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Abstract

Purpose: According to guideline recommendations, chest compressions (CC) during cardiopul-
monary resuscitation (CPR) should be performed at a rate of 100 - 120 per minute, with a CC frac-
tion (CCF) of 280%. The aim of this work is to explore whether CC quality differs between ad-
vanced life support (ALS) and basic life support (BLS) performed by two rescuers. Method: Cardi-
opulmonary resuscitation was performed by two ambulance personnel in ten ALS and ten BLS
manikin scenarios. Data from these scenarios were then compared with data on ten ALS cases
from the clinical setting, all with non-shockable rhythms. Data from the first two 5-minute periods
of CC were evaluated from impedance data (LIFEPAK 12 defibrillator monitors) using a modified
Laerdal Skillmaster manikin. Quality parameters compared were: number of CC pauses (CCPs),
total time of CC (%), number of CC given and CC rate/min. Results: During the first 5 minutes, the
BLS manikin scenarios had the highest number of CCPs, 15 (14 - 16), compared with the ALS mani-
kin scenario, 14 (13 - 15), and the clinical ALS cases, 12 (10 - 15). The BLS scenario also had the
highest CCFs, 81% (77% - 85%), and number of CC, 450 (435 - 495), compared with the ALS mani-
kin scenario, 75% (64% - 81%) and 400 (365 - 444) respectively, and the clinical ALS cases, 63%
(50% - 74%) and 408 (306 - 489). The median rate of CC/min in the BLS scenario was 115 (110 -
120) compared with the ALS manikin scenario, 110 (106 - 115), and the clinical ALS cases, 130
(118 - 146). During the second 5-minute period, the BLS scenario had the highest number of CCPs,
16 (15 - 17), compared with 15 (14 - 16) for the ALS manikin scenario and 11 (11 - 12) for the clin-
ical ALS cases. The CCF in the BLS setting was 79% (75% - 83%), and the number of CC 455 (430 -
480), compared with the ALS manikin scenario, 79% (74% - 84%) and 435 (395 - 480) respec-
tively, and the clinical ALS cases, 71% (57% - 77%) and 388 (321 - 469) respectively. The median
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CCrate was 118 (113 - 124) for BLS, 111 (105 - 120) for ALS manikins and 123 (103 - 128) CC/min
for clinical ALS cases. Conclusion: None of the groups being studied could deliver CC at a rate of
100 - 120 CC/min or a CCF of 280% over the whole 10-minute period in any of the resuscitation
scenarios analyzed. However, BLS had the best compliance with CC quality recommendations ac-
cording to the 2010 guidelines.
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1. Introduction

Cardio pulmonary resuscitation (CPR) is an important factor contributing to survival when treating a cardiac ar-
rest caused by myocardial infarction [1]-[6]. Delivery of high-quality chest compressions (CC) is essential in
this process and its effects on outcome have been studied in both experimental and out-of-hospital cardiac arrest
(OHCA) studies [7]-[10]. The American Heart Association (AHA) 2010 resuscitation guidelines [11] focused on
high-quality CC and emphasized that rescuers should perform CC at an adequate rate (100 - 120 CC/min), ade-
quate depth (5 - 6 cm), and with a minimum of interruptions, while avoiding leaning and hyperventilation. After
30 CC, they should introduce a 3-second pause to allow for two ventilations. Furthermore, if there are multiple
rescuers, they should rotate every 2 minutes to avoid fatigue [3]. In July 2013, the AHA published a consensus
statement that, besides previously described parameters, emphasized that CC fraction (CCF; % of time) should
be at least 80% [12]. Chest compression fraction is the proportion of time that CC is performed during a cardiac
arrest.

