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Abstract

Background: Out-of-hospital cardiac arrest (OHCA) remains a leading
cause of death, with survival rates below 10%. Mechanical chest compression
devices (MCD) have been developed to provide consistent, high-quality
compressions, but their routine use is not recommended. This study aimed to
evaluate the real-world use of MCDs during cardiopulmonary resuscitation
(CPR) in non-traumatic OHCA patients admitted to the resuscitation room.

Methods: We conducted a single-centre, retrospective study using data from
the Innsbruck Resuscitation Room Registry. Adult patients with non-traumatic
OHCA admitted between January 2018 and December 2022 were included.
Patients receiving CPR with add-on MCD use were compared with those
treated with manual compressions only. Kaplan—Meier and multivariable
regression were performed to assess survival and to identify independent
predictors of outcome.

Results: Among 683 OHCA patients admitted to the ED, 188 (27.5%)
received MCD and 495 (72.5%) manual CPR. Patients treated with MCDs
more frequently had unwitnessed arrests, delayed CPR initiation, and non-
shockable rhythms. Patients receiving MCD had lower return of spontaneous
circulation (ROSC) rates (51.4% vs. 96.1%, p < 0.001). Thirty-day survival
was markedly lower in the MCD group (10.1% vs. 46.9%, p < 0.001). Total
CPR time was substantially longer in the MCD group (median 48 vs. 15
minutes, p < 0.001). In multivariable analysis, shockable thythm and ROSC
were the strongest predictors of survival.

Conclusion: In this real-world cohort, mechanical CPR devices were
primarily used in patients with multiple negative predictive factors and
refractory resuscitation situations and were associated with longer CPR
duration and lower survival rates. While MCDs may be beneficial in specific
circumstances, indiscriminate deployment appears to extend futile efforts
and shift the time of death from scene to hospital. Evidence-based selection
criteria are needed to guide prehospital MCD use.

Keywords: Out-of-hospital cardiac arrest; Cardiopulmonary resuscitation;
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Introduction

OHCA is still one of the leading causes of death in Europe and a continuous
global health issue [1,2]. Incidence rates range from 50 — 150 per 100.000
population with a substantial regional variation [3,4]. Despite considerable
efforts to understand the underlying causes of cardiac arrest and improvements in
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advanced life support (ALS), survival rates following OHCA
remain below 10% [1-7]. One basic element of CPR is the
delivery of high-quality chest compressions with minimal
interruptions [8,9]. In order to improve return of spontaneous
circulation (ROSC) rates and subsequent survival, mechanical
chest compression devices (MCD) have been developed to
provide continuous, high-quality chest compressions without
the limitations of human performance - particularly during
prolonged resuscitation efforts or in challenging operational
settings [9,10]. The two most common device types are the
piston-driven system (e.g., LUCAS™, Physio-Control/Jolife
AB) and the load-distributing band system (e.g. AutoPulse™,
Zoll Medical Corporation) [11,12]. Whilst multiple large,
randomised studies have shown safety and feasibility of
MCD in both OHCA and intra-hospital cardiac arrest (IHCA)
scenarios, none have shown a survival benefit compared to
manual chest compressions [13-16]. These findings have
been corroborated by various systematic reviews as well as
a recent umbrella review summarizing 11 systematic reviews
comprising 46 original studies from 2014 to 2022 [17-20].
The authors found no significant difference in ROSC rates
and a significantly lower pooled odds ratio (OR) for survival
to discharge associated with the use of MCD. They concluded
that there is no definitive evidence to support their routine
use [21]. In accordance with these findings, current ERC and
AHA guidelines advise against routine use of MCD and state
that add-on use can be considered when manual compressions
are not practical or unsafe to deliver [22,23]. Nevertheless,
clinical experience indicates that MCDs are frequently used
in patients with multiple negative predictive factors and
refractory resuscitation. These attempts are often terminated
early in the resuscitation room, effectively shifting the time of
death from the scene to hospital admission without improving
chances of survival. To investigate this issue, we conducted
a real-world analysis based on data from our Resuscitation
Room Registry, aiming to evaluate the outcome of patients
admitted to the ED, treated with MCD following non-
traumatic OHCA.

