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1  |  INTRODUC TION

Early mother-infant contact during the first hours after birth is known 
to increase parental sensitivity to infants' signals,1-3 as well as bond-
ing and maternal satisfaction.4,5 The pre-feeding behaviour of infants 
who experience skin-to-skin contact with their mothers has also been 

described as one of the pathways to initiating breastfeeding.5 One 
study showed that infants who had skin-to-skin contact with their 
mother cried less than those who were not held that way.6 Such con-
tact is also believed to enhance bonding between fathers and infants 
after elective Caesarean sections.6-11 A systematic Cochrane review 
of the effects of early mother-infant skin-to-skin contact confirmed 
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Abstract
Aim: Separating infants and their parents after a Caesarean section is still the routine 
care worldwide. This study investigated three caregiving models on the wakefulness 
and physiological parameters of full-term infants after an elective Caesarean section.
Methods: Newborn infants born in a Chilean public hospital in 2009-12 were ran-
domised to three groups: cot, fathers' arms or skin-to-skin contact with their fa-
ther. They were assessed at 15-minute intervals, from 45 to 120 minutes after the 
Caesarean section. Their physiological parameters were measured, and their wakeful-
ness was assessed using the Neonatal Behavioural Assessment Scale.
Results: We studied 95 infant (53% girls) born at a mean gestational age of 
38.9 ± 0.9 weeks. Heart rates were significantly higher in the skin-to-skin than cot or 
fathers' arms groups and showed greater stability over time. Wakefulness was initially 
higher in the skin-to-skin group, but there were no significant differences by the end 
of the observation. There were no differences between the groups in peripheral oxy-
gen saturation. Skin-to-skin contact had no negative impact on the infants.
Conclusion: The skin-to-skin group showed some advantages over the cot and fa-
thers' arms groups when it came to establishing stable physiological parameters and 
wakefulness. This approach should be supported during mother-infant separation.
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that newborn infants have greater cardio-respiratory stability than 
controls.12 A randomised controlled trial showed that infants who had 
skin-to-skin contact with their mothers had a higher body and skin 
temperature than infants who were carefully wrapped, swaddled or 
dressed, but did not have skin-to-skin contact.13 Another study also 
found that paternal substitutes were as successful as incubator care 
with regard to the positive effect on the infant's body temperature 
after Caesarean birth.10 A study of full-term, healthy infants found that 
skin-to-skin contact was associated with more rapid metabolic adjust-
ment and higher levels of blood glucose than conventional cot care.8 In 
that study, body temperature was maintained and stress was reduced 
in newborn infants who experienced skin-to-skin care, indicating that 
this practice was superior to cot care.8 Skin-to-skin contact with moth-
ers or fathers immediately after an elective Caesarean section has 
been reported by some researchers to promote parent-infant commu-
nication and interaction.7,11 The aim of this study was to compare the 
effect of three caregiving models on the wakefulness and physiological 
parameters of full-term infants after a Caesarean section.

The hypothesis was that oxygen saturation, temperature, heart 
rate and wakefulness could be used as measures of the well-being 
of newborn infants who received skin-to-skin contact with their fa-
thers. This form of contact was compared with being cared for in 
their fathers' arms or placed in a cot.

2  |  METHODS AND MATERIAL

A randomised control design was used to assess the effects of three 
caring models on newborn full-term infants after a Caesarean section. 
The study took place in Chile from 2009 to 2012 at a general public 
hospital that performed around 9000 deliveries per year. At the time 
of the study, fathers were not allowed to be present during surgery or 
in the post-anaesthesia care unit, where their partners were recover-
ing. The mothers were then transferred to the post-surgery unit for 
observation, and their infants were taken to the neonatal unit.

The study comprised healthy mothers who had an uncomplicated 
elective Caesarean section using epidural anaesthesia. Some had 
surgery due to previous Caesarean sections, and some requested 
the procedure.

The newborn infants were included if they had a gestational age of 
between 37 and 42 weeks and an Apgar score of more than seven at 
one and five minutes. If the infants were deemed to be healthy at the 
first check-up 30 minutes after birth, with a temperature of ≥36.6°C, 
they were included in the study and randomised to one of the three 
caregiving groups. The inclusion criteria for the fathers were that they 
had expressed their wish to take part in the study and to take care of 
the infant while they were separated from their mother after surgery.

