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OBJECTIVES: To ascertain the impact of skin to skin contact (SSC) on cardiac and cerebral indices in infants with severe perinatal
asphyxia.
STUDY DESIGN: Prospective comparison of cardiac function and cerebral perfusion-oxygenation in incubator care with SSC using
echocardiography and near infrared spectroscopy (NIRS).
RESULTS: 13 infants formed the study cohort; gestation and birthweight were 38.6 ± 1 weeks and 3173 ± 724 g, respectively. All
infants were cooled for 72 h and the study intervention was done on day 6 of life (range 4–7). Right ventricular output was higher
(231 ± 60 vs 296 ± 72ml/kg/min, P= 0.03) and pulmonary vascular resistance index was lower (3.5 ± 0.6 vs 3 ± 0.16, P= 0.01) after
SSC. Middle cerebral artery resistive index trended lower (0.72 ± 0.05 vs 0.65 ± 0.1, P= 0.07). Six infants had NIRS measurement;
cerebral tissue oxygenation index during SSC was significantly higher than pre-SSC (68.6 ± 6.6 vs 63.7 ± 4.7%, P= 0.03).
CONCLUSION: In severely asphyxiated infants, 60 min of SSC confers significant haemodynamic benefits.

Journal of Perinatology; https://doi.org/10.1038/s41372-025-02522-8

INTRODUCTION
It is estimated that ~23% of neonatal deaths worldwide can be
attributed to asphyxia which equates to nearly 1 million neonatal
deaths per year. In countries with high neonatal mortality rates the
death rate is significantly higher [1, 2]. Hypoxic-Ischaemic
Encephalopathy (HIE) complicating perinatal asphyxia affects ~1-
2 infants/1000 live births [3]. The incidence is higher (~26/1000
live births) in low-resourced countries [4]. Cardiovascular involve-
ment in the form of hypotension is a known feature of perinatal
asphyxia [5–7]. In a pre-therapeutic hypothermia (TH) study, the
severity of cardiac dysfunction correlated with the degree of
encephalopathy, raising the possibility that interventions aimed at
optimizing cardiac function may improve neurological outcomes
[8]. Cardiovascular adaptation during perinatal asphyxia includes a
surge in catecholamine secretion producing peripheral vasocon-
striction and an increase in pulmonary vascular resistance (PVR),
both putatively exacerbated by therapy (TH and/or choice of
inotropes) [9, 10]. A study in near-term sheep examined the
cerebrovascular response to asphyxia in terms of changes in
cerebrovascular resistance and cerebral blood flow (CBF). Using
ultrasound flow probes and near infrared spectroscopy (NIRS),
asphyxia was induced by rapid and complete occlusion of the
umbilical cord for 10 min. CBF fell and NIRS data noted a
substantial and rapid rise in [Hb] and a rapid and significant fall
in [HbO2] [11]. In essence, cerebral autoregulation may also be
compromised in asphyxiated infants. In Australia and New Zealand
region, TH is standard of care for infants with perinatal asphyxia,
and is known to reduce mortality without increasing major
disability amongst survivors [12, 13]. In the year 2022, 376 infants

managed at the Australian and New Zealand Neonatal Network
(ANZNN) neonatal units were administered TH for perinatal
asphyxia [14].
Skin to skin contact (SSC) is standard practice in many neonatal

intensive care units. Cochrane analysis noted that SSC was
associated with a significant reduction in the risk of mortality
[15]. Recent scientific data from studies in preterm infants during
the early neonatal period also documented benefits of SSC on
heart rate variability, cardiac function and cerebral blood flow, and
oxygenation [16–20]. Multimodal information from combined
application of echocardiography, cerebral Doppler flows and NIRS
in infants with perinatal asphyxia in the era of TH and receiving
SSC is not available previously in the literature. If the aforemen-
tioned circulatory and respiratory improvements in premature
infants were replicated in term infants with severe perinatal
asphyxia, this simple, low cost, and universally applicable
intervention could potentially improve outcomes.
The objectives of this study were to ascertain the influence of

60min of SSC on indices of cardiorespiratory and neural stability.
This pilot study provides preliminary and hypothesis-generating
data. The hypothesis was that neuro-hormonal and autonomic
effects of SSC may reflect in improved regional blood flow, cardiac
function and cerebral oxygenation.

