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• FiO2 − Fraction of Inspired Oxygen 
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Summary of Recommendations for Practice and Research 

What we know: 

• Repeated skin-to-skin contact between preterm infants and their parents during the 

neonatal period improves maternal bonding, parent-child interactions and long-term 

infant neurodevelopmental outcomes 

• Early skin-to-skin contact between healthy term infants and their mothers in the 

delivery room promotes thermal stability and breastfeeding 

• Interhospital transport of stable newborn infants through skin-to-skin contact is safe 

and secure for infants, as well as stressless for parents 

• Transfer of infants requiring intensive care from the birth room to the neonatal unit 

through skin-to-skin contact is an emerging practice 

What needs to be studied: 

• Evolution of the axillary temperature of newborn infants during skin-to-skin transfer 

compared to transfer in incubators from birth rooms to neonatal intensive care units 

• Cardiorespiratory function of newborn infants during skin-to-skin transfer in 

comparison with transfer in incubators and impact of transfer mode on first glycemia 

in the neonatal unit 

• Short- and long-term effects of the transfer mode on skin-to-skin contact in the 

neonatal unit and on breastfeeding 

What we can do today: 

• Be confident in skin-to-skin transfer for late preterm and term infants requiring 

noninvasive ventilatory support without oxygen dependence 

• Pay attention to the potential heat loss during the skin-to-skin transfer 
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• Implementation of the skin-to-skin transfer mode may improve the skin-to-skin 

contact quality in the neonatal unit and may thereafter promote breastfeeding 
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ABSTRACT 

Background: Early and repeated skin-to-skin contact (SSC) between infants and their parents 

during neonatal hospitalization has positive effects on maternal bonding, breastfeeding, 

parent-child interactions and preterm infant neurodevelopmental outcomes. 

Purpose: Transfers through SSC of newborn infants requiring intensive care over 300 meters 

between the birth room and neonatal unit have been implemented since 2018. The safety of 

SSC transfer with the infant’s father was questioned when compared to the more common 

transfer method in incubators. Methods: Singletons born from May to December 2019 at our 

three-level maternity ward that required intensive neonatal care were eligible. The infants’ 

axillary temperature, heart rate, and oxygen need were reported at four timepoints during 

transfer in an incubator or through SSC and at 30 minutes after arrival in the neonatal unit. 

Infant characteristics, blood gas, glycemia, time-lapse between birth and first SSC in the unit 

and feeding modes were also reported. Results: Median gestational age was higher in the SSC 

group (incubator (n=54): 32 weeks vs SSC (n=57): 36 weeks, p=.003). All infants requiring 

mechanical ventilation were transported in an incubator. A decrease in temperature was 

observed during incubator installation in the SSC group (incubator: 0°C vs SSC: -0.2°C, p< 

.001), but the first SSC in the unit was earlier in this group (incubator: 22 h vs SSC: 11 h, p= 

.001 and p= .008 after adjustment for gestational age). Implications for practice: Although 

thermal stability was compromised, encouraging results regarding the first SSC in the unit 

promote the continuation of SSC transfers. 

Key words: Healthcare Quality Access and Evaluation, Newborn, Infant, Intensive Care, 

Preterm Infants, Postnatal Care, Kangaroo-mother Care, Hypothermia, Breastfeeding. 
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INTRODUCTION 

Daily care of infants hospitalized during their neonatal period increasingly involves their 

parents. Regarding very preterm infants, regular skin-to-skin contact (SSC) during the 

neonatal intensive care unit (NICU) stay has had positive effects on maternal bonding, parent-

child interactions and infant neurodevelopmental outcomes 1,2. Physiologic parameters of 

preterm infants were recorded during the SSC course as soon as the first week of life. SSC did 

not alter cardiorespiratory parameters or cerebral oxygenation of infants even if they required 

mechanical or noninvasive ventilation support 3,4. Thermal stability was preserved despite a 

loss of heat observed during the transfer of the infant from the incubator to the parent and vice 

versa 5,6. This transient decrease in body temperature did not have physiological or metabolic 

consequences 6. In parallel, prolonged SSC in the delivery room between term healthy infants 

and their mothers improved infant body temperature and exclusive breastfeeding practice 7. 

Interhospital transports of stable newborn infants without respiratory support through the SSC 

mode were safe and secure for infants and stressless for parents 8,9. In our hospital, the 

distance between the birth room and the neonatal intensive care unit (NICU) is approximately 

300 meters. Before 2018, all infants requiring intensive care were transported in an incubator. 

Since the first half of 2018, skin-to-skin transfer in the father’s arms has been implemented. A 

quality assessment of neonatal intrahospital transport modes was carried out in 2019. Then, 

the cardiorespiratory and thermal stabilities of infants during transfer from the birth room to 

the NICU, via either incubator or skin-to-skin modes, were observed. Furthermore, the 

consequences of transfer mode on glycemia, blood gas, the first SSC in the NICU and 

breastfeeding were also reported. 

