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Abstract

The high quality and uninterrupted chest compression is the cornerstone of cardiopulmonary resuscitation. Few previous studies reported 
the quality of this manoeuvre when it was performed by healthcare operators during an in-hospital cardiopulmonary resuscitation. Aims 
of our study were to show the quality of chest compression when practised by healthcare operators and to search variables related to 
better quality. Finally, we tried to correlate self-confidence with this manoeuvre and its real effectiveness. 

METHODS: In our prospective cohort study a group of healthcare operators performed a two-minute chest compression cycle using 
a high fidelity manikin recording the compression score. This value summarized the quality of the whole cycle of cardiopulmonary 
resuscitation with a ratio taking into account adequate chest compressions over their total number. We considered as adequate a 
compression score ≥ 75%. Collected data were: age, weight, height, Body Mass Index (BMI), gender, smoke habit, hand applied on 
the thorax, healthcare role, working area, previous real life resuscitation experience, physical limitations and quality perceived by each 
operator. 

RESULTS: 60 healthcare operators were enrolled. Mean compression score: 70±19%. In only 48% of subjects the quality recorded was 
adequate. Among variables, previous real experience was related to better quality performance (75±19% vs 65±19%, p 0.04). In nearly 
50% of operators who considered their test as adequate we recorded a low quality chest compression. 

CONCLUSIONS: quality of chest compression was inadequate in nearly half of the cases even when performed by healthcare 
professionals. In our study only previous real-life resuscitation experience is related to better performance. Finally, we confirmed a 
weak correlation between quality of chest compression perceived by each operator and its real effectiveness during cardiopulmonary 
resuscitation. 
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Background

In-hospital cardiac arrest, defined as sudden loss of cardiac 
function, is an event characterized by high morbidity and 
mortality [1–2]. As reported in literature its incidence is 
nearly 1–5 cases every 1000 hospitalized patients per year 
and the reported survival rate is nearly 15% at hospital 

discharge and 11% at 6 months [2–5]. Most of the 
survivors have good neurological outcome [3–5]. Until 
now a high-quality and uninterrupted chest compression 
is the cornerstone of cardiopulmonary resuscitation, 
increasing the chances of survival and improving the 
prognosis [6–7]. However, few studies considered the 
quality of chest compression even when it was performed 
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by healthcare operators, reporting an average quality of 
this manoeuvre as sub-optimal [8–10]. Furthermore, 
several contrasting studies reported that some operator-
depending variables were able to modify the quality of 
cardiopulmonary resuscitation in particular age, gender, 
weight, Body Mass Index (BMI), muscular fitness and 
hand applied to the thorax during cardiopulmonary 
resuscitation [10–17]. Aims of our study were to assess 
the quality of chest compression when it was performed 
by healthcare operator, to search any correlation between 
operator-related variables and effectiveness in performing 
cardiopulmonary resuscitation and to correlate self 
confidence with the maneuver and its real effectiveness.    

Methods

In our prospective cohort study we enrolled a group of 
consecutive healthcare operators who were employed in a 
500-bed second level Italian hospital (“Cardinal Massaia” 
Hospital in Asti, Italy) from February to October 2018. 

Ethic

The investigation followed the principles outlined in the 
Declaration of Helsinki. We used a manikin for the study; 
therefore we did not consider any ethical approval. Any 
operator voluntarily accepted to take part at the research. 
All data used for the study were anonymously collected 
following national privacy law. 

Protocol

Any healthcare worker performed a two-minute chest 
compression test on a high fidelity manikin (Laerdal 
Resuscitation Anne® Laerdal; Stawanger. Norway). The 
manikin stayed on the ground and the performance 
score was measured by the skill meter (Laerdal QCPR®, 
Laerdal; Stawanger Norway). This device was used in a 
“blind” modality (the operator could not see his own 
performance). It allowed assessing the quality of chest 
compression analyzing site of compression, its depth, 
frequency and release [7]. At the end of each performance 
the skill meter summarized the number of correct chest 
compression (correct hand position on chest, depth 5–6 
cm, rate 100–120 compression per minute and complete 
release) over total number. This number, also known as 
compression score, ranged from 0% to 100% and showed 

in percentage the overall quality score of cardiopulmonary 
resuscitation practiced in time interval (2 minutes). It was 
considered adequate if ≥ 75% as described in a previous 
study [18]. 