2.1  |  Randomisation

The day before the elective Caesarean section, 130 prospective 
parents were selected in consecutive order and informed about the 

study, verbally and in writing. The parents were assured that they 
could withdraw from the study at any time, without any impact on 
the care they and their infant received. They were also told that 
their anonymity would be protected. The randomisation was per-
formed using sealed, opaque envelopes that contained information 
about group allocation. The infants were randomised to one of three 
groups. In the cot group, the infants were placed in a cot on their 
side, dressed in a diaper, cotton pyjamas and a cotton hat, with the 
father sitting in a chair near the infant. In the fathers' arms group, the 
infants were placed in a supine position in the fathers' arms, dressed 
in a diaper, cotton pyjamas and cotton cap. In the father-infant skin-
to-skin contact group, the infants were dressed in a cotton diaper, 
and placed skin-to-skin on their fathers' chest in a prone, 30º to 45º 
upright position. The fathers were seated in a comfortable semi-
reclined armchair, and both the father and infant were covered with 
a blanket.

2.2  |  Procedures

All newborn infants received the same routine care before the 
start of the intervention. Immediately after the Caesarean birth, 
the umbilical cord was cut and the infant was dried. If required, oral 
suctioning of mucus from the infant's mouth was conducted. The 
Apgar score was measured from one to 10, at one and five minutes 
after birth. The infant was wrapped in two towels and shown to the 
mother, then cared for under a heater for 30 minutes and eventu-
ally transferred to the neonatal unit. The mother, in turn, was trans-
ferred to the post-surgery unit.

All infants were checked 30 minutes after birth by a midwife in 
the presence of the father. Each infant was examined, measured and 
weighed, and their ear temperature was noted. If the infant fulfilled 
the inclusion criteria, they were allocated to the assigned caring 
model according to the randomisation process. All the infants were 
wearing a cotton diaper and covered with two blankets during this 
assessment.

The intervention began 45 minutes after birth, and the in-
fant's physiological variables and their state of wakefulness were 

Keynotes

• This study focused on the wakefulness and physiological 
parameters of full-term infants, who are frequently sep-
arated from their parents after an elective Caesarean.

• The 95 infants were randomised to three groups: cot, 
fathers' arms or skin-to-skin contact with their father 
and at 15-minute intervals, from 45 to 120 minutes after 
birth.

• The skin-to-skin group demonstrated some advantages 
over the other two groups when it came to establishing 
stable physiological parameters and wakefulness.
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evaluated every 15 minutes for 75 minutes. During the intervention, 
the fathers were free to spontaneously interact and care for their 
child without limitations, except for the fathers in the cot group, 
who were asked not to pick up the newborn infant. The staff in the 
neonatal unit continuously assessed the infant's physical well-being.

After 2 hours, the newborn infants and fathers went to the ob-
stetric unit, to be reunited with the mothers, and the mothers and 
their infant were then transferred to the maternity ward for conven-
tional care.

2.3  |  Data collection

The Neonatal Behavioral Assessment Scale (NBAS) was adminis-
tered to measure the infants' state of wakefulness 45 minutes after 
delivery (Table 1). The first author (AA) or a trained research assis-
tant conducted the naturalistic observations and performed all the 
measurements to ensure the reliability of the study. All the varia-
bles were then measured six times, during the first minute of every 
15-minute interval. This means that the observation period spanned 
45-120 minutes after birth.

The infant's ear temperature was measured using the Braun 
ThermoScan thermometer (Braun GmbH, Kronberg, Germany). 
Heart rate and peripheral oxygen saturation were measured on the 
infant's index finger with a Saturator Masimo, which is a compact 
pulse oximetry device (Masimo Corp, California, USA). The physi-
ological parameters were performed by the first author (AA) and a 
trained research assistant.

Demographic data on the health of the mothers and infants 
were obtained from the birth records and registered in the research 
protocols.

2.4  |  Data analysis

Descriptive statistics are used to present the participants' demo-
graphic data; continuous variables were described by means, standard 
deviation and quantiles. To compare differences in the state of wake-
fulness (NBAS) between the groups, we evaluated the trend of the re-
sponses over time analysis of covariance for repeated measurement 
estimated through mixed models was performed. The evolution of 
the physiological parameters has been described by a mean value and 
standard deviations for each time and measurement. The comparison 

between the three groups was tested by analysis of variance for re-
peated measurements. Statistical significance was set at 0.05. All data 
were processed in Stata version 14.0 (Stata Corp LLC, Texas, USA).14

This study was approved by the Ethics Committee of the 
Scientific Assessment.

