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Abstract

Background: The aim of this study was to measure chest compression decay during simulated advanced life
support (ALS) in a cardiac arrest manikin model.

Methods: 19 paramedic teams, each consisting of three paramedics, performed ALS for 12 minutes with the same
paramedic providing all chest compressions. The patient was a resuscitation manikin found in ventricular fibrillation
(VF). The first shock terminated the VF and the patient remained in pulseless electrical activity (PEA) throughout the
scenario. Average chest compression depth and rate was measured each minute for 12 minutes and divided into
three groups based on chest compression quality; good (compression depth ≥ 40 mm, compression rate 100-120/
minute for each minute of CPR), bad (initial compression depth < 40 mm, initial compression rate < 100 or > 120/
minute) or decay (change from good to bad during the 12 minutes). Changes in no-flow ratio (NFR, defined as the
time without chest compressions divided by the total time of the ALS scenario) over time was also measured.

Results: Based on compression depth, 5 (26%), 9 (47%) and 5 (26%) were good, bad and with decay, respectively.
Only one paramedic experienced decay within the first two minutes. Based on compression rate, 6 (32%), 6 (32%)
and 7 (37%) were good, bad and with decay, respectively. NFR was 22% in both the 1-3 and 4-6 minute periods,
respectively, but decreased to 14% in the 7-9 minute period (P = 0.002) and to 10% in the 10-12 minute period (P
< 0.001).

Conclusions: In this simulated cardiac arrest manikin study, only half of the providers achieved guideline
recommended compression depth during prolonged ALS. Large inter-individual differences in chest compression
quality were already present from the initiation of CPR. Chest compression decay and thereby fatigue within the
first two minutes was rare.

Keywords: Advanced life support (ALS), cardiac arrest, cardiopulmonary resuscitation (CPR), fatigue, resuscitation,
chest compression

1. Background
In cardiac arrest, good quality cardiopulmonary resusci-
tation (CPR) is essential for survival [1-3]. Together
with early defibrillation [4,5], the quality of chest com-
pressions is the main prerequisite for good outcome,
especially chest compression depth [6] and avoidance of
unnecessary hands-off intervals [4,5,7,8]. Current guide-
lines recommend changing the person providing chest

compressions every two minutes [4,5]. Fatigue is sup-
posed to be the main reason for this recommended
practice [9-11], but the scientific evidence is limited.
Since unnecessary changes in chest compressions may
affect the overall quality of advanced life support (ALS)
[12], we think this important topic deserves new
attention.
In 1995, Hightower et al. described, in a manikin

study with 11 study subjects, a decline in the quality of
chest compressions over the first five minutes after initi-
ating CPR [9]. The quality of the chest compressions
was judged as inappropriate if the depth or hand
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placement was not within the recommendations. Subse-
quent manikin studies confirmed a decrease in chest
compressions with adequate depth during the first few
minutes of CPR [10,11,13,14]. However, based on the
methodology used in these different studies it remains
unclear whether this poor CPR performance is due to
fatigue or other reasons. In contrast, two manikin stu-
dies have shown that CPR providers are able to perform
chest compressions efficiently for 10 minutes while eli-
citing only moderate physiological stress [15], requiring
just sub-anaerobic energy expenditure with no signifi-
cant differences over the 10 minute study period [16].
In a previous manikin study we found no signs of chest
compression decay during 10 minutes of single rescuer
basic life support (BLS) by paramedics [17], but there
was a huge inter-individual distribution in the quality of
CPR. Similar data, with no obvious decline in chest
compression quality over 5-10 minutes of BLS have also
been described in lay people manikin studies [18,19],
even when elderly people were tested [19].
Therefore, we decided to evaluate chest compression

quality during a prolonged period of ALS in a manikin
study with the same paramedic providing all chest com-
pressions. We specifically wanted to focus on initial
chest compression depth and if and when a decay in
chest compression depth or rate occurred. Our hypoth-
esis was that the degree of chest compression decay var-
ied greatly between individual rescuers.