End points 

The primary end point was to record the quality of 
chest compression when it was performed by healthcare 
professional while secondary end points were to search 
variables related to high quality cardiopulmonary 
resuscitation and correlation between perceived quality of 
the manoeuvre and its real effectiveness. 

Collected data

Age (years); weight (kilogram), height (meter), Body 
Mass Index (BMI) (Kg/m2), gender (male/female), smoke 
habit, hand applied on the thorax (dominant hand or not 
dominant hand), healthcare role (doctor/nurse/other), 
working area (medical/surgical/critical care/other), real 
life resuscitation experience and if referred physical 
limitation due to chronic low back pain or shoulder pain. 
Each operator at the end of performance reported his own 
self-confidence with the manoeuvre (bad/sufficient/good) 
and these data were subsequently compared with the real 
effectiveness recorded (compression score). 

Statistic 

Numerical variables were expressed as mean ± standard 
deviation (SD), while ordinal data as percentage. The 
relationship between quantitative variables (age and 
BMI) and compression score was valued using Pearson’s 
Linear Correlation Index. The qualitative variables were 
analyzed using the Shapiro-Wilk normalized ANOVA 
test. The homogeneity of variances between groups was 
verified with the Levene test. The Kruskal-Wallis test was 
performed to evaluate the difference between numerical 
data and the level of performance. The correlation 
between perceived quality of chest compression and its 
real effectiveness was analyzed with the Spearman Rank 
test. 

Windows Excel Stat® program was used for statistical 
analysis. 

P significant if < 0.05. 
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Results

We enrolled 60 consecutive healthcare operators. The 
average compression score realized during two minutes 
test was 70±19%. 48% of subjects reached a compression 
score adequate (≥75%), while in the other cases (52%) 
was below 75%. The performance quality is distributed as 
shown in figure 1. 

Figure 1: Distribution of the compression score (%).

Demographic and anthropometric data were: age 
44±11 years, weight 68±11 Kg, height 1,67±0,07 cm and 
BMI 24±3 Kg/m2. These data did not correlate linearly 
with the quality of practiced chest compression during 
the test (r = 0.011). The other variables collected are 
summarized in table 1.

Among analyzed variables, the operators who 
previously performed a real-life cardiopulmonary 
resuscitation achieved a significantly higher level of 
compression score than those who had never practiced it 
on field (75±19% vs. 65±19%, p = 0.04) (Figure 2). After 
chest compression test over 90% of healthcare operators 
referred their manoeuvre as good or at least sufficient but 
in 51% of these tests the recorded compression score was 
below the adequate level of quality.

Discussion

An uninterrupted and high quality chest compression 
is considered a cornerstone of the treatment during 
cardiopulmonary resuscitation [6–7]. Despite its main 
role during in hospital resuscitation, literature is scarce 
about quality of the procedure also if the manoeuvre is 
performed by healthcare operators. The main result from 

our study confirms that the quality of chest compression 
even if performed by healthcare operators is inadequate 
in nearly half of enrolled cases. In fact, 52% of healthcare 
operators realized a performance with a compression score 
below 75% confirming data from previous works. In a 
study realized using manikin, Pederby and collaborators 
concluded that chest compression was realized with a 
correct depth in only 46% of cases while in over 60% 
of tests the manoeuvre was practiced with a wrong 
frequency [10]. In another work the authors, analyzing 
data downloaded from defibrillator, found that in 37.4 % 
of cases chest compressions were incorrect for depth and 
in 40.9% for frequency.

Table 1: Other operator-related variables.

