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Abstract
INTRODUCTION: Out-of-hospital cardiac arrest is a major public health problem with over 90% case 
fatality. Although it is known that good quality of cardiopulmonary Resuscitation (CPR) leads to improved 
patient outcomes, health care practitioners commonly perform sub-optimal CPR. The CPR feedback device 
is a small device designed to measure the number and depth of chest compressions (CC) and if the rate of 
compressions or the depth of the compressions is low or high, it will try to correct the CPR operation by 
announcing a warning to the resuscitator. The aim of this study was to evaluate the effectiveness of this 
device which was designed and made by the authors’ technician study group member in improving CPR 
operations, to determine the need for it in all hospitals on a routine basis.
METHOD: This cross-sectional study was performed on patients who have suffered from cardio-pulmonary 
arrest in Al-Zahra Hospital in 2020. Patients needed primary CPR for any reason, were randomly divided 
into two groups using random allocation software. The first group contains patients as the CPR Feedback 
device is on and alarm is on and warns, if resuscitation is ineffective, the second group also uses the device, 
but with the difference that the alarm is off. The data was analyzed by general linear model method (repeated 
measure ANOVA).
RESULTS:  80 patients were studied, including 63 men (79%) and 17 women (21%). Patients were 
divided among two groups. There was no significant difference in demographic characteristics between 
two groups. The results showed that there was no significant interaction between group and time for the 
compression depth variable and there was no significant difference in the depth of compressions between 
the two groups(P>0.05). For the rate of compressions, there was a significant interaction between group 
and time. These results indicate that turning on the CPR feedback device’s warning increases the number of 
compressions during CPR and, as a result, makes it more effective. The between-group effect which showed 
the difference in the number of compressions in the two groups, was statistically significant (P<0.001).
CONCLUSION: These results indicated that turning on the CPR feedback device’s warning increases the 
rate of compressions during CPR and, as a result, makes it more effective. Therefore, the use of real-time 
CPR feedback device during chest compression in real-time CPR improves the quality of CPR.
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Introduction
Out-of-hospital cardiac arrest (OHCA) is 
indeed a significant public health issue, with a 
global incidence estimated at 95.9 per 100,000 
person per year and a case fatality rate exceeding 
90%. Survival rates to hospital discharge are 
generally poor and can vary significantly across 
different emergency systems 1.
The 2010 International Liaison Committee 
on Resuscitation (ILCOR) consensus 
guidelines emphasize the importance of  
optimizing all links in the ‘Chain of  Survival’ 
to maximize neurologically intact survival 
after cardiac arrest. This includes delivering 
high-quality cardiopulmonary resuscitation 
(CPR). Specifically, rescuers should aim for a 
compression depth of  at least 5 cm at a rate of  
at least 100 compressions per minute, allow full 
recoil of  the chest between compressions, and 
minimize interruptions in chest compressions. 
The recommended compression to ventilation 
ratio is 30:2 2, 3.
Even brief  interruptions to chest 
compressions of  around 4 seconds can lead 
to reduced myocardial perfusion and survival. 
Furthermore, the success of  defibrillation 
decreases in patients during prolonged periods 
without chest compressions. The depth 
and fraction (the proportion of  time chest 
compressions are administered in CPR) of  chest 
compressions are directly related to survival 
from OHCA. Every 1 mm increase in depth 
(up to 50 mm) increases the adjusted odds of  
survival by 5% (OR 1.05, 95% CI 1.01–1.09) 
4-6. High chest compression fractions (>60%) 
are associated with higher rates of  return of  
spontaneous circulation (ROSC) (79% vs. 
58%) and survival to discharge (25% vs. 12%) 
when compared with the lowest fraction group 
(<20%) 7.
Despite the known benefits of  high-quality 
CPR, health care practitioners often perform 
sub-optimal CPR. This can include as little as 
28% of  chest compressions in the target depth 
range, effective compression rates as low as 64 
per minute, and a hands-off  fraction of  0.48 
8, 9. Real-time feedback may enable rescuers 
to perform better CPR, potentially leading to 

improved patient outcomes  10, 11.
The CPR feedback device is a small device 
designed to measure the number and depth 
of  CCs. If  the number of  compressions or 
the depth of  the compressions is low or high, 
it will attempt to correct the CPR operation 
by issuing a warning to the resuscitator. A 
similar model of  this device was designed by 
companies such as Philips and Zoll, but due 
to their relatively high price in Iran, it is not 
possible to use them routinely. An in-house 
sample of  this device was produced by a 
member of  the authors’ team and is used in 
this study. The only systematic review of  the 
impact of  real-time feedback during CPR was 
completed in 2009 and focused on feedback as 
a training device rather than an adjunct to real-
life cardiac arrests. Therefore, the current study 
was conducted with the aim of  evaluating the 
effectiveness of  this device in improving CPR 
operations to determine the need for it in all 
hospitals on a routine real-life basis.

