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ABSTRACT

Objective: Therapeutic positions are widely used in preterm newborns in the neonatal intensive care unit (NICU). The aim of this study was to determine the effect
of prone and supine positions on the oxygen saturation and heart rate of preterm newborns receiving respiratory support.

Material and Methods: This was an experimental, randomized controlled trial. Preterm infants were divided into 2 groups by randomization. Nineteen newborns
in group 1 (Supine/Prone (S/P)) were first started in the supine position, and then placed in the prone position. Nineteen newborns in group 2 (Prone/Supine (P/S))
were first started in the prone position and were then placed in the supine position. The physiological parameters (oxygen saturation and heart rate) of preterm
newborns was evaluated every 15 minutes in 2 hours after positioning for both groups.

Results: The 2 groups were determined to be similar in terms of descriptive and clinical variables. The difference between the mean oxygen saturation values of
preterm newborns at the 105" minute, according to the positions, was found to be significantly higher in the prone position (P=.001). There was no statistically
significant difference between the mean values of heart rate according to the positions (P > .05). It was determined that the mean oxygen saturation levels of pre-
mature newborns with nasal continuous positive airway pressure (CPAP) at the 60" minute (P=.005) and the 105" minute (P=.018) were significantly higher in the
prone position.

Conclusion: The prone position provides high and stable oxygen saturation for preterm newborns who receive respiratory support.

Keywords: Heart rate, oxygen saturation, supine position, prone position, preterm newborns

Introduction

There are 13 million preterm births every year worldwide." Preterm newborns face some major problems because of under developed organs
and body systems. It is known that the majority of preterm newborns receive mechanical ventilation (MV) support in neonatal intensive care unit
(NICU) due to respiratory distress.? It is recommended that individualized developmental care methods should be used in the NICU, as the preterm
birth will affect the developmental process. Positioning, which is one of the individualized developmental care methods, is an important process
in supportive care applied to provide the least harm from the environmental factors encountered in the extrauterine life of preterm newborns,
who leave the intrauterine environment prematurely.> The positional support for the protection of the preterm newborns to protect them from
environmental factors helps to maintain healthy body posture and also to helps the infant to feel safe.3* This position, in the early extrauterine
life, can affect physical and physiological values and the developmental process. It is also known that the position affects the respiratory system,
heart rate, and pain sensation.’

Positioning in the preterm newborn receiving respiratory support is significant in terms of neurological and physiological development.®
Positioning has been shown to have a positive effect on respiratory mechanics that affect the newborn’s breathing patterns, cardio-respiratory
activities, oxygenation, and lung ventilation.”® Some studies have focused on the effects of specific positions on respiratory function and the
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lung ventilation distribution of premature infants.'®' The studies have
shown that the prone position is beneficial for gastric residual,’ oxy-
genation,™" and pulmonary function,™ and also in order to increase
tidal volume, improve diaphragm function, and reduce respiratory
distress during periods of apnea and active sleep.' The prone posi-
tion also has its disadvantages. These include extubation during care,
an increased risk of sudden infant death syndrome, developmental
retardation, position-related facial and subcutaneous edema, corneal
lesions, and loss of vascular access.” In a systematic review study, it
was reported that the prone position led to slightly improved oxygen-
ation, including and fewer desaturation episodes."”

In preterm newborns receiving respiratory support in the NICU, it is
important to determine the proper position, and the frequency and
time of position change, to reduce oxygen need. Positioning in pre-
term newborns is the basis of neonatal nursing care.’® There are
studies in the literature which compare the effectiveness of supine and
prone positions in preterm newborns. However, there are a limited
number of studies, with a limited number of samples, in which the
effects of the supine and prone positions on oxygen saturation and
heart rate have been evaluated in newborns in MV and nasal continu-
ous positive airway pressure (CPAP) of respiratory support. Such a study
is needed to contribute to the literature. The aim of this study was to
determine the effect of supine and prone positions on oxygen satura-
tion and heart rate in respiratory-supported preterm newborns.

