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Abstract

Objectives: The study aims to assess the effect of sensory

stimulation on apnoea among premature newborns.

Methods: Thirty preterm newborns that were diagnosed

with apnoea of prematurity, had a gestational age between

32 and 34 weeks, had low birth weight, and were appro-

priate for gestational age from 1200 to 2000 g were included

in this prospective randomized study. Subjects were divided

into two equivalent groups: a control group that received

the standard care including nasal oxygen (one litre per

minute) and caffeine citrate, and a study group that

received the same care plus sensory stimulation (tactile,

proprioceptive, and kinaesthetic). Participants’ heart rate,

oxygen saturation, and apnoea frequency were measured

by the neonatal intensive care unit team using a pulse-

oximeter. The sensory stimulation sessions were 10 min, 3

times per day, totalling 30 min over a 7 day period.

Results: There was a significant decrease in heart rate

within both groups after receiving treatment from before

treatment (p < 0.05), with no significant differences be-

tween the two groups. Furthermore, there was no sig-

nificant difference in oxygen saturation within the groups

after treatment compared with the levels before treat-

ment, with no significant differences between the two

groups (p > 0.05). Before treatment, there was a non-

significant difference in the apnoea rate between both

groups (p ¼ 0.464), whereas there was a significant

decrease in the apnoea rate of the study group after

treatment compared with the control group (p ¼ 0.031).

Conclusion: Sensory stimulation applied with standard

respiratory care can decrease the frequency of apnoea of

prematurity.
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Introduction

Preterm birth may be a serious factor in neonates’
morbidity, mortality, and other long-term health concerns.
Preterm infants have higher degrees of learning disabilities,

sensory deficits, cerebral palsy, and respiration diseases than
full-term infants. The morbidity related to prematurity tends
to persist in later life, often resulting in great psychological,

physical, and economic costs.1e3 Furthermore, preterm
neonates face difficulties with regulation of temperature,
oral feeding skills, and normal breathing control. Apnoea

cessation and acquiring a normal respiration pattern is a
milestone of normal development for many preterm infants.
Apnoea of prematurity (AOP) refers to respiration stopping
for a period of time (�10e20 s), or associated with oxygen

desaturation (SpO2 � 80% for �4 s) and bradycardia (heart
rate <2/3 of baseline for �4 s) in preterm infants (<37
gestational weeks).4,5 Intermittent hypoxia, cardiovascular

sequelae, retinopathy, and neurodevelopmental diseases are
commonly associated with AOP.6,7 Clinically significant
apnoeas are apnoeas that persist more than 20 s, or that are

associated with bradycardia and desaturations. However,
stopping breathing for even 5e10 s can be accompanied by
bradycardia or a decline in oxygen saturation (SpO2).

Repeated intermittent hypoxic spells and bradycardia that
happen with apnoea may lead to changes in neural
development, which result in an elevated rate of death or
abnormal neurodevelopment such as blindness at 3 years of

age or cerebral palsy.8,9

Nasal intermittent positive pressure ventilation (NIPPV),
continuous positive airway pressure (CPAP), and prone

positioning are among the typical treatments used for AOP to
avoid pharyngeal collapse and alveolar atelectasis. Also,
methylxanthine therapy (caffeine and theophylline), which

blocks adenosine receptors (the backbone of central apnoea
intervention), is often used as a treatment.10 Inmost Neonatal
Intensive Care Units (NICUs), pharmacotherapy is used in
addition to respiratory care to treat apnoea of prematurity;

however, most preterm infants still develop apnoea, which
calls for the caregiver to provide more support. Apnoea
termination can be achieved using sensory stimulation

(tactile), which is usually provided in addition to oxygen
support or the use of ventilators (bag or mask).11e14

