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Objective: Preterm infants experience frequent cardiorespira-
tory events (CREs) including multiple episodes of apnea and 
bradycardia per day. This physiological instability is due to their 
immature autonomic nervous system and limited capacity for 
self-regulation. This study examined whether systematic expo-
sure to maternal sounds can reduce the frequency of CREs in 
NICU infants. Methods: Fourteen preterm infants (26–32 weeks 
gestation) served as their own controls as we measured the 
frequency of adverse CREs during exposure to either Maternal 
Sound Stimulation (MSS) or Routine Hospital Sounds (RHS). MSS 
consisted of maternal voice and heartbeat sounds recorded indi-
vidually for each infant. MSS was provided four times per  
24-h period via a micro audio system installed in the infant’s  
bed. Frequency of adverse CREs was determined based on 
monitor data and bedside documentation. Results: There was  
an overall decreasing trend in CREs with age. Lower frequency  
of CREs was observed during exposure to MSS versus RHS.  
This effect was significantly evident in infants ≥33 weeks  
gestation (p = 0.03), suggesting an effective therapeutic window 
for MSS when the infant’s auditory brain development is  
most intact. Conclusion: This study provides preliminary 
evidence for short-term improvements in the physiological 
stability of NICU infants using MSS. Future studies are needed to 
investigate the potential of this non-pharmacological approach 
and its clinical relevance to the treatment of apnea  
of prematurity.
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Introduction
Episodes of apnea in the preterm infant are thought to be 
secondary to physiologic immaturity of the autonomic nervous 
system and are often associated with oxygen desaturation and/or 
bradycardia [1–4]. Associated episodes of apnea and bradycardia 
are often collectively referred to as cardiorespiratory events (CREs 
[2,5,6]).

The underlying mechanisms responsible for disturbances in 
cardiorespiratory regulation in the preterm infant are unclear. 
Histologically, the respiratory centers of the preterm brainstem 
are characterized by a decreased number of synaptic connec-
tions and poor myelination [7]. In addition to these anatomical 
factors, the preterm brain is especially sensitive to inhibitory 

neurotransmitters [8]. When mild, CREs are not thought to have 
detrimental effects. However, more severe CREs have been shown 
to cause a decrease in cerebral blood flow, putting the infant at 
risk of hypoxic-ischemic brain injury [9]. Due to this risk, the 
common medical impression is that preventing frequent CREs 
during NICU hospitalization is better for the long-term health of 
the infant.

CREs can be treated pharmacologically with methylxanthines, 
most commonly caffeine, which act as central nervous system 
stimulants [10]. Although caffeine therapy is regarded as a safe and 
effective treatment of central apnea [1,3,4], it is not 100% effective 
in preventing CREs and can have adverse outcomes, such as mild 
tachycardia, vomiting, and restlessness [11]. Complete resolution 
of CREs requires maturation of central and peripheral responses 
to changes in arterial blood gas concentrations, a heightened 
ventilitory drive, and effective activation of upper airway muscles 
during respiration [8]. As these and other aspects of maturation 
progress with increasing gestational age, the incidence of apnea 
decreases [12].

Growing evidence suggests that postnatal cardiorespiratory 
regulation can be affected by environmental factors. Noise in 
particular, has been shown to impact cardiorespiratory regulation 
in newborns and to have greater effects on preterm infants with 
younger gestational age [13,14]. It is evident that low frequency 
maternal sounds, such as the mother’s voice and heartbeat, 
are audible inside the womb early in gestation [15]. Exposure 
to maternal sounds may therefore be crucial for healthy fetal 
development [16]. However, the specific effects of maternal audi-
tory stimulation on short-term physiological outcomes are still 
unclear.

The purpose of this study was to examine the effects of 
biological maternal sounds on the cardiorespiratory stability of 
extremely preterm infants. We hypothesized that infants will 
have significantly less CREs during exposure to Maternal Sound 
Stimulation (MSS) than during exposure to Routine Hospital 
Sounds (RHS).

Methods
Patient population

This study used a within-subject design paradigm to examine the 
exposure effects of MSS vs RHS on frequency of adverse CREs. 
Fourteen preterm infants admitted to the NICU at Brigham and 
Women’s Hospital participated in this study. Parents gave written 
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informed consent. Infants were recruited for the study if they 
were: (1) born between 26–32 weeks gestational age (GA); and 
(2) at least 27 weeks postconceptional age (PCA) at the time of 
study. Exclusion criteria included: chromosomal or congenital 
anomalies; major congenital infections; congenital hearing loss; 
prenatal diagnosed brain lesions; birth asphyxia; uncontrolled 
maternal illness; history of maternal smoking, alcoholism, and 
use of illicit drugs; history of significant maternal deprivation, 
abuse, or malnutrition. A description of patient characteristics is 
given in Table I.

