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Abstract
BACKGROUND—The effect of birth location on hypothermia-related outcomes has not been
rigorously examined in the literature. In this study, we determined whether birth location had an
impact on the benefits of whole-body cooling to 33.5 °C for 72 h in term infants (n = 208) with
hypoxic–ischemic encephalopathy (HIE) who participated in the Neonatal Research Network
(NRN) randomized controlled trial.

METHODS—Heterogeneity by birth location was examined with respect to cooling treatment for
the 18-mo primary outcomes (death, moderate disability, severe disability) and secondary
outcomes (death, components of disability), and in-hospital organ dysfunction. Logistic regression
models were used to generate adjusted odds ratios.

RESULTS—Infants bom at a location other than an NRN center (outborn) (n = 93) experienced
significant delays in initiation of therapy (mean (SD): 5.5 (1.1) vs. 4.4 (1.2) h), lower baseline
temperatures (36.6 (1.2) vs. 37.1 (0.9) °C), and more severe HIE (43 vs. 29%) than infants born in
an NRN center (inborn) (n = 115). Maternal education <12 y (50 vs. 14%) and African-American
ethnicity (43 vs. 25%) were more common in the inborn group. When adjusted for NRN center
and HIE severity, there were no significant differences in 18-mo outcomes or in-hospital organ
dysfunction between inborn and outborn infants.

CONCLUSION—Although limited by sample size and some differences in baseline
characteristics, the study showed that birth location does not appear to modify the treatment effect
of hypothermia after HIE.
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Hypoxic–ischemic encephalopathy (HIE) caused by acute perinatal asphyxia remains an
important cause of neonatal mortality and neurodevelopmental deficit in childhood. The
Cochrane meta-analysis of eight randomized controlled trials (RCTs) of therapeutic
hypothermia in newborns with HIE demonstrated a beneficial effect for this treatment, with
a statistically significant and clinically important reduction in the combined outcome of
mortality and major neurodevelopmental disability up to the age of 18 mo (relative risk 0.76;
95% confidence interval (CI) 0.65–0.89) (1). Large published RCTs have shown a reduction
in death or major developmental disability among infants with HIE who had undergone
hypothermia therapy as compared with controls (Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD) Neonatal Research Network (NRN)
trial and the Infant Cooling Evaluation trial), a reduction in death or disability among infants
with less severe amplitude-integrated electroencephalogram changes at randomization
(CoolCap trial), and an increase in survival without disability (TOBY trial) (2–5). With the
widespread adoption of therapeutic hypothermia for HIE, it has become important to
ascertain factors that could modulate its effectiveness and safety.

In an early pilot study by Eicher and colleagues, infants transported into the participating
centers (outborn) were found to be significantly more likely to die than those born in the
participating centers (inborn), after controlling for treatment group (6,7). There is scarcity of
data on the effects of birth location on outcomes related to hypothermia therapy in neonatal
HIE. We undertook a secondary analysis of data from the NICHD NRN whole-body
hypothermia RCT to test the interaction between the hypothermia treatment and the location
of birth (inborn or outborn), so as to determine whether the benefits and potential adverse
effects of whole-body cooling vary in these subgroups. In addition, factors that may
contribute to a difference in outcomes, if any, between the groups were examined.

RESULTS
Data on the primary outcome were available for 205 (98.5%) of the 208 infants enrolled.
The three infants for whom data were missing were in the control group. The baseline
characteristics of outborn (n = 93) and inborn (n = 115) infants are compared in Table 1.
Maternal education <12 y (14 vs. 50%), African-American ethnicity (25 vs. 43%), and
maternal intrapartum fever (4 vs. 15%) were significantly less frequent in outborn infants as
compared to inborn ones. Outborn infants had (i) significantly delayed age at study entry
(mean (± SD): 5 (0.9) vs. 3.7 (1.1) h); (ii) a greater proportion with time to onset of
spontaneous respiration >10min (79 vs. 64%); (iii) a greater need for continued resuscitation
at 10min (99 vs. 90%); and (iv) more severe HIE (44 vs. 29%) than inborn infants (P <
0.05). Comparable proportions (48 vs. 53%) in the two groups of infants were randomized to
receive whole-body cooling. Outborn infants had lower baseline temperatures (36.6 (1.2) vs.
37.1 (0.9) °C) when placed on the cooling blanket, a greater delay in the initiation of cooling
(mean (± SD): 5.5 (1.1) vs. 4.4 (1.2) h), and higher age at target temperature (mean (± SD):
6.4 (1.2) vs. 5.6 (1.3) h) than inborn infants.

