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ABSTRACT

Introduction: Poor survival rates after cardiac arrest can
partly be explained by poor basic life support skills in medical
professionals.

Aim: This study aimed to assess quality of basic life support in
medical students and paramedics.

Materials and Methods: We conducted a prospective
observational study with 100 early medical students (group A),
100 late medical students (group B) and 100 paramedics (group
C), performing a 20-minute basic life support simulation in
teams of two. Average frequency and absolute number of chest
compressions per minute (mean (+SD)), chest decompression
(millimetres of compression remaining, mean (xSD)), hands-
off-time (seconds/minute, mean (+SD)), frequency of switching
positions between ventilation and chest compression (per 20
minutes) and rate of sufficient compressions (depth >50mm)
were assessed as quality parameters of CPR.

Results: In groups A, B and C the rates of sufficiently deep
chest compressions were 56%, 42% and 52%, respectively,
without significant differences. Male gender and real-life CPR
experience were significantly associated with deeper chest
compression. Frequency and number of chest compressions
were within recommended goals in at least 96% of all groups.
Remaining chest compressions were 6 mm (+2), 6 mm (x2) and
5 mm (x£2) with a significant difference between group A and C
(p=0.017). Hands-off times were 6s/min (+1), 5s/min (1) and
4s/min (1), which was significantly different across all three
groups.

Conclusion: Overall, paramedics tended to show better
quality of CPR compared to medical students. Though, chest
compression depth as an important quality characteristic of
CPR was insufficient in almost 50% of participants, even in
well trained paramedics. Therefore, we suggest that an effort
should be made to find better ways to educate health care
professionals in BLS.
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INTRODUCTION

The annual incidence of out of hospital cardiac arrests treated by
the emergency medical services is 38 per 100,000 population and
the proportionthat receive bystander cardiopulmonary resuscitation
(CPR) is typically low [1,2]. Early recognition and immediate
bystander CPR are critical determinates for survival after out-of-
hospital cardiac arrest and high quality Basic Life Support (BLS) is
the cornerstone for survival in patients with cardiovascular arrest
[3]. Unfortunately, outcome of patients who suffer from a cardiac
arrest out of hospital is still poor [4] and even quality of in-hospital
CPR provided by medical professionals is often insufficient and
thus associated with worse patient outcome [5-7]. Accordingly,
existing data show that knowledge and retention of BLS skills is
poor among paramedics as well as medical students [8-10] and a
large part of residents entering work life have never performed BLS
procedures beforehand [11-13]. This underlines the importance of
education in BLS and regular assessment of skills. With this study
we evaluated: (1) the quality of BLS given by medical students at
the University of Cologne as well as paramedics; and (2) possible
differences between early medical students, late medical students
and paramedics.

MATERIALS AND METHODS

Study cohort

We conducted a prospective observational study with 300
participants. Group A consisted of 100 early medical students
(preclinical curriculum, between semester one and four), group B
consisted of 100 late medical students (clinical curriculum, between
semester five and ten) and group C consisted of 100 paramedics.
The curriculum of the Medical School of the University of Cologne
defines resuscitation courses in semester three, seven and nine.
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So most participants of group A had already obtained at least one
BLS course and all participants of group B had at least one BLS,
as well as an Advanced Life Support (ALS) course. Group A and
B had overall obtained nine hours and 35 hours of resuscitation
training, respectively. Participating paramedics were working in
Cologne and had all obtained a BLS course in the past including
at least four hours of training. All paramedics were currently taking
or had already taken an BLS training program, consisting of
approximately three more hours. How far they were advanced in
their training program and their amount of professional experience
were not recorded. All of participants participated voluntarily. The
study was approved by the local ethics committee of the medical
University of Cologne (15-225). Participants were assigned to
teams of two persons and asked to perform a BLS stimulation.