Materials and Methods

Study Design

This was a two-period crossover, experimental, randomized controlled
trial. Preterm newborns in the study were divided into 2 groups by
randomization according to position priority; group 1 (S/P) and group
2 (P/S). In this study, each newborn was a part of both the study and
the control group (crossover design). The study protocol was prepared
on the basis of the literature.’®™ The study protocol was reviewed
and approved by Clinical Trials.gov (NCT03895242).

The study was conducted in the NICU of an education research hospi-
tal in Turkey, between February 2015 and June 2016. The study sample
was deemed adequate based on a sample size calculation conducted
in PS Power and Sample Size Calculations (Version 3.0). According to
the formula of the calculated sample size, for a crossover design with
a=0.05, the sample size required to achieve a 90% power was 36 new-
borns. Thus, the sample of the study consisted of 38 preterm new-
borns who met the inclusion criteria.

Inclusion Criteria

The inclusion criteria of preterm newborns in the study were: (a) 25 to
36 weeks of gestation age, (b) receiving respiratory support (MV (intu-
bated) and at least 12 hours in nasal CPAP), (c) postnatal age < 7 days,
and (d) clinically stable.

Exclusion Criteria

Newborns who had cardiopulmonary instability or a congenital
impairment that prevented positioning, who were on ventilation using
high-frequency oscillating ventilation, or who were receiving continu-
ous sedative and anticonvulsant drugs, were excluded from the study.

Randomization

A simple randomization method was used. The preterm newborns in
the research were divided into 2 groups according to the priority of
position; group 1 (S/P) and group 2 (P/S). Group 1 (S/P) and/ or group
2 (P/S) were written on slips of paper to allocate the newborns to the
groups. then the papers were placed one by one into opaque sealed
envelopes. The name of 1 group was contained in each envelope

(group 1 (S/P) or group 2 (P/S)). When the preterm newborn’s position
was being planned, a random envelope was selected from the enve-
lopes by the clinical nurse (who was not part of the research). Then
the envelope was opened by the positioning researcher and the posi-
tioning was decided based on the group (group 1(S/P) or group 2(P/S))
the newborn would be in. The group allocation of the newborn was
determined just before positioning.

Data Collection Procedure

After the random determination of the group that the preterm new-
borns were placed in, routine nursing care such as diapering, body
cleaning, weighing, and suctioning was given to the preterm newborn.
After the newborns were placed in the supine or prone position, using
positioning materials, they were treated and fed.

The preterm newborns in group 1 (S/P) were first placed in the supine
position and were allowed to rest for 60 minutes to stabilize after the
positioning (no data were collected during this time). From the 61+
minute, the SpO, and heart rate (HR) were recorded by pulse oximetry
every 15 minutes, for 120 minutes. Two hours later, the preterm new-
borns in group 1 (S/P) were gently turned to the prone position by the
investigator, and were allowed to rest for 60 minutes to stabilize after
the position change (no data were collected during this time). From
the 61 minute, the Sp0, and HR were recorded with pulse oximetry,
every 15 minutes, for 120 minutes (Figure 1).

The preterm newborns in group 2 (P/S) were first placed in the prone
position and were allowed to rest for 60 minutes to stabilize after the
positioning (no data were collected during this time). From the 61¢
minute, the SpO, and HR were recorded with pulse oximetry every 15
minutes, for 120 minutes. Two hours later, the preterm newborns in
group 2 (P/S) were gently turned to the supine position by the inves-
tigator and were allowed to rest for 60 minutes to stabilize after the
position change (no data were collected during this time). From the
61 minute, the SpO, and HR were recorded with pulse oximetry every
15 minutes, for 120 minutes (Figure 1).