Figure 1 reflects the outcomes related to hypothermia in outborn and inborn infants. The
rates of adverse outcomes, namely, (i) death or moderate or severe disability, (ii) death, (iii)
Mental Developmental Index (MDI) < 70, and (iv) Psychomotor Developmental Index < 70,
were all higher in the outborn population than in the inborn population, in both hypothermia-
treated and control subgroups. Table 2 shows the odds ratios (OR) with corresponding 95%
CI and P values for interaction for each outcome in outborn and inborn subgroups after
adjustment for study center and for the severity of HIE. There was no significant
heterogeneity of treatment effect for any outcome assessed as shown by unadjusted analysis,
by analysis after adjustment for study center, or by analysis after adjustment for both study
center and severity of HIE.
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DISCUSSION
Therapeutic hypothermia for neonatal HIE has been demonstrated to have a consistent
benefit without major adverse effects (1,8–10). We utilized data from the NICHD NRN
whole-body cooling RCT to determine whether the safety and efficacy of hypothermia
varied between a group of infants who were inborn and a group of infants transported from a
referral center to an NRN site. The unadjusted rates of adverse outcomes (death or moderate
or severe disability; death; MDI < 70; and psychomotor developmental index < 70) were
higher in the outborn population as compared with the inborn population in both
hypothermia-treated and control subgroups. After adjusting for NRN center and severity of
encephalopathy, we were unable to detect an independent effect of birth location on
outcome.

In an early pilot study by Eicher and colleagues, outborn infants, who formed 75% of the
study population, were found to be significantly more likely to die than inborn infants (OR
10.7; 95% CI 1.3–90), after controlling for treatment group. However, severity of HIE was
not controlled for in this analysis (7). Approximately 77% of the study cohort had severe
HIE (Sarnat stage III). Of 24 deaths, 22 occurred in the outborn population. Active cooling
was undertaken during transport for all outborn infants. Of note, in the infants who received
hypothermia treatment, the mean time to target temperature (32.5–33.5 °C) in outborn
infants (n = 23) tended to be shorter than in inborn ones (n = 6) (111 ± 78 vs. 156 ±
116min). The authors speculated that the adverse outcomes among outborn infants may have
been due to lack of experienced personnel, difficulties in resuscitation, or problems with
postresuscitation stabilization. In the recent ICE trial there was no significant finding to
suggest that the effects of hypothermia differed within the outborn subgroup (5). The ICE
trial also included cooling at the birth hospital and passive and active cooling during
transport, along with rectal temperature monitoring (5). However, in the current NICHD
NRN data set, cooling was not undertaken for the infants during transport.

In this study, a significantly greater proportion of outborn infants (as compared to inborn
ones) required continued resuscitation at 10min, experienced onset of spontaneous
respiration at > 10 min, and had severe, rather than moderate HIE. It was not possible to
determine whether these differences originated from any systematic differences in the
availability of personnel or quality and effectiveness of resuscitation, or whether it reflected
a referral bias, with the most severely HIE-affected infants being referred to another center
for cooling.