This study was approved by the Ethics 
Committee of  Isfahan University of  Medical 
Sciences, Isfahan, Iran (IR.MUI.MED.
REC.1401.180). 
This cross-sectional study was conducted 
on patients who had suffered from cardio-
pulmonary arrest in Al-Zahra Hospital from 
January 2021 to March 2022. Eighty patients 
requiring primary CPR were selected and 
evaluated.

Investigational CPR feedback device
An investigational device with CPR-sensing 
and audiovisual feedback capabilities was 
used during all cardiac arrests. The feedback 
component was developed in part from earlier 
work with CPR audio feedback in simulated 
resuscitation settings. The device, the size and 
dimensions of  a mobile phone, is placed on 
the patient’s sternum. The in-house sample 
is designed exactly with the dimensions and 
specifications of  the standard sample. 
In brief, the CPR feedback device detects 
chest compressions via a pad placed between 

Materials and MethodsMaterials and Methods
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Results

the hands of  the resuscitator and the sternum 
of  the patient. This pad contains both force 
detector and accelerometer components that 
allow for the calculation of  chest compression 
rate and depth. If  the number of  compressions 
or the depth of  the compressions is low or high, 
it will attempt to correct the CPR operation by 
issuing a warning to the resuscitator. The use 
of  this device is among the recommendations 
in European and American CPR guidelines 
of  resuscitation to improve the quality of  
resuscitation, but it is not used in the authors’ 
country due to the high cost and non-availability. 
The purpose of  the authors’ study is to use this 
device in real-life resuscitation situations. 

Study protocol
This study was conducted on patients who 
had suffered from cardio-pulmonary arrest in 
Al-Zahra Hospital in 2020. Patients requiring 
primary CPR for any reason were randomly 
divided into two groups using random 
allocation software. 
The first group, named the “feedback_on” 
group, consisted of  patients for whom the 
CPR Feedback device was on and the alarm 
was active, issuing warnings if  resuscitation 
was ineffective. The second group, named the 
“feedback_off ” group, also used the device, 
but with the alarm turned off. Given that the 
occurrence of  cardiorespiratory arrest is an 
unpredictable event in hospitalized patients 
and the use of  the mentioned device does 
not interfere with the course of  resuscitation 
measures or create a change in the process, 
there was no possibility to fill in an informed 
consent form. Information collected from 

patients included age, sex, underlying disease, 
cause of  arrest, and their outcome. In 
addition, information collected to evaluate 
the effectiveness of  CPR included depth 
(the amount indicated by the device) and the 
number of  compressions per minute. Also, in 
the first group, the number of  feedback given 
by the device to the resuscitator was collected. 
The information was recorded at 5, 10, 15, 20, 
25, 30, 35, 40, and 45 minutes after the start 
of  CPR. Before starting the study, resuscitators 
were trained to use the CPR Feedback device.

Statistical Analysis
Basic descriptives for numerical data were 
presented as mean (SD). A general linear 
model (repeated measure ANOVA) was 
performed to determine the effectiveness of  
the CPR feedback device by comparing the 
depth and rate of  CPR over time, between the 
two groups. The data were analyzed using IBM 
SPSS Statistics (Version 27) with statistical 
significance set at P < 0.05.

Eighty patients were studied, including 63 men 
(79%) and 17 women (21%). Patients were 
divided among two groups. The first group, 
named the “feedback_on” group, consisted 
of  40 patients for whom the CPR Feedback 
device was on and the alarm was active, issuing 
warnings if  resuscitation was ineffective. The 
second group, named the “feedback_off ” 
group, also used the device, but with the alarm 
turned off. The mean age was 65.86 ± 7.81 
years (Table 1).

Table 1. Demographic parameters of  patients Note: SD: Standard deviation,n: number,  %: percent 
 Group 1 Feedback_on Group2 Feedback_off Total  

n (%) 
p-value 

Sex 
 

    

    Men n.(%) 32(80%) 31(77%) 63(79%) 0.30 

   Women n.(%) 
 

8(20%) 9(23%) 17(21%) 0.29 

Total n.  
 

40 40 80 - 

Age     

    Mean 62.71 63.01 65.86 0.23 

    SD 6.80 7.92 7.51 - 
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The difference in demographic parameters 
between two groups was compared. There 
was no significant difference in demographic 

characteristics between two groups. Also 
means and Standard deviations of  depth and 
rate of  CPR in two groups computed (Table2).

