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Abstract: Cardiac arrest (CA) in infants is an issue worldwide, which causes significant morbidity
and mortality rates. Cardiopulmonary resuscitation (CPR) is a technique performed in case of CA
to save victims’ lives. However, CPR is often not performed effectively, even when delivered by
qualified rescuers. Therefore, international guidelines have proposed applying a CPR feedback
device to achieve high-quality application of CPR to enhance survival rates. Currently, no feedback
device is available to guide learners through infant CPR performance in contrast to a number of
adult CPR feedback devices. This study presents a real-time feedback system to improve infant
CPR performance by medical staff and laypersons using a commercial CPR infant manikin. The
proposed system uses an IR sensor to compare CPR performance obtained with no feedback and
with a real-time feedback system. Performance was validated by analysis of the CPR parameters
actually delivered against the recommended target parameters. Results show that the real-time
feedback system significantly improves the quality of chest compression parameters. The two-thumb
compression technique is the achievable and appropriate mechanism applied to infant subjects for
delivering high-quality CPR. Under the social distancing constraints imposed by the SARS-CoV-2
pandemic, the results from the training device were sent to a CPR training center and provided each
participant with CPR proficiency.

Keywords: cardiopulmonary resuscitation; SARS-CoV-2; cardiac arrest; chest compression; pan-
demic; chest compression; manikins; feedback; infant

1. Introduction

Cardiac arrest (CA) is an issue for infants around the world, which causes undesirable
morbidity and mortality rates. Subjects who have CA need instant cardiopulmonary
resuscitation (CPR) to save their lives. The purpose of CPR is to supply vital organs with
sufficient oxygen-rich blood [1]. It is a first aid technique that allows the prevention of
physiological damage while awaiting the arrival of more advanced medical intervention. It
is essential to perform CPR as quickly after arrest as possible, because when cardiac arrest
occurs, oxygen is no longer circulated to the brain tissues, which will result in the loss
of brain function [1]. Other muscle tissues in the body are considered to be regenerative,
unlike brain tissues. The CPR process involves performing alternating chest compression
(CC) and artificial ventilation to physically preserve the full function of the brain of a
subject who has cardiac arrest [1–3]. It is essential to increase the cardiac arrest survival rate
of infant populations. Therefore, high-quality CPR is a significant factor in controlling the
survival rate. When high-quality infant CPR is performed, morbidity and complications
are substantially reduced. Hence, in terms of increasing the infant survival rate from
cardiac arrest, significant studies and research has been undertaken by specialists working
in CPR, who have presented CPR standards and recommendations. These standards and
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recommendations provide a reliable information system to supervise and document the
measured quality of CC [4].

There are two types of compression techniques taught when delivering infant CPR.
The Two-Finger (TF) and the Two-Thumb (TT) technique [4–6], as shown in Figure 1. The
TT technique is achieved by squeezing the thorax between the two thumbs [7]. The TF
technique is achieved by placing the two fingers above the lower third of the sternum and
applying chest compression [6]. Thus, the only differences between the two techniques are
the position of the hand. Different researchers have evaluated the effectiveness of these
techniques using animal surrogates [8,9] and infant CPR models [5,10,11] These studies
showed that performing the TT technique when delivering CPR reduces the rescuer fatigue
compared to the TF technique [10]. Thus, the TT technique was advised for performing
infant CPR [5–11]. The American Heart Association (AHA) and the International Liaison
Committee on Resuscitation (ILCOR) have chosen the TT technique for delivering infant
CPR [12]. The CPR standards are recommended by the AHA guidelines [12–14] and
consider the key factors to assess the CPR quality such as: chest compression depths, chest
release force, chest compression rate, and compression duty cycle.
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back CPR performance using the TT compression technique. (3) No feedback CPR perfor-
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This section describes the design and development of a real-time feedback system 

used to improve the rescuers’ performance of infant CPR working with infant popula-
tions, the full details of the technical description available in the supplementary file. The 
proposed system as shown in Figure 2 a, b comprises (1) a commercial infant manikin 
(Prestan infant manikin LLC 2020, USA) was used by the participants as the infant subject. 

