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Abstract
Introduction: the corporal hygiene of the preterm newborn, although it is a recommended and routine 
practice, requires caution and safety for provoking disorganization in the autonomic system and homeostasis 
imbalance. Aim: to evaluate the variation of heart rate, oxygen saturation and salivary cortisol levels of 
preterm newborns submitted to conventional immersion baths and swaddled in sheets. Method: this is a 
randomized, pilot, cross-over clinical trial with 15 clinically stable preterm newborns. Results: the mean heart 
rate and oxygen saturation after the conventional immersion bath and swaddled in sheet did not present 
significant clinical and statistical differences. There was an increase in the salivary cortisol concentration when 
comparing the pre and post-bath values in the two bath techniques. Conclusion: there were no significant 
differences in stress biomarkers when comparing the two bathing techniques.
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INTRODUCTION

With the advent of the Neonatal Intensive 
Care Units (NICUs), preterm newborn survival 
(PTNB) has improved dramatically, neonatal 
mortality rates have declined and morbidity due 
to developmental disorders represents a new 
public health challenge(1). 

However, hospitalization in the NICU repre-
sents a number of stressors that may negatively 
impact the growth and development of preterm 
infants. As an inherent part of medical care, the 
newborn (NB) is exposed not only to invasive 
therapeutic procedures, but also undergoes 
frequent manipulations of daily procedures 
such as diapering, hygiene, change of position 
and weighing(2). Minimizing excess stimulus to 
reduce its impact is one of the basic principles 
of development assistance, which rationally 
involves planning the care of the PTNB and 
ensuring the safest practices based on scientific 
evidence. 

With interventions involving manipula-
tions, PTNBs respond with stress reactions, such 
as increased heart rate (HR), desaturation and 
changes in skin conductance and pain score(3-5). 

The body of the RN exposed to the manipulation 
responds with increased energy expenditure 
and there is an association of this with a decrease 
in oxygen saturation (SpO2)(6).

The body’s response to autonomic nervous 
system-controlled stress and response to envi-
ronmental stimuli are immature in PTNBs, and 
any interventions and the NICU environment 
itself are stressors. Thus, it is necessary to ana-
lyze the adequacy of the interventions in order 
to avoid overloading and impairing the organic 
homeostasis, with risk of damages to the clinical 
condition of the child and prolong the period of 
hospitalization(7). 

Variations in heart rate (HR), drop in oxy-
gen saturation (SpO2) and increased salivary 

cortisol (SC) concentration(8) indicate stress due 
to overload of stimuli. If the stressor stimulus is 
not interrupted, bradycardia and SpO2 fall may 
occur, further aggravating clinical conditions. 

One of the routine nursing procedures in 
the context of NICUs that provides multiple 
sensorial stimuli is the corporal hygiene of the 
PTNB. The Ministry of Health published the 
Handbook Humanized Care for the Low Birth 
Weight Newborn: Kangaroo Method in 2011(9), 
which recommends that the hygiene be per-
formed by immersion bath technique, based on 
evidence that this procedure has less impact on 
the thermoregulation of low birth weight PTNB. 
Another recommendation is that the immersion 
bath is performed with the PTNB swaddled in a 
drain or sheet.

The technique of wrapping PTNBs in a 
sheet, swaddling-cloth  or blanket, known as 
swaddling or wrapping technique, is an in-
tervention procedure that has been used as 
an effective non-pharmacological analgesic 
measure for acute painful procedures(10,11) 
to promote sleep quality in NBs, in this case, 
with controversial evidence for its benefit and 
risk(12,13) and as a measure to restrict NB move-
ment during magnetic resonance imaging(14). 
There is a lack of evidence on the benefit 
and safety of the immersion bath with PTNB 
wrapped in sheet or swaddling-cloth. The only 
published clinical study evaluated the effect of 
the immersion bath swaddled in a cloth in PTNB 
on body temperature and crying time and the 
results showed that these babies presented 
lower thermal variation and less crying time 
compared to those who received conventional 
immersion bath(15). 