Methods

This real-world retrospective observational study was
conducted at the medical emergency department of the
University Hospital of Innsbruck, Austria. The study protocol
and data extraction from the Innsbruck Resuscitation Room
(IRR) Registry were approved by the Ethics Committee of the
Medical University of Innsbruck (approval no.: 1303/2023)
and by the Coordination Centre for Clinical Studies (approval
no.: 20240515-3459). The study was performed in accordance
with the Declaration of Helsinki.

Study Setting

More than 18.000 patients are treated at the medical
emergency department (ED) of the University Hospital
of Innsbruck each year. The department operates two
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resuscitation rooms (RR) dedicated to non-traumatic
critically ill (CINT) patients. Approximately 400 patients
receive care in the RR annually. The University Hospital of
Innsbruck serves as the sole tertiary hospital for North Tyrol
and provides advanced tertiary care for a catchment area of
approximately 650,000 inhabitants and six affiliated regional
hospitals. The emergency medical service (EMS) operates as
a two-tiered system, with emergency medical technicians as
the primary responders and emergency physicians dispatched
for potentially severe cases. Two mechanical CPR devices
are used within the EMS system: the LUCAS™ 2 (Physio-
Control/Jolife AB) and the AutoPulseTM (Zoll Medical
Corporation). In urban areas, the mechanical CPR device
is brought to the scene by an emergency field coordinator,
whereas in rural areas it is carried on the emergency
physician’s vehicle.

The IRR — Register, data collection and definitions

The Innsbruck Resuscitation Room (IRR) Registry is
a database that systematically records all non-traumatic
emergency admissions to the resuscitation room at the
University Hospital of Innsbruck. Its primary objective is to
enhance the understanding and clinical management of CINT
patients. For each patient, comprehensive data—including
prehospital and initial in-hospital status, resuscitative
interventions, and clinical outcomes—are collected from the
time of admission until hospital discharge or death. For this
study, we included patients with documented OHCA and
subsequent initiation of cardiopulmonary resuscitation (CPR)
that led to admission to the RR between January 2018 and
December 2022. Patients under 18 years of age and those with
in-hospital cardiac (IHCA) arrest were excluded. Preclinical
data were extracted from the electronic EMS documentation
system, including, arrest time, initial thythm, whether the
arrest was witnessed, presence of bystander CPR, duration of
out-of-hospital CPR, number of shocks delivered, adrenaline
administrations and the use of an MCD at any time. In-
hospital data and follow-up information were obtained from
the IRR Registry. Additional variables relevant to this study
were collected from the hospital’s internal documentation
system, including ED charts, discharge summaries, and
post-mortem examination reports. Data were collected
and managed using the REDCap electronic data capture
tool. Delay subgroups (Table 1) were defined according to
current eCPR recommendations, which consider a witnessed
cardiac arrest or the initiation of bystander CPR within five
minutes as criteria for proceeding with further interventions
[24-26]. A shockable rhythm was defined as ventricular
fibrillation (VF) or pulseless ventricular tachycardia (VT) at
first thythm analysis by either an AED or EMS team. Shock
number subgroups were defined as: 1 shock, 2-5 and >5
shocks. The subgroup of one shock was chosen to separate
single defibrillation from repeated defibrillation attempts.
The threshold of five shocks aligns with the point at which
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a second amiodarone dose is typically considered, according
to ERC guidelines [23]. Adrenaline administration subgroups
were stratified based on CPR duration, in accordance with
guidelines recommending administration every 3—5 minutes
[23]. Unstable patients (Table 1) were defined by an mean
arterial pressure <65 mmHg or vasopressor requirement.
Partial respiratory insufficiency was defined as the need for
supplemental oxygen, and global insufficiency as the need for
ventilatory support.

Comparison Cohort

To validate our data and assess completeness, we used
the EMS - CPR registry maintained by the department of
Anaesthesiology and Intensive Care in cooperation with the
regional EMS system. This registry served as an independent
reference to cross-check EMS documentation and ensure
consistency across data sources.