In this study, all positioning and data collection procedures were
carried out by the researcher. The preterm newborns stayed in each
position for 3 hours (1 hour for their stabilization and 2 hours for
monitoring the SpO, and HR values). The physiological parameters
(oxygen saturation and heart rate) of the newborns were evaluated
every 15 minutes (at 0, 15, 30, 45, 60, 75, 90, 105, and 120 minutes)
for 120 minutes, in accordance with the literature. > Both groups
were positioned in the midline, and the head of the bed was raised
by 15-30°.7% In all positioning procedures, it was ensured that the
extremities were in symmetrical physiological flexion, the neck was
slightly flexed (<30°), and the head and body were aligned. Positioning
materials were used to increase the positive effects of the positions
and to prevent positional deformities.?’ Towel rolls were used as the
material for positioning the newborns. In the supine position, the
head was turned to the midline or to the right or left side. The upper
extremities were placed near the chest wall. The lower extremities
were given a flexion position by placing a rolled towel under the knees.
In the prone position, the head was turned to the right or left side. A
towel roll was placed under the head to provide a slight extension.
The hands were placed on both sides of the head. The flexion position
was given to the lower extremities by placing a towel cover on the
abdominal area. During the application, the newborns were provided
with standardization of lying position and staying in this position for
2 hours under the control of the researcher. The researcher positioned
all the newborns, followed them for 2 hours, and kept them in the
given position. The newborns involved in the study were cared for
in an incubator and wore diapers only. In the unit where the study
was conducted, routine nursing care is provided between 09:00 AM
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Figure 1. Flowchart based on the CONSORT diagram.

and 10:00 AM. The incubators are covered with sheets to prevent the
newborns from being affected by the light, and the lights in the halls
are turned off after the nursing care is over. In order to prevent noise,
people are advised not to talk on the phone and loudly in the halls,
to ensure that the alarm sounds of the devices are not too loud, and
care is taken to combine the routine care and nursing care at the same
hours.

Data Collection Tools

The data collection tools—The Newborn Descriptive Characteristics
Form, The Newborn Clinical Variable Form, and The Physiological
Variable Monitoring Form—were specially designed for this study,
based on the literature.'2 The descriptive characteristics are gen-
der, age, gestational age, and birth weight. The clinical variables are

respiratory support, and treatment with surfactant or caffeine. The
physiological variables are heart rate (HR, beats/min) and oxygen satu-
ration (Sp0,%). A pulse oximetry (Philips Model) was used to determine
the HR and Sp0,. The normal vital sign ranges assumed for the study
subjects were as follows: HR range of 121 to 179 beats per minute, SpO,
range >92%.2> The pulse oximetry was calibrated as recommended by
the manufacturer prior to use at the beginning of each shift within
the study period. The pulse oximetry probe was attached to the foot.

Statistical Analysis

Data analysis was carried out using the Statistical Package for the Social
Sciences version 22.0 (IBM SPSS Corp., Armonk, NY, USA) statistical pro-
gram. Frequencies, percentages, mean values, standard deviation, and
range were used as descriptive statistics. The Kolmogorov—Smirnov test
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was used to determine the suitability of variables for normal distribu-
tion. All the variables were normally distributed. Accordingly, paramet-
ric tests such as variance analysis and t-test were used to determine
the differences between the variables of the 2 groups. Variance analy-
sis was used for repeated measurements of heart rates and oxygen
saturation levels of preterm newborns at 15-minute intervals. A value
of P < .05 was considered statistically significant.

Results

Study Participants

Of the 186 preterm newborns screened for participation in this study,
148 were not included in the study, because they did not meet the
inclusion criteria, and 2 were pre-applied. Thirty-nine newborns
who met the criteria were included in the study. One newborn was
excluded because of convulsions. Thus, the research sample con-
sisted of 38 preterm newborns who completed the study protocol
(Figure 1).

Comparison of Descriptive and Clinical Variables of the Study
Participants

The study included 38 preterm infants, 18 (47.4%) were male, and 20
(52.6%) were female. The mean age of the infants was 2.73 + 1.40
days. The mean gestational age was 31.40 + 3.05 weeks. Their mean
birth weight was 1713.16 + 634.11 g. Among the preterm newborns
who received respiratory support, 47.4% were on MV and 52.6% were
on nasal CPAP. There was no statistically significant difference between
group 1(S/P) and group 2 (P/S) in terms of gender, age, gestational age,
birth weight, or respiratory support, or the descriptive and clinical
variables (P > .05) (Table 1). These results show that the groups in the
study were similar in terms of variables.

Comparison of Physiological Parameters of Preterm Newborns

As shown in Table 2 and Figure 2, the mean oxygen saturation of pre-
term newborns according to supine and prone positions at the 105"
minute, was 98.47 + 1.52 in the prone position and 97.66 + 1.96 in
the supine position. According to the statistical analysis, it was deter-
mined that the difference between the mean oxygen saturation of the
preterm newborns was statistically higher in the prone position, at the
105" minute (P=.001).

