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Background: High quality chest compressions (CCs) are of crucial importance during cardio-pulmonary
resuscitation (CPR). Currently, there are no clear evidences that the use of automatic chest compression
devices (ACCD) are superior to manual CCs during out-of-hospital CPR. This study aimed to estimate if
availability of ACCDs for two-man rescue teams had any impact on CPR efficiency and a rate of successful
transport of patients after out-of-hospital cardiac arrest (OHCA) to emergency departments.
Methods: The study was designed as a retrospective cohort study. The research tool was the analysis
of medical charts of Emergency Medical Service (EMS) in one million agglomeration in Poland in 2018.
ACCDs were available for two-man paramedical teams in a half of ambulances and this fact was criterion of
group division [ACCD (n=181) and manual CC (MCC) (n=303)]. The following variables such as gender
(male/female), age, area of intervention (town/countryside), return of spontaneous circulation (ROSC)
followed by successful transport to hospital were compared between subgroups.
Results: Among 71,282 interventions in 2018, there were 484 resuscitations undertaken with complete
medical data. ROSC and transport to hospital was achieved in 54.9% of individuals, statistically more often
among ACCD subjects (63.5%) than those compressed manually (49.8%) (P=0.003). Moreover, the use of
ACCD was associated with higher chances of ROSC in younger patients (P=0.027) and if cardiac arrest had
place in the town centre (P=0.002).
Conclusions: Our observation revealed that the use of ACCD in the pre-hospital emergency care
involving two-man rescue teams may increase the prevalence of ROSC among OHCA patients.
Keywords: Out-of-hospital cardiac arrest (OHCA); cardiopulmonary resuscitation; automatic chest compression
(automatic CC); outcome
Submitted Dec 13, 2019. Accepted for publication Feb 28, 2020.
doi: 10.21037/jtd.2020.04.25
View this article at: http://dx.doi.org/10.21037/jtd.2020.04.25

Introduction
The history of cardiopulmonary resuscitation (CPR) is
dated back to the middle of the last century. It has been
proven that sudden cardiac arrest (SCA) survival rate is
dependent on many factors. These include, among others:
first analyzed hearth rhythm, resuscitation performed by
bystanders, and immediate defibrillation before ambulance
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arrival. Even though one-third of patients achieve the
return of spontaneous circulation (ROSC), the survival rate
is about 8%. This rate also varies between countries (1). In
the last years, considerable progress in knowledge has been
made. Technologies such as extracorporeal CPR (ECPR),
intra-arrest therapeutic hypothermia, and coronary
angiography are being implemented more and more widely.
Stub and colleagues reported that their use allows increasing