(2) The laser displacement sensor used to measure the first CPR parameter which is 
chest compression depth (displacement) during the compression process. (3) An Arduino 
Uno Microcontroller controlled the work of the displacement sensors by sending com-
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pression techniques and presenting the measures on the serial monitor of the Arduino. (4) 
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Figure 1. The Cardiopulmonary resuscitation (CPR) compressions techniques; (a) the Two-Finger
(TF) method, and (b) the Two-Thumb (TT) method.

Those individuals who apply the CPR process must secure a recognized set of skills
in delivering successful CPR that could save a subject’s life [14,15]. Pediatric CPR differs
from adult CPR because children are anatomically and physiologically different from
adults [16]. In infants, cardiac arrest is not considered to be the only reason for which CPR
needs to be delivered [17]. Also both hypoxia, which is ‘’deficiency in the amount of O2
reaching tissues”, and asphyxia (suffocation) are considered to be reasons for delivering
of CPR [13,17]. It is challenging to identify the cause as well as the effect of infant cardiac
arrest. Thus, CPR is considered to be a more difficult skill to perform on an infant or young
child than adult CPR. Therefore, a training method is required to educate people about
infant CPR techniques to improve the quality and rate of CPR success on infants suffering
from CA [14,18]. For CPR to be efficient, and training to be consistent, recommended
standards should be achieved. It is believed that instantaneous performance feedback
could affect the performance of chest compression quality during simulated infant CPR. A
study by Martin et al. [19], Kandasamy et al. [20], and Lakomek et al. [21] were conducted
to investigate the feedback effect on CPR performance. Based on the outcomes from these
studies, it was suggested that implementing CPR aided real-time feedback systems can
improve chest compression technique.
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Currently, no feedback device is available to guide learners through infant CPR
performance compared to a number of adult CPR feedback device. This study presents
a real-time feedback system to improve infant CPR performance by medical staff and
laypersons using commercial infant manikin. The proposed system is based on an IR
sensor to analyse the CPR performance obtained with no-feedback and with a real-time
feedback system. The aim of this study is to investigate and improve the CPR performance
of the rescuer when delivered during simulated infant CPR.

The principal contributions of the proposed system are listed as follows: (1) Establish-
ing background knowledge as necessary to be able to evaluate the effects of the real-time
feedback system on CPR quality. (2) Propose a real-time interaction system based on an IR
sensor to monitor and extract the CPR parameters and improve CPR performance in any
environmental settings. (3) Propose developing a real-time feedback system to monitor and
improve infant CPR performance for both medical staff and laypersons. (4) Analyze infant
CPR performance with no-feedback and with a real-time feedback system and evaluate the
CPR parameters delivered within the recommended target line as the main consideration.
(5) Analysis of CPR performance based on the effect of using the TF and TT compression
techniques and appraise the appropriate and achievable mechanism applied in infant
populations for delivering high-quality infant CPR.

This paper is structured as follows: Section 2 presents the materials and methods,
including participants and experimental setup. Section 3 reports the experimental re-
sults of the proposed infant CPR feedback system with comparison to the recommended
guideline [12–14] of chest compression parameters. Section 4 discusses the results. Finally,
Section 5 concludes the work presented in this study.

2. Materials and Methods
2.1. Participants

Simulated CPR performance was conducted across two populations, with particularly
different levels of expertise: medical staff resuscitators and lay resuscitators (i.e., those
who have no experience in CPR). A group of fifty persons (29 males and 21 females) with
ages ranging between (18–56 years) was offered to participate in CPR performance on a
commercial infant manikin. The participants were distributed based on their experience
in CPR into two groups. Twenty-five medical staff resuscitators and twenty-five lay
resuscitators enrolled for this study. Before conducting the experiments, the participants
were briefed on the experimental procedure before beginning simulated CPR performance.
Each participant performed four categories of infant CPR on a professional infant manikin:
(1) No feedback CPR performance using the TT compression technique. (2) Feedback CPR
performance using the TT compression technique. (3) No feedback CPR performance using
the TF compression technique. (4) Feedback CPR performance using the TF compression
technique. Individual participants’ results were shown to each participant after their
simulated CPR performance completion.