Sensory stimulants, including tactile stimulation, may be

beneficial in the care or avoidance of AOP. Tactile
stimulation works by producing excitatory, nonspecific
neuronal action in the brainstem centre, which in turn

promotes respiratory work.15 Using vibration on the soles
of the feet or palms of the hand can stimulate joints
proprioceptors, thereby supporting respiration by producing
an inherent reflexive coupling between the respiratory rate

and motion of the limbs.16 The synchronization of
breathing patterns and leg movements has been documented
in humans, which allows us to conclude that limb motion

can increase breathing. The moving limbs have
proprioceptive afferents that generate coordination between
locomotion and respiratory rhythm in humans.17,18 In order

to adjust the environment of preterm neonates, NICUs
focus on massages that apply moderate pressure to
physiologically stable preterm neonates and stroking with

firm or moderate pressure, thus avoiding many
complications associated with premature births.19 Even
during sleep, the rate of breathing and ventilation directly
increases with passive limb movements. This benefit has

been noticed in congenital central hypoventilation syndrome
(CCHS) within which children demonstrate sustained
apnoea during sleep, instead of the standard episodic

breathing characteristic of AOP; however, hypoventilation
is still common in both situations.20

Intermittent hypoxic episodes in human neonates lead to

early and late morbidities, including impaired growth, reti-
nopathy of prematurity and bronchopulmonary dysplasia,
cardiovascular dysregulation, neurodevelopmental disabil-
ities, and disordered breathing in sleep.21e24

It is important to find various methods that can reduce
apnoeic episodes, and to lower the number of accompanying
bradycardic events, thereby preventing the dangerous com-

plications of AOP and the hazards of traditional treatments.
Low-cost limb stimulation procedures have the potential to
provide a non-invasive intervention to reduce apnoea,

bradycardia, and intermittent hypoxia in premature neo-
nates. It was hypothesized that sensory stimulation has no
effect on apnoea of prematurity. Therefore, this study’s

purpose was to examine the effect of sensory stimulation in
the form of tactile stimulation, vibration, and passive
movements on heart rate (HR) and the frequency of apnoea
in premature infants with AOP.

Materials and Methods

Study design

This study is a prospective randomized study that was
conducted at the neonatal intensive care units of Damanhur

Medical National Institute, Dmesna Paediatric Hospital,
and Abu Hommos Local Hospital.

Participants were randomly divided into two equal groups
using a sealed envelope method; the control group received

the standard care given in such cases (close monitoring,
adequate thermal environment, proper nutrition, adequate
circulatory support, nasal oxygen, and caffeine citrate), while

the study group received the same standard care in addition
to sensory stimulation.
Sampling method and venue

Convenience sampling of preterm newborns with
AOP were recruited from the NICU at Damanhur Medical
National Institute, Dmesna Paediatric Hospital, and Abu

Hommos Local Hospital. The program was also conducted in
the NICU at Damanhur Medical National Institute, Dmesna
Paediatric Hospital, and Abu Hommos Local Hospital.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Sample size

Based on a pilot study, the sample size was calculated

according to the insignificant difference in the value of mean
difference (pre-treatmentse posttreatment values) of the HR
of the control group (8.14 � 5.67) and the study group
(6.57 � 4.38) in an unpaired t-test, with a ¼ 0.05, a power of

80%, and an effect size of 0.78. Therefore, a sample size of 15
patients per group was required, and this figure was
increased to 18 patients to allow for a 20% dropout rate

(GPower 301 http: www.psycho.uni-duesseldorf.de).

Participants

Thirty preterm newborns that were diagnosed with AOP

were included in this study. Subjects were recruited by referral
from the primary care team according to the following inclu-
sion criteria: gestational age between 32 and 34 weeks, infants
with AOP, and infants with low birth weight and appropriate

for gestational age from 1200 to 2000 grams. Infants who had
any of the following exclusion criteria: major congenital
anomalies or malformations, respiratory distress syndrome

(RDS), respiratory depression from medications, obstructive
apnea (wrong position and/or secretions), history of hypoxic-
ischemic encephalopathy, intra-ventricular hemorrhage,

sepsis, hypothermia, anemia, hypoglycemia or low APGAR
score at birth, were not included in the study. Participants were
divided into two equal groups: a control group that received
the standard care given in such cases (close monitoring,

adequate thermal environment, proper nutrition, adequate
circulatory support, nasal oxygen, and caffeine citrate), and a
study group that received the same standard care in addition to

sensory stimulation.