J Thorac Dis 2020;12(5):2220-2227 | http://dx.doi.org/10.21037/jtd.2020.04.25

Journal of Thoracic Disease, Vol 12, No 5 May 2020

2221

survival with a good neurological outcome to 54% (2).
Chest compressions (CCs) are an essential part of
efficient cardiopulmonary resuscitation. Hands-only
bystander resuscitation is strongly recommended. CCs of
good quality should ensure proper flow in the coronary
arteries (3). It was shown that optimal blood flow (e.g.,
assessed on the base diastolic flow velocity) and cerebral
perfusion had a direct and marked impact on the patient›s
survival and neurological outcome (4). The CC quality
criteria include proper rate and adequate depth of CCs, full
chest recoil, and minimal interruptions during CCs (5).
Manual CC can be performed by the bystander,
immediately after SCA before the arrival of the ambulance.
However, during patient transport, it is difficult to perform
good quality manual CCs. Moreover, it is very exhausting
for a rescuer. Very often only the first minutes of CCs are
of optimal quality (6). This time is obviously too short
time to restore adequate perfusion through vital organs.
On the other hand, the automatic chest compression
devices (ACCD) can function even up to one hour, when
disconnected from power supply. Furthermore, it is able to
provide CC with constant depth and strength (7). However,
its application features some drawbacks. We know from our
daily practice it usually takes time to install them around the
thorax. Additionally, they cannot be used in children and
extremely obese people, and they are relatively expensive
medical devices.
Currently, two technologies are available on the market.
The first one is a piston-type device that presses directly
on the sternum (8). The second technology is the loaddistribution band (9). The chest band shortens its length
and thus reduces the volume of the entire thorax. Each
technique has its advantages and disadvantages, and so far,
none of them has been proven to be superior in both outof- and in-hospital cardiac arrest patients (10,11). At the
moment, no investigations are indicating unambiguously
an increase in survival among patients treated with ACCD
compared to manual CCs (12). Although some studies
showed the superiority of ACCD (6,13), the others,
including also randomized assessments and a recently
released meta-analysis, did not find any improvement in
clinical outcomes in out of hospital cardiac arrest patients
(14,15). Moreover, there are reports suggesting that these
devices can cause more internal injuries than during manual
CCs (11,16).
Striving to reduced employment in medical rescue teams
due to both a lack of well-educated paramedics and costeffective policy in Emergency Medical Services (EMS)
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resulted in a fact that for a few years, two-man teams have
been sent to out-of-hospital cardiac arrest (OHCA) patients
in many cities in Poland.
This study aimed to estimate if availability of ACCDs for
two-man rescue teams had any impact on CPR effectiveness
defined as ROSC followed by successful transport of
patients after OHCA to the emergency departments.
Methods
Study design
The study was designed as a retrospective cohort study. The
research tool was the analysis of obligatory medical reports
such as dispatch cards and medical procedures records
used in EMS in one million agglomeration in Poland. This
study involved only ambulances that were sent to OHCA
patients between January and December 2018. Among
24 ambulances, half of them were equipped with ACCD.
OHCA individuals were divided retrospectively into two
sets with respect to the applied method of CCs, group
ACCD when mechanical (n=181), and group MCC-manual
compressions (n=303) were carried out. Additionally, to
assess the impact of age on CPR effectiveness, Moreover,
having in mind the possibility of ECPR utilization we split
all OHCA individuals into other two subgroups, younger
(subgroup Y; n=194) with age below 65 years old suitable
for ECPR and the elderly (subgroup E; n=290).
The survey protocol has been approved by the
Institutional Review Board of Poznan University of Medical
Sciences (No: KB764/19). Access to medical records was
granted by the Poznan EMS Authorities.
Protocol
From all the interventions, records coded with ICD10 codes: I46 (cardiac arrest), I46.0 (Cardiac arrest with
successful resuscitation), I46.1 (Sudden cardiac death, so
described), or I46.9 (Cardiac arrest, unspecified) were
chosen. After deleting the duplicate records, the final
number of cardiac arrest cases were determined. In the
next stage, the cases whose death was diagnosed prior to
ambulance arrival were discarded from further analysis. The
records with incomplete data, as well as regarding pediatric
cases were then deleted. Eventually, the extracted data were
analyzed. The flowchart of the study is presented in Figure 1.
The following variables such as gender (male/female),
age, area of intervention (city/countryside), ROSC and
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All interventions
(n=71282)
Non-cardiac arrest cases
(n=70380)
Cardiac arrest cases by ICD
codes ↓
(n=902)
Decease before ambulance
arrival. excluded:
(n=313)
Resuscitations undertaken
(n=589)
Patients <18 y.o. excluded:
(n=6)
Adult resuscitation
(n=583)
Lack of data excluded: ↓
age (n=94)
sex (n=5)
Complete records
(n=484)

Figure 1 The study flowchart.

as the numbers (n) with percentages (%). For statistical
analysis χ 2 test and Yeats corrected χ 2 test were used as
appropriate. A P value less than 0.05 was considered as
significant. The analysis was performed using the Statistica
12 software (Tibco Inc., Tulsa, OK, USA).

