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Introduction. As a part of the emergency medical services, the Swedish fire brigade can increase the survival rate in out-
of-hospital cardiac arrests. Aim. To compare the quality of cardiopulmonary resuscitation (CPR) performed by firefighters
at a routine CPR practice versus when involved in a simulated life-saving event. Methods. In this study, 80 firefighters
divided into two groups performed CPR according to guidelines: one group indoors during a routine training session; the
other group outdoors during a smoke diving exercise wearing personal protective clothing and self-contained breathing
apparatus. Descriptive and inferential statistics were used to analyze the data. Results. The results showed a tendency for
the outdoor group to perform CPR with better ventilation and compression quality, as compared to the indoor group. The
ventilation of the manikin was not hampered by the firefighters wearing personal protective clothes and self-contained
breathing apparatus, as the Swedish firefighters remove their facial mask and ventilate the patient with their mouth using a
pocket mask. Conclusions. Overall, the results in both groups showed a high quality of CPR which can be related to the fire
brigade training and education traditions. CPR training is regularly performed, which in turn helps to maintain CPR skills.
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1. Introduction
In Sweden, firefighters are responsible for providing imme-
diate resuscitation, including cardiopulmonary resuscita-
tion (CPR), at all scenes of accidents. Since Sweden has
a population density of 24 inhabitants/km2 (60/mi2) [1],
in areas far from the ambulance service the fire brigade
assists the inhabitants in need of prehospital emergency
care [2]. All firefighters have a basic emergency med-
ical technician (B-EMT) education and fire trucks are
equipped with defibrillators and basic medical equip-
ment. As basic life support has a positive impact on
survival in patients with out-of-hospital cardiac arrest
[3], integrating the fire brigade into the emergency med-
ical services (EMS) has increased the survival rate for
out-of-hospital cardiac arrests in both mixed and rural
areas [4,5].

The decision to perform CPR is based on the benefits
of giving the patient a chance of survival and return to a
good life. This decision includes risks that the interven-
tion will place on the rescuer [6]. However, since detailed
directives for when to perform CPR are uncommon, most
patients with acute, life-threatening conditions receive
CPR [7].

The quality with which the CPR is given affects both
the short-term and long-term survival of the patient with
a cardiac arrest. Well-performed CPR comprises good
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quality chest compressions containing adherence to rate,
depth, full recoil and fraction [8]. The chest compressions
should be performed at a depth of 5–6 cm and at a rate of
100–120 compressions/min. Ventilation consists of a 1-s
inflation of the patient’s chest with sufficient air volume.
Ventilation of the patient is conducted using basic skills
with a pocket mask or bag mask, the chest compressions to
ventilation ratio being 30:2 [8].

Implementing life-saving procedures like CPR in a
prehospital context is more challenging than in hospitals
[9]. During smoke diving, firefighters perform CPR when
wearing personal protective clothing and self-contained
breathing apparatus, which makes CPR more difficult [10].
The situation is further complicated by the fact that the
resuscitation often has to be performed by a single fire-
fighter.

Although EMS personnel have education and training
in CPR, several studies show low quality in prehospital
CPR [11,12]. Also, Cheng et al. [13] state that health-
care providers may tend to overestimate their knowledge
and skills of CPR. It is therefore important to evaluate the
quality of the CPR done in an acute, simulated situation
compared to a normal CPR training session.

The aim of the study was to compare the quality of CPR
performed by firefighters at a routine CPR practice versus
when involved in a simulated life-saving event.
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2. Method
This study had a quantitative approach. Data were col-
lected through simulation. The data collection consisted
of CPR performed for 2 min by the participants during
two separate events. One group performed CPR during a
routine training session and one group performed CPR dur-
ing a smoke diving exercise. The data were analyzed with
descriptive and inferential analysis.

