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Objective Theoretical knowledge and ability to perform 
cardiopulmonary resuscitation (CPR) are unknown with 
regard to provided training. The aim of this study was to 
evaluate in-hospital healthcare professionals’ (HCPs) 
theoretical knowledge of CPR and their self-assessed 
ability to perform CPR and also to assess possible 
affecting factors.

Method A questionnaire was sent to n = 5323 HCPs 
containing a nine-question knowledge test and a Likert 
scale measuring self-assessed ability. A factor score of 
self-assessed ability and a ratio scale of correct answers 
were dependent variables in multiple linear regression.

Results Only 41% of the responding HCPs passed 
the knowledge test with seven or more correct answers. 
Nurses had the highest pass rate (50%) and the highest 
attendance rate at CPR training (56%). The ability to 
perform defibrillation was strongly agreed by 43% and the 
ability of leadership by only 7%. Working on a monitored 
ward, CPR training 0–6 months ago and being a nurse 
or physician were factors associated with more correct 
answers and higher ratings of abilities.

Conclusion The overall theoretical knowledge was 
poor and ratings of self-assessed abilities to perform CPR 
were low. Working on a monitored ward, recently attended 
CPR training and being a nurse or physician were factors 
associated with higher theoretical knowledge and higher 
ratings of self-assessed ability to perform CPR. These 
findings imply prioritisation of CPR training. European 
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Introduction
Theoretical knowledge of cardiopulmonary resuscitation 
(CPR) is the foundation for giving correct treatment in a 
cardiac arrest situation. Inadequate knowledge of CPR was 
found among Swedish healthcare professionals (HCPs) 
during implementation of CPR with an automated exter-
nal defibrillator (AED) [1]. Studies conducted outside 
Sweden suggest similar results regarding knowledge of 
CPR [2–4]. It is well known that theoretical knowledge 
and skills received in CPR training decreases with time 
and retraining is needed for retention [5]. Other factors 
that might affect theoretical knowledge of CPR and 
self-assessed ability to perform CPR are poorly studied.

All in-hospital HCPs involved in patient contact should 
be able to treat a cardiac arrest with CPR AED according 
to guidelines from the Swedish Resuscitation Council [6]. 
From 1998 to 2007, there were 6400 educated in-hospital 
CPR instructors who in turn had trained 49 560 HCPs. 
Nurses were the largest group of professionals among 
instructors. In-hospital CPR training programmes consists 
of CPR AED, introduced into nonmonitored wards (gen-
eral wards and other in-hospital areas without monitor-
ing equipment) in 2006, and advanced CPR, attended by 
physicians and nurses on monitored wards since 1989 [7]. 
CPR training is provided by the hospital employer and 
includes an online theoretical test combined with peer-
led practical exercises. The online test can be repeated 
several times until all questions are correct. CPR training 
should be repeated regularly – every 6 months or at least 
once a year [6]. In 2008, 52% of Swedish hospitals regis-
tered their CPR training and 45% of those had provided 
training to 75–100% of all HCPs during the past year [8]. 
Since then, a national register of CPR training has been 
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introduced were all provided training should be regis-
tered but the compliance has been low.

The theoretical knowledge of CPR and self-assessed 
ability to perform CPR are unknown with regard to the 
current training programmes offered and the amount of 
training provided among all professions in hospitals today.

The aim of this study was to evaluate in-hospital HCPs’ 
theoretical knowledge of CPR and their self-assessed 
ability to perform CPR and also to assess possible affect-
ing factors.

Method
Design and data collection
The study was conducted as a cross-sectional survey. Data 
were collected at four secondary-care hospitals in two 
regions in Sweden. The number of in-patient beds ranged 
from 45 to 600 with a total catchment area population of 
n = 543 565. A total of n = 5323 active-duty HCPs involved in 
patient contact were included, physicians, nurses (includ-
ing midwives), nursing assistants (including caretakers and 
dental nurses), other university-educated health profes-
sionals and administrative professions. The HCPs worked 
on both monitored wards and nonmonitored wards, and at 
other in-hospital out-patient facilities. Data were collected 
with questionnaires during the period 2013–2014 in one 
region during a 5-year follow-up study regarding theoret-
ical CPR knowledge, performed by the second author, and 
during 2015–2016 in the other region by the first author. 
Permission was obtained from chief physicians and partici-
pation was voluntary and anonymous. HCPs were informed 
of the study at staff meetings or by e-mail. Questionnaires 
were distributed and collected at staff-meetings or via mail-
boxes. The response time ranged from 16 to 25 days.