Statistical Analysis

We conducted statistical analyses using SPSS Statistics
(IBM, v30.0) and RStudio (Posit PBC, v.2025.05.0+496).
Data visualization was performed with RStudio and
GraphPad Prism (GraphPad Software, Inc., v. 10.2.3). The
graphical abstract was designed with BioRender. Descriptive
statistics are presented as absolute numbers and percentages.
Continuous variables were tested for normality using the
Kolmogorov—Smirnov-Test. Normally distributed data are
reported as mean =+ standard deviation (SD), non-normally
distributed data as median with the interquartile range
(IQR). Group comparisons were carried out using the non-
parametric > test and the student’s t-test for continuous
variables. A p-value < .05 was considered statistically
significant. For survival analysis, we used the Kaplan—-Meier
estimator with 30-day survival as the primary endpoint and
differences between groups were assessed using the log-rank
test. To further explore predictors of unfavourable outcomes,
we applied a Cox regression model with time to death within
30 days as the time-dependent variable, as well as a binary
logistic regression model with 30-day mortality as the
outcome. Clinically relevant covariates known to influence
cardiac arrest outcomes were included in both models
[27,28]. We calculated both unadjusted and adjusted hazard
ratios (HRs) and ORs, respectively.

Results

Between January 2018 and December 2022, 1575 CINT
- patients were admitted to the RR. 849 (53.9%) patients
had a documented cardiac arrest among whom 166 (19.6%)
were excluded with an IHCA (Figure 1). Therefore, 683
(80.4%) patients with an OHCA were finally analysed.
Among these, 188 (27.5%) received add-on mechanical CPR
and 495 (72.5%) received manual chest compressions only.
The LUCAS™ 2 was the main used device in 184 patients
(97.9%) whereas a load distributing device was only used
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in 4 patients (2.1%). The proportion of cases and mortality
rate using MCD or manual CPR was constant throughout the
observation period (Supplement table 1).

Supplemental Table 1: Event Count and Mortality Rate split by
years 2018 — 2022 and divided in manual CPR and add-on mCPR.
CPR = cardiopulmonary resuscitation, nCPR = mechanical CPR.

Year Manual 30d add-on | 30d Mortality | Total
CPR - n | Mortality - % | mCPR - n -% -n
2018 102 52.00% 37 91.90% 139
2019 105 53.30% 43 90.70% 148
2020 87 56.30% 32 90.60% 119
2021 90 47.80% 33 97.00% 123
2022 111 55.00% 43 81.40 % 154
Admitted to the
Resuscitation Room
(n=1575)

Excluded (n=892)
- other than cardiac arrest (n=726)
+ IHCA (n=166)

Documented OHCA
(n=683)

l 1

Add-On Mechanical CPR Manual Chest Compressions
(n=188) (n=495)

Figure 1: Consort diagram of patient selection for the study cohort.
From all patients admitted to the Resuscitation Room from January
‘18 until December ‘22, excluded patients and final study population
are shown. Abbreviations: IHCA - intra-hospital cardiac arrest,
OHCA - out-of-hospital cardiac arrest, CPR- cardiopulmonary
resuscitation.

Baseline Characteristics

Baseline characteristics can be obtained from Table 1.
There was no significant difference in median age between
groups (manual CPR group: 68 years [IQR 57-78] vs. MCD
group: 68 years [IQR 54-77]; p = 0.282) or sex distribution
(male 72.2% vs. 77.7%; p = 0.142). Patients in the MCD
group had less often an observed cardiac arrest (73.4% vs.
82.6%; p = 0.012), more often a delay before the initiation
of CPR (42.2% vs. 31.3%; p = 0.022) and presented less
frequently with an initial shockable rhythm (41.2% vs. 53.1%;
p = 0.007). Total out-of-hospital CPR time was markedly
longer in the MCD group (48 minutes [IQR 28-60] vs.
15 minutes [IQR 8-25]; p < 0.001), with higher numbers
of defibrillation attempts (2 [IQR 0-5] vs. 1 [IQR 0-3];
p <0.001) and more adrenaline administrations (6 [IQR 4-9]
vs. 1 [IQR 0-3]; p < 0.001). More than half of the patients
received more than 5 repetitive adrenaline dosages in the
MCD group.
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Table 1: Patients baseline characteristics, out of hospital initial situation and CPR related values divided in manual CPR, mechanical CPR and
total cohort. P values are shown for comparison of manual vs. mechanical cohort. Abbreviations: IQR — interquartile range, OHCA — out-of-
hospital cardiac arrest, CPR — cardiopulmonary resuscitation, ROSC — return of spontaneous circulation.