Instrumentation

A pulse-oximeter (DIXION, Patient Monitor, model:
Storm DS-5, Power: 100e220 V, 50e60 Hz, 1.7e0.8 A) was
used to measure the HR in both groups before and after

intervention. In the case of the study group, a small vibratory
device was also used (Beurer GmbH, model: MG40, soflin-
gerstr. 218, 89077 Ulm, GERMANY, 220e240 V, 50e60 Hz,
12 W).16

Procedures

Subject recruitment

After collecting the consent forms, the name, gender, date
of birth, age, and date of examination of each infant were

recorded. Infants were recruited by referral from the primary
care team and by self-selection. Each infant was examined by
the researcher and the NICU physicians to ensure that they

met the eligibility criteria. Eligible infants were then selected
and divided into two equal groups.

Assessment procedures

Gestational age, birth weight, gender, mode of delivery,

apnoea frequency, and HR were measured for each infant by
the NICU team. In general, the HR was continuously
measured in the NICU over a 24-h period using a pulse ox-

imeter, but only documented every three hours or with any
new event such as bradycardia, tachycardia, or arrhythmia.
The mean value of these eight daily readings was taken and

recorded for our study, rather than the absolute value of the
HR during apnoeic spells.

Treatment procedures

Infants in both groups received supplemental oxygen via
nasal cannula, as well as a loading dose of caffeine citrate

(20 mg/kg). They then continued on amaintenance dose 5 mg/
kg/day until they reached 34 weeks or went a total of 7 days
free of apnoea. Additionally, infants in the study group
received sensory stimulation.Kesavan et al. (2016) used a small

low voltage vibratory device (0.3 g/128 HZ) on the palms and
soles of preterm neonates to stimulate proprioceptive sensa-
tions as neuromodulators to decrease apnoea rate.16

Preparation for the session

The session was conducted in a quiet and warm envi-
ronment when the infants were awake and not having an
apnoeic spell. Pain was avoided by observing the infants’

facial expressions in response to the stimuli. The therapist
was wearing full personal protective equipment for the
safety of the neonate and to avoid contamination, since the

study was conducted during the COVID-19 pandemic.
During the session, infants lay in a comfortable supine
position to avoid any trauma or tube detachment (pulse-
oximeter, feeding tube or nasogastric tube), and vibratory

stimuli did not exceed 50 Hz to avoid any harmful or
annoying effects because of the fragile nature of preterm
infants.

The sensory stimulation procedures were selected in the
following way, based on the work of Cramer et al. (2018)25:

1) Tactile stimulation: applied for five minutes in the form of
rubbing and flicking the palms of infants’ hands and the
soles of their feet (both sides) for three minutes, as well as

a gentle massage of the palms and soles (both sides) by the
researcher’s thumb for a total of two minutes.

2) Proprioceptive stimulation: applied in the form of vibra-

tion of the palms of the hands and the soles of the feet
(both sides) in a circular motion using the vibratory device
for a total duration of three minutes.

3) Kinaesthetic stimulation: applied in the form of passive
movements of all four extremities using repetitive flexion
and extensions for a total duration of two minutes.

The sessions were supervised by attending physicians or
residents in the NICU, and the infants were also continu-

ously monitored.
The time of sensory stimulation session was 10 min,26

three times per day for a total of 30 min daily for 7

consecutive days. All outcome measures were measured
before and after 7 days of intervention for both groups.
The primary outcome was apnoea frequency (number of
episodes per 24 h), and the secondary outcome was the HR.