2.2. Experimental Setup

This section describes the design and development of a real-time feedback system used
to improve the rescuers’ performance of infant CPR working with infant populations, the
full details of the technical description available in the supplementary file. The proposed
system as shown in Figure 2a,b comprises (1) a commercial infant manikin (Prestan infant
manikin LLC 2020, USA) was used by the participants as the infant subject.

(2) The laser displacement sensor used to measure the first CPR parameter which is
chest compression depth (displacement) during the compression process. (3) An Arduino
Uno Microcontroller controlled the work of the displacement sensors by sending commands
to the sensors to start measuring the compression depth during TT and TF compression
techniques and presenting the measures on the serial monitor of the Arduino. (4) MATLAB
software (R2019a) received the readings of sensors from the Arduino in real-time and
summed the reading of both sensors to calculate the actual compression depth. The other
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CPR quality parameters, compression release force, compression rate and compression
duty cycle, achieved in the compression stage were calculated using the MATLAB software.
(5) The performance feedback was provided by real-time program implemented using
MATLAB software to both monitor and assist participants while performing CPR on the
simulated infant training manikin. The CPR parameters were presented using a custom
graphical user interface (GUI), see Figure 3. Applying the social distance condition imposed
by the SARS-CoV-2 pandemic that made it difficult to gather all the participant in the CPR
training center. Thus, a GSM chip (A9 module) controlled by the Arduino microcontroller
was used to send the training results to the CPR training center to provide each participant
with CPR certificate. The GUI of the proposed system contained a send option used for
sending the achieved CPR performance result to CPR training center. The achieved CPR
quality measures were sent from the MATLAB program to the Arduino microcontroller
through a USB cable to a GSM module which transferred the data to the CPR training
center, see Figure 4. The measured data from each group were presented as mean ± SD
and median value. The statistical significance of the differences between the groups was
determined by two tails, paired samples of student’s test (T test). The significance level for
all analyses was set as p-value < 0.05.
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Figure 4. The overall system design of the infant CPR real-time feedback system.

3. Results

In this section, the results obtained are presented in two phases, the medical rescuer’s
CPR performance and lay rescuer’s CPR performance. Measured output is presented
in terms of chest compression depths, chest release force, chest compression rates and
compression duty cycle. There is a supplementary material available related to this research,
see Tables S1–S4 in the supplementary file.

3.1. CPR Performance with No-Feedback and with Real-Time Feedback System
3.1.1. Chest Compression Depth

The medical participants performed infant CPR using the TT compression technique
see Figure 5a. The mean value of chest compression depth during no performance feedback
was 32.8 ± 2.6 mm compared to the chest compression depth parameter mean value of
38.2 ± 2.7 mm with feedback performance. During CPR, there was an improvement in
the compression depth parameter with performance feedback of approximately 16% com-
pared to the CPR performance without feedback. The median values of the compression
depth parameter with and without feedback were 33 mm and 38 mm, respectively. The
difference and percentage of difference between the no feedback and feedback groups were
5% and 15%, respectively. There was a significant difference in the compression depth
parameter when assisted with performance feedback compared to unassisted performance
(p-value < 0.05).

