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The Effect of Expiratory Volume Techniques to Oxygenation
and Expiratory Volume in Premature Infants with Respiratory Distress

Syndrome

Abstract

Background: Chest physiotherapy in premature infants reduces respiratory work, improving
oxygenation, and increasing expiration volume. Therefore, this study aimed to determine the effect of
expiratory volume techniques to oxygenation and expiratory volume in premature infants with
respiratory distress syndrome.

Methods: In this randomized clinical trial, 32 premature infants with respiratory distress syndrome
were included. The subjects were randomly divided into a routine chest physiotherapy group, and
expiratory volume techniques group. Intervention was conducted two times per day for five days.
Overall, Fi0O2, PEEP, PIP, MAP, respiratory rate, O2sat, and expiratory volume were evaluated before
and after intervention with the ventilator system. Data were analyzed with the paired sample and
independent t-tests (p<0.05).

Results: In the expiratory volume techniques group, the overall expiratory volume changed from 8.05+
3.1 t017.50+7.3, the FiO2 significantly changed from 71.7+22.0 to 42.0+11.8, the PEEP significantly
changed from 6.20+0.5 to 5.80+0.4, the PIP significantly changed from 15.40+3.03 to 11.60+2.9, and
the MAP significantly changed from 8.6+1.4 to 7.7+0.9 (p<0.05). There is no significant difference in
the expiratory volume and FiO2 between routine chest physiotherapy and expiratory volume
techniques groups (p>0.05).

Conclusion: According to the results of the study, the positive effects of expiratory volume techniques
to oxygenation were shown, so we suggest that in addition to routine chest physiotherapy, expiratory

Neda Madadizadeh?,
Fateme Ghiasi*?,
Mohammad Hosseini far?,
Hasan Namvar3, Ahmadreza

Askari®

1.MS.c. P.T., Zahedan University of
Medical Sciences, Zahedan, Iran.
2. Assistant Professor,
Rehabilitation Sciences Research
Center, Zahedan University of
Medical Sciences, Zahedan, Iran.
(https://orcid.org/0000-0001-9849-
6670)

Correspondence: Fateme Ghiasi,
Assistant Professor, Rehabilitations
Sciences Research Center, Zahedan
University of Medical Sciences,
Zahedan, Iran.
(https://orcid.org/0000-0001-9849-
6670)

Dept. of Physiotherapy, School of

volume techniques should also be considered in infants with respiratory distress syndrome.

Keywords: Chest Physiotherapy, Expiratory Volume Techniques, Respiratory Distress Syndrome,

Oxygenation, Expiratory Volume

Rehabilitation Sciences, Zahedan
University of Medical Sciences, Dr.
Hesabi Sq., Zipcode: 9816743175,
Zahedan, Iran.

Tel & Fax: +98-541-342-4675
E-mail: F_ghiasi_p@yahoo.com
3. Assistant Professor,
Rehabilitation Sciences Research
Center, Zahedan University of
Medical Sciences, Zahedan, Iran.
E-mail: Fardash_s@yahoo.com,
hassan753@yahoo.com,
Askarisaeeid41l@gmail.com

Introduction

Infant mortality is one of the most important health indices in
any country. Premature birth accounts for about 8-10% of all
births and prematurity is the most important cause of death and
morbidity worldwide in infants (1). Iran is one of the regions
with a high prevalence of premature birth and premature
infants make up approximately 10% of births (2). Respiratory
distress syndrome is the most common cause of hospitalization
of newborns in neonatal intensive care units and, along with
severe prematurity, is the most important cause of infant death
in our country (3, 4). The treatment plan of infants with
respiratory  problems includes using corticosteroids,
antibiotics, magnesium sulfate, CPAP, oxygenation,
surfactant, non-invasive lung ventilation methods and chest
physiotherapy (5, 6).

Neonatal physiotherapy is an advanced branch of pediatric
physiotherapy. Physiotherapy interventions include proper
positioning, chest physiotherapy, and exercise therapy (7).