Manual CPR Mechanical CPR Total p - value

Total Events — n (%) 495 (73.5) 188 (27.5) 683 (100) <.001*
Age years — median (IQR) 68 (57-78) 68 (54-77) 68 (57-77) 0.289
Female —n (%) 138 (27.8) 42 (22.3) 180 (26.3) 0.142
Male — n (%) 357 (72.2) 146 (77.7) 503 (73.7) 0.142
Observed OHCA —n (%) 409 (82.6) 138 (73.4) 547 (80.4) .012*
No Delay — n (%) 283 (68.7) 85 (57.8) 368 (69.1) 022
Delayed CPR —n (%) 129 (31.3) 62 (42.2) 191 (34.2) .022*
1 - 5min —n (%) 81 (19.6) 34 (23.1) 115 (20.6) 0.438
6-10min — n (%) 32(7.8) 19 (12.9) 51 (9.1) 0.089
>10min — n (%) 16 (3.9) 9(6.1) 25 (4.5) 0.37

Bystander CPR — n (%) 290 (60.9) 105 (59.0) 395 (60.4) 0.652
time (min) — median (IQR) 7 (5-10) 5(5-10) 7 (5-10) 0.566
Total OH CPR time (min) — median (IQR) 15 (8-25) 48 (28-60) 20 (2-73) <.001*
Out of hospital ROSC — n (%) 472 (96.1) 93 (51.4) 565 (84.1) <.001*
Initial shockable rhythm — n (%) 225 (53.1) 75 (41.2) 300 (49.5) .007*
Number of shocks — median (IQR) 1(0-3) 2 (0-5) 1(0-3) <.001*
Number —n (%) 1 89 (18.0) 17 (9.0) 106 (15.5) .004*
2-5 148 (29.9) 49 (21.8) 197 (28.8) 0.323
>5 33 (6.7) 41 (21.8) 74 (10.8) <.001*
Non-shockable rhythm — n (%) 199 (46.9) 107 (58.2) 306 (50.5) .008*
Adrenaline administrations — median (IQR) 1(0-3) 6 (4-9) 2 (0-5) <.001*
Number—n (%) 1-5 266 (56.2) 82 (45.1) 348 (53.1) 011*
6-10 29 (6.1) 72 (39.6) 101 (15.4) <.001*
> 10 10 (2.1) 25 (13.7) 35 (5.3) <.001*

OH, initial mental status
alert/awake 26 (5.3%) 6 (3.2%) 32 (4.7%) 0.654
verbal 5 (1.0%) 3(1.6%) 8 (1.2%) 0.654
pain 2 (0.4%) 0 (0%) 2 (0.3%) 0.654
unconscious 457 (92.3%) 177 (94.1%) 634 (92.8%) 0.654
OH, initial haemodynamic status
Stable 29 (5.9%) 4 (2.1%) 33 (4.8%) 0.182
unstable 22 (4.4%) 9 (4.8%) 31 (4.5%) 0.182
no circulation 438 (88.5%) 173 (92.0%) 611 (89.5%) 0.182
OH, initial respiratory status

sufficient 15 (3%) 3(1.6%) 18 (2.6%) 0.677
partially insufficient 16 (3.2%) 6 (3.2%) 22 (3.2%) 0.677
globally insufficient 7 (1.4%) 1(0.5%) 8 (1.2%) 0.677
respiratory arrest 447 (90.3%) 174 (92.6%) 621 (90.9%) 0.677
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Survival Analysis

The median 30-Day survival time after admission to the
RR was 14 days in the manual CPR group and 0 days in the
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mechanical CPR group. The survival rate at 30 days was
46.9% vs. 10.1% respectively. The log-rank test showed a
significant difference in survival between groups (p < 0.001)
(Figure 2).

Manual CPR =~ e

Add-on mechanical CPR

@
=
2 50%-
-
w
25%
Number at risk
— 495 314 257
188 32 25
Number of Events
o 84 199 243

138 161 163

Days

247 238 234 232
23 21 20 19
20 25 30
Days
249 258 261 263
165 167 169 169

Figure 2: Kaplan Meier survival analysis for 30-day survival after OHCA and following manual CPR vs. add-on mechanical CPR. Blue
line = manual CPR, orange line = add-on mechanical CPR, 95% CI for each group are shown. Log-rank = p <0.0001. Abbreviations: CPR —

cardiopulmonary resuscitation, OHCA — out-of-hospital cardiac arrest.

