 I

nd
ia

n 
an

d 
A

la
sk

an
 N

at
iv

e,
 a

nd
 n

on
-H

is
pa

ni
c 

tw
o 

or
 m

or
e 

ra
ce

s.

Birth Defects Res. Author manuscript; available in PMC 2025 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahmed et al. Page 14

TA
B

L
E

 3

U
na

dj
us

te
d 

ha
za

rd
 r

at
io

s 
(i

nd
ic

at
in

g 
re

la
tiv

e 
ri

sk
 f

or
 d

ea
th

) 
fo

r 
in

fa
nt

s 
w

ith
 h

yd
ro

ce
ph

al
y 

w
ith

ou
t s

pi
na

 b
if

id
a 

an
d 

se
le

ct
ed

 c
of

ac
to

rs
, T

ex
as

, 1
99

9–
20

17
.

V
ar

ia
bl

e
C

at
eg

or
ie

s
H

az
ar

d 
ra

ti
o

95
%

 C
I

p 
va

lu
e

M
at

er
na

l r
ac

e 
an

d 
et

hn
ic

ity
N

on
-H

is
pa

ni
c 

W
hi

te
 (

R
ef

er
en

t)
1.

00
—

—

N
on

-H
is

pa
ni

c 
B

la
ck

1.
42

1.
16

–1
.7

4
<

.0
01

H
is

pa
ni

c
1.

47
1.

27
–1

.7
0

<
.0

01

A
dd

iti
on

al
 g

ro
up

sa
0.

98
0.

66
–1

.4
7

.9
4

C
la

ss
if

ic
at

io
n

C
hr

om
os

om
al

 a
nd

 s
yn

dr
om

ic
5.

17
4.

17
–6

.4
1

<
.0

01

Is
ol

at
ed

 (
re

fe
re

nt
)

1.
00

—
—

M
ul

tip
le

2.
37

1.
93

–2
.9

0
<

.0
01

G
es

ta
tio

na
l a

ge
Pr

et
er

m
 <

37
 w

ee
ks

1.
58

1.
39

–1
.7

9
<

.0
01

Te
rm

 ≥
37

 w
ee

ks
 (

re
fe

re
nt

)
1.

00
—

—

B
ir

th
 w

ei
gh

t
L

ow
 b

ir
th

 w
ei

gh
t <

 2
50

0 
gr

am
s

2.
04

1.
80

–2
.3

1
<

.0
01

N
or

m
al

 b
ir

th
 w

ei
gh

t ≥
 2

50
0 

gr
am

s
1.

00
—

—

B
ir

th
 y

ea
r

>
20

12
1.

15
1.

01
–1

.3
1

0.
04

≥2
01

2 
(r

ef
er

en
t)

1.
00

—
—

M
at

er
na

l e
du

ca
tio

n
<

12
 y

ea
rs

1.
34

1.
15

–1
.5

7
<

.0
01

12
 y

ea
rs

1.
12

0.
96

–1
.3

1
0.

17

>
12

 y
ea

rs
 (

re
fe

re
nt

)
1.

00
—

—

M
at

er
na

l a
ge

<
35

 y
ea

rs
 (

re
fe

re
nt

)
1.

00
—

—

≥3
5 

ye
ar

s
1.

09
0.

92
–1

.3
0

0.
32

a A
dd

iti
on

al
 g

ro
up

s 
ra

ce
 a

nd
 e

th
ni

ci
ty

 c
at

eg
or

y 
in

cl
ud

ed
 n

on
-H

is
pa

ni
c 

A
si

an
, n

on
-H

is
pa

ni
c 

N
at

iv
e 

H
aw

ai
ia

n 
an

d 
Pa

ci
fi

c 
Is

la
nd

er
, n

on
-H

is
pa

ni
c 

A
m

er
ic

an
 I

nd
ia

n 
an

d 
A

la
sk

an
 N

at
iv

e,
 a

nd
 n

on
-H

is
pa

ni
c 

tw
o 

or
 m

or
e 

ra
ce

s.

Birth Defects Res. Author manuscript; available in PMC 2025 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ahmed et al. Page 15

TA
B

L
E

 4

A
dj

us
te

d 
ha

za
rd

 r
at

io
s 

(i
nd

ic
at

in
g 

re
la

tiv
e 

ri
sk

 f
or

 d
ea

th
) 

fo
r 

in
fa

nt
s 

w
ith

 h
yd

ro
ce

ph
al

y 
w

ith
ou

t s
pi

na
 b

if
id

a 
an

d 
ra

ce
 a

nd
 e

th
ni

ci
ty

, T
ex

as
, 1

99
9–

20
17

.a

V
ar

ia
bl

e
C

at
eg

or
ie

s
H

az
ar

d 
ra

ti
o

95
%

 c
on

fi
de

nc
e 

lim
it

p 
va

lu
e

R
ac

e 
an

d 
E

th
ni

ci
ty

N
on

-H
is

pa
ni

c 
W

hi
te

 (
R

ef
er

en
t)

1.
00

—
—

N
on

-H
is

pa
ni

c 
B

la
ck

1.
28

1.
04

–1
.5

8
.0

2

H
is

pa
ni

c
1.

31
1.

12
–1

.5
4

<
.0

01

A
dd

iti
on

al
 g

ro
up

sb
0.

95
0.

63
–1

.4
2

.7
8

a A
dj

us
te

d 
fo

r 
cl

as
si

fi
ca

tio
n,

 g
es

ta
tio

na
l a

ge
, b

ir
th

 w
ei

gh
t, 

bi
rt

h 
ye

ar
, m

at
er

na
l e

du
ca

tio
n,

 a
nd

 m
at

er
na

l a
ge

.

b A
dd

iti
on

al
 g

ro
up

s 
ra

ce
 a

nd
 e

th
ni

ci
ty

 c
at

eg
or

y 
in

cl
ud

ed
 n

on
-H

is
pa

ni
c 

A
si

an
, n

on
-H

is
pa

ni
c 

N
at

iv
e 

H
aw

ai
ia

n 
an

d 
Pa

ci
fi

c 
Is

la
nd

er
, n

on
-H

is
pa

ni
c 

A
m

er
ic

an
 I

nd
ia

n 
an

d 
A

la
sk

an
 N

at
iv

e,
 a

nd
 n

on
-H

is
pa

ni
c 

tw
o 

or
 m

or
e 

ra
ce

s.

Birth Defects Res. Author manuscript; available in PMC 2025 January 01.


	Abstract
	INTRODUCTION
	METHODS
	Data
	Outcome and independent variables
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4