Previous studies have shown difficulties in maintaining CC quality, if performed manually, in both training
and clinical settings [13]-[15]. The treatment recommendations for adult OHCA can be taught as basic life sup-
port (BLS) or advanced life support (ALS) [6] [16]-[19]. Basic life support includes maintenance of airway pa-
tency, breathing support and CC, and may also include using an automatic external defibrillator. When per-
forming ALS, in addition to the tasks done during BLS, the use of manual defibrillators, management of intra-
venous drugs and advanced airway managements are recommended [17] [20]. The purpose of performing ALS
using these more advanced treatments is to improve cardiac arrest outcomes [11]; however, if there are few per-
sons involved in a resuscitation case, this may affect CC quality as there are more tasks to be done. Furthermore,
ambulance personnel have to perform CPR in many different situations and this has been shown to influence
both the quality and continuity of the care given [8] [21] [22]. Previous studies comparing ALS with BLS in the
pre-hospital setting have failed to show any clinical outcome benefits [23] [24].

The aim of the present study is to explore whether there are quality differences between CC, performed by
two ambulance personnel, in two 10 minutes manikin scenarios of ALS, and BLS compared to ALS in the
OHCA setting [11].

2. Material and Methods
2.1. Study Design

2.1.1. Study Population and Training

Life support, in ten ALS and ten BLS manikin scenarios, was performed by two ambulance personnel. Quality
parameters from these scenarios were then compared with parameters from ten clinical ALS cases. Participants
for the BLS and ALS manikin scenarios were recruited in a randomized manner among the ambulance staff
(ambulance personnel from the Department of Emergency, Medical Service (EMS), Varnamo County Hospital,
Varnamo, Sweden) by the first author (P.L.). The ambulance personnel volunteered freely and did not receive
any financial compensation. All participants had rehearsed ALS and BLS skills within the 3 months prior to
the study. They were allowed to test the manikin to make sure that they could reach the correct depth. Before
the manikin scenarios each pair were able to arrange how ALS and BLS tasks should be divided between
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them.

2.1.2. Manikin Setting
All manikin scenarios were performed on a Skillmaster 4000 manikin (Laerdal, Stavanger, Norway). The BLS
scenario started with immediate CC and ventilation using bag valve mask ventilation, followed by a rhythm
check every 2 minutes as recommended [3] [6]. All ALS scenarios started with immediate CC and bag valve
mask ventilation, after the airway was secured, using a laryngeal mask (I-gel 4; Intersurgical Ltd, Wokingham,
UK) with a stethoscope to confirm the correct placement of the mask. A peripheral venous line was established,
secured and its placement confirmed by injecting saline. Sham injection of epinephrine for administration every
4 minutes was drawn up in syringes.

In all scenarios participants used the defibrillator in manual mode and in all scenarios the rhythm was non-
shockable. The manikin scenarios took place indoors on the floor of the ambulance station.

2.1.3. Clinical Setting

During the period between October 2010 and May 2012 a total of 175 cardiac arrest cases were registered in
Jonkoping County, Sweden [25]. Of these, CODE-STAT 8.0 (Physio-Control, Redmond, WA, USA) data were
available for 55 cases. Ten patients had non-shockable rhythm during the first 10 minutes of the resuscitation.
These were selected to match the manikin scenarios described above. All cases were treated according to the
2010 European Resuscitation Council (ERC) guidelines [19] for ALS, with the defibrillator in manual mode.

2.1.4. Equipment and Analysis of Data
For the manikin scenario, an ALS Skillmaster 4000 was used, with two cords placed at a depth of 4.5 cm inside
the manikin. This modification enabled impedance recordings each time a CC exceeded the 4.5 cm depth. The
two cords were connected to the electrodes on the manikin and then to the defibrillator pad cable which regis-
tered the impedance wave forms [26] [27] using LIFEPAK 12 defibrillators (Physio-Control, Redmond, WA,
USA).

Chest compression quality parameters, using CODE-STAT 8.0, from two 5-minute intervals of the BLS, as
well as the ALS manikin scenarios and the ten clinical ALS cases were evaluated.