Variable
Percentage 

(%)  
Compression 

score (%)
P

Gender 
male
female 

36.7
63.3

76±19 
67±19  

0.12

Smoke habit 
yes
no

30
70

76±19 
68±19 

0.18

Hand compressing 
thorax
dominant
not-dominant

78.3
21.7

71±18 
67±19 

0.36

Healthcare role 
doctor 
nurse 
other 

18.3
63.3
18.3

74±19
72±19
65±13

0.27

Working area
medical
surgical
critical
other

38.3
21.6
25
15

73±19
68±13
72±19
65±15

0.75

Real life resuscitation 
experience
yes
no

58.5
41.7

75±19
65±19

0.04

Physical limitation
yes
no

6.7
93.3

64±16
71±19

0.51
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Figure 2: On field cardiopulmonary resuscitation experience and 
quality of chest compression (compression score in percentage) 
(p = 0.04)

Concerning operator-related variables, real life 
resuscitation experience was related to better chest 
compression. In fact we found that subjects who 
previously practiced a real cardiopulmonary resuscitation, 
practiced a better test than other healthcare operators 
without any previous experience (75±19% vs. 65±19%, p 
= 0.04). This result, recorded in our study, confirmed data 
shown in other work. In fact a previous study enrolling 
296 nurses showed that on-field experience was related 
to better chest compression [19]. In our study no other 
variables were related to high quality of chest compression 
in contrast to other works. Peberdy et al. highlighted that 
increasing age made the quality of chest compression 
worse due to lower muscle mass and strength [10]. 
These data are different from our results where the group 
of subjects enrolled was homogenous by age. In our 
study gender did not correlate with the quality of chest 
compression contrasting with results derived from another 
work where the authors enrolled healthcare and novice 
operators showing a tendency of women to perform less 
efficient chest compression due to a higher frequency 
[17]. Furthermore Wang and coll. after a test lasting up 
to 8 minutes performed by military healthcare operators 
concluded that quality of chest compression could be 
related to gender, weight and BMI but only after the first 
two minutes of test [20]. The lack of correlation recorded 

in our study may be due to enrollment of only healthcare 
professionals and a relative shorter test according to the 
international guidelines (2 minutes). 

Conflicting results are reported in literature about the 
effect of BMI on chest compression. The increasing BMI 
improved chest compression especially in cardiopulmonary 
resuscitation longer than 2 minutes [21]. On the other 
hand a value of BMI over 26 could modify negatively the 
manoeuvre due to a more incomplete chest release at the 
end of the massage and an abnormal body position due 
to the weight itself [17]. Concerning the hand applied 
on the thorax and used during chest compression no 
difference were seen in our work despite positive results 
in other studies where practiced chest compression was 
better using dominant hand during a cardiopulmonary 
resuscitation longer than 2 minutes and when performed 
by novice rescuers [12,22]. 

In the end, in our work we showed that real quality 
of chest compression was not related to its perception 
during the maneuver. In fact, in 51% of those who 
considered their test as sufficient or good the real quality 
was suboptimal. The same rate of incorrect perception 
of maneuver’s efficacy was seen in a multicenter study 
where real and perceived quality in cardiopulmonary 
resuscitation did not correlate in over 60% of subjects 
[14]. These data support the need of a device able to 
show the quality of manoeuvre during cardiopulmonary 
resuscitation. 

The main limit of the study is linked to the sample 
size. This could explain the lack of significant difference 
in some subgroups of operators different for working area 
and role. In addition, data obtained from a training test 
should be cautiously generalized in clinical practice. In 
fact, the study realized using manikin is more feasible 
and easier, avoiding direct involvement of healthcare 
operator but the results must be contextualized to the 
reality in which the test took place. The “experimental” 
environment is very different from clinical practice. In 
particular, real cardiopulmonary resuscitation is burdened 
by emotional share that could impact on the quality of 
the manoeuvre.

In conclusion, the quality of chest compression is 
an ever improving and testing topic in resuscitation 
therapy  even when performed by healthcare operators 
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where achieved satisfactory efficacy in nearly half of 
cases analyzed. Among quality related variables real life 
previous resuscitation experience was connected to better 
performance rather than other variables. 

In the end, we may reinforce the need to use a 
feedback device able to provide feedback about adequacy 
of performed chest compression. 
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