Table 1 Selected data of OHCA patients
Variable

OHCA patients, N=484

Age (years)

67.6±14.8

Gender (female/male)

178 (37.8)/306 (63.2)

Place of CPR (city/out of city)

338 (69.8)/146 (30.2)

Chest compression (manual/automatic)

303 (62.6)/181 (37.4)

Results

Continuous data are expressed as mean ± SD whereas
categorical as number (n) with percentage (%). CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest.

successful transport to hospital were compared between
subgroups.

The study included 71,282 medical charts of Poznan EMS.
After considering the inclusion and exclusion criteria, only
484 OHCA subjects were qualified for the final analysis.
The mean age was 67.6±14.8 years (ranged from 18 to 96).
The majority of them were male. SCA was detected more
often in the city area. The selected data of individuals are
outlined in Table 1.

Data management and statistical analysis
The continuous variables are presented as the mean with
standard deviation as they satisfied the criteria of normal
distribution (confirmed in the Wilk-Shapiro W test). They
were compared between the groups by means of unpaired
Student T test. The categorical variables were expressed
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Application of ACCD by paramedics
Generally, in spite of the fact that half of ambulances
were equipped in ACCD, only in 181 individuals (37.4%)
these devices were used. Interestingly, the rate of ACCD
applications was significantly higher at the countryside/
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Table 2 Detailed data of ACCD application
MCC (n=303)

ACCD (n=181)

P value&

68.9±14.5

65.6±15.0

0.018*

Subgroup Y (n=194)

108 (55.7)#

86 (44.3)#

0.013*

Subgroup E (n=290)

195 (67.2)

95 (32.8)

190 (62.9)/113 (37.1)

115 (63.5)/66 (36.5)

Variable
Age (years)

Gender (M/F)
Place of OHCA

0.891
<0.001*

##

##

Subgroup T (n=337)

231 (68.5)

106 (31.5)

Subgroup C (n=147)

72 (49.0)

75 (51.0)

Data are presented as mean with standard deviation (SD) or number (n) with percentage (%). &, P value refers to ACCD vs. MCC
comparisons; *, statistically significant differences (P<0.05); #, P=0.011 65 group Y vs. group E >65 years; ##, P<0.001 town vs. countryside.
ACCD, automatic chest compression device; C, countryside; E, the elderly; F, female; M, male; MCC, manual chest compression; OHCA,
out-of-hospital cardiac arrest; T, town; Y, the younger.

CPR effectiveness
ROSC

No ROSC

ACCD (n=181)

MCC (n=303)

0%

20%

40%

60%

80%

100%

*p=0.003, group ACCD vs. MCC

Figure 2 Difference between effectiveness of CPR. A rate of ROSC as an indicator of CPR quality and effectiveness was significantly
higher in group ACCD (P=0.003). ACCD, automatic chest compression device; CPR, cardio-pulmonary resuscitation; MCC, manual chest
compression; ROSC, return of spontaneous circulation.

suburban area than in the town center. The mean age
of these patients was lower, and more subjects received
treatment with ACCD in the younger group. The detailed
data regarding the use of ACCD are presented in Table 2.
Association between ACCD use and quality of CPR
The most important finding was that ACCD significantly
improved quality and effectiveness of CPR expressed as a
number of the subjects with ROSC. ROSC rate for ACCD
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patients was 63.5% whereas below 50% in group MCC
(P=0.003) (Figure 2).
More detailed analysis in the subgroups with respect to
age of patients and place of OHCA revealed that in younger
OHCA individuals defined as at the age of equal or below
65, the rate of ROSC was higher if ACCD was applied
(P<0.05 vs. MCC). Additionally, more ROSC patients
were noted if ACCD was used within town borders. No
differences in CPR effectiveness (defined as ROSC) with
respect to the method of chest compression (ACCD vs.
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Table 3 A rate of ROSC in the particular subgroups
Variable

P value&

MCC

ACCD

Group Y (n=194)

56/108 (51.9)

58/86 (67.4)

0.027*

Group E (n=290)

95/195 (48.7)

57/95 (60.0)

0.070

Group T (n=337)

118/231 (51.1)

73/106 (68.9)

0.002*

Group C (n=147)

33/72 (45.8)

42/75 (56.0)

0.221

Age

Place of OHCA

&

Data are presented as the numbers (n) with percentages (%). , P value refers to ACCD vs. MCC comparisons; *, statistically significant
differences (P<0.05). ACCD, automatic chest compression device; C, countryside; E, the elderly; MCC, manual chest compression; OHCA,
out-of-hospital cardiac arrest; T, town; Y, the younger.