Multivariate Risk Faktors for 30 Day mortality

In the Cox proportional hazards model (Figure 3a,
supplement table 2a), use of MCDs was associated with
an increased hazard of death, which was attenuated but
remained significant after adjustment (unadjusted HR 1.82;
95% CI, 1.49-2.23; p < 0.001; adjusted HR 1.52; 95% CI,
1.15-2.00; p = 0.003). ROSC at any time was independently
associated with improved survival (adjusted HR 0.48; 95%
ClI, 0.35-0.67; p < 0.001). A shockable initial thythm also
showed a significant association with lower hazard of death
(adjusted HR 0.75; 95% CI, 0.59-0.95; p = 0.019). Other
factors, including witnessed cardiac arrest, delayed CPR,
age, and bystander CPR, were not independently associated
in the adjusted model. In the logistic regression analysis for
30-day mortality (Figure 3b, supplement table 2b) the use of
MCDs was significantly associated with decreased survival
(adjusted OR 3.87; 95% CI, 1.95-7.63; p < 0.001). ROSC
was strongly associated with increased survival (adjusted
OR 0.09; 95% CI, 0.03-0.33; p < 0.001), as was an initial
shockable rhythm (adjusted OR 0.13; 95% CI, 0.08-0.22;
p < 0.001). Delayed initiation of CPR (adjusted OR 2.22;
95% CI, 1.23-4.03; p = 0.009) and higher age (adjusted
OR 1.04 per year; 95% CI, 1.02-1.06; p < 0.001) were also
independently associated with decreased survival. Witnessed

cardiac arrest and bystander CPR were not independently
associated with 30-day mortality in the multivariable model.

Survival to ICU admission

In a subgroup analysis, focusing only on patients
receiving add-on mechanical CPR, prehospital ROSC was
independently associated with higher odds to survival to
ICU admission (adjusted OR 23.50; 95% CI, 6.52-84.76; p <
0.001). An initial shockable rhythm (adjusted OR 4.27; 95%
CI, 1.56-11.72; p = 0.005) and witnessed arrest (adjusted OR
10.78; 95% CI, 1.02-113.96; p = 0.048) were also significant
predictors. Increasing age was associated with lower odds of
ICU admission (adjusted OR 0.95 per year; 95% CI, 0.92—
0.99; p = 0.009). Delayed CPR and bystander CPR were not
significantly associated in the adjusted model (supplemental
figure 3).

Termination of resuscitation on scene

Analysis of the OHCA cohort derived from the local
EMS CPR registry showed that termination of resuscitation
on scene was documented in 56.51% of patients treated with
manual CPR and in 10.71% of patients in whom a mechanical
CPR device was deployed (p < 0.001). Data completeness of
the registry was high, with a coverage ratio of 97.8%.
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Supplemental Table 2: Multivariate analysis of 30-day survival time dependent (a) and binary (b). Unadjusted and Adjusted HRs, ORs and
p-values are shown. Abbreviations: HR — hazard ratio, OR — odds ratio, 95% CI — 95% confidence interval, mCPR — mechanical CPR, OHCA
— out-of hospital cardiac arrest, ROSC — return of spontaneous circulation, CPR — cardiopulmonary resuscitation.

2a) Cox proportional hazard model
Unadjusted HR (95% Cl) p - value Adjusted HR (95% CI) p - value
mCPR 1.82 (1.49 —2.23) <.001* 1.52 (1.15-2.00) .003*
OH ROSC 0.42 (0.33-0.54) <.001* 0.48 (0.35-0.67) <.001*
Primary Rhythm 0.82 (0.67 — 1.02) 0.07 0.75 (0.59 — 0.95) .019*
Witnessed OHCA 0.86 (0.69 — 1.07) 0.178 0.87 (0.60 — 1.27) 0.474
Delayed CPR 0.99 (0.80 — 1.23) 0.962 0.94 (0.72 - 1.22) 0.615
Age 1.00 (0.99 — 1.01) 0.989 1.01 (0.99 — 1.02) 0.169
Bystander CPR 0.98 (0.80 — 1.17) 0.813 1.09 (0.87 — 1.37) 0.459
2b) Binary logistic regression model
Unadjusted OR (95% Cl) p - value Adjusted OR (95% CI) p - value
mCPR 7.85(4.73-13.02) <.001* 3.87 (1.95-7.63) <.001*
OH ROSC 0.04 (0.01-0.12) <.001* 0.09 (0.03 - 0.33) <.001*
Primary Rhythm 0.12 (0.08 — 0.18) <.001* 0.13 (0.08 — 0.22) <.001*
Witnessed OHCA 0.43 (0.28 - 0.67) <.001* 1.11 (0.43 - 2.84) 0.837
Delayed CPR 2.46 (1.67 — 3.63) <.001* 2.22 (1.23-4.03) .009*
Age 1.03 (1.02—- 1.04) <.001* 1.04 (1.02 - 1.06) <.001*
Bystander CPR 0.47 (0.36 — 0.66) <.001* 0.85 (0.51 — 1.43) 0.545