METHODS 

Study design 



 

7 

 

This work was an observational study. All singleton infants born from May to December 2019 

in the three-level maternity ward of the University Hospital of Tours (France) who required 

hospitalization in the closest NICU were eligible. The SQUIRE guidelines were followed for 

reporting our data10. 

Ethics 

Written legal consent from guardians for the use of their child’s data was obtained. The local 

ethics committee (2019-082) and local data protection authority (2019-054) approved the 

protocol. 

Transport modalities from the birth room to the NICU 

Newborn infants requiring admission to the NICU were transported after resuscitation either 

in an incubator in an ambient air atmosphere at 36°C or in the father’s arms through SSC. The 

final decision for transfer mode was left to the discretion of the medical team. The medical 

team included a physician, a resident and a nurse from the NICU. For skin-to-skin transport, 

the bare-chested father was seated in a mobile chair, and the infant was carried in the 

kangaroo position using warmed cotton wraps plus plastic bags for infants less than 32 

gestational weeks. The infant wore a cotton cap or noninvasive ventilation headgear. The 

infant’s heart rate and oxygen saturation were monitored throughout the procedure regardless 

of the transfer mode. No infant had intravenous fluid intake during transfer. 

Experimental data 

The infant’s axillary temperature, heart rate and inspired fraction of oxygen (FiO2) were 

reported at five timepoints: the time of the medical decision to transfer (T0), at the departure 

from the birth room (T1), at the arrival in the NICU (T2), at the end of the infant’s installation 

in the NICU incubator (T3) and 30 minutes after T3 (T4). The ventilatory support type, 

presence of bradycardia, namely, heart rate below 80 beats/minute, and presence of 

desaturation, namely, oxygen saturation below 85%, during transfer were also reported. Data 
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on gestational age, birth weight, sex, delivery type, and 5-minute Apgar score were retrieved 

along with data on the first glycemia, pH, capnia and SSC in the NICU. Data on parental ages, 

parental educational levels and breastfeeding were also obtained. 

Statistical analysis 

Quantitative variables with normal distributions are expressed as the mean (± standard 

deviation), and Student’s t test was used for comparisons. Variables with nonnormal 

distributions are expressed as medians [range], and Mann-Whitney’s nonparametric tests were 

performed for comparisons. Fisher’s exact test was applied for qualitative variables. Two-way 

ANOVA followed by Bonferroni post hoc tests were performed to analyze the physiologic 

parameters throughout the procedure. Appropriate regression was used to adjust parameters 

for gestational age. The significance threshold was strictly p < 0.05 for all analyses. Statistical 

analyses were performed using GraphPad Prism (GraphPad Prism version 5.01 for Windows, 

GraphPad Software, San Diego, California, USA). 

RESULTS 

Patient and parent characteristics 

The data of 111 infants, namely, 54 transported in the incubator and 57 transported with SSC, 

were available for analysis. Infants transferred to their father’s arms had higher gestational 

ages (p= .003) (Table 1 and Figure 1). All infants requiring mechanical ventilation were 

transported in an incubator. Furthermore, infants transferred in incubators were likely to have 

more severe respiratory distress, as they exhibited higher FiO2 levels at T0 (incubator mode 

(n=54): 32% (±21.7) vs skin-to-skin mode (n=57): 22.7% (±4.3), p= .007) (Figure 2). The 

ages and educational levels of the mothers in the two experimental groups were similar (p= 

.36 and p= .68, respectively), as were those of the fathers (p= .34 and p= .2, respectively). 

Skin-to-skin transfer mode safety 



 

9 

 

The total durations of transport (i.e., from T0 to T3) were similar between the two 

experimental groups (incubator mode (n=34): 27.5 minutes [14,68] vs skin-to-skin mode 

n=43): 28 minutes [17,95], p= .81). No bradycardia occurred, and the desaturation frequency 

in both groups was relatively low (Table 1). The mean heart rate and the mean FiO2 remained 

stable from T0 to T3 in the skin-to-skin group (mean heart rate decrease: 3 beats/minute 

(±15)) (Figure 2). The first glycemia measurements in the NICU were similar regardless of 

the transfer mode, even after adjustment for gestational age (p= .43) (Table 1). Regarding 

thermal stability, a significant temperature decrease was observed during installation in the 

NICU room for infants transferred via skin-to-skin mode (median temperature variation from 

T2 to T3: incubator mode (n=44) = 0°C [-1, +0.7] vs skin-to-skin mode (n=51) = -0.2°C [-1, 

+0.4], p< .001) (Figure 2). This temperature decrease was still significant after adjustment for 

gestational age (p= .006). No recovery was observed 30 minutes later. Although the mean 

temperatures were similar at T0 (incubator mode (n=51) = 36.67°C (±0.56) vs skin-to-skin 

mode (n=55) = 36.63°C (±0.7), p= .73), the mean temperature at T4 was significantly lower in 

infants transported via skin-to-skin mode (incubator mode (n=45) = 36.61°C (±0.62) vs skin-

to-skin mode (n=52) = 36.26°C (±0.63), p= .007) (Figure 2). This effect on axillary 

temperature at T4 remained significant after adjustment for gestational age (p< .001). 