The questionnaire
Theoretical knowledge was measured using nine multi-
ple-choice questions addressing basic CPR knowledge. 
They covered the evaluation of an unconscious patient, 
chest compressions, mouth-to-mouth ventilation, and 
defibrillation (Supplemental Digital Content 1, http://
links.lww.com/EJEM/A275 question no. 1–9). Three 
questions concerned demographic information regard-
ing profession, years in profession and time since CPR 
training (Supplemental Digital Content 1, http://links.lww.
com/EJEM/A275 question no. 12–14). Self-assessed abil-
ity was measured using two questions that contained a 
Likert scale regarding compression, ventilation, defibril-
lation and leadership. The Likert scale ranged from 1 ‘I 
strongly disagree’ to 7 ‘I strongly agree’ (Supplemental 
Digital Content 1, http://links.lww.com/EJEM/A275 ques-
tion no. 36, 37 a–c). The workplace was noted by the 
author during the collection of questionnaires.

The nine questions regarding theoretical knowledge were 
validated by test–retest procedures and interviews [9]. 
The Likert scale was validated by interviews prior to use. 

The questionnaire contained 41 questions, the questions 
not included in this study will be analysed elsewhere.

Statistical analyses
The knowledge test results and results of self-assessed 
abilities were displayed descriptively and evaluated using 
the following analyses. The passing level of the knowl-
edge test was defined as seven or more correct answers 
out of nine. Differences between professions regarding 
knowledge test results and regarding time since CPR 
training was evaluated using Pearson’s Chi-square test. 
Mann–Whitney’s U test was used to compare self-as-
sessed abilities (mean rank of a seven-item Likert scale) 
between respondents who passed the knowledge test and 
respondents who did not. A factor score of self-assessed 
abilities (ranging from –4 to 1.1) was created from a Likert 
scale measuring compression, ventilation, defibrillation 
and leadership using principal component analysis. The 
four self-assessed abilities covered the same underlying 
construct, one component with an eigenvalue of 2.735 
representing 68.4% of the variance and factor load-
ings ranging from 0.71 to 0.89. The correlation between 
self-assessed abilities (factor score) and number of correct 
answers on the knowledge test (a ratio scale ranging from 
0 to 9) was analysed using Spearman’s correlation.

Two multiple linear regression analyses were performed for 
evaluation of affecting factors, one concerning theoretical 
knowledge and one concerning self-assessed ability. The 
ratio scale of number of correct answers on the knowledge 
test (ranging from 0 to 9) was used as a dependent variable 
in the analysis concerning theoretical knowledge. The fac-
tor score (ranging from –4 to 1.1) was used as a dependent 
variable in the analysis concerning self-assessed ability. The 
independent variables in the two linear regression analyses 
were profession (a five-item categorical variable), years in 
profession (a scale of 0–50), workplace (a dichotomous var-
iable of monitored ward or nonmonitored ward) and time 
since last CPR training (a three-item categorical variable of 
0–6 months ago, 7–11 months ago, and 1 year ago or more/
never). An initial Spearman’s correlation analysis of the inde-
pendent variables showed that there was no strong in-be-
tween co-linearity (r

s
 < 0.6). All variables and interactions 

were regressed one by one with the dependent variable in 
a crude model. All independent variables and interactions 
associated with the dependent variables at a level of P < 0.05 
were entered into estimating multiple models for analysis 
displaying unstandardised Beta. Analyses were performed 
using the IBM Statistical Package for the Social Sciences 25.

Ethical considerations
The study was given an additional approval by the ethical 
committee in Uppsala, (Dnr 2006/201/2). The study was 
registered at ClinicalTrials.gov (ID nr NCT03498508) 
and was performed according to the principles of the dec-
laration of Helsinki [10]. Consent for publication was not 
applicable in this study.
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Results
The response rate was 57% (n = 3044) and internal 
missing data varied from 0.1 to 3.4%. Table  1 shows 
the demographics of the respondents including previ-
ous CPR training and knowledge test results. Only 3% 
(n = 96) of the respondents answered all the questions 
correctly. Forty-one percent (n = 1239) passed the knowl-
edge test with seven or more correct answers (≥80%). 
Nurses had the highest pass rate and the highest attend-
ance rate in CPR training of all professions (Table 1, and 
Supplemental Digital Content 2, http://links.lww.com/
EJEM/A276 table with frequencies of correct answers).