Metropolitan Health Service South East (D-nr16-05-2008).

3  |  RESULTS

3.1  |  Participants

In total, 107 couples agreed to participate, but 12 infants did not 
meet the health inclusion criteria 30 minutes after birth.

This mean that 95 infants were included in the study and ran-
domised to one of the three groups: there were 32 infants in the 
cot, 34 in the fathers' arms group and 29 in the skin-to-skin contact 
group.

3.2  |  Demographic characteristics

All the men and women were of Chilean origin and the women re-
ceived elective Caesarean sections after uncomplicated pregnancies. 
There were no statistically significant differences between the mean 
ages in the three caring groups. The average age of the fathers was 
32 ± 7.3 years while the mean age of the mothers was 29 ± 6.3 years. 
On average, the participants had two previous children. The mean 
gestational age was 38.9 ± 0.9 weeks for the fathers' arms group, 
38.7 ± 1.7 weeks for the cot group and 38.9 ± 0.9 weeks for the 
skin-to-skin contact group. The 48 girls had a mean birth weight of 
3498 ± 438.4 and the 47 boys with a mean weight of 3547 ± 382.8 
grams.

3.3  |  Physiological parameters

The infant's physiological parameters were assessed, namely tem-
perature, heart rate and peripheral oxygen saturation (Table 2).

The infants were assessed after 30 minutes under a heater and 
assigned to one of the three caring models. Their mean ear tempera-
ture was 36.8°C at this point. There were no significant differences 
in the mean ear temperature between the three groups (Table 2), 

TA B L E  1  The NBAS scoring scheme for infant state of wakefulness [23]

Code 1: Sleep state Code 2: Sleep state Code 3: Drowsy 
state

Code 4: Alert state Code 5: Alert state Code 6: Crying state

Deep sleep, regular 
breathing, 
eyes closed, no 
activities

Light sleep Eyes may be 
open, dull, 
heavy lidded, 
closed, delayed 
responses to 
stimuli, not alert

Bright look, focused, 
attention to 
stimulation, motor 
activities minimised, 
glazed look

Eyes open, motor 
activities, fuzzy 
vocalisations

Crying that is difficult 
to break through 
with stimulation 
with typical 
‘crying' face, 
cupped tongue

Eyes closed, rapid 
eye movements, 
low activity level
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and it remained stable throughout the study period, from 45 to 
120 minutes (Figure 1).

Heart rate was measured in beats per minute (bpm) (Table 2). The 
heart rate in the skin-to-skin group differed significantly from the cot 
group, by a mean of 10.5 beats per minute (150.5 ± 16.3 bpm versus 
140.0 ± 7.5 bpm (P = .002) (Figure 2). There were no significant dif-
ferences in heart rate over time in the skin-to-skin contact group.

In the cot group, there was a significant decrease in heart 
rate over time, from a mean of 143 ± 19 bpm at 45 minutes to 
138 ± 18 bpm at 120 minutes (P = .001).

The mean heart rate of the infants in the fathers' arms group was 
142.4 ± 14.2 bpm. This group showed minor variations in heart rate 
over time, with a transient decrease to a mean of 136 ± 38.66 bpm 
at 105 minutes (P < .001).

The infants' mean peripheral oxygen saturation showed no sta-
tistical differences between the intervention groups (Table 2), and 
the pattern during the study period is displayed in Figure 3. At the 
end of the study period, the mean levels of peripheral oxygen satu-
ration were nearly the same in the three groups.

3.4  |  Wakefulness

Wakefulness was measured by the NBAS from 45 to 120 minutes 
after birth, with six observations, at 15-minute intervals, for each in-
fant. The infants' state of wakefulness is presented in Figure 4, while 
the mean values, standard deviations and p values for the outcome 
of the NBAS are listed in Table 3.

We compared the state of wakefulness in the three groups. The 
skin-to-skin group showed a higher state of wakefulness at 60 min-
utes than the infants in the fathers' arms group (P = .048) (Figure 4). 