Maternal sound recording

We recorded the mother’s voice and heartbeat for each infant in 
a specialized recording studio at our hospital. Voice recording 
was done via a large-diaphragm condenser microphone (KSM44, 
Shure, USA) to capture a wide range of maternal vocalizations such 
as speaking, reading, and singing. Heartbeat recording was done 
via a digital stethoscope (ds32a, Thinklabs Digital Stethoscopes, 
USA). The maternal recordings were attenuated using a low-
pass filter with a cutoff of 400 Hz to allow the highest fidelity of 
biological sound reproduction. The maternal recordings were 
loaded onto an MP3 player (Phillips Electronics, SA2RGA04KS, 
Netherlands) for playback inside the incubator/crib via a micro 
audio system, which had been validated in a previous safety and 
feasibility study [17].

Maternal sound stimulation

The decision to provide MSS in 30 minute intervals was based 
on previous recommendations for playing soothing music NICU 
settings (for review [18]). The prescribed dose of four times per 
24 h was to ensure that the observed effect of MSS on CREs is 
representative of the entire 24-h period. MSS started within 7 days 
after birth and continued until NICU discharge. The maternal 
sounds were played at a safe, fixed level of 55–60 dB(A) as verified 
individually for each infant by a sound level meter (Bruel & Kjaer, 
2250, Denmark) at the bedside. Nurses were instructed to coor-
dinate the MSS with the infant’s routine care, avoiding times of 
parents’ visits and clinical exams. All other aspects of the infant’s 
care remained unaffected.

Data collection

Data was collected from the infant’s cardiac monitor, study 
documents, nursing flow sheets, and electronic medical 
records. The exact time of day of each CRE was recorded by 

the bedside nurse as part of their routine documentation. CREs 
were clinically defined by the occurrence of breathing cessa-
tion lasting >20 seconds and/or a drop in HR below 100 BPM 
(for infants <34 weeks gestation) or below 80 BPM (for infants 
>34 weeks gestation [19]). CREs documented as being associ-
ated with gastroesophageal reflux (occurred within 45 minutes 
after feeding was initiated) were excluded from our analysis. 
However, the final decision whether or not an event was asso-
ciated with reflux was based on subjective nursing evaluation 
at the bedside. In addition, one infant was excluded from data 
analysis due to respiratory distresses associated with lactose 
intolerance.

Statistical analysis

Each 24-h period was divided into 22 h of RHS and 2 h of MSS 
(30 minute × 4 times per 24 h). Data was normalized to account 
for the increased probability of an apnea/bradycardia event to 
occur during exposure to RHS vs. BMS. The analysis accounted 
for repeated observations within subjects, and was restricted 
to 33 weeks or greater to focus on the most stable period of 
time when hearing sensitivity and auditory brain development 
were most developed [20,21] and when nearly all subjects were 
observed and contributed data. Spearman correlation was used 
for association of CRE frequency with birth-weight and GA at 
birth.

Results
We found an overall decreasing trend in CREs with age (p = 0.05) 
(Figure 1). A lower frequency of CREs was observed during 
exposure to MSS relative to RHS. This reduction was significant 
in infants ≥33 weeks PCA (p = 0.03), suggesting an effective thera-
peutic window for MSS when the infant’s auditory brain develop-
ment is most intact. Prior to 33 weeks PCA, there were mixed 
trends with no significant differences in CREs between the two 
groups (Figure 1). Therefore, cardiorespiratory outcomes prior 
to 33 weeks PCA between the two groups is inconclusive due to  
lack of sufficient data during this time period. In addition, we 
found no correlation between the frequency of CREs and birth-
weight nor between the frequency of CREs and GA at birth, 

Table I.  Characteristics of study population.
Male gender, % 50
Maternal age (yrs) 29.8 ± 6.84
GA at birth (wks) 30.2 ± 2.07
Birth-weight (g) 1266 ± 289
Apgar 1 minute 6.1 ± 2.13
Apgar 5 minute 7.2 ± 1.85
GA at study onset 31.1 ± 2.06
PCA at discharge (d) 50.1 ± 26.52
Days on study 42.9 ± 25.07
Early-onset sepsis, % 7.1
Surfactant therapy (dexamethasone), % 64.3
Caffeine treatment (methylxanthines), % 71.4
Grade III or IV interventricular hemorrhage, % 7.1
Oxygen therapy at 36 weeks, % 14.3
Hearing failed at discharge, % 0
Note: unless otherwise notes data are mean ± SD.

