
Resuscitation Plus 20 (2024) 100786

2666-5204/© 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Clinical paper

Complication frequency of mechanical chest compression devices: A 
single-center, blinded study using retrospective data☆

Takumi Tsuchida a,*, Takashi Kamiishi b, Hiroaki Usubuchi b, Akiko Semba c,  
Masaki Takahashi a, Asumi Mizugaki a, Mariko Hayamizu a, Mineji Hayakawa a, Takeshi Wada a

a Division of Acute and Critical Care Medicine, Department of Anesthesiology and Critical Care Medicine, Hokkaido University Faculty of Medicine, Sapporo, Japan
b Department of Radiology, Sapporo City General Hospital, Sapporo, Japan
c Department of Emergency and Critical Care Medicine, Sapporo City General Hospital, Sapporo, Japan

A R T I C L E  I N F O

Keywords:
Cardiac arrest
Mechanical chest compression
Cardiopulmonary resuscitation
Complication
LUCAS

A B S T R A C T

Aim: Use of mechanical chest compression devices for patients with cardiac arrest is increasing. As cardiopul-
monary resuscitation (CPR) guidelines and LUCAS are updated, the evidence requires updating.
Methods: This single-center, retrospective study observed adult patients with out-of-hospital cardiac arrest 
receiving CPR from emergency services. Patients were assigned to LUCAS or manual CPR groups, matched by 
propensity score, and evaluated through computed tomography images by a radiologist blinded to their data. The 
primary outcome was complications from chest compressions, and logistic regression was used to analyze their 
risk factors.
Results: Overall, 261 patients were selected and divided into manual and LUCAS groups (n = 69 each). The 
manual CPR group exhibited higher witnessed cardiac arrest percentages (p = 0.023) and shorter times from 
scene to emergency department (p = 0.001) and total CPR duration (p = 0.002), versus the LUCAS group. 
Complication rates showed no significant intergroup differences in overall CPR complications (p = 0.462); 
however, the LUCAS group reported more hemothorax incidents (p = 0.028), versus the manual group. Logistic 
regression indicated that female sex (odds ratio [OR] 3.743, 95 % confidence interval [CI] 1.333–10.506), older 
age (OR 1.089, 95 % CI 1.048–1.132), and longer CPR durations (OR 1.045, 95 % CI 1.006–1.085) significantly 
correlated with compression complications, whereas LUCAS use did not (OR 0.713, 95 % CI 0.304–1.673).
Conclusion: No association was observed between LUCAS use and the overall incidence of chest compression 
complications in adults with OHCA. LUCAS is associated with more hemothorax cases and longer transport time, 
versus manual CPR. Evaluating LUCAS’s benefits necessitates multiple perspectives and further research.

Introduction

Cardiopulmonary resuscitation (CPR) has been recognized as an 
emergency intervention for cardiac arrest since the 1960 s [1,2]. Sub-
sequently, researchers have continued to determine the optimal depth 
and frequency of chest compressions. This has resulted in the American 
Heart Association recommending in its 2020 guidelines that chest 
compressions should be performed at a depth of 5–6 cm and a frequency 
of 100–120/min [3].

The LUCAS is a piston-type device with a suction cup placed at the 

center of the chest for compression and active decompression. Since its 
launch in 2002, it has been used worldwide. The LUCAS has been 
improved with updated guidelines and is now available in version 3 
(LUCAS-3). Manual compressions were found to have several disad-
vantages, such as inappropriate depth and frequency, and notably, 
frequent and prolonged interruptions [4–6]. Therefore, it was antici-
pated that LUCAS could enhance the prognosis of patients with cardiac 
arrest by addressing these issues.