We noted several differences in baseline characteristics between the inborn and outborn
groups. Maternal fever occurred more often, and baseline infant temperatures were higher in
the inborn group. Elevated temperatures > 37.5 °C were noted in 27% of inborn infants as
compared to 17% of the outborn ones; however, these differences were not statistically
significant. Elevated temperatures during study intervention among control infants have
been previously shown to increase the odds for death or disability (11,12). On the other
hand, outborn infants experienced a greater delay in initiation of cooling therapy (although
still within the 6-h window of the protocol), and took longer to attain target temperatures.
Experimental data in animal models suggest that cerebral hypothermia that is initiated as
early as possible in the latent phase of injury is associated with neuroprotection (13). In the
CoolCap trial, within the fairly narrow range of recruitment times, there was no greater
improvement in those treated earliest after birth than in those treated later (4). In the NICHD
study cohort, time to achieve target temperatures did not influence outcome (8). In the
TOBY trial, the effect of treatment group did not vary significantly on the basis of time to
randomization: among the 105 infants randomly assigned to a group at <4h after birth, the
relative risk for the primary outcome (death or severe neurodevelopmental disability) with
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hypothermia treatment was 0.77 (95% CI 0.44–1.04), whereas among the other 220 infants
who were randomly assigned to groups at 4–6 h after birth, the relative risk was 0.95 (95%
CI 0.72–1.25; P = 0.21 for interaction) (3). In the ICE trial, no significant interactions were
demonstrated between hypothermia and age at randomization (P = 0.22) (5). The age at
randomization in the CoolCap, NICHD, TOBY, and ICE RCTs were 4.8 (range 2.6–6),
mean 4.3 (SD 1.3), median 4.7 (range 3.8–5.4), and mean (SD) 4 (1.3) h, respectively. In
recent years, with the premise that “time to target temperature” may be critical, there have
been reports of cooling of the infants being carried out during transport to the treatment
center (14–16). Passive, active, and servo-controlled cooling during transport have been
performed in small numbers of infants (14–16). However, overcooling to <32°C has been
reported in one-third of the infants; therefore it is critical to monitor core temperatures when
carrying out cooling in infants during transport. More research is needed on safety and
efficacy issues of cooling treatment during transport. Early ascertainment of encephalopathy
is also essential so as to optimally disseminate therapeutic hypothermia to centers that do not
currently offer this therapy (14,15).

The reason for more elevated temperatures recorded in inborn infants is unclear, although
they could be secondary to higher maternal temperatures. Maternal antibiotic regimens,
conditions of prolonged rupture of membranes, and clinical diagnosis of neonatal
septicemia, all of which are used as surrogate measures of infection, were not different
between the groups. The primary trial was completed under conditions of clinical equipoise,
and cooling was not initiated prior to the trial intervention at the NRN center. It is unlikely,
therefore, that the differences in temperatures were related to transport conditions. Another
significant difference between the groups was in the frequency of low maternal education
(<12 y) (50% in the inborn population vs. 14% among the outborn), a potential modulator of
early childhood developmental outcomes.

The strengths of our study are that data were collected prospectively from infants diagnosed
with HIE using stringent clinical and biochemical criteria and managed according to a
consistent protocol in tertiary level centers. We had a very high follow-up rate, and a
structured neurodevelopmental assessment was performed at 18–22 mo by certified trained
examiners. The proportion of outborn vs. inborn infants in the trial was roughly equal (45
vs. 55%), allowing a reasonable statistical comparison. The primary trial was completed at a
time when there was clinical equipoise and cooling was not initiated prior to the trial
intervention at the NRN center.

The reasons for the absence of any significant interaction between birth location and the
effects of cooling are complex. Baseline differences between groups, specifically the higher
baseline temperatures and lower maternal education levels in inborn infants as a group, may
have obscured an effect on outcomes. We may have had relatively low power to detect an
interaction in this secondary analysis. Nonetheless, the value of a careful statistical
exploration for heterogeneity of treatment effect, based on clinical data and biologic
rationale, has been previously recognized (17). Gabler and colleagues recently found that
only 29% of the RCTs that reported results had formally analyzed “heterogeneity of
treatment effects” data (18). They suggest that heterogeneity of treatment effect may have
important implications for individualized patient care, and that therefore the lack of such
analyses represent “missed opportunities” (18).