2.1. Participants
The participants in this study consisted of 80 firefight-
ers divided into two groups, referred to as the indoor
group (n = 40) and the outdoor group (n = 40). Age in
the indoor group ranged from 23 to 64 years (M 42). The
time since latest CPR training ranged from 3 to 12 months
(M 9). The number of service years in the fire brigade in
the indoor group ranged from 2 to 37 years (M 17). Age in
the outdoor group ranged from 27 to 57 years (M 41). The
time since latest CPR training ranged from 3 to 12 months
(M 9). The number of service years in the fire brigade in the
outdoor group ranged from 2 to 35 years (M 17). All fire-
fighters received information about the study and were then
asked to voluntarily participate. Inclusion criteria were fire-
fighters employed for emergency response participating in
scheduled practice.

2.2. Data collection
Participants in both groups performed CPR for 2 min on a
Resusci Anne QCPR manikin (Laerdal, Norway) accord-
ing to European Resuscitation Council (ERC) guidelines
[8]. The spring simulating the thoracic resistance required
45-kg chest compressions to achieve a correct compression
depth. Data were collected using a Simpad (Laerdal, Nor-
way) connected to the manikin. The ventilation score con-
sisted of volume and rate. The compression score consisted
of depth, rate, hand placement and recoil. Achieving 100%
means that all parts of the CPR are within ERC guidelines.
The CPR performers did not receive any feedback about
their performance during the CPR.

The indoor group performed CPR during a routine
training session. The CPR simulations were conducted on
the floor in a gym. Two firefighters performed either chest
compressions or ventilations. The firefighters then shifted
task and repeated the CPR.

The outdoor group performed CPR during a smoke
diving exercise, in which the participants did not have
any information regarding the content of the exercise. The
manikin rescued from the building exhibited a cardiac
arrest, and a single firefighter was assigned to conduct
the CPR. The CPR was therefore conducted outside the
burning building, in a simulated chaotic environment, with
the firefighter wearing personal protective clothing and
self-contained breathing apparatus.

Table 1. Ventilation and compression scores in the
outdoor and indoor groups.

Item
Indoor

group (%)
Outdoor

group (%) Significance

Ventilation
M 74 78 0.675
Mdn 78 80
Range 25–99 10–99

Compression
M 78 88 0.230
Mdn 87 91
Range 22–99 26–99

Note: Differences compared with inferential statistics using a
two-tailed z test for proportions.

2.3. Data analysis
A descriptive and inferential analysis was conducted
using IBM SPSS version 24. Descriptive analysis (cen-
tral tendency and distribution) was used to describe the
data, whereas inferential statistics (two-tailed z test) com-
pared potential differences between the variables between
groups. The level of significance used was set at α = 0.05.

3. Ethical consideration
The study followed the ethical principals in accordance
with the World Medical Association [14] about anonymity
and integrity. Ethical approval was obtained from the fire-
chief of the region. Informed consent was obtained from
each participant.

4. Results
The aim of the study was to compare the quality of CPR
performed by firefighters during two separate events, one
as a routine indoor CPR practice and one as a lifesaving
event during smoke diving.

There was a tendency for the outdoor group to perform
CPR with better quality, better ventilation and compres-
sion quality, compared to the indoor group. The result
showed a statistical difference of p = 0.675 between the
two groups regarding ventilation, where the outdoor group
had a higher percentage of correctly performed ventilation.
Regarding compression, the two groups had a statistical
difference of p = 0.230, where the outdoor group also had
a higher percentage of correctly performed compressions
during CPR (Table 1).

5. Discussion
The precondition for good quality CPR is that the person-
nel are well trained before the dispatch call [15]. Train-
ing leads to improved confidence in future emergency
situations [16]. It cannot be stressed often enough that
CPR must be regularly practiced, sustaining a good level
of skills for the personnel. Previous studies have shown
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how CPR skills deteriorate after as little as 3–6 months
[15,17–19]. The use of short training sessions helps to
maintain CPR skills [11,17,19,20].