Chest physiotherapy along with mechanical ventilation of
infants has been done to increase the survival probability of
premature infants and reduce the complications of prematurity
(8, 9). Chest physiotherapy in premature infants reduce
respiratory work, improving oxygenation, increasing
expiration volume, faster separation from the mechanical
ventilation device and earlier discharge of the hospital (10,11).
Routine chest physiotherapy includes percussion, vibration,
and postural drainage (12). Expiratory volume techniques
along with monitoring the respiratory parameters of premature
infants is particularly important due to the limitations in the
chest physiotherapy of infants, including the lack of the
possibility of teaching the patient and performing breathing
exercises by the patient(13,14,15). So performing expiratory
techniques by a physiotherapist prevents complications caused
by long-term hospitalization of infants, causes weaning of
mechanical ventilation faster, increases the lung volumes and
respiratory independence of premature infants with non-



invasive rehabilitation treatments in a shorter time
(16,17,18,19).

Raval et al''s (1987) study showed chest physiotherapy is
beneficial for premature infants with respiratory distress
syndrome (RDS) (20). Kole and et al. (2014) showed that the
Vojta technique including reflex rolling was a safe and
effective method in improving oxygenation of premature
infants with respiratory problems, and a technique such as lung
squeezing and reflex rolling or Vojta had the same effect in
improving oxygenation of premature infants with respiratory
problems (21). Giannantonio et al. (2010) showed that Vojta
increased the values of PtcO2 and SatO2 in premature infants.
Therefore, they suggested that the Vojta method is safe for
premature infants, but further research is necessary to confirm
its positive effects and evaluate long-term respiratory
outcomes (22). In the 2005 study by Almeida et al., was shown
the usefulness of the expiratory flow increased technique in a
short period in the oxygenation of newborns (23). Also,
another study was conducted in 2005 by LCO and et al. showed
that expiratory flow increased techniques create less stress than
routine respiratory physiotherapy in premature infants after
extubating, and is also safer and more useful (24).

Therefore, the aim of study was the effect of expiratory volume
techniques for oxygenation and expiratory volume of
premature infants with respiratory distress syndrome. These
techniques affecting oxygenation and expiratory volume
identified and used in the form of expiratory volume
techniques that are safe and effective on premature infants with
the same disease of respiratory distress syndrome and are under
a ventilator, and if approved in the form of chest physiotherapy
techniques in a routine form and shorten the duration of
intubation of infants and reduce the complications of
respiratory disease and improve the health level of infants.
Methods

This study was non-blinded randomized controlled trial.
Thirty-seven subjects with respiratory distress syndrome
participate in this study and were divided into two groups by
simple non-probability sampling method. The medical ethics
committee at the Zahedan University of Medical Sciences
approved the study ethics and issued the ethics certification
number as IR.ZAUMS.REC.1402.233 and registered with the
region’s Clinical Trials Registry (IRCT20180714040466N5).
All participants signed written informed consents.

Inclusion criteria

Inclusion criteria included neonates aged between 32 and
37weeks pregnancy, weight less than 3 kg, intubation, RSD,
no history of neurological and surgical cases.

Exclusion criteria

Exclusion criteria included receiving other treatment during
the research, parents' unwillingness to continue treatment, not
completing the course of treatment.

Sample Size

The sample size was determined based on a pilot study. Ten
subjects were divided randomly into two equal groups, and the
main part of study was conducted on them. The means and SDs
for the parameters from this pilot study, with o= 0.05 and 90%
power were used to calculate the sample size. According to the
results of the pilot and the formula stated, the sample size in
each group was considered 18 patients.

The sampling method was the simple, non-probabilistic
sampling method and from the available population. The
participants will then be allocated randomly to two
intervention groups, the routine chest physiotherapy group and
expiratory volume techniques. Randomization would be
performed using random number sequence. The administrator
and participants were informed about the grouping data and the
physiotherapist assessed the subjects, recorded the outcome,
and analyzed the data about the grouping.

Procedure

The initial clinical examination study was performed by
demographic information, patient’s history for diagnostic
RSD. Then, the individuals were selected to enter the study by
examining the inclusion and exclusion criteria.

Outcome

Expiratory volume: The volume of air that an individual can
exhale during a breath (25).

Respiratory rate: The number of breaths per minute in the
ventilator plays an essential role in minute ventilation and has
a direct effect on PCO2 excretion (25).