Basic Life Support Simulation

The study took place between April 2013 and August 2014.
Medical students were observed at the Cologne Inter-Professional
Skills Lab and Simulation Center (KISS) of the medical University
of Cologne. Paramedics were observed in the “Medakademie”
school in Cologne. Each group undertook a 20-minute BLS
simulation using an advanced patient simulator (Resusci-Anne®,
Laerdal Medical, Stavanger, Norway). The BLS simulation was
composed of chest compressions and mask ventilation for an
asystole patient. Chest compressions were performed while
kneeling beside the CPR dummy. The simulation was preceded by
a standardised invitation to perform BLS including mask ventilation
for as long as 20 minutes without further specifications. Besides,
students of group A were further introduced into mask ventilation
and given the opportunity to practise before the simulation since
they were not experienced in this topic.
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Objectives and Outcome Measures

Data were collected using Laerdal PC Skill Reporter (ResusciAnne®
Laerdal Medical, Stavanger, Norway). Mean chest compression
frequency, compressions per minute (absolute count of compres-
sions per minute), chest decompression (millimeters of compression
remaining), hands-off-time (seconds per minute), how often the
participants switch positions (per 20 minutes) and compression
depth (in millimeters) were recorded by the manikin.

Recorded Covariables

Demographics recorded were age, sex, semester, CPR training
beforehand (yes/no), real-life CPR experience (yes/no) and
professional health care experience (paramedic). If at least one
person of a team had professional experience (paramedic), the
team was ranked as “with professional experience”.

STATISTICAL ANALYSIS

All data was evaluated team-wise (150 teams a 2 participants).
Group characteristics were described using frequencies
(percentage) or mean + standard deviation (SD), as appropriate.
Differences between two groups were evaluated with unpaired
t-test for quantitative data and Chi-square test for qualitative data.
All reported p-values are two-sided and considered statistically
significant if lower or equal 0.05. Because of the explorative
setting the significance level is not adjusted for multiple testing.
Calculations were done with SPSS Statistics, Version 22.0 (IBM
Corp., Armonk, NY, USA).

RESULTS

A total of 300 people participated, no missings were registered,
all data could be analysed. Demographic data are shown in
[Table/Fig-1]. The mean age of participants was 24 years (group
A), 26 years (group B) and 23 years (group C). Group B showed
significantly more female participants compared to group C.
In groups A and B significantly less participants had performed
real-life CPR beforehand compared to group C. Total 88% of
participants in group A and 96% of participants of group B have
obtained resuscitation training at least within the last two months.
Most importantly, group A showed a significantly higher amount
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of teams, which did not receive prior BLS training nor had prior
BLS experience compared to the other groups. To balance
this baseline difference and make groups comparable in this
regard, for further analyses of outcome measures we excluded
all teams (n=11) from group A, which haven't had any prior BLS
training. A summary of parameters surveyed is shown in [Table/
Fig-2]. Regarding chest compression depth in millimetres group
A and C produced only an average of 56% and 52% sufficient
chest compressions (> 50 mm deep), respectively. For group B
chest compressions were sufficient in only 42%. Compression
depth was highest in group C with an average of 51 mm depth,
showing a statistically significant difference in comparison to
group B (p=0.010) [Table/Fig-3a]. Group B showed the lowest
compression depth. Regarding compressions per minute group A
performed significantly fewer compressions compared to group B
and C (p=0.002 and p<0.001, respectively). Group C performed
the most compressions per minute with a mean count of 95.4
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[Table/Fig-3]: Box plots of mean (a) compression depth (significant difference
between group C and group B (p=0.010)), (b) total number of compressions per
minute, where group A showed significantly less compressions compared to group B
and C (p=0.002 and <0.001, respectively), (c) hands-off-time, where group C showed
the lowest hands-off-time compared to group A and B (significant difference between
group A and B (p<0.001), group B and C (p=0.001) and group A and C (p<0.001)
compared between groups.