In addition, when medically trained participants performed infant CPR using the TF
compression technique, see Figure 5a. The mean value of the chest compression depth
parameter without feedback was 30.2 ± 2.07 mm compared to the chest compression depth
parameter mean value of 36.8 ± 1.13 mm with performance feedback. During CPR, there
was an improvement in the compression depth parameter with feedback of approximately
22% compared to the CPR performance without feedback. The median values of the
compression depth parameter with no feedback and feedback performance were 30 mm
and 37 mm, respectively. The difference and percentage of difference between the no
feedback and feedback group were 7% and 23%. There was a significant difference in the
compression depth parameter with feedback-assisted performance compared to unassisted
performance (p < 0.05).
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Figure 5. Mean value of the four CPR parameters achieved during no feedback and feedback CPR
performance using TT and TF compression technique (a) the chest compression depth parameter;
(b) the chest release force parameter; (c) the chest compression rate parameter; (d) the compression
duty cycle parameter; and the dashed line represents the guideline range of each CPR parameter.
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Related to lay participants, when infant CPR was performed using the TT compression
technique, see Figure 5a. The mean value of the chest compression depth parameter with
no performance feedback was 30.28 ± 3.30 mm compared to the chest compression depth
parameter mean value of 36.84 ± 2.16 mm with performance feedback. During CPR, there
was an improvement in the compression depth parameter with the performance feedback
of approximately 22% compared to CPR performance without feedback. The median values
of the compression depth parameter during no feedback and feedback performance were
31 mm and 37 mm, respectively. The difference and percentage of difference between the
no feedback and feedback group were 6% and 19%. There was a significant difference in
the compression depth parameter with feedback-assisted performance compared to the
unassisted performance (p-value < 0.05).

In addition, when the lay participants performed infant CPR using the TF compression
technique, see Figure 5a. The mean value of chest compression depth parameter during
no feedback performance was 29.76 ± 2.17 mm compared to the chest compression depth
parameter mean value of 36 ± 1.87 mm during feedback performance. During CPR, there
was an improvement in the compression depth parameter with the feedback performance
of approximately 21% compared to the CPR performance without feedback. The median
values of the compression depth parameter with no feedback and feedback performances
were 30 mm and 36 mm, respectively. The difference and percentage of difference between
the no feedback and feedback group were 6% and 20%. There was a significant difference
in the compression depth parameter with feedback-assisted performance compared to the
unassisted performance (p < 0.05).

3.1.2. Chest Release Force

The medical participants performed infant CPR using the TT compression technique,
see Figure 5b. The mean value of the achieved chest release force with no feedback on
performance was 3.58 ± 0.70 kg compared to the chest release force parameter mean value
of 2.15 ± 0.42 kg with feedback. The median value of the chest release force parameter
with no feedback and feedback were 3.6 kg and 2.2 kg, respectively. The difference and
percentage of difference between the no feedback and feedback group were 1.4% and
39%. During CPR, there was an improvement in the chest release force parameter with
feedback approximately 40% compared to the CPR performance without feedback. There
was a significant difference in the chest release force parameter during feedback-assisted
performance compared to unassisted performance (p < 0.05).

In addition, the medical participants performed infant CPR using the TF compression
technique, see Figure 5b. The mean value of the achieved chest release force during no
feedback was 3.35 ± 0.40 kg compared to the chest release force parameter mean value of
2.11 ± 0.38 kg with feedback. During CPR, there was an improvement in the chest release
force parameter with feedback of approximately 37% compared to the CPR performance
without feedback. The median value of the chest release force parameter with no feedback
and feedback on performances were 3.5 kg and 2.1 kg, respectively. The difference and
percentage of difference between the no feedback and feedback group were 1.4% and 40%
consequently. There was a significant difference in the chest release force parameter with
feedback-assisted performance compared to unassisted performance (p < 0.05).

The lay participants performed infant CPR using the TT compression technique, see
Figure 5b. The mean value of the achieved chest release force using the TT compression
mechanism with no performance feedback was 3.88 ± 0.91kg compared to the chest release
force parameter mean value 2.44 ± 0.60 kg with feedback. During CPR, there was an
improvement in the chest release force parameter with feedback of approximately 37%
compared to the CPR performance without feedback. The median value of the chest release
force parameter during no feedback and feedback performance were 3.8 kg and 2.4 kg,
respectively. The difference and percentage of difference between the no feedback and
feedback group were 1.4% and 37%. There was a significant difference in the chest release
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force parameter with feedback-assisted performance compared to unassisted performance
(p < 0.05).