METHODS
The study was approved by Monash Health Research Ethics Committee
(RES-20-868A) and written informed parental consent was obtained. All
methods were performed in accordance with the relevant guidelines and
regulations. This single-centre study was conducted at a 64-bed quaternary
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centre. Approximately 6–8 infants with perinatal asphyxia needing TH are
admitted every year. The infants were recruited from March 2021-February
2024. The intervention (SSC) and the haemodynamic assessments were
done between day 4 and 7 of life, post-rewarming after 72 h of TH and
extubation. Mother and infant were seated in a recliner next to the infant’s
cot. The infant was positioned prone or semi-prone at a 30–40 degree
angle on the mother’s chest during SSC and had continuous ongoing
cardiorespiratory monitoring. Disposable, pre-warmed single use gel
sachets were used for ultrasound to reduce skin contamination and
maintain body temperature. The echocardiographic and cerebral Doppler
parameters have been studied previously by us and other investigators
[9, 16, 21–25]. Briefly, these included measure of cardiac output,
contractility and pulmonary vascular resistance (PVR) index [(1/ {TPV/
RVET}]). The straight mid portion of the middle cerebral artery (MCA) was
visualized by colour and pulse Doppler ultrasound from the temporal view.
The angle of insonation was kept to <150 and an average was obtained
from five cycles. The VTI (velocity time integral, area within the spectral
curve [cm]) and resistive index (peak systolic velocity–end diastolic
velocity)/peak systolic velocity) were measured. Figure 1 depicts MCA
Doppler and VTI recordings. All evaluations were performed by a single
operator on the Vivid E95 cardiovascular ultrasound system (GE Medical
Systems, Milwaukee, WI) using a 12 MHz phased array transducer probe
that allowed image acquisition at a rate of 120–180 frames per second.
Data were analysed offline on EchoPacTM (Horten, Norway). Cerebral
oxygenation, expressed as cerebral tissue oxygenation index (TOI; %), was
continuously measured by NIRS (NIRO 200NX; Hamamatsu Photonics,
Hamamatsu, Japan). The optodes were placed over the temporoparietal
region. Cerebral TOI recording started 30min prior to SSC, continued for
one hour during SSC after allowing for 10min stabilization; and for another
30min after SSC finished with the infant returned to the cot. Demographic
and clinical data such as gestational age (GA), birthweight (BW), 5-min
Apgar score and initial pH were collected. The study design is summarized
in Supplementary Fig. S1. This was a pre-post comparison study and
performed only once for each infant. The recruitment was not continuous
and depended on investigator/equipment availability. We excluded infants
with Sarnat stage III HIE as they were less likely to be extubated in the
designated study timeline. The study was performed in accordance with
the Declaration of Helsinki. All Doppler data was indexed for weight (which
would be the same for both pre and during SSC recordings as the study
was completed on the same day). The imaging is stored as coded formats
to minimise measurement bias.

Statistics
Descriptive statistics were used to summarize baseline characteristics.
Continuous variables were summarised as mean (standard deviation) or
median (interquartile range). Categorical data were summarised as counts
and percentages. We analysed the difference in physiological parameters
between pre-SSC and intervention (SSC) using Student’s t test; and
averaged cerebral TOI during the pre-SSC, SSC and post-SSC periods were
compared using Repeated Measures ANOVA. P value of <0.05 was
considered statistically significant. Analyses were performed using STATA
and GraphPad software (version 10.2.2, Boston, MA, USA, Intercooled V.13,
StataCorp, and College Station, Texas, USA).