[Table/Fig-1]: Demographics (shown as mean + SD or n (%)), evaluated team-wise.
Legend: * no p-value calculated

Parameters Group A (preclinic teams) | Group B (clinic teams) | Group C (paramedic teams) p-values

n =50 n =50 n =50 Avs B BvsC AvsC
Age in years (mean + SD) 2443 26+3 23+5 < 0.001 < 0.001 0.304
Female teams (a 2 participants) 14 (28%) 25 (560%) 12 (24%) 0.076 0.003 0.102
Male teams (a 2 participants) 17 (34%) 11 (22%) 27 (54%)
Mixed teams (1 male, 1 female) 19 (38%) 14 (28%) 11 (22%)
Professional experience 23 (46%) 17 (34%) 50 (100%) 0,485 < 0,001 < 0,001
CPR - training beforehand 39 (78%) 50 (100%) 50 (100%) < 0.001 - < 0.001
Real-life CPR experience 18 (36%) 7 (14%) 45 (90%) 0.004 < 0.001 < 0.001

[Table/Fig-2]: Summary of measured endpoints (shown as mean + SD or n (%
Footnote: To balance the baseline difference regarding prior BLS training teams without prior BLS training were excluded (n=11) from group A, * percentage of teams with average total number of

compressions per minute > 60, * percentage of teams with average compression frequency per minute > 100, ° percentage of teams with average participants switch of > 10 per 20 minutes,
of teams with average remaining compression depth < 5mm.

Group A (preclinic teams) | Group B (clinic teams) | Group C (paramedic teams) p-values

n=239 n =50 n =50 Avs B BvsC AvsC
Total number of compressions /min 83.4+7.9 (100%)* 90.1+10.8 (100%)* 95.4+7.1 (100%)* 0.002 0.005 <0.001
Compression frequency /min 116.2+£9.4 (95%) 118.9£12.5 (96%)* 121.3+9.7 (100%)* 0.259 0.295 0.014
Compression depth [mm] 50.0+7.7 47.3+7.2 50.7+5.6 0.092 0.01 0.611
Chest compressions > 50 mm 22 (56%) 21 (42%) 26 (52%) 0177 0.316 0.679
Remaining chest compression [mm] 6.3£2.3 (41%)" 5.9+1.8 (36%)" 5.2+2.1 (66%)" 0.326 0.083 0.017
Hands-off-time [s/min] 6.4+1.5 4,911 4.3+0.7 < 0.001 0.001 < 0.001
Tidalvolume [ml] 434.5+138.5 498.3+145.7 545.9+134.7 0.039 0.093 < 0.001
Participants switch (per 20 minutes) 8.0+2.5 (31%)° 9.8+1.6 (60%)° 9.0+2.1 (38%)° < 0.001 0.041 0.047

percentage
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Gender Distribution Female teams Male teams Mixed teams p-values
n =51 n=55 n=44 female vs. male female vs. mixed male vs. mixed
Compression depth [mm] 46.2+7.4 51.9+6.1 49.0+6.2 < 0.001 0.049 0.022
Real-life CPR experience Real CPR teams No real CPR teams Mixed teams p-values

n=70 n =64

n=16

real vs. no real real vs. mixed no real vs. mixed

50.4+5.9 47.9+8.0

Compression depth [mm]

48.3+6.0

0.035 0.215 0.804

[Table/Fig-4]: Chest compression depth and association with covariables (results shown as mean + SD).

compressions per minute [Table/Fig-3b]. Regarding compression
frequency group C reached the highest number of 121.3 with a
statistically significant difference between group A and C [Table/
Fig-2]. Regarding hands-off-time group A showed significantly
longer hands-off-time compared to group C and group B [Table/
Fig-3c]. Group C managed an averaged hands-off-time of only 4.3
seconds per minute. Regarding position-switch per 20 minutes
group B switched significantly more often than group A and C.
Regarding remaining chest compression only group C provided
a mean remaining compression of almost 5 mm, showing a
statistically significant difference compared to group A (p=0.018).
Regarding tidal volume group A produced a mean volume of 434.5
ml per ventilation, group C a significantly higher volume of 545.9
ml per ventilation (p<0.001). Group B lay in between with a mean
tidal volume of 498.3 ml.