The mean heart rate of preterm newborns according to supine and
prone positions is given in Table 2 and Figure 2. When the mean heart
rate of preterm newborns measured every 15 minutes was compared
between the supine and prone positions, there was no statistically
significant difference between the mean heart rate in the 2 positions
(P> .05).

Table 3 shows the comparison of the mean oxygen saturation of pre-
term newborns receiving respiratory support. Oxygen saturation of
the preterm newborns on MV, according to their supine and prone
positions, was found to be 97.28 + 2.05 in the supine position and
98.00 + 1.64 in the prone position, at the 105" minute. It was deter-
mined that the difference between the mean oxygen saturation of
the preterm newborns who were on MV in the 105" minute, accord-
ing to the supine and prone positions, was significantly higher in the
prone position (P = .015). It was determined that the mean oxygen
saturation levels of premature newborns on nasal CPAP at the 60"
minute (P = .005) and the 105" minute (P = .018) were statistically
significantly higher in the prone position (Table 3, Figure 3).

Table 4 and Figure 3 show the comparison of the mean heart rate of
preterm newborns with respiratory support. It was found that there

Table 1. Comparison of the Descriptive and Clinical Variables of Preterm Newborns (n=38)

S/P(n=19) P/S(n=19) Total (1=38) S/P P/S Total
n % n % n % ¥ (P) + SD +SD +SD t* (P)
Descriptive Variables
Gender
Female 47.4 1 57.9 20 52.6 422
Male 10 52.6 8 421 18 47.4 516
Age (days) 242+130 3.05+147 273+140 1400
(.170)
Gestational Age (weeks) 31.53+299 31.26+3.18 31.40+3.05 0.263
(.794)
Birth Weight (g) 1750.53 + 1675.79 + 1713.16 + 0.359
637.29 646.09 634.11 (.722)
Clinical Variables
Respiratory Support
MV 11 57.9 7 36.8 18 47.4 1.689 (.194)
NCPAP 8 421 12 632 20 52.6
Treatment with Surfactant
Yes 10 52.6 13 684 23 60.5 1991 (.319)
No 9 47.4 31.6 15 39.5
Treatment with Caffeine
Yes 9 474 12 632 21 553  .958(328)
No 10 52.6 7 36.8 17 44.7
Nutritional Status
Parenteral+Enteral 47.4 474 18 474 <.001 (1.000)
Parenteral 10 52.6 10 526 20 52.6
Diagnosis
RDS 10 52.6 47.4 19 50 105 (.746)
TN 9 47.4 10 526 19 50

Abbreviations: S/P, supine/prone; P/S, prone/supine; MV, mechanical ventilation; NCPAP, nasal continuous positive airway pressure; RDS, respiratory distress

syndrome; TTN, transient tachypnea of newborn.
2P values are provided within parentheses.




Table 2. Comparison of Oxygen Saturation and Mean Heart Rate According
to Measurement Time and Position

Oxygen Saturation

Measurement Supine, Prone,

Time (Minutes) Mean + SD Mean + SD t P
0 98.13 + 1.86 98.05 + 2.16 0.19 .8472
15 98.50 + 1.52 98.53 +1.54 -0.10 .9231
30 98.08 +1.76 98.42 +1.50 —1.06 .2962
45 98.32 + 1.68 98.45+1.70 —0.41 .6857
60 98.08 + 1.53 98.53 +1.70 —1.62 114
75 98.29 + 1.68 98.29 + 1.63 0 1
90 98.21 +1.74 98.24 +£1.85 —0.07 9432
105 97.66 + 1.96 98.47 +£1.52 -3.72 .0007
120 97.92 +1.88 98.00 + 2.06 —0.21 .8323

Heart Rate

Measurement Supine, Prone,

Time (Minutes) Mean + SD Mean + SD t p

0 139.58 +17.52  139.08 + 15.13 0.19 .8477
15 14195+ 16.66  138.68 + 14.41 1.35 1853
30 141.03 +16.22  138.97 +13.93 0.84 4076
45 142.00 = 19.15  141.55 + 14.21 0.19 .8504
60 141.58 +19.78  140.74 + 14.56 0.33 7444
75 140.55 +17.06 14334 +15.17 -1.21 2338
90 140.55 +15.26  143.87 + 16.54 —1.45 1561
105 14192 +16.66 14492 + 16.37 -1.26 2171
120 143.05+17.73  145.11 + 15.66 —-0.92 .3636

Abbreviations: SD, standart deviation.