RESULTS
Thirteen infants formed the study cohort; the GA and BW were
38.6 ± 1 weeks and 3173 ± 724 g, respectively. Nine infants were
delivered vaginally. Five minute Apgar score and cord gas pH
median (interquartile range) were 5 [3, 6] and 7 (6.9, 7.1),
respectively. All infants were managed with TH, and the study
intervention and assessments were done on day 6 of life (range
4–7). Infants were not on any inotropes at the time of the study.
Axillary temperature and systolic blood pressure were comparable
before and after 60 min of SSC. Table 1 summarizes the evolution
of indices of cardiovascular performance and cerebral perfusion.
Right ventricular stroke volume was higher with improved cardiac
contractility after SSC. Essentially, the lowering of PVR index was
accompanied by better right ventricular performance and
pulmonary blood flow, which also reflected in higher pulmonary
vein flow and left ventricular output. The MCA mean flow velocity
and VTI were significantly greater when assessed 60min into SSC
(with infant still on parent). Pulsatility and resistive indices
followed the physiological trend but the change was not
statistically significant. Six infants in the cohort had NIRS
measurement. TOI comparisons across the pre-SSC, SSC and
post-SSC periods showed a trend of overall difference (P= 0.09).
Post-hoc analyses showed that the TOI during SSC was
significantly higher than pre-SSC (68.6 ± 6.6 vs 63.7 ± 4.7%,
P= 0.03), both of which were not different from the post-SSC
value (67.0 ± 6.2%).

Fig. 1 Middle cerebral artery Doppler recording.

Table 1. Comparison of cardiac function and cerebral indices (n= 13).

Variable Incubator
care

SSC P

Axillary temperature (°C) 36.8 ± 0.2 36.9 ± 0.1 0.06

Heart rate (beats/min) 131 ± 15 130 ± 13 0.9

Systolic blood pressure
(mm Hg)

67 ± 6 70 ± 7 0.3

Right ventricular indices

RV stroke volume (ml/kg) 1.8 ± 0.4 2.2 ± 0.5 0.03

RV output (ml/kg/min) 231 ± 60 296 ± 72 0.03

RV Fractional area
change (%)

27 ± 7 35 ± 4 0.001

Tricuspid annular plane
systolic excursion (mm)

7.7 ± 1 9 ± 1.5 0.01

PVR index 3.5 ± 0.6 3 ± 0.16 0.012

Pulmonary vein velocity
time integral (cm)

9.4 ± 1.7 11.9 ± 2 0.002

Left ventricular indices

LV stroke volume (ml/kg) 1.3 ± 0.3 1.6 ± 0.3 0.037

LV output (ml/kg/min) 175 ± 52 216 ± 63 0.07

Fractional shortening (%) 29.4 ± 5 33.7 ± 2.5 0.01

Middle cerebral artery indices

Peak systolic velocity
(cm/s)

52 ± 11 62 ± 13 0.07

Mean velocity (cm/s) 33 ± 7 41 ± 8 0.017

Cerebral pulsatility index 1.13 ± 0.1 0.99 ± 0.2 0.08

Cerebral resistive index 0.72 ± 0.05 0.65 ± 0.1 0.07

Cerebral blood flow
velocity time integral
(cm)

11.4 ± 2.6 14.2 ± 2.2 0.008

SSC Skin to skin contact, LV left ventricular, RV right ventricular, PVR index-
1/(TPV/RVET), TPV/RVET time to peak velocity/right ventricular ejection
time, PVR pulmonary vascular resistance.
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DISCUSSION
Severe perinatal asphyxia is a major health concern and ranks
second amongst the causes of neonatal deaths worldwide [26].
Cardiovascular and neurological aspects are prominently affected
as part of multi-organ insult. A low cardiac output state and
reduced myocardial perfusion has been previously noted [3, 27].
This is corroborated by biochemical evidence of myocardial injury
in the form of elevated serum cardiac troponin [27, 28]. As cerebral
tissue oxygenation is dependent on blood oxygen content, organ
blood flow and the tissue’s ability to extract oxygen, the cardiac
output may be an important determinant of cerebral oxygenation.
Our study noted improvements in cardiac performance and CBF in
infants with severe perinatal asphyxia; TOI during SSC was
significantly higher than pre-SSC measurements. A simple,
family-centred intervention showing improvements in cardiac-
cerebral functioning has the potential to have beneficial effects on
clinical outlook in this high-risk cohort.

