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Premature Infants Rehospitalized because of an
Apparent Life-Threatening Event Had Distinctive
Autonomic Developmental Trajectories

To the Editor:

Each year, 500,000 babies are born prematurely in the United States
(1), and prematurity is now the largest single cause of death
around the world in children before age 5 years (2). Premature
infants have respiratory instability beyond term characterized by
life-threatening episodes of apnea and hypoxemia that increase
their morbidity and mortality risk (3, 4). Preterm birth interrupts
the development and maturation of the autonomic nervous
system (ANS), which regulates normal ventilatory drive and
autoresuscitation responses during periods of apnea and
hypoxemia (5, 6). Prior studies have confirmed that premature
infants have ANS deficits (7), but a comprehensive assessment of
the early trajectory of ANS dysfunction in prematurity and
subsequent relationship to respiratory outcomes has not been
undertaken. Here we present a computational analysis of ANS
development in very premature infants, covering almost
2 months of continuous neonatal intensive care unit (NICU)
cardiorespiratory monitor data. Our hypothesis was that
premature infants requiring rehospitalization resulting from acute
episodes of apnea and hypoxemia had distinctive ANS
developmental signatures.

Methods
We conducted a retrospective analysis of heart rate variability
(HRV), a widely used metric of ANS function (8, 9), in 73 infants
born at less than 29 weeks gestational age discharged from our
NICU in 2014. We only included subjects in which we could
retrieve continuous NICU monitoring signals from 30 to 37
weeks postmenstrual age (PMA) and 4 or more months of
outpatient electronic pulmonary or neonatology medical
records. We excluded premature infants with any congenital
condition associated with significantly increased
cardiorespiratory morbidity during early life. To examine
respiratory instability, we developed a stringent a priori
definition of apparent life-threatening event (ALTE) limited to
hospitalization within 3 months of NICU discharge resulting
from an acute event of apnea with documented cyanosis or acute
oxygen saturation as measured by pulse oximetry desaturation.
Other respiratory hospitalizations (e.g., wheezing)
or nonrespiratory concerns (e.g., lethargy) were not included.
Comparison of HRV metrics between premature infants
classified as ALTE cases versus controls without ALTE was
conducted using NICU cardiorespiratory monitoring data and

computational MATLAB processing (Mathworks, Natick, MA)
(8). We calculated traditional HRV frequency and time-domain
metrics including normalized low-frequency power and
normalized high-frequency power (8). We also used detrended
fluctuation analysis (9, 10), a nonlinear method in which the data
trends (nonstationarities) are systematically eliminated to take
into account the nonstationary nature of HRV time series
(8–10). Detrended fluctuation analysis metrics included the
variability at short (root mean square [RMS] short time scale,
15–50 beats) and long (RMS long time scale, 100–150 beats)
time scales and the autocorrelations in the heart rate at short
(detrended fluctuation analysis short a exponent [a-S], 15–30
beats) and long (detrended fluctuation analysis long a exponent
[a-L], 35–150 beats) time scales (9). At the start of each
postmenstrual week, each subject was assigned an HRV value
(median of 10-min windows over the course of 24 h), and then
weekly values were plotted. HR artifacts were detected using
local maximum/immediate minimum thresholds and replaced
with the median of the prior 10 values. Differences between
groups were analyzed using x2 test for proportions or unpaired
t or Mann-Whitney U tests for continuous data (significance,
P, 0.05).

Results
Baseline characteristics were comparable in subjects with ALTE (n = 7)
versus in the control group without ALTE (n = 66) (Table 1).
Bronchopulmonary dysplasia severity was similar in both study

Table 1. Demographic Data and Baseline Characteristics of All
Premature Infants

Group Control ALTE P Value

N 66 7
Gestational age, wk, mean
(SD)

25.7 (1.8) 25.9 (1.7) 0.81

PMA at discharge, wk,
mean (SD)

40.6 (3.1) 39.8 (3.4) 0.58

Male, n (%) 38 (57) 4 (57) 0.98
Birth weight, g, mean (SD) 829 (257) 767 (165) 0.40
SGA, n (%) 10 (15) 1 (14) 0.95
IUGR, n (%) 9 (13) 1 (13) 0.96
Multiple births, n (%) 16 (24) 3 (42) 0.34
Antenatal steroids, n (%) 42 (66) 6 (86) 0.13
Systemic steroids in NICU,
n (%)

36 (55) 4 (57) 0.90

Surfactant, n (%) 50 (76) 6 (86) 0.49
Caffeine therapy duration,
wk, mean (SD)

9.6 (3.4) 9.5 (2.0) 0.95

BPD severity
Mild BPD, n (%) 18 (27) 1 (14) 0.37
Moderate/severe BPD, n (%) 44 (67) 6 (86) 0.63
PMA at ALTE
hospitalization, wk,
mean (range)

42.8 (38–48)