The fire department is an organization with well-
organized education and training habits. Being well trained
in CPR involves planning before the dispatch call, which
according to Monsieurs et al. [8] leads to improved resus-
citation performance. One contributing reason for the high
percentage of correct ventilations and compressions in this
study can be because the participants were firefighters.
Traditionally, firefighters work in a physically hard envi-
ronment which often results in firefighters having good
physical condition. Research shows that the rescuer’s body
weight, body height, physical fitness and muscle strength
are positively associated with CPR quality [21–23]. Body
size and muscle strength provide deeper compressions that
have a positive impact on patient survival [24,25].

Firefighters perform CPR wearing personal protective
clothing and self-contained breathing apparatus. Studies
show that there is a risk that patient ventilation will be ham-
pered when wearing personal protective clothes [10]. This
does not correlate with our study, where patient ventilation
had a mean of 78% in the group wearing protective cloth-
ing and self-contained breathing apparatuses. This result is
probably due to the participants taking off the face mask
of their breathing apparatus to ventilate the patient with a
pocket mask. The fire brigade in Sweden always ventilates
the patient using a pocket mask with additional oxygen
flow. In the military context, pocket masks have proved
to require repeated training to master, but with training
resulted in a ventilation of 97% [20]. Jeong et al. [26] argue
that basic airway management, such as pocket masks, leads
to lower survival chances for patients, as compared to
advanced airway management. On the other hand, Ohashi-
Fukuda et al. [27] show that there is no difference in neu-
rologically favorable survival between advanced airway
management and basic airway management.

6. Conclusion
There was a tendency for the outdoor group to perform
CPR with a slightly better ventilation and compression
quality, as compared to the indoor group. Overall, the
results in both groups showed a high quality of CPR which
can be related to the fire brigade’s training and education
traditions. CPR training is regularly performed, which in
turn helps to maintain the CPR skills. The Swedish fire-
fighters remove their facial mask and ventilate the patient
with their mouth using a pocket mask with additional oxy-
gen flow, which does not hamper the patient ventilation
quality.

7. Limitations
One limitation is that there were two different groups per-
forming the indoor CPR and the outdoor CPR. Another

limitation is that a manikin-based study cannot mimic real-
life resuscitation situations. A manikin has no variations, as
real people have. In this study, participants had full focus
on CPR, and not what was happening in the surround-
ing environment as they should have during a real cardiac
arrest.

The defibrillation of the patient was not part of this
study. Early defibrillation within 3–5 min of the cardiac
arrest improves the probability of survival [6,9]. This
may also be a limitation, as it was not included in the
resuscitation.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding
This research received no specific grant from any funding agency
in public, commercial or not-for-profit sectors.

ORCID
Anna Abelsson http://orcid.org/0000-0002-1641-6321
Lars Lundberg http://orcid.org/0000-0003-0453-6913

References
[1] Fakta – befolkning och språk [Facts – population and

languages] [Internet]. Stockholm: Foreign Policy Institute;
[cited 2018 July 15]. Swedish. Available from: https://www.
ui.se/landguiden/lander-och-omraden/europa/sverige/befolk
ning-och-sprak

[2] Lag (2009:47) om vissa kommunala befogenheter [Act
(2009:47) about certain municipal powers]. Stockholm:
Ministry of Social Affairs; 2009. (SFS [Swedish Code of
Statutes]; 2009:47). Swedish.

[3] Sanghavi P, Jena AB, Newhouse JP, et al. Outcomes after
out-of-hospital cardiac arrest treated by basic vs advanced
life support. JAMA. 2015;175:196–204.