We used short periods of stimulation to avoid any
harmful impact on the babies such as interruption of their
sleep/wake homeostasis. A limited number of sessions were

conducted per day to avoid interference with their daily care,
feeding, and treatments. The longest possible period was
used to improve the observation levels.

http://www.psycho.uni-duesseldorf.de


Figure 1: Percentage of apnea rate/day in the two groups

measured before and after treatment.
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Statistical analysis

The results were expressed as a mean � standard devia-

tion, median (minimumemaximum), and number (percent-
age). The KolmogoroveSmirnov test of normality was used
to measure the distribution of data pre-treatment. A com-
parison between the categorical data [number (%)] was

performed using a chi-square test, and the Fisher exact test
instead if the cell count was less than 5. An analysis of
covariance (ANCOVA) test was used to compare the after-

treatment values of the two groups after controlling for the
effect of the value before treatment. A paired t-test was used
to compare the differences between groups. For non-

normally distributed data, the ManneWhitney test was
used to compare the variables between the two groups.
Within the same group, the Wilcoxon Sign Ranks test was

used to compare pre- and post-treatment data. The data
analysis was performed using a statistical Package for the
Social Sciences (SPSS) computer program (version 19 win-
dows). P-values of �0.05 were considered significant.

Results

The general characteristics of the participants are illus-
trated in Table 1. There was no statistically significant
Table 1: General characteristics of the participants.

Control Group (n ¼ 15)

Gestational Age (wks.) 32.40 � 0.51

Chronological Age (days) 3.60 � 0.73

Birth Weight (kg.) 1.32 � 0.08

Gender (F:M) 8 (53.3%): 7(46.7%)

Mode of delivery (CS: NVD) 14 (93.3%): 1(6.7%)

Data are expressed as mean � standard deviation or number (%). n: N

c2: Chi square test. Kg: Kilogram. NS ¼ non-significant.

Table 2: Intra and inter-group comparison regarding heart rate mea

Day of Measure Control Group (n ¼ 15) St

Before treatment 138.60 � 9.61 13

After treatment 127.87 � 6.79 12

Mean difference 10.73 7.

% change 7.74 YY 5.

t-value 3.803 2.

p-value 0.002 (S) 0.

Data are expressed as mean � standard deviation. %: Percentage. n:

value. NS: Non-significant. S: Significant.

Table 3: Intra and inter-group comparison regarding oxygen saturat

Day of Measure Control group (n ¼ 15) St

Before treatment 94.20 � 1.97 93

After treatment 94.47 � 1.30 94

Mean difference 0.27 0.

% change 0.29 [[ 0.

t-value �0.385 �
p-value 0.706 (NS) 0.

Data are expressed as mean � standard deviation. %: Percentage. n:

value. NS: Non-significant. S: Significant.
difference between the two groups in terms of gestational
age, chronological age, gender, mode of delivery, and birth

weight (p > 0.05).
The results revealed a statistically significant decrease in

the mean value of HR after treatment compared with its

corresponding value before treatment in both the control
and study groups (p < 0.05), with percentage decreases of
7.74% and 5.50% for the control and study groups,
respectively. However, there was no statistically significant

difference in the mean value of the HR between the control
Study Group (n ¼ 15) t-value P-value

32.33 � 0.49 0.367 0.716 (NS)

3.53 � 0.74 0.247 0.807 (NS)

1.34 � 0.06 �0.831 0.413 (NS)

6 (40.0%): 9 (60.0%) c2 ¼ 0.536 0.464 (NS)

15 (100%): 0 (0.0%) c2 ¼ 1.034 0.309 (NS)

umber. F: female. M: male. P: Probability value. t: Unpaired t-test.

sured before and after treatment.

udy Group (n ¼ 15) F-value P-value

3.20 � 9.59 2.373 0.135 (NS)

5.87 � 3.46 0.569 0.457 (NS)

33

50 YY
950

011 (S)

Number. t: Paired t-test. F-value ¼ ANCOVA test. P: Probability

ion measured before and after treatment.

udy group (n ¼ 15) F-value P-value

.80 � 1.70 0.354 0.556 (NS)

.67 � 1.40 0.084 0.775 (NS)

87

93 [[
1.483

160 (NS)

Number. t: Paired t-test. F-value ¼ ANCOVA test. p: Probability



Table 4: Within and between-group comparison regarding apnea rate/day measured before and after treatment.