Foi2: The amount of oxygen delivered to the patient by the
ventilator in each breath (25).

PEEP: The pressure in the lungs at the end of each breath
(exhalation) which in intubated patients acts against the
passive emptying of the lungs and the collapse of the alveoli
(25).

PIP: The peak of the pressure that is applied to the lungs during
inspiration and plays an essential role in tidal volume (25).
MAP: It is the medium pressure in the airways from the
beginning of a breath to the next breath (25).

O2sat: Oxygen saturation measures the percentage of
oxyhemoglobin (oxygen-bound hemoglobin) in the blood, and
it is represented as arterial oxygen saturation (25).
Intervention

Subjects were randomly divided into two groups: Routine
group and expiratory volume techniques group. Premature
infants in both groups received routine chest physiotherapy
treatment including vibration, postural drainage, percussion
(26, 27,28).

In expiratory volume techniques group, neonates received
expiration techniques including: prolonged slow expiratory
technique c<expiratory flow increased technique <lung
squeezing and vojta (29, 30,31).



Intervention has done twice a day with a time interval of eight
hours, for five days. The variables were recorded before and
after intervention by the ventilator device (Ventilator model i5
is made by eVent medical company , F75123AS016 - 102
R02).

Data analysis

Results were presented as mean values and standard deviation
(SD). Criterion of significancy was set as p<0.05. Data analysis
was performed with SPSS version 27. The assumption of a
normal distribution was assessed using the Shapiro-Wilk test.
The assumption of equality of variances was tested using
Levene’s test. The paired and student t-tests were used for
within- and between-group comparisons.

Results

Thirty-seven infants were nominated for this study, and 37
patients were divided into two groups: routine group and
expiratory volume techniques group (Fig-1).

The pilot study showed that 20 subjects would be needed for
each group (a total of 67 subjects). Ultimately, 32 subjects
finished the study procedure. Thirteen of them were not
eligible based upon the inclusion and exclusion criteria.

The flowchart of is shown in Figure 1.
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Fig-1: Flow diagram of study selection.

Data were analyzed in SPSS 27 software. The normality of data
distribution was examined by the Shapiro-Wilk test. The p-
value was not less than 0.05 in the variables of the study. Thus,
the tests do not reject the hypothesis of normality and the data
are normal (p>0.05).

Table-1- Comparison of demographic characteristics between

two groups
. Respirat
Routine espiratory
_ aroup volume .
Variable -value
G =18

(n=18)* ¢ roup (n=18)
Age (days) 10.05+5.3 8.90+ 4.4 0.46
Weight (g) 2429.00+823.6 2200.75+795.4 037
Height (Cm) 47.60+4.4 43.95+5.1 022
the age of pregnancy(weeks) 34.75«1.7 34.35+1.8 0.48

*mean =+ standard deviation. ** A significance level of less
than 0.05.

Table-1 presents the demographic characteristics of patients
including age, height, weight, and the age of pregnancy. The
demographic characteristics of the patients, which were
recorded before intervention, were compared between the two
groups. There was no significant difference between the two
groups (Table-1).

To examine the homogeneous of samples in the two studied
groups before intervention, a t-test was used. The results show
that the samples in the two groups were equal and
homogeneous (p>0t.05).

Within group and between group comparison

Table-2 within and between groups comparison.

P-value P-value
within Expiratory volume techniques Grou within P-value
Routine group (n=18)* P vy 1 P between
group*® (n=18) * group*® .
N N group
Before After Before After
Expirat
xpiratory 7.34+10.3 7.32+16.1 0.01 3.13+8.0 7324175 0.000 0.56
volume




Respiratory rate 52.40+13.7 13.00£53.0 0.88 45.8+11.9 13.28+50.4 0.15 0.53
Fio2 79.75+22.9 50.25+19.6 0.000 71.75+£22.0 42.00£11.8 0.000 0.11
PEEP 6.85+0.8 6.10+£0.4 0.003 6.20+0.5 5.80+0.4 0.008 0.03

PIP 15.9543.0 14.10+3.0 0.08 15.40+3.0 11.60+2.9 0.000 0.01
MAP 8.95+1.5 8.35+0.7 0.09 8.65+1.4 7.70£0.9 0.009 0.01
02 sat 87.65+18.8 95.10+2.4 0.09 91.20+5.4 94.20+8.4 0.02 0.64

*mean + standard deviation. ** A significance level of less than 0.05.