[4] Nordberg P, Jonsson M, Forsberg S, et al. The survival
benefit of dual dispatch of EMS and fire-fighters in out-
of-hospital cardiac arrest may differ depending on popu-
lation density – a prospective cohort study. Resuscitation.
2015;90:143–149. doi:10.1016/j.resuscitation.2015.02.036

[5] Saner H, Morger C, Eser P, et al. Dual dispatch early
defibrillation in out-of-hospital cardiac arrest in a mixed
urban–rural population. Resuscitation. 2013;84(9):1197–
1202. doi:10.1016/j.resuscitation.2013.02.023

[6] Soar J, Nolan JP, Böttiger BW, et al. European Resus-
citation Council guidelines for resuscitation. Section 3.
Adult advanced life support. Resuscitation. 2015;95:100–
147. doi:10.1016/j.resuscitation.2015.07.016

[7] Bossaert LL, Perkins GD, Askitopoulou H, et al.
European Resuscitation Council guidelines for resus-
citation. Section 11. The ethics of resuscitation and
end-of-life decisions. Resuscitation. 2015;95:302–311.
doi:10.1016/j.resuscitation.2015.07.033

[8] Monsieurs KG, Nolan JP, Bossaert LL, et al. Euro-
pean Resuscitation Council guidelines for resuscitation.
Section 1. Executive summary. Resuscitation. 2015;95:1–
80. doi:10.1016/j.resuscitation.2015.07.038

[9] Abelsson A, Lindwall L. The prehospital assessment of
severe trauma patients‘ [sic] performed by the specialist

http://orcid.org/0000-0002-1641-6321
http://orcid.org/0000-0003-0453-6913
https://www.ui.se/landguiden/lander-och-omraden/europa/sverige/befolkning-och-sprak
https://doi.org/10.1016/j.resuscitation.2015.02.036
https://doi.org/10.1016/j.resuscitation.2013.02.023
https://doi.org/10.1016/j.resuscitation.2015.07.016
https://doi.org/10.1016/j.resuscitation.2015.07.033
https://doi.org/10.1016/j.resuscitation.2015.07.038


International Journal of Occupational Safety and Ergonomics (JOSE) 655

ambulance nurse in Sweden – a phenomenographic
study. Scand J Trauma Resusc Emerg Med. 2012;20(67):
1–8.

[10] Kim TH, Kim CH, Shin SD, et al. Influence of personal
protective equipment on the performance of life-saving
interventions by emergency medical service personnel. Sim-
ulation. 2016;92(10):893–898. doi:10.1177/00375497166
62322

[11] Smart JR, Kranz K, Carmona F, et al. Does real-time objec-
tive feedback and competition improve performance and
quality in manikin CPR training – a prospective observa-
tional study from several European EMS. Scand J Trauma
Resusc Emerg Med. 2015;23(79):1–11.

[12] Stiell IG, Brown SP, Christenson J, et al. What is the role
of chest compression depth during out-of-hospital cardiac
arrest resuscitation? Crit Care Med. 2012;40:1192–1198.
doi:10.1097/CCM.0b013e31823bc8bb

[13] Cheng A, Overly F, Kessler D, et al. Perception of CPR
quality: influence of CPR feedback, just-in-time CPR
training and provider role. Resuscitation. 2015;87:44–50.
doi:10.1016/j.resuscitation.2014.11.015

[14] World Medical Association. Declaration of Helsinki. Eth-
ical principles for medical research involving human sub-
jects. JAMA. 2013;310(20):2191–2194. doi:10.1001/jama.
2013.281053

[15] Smith KK, Gilcreast D, Pierce K. Evaluation of staff’s reten-
tion of ACLS and BLS skills. Resuscitation. 2008;78(1):59–
65. doi:10.1016/j.resuscitation.2008.02.007

[16] Kobras M, Langewand S, Murr C, et al. Short lessons
in basic life support improve self-assurance in perform-
ing cardiopulmonary resuscitation. World J Emerg Med.
2016;7(4):255–262. doi:10.5847/wjem.j.1920-8642.2016.
04.003

[17] Abella BS. The importance of cardiopulmonary resusci-
tation quality. Curr Opin Crit Care. 2013;19(3):175–180.
doi:10.1097/MCC.0b013e328360ac76