Based on Table 2, in the first group (feedback_
on), the massage depth variable initially 
increased and then decreased over time. There 
is no specific pattern regarding the variable 
number of  massages. In the second group 
(feedback_off), there is no particular pattern 
of  increase or decrease for the massage depth 
variable at consecutive times, but for the 
number of  massages, the average number of  
CPR has decreased over time. In order to answer 
the main research question of  comparing the 
effect of  the CPR feedback device on the 
effectiveness of  CPR in the two states of  the 
device’s alarm being on and off, a variance 
analysis test with repeated measurements was 
used (repeated measure ANOVA). Initially, the 
assumptions of  this test were checked.
The Box test was used to check the homogeneity 
of  variance-covariance matrices. Since the 
significance of  the Box test is higher than 0.05 
in all scales, it can be said that the variance-
covariance matrices are homogeneous. Levine’s 
test was also used to check the homogeneity 
of  the variances of  the two groups, and the 
results showed the non-significance of  the 
components (P>0.05), so the assumption of  

the homogeneity of  the variances was also 
confirmed. In line with the assumption of  the 
same variance, the results of  the sphericity 
test showed that it is not significant at the 0.05 
level in all variables. Therefore, the conditions 
for using the statistical model of  repeated 
measurement were provided. After verifying 
the assumptions of  the test, an analysis of  
variance between and within the subjects was 
performed with repeated measurements for 
the variables of  massage depth and number of  
massages. The results are presented in Table 2
Table 2 shows that there was no significant 
interaction between group and time for the 
massage depth variable (Wilks’ Lambda=0.844, 
P=0.149, F=1.513, η2=0.019). Also, the within-
group effects that indicate the main effect of  
time were significant (Wilks’ Lambda=0.810, 
P=0.049, F=2.081, η2=0.159). Significant 
pairwise comparisons between different times 
are identified with post hoc tests (Bonferroni) 
and show the direction of  change. For 
depth variables, no significant difference was 
observed across times. The effect size obtained 
for time was 0.156, which according to Cohen 
(1988) indicates a large effect (small effect = 

Table 2. Comparison of  rate of  CPR and depth in 9 times point in two groups with and Without Feedback

 Time points  

Variables 5min 10min 15min 20 min 25min 30 min 35min 40min 45 min P 
Group 

P 
Time 

P 
Group*time 

Rate             

Feedback 
on  

100.62±5.15 
 

108.72 
±5.92 

 

108.75 
±6.27 

 

105.8 
±8.34 

 

107.1 
±8.14 

 

106.7 
±6.98 

 

105.17 
±4.30 

 

100.42 
±5.88 

 

100.48 
±4.63 

 

 
 

<0.001 

 
 

0.001 

 
 

0.001 

Feedback 
off  

100.85±5.03 
 

100.27 
±4.01 

98.78 
±5.04 

96.9 
±3.67 

93.77 
±5.11 

94.45 
±5.19 

89.93 
±6.03 

89.6 
±5.05 

88.3 
±3.58 

Depth             

Feedback 
on  

56.4 
±3.38 

 

56.75 
±3.55 

 

56.88 
±3.196 

 

59.33 
±4.75 

 

58.75 
±4.68 

 

58.75 
±4.82 

 

59.10 
±4.75 

 

58.83 
±4.53 

57.7 
±3.43 

 

 
 

0.434 

 
 

0.049 

 
 

0.149 

Feedback 
off  

58.63±3.91 
 

58.4± 
5.32 

57.65 
±3.94 

58.13 
±4.40 

59.43 
±4.67 

58.55 
±4.56 

57.98 
±4.74 

58.25 
±4.54 

57.37 
±3.01 
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0.01, medium effect = 0.06, and large effect = 
0.14). The between-group effect, which shows 
the main effects of  comparing two groups in 
the massage depth variable, was not significant 
(P>0.05). Therefore, it is concluded that there 
is no difference in the depth of  massage in the 
two groups.
Also, the study results show that for the variable 
number of  massages, there is a significant 
interaction between group and time (Wilks’ 
Lambda=0.657, P<0.001, F=4.624, η2=0.343). 
This means that there is a uniform change in 
the values of  the number of  massages over 
time. Also, the within-group effects indicating 
the main effect of  time were significant 
(Wilks’ Lambda=0.141, P=0.001, F=53.854, 
η2= 0.859). Significant pairwise comparisons 

between different times are identified with post 
hoc tests and show the direction of  change. 
The post hoc result for the rate variable 
showed that almost all times are significant 
except times 5 min with 10 min, 15 min. Time 
20 min with 15 min, 25 min, and 30 min. Time 
25 min with 30 min and 35 min. The effect size 
obtained for time is 0.343, which indicates a 
large effect size. The between-group effect, 
which shows the main effects of  comparing 
two groups in the massage depth variable, 
was also significant (P<0.001) which shows 
the difference in the number of  massages in 
the two groups. The group effect size was also 
very large (η2=0.871). The interaction effects 
of  group and time for the variable number of  
massages are shown in Figure 1.