Considering the absence of documented 
evidence on other outcomes as biomarkers of 
stress induced by the cited procedure, the objec-
tive of this study was to evaluate the variation of 
HR, SpO2 and SC levels in PTNB infants submit-
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ted to conventional immersion baths swaddled 
in sheets.

METHOD

This is a cross-sectional clinical trial, with 
a sample of 15 PTNBs admitted to the neona-
tal unit of a school hospital in the city of São 
Paulo. The PTNB were randomized to the bath 
sequence in two groups: Group A submitted first 
to the conventional bath (CB) and then to the 
swaddled bath (SB); and Group B submitted to 
SB followed by CB. Because it was a cross-over 
trial, each subject had self-control and received 
both the control and experimental interventions. 
Cross-tests require a smaller sample, in addition 
to avoiding problems of comparison between 
the control and experimental groups(16). The sub-
jects were included in the study according to the 
randomization list of the order of bath types. The 
interval between the two types of bath ranged 
from 24 to 72 hours. The baths occurred in the 
morning period (7:30 a.m. to 8:45 a.m.).

Data were collected from March to April 
2014. The eligibility criteria were: corrected 
gestational age ≥ 33 and < 36 weeks and 5 
days; postnatal age > 24 hours; clinically stable; 
spontaneous breathing; absence of congenital 
anomaly; heart disease; sedation and previous 
surgeries; and minimum interval of one hour 
after feeding.

The PTNBs were naked and immersed in the 
tub with water covering the entire body surface, 
except for the neck and head. In the swaddled 
bath (SB) the PTNBs were naked, wrapped in a 
cradle sheet, and then immersed in the bath wa-
ter. The technique of immersion bath swaddled 
in sheet was adopted, as recommended in the 
Kangaroo Method of the Ministry of Health(9). 
The water temperature was maintained between 
38ºC and 40ºC, the minimum ambient tempera-

ture during the baths was 27ºC and the average 
bath duration was 10 minutes. 

The list of randomization with the se-
quence of bathing techniques to which each 
PTNB would be submitted was kept in a sealed 
envelope, accessed only by two nursing techni-
cians, employees of the neonatal unit, previously 
trained in both types of bath.

The outcome variables analyzed were: HR 
(heart rate per minute - bpm), SpO2 (%) and SC 
level (nmol/L). HR and SpO2 were obtained by 
means of a pulse oximetry sensor and the mul-
tiparametric monitor display was filmed. Both 
were gauged immediately prior to undressing 
the PTNBs for bath, after resting for 10 minutes 
and between the 9th and 10th minute and the 
19th and 20th minute after bath, with the RN 
dressed and resting in the crib. Filming was 
analyzed and the data were obtained by calculat-
ing the mean of the variation at the three one-
minute intervals  for measurement. Two saliva 
samples were collected with ophthalmic swab. 
The first one was obtained before the bath and 
the second one at the 20th minute after the bath. 
The laboratory analysis of SC was performed by 
the Elisa test.

Data were analyzed using the Fisher’s 
test, paired Student’s t-test, repeated measures 
ANOVA and mixed effect model. For the data 
loss of a subject who participated only in the 
first phase of the study (conventional bath) and 
did not participate in the second phase due to 
hospital transfer, the Intention-to-treat analysis 
was used, considering the worst outcome of the 
SB group variables.   

The research project was approved by 
the Institutional Research Ethics Committees; 
proposer (No. 351,497) and co-participant (No. 
601,951-0); and was registered in the Brazilian 
Registry of Clinical Trials (UTN: U1111-1151-
5469). A written consent was obtained from 
those responsible, without any refusal.
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The project was funded by the Foundation 
for Research Support of the State of São Paulo 
(case 2013/23884-1).

RESULTS

The study included 15 PTNBs that met the 
eligibility criteria and whose parents authorized 
participation. The two stages of the 14 PTNBs 
were completed, as there was a hospital transfer 
loss that completed only the first step, that is, it 
was only exposed to CB.