Besiktas and Efe. The Effect of Prone and Supine Positions

was no significant difference in terms of heart rate in both prone and
supine positions, in preterm newborns receiving MV and nasal CPAP
(P> .05).

Discussion

The bone structure of the newborn is mainly comprised of cartilage,
the articular ligament is relatively loose, the muscle is relatively weak,
and the bone is easy to bend and deform. Thus, maintaining the same
position for a long time may result in malformations.* It is important
to give different positions to preterm newborns receiving MV or nasal
CPAP support, to prevent body malformations. It is also important in
evaluating the effect of different positions on the physiological vari-
ables of the newborn. The results of this study, investigating the effects
of prone and supine positions given to preterm newborns receiving
respiratory support in the first postnatal week on physiological vari-
ables (oxygen saturation and heart rate) of preterm newborns are dis-
cussed using the literature.

In our study, it was determined that the mean oxygen saturation in
preterm newborns was higher and stable in the prone position com-
pared to the supine, in the period from 0 minutes to 120 minutes
(Figure 2). In the literature, it was reported that the oxygen satura-
tion in the preterm newborns who received respiratory support was
higher in the prone position compared to the other positions (supine,
right-lateral and left-lateral)."3151624 |n the systematic reviews, it is
reported that the oxygen saturation of the newborns in the prone posi-
tion is high.’82222 The results of this study were found to be similar to
the results of other studies.

oxygen saturation

Heart Rate
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Figure 2. Comparison of preterm newborns’ physiological parameters in the supine and prone positions.
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Table 3. Comparison of Mean Oxygen Saturation of Preterm Newborns with

Respiratory Support

Abdeyazdan et al.”® (2010) reported that oxygen saturation was signifi-
cantly higher in the prone position in preterm newborns from 15 min-

utes to 120 minutes.™ The prone position simulates the aspects of the

Measurement Oxygen Saturation
Respiratory Time Supine, Prone, intra uterine environment, such as the natural fetal position that facili-
support (Minutes) Mean + SD  Mean =+ SD t P tates flexion, hand-to-mouth contact, and containment of extremities.
Nasal CPAP 0 98.15+2.11 9840+2.19 —038 .7109 Thus, newborns in the prone position may be less affected by environ-
(n=20) 15 98.60+1.76 99.00+1.12 —112 2783 mental stimuli. The decreased crying and increased duration of a quiet
30 9855+1.70 98.95+1.15 —1.00 .3299 sleep state during the prone position might be temporally associated
45 9850 +1.70 98.60 +1.64 —024 8127 with the better oxygenation.™ Gillies et al.> reported that the prone posi-
60 9815+ 166 9915+1.09 —316 0051 tion was significantly superior to the supine position in terms of oxygen-
75 98.70 : 175 9370 ; 138 0 1 ation. Eghbalian® showed that oxygen saturation in the prone position
90 9845+ 173 9845 + 185 0 ] was significantly higher in premature babies with RDS than in the supine
105 98.00 ; 186 9890 ; 129 —259 0179 position. Similar to the results of our study, in some studies in the litera-
120 98355157 98104207 046 65 ture, it was reported that the supipe and prone positions did not affect
Viechanical 0 9811 :1'60 97 67 : 217 1 313 heart rate in preterm newborns with respiratory support.’'”16
ventilation 15 9839+ 124 9800+179 098 3413 L
(n=18) 20 97561170 9781165 —055 6003 In our study, the physmlogma] parameters of preterm newborns were
— — evaluated according to respiratory support methods (MV or nasal
5 %B1N+168 9828+£181 —032 7492 CPAP) and positions, and it was found that oxygen saturation of pre-
60 B00£141 9783+£201 039 .7029 term newborns receiving MV and nasal CPAP support was higher in
75 9783 +1.50 97.83+1.79 0 1 the prone position. In the study by Abdeyazdan et al.,” it was reported
ElY 97.94+176 98.00+188 -0.14 .8889 that SpO, in the prone position (98.4 + 2.2) was higher than in the
105 97284205 98.00+1.64 -272 .0146 supine position (95 + 0.6), and that the prone position was an advan-
120 97.44+212 97.89+211 -0.89 .3863