TA B L E  2  Infant mean temperature, heart rate and oxygen saturation (SPO2) over the study period (45-120 minutes) for the infants cared 
for in a cot, in the father's arm and skin-to-skin on the father's chest

Variable

Cot group
Fathers arms 
group

Skin-to-skin 
group P-value P-value P-value

(n = 32) (n = 34) (n = 29)
Cot vs Fathers 
arms

Cot vs 
Skin-to-skin

Skin-to-skin vs 
Fathers armsMean (SD) Mean (SD) Mean (SD)

Temperature 98.7°F (0.85) 98.7°F (0.78) 98.6°F (0.65) .999 .217 .211

(37.1°C) (0.39) (37.1°C) (0.73) (37.0°C) (0.37)

Heart rate 142.5 bpm (7.5) 145.9 bpm (14.2) 150.8 bpm (16.3) .184 .002* .063

Oxygen saturation 97.10% (1.4) 97.3% (1.4) 97.2% (1.5) .498 .822 .665

Wakefulness 3.50 (1.57) 3.06 (1.34) 3.71 (1.74) 1.000 .013* .086

Bold indicates that a statistical difference was found
*P < .05. 

F I G U R E  1  Mean temperature at 45 to 120 minutes after birth in 
the three groups: cot, in the father's arms and skin-to-skin group
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F I G U R E  2  Mean heart rate, beat per minutes (bpm) at 45 to 
120 minutes after birth in the three groups: cot, in the father's arms 
and skin-to-skin group
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F I G U R E  3  Mean peripheral oxygen saturation (%) at 45 to 
120 minutes after birth in the three groups: cot, in the father's arms 
and skin-to-skin group
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However, there was no significant difference in the state of wake-
fulness between the cot group and skin-to-skin groups at any time 
points (Table 3).

The infants in the fathers' arms group demonstrated a signifi-
cantly lower state of wakefulness than the infants in the cot group at 
both 45 minutes (P = .028) and 60 minutes (P = .014).

There were no significant differences between the groups be-
tween 105 and 120 minutes, as all the infants presented a decreased 
level of wakefulness at this point.

The study also looked at the pattern of wakefulness within each 
group as a function of time.

Infants in the skin-to-skin contact group maintained an alert pat-
tern of wakefulness from 45 to 90 minutes; then, their wakefulness 
decreased to a drowsy state at 120 minutes.

There were significant changes in the pattern in the cot group 
from 45 to 105 minutes (P < .001). The infants showed an alert state 
between 45 and 75 minutes, followed by a drowsy state at 105 min-
utes and light sleep at 120 minutes.

The pattern also changed in the fathers' arms group, from 45 to 
120 minutes (P = .029). At 45 to 75 minutes, the infants showed a 
drowsy state followed by light sleep at 120 minutes.

Comparison of infants' mean wakefulness between the groups; 
infant in a cot, fathers' arms and in skin-to-skin.

4  |  DISCUSSION

Our results show that the infants' physiological parameters and 
the level of wakefulness showed a stable pattern within the normal 
range in the three caregiving groups. The infants in the skin-to-skin 
contact group had a higher mean heart rate at 45 minutes after 
Caesarean delivery than the other two groups, and this higher alert 
state lasted until approximately 90 minutes. No significant differ-
ences were noted between the groups when it came to ear tempera-
ture or peripheral oxygen saturation.

The results show that newborn infants can be safely and ad-
equately cared for by their fathers if their mothers cannot take 
care of them straight after birth. Another study from the same 
sample and hospital setting showed that fathers who took care 
of their newborn infants for the first hours after birth developed 
a better understanding of their infant's first moments of life and 
became more engaged with them as a result.15 Another paper on 
the same cohort reported that the mothers felt that the family 
benefitted from the fathers caring for their newborn infant while 
they recovered from their Caesarean section and were separated 
from their baby.16

These findings about paternal newborn care are important be-
cause many countries routinely separate both parents from their 
newborn infant after Caesarean sections. This is particularly true in 
low-income and middle-income countries.