Day of Measure Control Group (n ¼ 15) Study Group (n ¼ 15) Z-value p-value

Before treatment 1.0 (1.0e2.0) 1.0 (1.0e2.0) �0.733 0.464 (NS)

After treatment 1.0 (0.0e1.0) 0.0 (0.0e1.0) �2.159 0.031 (S)

Median difference 1.0 (0.0e2.0) 1.0 (0.0e2.0) �2.104 0.035 (S)

Z-value �2.887 �3.286

p-value 0.004 (S) 0.001 (S)

Data are expressed as median (minimumemaximum). n: Number. Z: Wilcoxon signed ranks test. P: Probability value. S: Significant. NS:

Non-significant.
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and the study groups before or after treatment (p > 0.05)
(Table 2).

The results revealed no statistically significant difference
between the mean value of SpO2 before treatment and its

corresponding value after treatment for the control and
study groups, with a percentage increase in the mean value of
SpO2 of 0.29% and 0.93%, respectively. However, there was

no statistically significant difference in the mean value of
SpO2 between the control and the study groups before or
after treatment (p > 0.05) (Table 3).

When comparing the data before and after treatment,
the results revealed a statistically significant decrease in
apnoea rate/day in both groups (p < 0.05; Figure 1), which

represents the percentage of apnoeic episodes per day
based on the total episodes of apnoea in the group on
that same day. The findings revealed a non-statistically
significant difference of apnoea rate/day between the

control and study groups before treatment (p ¼ 0.464).
However, there was a statistically significant decrease in
apnoea rate/day in the study group in contrast to its cor-

responding value in the control group after treatment
(p ¼ 0.031; Table 4).

Discussion

The study results revealed a non-statistically significant
difference in apnoea rate/day between the control and study

groups before treatment. Studies of animals have shown that
sensory stimulation has a great effect on respiratory onset
soon after birth.27,28 Although manual stimuli are considered
to be very important in international or local resuscitation

guidelines, their impact on breathing initiation has only
recently been investigated in preterm infants.29

The results showed a statistically significant decrease in

apnoea rate/day in the study group compared to its cor-
responding value in the control group after treatment. In
the case of central apnoea, the best proven non-

pharmacological management is gentle tactile stimulation
of new-borns’ body parts. Generally, this stimulation is
enough for spontaneous breathing stabilization. The pro-

cess starts with light stimulation, and if the parameters do
not improve, more powerful stimulation can be used on the
soles of the feet. The incidence and time of apnea of pre-
maurity has been shown to be positively influenced by

tactile stimulation.25,30

The study results revealed a statistically significant
decrease in apnoea rate/day in both groups. In the guidelines,

tactile stimulation (rubbing the soles of the feet or the back)
has been suggested to motivate spontaneous breathing.
Although it is permitted to be used in interventions, the effect
of tactile stimulation is not yet certain. Experimental studies
have shown that tactile stimulation has a positive effect on
spontaneous breathing, yet there is not enough human data
demonstrating this in preterm infants.31e33

Tactile stimulation can be used to alter the arousal con-
dition of newborns and improve their breathing effort. The
reaction on arousal is mainly conditional on motivated

nerves site.34

Evidence reinforcing the positive outcomes of using
massage in preterm neonates includes improved weight

acquisition, enhanced growth and gastrointestinal function,
enhanced body fat deposition, enhanced neurobehavioral
consequences, pain reduction, a decline in infant stress and

stress-related issues, a decrease in late-onset sepsis, enhanced
immune systems, diminished jaundice, and enhanced pulse
rate variability, in addition to a decrease in maternal
depression and anxiety.35e46