Definition of abbreviations: ALTE = apparent life-threatening event;
BPD = bronchopulmonary dysplasia; IUGR = intrauterine growth restriction;
NICU = neonatal intensive care unit; PMA = postmenstrual age;
SGA = small for gestational age.
Control infants without an ALTE are compared to infants admitted after an
ALTE at home. There are no group differences.
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groups. All ALTE cases occurred within two months of NICU
discharge, and none had a clear etiology determined beyond the
association with prematurity. Our longitudinal high-resolution
HRV analysis showed distinct developmental trajectories in
premature infants who had ALTE after NICU discharge
(Figure 1). With the exception of a-L, which had identical
trajectory in both groups (data not shown), all the HRV
markers of sympathetic tone (a-S, RMS-short, RMS-long, and
normalized low-frequency power) were lower at each time point
in the ALTE group, particularly after 34 weeks PMA. The lack
of differences in a-L indicated similar autocorrelations at long
time scales (35–150 beats) in both groups. At short time scales
(15–30 beats), a-S was overall the best HRV parameter
differentiating both trajectories; however, at 37 weeks PMA, all
the sympathetic markers were more than 1.5-fold higher in
control premature infants relative to the ALTE group. In contrast,
normalized high-frequency power (marker of parasympathetic
tone) had an increasing trend in the ALTE group becoming
1.4-fold higher at 37 weeks PMA relative to the control group
(Figure 1).

Discussion
This is the first study to demonstrate that premature infants
requiring rehospitalization for ALTE within 3 months of discharge
had distinctive ANS developmental signatures during their NICU
staying. Near discharge (37 weeks PMA), premature infants with
ALTE episodes had reduced sympathetic tone and increased
parasympathetic tone. This distinctive HRV profile is expected to

increase the risk for cardiorespiratory collapse for two reasons.
First, sympatho-adrenal activation is crucial for “autoresuscitation
responses,” including centralization of blood flow to vital organs
(heart and brain) and arousal from sleep (5, 6). These survival
responses are triggered by life-threatening stressors such as
hypoxemia and apnea (5, 6). Second, enhanced parasympathetic
tone is expected to have the opposite effect, promoting “resting
responses” during vagal stimulation (e.g., apnea/bradycardia
during feeding). Collectively, our findings suggest that some
premature infants have higher risk for ALTE episodes because
of blunted sympathetic autoresuscitation and intrinsic vagal
hypersensitivity.

Premature infants undergo major phases of their ANS
maturation in an ex utero environment that is vastly different
from the normal intrauterine milieu, with deprivation of
maternoplacental support and exposure to iatrogenic toxicity.
Using developmental ANS trajectories, we documented that
premature infants requiring rehospitalization because of ALTE had
a progressive reduction in HRV between 30 and 37 weeks PMA, a
developmental window that coincides with a critical period of ANS
maturation (5–7). There thus appears to be a critical window of
opportunity to identify and prevent prematurity-related ANS
dysfunction, which might lead to a significant reduction in
subsequent ALTE risk. Given our small sample size, retrospective
design, and lack of simultaneous respiratory signal monitoring, we
could not examine the potentially modifiable prenatal and
postnatal factors that contribute to the origin and persistence of
autonomic respiratory instability in premature infants. Large
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Figure 1. Developmental trajectories of heart rate variability (HRV) in very premature infants. Data represent longitudinal HRV continuous measurements in
premature infants born at less than 29 weeks gestational age (n = 73). HRV metrics included a-S (detrended fluctuation analysis short a exponent),
normalized high frequency (NHF), normalized low frequency (NLF), and root mean square short and long time scales (RMS-S and RMS-L). In the box-and-
whisker plots, the horizontal lines inside the boxes represent medians; the top and bottom of the boxes represent 75th and 25th percentiles, respectively;
and the ends of the top and bottom whiskers represent maximum and minimum values, respectively. HRV fold differences are presented as ALTE/control
ratios. *P, 0.05. ALTE = apparent life-threatening event; PMA= postmenstrual age.
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longitudinal studies including cardiorespiratory monitoring data
from NICU and subsequent hospitalizations would have high
effect, enhancing our knowledge of the mechanisms contributing to
respiratory instability in prematurity and providing novel
diagnostic and treatment strategies to improve outcomes for this
vulnerable population. n
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Hypothermia and Meconium Aspiration Syndrome:
International Multicenter Retrospective Cohort Study

To the Editor:

Whole-body hypothermia (WBH) is the cornerstone treatment of
neonatal hypoxic-ischemic encephalopathy (HIE) resulting from
perinatal asphyxia (1). HIE might occur with meconium
aspiration syndrome (MAS), which is characterized by surfactant
dysfunction and lung inflammation (2). Animal and translational
studies suggest that “lung cooling” could have beneficial effects,
reducing lung inflammation and improving surfactant function
(3, 4). Recent case reports of an infant and an adult patient with
acute respiratory distress syndrome also showed gas exchange
improvement during WBH (5, 6). Theoretically, WBH could
clinically improve MAS through its effect on lung inflammation
and surfactant activity. We performed a retrospective cohort
study hypothesizing that WBH improves gas exchange and
clinical outcomes in MAS, especially in the severest cases. Eleven
tertiary academic neonatal or pediatric intensive care units
(ICUs) in the European Union, United States, Brazil, and
Australia participated. All centers had known expertise in
neonatal ventilation for severe MAS and established electronic
databases.

Databases were searched from January 2006 to December
2014: a modern epoch characterized by no major change in MAS
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