Supplemental Table 3: logistic regression model of patients receiving add-on mechanical CPR with survival to ICU admission as the endpoint.
Unadjusted and adjusted ORs as well as p — values are shown. Abbreviations: OR — odds ratio, 95% CI — 95% confidence intervall, OHCA —
out-of-hospital cardiac arrest, ROSC — return of spontaneous circulation, CPR — cardiopulmonary resuscitation.

Unadjusted OR (95% CI) p - value Adjusted OR (95% Cl) p - value
OH ROSC 11.26 (4.47 — 28.36) <.001* 23.50 (6.52 — 84.76) <.001*
Primary Rhythm 3.73 (1.87 - 7.46) <.001* 4.27 (1.56 - 11.72) .005*
Witnessed OHCA 3.137 (1.25-8.02) .015* 10.78 (1.02 — 113.96) .048*
Delayed CPR 0.81 (0.40 — 1.67) 0.57 2.11(0.73 - 6.10) 0.166
Age 0.99 (0.97 — 1.01) 0.446 0.95 (0.92 — 0.99) .009*
Bystander CPR 1.51 (0.76 — 2.98) 0.236 213 (0.75-6.11) 0.158
A B
Variable HR (95% CI) p-vahse Varlabie OR (95% C1) p-value
mCPR : 152(1.15-200) 003 mCPR | i 387 (1.95-763) <001
OH ROeC i 0N RN-087) <001 OHROSC @ | 009 (003-0.33) <001
Primary Rbythm l-H 0.75 (0.50-0.96) 018 Primary Rytm @ | 0.13 (0.08-0.22) <001
Observed OHCA ——t 0.87 (0.60-1.27) 474 Cbserved OHCA  b—@—i 1.11(043-284) 873
Delayed CPR —— 0.94 (0.72-1.22) 615 Oelayed CPR —— 2.22 (1.23-4.03) 009
Age 1.01 (0.99-1.02) 169 Ao * 1.04(102-106) <001
Bystander CPR ' : ' 109(087-1.37) 450 Bystander CPR 4O 0.85(051-1.43) 545
0 05 1 2 25 o 18 4 & H

Figure 3: Forest Plot of multivariable Cox regression model (A) and logistic regression model (B) of clinically relevant variables for 30-day
mortality in OHCA patients. Abbreviations: HR — hazard ratio; OR — odds ratio; 95% CI — 95% confidence interval, mCPR — mechanical
cardiopulmonary resuscitation, OHCA — out-of-hospital cardiac arrest, ROSC — return of spontaneous circulation.
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Discussion

