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Abstract
Objective: The objective of this paper was to evaluate the validity and accuracy
of healthcare providers’ perception of chest compression depth and chest recoil
during cardiopulmonary resuscitation (CPR). Methods: A clinical simulation
study was performed with healthcare providers trained in CPR including
physicians, nurses, and Emergency Medical Technicians (EMT). Following 2
minutes of hands-only-CPR on a sensor-programmed manikin, providers were
able to respond to subjective questions assessing their adequacy of CPR. The
providers’ perception contrasted with the objective data obtained from the
manikin. The validity and accuracy of CPR providers’ perception of chest
compression depth and chest recoil was assessed by the calculation of sensitivity,
specificity and predictive values. Results: 180 Advanced or basic life support
certified healthcare providers were enrolled. The degree of correlation between
self-perception and actual performance was 52.2% in the thoracic compression
depth and 61.7% in the chest recoil. Caregivers’ perception of chest compression
depth had a sensitivity of 29.4% and a specificity of 87.3%. Caregivers’
perception of chest recoil had a sensitivity of 30.3% and a specificity of 79.8%.
Conclusions: Healthcare providers’ perception for evaluating the accuracy of
thoracic compressions is not as accurate as objective feedback methods during
CPR. This may impact patient outcomes during a cardiac arrest.
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1. Introduction

The quality of chest compressions during CPR affects both
the short-term and long-term survival after cardiac arrest.
Well-performed CPR consists of good quality chest com-
pressions with adherence to rate, depth and complete wall
recoil. According to current guidelines, to be considered
of high quality, chest compressions should be performed in
the centre of the thorax at a rate of 100 - 120 compressions
per minute and at a depth of 5 - 6 cm, allowing for a full
chest recoil after each compression [1].
High-quality CPR maximizes the survival odds of pa-

tients with a cardiac arrest [2]. The monitoring of the
quality of compressions in real time is not always possible
during a cardiac arrest. Therefore, the quality of compres-

sions typically depends on the providers’ perception.
The objective of this paper was to evaluate the validity

and accuracy of healthcare providers’ perception of chest
compression depth and chest recoil during cardiopulmonary
resuscitation (CPR).

2. Materials and methods

A clinical simulation study of CPR during a cardiac arrest
was performed. Critical care providers (physicians, nurses,
and EmergencyMedical Technicians) from Emergency De-
partment, Emergency Medical Service or Intensive Care
Units trained in CPR (BLS/ACLS certified) were included
on a volunteer basis.
The sample was selected with convenience criteria, mak-
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FIGURE 1. Comparison between caregivers’ perception and actual performance of chest compression and chest
recoil during hands-only-CPR.
95% confidence interval error bar.

ing a public invitation to participate among the profes-
sionals of different health centres. Professionals whose
physical condition was not compatible with exercise were
excluded (e.g., pregnant women). All participants were
informed about the objectives of the study and they gave
their written informed consent. This study was approved
by the Ethics Committee of the Hospital of Basurto. The
minimum sample size was estimated for a 95% confidence
level and an accuracy of 7.5% (p = q = 0.5).
All participants self-reported demographic and anthropo-

metric data upon enrolment. Then, they were instructed
to deliver hands-only-CPR on a Resusci Anne® Q-CPR
manikin with SkillReporter (Laerdal®) placed on the floor.
The simulation time was set at 2 minutes based on current
guidelines. Chest compression depth and residual leaning
force were recorded for each participant. Compression rate
was controlled with a metronome at 110 bits per minute.
Upon completion (and without the participant knowing

of the results of the test), the subjects were asked to answer
(Yes/No) to the following questions: “Do you believe, in
general, that you have managed to press the thorax between
5 and 6 cm in each compression?” and “Do you believe, in
general, that you have allowed a complete chest recoil after
each compression?”.
Chest compressions were considered adequate when the

average depth during the CPR cycle was between 5 and 6
cm. The chest recoil was considered complete when the
average residual leaning force on the chest wall was ≤
2.5 kg, according to the quality parameters of the European

Resuscitation Council1.
Continuous variables are presented as means with their

standard deviation (SD) and range and percentages with
their 95% confidence intervals (95%CI). The proportion
of participants with positive and negative perception of
chest compression depth and chest recoil and the actual
performance results (measured by a sensor-programmed-
manikin) was compared using the chi-square test. Excel
2019 (Microsoft) and SPSS 25 statistics software (IBM)
were used for all statistical analyses. A p value < 0.05 was
considered statistically significant.
The validity and accuracy of CPR providers’ perception

of chest compression depth and chest recoil was assessed
by the calculation of sensitivity, specificity and predictive
values for the subjective assessment versus the objective
manikin data.