We examined the putative association between outcomes and birth location, potentially
important data for risk stratification and optimizing outcomes in perinatal HIE. In
conclusion, although limited by sample size and some differences in baseline characteristics,
birth location does not appear to modify the treatment effect of hypothermia treatment after
HIE in newborn infants.
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METHODS
This was a secondary post hoc analysis of data collected as part of the whole-body cooling
NICHD NRN RCT (2). The safety and 18-mo neurodevelopmental outcomes of the trial
have been previously reported (2,8). The original trial was approved by the institutional
review board at each participating site, and written consent was obtained from the parents of
eligible infants.

The study population was composed of infants with HIE, enrolled in the whole-body cooling
NICHD NRN RCT (2). Eligibility criteria included pH level of ≤ 7 or a base deficit of ≥ 16
in cord blood or during the first hour after birth. If pH was between 7.01 and 7.15 during this
interval and if base deficit was between 10 and 15.9 (or if blood gas data were not
available), the additional criteria required included an acute perinatal event (late or variable
decelerations, cord prolapse, cord rupture, uterine rupture, maternal trauma, hemorrhage, or
cardio-respiratory arrest), and either a 10-min Apgar score of ≤5 or assisted ventilation
initiated at birth and continued for at least 10 min (2). All the infants were moderately or
severely encephalopathic (one or more signs in at least three of six categories: level of
consciousness, spontaneous activity, posture, tone, primitive reflexes, and autonomic
nervous system) on a standardized neurologic examination by a certified physician
examiner, or had seizures. Exclusion criteria were inability to enroll the infant before 6h of
life, major congenital anomaly, birth weight <1800 grams, refusal of consent by parent or
attending physician, and moribund infant for whom no further aggressive treatment was
planned. The infants were randomly assigned to treatment groups stratified by center. The
neurodevelopmental assessments at 18–22 mo of age were performed by trained examiners
who were unaware of the intervention status of the infants.

“Inborn” was defined in the original whole-body cooling trial as birth at a site performing
the trial. “Outborn” included infants transferred to the clinical site where the hypothermia
trial was conducted; the birth could have been in a hospital setting or outside of a hospital or
healthcare setting such as delivery at home or in the ambulance. The interaction between
cooling and inborn vs. outborn birth was examined using 18-mo primary outcomes (death or
moderate or severe disability) and secondary outcomes (components of the primary outcome
separately) of the primary trial, and organ dysfunction (safety outcome) during
hospitalization. Severe disability was defined as (i) MDI < 70 on Bayley Scales of Infant
Development II, (ii) gross motor functional classification scale (Palisano) level 3–5, (iii)
hearing impairment requiring aids (>60 db audiometric testing), or (iv) bilateral blindness
(<20/200 visual acuity). Moderate disability was defined as MDI of 70 to 84 plus one of the
following: (i) gross motor functional classification scale level 2, (ii) hearing impairment
requiring no amplification, or (iii) a persistent seizure disorder defined as recurrent seizures
after Neonatal Intensive Care Unit discharge, requiring anti-convulsant therapy at the 18-mo
examination time point. Non-central nervous system organ dysfunction was defined as
follows: (i) pulmonary involvement included meconium aspiration syndrome, persistent
pulmonary hypertension of the newborn (requiring inhaled nitric oxide and extra-corporeal
membrane oxygenation), chronic lung disease, and/or pulmonary hemorrhage; (ii) cardiac
involvement such as cardiomegaly, cardiac failure and cardiac dysfunction as determined by
echocardiography, cardiac ischemia as determined by electrocardiography or elevated
enzyme levels, hypotension, hypertension, and/or arrhythmia; (iii) renal involvement such as
oliguria, anuria, and/or need for dialysis; (iv) gastrointestinal involvement characterized by
hepatic dysfunction or necrotizing enterocolitis; (v) infections such as bloodstream infection,
meningitis, or encephalitis; (vi) hematologic dysfunction, including thrombocytopenia and
disseminated intravascular coagulation, and (vii) metabolic dysfunction, including
hypoglycemia, hypocalcemia, and/or hypomagnesemia (8). Demographic data and baseline
clinical characteristics of inborn and outborn groups were compared.
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Statistical Analysis
Descriptive statistics were expressed as median (range), mean (SD), and number
(percentage) as appropriate. Formal statistical comparisons of mean values or proportions
between the two groups were carried out using two-sample t-test and χ2, as appropriate. For
each dichotomous outcome, logistic regression models were fitted for the inborn and
outborn subgroups, to determine an OR and 95% CI for each subgroup. ORs were adjusted
to control for NRN center and severity of HIE, two potential confounding variables that had
been adjusted for in the original trial and were selected a priori. The statistical significance
of the heterogeneity of treatment effect was determined using logistic regression models
with treatment/subgroup interactions. A value of P < 0.05 for the test of heterogeneity
(treatment X subgroup interaction) was considered a significant subgroup effect.
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Figure 1.
Rates of 18- to 22-mo outcomes related to hypothermia treatment in outborn and inborn
groups of infants. The dark gray bar represents outborn control infants, the black bar
represents outborn hypothermia-treated infants, the medium-gray bar represents inborn
controls, and the light-gray outlined bar represents the inborn hypothermia-treated infants.
MDI, Mental Developmental Index; PDI, Psychomotor Developmental Index.
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Table 1