The results of Table 2 show that the changes in the Expiratory
volume, Respiratory rate, Fio2, PEEP , PIP , MAP , O2 sat
before and after intervention in both groups (p<0.05). The
results of the between group comparison show no significant
difference in expiratory volume, respiratory rate, Fio2 and
O2sat after intervention (p>0.05). There was significant
difference between the two groups in PIP, MAP and PEEP
after intervention (p<0.05).

Discussion

The most important finding of this research showed that
expiratory volume techniques effect on the oxygenation. A
greater increase in the average expiratory volume in the group
of expiratory volume techniques indicates a greater effect of
these techniques on the expiratory volume of the premature
infants. Also, the positive changes in Fio2, PEEP, and PIP
parameters in the expiratory volume technique group indicate
that the infant's dependence on the ventilator decreased and
expiratory volume training was more effective. In general,
MAP, which is a combination of the above parameters and
indicates the amount of oxygenation, also has a greater
improvement in the expiratory volume techniques group.
Expiratory volume is the volume of air in breathing that is
passively given to the ventilator by the infants. The volume of
expiration shows the volume of air entering and leaving the
lungs. So the volume of expiration is an important parameter
because it is exactly the amount of volume that show the air
that enters and exits the lungs. Physiological findings report
that the lung's extensibility or compliance is one of the
important factors in oxygen delivery. The more it is, the greater
the lung capacity is, and it is directly related to lung
extensibility or compliance (33).

According to the results of the current study, Giannantonio et
al. (2010) conducted a study to test the use of "reflex rolling"
of the Vojta method in premature infants. The results showed
that in the first stage, Vojta increased the values of PtcO2 and
SatO2. Finally, they suggested that using the Vojta method is
a safe method for premature babies (22). We also used the
Vojta method for premature infants and the result showed that
the combination of Vojta with expiratory volume techniques
can improve oxygen delivery. Lanza et al. (2011) investigated
the effect of the Prolonged slow expiratory technique on the
respiratory system of infants and observed the improvement of
respiratory sound and expiration volume at the same time (34).

We also used the above technique in this study and it showed
that the expiration volume techniques increased significantly
in the group of expiratory volume techniques. Evelim et al.
(2021) showed that the expiratory volume techniques along
with the routine chest physiotherapy and oxygenation had a
faster and faster recovery (29). Almeida et al. (2005) showed
the usefulness of the expiratory flow increased technique in a
short period in oxygenating infants (23). Also, another study
by Antunes LCO and et al. (2005) found that expiratory flow
increased technique causes less stress than routine respiratory
physiotherapy in premature infants after extubating, and it was
also shown to be safer and more useful in a short period in
performing this technique (26). In our study the significant
increase in the expiratory volume and the decrease in PEEP,
PIP, MAP, and FiO2 were seen that these changes indicate
better oxygenation and less dependence on ventilators in
infants with respiratory distress syndrome. The results of the
above studies were confirmed and the effects of expiratory
volume techniques were used to reduce ventilator parameters
such as PIP, PEEP, MAP, and FiO2, and improve oxygenation.
In addition, performing these techniques led to the
improvement of ventilation and respiratory capacity of the
lungs of infants. Therefore, we also recommend this common
treatment method in the respiratory recovery of patients with
respiratory distress syndrome.

According to the above documents as well as the results
obtained from the present study, and the effect that this
treatment method has on reducing the duration of intubation
and improving oxygenation, as well as improving ventilation
and ventilator parameters.

Conclusion

Based on the results of the present study, the expiratory volume
technique with routine chest physiotherapy improved
oxygenation and expiratory volume in subjects with
respiratory distress syndrome. The present study indicated the
importance of task expiratory volume in MAP, PIP, PEEP, and
oxygenation in premature infants with respiratory distress
syndrome, especially in specific conditions such as intubation.
Therefore, we suggest that respiratory volume techniques
should also be considered in rehabilitation programs for infants
with respiratory distress syndrome in addition to routine chest
physiotherapy.
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