Abbreviations: CPAP, continuous positive airway pressure; SD, standart

deviation.

tageous method to meet the oxygen requirement of newborns using
the mechanical ventilator. Chang et al." reported that in newborns
receiving mechanical ventilation, the prone position improved oxygen
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Figure 3. Comparison of physiological parameters of preterm newborns receiving respiratory support, according to supine and prone positions.



Table 4. Comparison of Mean Heart Rate of Preterm Newborns with
Respiratory Support

Measurement Heart Rate
Respiratory Time Supine, Prone,
Support (Minutes) Mean + SD Mean + SD t P
Nasal CPAP 0 137.70 +18.22 13525+ 15.54 0.66 .5178
(n=20) 15 139.85 + 15.59 134.05+ 14.20 1.52 .1438
30 137.55 + 16.00 136.45+16.76 0.26 .7949
45 136.50 + 17.40 138.70 + 16.34 —0.62 .545
60 13820 + 1842 137.45+1594 0.2 8463
75 133.80 + 13.43 137.60 + 14.30 —1.12 2764
90 136.25 +11.62 139.70 + 17.28 —0.99 .3323
105 136.75 + 14.92 141.60 + 17.83 —1.32 203
120 139.25 + 16.67 142.50 + 18.07 —0.90 .3781
Mechanical 0 141.67 +16.97 14333 +13.87 —0.46 .6499
ventilation 15 144.28 £17.92 143.83+13.17 0.16 .877
(n=18) 30 14489 + 1600 14178 £9.62 129 2155
45 14811 +19.61 144.72 +11.00 1.15 2667
60 14533 +21.08 14439+ 1226 027 .789%
75 148.06 + 17.86 149.72 + 13.80 —0.53 .6046
90 14533 +17.61 148.50 + 14.77 —1.05 .3104
105 147.67 +17.02 148.61 +14.16 —0.32 756
120 147.28 +18.37 148.00 +12.32 —0.28 .7816

Abbreviations: CPAP, continuous positive airway pressure; SD, standart
deviation.

saturation. In a study comparing the effects of prone and right-side
or left-side positions on oxygen saturation in preterm newborns with
nasal CPAP, it was found that the oxygen saturation of the prone new-
borns was higher."®

In this study, there was no statistically significant difference between the
heart rates in the preterm newborns on MV and nasal CPAP, whether they
were in the supine or the prone position Montgomery et al.” found that
positions (semi-prone, prone, and supine) had no significant effect on
heart rate which is similar to the results of this study. Ghorbani et al.?®
found low heart rate in the prone position in preterm newborns with
nasal CPAP. Zhong et al. reported that there was no difference between
the prone and supine positions in terms of heart rate in preterm new-
borns undergoing MV. The results of their study differ from this study.
Antunes et al."” reported that there was no statistically significant differ-
ence in HR between the supine (144/min) and prone (147/min) positions
in preterm newborns receiving MV.

The limitation of the present study was that it was not possible to con-
trol the noise due tothe personnel and devices. The effect of the right-
side or left-side position was not investigated in the study. In the study,
it was planned to monitor preterm newborns by placing them in the
position at the same hours for 2 consecutive days. However, since the
preterm newborns were not attached in the respiratory support with
the same method (MV or nasal CPAP) for 2 consecutive days, preterm
newborns were evaluated by placing them in the position for only 1
day. The sample size was limited due to the fact that the study was
conducted in a single center.

Conclusion

The prone position significantly increased oxygen saturation in pre-
term newborns receiving respiratory support. It has been determined
that oxygen saturation is high in the prone position in different respi-
ratory support methods (nasal CPAP and MV). Supine and prone posi-
tions did not affect the heart rates of preterm newborns with nasal
CPAP and MV. Neonatal intensive care nurses can support the increase
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of oxygen saturation by placing preterm newborns receiving respira-
tory support, in the prone position.
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