Baseline characteristics of outborn and inborn groups of infants

Characteristic, mean (SD) or% Outborn (n = 93) Inborn (n=115) P value

Maternal age (y) 27.9 (5.7) 26.8 (6.3) 0.17

Maternal education < 12 y (%) 14.1 50 <0.0001*

Ethnicity (%)

 Black 24.7 42.6 0.007*

 Caucasian 54.8 18.3 <0.0001*

 Other 20.4 39.1 0.006*

Prenatal care (%) 94.6 93.9 1.0

Pregnancy complications (%)

 Antepartum hemorrhage 18.3 11.3 0.19

 Chronic hypertension 8.6 15.6 0.22

 Diabetes 4.3 11.3 0.11

Intrapartum complications (%)

 Fetal decelerations 72.8 74.8 0.87

 Cord prolapse 23.7 13.0 0.07

 Uterine rupture 11.8 15.6 0.55

 Shoulder dystocia 7.6 11.3 0.51

 Maternal fever (%) 4.3 14.8 0.02*

 Maternal antibiotics for suspected/confirmed infection (%) 16.3 20.2 0.59

 Rupture of membranes >18 h (%) 8.6 9.2 1.00

 Maternal hemorrhage (%) 3.2 9.6 0.12

 Emergency cesarean delivery (%) 77.4 69.6 0.27

Birth weight (grams) 3,422 (594) 3,341 (658) 0.36

Gestational age (wk) 38.8 (1.5) 38.9 (1.7) 0.62

Male gender (%) 57 56 0.96

Apgar score <5 (%)

 At 5 min 88.0 79.1 0.13

 At 10 min 75.9 65.4 0.16

Age at admission (h) 5.0 (0.9) 3.7 (1.1) <0.0001*

Age therapy started (h) 5.5 (1.0) 4.3 (1.2) <0.0001*

Age at target temperature (h) 6.4 (1.2) 5.6 (1.3) 0.002*

Temperature at randomization (°C) 36.6 (1.2) 37.1 (0.9) 0.002*

Temperature >37.5°C at randomization (%) 17.0 26.6 0.15

DR intubation (%) 94.6 93.0 0.86

Continued resuscitation at 10 min (%) 98.9 89.6 0.01*

Time of spontaneous respiration >10 min (%) 79.5 64.2 0.03*

Cord pH 6.82 (0.19) 6.88 (0.21) 0.11

Base deficit 19.9 (7.6) 18.9 (7.8) 0.49
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Characteristic, mean (SD) or% Outborn (n = 93) Inborn (n=115) P value

Severity of encephalopathy (%) 0.04*

 Moderate 56.5 71.3

 Severe 43.5 28.7

Cooling group (%) 48.4 53 0.60

Septicemia/meningltis/encephalitis (%) 5.4 5.2 1.0

DR, delivery room.

*
Significant difference at 5% level.
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