Haemodynamic instability and influence of SSC
Depressed systemic function and moderate to severe pulmonary
hypertension & right ventricular dysfunction are common in this
cohort [3, 28, 29]. Normal right ventricular function is paramount
for the adequacy of pulmonary blood flow, and impairment may
induce ventilation-perfusion mismatch. This compounds the direct
effect of hypoxia/ischaemia on the left ventricular function,
leading to reducing systemic blood flow and subsequently
cerebral oxygen delivery.
Literature on the physiological benefits of SSC is almost

exclusively on premature infants. SSC stabilized heart rate
variability during SSC (compared to pre-SSC) in preterm infants,
reducing transient heart rate decelerations [17]. Pulsatility and
resistive index in MCA noted a significant decline indicating
improvement in CBF after SSC, when compared with pre-SSC
recordings [18, 30]. A more recent study of 40 premature and
smaller self-ventilating infants (GA 30 ± 0.6 weeks and BW
1378 ± 133 g) evaluated the influence of SSC on cardiac function
and CBF. This pre-post intervention study noted significantly
increased biventricular contractility and pulmonary blood flow,

increased superior venacava flow and CBF, with reduced MCA
resistance [16]. Beneficial effects on oxygen saturations have also
been shown in this vulnerable population [20]. Recent data also
suggests the utility of NIRS of the brain as an important adjunctive
tool [31]. It quantifies cerebral oxygen saturation [rSO2, combined
saturation of the arterial and venous blood components weighted
~25:75% respectively for volume] can estimate regional cerebral
blood volume [CBV, concentration of oxygenated + deoxygenated
haemoglobin]. Low CBV among infants with severe HIE in the first
12 h, with greater subsequent stability has been noted in studies
performed in the pre-cooling era [32, 33]. While the adverse
impacts of the asphyxial insult on the cardiac (hypotension) and
cerebral function (hypoxic ischaemic encephalopathy) are well-
documented, information on the modulating effects of SSC on
cardiorespiratory stability is available almost exclusively on
preterm infants. Promising as they are, extrapolating these
benefits to term infants with perinatal asphyxia, who have
different pathophysiology and clinical trajectories, risks
overgeneralization.

Putative mediators of haemodynamic stability during SSC
Figure 2 summarises the putative mediators of haemodynamic
effects of SSC. While the vasculature is predominantly controlled
by sympathetic nervous system, heart rate and rhythm are
dominantly under parasympathetic effect [34–36]. Infants demon-
strate higher vagal tone after SSC [37]. Hence, sympathetic neural
control of arteriolar resistance and its dampening by mediators
such as nitric oxide offers a powerful regulatory mechanism. Nitric
oxide relaxes pulmonary vascular arteriolar smooth muscle
thereby producing a significant drop in PVR. As a direct
vasodilator, acting as a functional antagonist of the sympathetic
vasoconstrictor tone, it plays a key role in regulating blood flow at
the microvasculature level [38, 39]. Exposure to stress can causes a
dominant, overactive and unstable sympathetic nervous system
[40–43], while maternal contact promoted autonomic stability and
reduced stress [44, 45]. Reduced stress may be one pathway to
better cardiorespiratory parameters. Increased physiological sta-
bility may also reflect in reduced cortisol levels. A consistent and

Fig. 2 Neuro-humoral mediators of the effects of skin to skin care. With permissions from Sehgal et al. [16]. NO nitric oxide, PNS
parasympathetic nervous system, SNS sympathetic nervous system, LV left ventricular.
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significant reduction in salivary cortisol levels before and after
20min of SSC has been previously demonstrated [46]. Salivary
cortisol levels have been used a stress marker in adults and infants
[47–49]. Significantly reduced plasma cortisol in human preterm
infants after a 20-min period of SSC have been noted [50].
Vasodilatation via histamine release and a reduction of sympa-
thetic nervous system tone are possible additional mediators [51].
While this physiology is almost exclusively related to preterm born
cohorts, it is unclear if this could be extrapolated to term cohorts,
especially those affected by perinatal asphyxia. Pathophysiological
linkages and mediators in this critically affected cohort need
prospective analysis. This population need systematic analysis in
systematic studies in larger cohorts.