Several randomized controlled trials have examined the effects of 
mechanical chest compression devices [7–9]; however, none has shown 

☆ CI, confidence interval; CPR, cardiopulmonary resuscitation; CT, computed tomography;; ED, emergency department; EMS, emergency medical services; OHCA, 
out-of-hospital cardiac arrest; OR, odds ratio; ROSC, return of spontaneous circulation
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superiority of mechanical chest compression devices over manual CPR. 
Notably, the use of mechanical chest compression devices increases the 
frequency of complications [10–13]. Given this background, the 
recommendation for mechanical chest compression devices in the latest 
guidelines is limited to cases where prolonged transport is necessary or 
the terrain is difficult [14].

However, studies that provided evidence for the guidelines were 
conducted when mechanical chest compression devices were first 
introduced. In addition, they do not reflect the updated guidelines and 
improvements in mechanical chest compression devices that have been 
made to date. No studies involving actual patients have been conducted 
since the LUCAS-3 generation. Furthermore, the mechanical chest 
compression devices used were not uniform, and some study designs 
were not well-refined [13,15].

Recently, there have been reports that LUCAS does not increase the 
incidence of traumatic injuries, making the situation increasingly 
confusing [16]. Meanwhile, we frequently encounter severe chest 
compression complications in clinical practice, as depicted in Fig. 1, and 
recent reports continue to affirm these findings [17,18].

Therefore, the aim of this study was to investigate the frequency of 
complications and characteristics of injuries in a population in which the 
latest LUCAS was used according to the latest resuscitation guidelines, 
compared with a population in which manual CPR was performed. The 
potential risk factors for chest compression complications were also 
assessed with the use of LUCAS.

Methods

Setting

The study was conducted using data from Sapporo City General 
Hospital, which receives more than 1,000 emergency patients per year, 
including 500 critically ill patients. In this facility, patients who are 
transported for out-of-hospital cardiac arrest always undergo computed 
tomography (CT) to determine the cause of cardiac arrest or postmortem 
CT, except in case of special reasons, such as lack of consent.

In Japan, a domestic guideline, that the use of mechanical chest 
compression devices should be managed by local medical control, was 
established in 2015. Since then, the use of mechanical chest compression 
devices has been gradually implemented in the emergency medical 
services (EMS) in each region.

In Sapporo EMS, where the research was carried out, the introduc-
tion of chest compression devices commenced in March 2021. The 
Sapporo EMS comprised 35 units during the study period. Of these units, 
13 were equipped with chest compression devices from March 15, 2021, 
to January 31, 2023, and 26 units from April 2022 to January 31, 2023. 
The specific device utilized was the LUCAS-3 (version 3.1). Prior to 
implementing the LUCAS-3, a 2-week training session was conducted to 
ensure that all EMS personnel were adept at using the device. The use of 

LUCAS-3 was governed by the protocol outlined in Supplementary file 1.
All Japanese EMS personnel are trained to perform CPR according to 

the Japanese resuscitation guidelines, which adhere to the recommen-
dations set forth by the International Liaison Committee on Resuscita-
tion. Furthermore, EMS personnel are legally required to continue 
resuscitation efforts at the scene; patients experiencing out-of-hospital 
cardiac arrest (OHCA) are invariably transported to the hospital unless 
death is unmistakably confirmed. Specifically, patients with OHCA are 
unconditionally conveyed to the closest critical care center, as mandated 
by the regional protocol where the study was conducted.

Patient selection and data collection
Consecutive patients for whom data were collected were patients 

with OHCA transported to Sapporo City General Hospital between 
March 1, 2021, and January 31, 2023. Data were extracted from the 
Sapporo Fire Bureau database, which contains records of all emergency 
transportations in Sapporo.

The patients with OHCA were adults aged 18 years or older who did 
not receive bystander CPR. This is attributed to the often inaccurate 
record of chest compressions by bystanders, alongside variations in their 
intensity and location. The exclusion criteria included: return of spon-
taneous circulation (ROSC) upon EMS arrival, CPR duration less than 5 
min, cardiac arrest due to trauma (including suspected cases), absence of 
postmortem CT, and terminal stages of malignancy.