Since chest compression depth presented insufficient in large
subsets of each group determinants of compression depth were
further analysed. Significantly deeper chest compressions overall
were associated with real-life CPR experience and male gender
[Table/Fig-4]. Furthermore, teams with two paramedics (n=63)
also showed significantly deeper chest compressions than teams
with no professional experience (p=0.038).

DISCUSSION

A profound education in BLS is substantial for medical
professionals, since patient outcome in case of cardiac arrest is
critically dependant on quality of CPR. We performed this study
to: (1) evaluate the quality of BLS given by medical students at
the medical University of Cologne as well as paramedics; and
(2) evaluate possible differences in quality between early medical
students, late medical students and paramedics.

Importantly, we were able to show that essential quality parameters
of BLS skills like depth of provided chest compressions were
insufficient in large subsets of each cohort (in medical students as
well as paramedics). To the best of our knowledge, this is the first
study to describe BLS skills of 100 paramedics in comparison to
medical students and we were able to show specific differences
between groups that are likely related to training, experience and
demographic factors.

ESC guidelines of 2010 and 2015 suggest that ideally chest
compressions should be at least 50 mm deep and executed at
a rate of at least 100 compressions per minute. Interruptions
should be minimised and rescuers should change positions every
two minutes to avoid fatigue. Furthermore the chest should be
decompressed completely after compression. The 2010 ESC
guidelines specify further that a patient should receive at least 60
compressions per minute [14,15]. Compression rates between
100 and 120 per minute [16] as well as minimised interruption in
cardiac resuscitation [17,18] were recently also associated with
best survival rates to hospital discharge in out-of-hospital cardiac
arrest.

According to 2010 and 2015 guidelines, in our observation
chest compression rate and absolute count of compressions
per minute were sufficient. On the other hand, a mean remaining
chest compression of 6 mm in our study could be optimised and
chest compression depth was insufficient in all three groups, with
only 56% and 52% of compressions >50 mm for group A and
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C, respectively and merely 42% >50 mm for group B. The latter
is in line with previous studies that have suggested inadequate
theoretical knowledge and skills of BLS in medical students
[19,20]. As a possible explanation for poor performance it has been
discussed that skills simply deteriorate after basic or advanced
life support courses in as little as three to six months and regular
refresher training could maintain better theoretical knowledge as
well as practical skills [21-26]. In our observation on the other
hand more than 80% of participants had received CPR training
in the last two months and did not provide sufficient skills either,
especially regarding chest compression depth. Furthermore the
simulation for medical students took place at exam day, where
they should have been prepared. The fact that our data show only
an amount of 52% sufficient chest compressions in paramedics
is alarming, since they count as well trained and experienced in
basic life support skills. Therefore, we suggest that maybe training
itself should be structured differently. In our case, we did not
assess specific information about content or extent of previous
training so no further conclusion can be drawn. Though, previous
studies have suggested that CPR training should focus on real-
life scenarios and practical experience for optimal outcome [27—
29]. This as well is mentioned and emphasized in the 2015 ESC
guidelines’ part on education [30]. Accordingly, we did find a positive
association between real-life CPR experience and compression
depth. Furthermore, teams comprised of two paramedics were
superior with regards to compression depth compared with teams
without any professional experience. These findings are as well
in line with previous work that showed medical staff, frequently
involved in resuscitation scenarios, superior in BLS knowledge
compared with staff that have seldom or never performed CPR
on patients [9]. Despite the distinct recommendation in 2010 and
2015 guidelines, the threshold of compression depth has also
been discussed critically. Two previously published studies from
Stiel and co-workers showed survival after out-of-hospital cardiac
arrest best in patients that received chest compressions between
38-51 mm deep or 40.2-55.3 mm respectively [31,32].

As stated above we wanted not only to assess different quality
parameters, but also compare them between groups. We did find
significant differences with regard to chest compression depth,
count of chest compressions per minute, tidal volume, hands-off-
time, remaining chest compression and switch of participants per
20 minutes.