Hospitalized preterm newborns
(PTNBs) eligible (n = 15)

 Included PTNBs (n=15)

Randomization

(n=7)
Swaddled bath

(n=8)
Conventional bath

(n=7)
Swaddled bath

(n=7)
Conventional bath

(n=1)
Loss

Washout period
> 24 - <72 hours

Completed the study (N=14)

Figure 1. Flowchart of newborns who partici-
pated in the study. São Paulo, 2014

The majority of preterm infants were born 
vaginally (n=11, 73.3%) and were female (n=8, 
53.3%). The calculated mean weight was 2.169 
(±484.00) grams. The main hospitalization 
diagnoses were: low birth weight, respiratory 
discomfort and infection. The minimum and 
maximum APGAR scores at the 1st and 5th min-
utes of life were, respectively, 4 and 10 and 8 

and 10. The mean gestational age was 34.21 
(±1.730) weeks. 

The mean HR of the SB group was signifi-
cantly higher before bathing (p=0.013). There 
was no significant increase in HR over time 
(p=0.406) for both bath types and there was no 
statistical difference in HR variation between 
bath types (p=0,070). 

In relation to the SpO2 values, there was 
no significant statistical difference in the mean 
values of this value before bath between bath 
types (p=0.428), without significant differences 
in the three measurement times (p=0,237) and 
SpO2 mean values were iqual for both types of 
bath (p=0,848).

Regarding SC results, BCNB infants had 
significantly higher pre and post-bath mean val-
ues than those of SB (p=0.016). The SC of the SB 
group had an increase of 2,21 nmol/L (22.92%), 
while in the CB it was 1,48 nmol/L (12.01%). This 
increase was the same for both groups (p=0,729). 
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Graph 1. Salivary cortisol levels before and 
after conventional immersion baths and 
swaddled in sheets. São Paulo, 2014

The analyzed results showed no differences 
in physiological and hormonal biomarkers indic-
ative of stress in the immersion bath, regardless 
of the technique employed.   
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DISCUSSION

The present study aimed at evaluating the 
variations in HR, SpO2 and SC concentration, 
stress response indicators to the immersion bath 
by the conventional method and with the PTNB 
swaddled in sheets, a procedure recommended 
by the Ministry of Health for PTNBs and with 
low weight.

The results showed that there were no 
statistical and clinical differences in the physi-
ological and hormonal responses analyzed. The 
only data that presented difference between the 
types of bath was in relation to the pre-bath HR, 
which in the SB group was statistically larger; 
however, such a difference is irrelevant from the 
clinical point of view. This difference may have 
occurred because NBs were more manipulated 
by being swaddled in the sheet before being 
immersed in the bath water.

The manipulations of the PTNBs trigger 
patterns of stress responses that are indicative of 
their ability to cope with environmental stimuli, 
which can be evaluated through autonomic and 
behavioral response parameters, and evidences 
point to a significant increase during the care 
given(17), including the immersion bath, consid-
ered one of the procedures that most require 
manipulation of the caregiver.

Pre- and post- quasi-experimental study 
evaluated the effect of hydrokinesiotherapy 
on the outcomes HR, SpO2, SC, respiratory rate, 
and pain score in the Neonatal Infant Pain Scale 
(NIPS) in 15 PTNBs hospitalized at the NICU 
weighing more than 1000 grams. The vital pa-
rameters were evaluated five minutes before the 
immersion bath in bucket and immediately after. 
There was a significant reduction in the mean 
values pre-compared with post-hydrotherapy 
of the HR (163.4 BPM versus 150.4, p=0.003), 
SpO2 increase (97% versus 99%, p=0.002), SC 
reduction (p=0.004), decreased respiratory rate 
(55.2 versus 49.3, p=0.004), and reduced NIPS 
pain score from 0.53 to 0 (p=0,087). Hydrokine-
siotherapy included placing the infused NB in a 
flexed position in a bucket with 37°C water and 
passive mobilizations of the upper and lower 
limbs, overall stretching, trunk rotation and 
proprioceptive and vestibular tactile stimula-
tion, ending with the baby in fetal position. 
The therapy lasted 10 minutes(18). These results 
showed similarity with the findings of the pres-
ent study, with the exception of SC that was 
contrary to those found in this study. 