Data collected from the Sapporo Fire Bureau encompassed basic in-
formation such as age, sex, witnessed cardiac arrest, and initial elec-
trocardiogram, in addition to detailed time lapses concerning EMS 
activities. These included the time of contact with the patient, initiation 
of chest compressions, application of LUCAS-3, achievement of ROSC, 
and arrival at the hospital. These data were correlated with medical 
records from Sapporo City General Hospital to gather CT data and 
prognostic information, including survival and hospitalization rates.

Study design

This single-center retrospective study used data from patients pre-
viously transferred to Sapporo City General Hospital. The design was 
specific to the evaluation of complications by limiting patients to a 
population without history of trauma, in whom only the EMS performed 
chest compressions, thus eliminating bias as much as possible. The 
present study was performed as a complete-case analysis, eliminating 
cases with missing values. The patients for whom data were collected 
were divided into the LUCAS and manual CPR groups and matched using 
propensity scores. After matching, patients were evaluated for chest 
compression complications by a single diagnostic radiologist (Dr. 
Takashi Kamiishi), who was blinded to patient information.

Outcomes and definitions

The primary outcome of this study was complications due to chest 

Fig. 1. Example of chest compression complication during prolonged mechanical cardiopulmonary resuscitation (A) Computed tomography (CT) of lung window at 
the level of the pulmonary arteries, showing pneumothorax, mediastinal emphysema, and subcutaneous emphysema. (B) CT of soft tissue window at the level of the 
liver showing pneumothorax, mediastinal emphysema, subcutaneous emphysema, as well as costal cartilage fracture (yellow annotation).
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compressions. Specifically, rib fractures, sternal fractures, pneumo-
thorax, hemothorax, anterior mediastinal hematoma, dorsal sternal 
hematoma, and bloody pericardial fluid were investigated. In the cur-
rent study, a patient was considered “complicated” if any of these in-
juries were observed.

The incidence of rib fractures, including cases of multiple rib frac-
tures, was assessed as a secondary outcome. In our study, multiple rib 
fractures were specifically defined as ten or more rib fractures, to focus 
on the occurrence of severe complications. The CT slice thickness 
specified at Sapporo City General Hospital was 3 mm for the soft tissue 
windows and 2 mm for the lung and bone windows. Rib fractures of 
indeterminate age were not classified as rib fractures, and pericardial 
fluid present in cases of aortic dissection was not considered a compli-
cation related to chest compression. Radiological assessments were 
conducted using non-enhanced CT.

Statistical analysis

The patient groups were propensity score-matched, with LUCAS use 
as the dependent variable, and age, sex, and chest compression duration 
as independent variables. Calipers were set at 0.2 times the standard 
deviation of the propensity score. Outcomes assessed by a blinded 
diagnostic radiologist were compared between the two matched groups. 
In addition, to verify the robustness of the results of the main analysis, 
logistic regression analysis was performed on the matched cases. The 
response variable was the presence of chest compression complications, 
as in the main analysis outcome. For the explanatory variables, one- 
tenth of those in the events category were selected. Specifically, four 
risk factors for chest compression complications were selected upon 
clinical consideration: age, sex, implementation of mechanical CPR, and 
CPR duration. Age and CPR duration were used as continuous variables.

As the numerical variables in the data set used in this study were non- 
normally distributed, they are presented as medians and interquartile 

ranges, and the Mann–Whitney U test was used for analysis. Patient 
characteristics and outcomes were compared between the two groups 
using the Mann–Whitney U test (for numerical variables), Fisher’s exact 
test (for categorical variables), and the chi-square test (for categorical 
variables). All analyses were performed using IBM SPSS software version 
25 (IBM Japan, Tokyo, Japan). All reported p-values were two-tailed, 
and differences with p < 0.05 were considered statistically significant.