Mechanical chest compression devices (MCD) can support
resuscitation efforts in specific circumstances and have been
shown to be safe and feasible. Particularly in settings with
limited personnel, challenging extraction environments or
during transport in refractory cardiac arrest, MCDs provide
consistent, high quality chest compressions [29]. However,
their routine deployment has limitations. Consistent with
previously published data, our real-world analysis indicates
that unselected use of MCDs does not improve rates of return
of spontaneous circulation (ROSC) or survival [21]. In our
cohort, patients in the mechanical CPR group were less likely
to have a witnessed cardiac arrest, more often experienced
a delay before CPR initiation, and less frequently presented
with a shockable rhythm. These findings suggest a strong
selection bias, in which MCDs were preferentially used in
cases associated with multiple negative prognostic factors.
This supports the hypothesis that the availability of MCDs
may encourage prolonged resuscitation attempts and
transport to the emergency department (ED), even when
no realistic exit strategy exists, frequently resulting in early
termination of resuscitation in the ED. Analysis of the EMS
CPR registry further indicated that once an MCD is deployed,
termination of resuscitation on scene seems to be rarely
considered. Consequently, total out-of-hospital CPR duration
was markedly prolonged, with a median of 48 minutes in the
mechanical group compared with 15 minutes in the manual
CPR group. More than half of the mechanical CPR patients
received more than five repeated doses of adrenaline. Despite
these extended efforts, survival did not improve, and 73%
of mechanical resuscitation attempts were terminated early
in the resuscitation room vs. 17% in the manual group.
Decision to terminate resuscitation is traditionally made by
an emergency physician. Within our cohort, the two-tiered
local EMS system—involving an emergency physician on
scene— would theoretically allow evidence-based decisions
to be made prehospitally. Despite this structural capability,
high transport rates, even in situations suggestive of futile
ongoing resuscitation, were observed. Thus, indicating that
the decision to discontinue CPR is frequently deferred to
the emergency department. Whether this represents a local
practice pattern influenced by human factors in emergency
situations or reflects a broader phenomenon remains unclear.
Several objective parameters can aid prehospital decision-
making [30]. The universal prehospital termination of
resuscitations (TOR) rule considers no transportation of
patients with an unwitnessed cardiac arrest, no attempted
shocks and no ROSC on scene in the absence of a reversible
cause [31]. Similar predictive models have been validated
and have demonstrated positive predictive values exceeding
99% [31,32]. Nonetheless, such models should be regarded as
supportive rather than definitive, as each emergency scenario
remains unique [33]. Our regression analyses corroborate
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these observations. Across all models, a shockable initial
rhythm and ROSC on scene were the strongest independent
predictors of 30-day survival and ICU admission. In addition,
age, witnessed arrest, and delay to CPR remained significant
factors in binary models. Importantly, the effect of MCD use
on survival was markedly attenuated after adjustment for
covariates, further indicating that patient selection rather than
the device itself explains the poor outcomes observed. These
findings suggest that prediction models like the TOR rule are
also applicable in our setting, although validation was not the
aim of this study. Routine transport of patients with ongoing
CPR poses additional risks. Emergency driving introduces
hazards to patients, providers, and the public. Medical
interventions in a moving ambulance are less precise, and
unrestrained EMS personnel face substantial injury risk in
the event of sudden vehicle acceleration or collisions [34,35].
Furthermore, prolonged resuscitation efforts and consecutive
transportation consume significant EMS resources potentially
diverting personnel from other patients with a higher
likelihood of survival. Such extended prehospital efforts and
activation of resuscitation teams for likely futile cases also
generate considerable economic costs [36,37]. A potential exit
strategy for refractory OHCA is the use of extracorporeal CPR
(eCPR) in carefully selected patients with no sustained native
circulation. However, giving to its complexity, expense and
potential risks, inclusion vary and remain to be prospectively
validated [25,26]. Similar to eCPR, structured criteria for the
use of MCDs and further transportation to the ED should
be evaluated. Without the prospect of advanced therapeutic
interventions in the hospital, switching from manual to
mechanical CPR in order to facilitate a transport to the ED
may simply prolong futile efforts and merely delay the time
of death. As the sole tertiary hospital in the region, our real-
world cohort comprises a substantial number of OHCA cases.
Baseline characteristics and prehospital parameters such as
age, bystander CPR, witnessed arrest, and initial rhythm are
comparable to those reported in larger registries [1], but only
limited evidence focusing specifically on ED-based OHCA
exists [38]. However, the use of multiple documentation
systems and cross-validation with a large urban EMS registry
strengthens the external validity and applicability of the
findings to comparable healthcare settings.

Limitations

This study also has limitations. It represents a single-
center observational analysis and may therefore be influenced
by local EMS structures, training, and protocols. Unmeasured
confounders may also have affected MCD use and outcomes

Conclusion

Our findings do not support the routine use of MCDs
and further transportation to the RR in refractory OHCA
without further treatment strategies. In this cohort MCD
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use was associated with higher mortality when applied in
unselected patients. While MCDs may provide benefit in
specific circumstances, their indiscriminate use may extend
resuscitation efforts without improving survival, effectively
shifting the time of death from the scene to the hospital.
Future research should aim to define evidence-based criteria
for MCD deployment before transportation after OHCA,
analogous to those proposed for extracorporeal CPR.
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