A majority of respondents strongly agreed with the ability 
to perform compressions (62%) and ventilation (59%), but 
the ratings concerning defibrillation and leadership were 
lower (43 and 7%) (Fig. 1). A mean of ranks comparison 
showed higher ratings of abilities among respondents who 
passed the knowledge test compared to those who did not 
pass (compression 1654, 1330 P < 0.001, ventilation 1649, 
1334 P < 0.001, defibrillation 1749, 1265 P < 0.001, leader-
ship 1760, 1258 P < 0.001). There was a low positive corre-
lation between the factor score of abilities and number of 
correct answers, r

s
 (2920) = 0.39 P < 0.001.

The number of correct answers were significantly lower 
with longer time since CPR training. Compared to CPR 
training 0–6 months ago, less correct answers were seen 
among respondents with CPR training 7–11 months ago 
(B, –0.398; confidence interval (CI), –0.6 to –0.188) and 
1 year ago or more/never (B, –0.971; CI, –1.147 to –0.794). 
Less correct answers were also seen among respond-
ents on nonmonitored wards (B, –0.625; CI, –0.814 to 
–0.437) than among respondents on monitored wards. 
An interaction showed smaller difference in number of 
correct answers between nursing assistants on nonmon-
itored wards versus on monitored wards (B, 0.358; CI, 
0.053–0.662). Being a nurse or physician meant more 
correct answers, with a small insignificant difference to 
each other, compared to nursing assistants (B, –0.875; 
CI, –1.175 to –0.575), other university-educated staff (B, 
–0.607; CI, –0.904 to –0.311) and administrative staff (B, 
–1.784; CI, –2.260 to –1.308). Years in profession were not 

a significant factor regarding number of correct answers 
and did not fit in the multiple models (Supplemental 
Digital Content 3, http://links.lww.com/EJEM/A277 factors 
affecting number of correct answers).

The ratings of abilities were significantly lower with 
longer time since CPR training. Compared to CPR 
training 0–6 months ago, lower ratings were seen among 
respondents with CPR training 7–11 months ago (B, 
–0.184; CI, –0.316 to –0.053) and one year ago or more/
never (B, –0.418; CI, –0.529 to –0.308). An interaction 
showed a smaller difference in ratings between physi-
cians with CPR training 1 year ago or more/never ver-
sus physician with recent CPR training (B, 0.243; CI, 
0.015  to  0.471). Working on a nonmonitored ward was 
associated with lower ratings of abilities compared to 
monitored wards (B, –0.235; CI, –0.325 to –0.145). Being 
a nurse or physician meant higher ratings of abilities, with 
a small insignificant difference to each other, compared to 
nursing assistants (B, –0.252; CI, –0.386 to –0.119), other 
university-educated staff (B, –0.602; CI, –0.786 to –0.418) 
and administrative staff (B, –1.337; CI, –1.635 to –1.038). 
Years in profession had little positive effect on ratings 
of abilities (B, 0.005; CI, 0.003–0.008) (Supplemental 
Digital Content 4, http://links.lww.com/EJEM/A278 factors 
affecting self-assessed ability to perform CPR).

Discussion
The major findings showed that the theoretical knowl-
edge was poor and ratings of self-assessed abilities to 
perform CPR were low. Working on a monitored ward, 
recently attended CPR training and being a nurse or 
physician were factors associated with higher theoretical 
knowledge and higher ratings of self-assessed ability to 
perform CPR.

The poor knowledge result in this study is in line with 
several previous studies [1–4]. This could be because only 
49% of the respondents had attended CPR training during 
the past year or that provided training is suboptimal. The 
hospital employer provides peer-led CPR training, which 
has been proven effective regarding knowledge and skill 
retention [5]. However, training must be prioritised to 

Table 1 Years in profession, time since cardiopulmonary resuscitation training and knowledge test result

Physicians Nurses Nursing assistants Other university-educated staff Administrative staff Total Missing

 487 (16) 1241 (41) 861 (28) 337 (11) 103 (3) 3029 (99) 15 (0.5)
Years in profession 14.8 (13.8–15.8) 18.3 (17.6–18.9) 21.0 (20.0–21.9) 16.1 (14.9–17.4) 19.2 (16.6–21.8) 18.2 (17.8–18.7) 68 (2)
Monitored ward 29 (6) 266 (21) 163 (19) N/A N/A 458 (15) 0 (0)
CPRa-training ≤11 months        
 Monitored ward 14 (48) 171 (64) 107 (66) N/A N/A 292 (64) 2 (0.4)
 Nonmonitored ward 154 (34) 519 (54) 326 (47) 158 (47) 44 (43) 1201 (46) 22 (0.7)
 All respondents* 168 (35) 690 (56) 433 (50) 158 (47) 44 (43) 1493 (49) 24 (0.8)
Knowledge test result        
 ≥80% correct* 195 (40) 626 (50) 331 (38) 80 (24) 7 (7) 1239 (41) 0 (0)
 100% correct 3 (1) 72 (6) 19 (2) 2 (1) 0 (0) 96 (3) 0 (0)