Ethics

All procedures were performed in accordance with the World Med-
ical Association Declaration of Helsinki, and the manuscript was pre-
pared in accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) statement. A 
completed STROBE checklist is presented as Supplementary file 2. This 
was a retrospective study with no invasions or interventions performed 
for research purposes on the patients. Therefore, consent was obtained 
via an opt-out method, which provides patients the opportunity to refuse 
to participate in the study by information disclosed about the study, 
rather than by obtaining their individual consent. Information regarding 
the conduct of the study, including its purpose, is published on the 
website. The website clearly states the contact information of the prin-
cipal researcher to be contacted if a research participant and their rel-
atives wants to refuse participation in the study. Written informed 
consent was obtained from the patient for publication of the accompa-
nying images. Ethical approval was obtained from the Ethics Committee 
of Sapporo City General Hospital (approval number: r4-063–1007).

Results

A flowchart of the patients included in this study is shown in Fig. 2. 
Patients with OHCA who were transported to Sapporo City General 
Hospital were selected from the database, and those who met the 

Fig. 2. Flow chart of patient enrollment in this study The odds ratios for age and CPR duration were per year and per minute, respectively. CPA, cardiopulmonary 
arrest; CPR, cardiopulmonary resuscitation; CT, computed tomography; EMS, emergency medical services; ROSC, return of spontaneous circulation.
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exclusion criteria were excluded. This resulted in 261 eligible in-
dividuals. The background characteristics of the 261 patients are shown 
in Table 1. The manual group exhibited a lower percentage of witnessed 
cardiac arrests, compared with the LUCAS group (p = 0.023). Further-
more, the time from calling the EMS to arrival at the scene was not 
significantly different between the two groups (p = 0.294); however, the 
time from arrival at the scene to arrival at the Emergency Department 
(ED) and the total CPR duration were significantly shorter in the manual 
group (p = 0.001 and p = 0.002, respectively) than in the LUCAS group.

Propensity score matching yielded two groups with 69 patients each 
(Fig. 2), and statistical adjustments were made (Table 2). The two 
groups were adjusted via propensity score matching to eliminate sig-
nificant differences. The frequencies of complications in the matched 
cohorts are detailed in Table 3. No significant differences were observed 
between the groups regarding the incidence of complications related to 
CPR (p = 0.462). All patients experiencing complications consistently 
had rib fractures. Research into the characteristics of rib fractures 
indicated that the LUCAS group was more likely to suffer from multiple 
rib fractures, compared with the manual group, although this difference 
was not significant. Notably, the incidence of hemothorax was signifi-
cantly higher in the LUCAS group than in the manual group (p = 0.028).

Logistic regression analysis showed that female sex (odds ratio [OR] 
3.743, 95 % confidence interval [CI] 1.333–10.506), older age (OR 
1.089, 95 % CI 1.048–1.132), and longer CPR duration (OR 1.045, 95 % 
CI 1.006–1.085) were associated with the development of chest 
compression complications (Fig. 3). However, the use of LUCAS was not 
a risk factor for chest compression complications (OR 0.713, 95 % CI 
0.304–1.673).

Discussion

A blinded radiologist evaluated the frequency of chest compression 
complications in both the LUCAS and manual CPR groups. In the un-
adjusted patient population not evaluated for complications, the time 
from arrival at the scene to arrival in the ED was significantly longer in 
the LUCAS group than in the manual group. A comparison of the 
matched patients evaluated for complications showed no significant 
difference between the two groups in terms of overall complication 
rates. Additionally logistic regression analysis demonstrated no 

relationship between the incidence of complications and CPR by LUCAS. 
Meanwhile, hemothorax was significantly more frequent in the LUCAS 
group than in the manual group.