MCC) were seen if CPR was carried out on the elderly
subject and if OHCA had place in the countryside. The
detailed numbers are presented in Table 3.
Comparison of ROSC and no-ROSC subject
Comparing parameters between ROSC and no-ROSC
subjects that could have an impact on the effect of CPR
performed by two-man rescue teams, we found that ROSC
subjects were significantly younger, and ACCD was applied
markedly more often than MCC. Interestingly, other
variables, particularly initial rhythm and witnessed OHCA,
did not differ between ROSC and no-ROCS cases. The
results are summarized in Table 4.
Discussion
The authors attempted to answer the question of whether
the presence of ACCD in ambulance increases the number
of patients transported to emergency departments.
The role of ACCD has not been fully clarified. Currently,
routine use is not recommended (17). However, it is
suggested to consider their use in cases where high-quality
compressions are not achievable. These are CPR during
transport, prolonged CPR due to for instance hypothermia,
simultaneous performance of medical procedures such as
primary coronary intervention, poisoning, thrombolysis
in a patient with pulmonary embolism, or limited space.
Although the guidelines do not indicate this, ACCD can
also be useful in two-paramedic staffed ambulances. In
such teams, it seems impossible to adequately perform ALS
following the protocol (18).
The results of the meta-analysis performed by Kahn
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et al. showed that manual compressions were comparable
or even more effective than LUCAS and AutoPulse in
improving survival within 30 days of discharge from
hospital and neurological recovery (11). Wroe et al. describe
cases of malfunction of the ACCD. At the same time, he
points the needs for proper training in using ACCD, which
may reduce the number of errors (19).
The cost-effectiveness analysis performed by Marti et al.
showed that routine use of mechanical CPR devices in the
out-of-hospital setting was not satisfactory when compared
to standard manual chest compression (20). In the United
States, the total cost of OHCA treatment has been
estimated at $33 billion per year (21). The costs were higher
for non-survivors. Therefore, the use of ACCD increases
the number of admissions to a hospital without improving
long-term outcomes. This may become a challenge for
intensive care units.
On the other hand, ACCD offers the possibility of
using opportunities not yet available in prehospital care.
One of them is ECPR with the use of extracorporeal
perfusion devices. In this form of resuscitation, a type
of cardiopulmonary bypass [extracorporeal membrane
oxygenation (ECMO)] is introduced, maintaining
circulation until the effective cardiac output is reestablished.
This technique improves coronary perfusion and keeps
the heart and brain perfusion, increasing the chance of
ROSC (22). The inflow of oxygenated blood to the brain
and vital organs reduces organ dysfunction and improves
the probability of survival with good neurological outcome.
One of the conditions for implementing the ECPR
program in prehospital care is that compressions should
be performed automatically. The use of ECPR may be a
solution to the problem of overloading of intensive care
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Table 4 Comparison of ROSC and no-ROSC OHCA individuals
Variable
Age
Gender (M/F)

ROSC (n=265)

No-ROSC (n=219)

P value&

66.8±15.5

70.3±13.8

0.006*

163 (61.5)/102 (38.5)

143 (65.3)/76 (34.7)

0.444

Place of OHCA

0.235

Town

191 (72.1)

146 (66.7)

Countryside

74 (27.9)

73 (32.3)

115 (43.4)

66 (30.1)

ACCD application
Arrest causes
Cardiac

0.037*
0.309

241 (90.9)

192 (87.7)

21 (9.1)

27 (12.3)

Non-cardiac
Initial rhythm

0.242

VF/VT

185 (69.8)

141 (64.4)

Asystole/PEA

80 (30.2)