In addition, when lay participants performed infant CPR using the TF compression
technique, see Figure 5b. The mean value of the achieved chest release force during no
performance feedback was 3.55 ± 0.67 kg compared to the chest release force parameter
mean value of 2.14 ± 0.72 kg during feedback performance. During CPR, there was an
improvement in the chest release force parameter with the feedback of approximately 40%
compared to the CPR performance without feedback. The median value of the chest release
force parameter during no feedback and feedback performance were 3.6 kg and 2.1 kg,
respectively. The difference and percentage of difference between the no feedback and
feedback group were 1.5% and 42%. There was a significant difference in the chest release
force parameter with feedback-assisted performance compared to unassisted performance
(p < 0.05).

3.1.3. Compression Rate

The medical participants performed infant CPR using the TT compression technique,
see Figure 5c. The mean value of the achieved chest compression rate using the TT
compression mechanism during no performance feedback was 83.96 ± 8.87 cycle/min
compared to the compression rate parameter mean value 106.68 ± 8.43 cycle/min with
feedback. The median value of the compression rate parameter with no feedback and
feedback performance were 85 cycle/min and 110 cycle/min, respectively. The difference
and percentage of difference between the no feedback and feedback group were 25% and
29%. During CPR, there was an improvement in the compression rate parameter with
the feedback of approximately 27% compared to the CPR performance without feedback.
There was a significant difference in the compression rate parameter with feedback-assisted
performance compared to unassisted performance (p < 0.05).

In addition, the medical participants performed infant CPR using the TF compression
technique, see Figure 5c. The mean value of the achieved chest compression rate during no
feedback was 81.84 ± 6.65 cycle/min compared to the compression rate parameter mean
value 101.36 ± 5.16 cycle/min during feedback. During CPR, there was an improvement
in the compression rate parameter with the feedback-performance of approximately 24%
compared to CPR performance without feedback. The median value of the compression
rate parameter during no feedback and feedback performance were 78 cycle/min and
101 cycle/min, respectively. The difference and percentage of difference between the no
feedback and feedback group were 23% and 29%. There was a significant difference in the
compression rate parameter with feedback-assisted performance compared to unassisted
performance (p < 0.05).

Lay participants performed infant CPR using the TT compression technique, see
Figure 5c. The mean value of the achieved chest compression rate using the TT compres-
sion mechanism during no performance feedback was 79.64 ± 12.70 cycle/min compared to
the compression rate parameter mean value 104.28 ± 8.53 cycle/min during performance
feedback. During CPR, there was an improvement in the compression rate parameter
during the feedback performance of approximately 31% compared to CPR performance
without feedback. The median value of the compression rate parameter during no feed-
back and feedback performance were 78 cycle/min and 108 cycle/min, respectively. The
difference and percentage of difference between the no feedback and feedback group were
30% and 38%. There was a significant difference in the compression rate parameter with
feedback-assisted performance compared to the unassisted performance (p < 0.05).

In addition, the lay participants performed infant CPR using the TF compression
technique, see Figure 5c. The mean value of the achieved chest compression rate during
no performance feedback was 78.8 ± 6.59 cycle/min compared to the compression rate
parameter mean value 99.84 ± 10.69 cycle/min during performance feedback. During
CPR, there was an improvement in the compression rate parameter during the feedback
performance of approximately 27% compared to CPR performance without feedback.
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The median value of the compression rate parameter during no feedback and feedback
performance were 78 cycle/min and 102 cycle/min, respectively. The difference and
percentage of difference between the no feedback and feedback group were 24% and 31%.
There was a significant difference in the compression rate parameter with feedback-assisted
performance compared to unassisted performance (p < 0.05).

3.1.4. Compression Duty Cycle

The medical participants performed infant CPR using the TT compression technique,
see Figure 5d. The mean value of the achieved chest compression duty cycle mechanism
during no performance feedback was 46.68 ± 3.71% compared to the compression duty
cycle parameter mean value 48.8 ± 1.95% during performance feedback. During CPR,
there was an improvement in the compression duty cycle parameter during the feedback
performance of approximately 5% compared to CPR performance without feedback. The
median value of the compression duty cycle parameter during no feedback and feedback
performance were 46% and 49%, respectively. The difference and percentage of difference
between the no feedback and feedback group were 3% and 7%. There was a significant
difference in the compression duty cycle parameter with feedback-assisted performance
compared to unassisted performance (p < 0.05).