Impact of skin-to-skin transfer on NICU course 

The delay in the first skin-to-skin contact performed in the NICU was significantly shorter in 

the skin-to-skin group (p= .001) (Table 1). This effect persisted after adjustment for 

gestational age (=-17.8, p= .008). More women started to breastfeed their infants in the skin-

to-skin transfer group and succeeded in maintaining breastfeeding at discharge, although the 

threshold of significance was not reached (p= .14 and p= .09, respectively) (Table 1). This 

trend persisted after adjustment for gestational age (aOR 2.4 [0.95-6.11], p= .06 and aOR 1.99 

[0.93-4.24], p= .07, respectively). 
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DISCUSSION 

Skin-to-skin transfers from the birth room to the neonatal unit were feasible for newborn 

infants spontaneously breathing with or without noninvasive ventilation. Cardiorespiratory 

function and glycemia were not compromised during this procedure. Furthermore, earlier SSC 

in the neonatal unit and a trend of an increase in breastfeeding practice were observed in the 

skin-to-skin transfer group. However, concerns emerged about thermal stability. The transfer 

from the father’s arm to the incubator in the NICU room was critical for thermal loss and 

needs to be improved. 

The temperature value at admission to the NICU has become a critical parameter for very 

preterm infant management. Lower mortality rates and a lower prevalence of severe morbidity 

were observed in very preterm infants exhibiting temperatures ranging from 36.5°C to 37.2°C 

11. Furthermore, Wilson et al. reported that a temperature less than 35.5°C was associated with 

an increase in very preterm infant mortality 12. Thus, the heat loss during installation in the 

NICU linked to the skin-to-skin mode raised important concerns. Transfer between an 

incubator and SSC was previously associated with a decrease in skin temperature of very 

preterm infants, with a progressive recovery from 30 to 60 minutes 5,6. Interestingly, the 

transfer back to the incubator induced a deeper and more prolonged decrease in skin 

temperature 5. In parallel, lower body temperature during the first hour of life was recently 

observed in very preterm infants receiving SSC immediately after birth rather than being 

placed into an incubator 13. This finding led to changes focusing on thermal conservation 

during installation in the NICU. A plastic wrap and cap had a preventative effect on 

hypothermia during the poststabilization period in infants with a gestational age below 34 

weeks 14,15. Therefore, the systematic use of plastic caps and bags was implemented in the unit 

for the transfer from SSC to the incubator. This procedure is currently under assessment. 
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Although the continuation of skin-to-skin transfer regarding thermal safety raised concerns, 

encouraging results in the SSC group regarding early SSC and initiation of breastfeeding in 

the NICU suggest that there are benefits to skin-to-skin transfers. These results supported 

previous studies reporting that early SSC with the mother promoted breastfeeding in late 

preterm and term infants 7,16,17. However, in a pilot study, Linner et al reported similar 

proportions of breastfeeding among dyads experiencing or not experiencing SSC in the 

delivery room 13. In parallel, early implementation and regular practice of SSC in the NICU 

demonstrated undoubtedly beneficial effects for preterm infants 1. 

Skin-to-skin transfers were exclusively performed with fathers due to the need for rapid 

transfer to the NICU. The infant-father dyad went to meet the mother in the delivery room. 

Maastrup et al suggested that thermal neutrality was better during SSC with mothers than with 

fathers 5. In the future, skin-to-skin transfer with the mother should be considered. 

This observational study revealed that very preterm infants and infants requiring mechanical 

ventilation were preferentially transported in an incubator. However, this population could be 

an interesting target for skin-to-skin transfer. This topic has stimulated great interest, as two 

randomized controlled trials focusing on the assessment of early SSC with mothers during the 

extrauterine life adaptation of very preterm infants are ongoing 18,19. 

Limitations 

This study aimed to assess the safety and quality of transfer practices in our unit. Due to its 

observational design, large differences in population profiles and missing data, though these 

events were few, weakened the interpretation of the results. However, this study allowed us to 

point out the pitfalls linked to SSC transfer and to focus on the required improvements to 

implement this practice for more vulnerable patients. From this pilot study, a randomized 

controlled and multicenter trial focusing on infants with a gestational age strictly under 34 
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weeks was designed to compare SSC and incubator transfers, and the trial is under evaluation 

for governmental funding in the nursing care category. 