Chest compression pauses (CCPs) >2.5 seconds (n), CCF, number of CC (n), and CC rate (compressions/
minute) were analysed. Measurements of time and time intervals were done using Cardio Calipers software
(Iconico, New York, NY, USA).

2.2. Statistics

All data are reported as median values and inter-quartile ranges (IQRs) but figure also show error bars indicating
min and max values. For statistical comparison, Mann-Whitney U-test was used and a p-value <0.05 considered
significant.

3. Results

None of ambulance personnel pairs could produce both a CC rate between 100 - 120 and a CCF > 80% over the
whole 10-minute period in any scenario, no matter which algorithm was followed.

3.1. Chest Compression Pauses

During the first 5 minutes the lowest number of CCPs; 12 (10 - 15), was noted in the ALS clinical setting com-
pared with 14 (13 - 15) in the ALS manikin scenario, and 15 (14 - 16) for the BLS scenario. This difference in
CCPs increased during the period of 6 - 10 minutes. For this period, the number was 11 (11 - 12) in the ALS
clinical setting; 15 (14 - 16) in the ALS manikin scenario and 16 (15 - 17) in the BLS scenario (Figure 1(a) and
Figure 1(b); Table 1).

3.2. Chest Compression Fraction

During the first 5 minutes, the highest CCF, of 81% (77% - 85%), was seen in the BLS scenario, compared with
75% (64% - 81%) in the ALS manikin scenario and 63% (50% - 74%) in the ALS clinical setting. This difference
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Figure 1. (a): Number of chest compression (CC) pauses (CCP) during the first 5 minutes of cardiopulmonary resuscitation
(CPR) for the manikin scenarios and the clinical cases. The light green area in the Figure shows American Heart Association
(AHA) and European Resuscitation Council (ERC) guideline values for 2010, with a recommended CC rate of 100 - 120
CC/min. (b): Number of CCPs during the second 5-minute period for the manikin scenarios and the clinical cases. The light
green area shows AHA and ERC guidelines 2010, with a recommended CC rate of 100 - 120 CC/min. Data is presented as
median +1st-3rd inter-quartile ranges (IQRs) and the error bars indicate min and max values. ALS = advanced life support
performed in a manikin setting; BLS = basic life support performed in the manikin setting; ALS clin = advanced life support
performed in the clinical setting.

Table 1. Chest compression (CC) parameters during the first and the second 5-minute period of cardiopulmonary resuscita-
tion (CPR). Data are given as medians and inter-quartile ranges (IQRs). Statistical comparison was made using unpaired
Mann-Whitney U-test. A p-value < 0.05 was considered significant.

CPR 1-5 minutes ALS BLS P-value ALS clinical ?Xﬁlsu)e P-value (BLS)
Chest compressions pause (n) 14 (13 - 15) 15 (14 - 16) 0.567 12 (10 - 15) 0.015 0.0002
Chest compressions fraction (%) 75% (64% - 81%) 81% (77% - 85%) 0.003 63% (50% - 74%)  <0.0001 <0.0001
Chest compressions (n) 400 (365 - 444) 450 (435 - 495) <0.0001 408 (306 - 489) 0.937 0.015
Chest compressions (beats/min) 110 (106 - 115) 115 (110 - 120) 0.029 130 (118 - 146) <0.0001 <0.0001

CPR 6-10 minutes ALS BLS P-value ALS clinical ?Xﬁlsu)e P-value (BLS)
Chest compressions pause (n) 15 (14 - 16) 16 (15-17) 0.445 11 (11-12) <0.0001 <0.0001
Chest compressions fraction (%) 79% (74% - 84%) 79% (75% - 83%) 0.97 71% (57% - 77%) 0.001 <0.0001
Chest compressions (n) 435 (395 -480) 455 (430 - 480) 0.136 388 (321 - 469) 0.075 0.003
Chest compressions (beats/min) 111 (105-120) 118 (113-124) 0.022 123 (103 - 128) 0.038 0.298




P. Lindblad et al.

persisted throughout the procedure. When comparing both manikin scenarios there was a significant difference
also at 6 - 10 minutes: clinical ALS cases; 71% (55% - 77%) compared with the ALS manikin scenario; 79%
(74% - 84%) and BLS scenario; 79% (75% - 83%) (Figure 2(a) and Figure 2(b); Table 1).