The medical participants performed infant CPR using the TF compression technique,
see Figure 5d. The mean value of the achieved chest compression duty cycle using the TF
compression mechanism during no performance feedback was 43.36 ± 1.89% compared to
the compression duty cycle parameter mean value 46.04 ± 2.02% with feedback. During
CPR, there was an improvement in the compression duty cycle parameter with the feedback
performance of approximately 6% compared to CPR performance without feedback. The
median value of the compression duty cycle parameter with no feedback and feedback
performance were 43% and 46%, respectively. The difference and percentage of difference
between the no feedback and feedback group were 3% and 7%. There was a significant
difference in compression duty cycle parameter with feedback-assisted performance com-
pared to unassisted performance (p < 0.05). Thus, the feedback system improved the quality
of the compression duty cycle parameter during CPR performance.

The lay participants performed infant CPR using the TT compression technique, see
Figure 5d. The mean value of the achieved chest compression duty cycle during no perfor-
mance feedback was 44.68 ± 1.93% compared to the compression duty cycle parameter
mean value 46.92 ± 2.44% during feedback. During CPR, there was an improvement in
the compression duty cycle parameter with the feedback of approximately 5% compared
to CPR performance without feedback. The median value of the compression duty cycle
parameter during no feedback and feedback performance were 45% and 47%real-time. The
difference and percentage of difference between the no feedback and feedback group were
2% and 4%. There was a significant difference in the compression duty cycle parameter
with feedback-assisted compared to unassisted performance (p < 0.05).

The lay participants performed infant CPR using the TF compression technique,
see Figure 5d. The mean value of the achieved chest compression duty cycle during no
performance feedback was 43.2 ± 2.60% compared to compression duty cycle parameter
mean value 45.16 ± 2.03% during feedback. During CPR, there was an improvement in
the compression duty cycle parameter with the feedback of approximately 5% compared
to CPR performance without feedback. The median value of the compression duty cycle
parameter during no feedback and feedback performances were 43% and 45%, respectively.
The difference and percentage of the difference between the no feedback and feedback
group were 2% and 5%. There was a significant difference in the compression duty
cycle parameter with feedback-assisted performance compared to unassisted performance
(p < 0.05).

To assess overall CPR quality during infant CPR, the proportion of rescuers that
simultaneously achieved the recommended targets of all CPR parameters was calculated
for each group, medical rescuers and lay rescuers during no feedback and feedback CPR
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using the TT and TF chest compression techniques. The overall CPR quality achieved by
both medical rescuers and layperson groups with feedback and without feedback from
CPR using TT and TF compression techniques is shown in Figure 6.
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4. Discussion

An infant suffering from cardiac arrest (CA) generally has a high probability of
immediate mortality and poor prognosis after a CA episode [1–5]. Therefore, the rescuer’s
quality of infant CPR should be improved during in and out of hospital cardiac arrest.
Literature studies have reported that rescuers delivered poor chest compression quality
during the performance of infant CPR without feedback and suggested using a real-
time feedback system while performing infant CPR for monitoring and measuring the
quality of infant CPR during CA [22–24]. In addition, CPR performance with a feedback
assistance system required less time and fewer instructors as compared to no performance
feedback [25]. Few studies have presented an optimal infant CPR feedback system in
contrast to an adequate number of adult CPR systems. Some previous studies investigated
the chest compression technique TT and TF during CPR performance and tried to decide
the optimal chest compression technique for infant CPR performance [5,23,26–28]. This
study aimed to develop a real-time CPR feedback system for monitoring, measuring, and
improving the quality of chest compression depth, compression rate, chest release force
and compression duty cycle during simulated CPR performance on an infant manikin. This
section discusses the results of a series of investigations, comparing these results against
literature studies and current CPR international guidelines [12–14,29]. From the results it
can be seen that, in general, the assistance of the feedback CPR system has a significant
effect on the quality of chest compressions during simulated infant CPR. Moreover, the
internationally recommended targets [12–14,29] of the four CPR parameters were achieved
with the proposed feedback CPR system.