Respondents are presented as frequencies n and percent (%), years in profession are presented as mean (95% confidence interval).
N/A, not applicable.
aCardiopulmonary resuscitation.
*P < 0.001.
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obtain recommended intervals. Other Nordic studies 
have shown similar results where CPR training was not 
performed according to recommended intervals [11,12]. 
The shortage of registered nurses, who often work as CPR 
instructors, could explain the lack of arranged CPR train-
ing. A shortage of nurses leading to increased patient-to-
nurse ratios could also lead to decreased survival among 
patients treated for in-hospital cardiac arrest [13].

In this study, only 62 and 59% of the respondents strongly 
agreed with the ability to give compressions and venti-
lations. These treatments, given instantly and correct, 
are considered most important for patient survival dur-
ing cardiac arrest [14]. The ratings of defibrillation and 
leadership were lower which, in theory, could lead to a 
possible delay of treatment and low team performance. 
There seems to be a need for team training and simula-
tion with an emphasis on these aspects. Previous leader-
ship training has been found to be the most important 
factor affecting leadership skills in arrest situations and 
high leadership skills are associated with better levels of 

team performance when performing complex skills [15]. 
In a cardiac arrest situation, someone has to take the lead, 
which can be passed on when higher medical compe-
tence arrives at the scene. Leadership is not only seen 
as something performed by a member of an emergency 
team. Self-assessed CPR ability and observed perfor-
mance on a manikin have been found to correlate well 
[16]. However, it is not clear if performance on a manikin 
represents performance in a real cardiac arrest situation.

More correct answers and higher ratings of abilities were 
seen among respondents on monitored wards and among 
nurses and physicians. This could be due to a higher inci-
dence rate of cardiac arrest per in-patient bed in moni-
tored wards and experience of cardiac arrests. Experience 
in cardiac arrest situations seems to be an important fac-
tor regarding knowledge and confidence. Five or more 
cardiac arrest experiences in the previous year have been 
associated with better knowledge of CPR and HCPs 
in monitored areas have been found to be more confi-
dent with their CPR skills compared to those working 

Fig. 1

Self-assessed ability to perform CPR rated on a Likert scale ranging from 1 = ‘I strongly disagree’ to 7 = ‘I strongly agree’. The abilities consisted of 
compression (A, internal missing n = 70), ventilation (B, internal missing n = 67), defibrillation (C, internal missing n = 81) and leadership (D, internal 
missing n = 102). Respondents are presented in frequencies (n). CPR, cardiopulmonary resuscitation.
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in nonmonitored areas [2]. HCPs in high-risk areas of 
cardiac arrest and nursing staff have shown higher moti-
vation towards CPR training and have found CPR skills 
more important compared to HCPs in low-risk areas and 
compared to other professions [17]. This might explain 
the higher attendance rate of CPR training among HCPs 
on monitored wards and among nurses in this study.

The findings of this study imply a need to prioritise CPR 
training to obtain recommended training intervals among 
all professions and workplaces. This study brings awareness 
to current CPR knowledge and abilities among all groups 
of in-hospital professions, which have rarely been studied 
simultaneously before. Resuscitation of a patient with a car-
diac arrest is a team effort and the competence of all profes-
sions involved in the situation is important for the outcome.

Limitations
The response rates among professions were equal in one 
region, but unfortunately not monitored in detail in the 
other region. Lower response rates were observed on mon-
itored wards in both regions. Nonresponders and missing 
cases can lead to selection bias with loss of information, 
which in turn could affect the results. The participants 
were anonymous and therefore any deeper evaluation of 
nonresponders could not be made. Physicians on moni-
tored wards were difficult to identify and some of them, 
therefore, ended up in the nonmonitored group. Although 
the questions were pretested, the question addressing 
respondents’ self-assessed ability of leadership raises 
some concerns. It contained both the ability to lead and to 
give advice to the team, which could have led to miscon-
ceptions. The respondents’ experience of participating in 
cardiac arrest situations was not evaluated.

Conclusion
The overall theoretical knowledge was poor and ratings of 
self-assessed abilities to perform CPR were low. Working 
on a monitored ward, recently attended CPR training 
and being a nurse or physician were factors associated 
with higher theoretical knowledge and higher ratings 
of self-assessed ability to perform CPR. These findings 
imply prioritisation of CPR training.
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