Relevance of SSC in improving neurodevelopmental outcomes
Beyond the immediate effects of SSC on cardiorespiratory indices
and cerebral perfusion/oxygenation, there is interest to evaluate
the longer term developmental impact of SSC. Available informa-
tion in this context is exclusively on premature infants, although
both premature birth and HIE can disrupt orderly brain develop-
ment. SSC has the potential to enhance organization of the
infant’s physiological systems (stress reactivity, autonomic func-
tioning & sleep patterns). Investigators performed neurophysiolo-
gic assessment of brain maturation after an eight-week trial of SSC
[52]. Analysis of electroencephalography-sleep studies was
performed in preterm infants to compare functional brain
maturation between SSC and non-SSC cohorts (a preterm group
corrected to term age and a full-term group). Fewer rapid eye
movements, more quiet sleep and increased respiratory regularity
were seen in the SSC group, suggesting that SSC may accelerate
brain maturation. Even a single SSC session at 32 weeks
postmenstrual age significantly altered electroencephalography-
sleep organization [53]. Investigators recently evaluated inpatient
SSC as an intervention which predicted 12-month neurodevelop-
mental outcomes in very preterm infants [54]. The total duration
(in minutes) of SSC for each infant during hospital stay was
calculated. Capute Scales from routine follow-up care at 12 months
as the measure of neurodevelopmental outcome were evaluated.
Infants who experienced more SSC during hospitalization
demonstrated higher scores, indicating a degree of neuroprotec-
tion through the first year of life. A 20-min increase per day was
associated with a 10-point increase in neurodevelopmental
outcomes at 12 months. Importantly, GA age and infant health
acuity did not moderate these relations. Lastly, Feldman and
colleagues compared maternal-newborn SSC to 73 premature
infants for 14 consecutive days’ vs 73 case-matched control
subjects receiving standard incubator care. Children were then
followed seven times across the first decade of life and assessed
for multiple physiologic, cognitive, parental mental health, and
mother-child relational measures [55]. Enhanced child cognitive
development and executive functions from 6 months to 10 years
were noted. By 10 years of age, children receiving SSC showed
attenuated stress response, organized sleep, and better cognitive
control. This study demonstrated the potential of early interven-
tions shaping developmental outcomes. While long-term devel-
opment was not a part of our hypothesis-generating study in term
infants with severe perinatal asphyxia, the potential of SSC as a
low-cost, simple, nearly universally culturally acceptable and
logistically feasible intervention to shape the outcomes of
thousands of infants worldwide is immense.
Limitations of the study include a single-centre cohort of

relatively small numbers. Only a subset was monitored by NIRS
due to equipment/investigator availability. We did not have
random ordering of intervention; in all cases baseline assessments
were followed by SSC observations. The absence of randomization
or blinding are important limitations. Outcome measurements
may be observer-dependent although the equipment allows for
automated Doppler tracings. All data was indexed for weight

(which would be the same for both pre and during SSC
recordings). The study did not include mechanically ventilated
infants; all infants were self-ventilating in room air at intervention.
The time of the day for SSC was determined by parent availability
rather than uniformly for all the infants. The duration (one hour)
was based on our previous studies [16, 20]; whether longer
duration of SSC provides additional benefits remains to be
studied. The strength of this study is that infants received a
uniform duration of intervention at a narrow age range. Infants
were studied on the same day, thus obviating confounding by
variation in patient characteristics or stability on the day of testing.

CONCLUSIONS
Our study noted beneficial influence of 60 min of SSC on cardiac
function, cerebral resistive indices and cerebral oxygenation.
These observations should be confirmed in multi-centric, larger,
well-designed randomized studies, as infants with severe perinatal
asphyxia who have suffered from acute deprivation of oxygenated
blood to the brain stand to immensely benefit from this
intervention. The data should include neurodevelopmental
benefits as well as mother-child relationship and breastfeeding.

DATA AVAILABILITY
The datasets generated during and/or analysed during the current study are available
from the corresponding author on reasonable request.
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