[18] Nishiyama C, Iwami T, Murakami Y, et al. Effectiveness
of simplified 15-min refresher BLS training program: a

randomized controlled trial. Resuscitation. 2015;90:56–60.
doi:10.1016/j.resuscitation.2015.02.015

[19] Truhlář A, Deakin CD, Soar J, et al. European Resuscita-
tion Council guidelines for resuscitation. Section 4. Cardiac
arrest in special circumstances. Resuscitation. 2015;95:148–
201. doi:10.1016/j.resuscitation.2015.07.017

[20] Ahmad M, Ahmad M, Malak A. Finding effectiveness of
teaching basic life support to paramedics. Pak Armed Forces
Med J. 2014;64(2):225–228.

[21] Hansen D, Vranckx P, Broekmans T, et al. Physical fit-
ness affects the quality of single operator cardiocerebral
resuscitation in healthcare professionals. Eur J Emerg Med.
2012;19:28–34. doi:10.1097/MEJ.0b013e328347a2aa

[22] Hasegawa T, Daikoku R, Saito S, et al. Relationship
between weight of rescuer and quality of chest compression
during cardiopulmonary resuscitation. J Physiol Anthropol.
2014;33:1–7. doi:10.1186/1880-6805-33-16

[23] Ock S-M, Kim Y-M, Chung Jh, et al. Influence of phys-
ical fitness on the performance of 5-minute continuous
chest compression. Eur J Emerg Med. 2011;18:251–256.
doi:10.1097/MEJ.0b013e328345340f

[24] Lin C-C, Kuo C-W, Ng C-J, et al. Rescuer factors
predict high-quality CPR – a manikin-based study of
health care providers. Am J Emerg Med. 2016;34:20–24.
doi:10.1016/j.ajem.2015.09.001

[25] Vadeboncoeur T, Stolz U, Panchal A, et al. Chest com-
pression depth and survival in out-of-hospital cardiac arrest.
Resuscitation. 2014;85:182–188. doi:10.1016/j.resuscit
ation.2013.10.002

[26] Jeong S, Ahn KO, Shin SD. The role of prehospital
advanced airway management on outcomes for out-of-
hospital cardiac arrest patients: a meta-analysis. Am J
Emerg Med. 2016;34:2101–2106. doi:10.1016/j.ajem.2016
.07.025

[27] Ohashi-Fukuda N, Fukuda T, Doi K, et al. Effect of pre-
hospital advanced airway management for pediatric out-
of-hospital cardiac arrest. Resuscitation. 2017;114:66–72.
doi:10.1016/j.resuscitation.2017.03.002

https://doi.org/10.1177/0037549716662322
https://doi.org/10.1097/CCM.0b013e31823bc8bb
https://doi.org/10.1016/j.resuscitation.2014.11.015
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1016/j.resuscitation.2008.02.007
https://doi.org/10.5847/wjem.j.1920-8642.2016.04.003
https://doi.org/10.1097/MCC.0b013e328360ac76
https://doi.org/10.1016/j.resuscitation.2015.02.015
https://doi.org/10.1016/j.resuscitation.2015.07.017
https://doi.org/10.1097/MEJ.0b013e328347a2aa
https://doi.org/10.1186/1880-6805-33-16
https://doi.org/10.1097/MEJ.0b013e328345340f
https://doi.org/10.1016/j.ajem.2015.09.001
https://doi.org/10.1016/j.resuscitation.2013.10.002
https://doi.org/10.1016/j.ajem.2016.07.025
https://doi.org/10.1016/j.resuscitation.2017.03.002

	1. Introduction
	2. Method
	2.1. Participants
	2.2. Data collection
	2.3. Data analysis

	3. Ethical consideration
	4. Results
	5. Discussion
	6. Conclusion
	7. Limitations
	Disclosure statement
	Funding
	ORCID
	References