3.3. Number of Chest Compressions Given

During the first 1 - 5 minutes the highest number of CC was given in the BLS manikin scenarios (n = 450 (435 -
495). There was no difference between the two ALS scenarios. In the ALS clinical setting, 408 (306 - 489) and
in the ALS manikin scenario 400 (365 - 444) compressions were given. This difference persisted when compar-
ing the different scenarios at 6 - 10 minutes: BLS manikin scenario; n = 455 (430 - 480), versus ALS manikin
scenario; n = 435 (395 - 480) and the ALS clinical setting; n = 388 (321 - 469) (Figure 3(a) and Figure 3(b),
Table 1).

3.4. Chest Compression Rate

During the first 5 minutes the highest CC rate (130 (118 - 146) was given in the ALS clinical setting compared
with 115 (110 - 120) for the BLS manikin scenario and 110 (106 - 115) for the ALS manikin scenario. For both
manikin scenarios, this was within the 2010 guideline [28] range. The difference in rate persisted when compar-
ing the different scenarios during 6 - 10 minutes of CC: ALS clinical setting; 123 (103 - 128) versus BLS mani-
kin scenario; 118 (113 - 124) and ALS manikin scenario; 111 (105 - 120) (Figure 4(a) and Figure 4(b), Table 1).
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Figure 2. (a): The chest compression (CC) fraction (CCF) during the first 5 minutes of cardiopulmonary resuscitation (CPR)
for the manikin scenarios and the clinical cases. (b): The CCF during the second 5-minute period. The light green area in the
Figure shows a CCF of >80% according to the American Heart Association (AHA) 2013 update. Data is presented as
median *1st-3rd inter-quartile ranges (IQRs) and the error bars indicate min and max values. ALS = advanced life support
using a manikin setting; BLS = basic life support performed in a manikin setting; ALS clin = advanced life support per-
formed in the clinical setting.
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Figure 3. (a): The number of chest compressions (CC) during the first 5 minutes of cardiopulmonary resuscitation (CPR) for
the manikin scenarios and the clinical cases. (b): The number of CC during the second 5-minute period. The light green area
in the Figure shows American Heart Association (AHA) and European Resuscitation Council (ERC) guideline rates for 2010,
with a recommended CC rate of 100 - 120 CC/min. Data is presented as median +1st-3rd inter-quartile ranges (IQRs) and the
error bars indicate min and max values. ALS = advanced life support performed in a manikin setting; BLS = basic life sup-
port performed in a manikin setting; ALS clin = advanced life support performed in the clinical cases.
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Figure 4. (a): The chest compression (CC) rate during the first 5 minutes of cardiopulmonary resuscitation (CPR) for the
manikin scenarios and clinical cases. (b): The CC rate during the second 5-minute period. The light green area in the Figure
shows American Heart Association (AHA) and European Resuscitation Council (ERC) guideline rates for 2010. Data is pre-
sented as median +1st-3rd inter-quartile ranges (IQRs) and the error bars indicate min and max values. ALS = advanced life
support performed in a manikin setting; BLS = basic life support performed in a manikin setting; ALS clin = advanced life

support performed in the clinical cases.
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4. Discussion

The results from this study show that none of the included ambulance personnel in any of the three scenarios
explored succeeded in maintaining a CC rate of 100 - 120 and a CCF of >80% over the whole 10-minute period.
This study also shows that there is a gap between current knowledge of CPR and the quality expected to be per-
formed in clinical practice [12], even though high-quality CPR is one of the primary components in resuscitation.
This may offer one explanation for the significant variability in survival rates both across and within pre-hos-
pital and in-hospital settings [5] [29].