The reduction of SC levels is associated with 
the positioning of the NB(19) as described in the 
literature. NB’s positioning during the exposure 
to Hydrokinesiotherapy and the way of manipu-

Table 1. Heart rate, oxygen saturation and salivary cortisol levels pre and post-bath. São Paulo, 2014

Physiological parameter /
Type of bath

Pre-bath
Mean (SD)

10 minutes post-bath 
Mean (SD)

20 min 
post-bath 
Mean (SD)

Heart rate (BPM)
Conventional bath 126,85 (±40,352) 137,08 (±18,287) 133,15 (±15,433)
Swaddled bath 138,97 (±17,012) 136,97 (±20,94) 143,95 (±21,19)
Oxygen saturation (%) 
Conventional bath 96,71 (±1,266) 97,02 (±1,422) 96,46 (±1,800)
Swaddled bath 97,12 (±1,032) 97,18 (±0,887) 96,84 (±1,262)
Salivary cortisol (nmol/L)
Conventional bath 12,32 (±7,31) - 13,80 (±7,95)
Swaddled bath  9,64 (±4,23) - 11,85 (±7,77)

SD = standard deviation
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lating the NB may explain the difference found 
in the mean values of SC, suggesting that the 
procedures adopted in the body hygiene should 
consider the quality and quantity of stimuli 
caused in the PTNB, as well as the positioning 
in the bathtub. 

With regard to SC, the results indicate that 
exposure to SB had a higher increase in the 
mean of the hormonal levels after bathing when 
compared to CB, although this statistical differ-
ence was not significant, considering the small 
sample of this pilot study. The difference in the 
values of the pre-bath mean of the CB compared 
to the pre-bath means of the SB was a finding 
that drew attention, since the SC collection 
procedure was performed in a standardized way 
with all the apparently calm, resting, dressed, 
and covered in the cradle, following the standard 
procedure described in the method. The PTNB 
were not manipulated or stimulated during the 
10-minute interval before removing the clothes 
and initiating the baths. 

It is worth emphasizing that in the cross-
over trials, all the subjects of the study are 
exposed to both types of intervention. In the 
case of this study, CB and SB, and the result to 
be considered are the difference between the 
means of pre- and post-bath SC concentration 
that showed no difference between the groups. 
In any case, the results confirm that the immer-
sion bath procedure is a stressor factor for PTNBs, 
because the SC levels remained higher in rela-
tion to pre-bath values, even after 20 minutes of 
the end of the procedure, although the pre and 
post differences were not statistically significant 
for the two types of bath. 

The literature points out that it is difficult to 
collect the saliva sample for SC examination be-
cause of the volume required for analysis(20); this 
was not verified in the present study because of 
the innovative technique used in the collection 
(use of ophthalmic swab and time of stay of the 

swab in the mouth of the NB – 10 minutes) to 
obtain the minimum volume required (1mL) for 
laboratory analysis. The literature reports failure 
to collect saliva samples ranging from 1% to 
46%(2,20) due to insufficient volume of saliva in 
PTNBs. These data alerted the study team about 
the cost of losses in the planning phase of the 
study and led to the search for material (swab) 
that allowed high absorption and safety for the 
collection of biological material, as well as to 
search the literature for the ideal time of mainte-
nance of the swab in the mouth of the newborn 
to obtain the necessary volume of saliva. These 
strategies were successful in obtaining and ana-
lyzing salivary cortisol without any loss. 

CONCLUSION
There were no significant statistical and 

clinical differences in the pre and post-bath 
values among the PTNB groups studied in rela-
tion to HR, SpO2 and SC, although the latter 
was increased for both groups regardless of the 
technique used, thus concluding that there is 
no difference between the bathing techniques 
employed. Because it is a pilot study, it is neces-
sary to increase the size of the sample in order 
to reach definitive conclusions.
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