Our study showed that the infants in the skin-to-skin group 
showed a specific pattern of wakefulness that was similar to the pat-
tern observed in vaginally delivered infants5,17 They showed an alert 
state from 45 minutes and starts to decrease at 90 minutes, followed 
by a drowsy state from 105 to 120 minutes. The infants' prolonged 
state of wakefulness in the skin-to-skin group might suggest a 
more adaptive state after a Caesarean section, which facilitates the 

F I G U R E  4  Means' wakefulness at 45 to 120 minutes after 
birth in the three groups: Infant in a cot join is father, infant in the 
father's arms, and infant skin-to-skin group
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TA B L E  3  Infants' wakefulness trend in the three groups; cot, fathers' arms and skin-to-skin groups and comparisons between groups

Wakefullness

Cot group
Fathers arms 
group

Skin-to-skin 
group P-value P-value P-value

(n = 32) (n = 34) (n = 29)

Cot vs Fathers arms
Cot vs 
Skin-to-skin

Skin-to-skin vs 
Fathers armsMean (SD) Mean (SD) Mean (SD)

Time

45 minutes 4.375 (1.26) 3.558 (1.08) 4.068 (1.41) .028* 1.000 .329

60 minutes 4.125 (1.34) 3.147 (1.18) 4.000. (1.60) .014* 1.000 .048*

75 minutes 3.843 (1.51) 3.441 (1.28) 4.034 (1.67) .824 1.000 .354

90 minutes 3.343 (1.45) 2.852 (1.46) 3.827 (1.85) .637 .712 .051

105 minutes 2.781 (1.36) 2.823 (1.36) 3.448 (1.90) 1.000 .287 .339

120 minutes 2.531 (1.66) 2.558 (1.46) 2.931(1.83) 1.000 1.000 1.000

Bold indicates that a statistical difference was found.
*P < .05 
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infant's capacity for self-regulation.5 It also promotes the father-in-
fant interaction that can occur in skin-to-skin contact immediately 
after a Caesarean section.6,9 This specific caring model also seems 
to provide beneficial cardio-respiratory adaptation after birth.17,18

All three groups in this study achieved cardio-respiratory sta-
bility, as their temperature, heart rate and peripheral oxygen satu-
ration reached a more stable level by the end of the study period. 
There was no significant difference in peripheral oxygen saturation 
between the three groups.

The heart rates of healthy newborn infants can vary from 120 to 
160 bpm, and the average heart rates were within this range in the 
three groups in this study. A stable and slightly higher heart rate was ob-
served in the skin-to-skin group, which in line with the values reported 
by Bancalari et al19 That study showed the relationship between neo-
natal behavioural states and heart rate variations when newborn infant 
was in an active state with higher heart rates.20 Our skin-to-skin group 
showed a higher degree of wakefulness than the other two groups.

Overall, the infants' ear temperatures were stable and within the 
normal range in all groups. An infants' temperature is stable when they 
peacefully go through the nine phases of behaviour during skin-to-
skin contact with their mother: crying, relaxation, awakening, activity, 
crawling, rest, familiarisation, sucking and sleep. This leads to early 
optimal self-regulation,5 which occurred in our study when the infant 
was cared for by their father. It has been suggested that mothers may 
have the ability to modulate their infants' temperature during skin-
to-skin contact 21 and our study fathers provided the same benefit.

We found that the mean heart rate was significantly higher 
(P = .002) in the skin-to-skin t group than in the cot group. One rea-
son for this finding could have been the higher degree of wakeful-
ness stimulated by sensory cues during skin-to-skin contact.22

4.1  |  Strength and limitations

The strengths of the study included the randomised controlled trial 
design. The reliability of the naturalistic observations was strength-
ened by using Brazelton's NBAS scale, which is a validated instru-
ment,23 and a standardised observation protocol. In addition, the 
physiological parameters were standardised with the same proce-
dure and the same personnel conducted the naturalistic observa-
tions and performed all the measurements. They strengthened the 
validity. A possible limitation could be that all the newborn infants 
were treated under a heater for 30 minutes after birth to ensure 
their temperature was stable immediately before the interventions. 
However, it was normal after 30 minutes (36.8°C) and remained nor-
mal at the end of the study period of 120 minutes. Moreover, the 
results of our study agreed with previous research.24

5  |  CONCLUSION

Healthy newborn infants born by elective Caesarean section showed 
stable physiological patterns, temperature, heart rate and peripheral 

oxygen saturation, when they received three different caregiving 
models. The father-infant skin-to-skin contact group demonstrated 
other advantages, and no negative effects were observed. This car-
egiving model should be supported if mothers and infants need to 
be separated.
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