Chest compression pauses for ventilation are essential and accepted when using the 30:2 algorithm. However,
it is important to prevent other, potentially avoidable pauses since these have been shown to be associated with
lower return of spontaneous circulation (ROSC) and survival rate [30]. The BLS manikin scenario had more
CCPs compared with the ALS manikin scenario and ALS clinical setting. The reason for this was that BLS fol-
lowed 2010 guidelines substantially better than did either the ALS manikin or the clinical setting. Previous study
has linked a low CCF to frequent CCPs [31]. However, in this study the CCP length, rather than the CCP fre-
quency, had a negative effect on CCF, particularly in the ALS clinical setting. Our study shows that even with
the clarification of the manikin setting, there were significant differences in CCPs during the first 5 minutes of
CRP when we compared the ALS and BLS scenarios.

For the first 5 minutes in the BLS manikin scenario, the CCF was >80% and significantly greater compared
with the ALS manikin and the ALS clinical scenarios. The difference in CCF between BLS and ALS may be
explained by the ALS algorithm, as well as the greater number of activities that need to be done during ALS,
which might be difficult to perform when only two personnel are available [20]. During the second 5-minute pe-
riod, once the airway was secured and a peripheral venous line was established the CCF improved in both the
ALS manikin scenario and the ALS clinical setting. Previous studies have also shown that CCF is often poor in
a pre-hospital setting, as seen in our study [32], and CCF is important for outcome [7], which may explain why
ALS failed to improve outcome compared with BLS [22]-[24]. To maintain CPR quality in ALS, which in-
volves more handling, it is important to evaluate ALS training, particularly as OHCA is rare for ambulance per-
sonnel [33].

In this study, when the personnel performed BLS they achieved the highest number of CC, both during the
first and during the second 5-minute period. They achieved the guideline-recommended number of CC of 100 -
120/min, despite a higher number of pauses. Among the ALS cases, a higher CC rate was achieved for the ALS
clinical compared with the ALS manikin scenario. Previous studies [34] have described the negative effect of a
suboptimal CC rate of <100 CC/min and a CC rate of >120 CC/min, which might lead to unfavorable coronary
perfusion due to shorter decompression time [35] and thus reduce the possibility of successful defibrillation [36].
We noted that the median rate for CC for ALS and BLS scenarios followed the 2010 guidelines [28] and that the
CC rate in the ALS clinical setting decreased over time. The greater number of activities and handling in the
ALS scenario did not have any impact on CC rate in the manikin setting, which is in agreement with an earlier
study [37]. So the high CC rate seen in the ALS clinical setting could be a result of lack of leadership skills and
team factors [38] [39]. Also, the stressful situation of a cardiac arrest could affect the ambulance personnel [40]
although the impact of acute stress on performance during CPR is still debated [41].

This study shows an easy way to review CPR quality parameters by counting the number of CC over 5 mi-
nutes. When the median for number of CC is between 430 and 500 CC during 5 minutes we found that also CCP,
CCF and CC rate are within the accepted range. However, more studies need to verify whether number of CC on
its own is a fast and uncomplicated way to evaluate the quality of CCP, and CCF and CC rate (Figures 1-4).

5. Limitations

There are some limitations to our study. Data on the clinical ALS and OHCA cases were collected retrospec-
tively, and more cases could not be used because of lacking data and missing trans-thoracic impedance data,
which may have influenced the results. This study was performed in one single center and the manikin scenarios
were simulated by two ambulance personnel starting the resuscitation. Cardiac arrest in the clinical environment
can include support from more personnel and in that case the results might be different. A different organization
and number of ambulance personnel may therefore render different results. The use of a metronome would be
one way to control the compression rate but there was none used in this study.
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6. Conclusion

None of the groups being studied could achieve a CC rate of 100 - 120 CC/min and a CCF of >80% over the en-
tire 10-minute period in each resuscitation scenario analyzed. In this respect, BLS had the best compliance with
the 2010 guidelines.
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