 

Figure 1. Estimated Marginal Means of  rate

In Figure 1, the average number of  
compressions in the first group (feedback_off) 
at time 1 (first 5 minutes) was less than the 
second group (feedback_on) and this trend 
continued until time 9 (45 minutes). Also, over 
time, the average number of  compressions 
in both groups has decreased. These results 
indicate that activating the warning on the 
CPR feedback device increases the number 
of  compressions during CPR and, as a result, 

makes it more effective.

The authors have demonstrated improvements 
in the quality of  CPR delivered during actual in-
hospital cardiac arrests with the use of  a CPR 
feedback device. The rate and depth of  chest 
compressions improved during resuscitation 
efforts in the cohort of  patients receiving real-

Discussion
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a renewed emphasis on CPR quality in the recent 
Emergency Cardiovascular Care guidelines 
revision as formulated by the International 
Liaison Committee on Resuscitation 26. The 
guidelines recommended that medical systems 
develop programs to monitor CPR quality 
and improve training in Basic Life Support 
skills. It is important to note, however, that 
scant literature exists to support the clinical 
relevance of  specific improvements in CPR 
variables, such as the relative importance of  
a change in chest compression rate or depth. 
So, the authors designed their study to improve 
the literature. CPR quality can be improved 
through a variety of  different strategies such 
as training programs or using a CPR feedback 
device.
A limitation of  the study would be the lack of  
randomization of  the order of  CPR with and 
without feedback. There may be an element 
of  “learning” whereby after the first attempt 
at CPR the performers get better because 
of  practice and the study could have been 
improved with randomization of  the order of  
the intervention and control. More studies with 
larger samples and in different settings like out-
of-hospital CPR are recommended.

In conclusion, the use of  a real-time CPR 
feedback device during chest compression in 
real-time CPR improves the quality of  CPR. 
The authors recommend the use of  CPR 
feedback during training and during actual CPR 
to improve the quality of  CPR. More studies 
are required to show that feedback devices can 
improve survival in patients with cardiac arrest 
receiving CPR.

The authors would like to express their 
gratitude to all those who assisted in this 
study, especially Isfahan University of  Medical 
Sciences and Mr. Madhkhan for the design of  
the in-house sample of  this device that was 
used in this study. They would also like to thank 
all the patients and staff  of  Al-Zahra Hospital, 

time feedback.
The 2015 AHA Guidelines recommend, and the 
AHA mandated in 2017, the use of  audiovisual 
feedback in all CPR training12,13. Some other 
studies have found similar improvements in 
CPR quality using the same technology in 
the out-of-hospital setting. These findings are 
consistent with prior work in simulated settings 
as well, in which CPR performance improved 
using a voice-activated manikin system or a free-
standing CPR feedback device 14-16. Another 
recent investigation has demonstrated general 
improvement with ACLS protocol compliance 
when voice prompts were incorporated into an 
automatic external defibrillator (AED) 17, 18. To 
the best of  the authors’ knowledge, their work 
represents the first clinical demonstration of  
real-time feedback to improve the performance 
of  manual CPR.
The CPR feedback device can improve the 
quality of  CPR where chest compression 
depth and rate are concerned, and these 
devices can be used as part of  training and 
during actual CPR during a real cardiac arrest 
scenario. Furthermore, if  the quality of  CPR 
is deteriorating, it may be a sign of  fatigue, 
and the person performing CPR should be 
swapped. Rescuer fatigue has been shown to 
adversely affect the quality of  CPR 19. Perberdy 
et al. showed improvements with the use of  
a similar accelerometer-based audiovisual 
feedback device and concluded that these 
devices can be used to improve the quality of  
CPR 20.
A large body of  studies has supported the 
importance of  CPR, but only recently has the 
quality of  CPR been formally assessed and 
found to be deficient in a number of  clinical 
studies 21-24. These performance deficiencies 
are especially important and worrisome in the 
context of  literature showing that CPR may 
be a more important immediate intervention 
than defibrillation, especially with long (>5 
min) arrest times 24. In addition, recent work 
has shown that chest compressions may 
have an important influence on subsequent 
defibrillation success and the probability of  
achieving Return of  Spontaneous Circulation 
(ROSC) 25. Taken together, these findings led to 

Conclusion
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