The main outcome of this study was the occurrence of chest 
compression-related complications. Rib fractures are the most common 
complications of chest compressions during CPR. [19,20] In this study, 
rib fractures were the most frequent complications, at 68.8 % (95 of 138) 
overall, 60.2 % (53 of 88) in men, and 84.0 % (42 of 50) in women (data 
not shown). These frequencies were comparable to those in previous 
studies of the epidemiology of rib fractures as a chest compression 
complication (approximately 70 % in male patients and 80 % in female 
patients) [21].

LUCAS is a device capable of active decompression; therefore, it 
cannot be said that the occurrence of rib fractures diminished the quality 
of chest compressions [22,23]. However, the presence of six or more rib 
fractures or displaced rib fractures due to CPR is associated with longer 
hospitalization and intensive care unit stays [24]. Currently, the influ-
ence of CPR-induced rib fractures on the overall prognosis of patients 
with OHCA is unclear, as rib fractures often accompany adequate chest 
compressions.

In contrast, existing studies have shown no difference in the fre-
quency of life-threatening complications between manual and 

Table 1 
Background in the eligible patient population.

Manual group 
(n = 192)

LUCAS group 
(n = 69)

p 
value

Sex (male, %) 105 (54.7) 43 (62.3) 0.261
Age (years) 80.0 

(68.0–88.0)
79.0 
(74.0–87.0)

0.660

Cardiac arrest witnesses (Yes, %) 68 (35.4) 35 (50.7) 0.023
Intrinsic CPA (n, %) 160 (83.3) 60 (87.0) 0.565
CPA after EMS contact (n, %) 27 (14.1) 6 (8.7) 0.295
Initial ECG waveform (n, %)   0.459
VF 12 (6.3) 6 (8.7) 
VT 0 (0.0) 0 (0.0) 
PEA 27 (14.1) 18 (26.1) 
Asystole 128 (66.7) 38 (55.1) 
Other 25 (13.0) 7 (10.1) 
Time from calling EMS to arrival at 

the scene (min)
9.0 (8.0–11.0) 8.0 (7.0–10.0) 0.294

Time from arrival at the scene to 
arrival at the ED (min)

26.0 
(21.0–32.0)

30.0 
(27.0–36.0)

0.001

Total CPR duration (min) 33.0 
(27.0–40.0)

40.0 
(33.0–46.0)

0.002

Deaths in the ED (n, %) 177 (92.2) 62 (89.9) 0.459

Data is presented as median (25th–75th percentile), percentage, or numbers.
CPA, cardiopulmonary arrest; CPR, cardiopulmonary resuscitation; ECG, elec-
trocardiography; ED, emergency department; EMS, emergency medical services; 
PEA, pulseless electrical activity; VF, ventricular fibrillation; VT, ventricular 
tachycardia.

Table 2 
Patient background after propensity score matching.

Manual group 
(n = 69)

LUCAS group 
(n = 69)

p 
value

Sex (male, %) 45 (65.2) 43 (62.3) 0.860
Age (years) 80.0 

(74.0–86.0)
79.0 
(74.0–87.0)

0.992

Cardiac arrest witnesses (Yes, %) 31 (44.9) 35 (50.7) 0.609
Intrinsic CPA (n, %) 59 (85.5) 60 (87.0) 1.000
CPA after EMS contact (n, %) 8 (11.4) 6 (8.7) 0.779
Initial ECG waveform (n, %)   0.935
VF 7 (10.0) 6 (8.7) 
VT 0 (0.0) 0 (0.0) 
PEA 18 (25.7) 18 (26.1) 
Asystole 39 (52.2) 38 (55.1) 
Other 5 (7.1) 7 (10.1) 
Time from calling EMS to arrival at 

the scene (min)
8.0 (7.0–10.0) 8.0 (7.0–10.0) 0.529

Time from arrival at the scene to 
arrival at the ED (min)

28.0 
(22.0–36.0)

30.0 
(27.0–36.0)

0.098

Total CPR duration (min) 38.0 
(30.0–50.0)

40.0 
(33.0–46.0)

0.811

Deaths in the ED (n, %) 67 (95.7) 62 (89.9) 0.325

Data is presented as median (25th–75th percentile), percentage, or numbers.
CPA, cardiopulmonary arrest; CPR, cardiopulmonary resuscitation; ECG, elec-
trocardiography; ED, emergency department; EMS, emergency medical services; 
PEA, pulseless electrical activity; VF, ventricular fibrillation; VT, ventricular 
tachycardia.