2. Methods
In a recently published randomised manikin study [20],
20 paramedic teams performed ALS under two different
conditions; with and without socioemotional stress. The
paramedics used had a median working experience of
8.5 years and participated in organised ALS training
three to four times a year. The study was approved by
the Regional Committee for Medical and Health
Research Ethics. All participants signed an informed
consent before entry.
The manikin was a modified Skillmeter Resusci Anne

(Laerdal Medical, Stavanger, Norway) allowing simulta-
neous recording of ventilations and chest compressions.
The manikin was found in ventricular fibrillation on the
floor, and developed pulseless electrical activity (PEA)
after the first shock. The manikin never achieved return
of spontaneous circulation (ROSC). One paramedic in
each paramedic team was randomised to perform all
chest compressions.
In the present study, we analysed specifically data

from the condition where the paramedics were exposed
to socioemotional stress, because this condition scored
significantly higher on a subjective rating of realism (8.0
vs. 5.5, P < 0.001) [20]. The resuscitation attempts were
discontinued at different times based on the time of

intubation, but they all performed CPR for at least
twelve minutes and continued the resuscitation attempt
until they were told to stop. We therefore analysed the
first twelve minutes of the resuscitation attempts. Start-
ing by plotting the distribution of chest compression
depth for each minute of ALS in a boxplot (Figure 1),
this figure revealed, as demonstrated in our previous
study [17], the great inter-individual variation in chest
compression depth already evident in the first minute of
ALS. Paramedics were thereafter described and grouped
into different categories based on their initial chest com-
pression depth. The resuscitation attempts were sorted
into three different groups (good, bad and decay) based
on the development of chest compression depth and
rate over time. The following definitions were used,
based on the recommendations from the 2005 guide-
lines [21,22]:
Good: CPR with average chest compression depth ≥

40 mm for every minute during the 12 minute resuscita-
tion attempt. Average chest compression rate 100-120
for every minute.
Bad: CPR with initial average chest compression depth

< 40 mm. Chest compression rate < 100 or > 120 per
minute at the start of the resuscitation attempt.
Decay: CPR with initial average chest compressions

depths ≥ 40 mm which dropped below 40 mm. Chest
compression rates 100-120 per minute that decreased to
< 100 or increased to > 120 per minute.
The no-flow ratio (NFR) was defined as the time with-

out chest compressions divided by the total time of the
ALS scenario. The NFR was analysed in three minute

Figure 1 Distribution of chest compression depth. Boxplot
showing the distribution of chest compression depths for each
minute during twelve minutes of advanced life support on a
manikin (n = 19). Centre line indicates median value, boxes indicate
interquartile range and straight lines indicate maximum and
minimum values. The circle denotes an outlier.
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periods because Norwegian ALS guidelines [23] recom-
mend analysis of rhythm every three minutes, as
opposed to international guidelines with their two min-
ute periods [24,25]. The paramedics in the present study
followed the Norwegian guidelines and have been thor-
oughly trained in these guidelines since 2006.

Statistical analyses
We used SPSS version 17.0 (Chicago, IL, USA) for sta-
tistical analyses. Data are presented as mean values for
each minute of ALS. We investigated the overall change
in the NFR in the different three-minute periods using
repeated measures ANOVA. Additionally we tested the
difference between the first and each successive time
interval pairwise using paired t tests. A P value of < 0.05
was regarded as significant. For the pairwise testing we
had to take into account multiple testing effects, i.e. we
adjusted the significance level using the Bonferroni cor-
rection. This leads to a significance level of 0.017 (3
pairwise tests).

3. Results
Altogether 20 paramedic teams completed the study.
One registration failed due to software failure. Hence, 19
ALS resuscitations were available for this chest compres-
sion quality analysis. In each resuscitation attempt, the
same paramedic performed all the chest compressions,
and 68% of the chest compression providers were male.
Based on chest compression depth, 26% (5/19) and