Group A performed significantly worse than the other groups with
regards to hands-off time. It seems that switching positions and
starting compressions again took longer in this group. This could
be due to lack of experience. Group B and C performed better
in this regard. This might be associated with higher numbers of
previous training courses and real-life-experience. Furthermore,
group A showed significantly lower tidal volumes per ventilation
than group C, despite the possibility to practice mask ventilation
before the simulation. It seems that practising mask ventilation for
a few minutes does not provide enough experience to perform it
sufficiently on a patient. Regarding chest compression depth on
the other hand group A performed similarly to group C, suggesting
that compression depth is not strictly dependent on experience of
the rescuer. These two groups had similar gender distributions.
Despite their humble amount of resuscitation training (nine vs.
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35 hours) in comparison to group B, group A provided better
results with regards to compression depth, though statistically
not significant (p=0.092) and similar results with regards to
compressions per minute, remaining chest compression and tidal
volume.

Group B was only able to produce 42% of sufficient chest
compressions (>50 mm deep) altogetherand performed significantly
worse with regards to compression depth in millimetres compared
to group C. Interestingly, group B also presented a significantly
higher count of female participants. When analysed further, we saw
an association between female gender and lower compression
depth. This is in line with previously published data, that found not
only male gender but also physical fithess associated with deeper
chest compressions [33,34]. Group B also switched positions
significantly more often than group A. This could be due to earlier
physical exhaustion in female participants. In this context, it
has been suggested previously that a rotation of rescuers every
minute could provide more sufficient chest compressions [35]
and most recently that the use of the dominant hand during chest
compressions could also provide better results [36]. It may be of
use pointing these two variations out to female participants in life
support training. Further research should be obtained to evaluate
and compare education strategies in terms of objective outcomes,
focusing on helping female rescuers to improve their skills.

Group C performed best in comparison to the other groups with
regards to compressions per minute, hands-off time, remaining
chest compressions and tidal volume per ventilation. This may
be due to a higher amount of hands-on-experience and could
support stated-above theory that education should focus on real-
life scenarios to gain more routine and provide better outcomes.
Nevertheless, as mentioned above, even paramedics provided
insufficient chest compressions in 48%, a fact that should be
addressed in future research to find ways to further improve BLS
quality in this important group.

LIMITATION

There are some limitations to our study. It was a single-centre
study including only medical students of the University of Cologne
and one paramedic school. A multi-centre observational study of
several medical schools would be useful to get a better overview
of BLS quality of medical professionals and students. Additionally,
this would allow for a comparison between different countries,
Universities and different education systems and curricula. We
did not assess specific information about content of resuscitation
training and the amount of professional experience in paramedics
was not recorded. The possibility of drawing conclusions on
possible influences of these parameters on performance is
therefore limited but would definitely be of interest. Another
limitation is of course, that participants knew that this was only
a simulation not an exam or real-life situation. So we don’t know
how it translates to real-life CPR and further studies focusing on
this question would be of interest. Regarding the comparison of
groups, one has to say that naturally groups A, B and C were
not easily comparable due to their diversity. Paramedics are well
trained healthcare professionals and therefore familiar with basic
life support in their daily life. Nevertheless, since there are no data
comparing BLS quality of medical students and paramedics in this
manner yet, we think this comparison is valuable.

CONCLUSION

We conducted a CPR-training study to assess and compare
BLS skills in medical students as well as paramedics. To our
knowledge, there exists no data comparing practical skills
between these two groups yet. Paramedics were superior with
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regards to hands-off time, whereas with regards to compression
rates and compression depth we did not find a significant
difference between them and early medical students. Overall,
chest compression depth was insufficient (<50 mm depth) in large
subsets of groups and was positively associated with male gender
and real-life CPR experience. Most importantly, we could show
that even in paramedics important parameters of basic life support
were insufficient to a large amount. This provides evidence that
further effort will be necessary to find an optimal way of educating
our doctors-to-be and maybe especially paramedics to improve
quality of BLS skills.
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