CONCLUSION 

Skin-to-skin transfer from the birth room to the NICU is likely to be promising despite 

unexpected heat loss during installation in the NICU. Further studies are needed to assess the 

impact of skin-to-skin transport on very preterm infants and infants requiring mechanical 

ventilation. 
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TABLE AND FIGURE CAPTIONS 

Table 1: Patient characteristics 

Figure 1: Transport mode practices according to infants’ gestational age. Gray bars 

correspond to infants transported in an incubator. White bars correspond to infants transferred 

via the skin-to-skin contact mode. 

Figure 2: Evolution of physiological parameters from the birth room to the NICU 

according to transport mode. The inspired fraction of oxygen (FiO2) (A), heart rate (B) and 

axillary temperature (C) are reported on graphs according to the five steps of the transfer. 

These 5 steps included i) T0: medical decision to transfer, ii) T1: departure from the birth 

room, iii) T2: arrival in the NICU, iv) T3: end of the infant’s installation in the NICU 

incubator, v) T4: 30 minutes after T3. Black circles represent infants transported in the 

incubator. Empty circles represent infants transported via the skin-to-skin contact mode. The 

results are expressed as the mean ± standard deviation. Statistical analysis: Two-way ANOVA 

with Bonferroni post hoc test, *p< .05, **p< .01, ***p< .001. 
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Table 1: Patient characteristics 

 

Table 1. Patient Characteristics 
 Incubator transfer 

(n=54) 
Skin-to-skin 

transfer (n=57) 
p 

Gestational age (weeks of gestation) 
median [range] 

32 [24,41] 36 [27,41] .003a 

Birth weight (grams) 
median [range] 

1612 [650,3865] 2590 [890,4630] .004a 

Birth weight percentile  
median [range] 

41 [0,98] 37 [0,100] .9a 

Small for gestational age, n (%) 11 (20.4) 7 (12.3) .23b 
Male infants, n (%) 37 (68.5) 33 (57.9) .25b 
C-section, n (%) 38 (70.4) 32 (56.1) .12b 
5-minute Apgar score, 
median [range], (missing values) 

8 [1,10] 
(1) 

9 [4,10] 
(4) 

.1a 

Mechanical ventilation for transfer,  
n (%) 

17 (31) 0 (0) < .001b 

Non-invasive ventilation for transfer, 
n (%) 

29 (54) 42 (74) .03b 

Infants exhibiting bradycardia during 
transfer, n (%) 

0 (0) 0 (0) 1b 

Infants exhibiting desaturation 
during transfer, n (%) 

3 (5.5) 3 (5) 1b 

First glycemia measurement in the 
unit (g/L), median [range] 

0.56 [0.03,1.9] 0.62 [0.03,1.3] .52a 

First pH in the unit 
mean (±SD), (missing values) 

7.29 (±0.08) 
(6) 

7.29 (±0.07) 
(5) 

.83c 

First PCO2 in the unit (mmHg) 
mean (±SD), (missing values) 

49.1 (±11.8) 
(5) 

50.3 (±10.6) 
(5) 

.58c 

First skin-to-skin contact in the unit 
(hours from birth), median [range]          
(missing values) 

22 [2,165]                      
(8) 

11 [1,136]                 
(4) 

.001a 

Breastfeeding initiation, n (%) 37 (68.5) 46 (81) .14b 
Breastfeeding at discharge, n (%) 24 (44) 35 (61) .09b 
SD: Standard Deviation. 
Statistical analyses: a Mann-Whitney’s nonparametric test, b Fisher’s exact test, c Student’s t 
test for independent samples. 
Bold values indicate a significant difference, i.e., p<0.05. 
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Figures

Figure 1

Transport mode practices according to infants’ gestational age. Gray bars correspond to infants
transported in an incubator. White bars correspond to infants transferred via the skin-to-skin contact
mode.



Figure 2

Evolution of physiological parameters from the birth room to the NICU according to transport mode. The
inspired fraction of oxygen (FiO2) (A), heart rate (B) and axillary temperature (C) are reported on graphs
according to the �ve steps of the transfer. These 5 steps included i) T0: medical decision to transfer, ii)
T1: departure from the birth room, iii) T2: arrival in the NICU, iv) T3: end of the infant’s installation in the
NICU incubator, v) T4: 30 minutes after T3. Black circles represent infants transported in the incubator.



Empty circles represent infants transported via the skin-to-skin contact mode. The results are expressed
as the mean ± standard deviation. Statistical analysis: Two-way ANOVA with Bonferroni post hoc test,
*p< .05, **p< .01, ***p< .001.