Table 3 
Complication frequency of chest compression in each group.

Manual group 
(n = 69)

LUCAS group 
(n = 69)

p value

Injury likely caused by CPR (%) 45 (65.2) 50 (72.5) 0.462
Rib fracture (%) 45 (65.2) 50 (72.5) 0.462
Sternum fracture (%) 9 (13.0) 10 (14.5) 1.000
Pneumothorax (%) 3 (4.3) 3 (4.3) 1.000
Hemothorax (%) 0 (0.0) 6 (8.7) 0.028
Anterior mediastinal hematoma (%) 8 (11.6) 6 (8.7) 0.779
Dorsal sternal hematoma (%) 1 (1.4) 3 (4.3) 0.619
Bloody pericardial fluid (%) 0 (0.0) 3 (4.3) 0.245
Characteristics of rib fracture
Total number of rib fractures 5.0 (0.0–8.0) 6.0 (0.0–9.0) 0.080
Total number of rib fractures≧10 (%) 9 (12.9) 16 (23.9) 0.184

Data is presented as median (25th–75th percentile), percentage, or numbers.
CPR, cardiopulmonary resuscitation
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mechanical compressions [13]. However, this study found that the 
incidence of hemothorax, which is considered a relatively serious 
complication, was significantly higher in the LUCAS group than in the 
manual group (Table 3). Moreover, bloody pericardial fluid was found 
only in the LUCAS group, although the difference was not significant. 
Thus, there was no change in the trend toward a higher complication 
frequency in the mechanical chest compression group in this study or in 
existing studies [11–13].

Logistic regression analysis showed more chest compression com-
plications in female patients, older patients, and patients with longer 
CPR duration (Fig. 3). The benefits of LUCAS include a reduced burden 
on EMS [25], its usefulness in confined environments [23,26], and sta-
ble chest compression [22,27]. Furthermore, this study showed that the 
use of LUCAS may increase transport time, although the exact causal 
relationship remains unknown (Table 1). This may have been due to the 
time required to apply LUCAS. Moreover, previous studies have reported 
a prolonged time to first defibrillation with LUCAS [23]. Thus, the 
evaluation of the benefits of LUCAS requires a multifaceted perspective. 
This study evaluated only complications and not prognosis, therefore, 
further studies are required.

Limitations

This study was designed to eliminate the influence of confounding 
factors as much as possible; however, it has some limitations. First, this 
was a single-center retrospective study, and patient selection bias by 
region or hospital may have been present, interfering with the gener-
alizability of the results. Second, the information available from the 
patients was limited, and characteristics such as blood pressure, alcohol 
intake, and smoking habits possibly confounded the results. Although 
results were adjusted for sex and age, there was no specific information 
regarding patient height or weight. Finally, because radiological in-
terpretations were not performed for all postmortem CT scans owing to 
human and time constraints, the complication frequencies in the unad-
justed subset could not be assessed. In addition, as the images were 
evaluated by a single radiologist, no interobserver variation was present 
in the evaluation, but the interpretation of the results might have been 
biased.

Conclusions

No association was observed between LUCAS use and the overall 
incidence of chest compression complications in adults with OHCA. 
However, the incidence of relatively severe complications, such as 
hemothorax, may be high. Transport time is longer in the LUCAS group 
than in the manual group. Future multifaceted evaluations of the in-
fluence of LUCAS are required to accumulate evidence for improving the 
prognosis of patients with cardiac arrest.
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