78 (35.6)

Witnessed OHCA

143 (54.0)

104 (47.5)

0.185

CPR before ambulance arrival

121 (45.7)

94 (42.9)

0.609

Time records
Phone-to-arrival (s)

0.121
500 (374; 770)

544 (414; 816)

0.060

Phone-to-station leave (s)

93 (49; 166)

107 (60; 196)

0.660

Station leave-to-arrival (s)

374 (264; 561)

420 (288; 582)

Continuous data are expressed as either mean ± SD (normally distributed) or median (minimum; maximum) whereas categorical as number
(n) with percentage (%). &, P value refers to ACCD vs. MCC comparisons; *, statistically significant differences (P<0.05). ACCD, automatic
chest compression device; CPR, cardio-pulmonary resuscitation; F, female; M, male; OHCA, out-of-hospital cardiac arrest; PEA, pulseless
electrical activity; ROSC, return of spontaneous circulation; VF, ventricular fibrillation; VT, ventricular tachycardia.

units described above. However, this requires proper
preparation and organization on one side of the health
care system. Another challenge is using ACCD to maintain
perfusion of organs for transplantation in patients with
irreversible cardiac arrest. This strategy, in combination
with ECMO, significantly increases donation activity (23).
According to the results presented in this paper, ACCD
was used more often in the group of patients aged 18–65 years
than in the elderly. This result creates a picture of the
potential group of ECPR recipients. The question remains
whether it is possible to perform automatic compression
in pediatric patients. Individual cases are described in
the literature (24). Animal model studies have also been
conducted, which have not shown any difference (25).
However, there are no clear recommendations on this
subject so far.
Data analysis revealed that ROSC was more common
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if ACCD was used. The survival of a patient with SCA
is most affected by high-quality CPR and automatic
defibrillation undertaken by witnesses to the event. The
benefits of advanced life support (ALS) procedures such
as medication and advanced airway management are still
uncertain (26). However, even ALS must be conducted
without compromising the quality of basic life support (BLS)
like chest compressions. A higher incidence of ROSC may
be influenced by the fact that ambulances equipped with
ACCD were staffed by two-paramedic. A team consisting
of two rescuers may not be able to perform all the actions
according to the ALS algorithm (18). In such situations,
the highest priority should be given to the most important
procedures, and a medical compromise should be reached.
Implementation of ACCD to two-paramedic teams
may, therefore, improve the quality of resuscitation, but
additional investigations are needed in this field.
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The authors of this paper are aware of its limitations.
First of all, it should be mentioned that either ROSC
or survival depends on many components. The most
important are: bystander CPR, defibrillation performed
prior to the arrival of the ambulance, and the occurrence
of initial shockable rhythm. This data are missing in the
presented paper. All analyses of the survival of SCA patients
should be based on the Utstein protocol. This protocol
contains the most essential information about the process
of resuscitation, the first rhythm or the suspected cause
of cardiac arrest. There is no obligation to include such
information in the medical records of the Polish emergency
medical system. Medical records are completed with
varying degrees of accuracy. The lack of legal requirements
for records keeping in the aspect of resuscitation prevents
a reliable analysis. The authors used the existing medical
documentation for the analysis.
Another limitation of work is its outcome. Obtaining
ROSC in prehospital conditions is not equivalent to
patient survival. The first minutes after cardiac arrest are
important for further prognosis. In some cases, however,
the potentially reversible cause can only be resolved in the
hospital. In the presented paper, the hospital documentation
was not analyzed. A number of patients achieved ROSC,
but a certain were transported during resuscitation.
Moreover, not all emergency departments to which patients
were transported were equipped with ACCD. Additionally,
in the first phase of CPR, the compressions were performed
manually. There was no data available on how long the
compressions were provided manually before the ACCD
and how long was no-flow time. Similarly, there are no
data concerning the duration of the transport in patients
in whom it was undertaken. Therefore, it is not possible
to determine how long automatic compressions were
performed during the entire period of resuscitation.
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