The influence of mechanical stimulation on the centres of
respiration depends on stimulated nerves. The skin has
various sensation receptors, which are sensitive to a definite

degree of stimulus. For example, rubbing with low ranges of
frequency on the thorax region is supposed to excite intra-
muscular mechanoreceptors, including the Golgi tendon

organs and muscle spindles. These outcomes indicate that the
location of a stimulus can influence respiration, which de-
pends on the presence of specific receptors.47

Chest wall vibration might also stimulate intrapulmonary

receptors because it produces a vibration effect on the lung.
The receptors of stretching within lungs are answerable to
inspiration inhibition after lung volume increases. Addi-

tionally, these receptors are supposed to work on the tone of
airways smooth muscles, systemic vascular resistance, and
HR.48,49

Since the invasive use of caffeine is controversial, new
non-invasive methods without chemical stimulants have
been developed. Mechanical stimulation has been successful

in this regard. The vibrators use various parameters
including amplitude and frequency to excite various body
parts (e.g., whole body, thorax, and feet).50e52

Some of the advantages of tactile stimulation include it

being non-invasive, low-cost, safe, and based on physiological
steadiness, as well as not causing agitation/pain score changes
among newborns who receive massage.53

Most of the neonates successfully accomplish a shift from
the intrauterine to extrauterine environment; however,
nearly 10% of neonates need support during this shift. HR is

the most significant clinical indicator to assess the clinical
condition of a neonate.54

The results revealed a statistically significant decrease in
the mean value of HR after treatment compared with its
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corresponding value before treatment. Whatever the type,
apnoea frequently causes hypoxemia and/or bradycardia,

which can cause long-term complications, such as neuro-
developmental impairment and retinopathy of prematurity.
Therefore, massages have been recommended as a method of

enhancing neonates’ growth and development via its
effects improving their HR, blood flow, immunity, and
digestion.43,55

On the other hand, the results of this study contradicted
Schmolzer et al.’s (2013) findings that the effect of tactile
stimulation on breathing by arousal is not clear, since in-
fants are exposed to other stimuli that might alter their

arousal state (i.e. light, cold, and sound). Furthermore,
most preterm infants receive respiratory support, which
could also cause increased breathing effort. In contrast, it

could be possible that during tactile stimulation, the focus is
shifted away from other interventions during stabilization.
In addition, vigorous stimulation could possibly lead to

displacement of the face mask.56

However, other means of stimulation like the application
of kinaesthetic stimulation have not been proven to be useful
as a treatment for apnoea in the NICU.57

While tactile stimulation is a widespread practice, the
style and intensity of tactile interventions have not been
specified. Even though this intervention is often used to treat

serious situations with potentially life-long harmful effects if
left untreated, the treatment method is highly subjective.
This indicates that it is unclear what methods and pressures

are used by medical staff and if they differ in effectiveness.
We assume that each medical staff member has a different
internal thought about what is considered a gentle versus

strong tactile stimulation. To date, no effort has been made
to objectively determine the different pressure intensities that
are used to treat central apnoea in premature infants.
Additionally, there is no classification system of the different

means of tactile foot stimulation.58

The environment of NICU for premature infants is char-
acterized bybodyfixation due to the connectionswith different

medical devices, difficulty of antigravity movement given
immature physical development conditions, bright lighting,
extreme noise, and contact with the firm floor and plastic walls

of the incubator. This contrasts with the uterine environment,
which provides proper sensory stimuli, such as tactile, vestib-
ular, visual, and auditory sensations in contact with the am-

niotic fluid. These conditions provoke stress responses in
premature infants, which may interfere with their growth due
to raised intracranial pressure, apnoea, peripheral vasocon-
striction, reduced gastrointestinalmotility, and the secretion of