As the study was presented using two CPR methods (TT and TF), it can be seen that,
in general, when feedback was not provided to the rescuer, the quality of compression
depth decreased. Interestingly, when observing the feedback group, the mean compression
depth achieved by rescuers was observed to be the highest. In addition, with feedback on
CPR performance, the rescuers achieved deeper chest compression depth through the TT
compression technique. The compression depths achieved in this study were consistent
with the literature [19,20]

Related to chest release force, the recommended international target for chest release
force is at least 0.5 Kg and not to exceed 2.5 kg [29]. This study detected rescuers’ failure
to achieve the recommended target of chest release force without feedback infant CPR.
This was comparable with previous studies that reported the role of the feedback system is
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to improve the rescuers’ infant CPR performance [30,31]. However, it was observed that
participants achieved the target of chest release force during simulated infant CPR using
TT compression technique more easily than the TF technique, which is consistent with
the outcomes reported in previous studies [26,32]. Related to the compression rate, the
recommended target for compression rate was rarely achieved by rescuers who were in the
group performing CPR without feedback, and most often, rescuers were not able to reach
the minimum required target, which is 100 min−1. The feedback group demonstrated a
significant difference across the two CPR methods. However, the rescuers achieved the
recommended target compression rate during simulated infant CPR more easily when
using the TT compression technique than the TF technique. This was consistent with the
compression rate parameter reported by [6,32,33]. The compression duty cycle proved
difficult to maintain, particularly when feedback was not provided. This could be due to
difficulty in understanding how to maintain the duty cycle within the required limits, or
due to a loss of concentration, perhaps as a result of focusing on the compression rates and
depths. A relatively significant improvement occurred with the group provided with feed-
back, since overall, the international recommended targets were achieved. More rescuers
reached the recommended guideline of duty cycle through chest compression using the TT
technique than the TF technique. This performance was in agreement with the reported
studies in [27,34]. The study also investigated the effect of real-time performance feedback
during simulated infant chest compressions in accordance with the method described
by [19,35]. The researcher showed that feedback produced an overall improvement in the
quality of chest compression, significantly improving the quality of chest compression
depths, chest compression rates and compression duty cycles. Although, that study fo-
cused only on the TT technique. The results of this current study have produced similar
outcomes to [19,35]. Comparing the current study with [19,35], it can be seen that the group
of rescuers with feedback had significantly increased performance quality for four of the
quality measurements. The rescuer group without feedback demonstrated a deterioration
in performance quality; most participants failed to achieve all four (compression depth,
compression rates, release force and duty cycle) quality targets.

Overall, the study analysis related to the four quality parameters of CPR performance
on an infant manikin, the chest compression depth, chest release force, compression rate and
compression duty cycle has demonstrated that the TT compression technique is better to
achieve the recommended target of CPR quality parameters. Therefore, the TT compression
technique was advised for infant CPR performance. The proposed system in this study
could be used to assist rescuers in improving the quality of CPR performance.

The limitations of the study represented by (1) the SARS-CoV-2 pandemic prevent
rescuers from achieving rescue breath parameters. (2) Ending of the result did not include
the sampled signal since the GSM could not send more than 26 characters in one message.

5. Conclusions

Currently, infant CPR training is usually performed without a feedback system, which
may cause poor CPR performance delivered by rescuers in comparison to the adequate
numbers of adult CPR feedback systems. This study presents a real-time feedback system to
assist rescuers to achieve quality measures of CPR parameters. This study investigated the
CPR performance delivered by medical rescuers and lay rescuers on a commercial infant
manikin without an assisting feedback system and with a real-time assisting feedback
system. The results showed some ineffective CPR performance during no feedback CPR
performance against improved CPR quality measures during CPR performance with the
assisting feedback system. Furthermore, this study showed that the TT compression
technique is preferable to the TF compression technique when performing infant CPR.
Further, the proposed system’s capability of transmitting CPR performance is very valuable
because it supports remote CPR training under the social distancing conditions of the SARS-
CoV-2 pandemic.
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