Figure 1.  The mean frequency of CREs during MSS (blue) and RHS (red) 
is shown at each PCA. Data points include all infants observed in that 
particular age range. The thickness of the data points is proportional to the 
number of infants observed at each PCA (Nmin = 7; Nmax = 14). An overall 
decreasing trend in CREs is shown with increased PCA (p = 0.05). The 
frequency of CREs during MSS was significantly lower than during RHS 
(p = 0.03), demonstrating a significant effect for MSS beginning at 33 weeks 
PCA. Shown are standard errors of the mean (SEM).
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irrespective of whether CREs occurred during the MSS or RHS 
condition (Figure 2).

Discussion
This study demonstrates short-term improvements in cardio-
respiratory regulation in extremely preterm infants during 
exposure to maternal sounds. Overall, the frequency of CREs 
decreased as PCA increased consistent with previous studies 
showing that the frequency of adverse respiratory events 
decreases as PCA increases [22]. However, our results show 
that, there was a significant reduction in the frequency of CREs 
during exposure to MSS beginning at 33.0 weeks through 36.6 
weeks PCA.

Although the auditory system becomes partially functional 
from 25 to 29 weeks gestation, the ability to appropriately 
process sounds develops later in gestation. Tonotopic columns, 
necessary to receive, recognize, and react to language, music, 
and meaningful environmental sounds develops at ~30 weeks 
gestation [15]. At 34–36 weeks gestation, the fetus is capable 
of distinguishing different moods or emotional qualities to 
speech that are retained as part of accumulated memories [15]. 
These significant milestones in auditory development may play 
a crucial role in the preterm infant’s ability to recognize and 
respond to maternal sounds. We hypothesize that as the audi-
tory and respiratory systems mature, a therapeutic window 
opens allowing preterm infants to show a positive physiological 
response to non-invasive treatment methods, such as MSS. 
Once this level of maturation is reached, infants are able to both 
recognize MSS and respond to the more soothing auditory envi-
ronment thereby enhancing their capacity for cardiorespiratory 
regulation.

The results of this study add to a growing body of research 
promoting the implementation of sensory-based developmental 
interventions during routine NICU care. This includes a number 
of studies showing the effective use of olfactory stimulation for 
regulating respiratory patterns [23]; the use of tactile stimulation 
to excite neuronal activity in the brainstem center and to stimulate 

respiratory activity [24]; and the use of skin-to-skin stimulation to 
induce calming effects on the baby’s clinical and vital signs [25].

In addition to the positive short-term effects observed in the 
infants, this study also provides proof of feasibility that maternal 
sound intervention can be successfully implemented by NICU 
nurses without interfering with routine NICU care. The MSS 
seems to be especially important when the mother cannot be 
physically at the bedside, providing the infant with a womb-like 
soothing environment which may increase the capacity for self-
regulation. The idea of incorporating biological maternal sounds 
into NICU settings may also increase family involvement and 
facilitate infant-mother bonding consistent with the view of 
family-centered [26] and developmental care [27].

Strengths and limitations

This original study examines the effectiveness of a specially-
designed micro audio system installed within the infant’s incu-
bator throughout the entire NICU hospitalization. Furthermore, 
a therapeutic window was described and stratified by GA at which 
exposure to maternal sounds occurred. Our auditory interven-
tion, here referred to as MSS, was designed to better envelop the 
preterm infant in a more womb-like and soothing sound environ-
ment by compensating for the loss of exposure to the maternal 
voice and heartbeat during hospitalization, without interfering 
with accepted and vital NICU practices. Despite the positive effects 
found, the results of this study should be interpreted with caution 
due to our small sample size. In addition, because our data collec-
tion was based both on monitor data and nursing documentation, 
it is possible that there were inconsistencies in CRE documenta-
tion due to human error. Until these results are replicated by a 
larger randomized controlled trial, our ability to make generalized 
conclusions based on the current study is still limited.

Conclusion
There is still much to learn about the exposure effects of maternal 
sounds and the development of the autonomic nervous system in 
the preterm infant. However, our results point toward potential 

Figure 2.  Plots showing mean frequency of CREs versus birth-weight (A) and versus GA at birth (B) for all infants ≤ 1500 gr. Data points represent average 
frequency of CREs per h for each infant throughout the entire study period during the MSS (blue) and RHS (red) conditions. Correlation of birth-weight 
was −0.14 (p = 0.65) for MSS and −0.26 (p = 0.38) for RHS. Correlation of GA at birth was −0.19 (p = 0.53) for MSS and −0.38 (p = 0.20) for RHS.
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benefits of using non-invasive strategies to compliment current 
medical therapies. Our findings suggest that exposure to maternal 
sounds as an addition to routine NICU care should be further 
considered and rigorously studied. More research is needed to 
examine the effects of maternal sounds on premature newborn 
infants and to further refine the specific age group that would 
most likely benefit from it.
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