stress hormones such as cortisol and catecholamines.59

The abnormal sensory stimuli received by premature ne-
onates are likely to generate physiological instability, hinder

behavioural and physiological reactions, and impede normal
growth; therefore, interventions using normal sensory stimuli
should be implemented instead. However, premature infants

that obtain medical treatment for survival in a neonatal
intensive care unit face difficulties in receiving proper sensory
stimulation interventions due to their unstable physiological
state. Furthermore, extreme sensory stimulation in-

terventions may produce stress in premature infants, thereby
accelerating abnormal posture, tension, and movement. In
other words, even interventions that are thought to be gentle

and harmless in other situations may have hazardous and
irreversible consequences for premature infants in the NICU.
Thus, when sensory stimulation interventions are employed

for premature infants, caution should be applied in order to
prevent premature infants, who are in a vulnerable and un-
balanced situation, from experiencing stress by carefully

monitoring the intensity and duration of intervention, taking
the physiological state of the specific newborns into
account.60,61

Tactile stimulation or massage therapy, which is some-
times associated with kinaesthetic stimulation, is sometimes
used alongside the traditional clinical treatment. Tactile
stimulation has been the focus of clinical studies since the

1960s, when it was first proposed as a method of promoting
preterm infant growth and development. Additionally, new
studies have shown that interventions such as tactile/kin-

aesthetic stimulation have the additional advantage of
decreasing behavioural manifestations of stress.37

Despite the fact that manual tactile stimulation is a widely

used therapy, the exact neural pathways to the respiratory
centre remain uncertain. It is assumed that tactile stimulation
influences respiratory control by motivating the brainstem
reticular formation that causes arousal. The magnitude of

the respiratory response varies depending on sleep type and
is highest during the rapid eye movement sleep. However,
tactile stimuli can also encourage spinal and respiratory re-

sponses in infants without causing cortical arousal.62,63

The termination of apnoea is achieved by tactile interven-
tion, which is often combined with extra oxygen and, if

required, mask ventilation. The period of the apnoea and the
associated hypoxia and/or bradycardia is then dependent on
the reaction time of the tactile stimulation supplier. A heavy

workload and alarm fatigue might have a negative effect on
acceptable apnoea treatments. The longer the delay in
response time, the longer the total period of apnoea, and the
worse the peripheral oxygen saturation (SpO2). Also, applying

tactile stimulation aggravates the risks of infection due to
cross-contamination and interrupts sleep, which can be haz-
ardous for an infant’s growth and development.12,13,50,64e66

Study limitations

The study’s limitations included some neonates that had
frequent apnoeic episodes, which calls for more oxygen

support and continuous positive airway pressure (CPAP);
these cases were excluded from the final sample of the study.
Another limitation was that some neonates showed signs of

neonatal sepsis (clinical and/or laboratory). Additionally,
the study was conducted on a relatively small number of
eligible neonates in a restricted geographic area; The study
was also conducted for a short time period that allowed for

observation and assessment to precisely evaluate the recur-
rence of apnoea after treatment.

Conclusions

Based on the scope and findings of this study, sensory
stimulation that is applied in conjunction with standard care

(close monitoring, adequate thermal environment, proper
nutrition, adequate circulatory support, nasal oxygen, and
caffeine citrate) could decrease apnoea frequency for infants
with AOP.
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Recommendations

Further research should be conducted to study the effect

of sensory stimulation on AOP in younger gestational age
groups (i.e. below 32 weeks). Additionally, other studies
should be conducted to compare the effects of various sen-

sory stimuli (tactile, vibratory, kinaesthetic, and proprio-
ceptive) on AOP, as well as to clarify the safe limits of
vibratory stimuli used in premature neonates. In order to

verify the findings presented herein, future studies should
also use a larger number of premature neonates with a wider
geographical distribution. Post discharge studies over longer
periods of time are needed to follow up and evaluate the

recurrence rate of apnoea after treatment.
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