3. Results

The study consisted of 180 volunteers (124 nurses, 35
doctors and 21 Emergency Medical Technicians). 79.4%
were women and 39.4% had previously participated in
more than 10 CPR events. Each participant held a current
certification in intermediate or advanced life support for
healthcare professionals. The characteristics of participants
in the study are summarised in Table 1.
All participants completed the 2 minutes hands-only-

CPR simulation. Based on the questionnaire, 77.2%
(95%CI 70.4 - 83.1) of the healthcare professionals



161

TABLE 1. Characteristics of the participants in the study (n = 180).
Mean (SD) Range

Age (years) 38 (9.7) 22 - 65
Work experience in ED or Critical Care setting (years) 12.4 (9) 1 - 40
Weight (kg) 66.9 (15.8) 43.9 - 149
Height (cm) 166.5 (8.5) 150 - 197
Body Mass Index (kg/m2) 24 (4.7) 17.1 - 49.8
ED: Emergency Department; SD: Standard deviation.

TABLE 2. Validity and predictive values of cardiopulmonary resuscitation providers’ perception of chest
compression depth and chest recoil.

Provider’s perception of chest compression Provider’s perception of chest
depth adequacy % (95%CI) recoil adequacy % (95%CI)

Percentage of success 52.2 (44.7 - 59.7) 61.7 (54.1 - 68.7)
Sensitivity 29.4 (21.2 - 39) 30.3 (19.9 - 43)
Specificity 87.3 (76.8 - 93.7) 79.8 (71.1 - 86.5)
Positive predictive value 78.1 (62 - 88.9) 46.5 (31.5 - 62.2)
Negative predictive value 44.6 (36.6 - 53.3) 66.4 (57.8 - 74.1)
95%CI: 95% confidence interval.

believed their compression depth was adequate, while
the objective measure demonstrated only 39.4% achieved
adequate compression depth (95%CI 32.3 - 47; p <

0.001). In terms of the chest recoil metric, on the contrary,
there was no statistically significant difference (p=0.125)
between the subjective (76.1%; 95%CI 69.2 - 82.1) and
objective (63.3%; 95%CI 55.8 - 70.4) measures.
The percentage of agreement between self-perception

and actual performance was 52.2% (95%CI 44.7 - 59.7) in
the chest compression depth and 61.7% (95%CI 54.1 - 68.7)
in the chest recoil (Fig. 1).
The probability that the provider inaccurately assessed

their compression depth or incomplete chest recoil (sensi-
tivity) was 29.4% (95%CI 21.2 - 39) and 30.3% (95%CI
19.9 - 43), respectively. The probability that the caregivers
reliably assessed their compression depth or chest recoil
(specificity) was 87.3% (95%CI 76.8 - 93.7) and 79.8%
(95%CI 71.1 - 86.5), respectively (Table 2).
The caregivers’ accurately predicted the adequacy of the

compression depth in 44.6% (95%CI 36.6 - 53.3) of the
cases, and the adequacy of the chest recoil in 66.4% (95%CI
57.8 - 74.1).

4. Discussion

This simulation-based study has been designed to compare
healthcare providers’ subjective assessment of chest com-
pression quality vs objectively measured data. The current
results have shown that there is a tendency to overestimate
the depth of the thoracic compressions, which may lead to
lower quality CPR. The healthcare provider’s perception is
a criterion that presents low sensitivity, although moderate
specificity, of the actual performance of the chest compres-

sion depth and recoil during CPR.
In real world practice, objective feedback is often un-

available during cardiac arrest scenarios. The current re-
search demonstrates that providers may be overestimating
the quality of compressions leading to lower quality CPR
with potentially negative effects on outcomes.
These findings are consistent with those of other re-

ports that have detected deficiencies in chest compression
quality in healthcare professionals [3]. Previous clinical
simulation-based experiences have also shown that experi-
enced CPR instructors cannot accurately assess the quality
of chest compression depth [4]. The use of real-time CPR
feedback mechanisms allows for detecting performance
mistakes, which can substantially improve the quality of
the technique [5–8]. Training with CPR simulators allows
for better evaluation of quality parameters in a standardized
model for CPR training and skill improvement.
This study has several limitations. First, our obser-

vations were limited to 2 minutes of hands-only CPR,
so our results show the performance of providers without
physical fatigue. Second, in our simulation we controlled
the compression rate with a metronome to mimic the real
world presence of metronomes on defribillators, which may
affect the results [9]. Finally, despite our efforts to produce
high-quality and highly realistic simulation spaces, the use
of manikins (although common in training and assessment
of clinical skills) does not fully reflect the clinical scenario
of a cardiac arrest in humans. A compression measured by
Resusci Anne may not correlate with a clinically effective
compression, and the rescuer’s attitude during a simulated
situation may differ from an actual cardiac arrest.
In summary, our study has demonstrated that there is

a disconnect between the quality of compression being
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delivered during CPR and the providers perception of the
quality; and that more objective methods to assess the
quality of compressions during CPR should be considered.
This may impact patient outcomes during cardiac arrest.
It can be concluded that a more objective method to

assess the quality of compressions during CPR should be
considered.
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