47% (9/19) of the ALS resuscitations were classified as
good and bad throughout the 12 minute scenario,
respectively. In these cases no signs of decay or major
changes occurred (Figure 2), except for one among the
bad, where sufficient chest compression depth was
achieved between 3 and 8 minutes (Figure 2B). In 26%
(5/19) of the cases, decay in chest compression depth
was present. Of these five cases, only one paramedic dis-
played chest compression decay to below 40 mm within
the first two minutes, the remainder after 4, 8, 11 and
12 minutes (Figure 2C).
Based on chest compression rate, 32% (6/19) of the

resuscitation attempts were scored as good and 32% (6/
19) as bad. Among the bad, two achieved correct rate
after the first minute. Decay was present in 37% (7/19)
of the cases, and only one was evident in the first five
minutes of ALS (Figure 3).
Average NFR for the 19 paramedics was 17%, with a

range from 10 to 32%, and NFR changed significantly
over time (P < 0.001). NFR remained unchanged at 22%
in the 1-3 minute and 4-6 minute periods, but decreased
to 14% from the 1-3 minute period to the 7-9 minute
period (P = 0.002) and further to 10% from the 1-3 min-
ute period to the 10-12 minute period (P < 0.001) (Fig-
ure 4).

4. Discussion
In this manikin study, where each paramedic performed
12 minutes of chest compressions in a realistic ALS sce-
nario, we demonstrated that huge inter-individual differ-
ences in chest compression depth and rate exist. This is
present already from the initiation of ALS. Decay due to
fatigue seems to be a less frequent problem, as only five
and six out of 19 paramedics developed decay in chest
compression depth and rate, respectively. Noteworthy,
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Figure 2 Development of chest compression depth .
Development of chest compression depth for each of 19
resuscitation attempts, the good are illustrated in A (5/19, 26%), the
bad in B (9/19, 47%) and those with decay in C (5/19, 26%). Arrows
indicate when each paramedic first developed decay in chest
compression depth to < 40 mm. See text for definition of groups.
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only one paramedic showed decay in chest compression
depth within the initial two minutes, and only one
showed decay in compression rate within the initial five
minutes.
A manikin study by Hightower et al. from 1995, where

11 nursing assistants performed chest compressions for
five minutes [9], described a significant and steady

decline in the percentage of correct compressions
already evident in the second minute. The authors spec-
ulate that fatigue might be the reason for this compres-
sion quality decay without specifying whether the
incorrect compressions were due to incomplete com-
pression depth or wrong hand placement. Later manikin
studies showed similar results with a decline in chest
compression depth after the initial minutes of the CPR
attempt [10,11,13,14,26]. A clinical study on in-hospital
cardiac arrested patients [27] described a decay in chest
compression depth that was statistically significant after
only 90 seconds. However, no correction was made for
different surfaces on which the patients were located.
These previous studies all conclude that decay in mean
chest compression depth is evident after a very short
period of time. Importantly, their data analyses do not
take into account the huge inter-individual differences
among the CPR providers that will influence the results.
We have in a previous BLS manikin study [17], as in the
present ALS manikin study, documented that these
inter-individual differences are present already from the
initiation of CPR. Thus, it was necessary to analyse the
data by sorting the individuals into different groups
based on their initial chest compression quality, instead
of calculating mean values for a large group of
individuals.
In the 2010 guidelines optimal chest compression

quality is even more emphasized than previously, and a
chest compression depth of at least 50 mm is recom-
mended [4,5]. Although our paramedics were trained in
the previous guidelines recommending a compression
depth of 40-50 mm, it is a cause of concern that 47% in
the present study had chest compression depths of less
than 40 mm already from the initiation of CPR. As seen
in Figure 2B, this is not a result of fatigue or chest com-
pression decay, but an inappropriate chest compression
depth already from initiation of CPR. There are several
potential reasons for this deviation from guidelines;
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Figure 3 Development of chest compression rate. Development
of chest compression rate for each of 19 resuscitation attempts, the
good are illustrated in A (6/19, 32%), the bad in B (6/19, 32%) and
those with decay in C (7/19, 37%). Arrows indicate when each
paramedic developed decay in chest compression rate to < 100 or
> 120 per minute. See text for definition of groups.
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Figure 4 Development of no-flow ratio. Development of no-flow
ratio measured in three minute periods for all 19 resuscitation
attempts.
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insufficient muscular power, lack of sufficient body
weight, as weight previously has been correlated with
compression depth [28], an inaccuracy of chest com-
pression depth because no feedback was available, or a
fear of causing serious patient injury [29]. In a question-
naire among Norwegian and UK paramedics, Ødegaard
et al. reported that many paramedics had concerns caus-
ing serious patient injuries if they compressed to the
guidelines’ depth [29]. Thus, it is very relevant to high-
light chest compressions quality, especially compression
depth, in ALS training and practise in the future. The
fear of causing patient injuries must be overcome.
More positive, all paramedics had compression rates

above 100 per minute for the majority of the resuscita-
tion attempts. This is important as higher compression
rates increase cardiac output resulting in increased myo-
cardial and cerebral blood flow [30,31] and improved
short-term survival in humans [32]. Decay in chest com-
pression rate over time was rare and only evident in one
paramedic within the first five minutes. 26% initiated
CPR with chest compression rates above 120 per min-
ute. This is unfavourable as coronary perfusion is
reduced at rates over 120-130 per minute [31], thereby
reducing the probability of successful resuscitation [33].
A metronome [34,35] or real time feedback [36] could
improve the chest compression rate.
NFR did not increase over time in our study but actu-

ally declined, even though the same rescuer provided all
the chest compressions for as long as 12 minutes. One
likely explanation for this positive, continuous decrease
in NFR over time is that the patient in our scenario
developed PEA after the first shock, and hence there
was no further need for charging the defibrillator and
shocking the patient. On the other hand, an organised
ECG rhythm necessitates pulse checks to differentiate
PEA from ROSC in the absence of end-tidal CO2-mea-
surement (ETCO2), and hence further increases the
NFR. Further, as the patient was intubated after about
five minutes [20], this could have contributed to the
reduced NFR as this allows for simultaneous ventilations
and continuous chest compressions [37]. A clinical
observation study has also shown no increase in NFR
over time [38]. Our paramedics had a NFR of 17% in
the 12 minute study period which is comparable to
recent clinical observation studies [39,40], and far better
than data from the recent US ROC trials with NFR
between 34 and 46% [36,41].
Importantly, based on our findings it seems unwar-

ranted to recommend changing the person providing
chest compressions every two minutes during ALS as
recommended in the new resuscitation guidelines. It has
been shown that provider switches account for at least
40% of NFR during CPR [12], and this can be reduced
by avoiding unnecessary switches. Instead of changing

chest compression provider frequently, we recommend
more attention on optimising chest compression quality
already from the initiation of CPR, and that the chest
compression quality should be monitored continuously
with CPR feedback devices or capnography during ALS.
CPR feedback devices have been shown to improve the
quality of CPR, including chest compression depth and
ROSC rate, but still have not led to increased long-term
survival [36,42]. Capnography, with ETCO2 measure-
ments, predicts cardiac output [43] and is correlated
with both ROSC and survival [44]. However, more stu-
dies are needed to show if CPR feedback devices or cap-
nography can assist in finding the optimal time point
for switching the provider of chest compressions.
There are limitations to this study. As it was a simula-

tion manikin study, we do not know whether the quality
of chest compression is compromised more or less in
real cardiac arrest situations. It has been shown that
paramedics are physically capable of compressing to
guideline depth for 5 minutes even on a manikin with
chest stiffness mimicking the upper eighth of chest stiff-
nesses in a patient population [29]. The manikin in our
study does not represent the large variation in stiffness
and damping found in human chests during CPR
[45,46]. Further, our study included paramedics with a
median experience of 8.5 years and frequent refresher
training in ALS. We do not know if chest compression
decay or chest compression quality in general is differ-
ent for less experienced paramedics and other health
care providers. As this is the first study to explore chest
compression decay by sorting individuals based on com-
pression quality, a power analysis was not performed
and hence we cannot rule out that our results are
caused by insufficient power. Finally, we followed the
recommendations from the Norwegian 2005 guidelines
in the present study [23], with 4 cm of chest compres-
sion depth regarded as good. We might speculate that
the 5 cm recommendation from 2010 would have
caused more decay and fatigue, especially if every para-
medic initially compressed to the guidelines depth.
Further studies are indeed warranted.

5. Conclusion
In this simulated cardiac arrest manikin study, only half
of the providers achieved guideline recommended com-
pression depth during prolonged ALS. Large inter-indi-
vidual differences in chest compression quality were
already present from the initiation of CPR. Chest com-
pression decay and thereby fatigue within the first two
minutes was rare.
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