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Abstract
Background  Circulatory arrest after trauma is a life-threatening situation that mandates urgent action. The aims of this sys-
tematic review and meta-analysis on prehospital traumatic cardiac arrest (TCA) were to provide an updated pooled mortality 
rate for prehospital TCA, to investigate the impact of the time of patient inclusion and the type of prehospital trauma system 
on TCA mortality rates and neurological outcome, and to investigate which pre- and intra-arrest factors are prognostic for 
prehospital TCA mortality.
Methods  This review was conducted in accordance with the PRISMA and CHARMS guidelines. Databases were searched 
for primary studies published about prehospital TCA patients (1995–2020). Studies were divided into various EMS-system 
categories. Data were analyzed using MedCalc, Review Manager, Microsoft Excel, and Shinyapps Meta Power Calculator 
software.
Results  Thirty-six studies involving 51.722 patients were included. Overall mortality for TCA was 96.2% and a favorable 
neurological outcome was seen in 43.5% of the survivors. Mortality rates were 97.2% in studies including prehospital deaths 
and 92.3% in studies excluding prehospital deaths. Favorable neurological outcome rates were 35.8% in studies including 
prehospital deaths and 49.5% in studies excluding prehospital deaths. Mortality rates were 97.6% if no physician was avail-
able at the prehospital scene and 93.9% if a physician was available. Favorable neurological outcome rates were 57.0% if a 
physician was available on scene and 38.0% if no physician was available. Only non-shockable rhythm was associated with 
a higher mortality (RR 1.12, p = 0.06).
Conclusion  Approximately 1 in 20 patients with prehospital TCA will survive; about 40% of survivors have favorable neu-
rological outcome.

Keywords  Traumatic cardiac arrest (TCA) · Mortality · Neurological outcome · Registry type · Organization of EMS 
system · Prognostic factors

Introduction

Circulatory arrest after trauma is a severe and life-threat-
ening situation that mandates urgent action. Over the past 
years, the prehospital management of patients with traumatic 
cardiac arrest (TCA) has received much attention in inter-
national scientific literature. Multiple authors have reported 
on survival rates and prognostic factors for patients with 
prehospital traumatic cardiac arrest, with survival rates 
ranging from 0% to almost 27% in individual reports [1–3]. 
A 2012 systematic review including 47 studies published 
between 1982 and 2010 reported a pooled 3.3% survival rate 
among adults [4]. In a more recent systematic review and 
meta-analysis on prognostic factors associated with survival 
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following TCA, published in 2020, including 53 studies pub-
lished between 1982 and 2019, cardiac motion on ultrasound 
and a shockable rhythm on first ECG were associated with 
increased odds of survival in a pooled unadjusted analysis 
[5].

While both reviews provide insightful information regard-
ing survival and prognostic factors for survival in these 
severely injured patients, there is more to be told regard-
ing these aggregated data. First, neither of the mentioned 
reviews considers that several of the included studies have 
included patients that died at the scene of the accident, 
where others do not, potentially confounding any assump-
tions made regarding survival rates as well as prognostic 
factors. Second, neither of these reviews has investigated 
whether the level of training of prehospital emergency care 
providers does impact on survival rates in prehospital TCA: 
where some prehospital trauma systems have specialized 
Advanced Cardiovascular Life Support (ACLS) and/or pre-
hospital Advanced Trauma Life Support (PHTLS) registered 
nurses and/or physicians readily available in each case of 
prehospital TCA, other systems rely on emergency medicine 
technicians providing only basic life support on-scene. As 
opportunities for prehospital resuscitative procedures rely on 
the level of training of prehospital caregivers, we hypothe-
size that this may also impact on survival rates [6]. Since the 
rate of survival seems to be the driving force in any dialogue 
involving prehospital management of patients in TCA, there 
should be absolute clarity regarding the type of data used to 
obtain aggregated survival rates and prognostic factors and 
how these are impacted by the moment of patient inclusion 
and type of prehospital trauma system.

Therefore, the aims of this current review and meta-
analysis on prehospital TCA were (1) to provide an updated 
pooled mortality rate for prehospital TCA, (2) to investigate 
the impact of the moment of patient inclusion and the type 
of prehospital emergency trauma system on TCA mortal-
ity rates and neurological outcome, and (3) to investigate 
which pre- and intra-arrest factors are prognostic factors for 
prehospital TCA mortality.

Methods

Data sources

The methods in this review are described based on the 
preferred reporting items for systematic reviews and meta-
analyses (Prisma) Checklist [7] and the Prisma-S extension 
to the PRISMA Statement for Reporting Literature Searches 
in Systematic Reviews [8]. The search was developed in 
Embase.com, optimized for sensitivity and then translated 
to other databases following the method as described before 
[9]. The search was carried out in the databases Embase.

com, Medline ALL via Ovid, Web of Science Core Col-
lection (Science Citation Index Expanded; Social Sciences 
Citation Index; Arts & Humanities Citation Index; Confer-
ence Proceedings Citation Index-Science; Conference Pro-
ceedings Citation Index-Social Science & Humanities and 
Emerging Sources Citation Index and the Cochrane Cen-
tral Register of Controlled Trials via Wiley). Additionally, 
a search was performed in Google Scholar where the 200 
top relevant references were downloaded. After the origi-
nal search was performed in March 2019, the search was 
updated twice (last update; July 13, 2020). The references 
were imported into EndNote and duplicates were removed 
as described previously [10, 11].

Search strategy

The search strategies for Embase and Medline used relevant 
thesaurus terms from Emtree and Medical Subject Headings 
(MeSH) respectively. In all databases terms were searched in 
titles and abstracts of references. The search contained terms 
for (1) prehospital cardiac arrest or prehospital Advanced 
Life Support, and (2) injuries and trauma. Terms were com-
bined with Boolean operators AND and OR and proximity 
operators were used to combined terms into phrases. The 
full search strategies of all databases are available in the 
appendix. The searches in Embase and Web of Science were 
limited to exclude conference papers. The reference lists of 
retrieved non-included relevant review articles and of the 
included references have been scanned for relevant refer-
ences missed by the search. No authors or subject experts 
were contacted, and unindexed journals in the field were 
not browsed.

Study selection criteria

Studies meeting the following criteria were included: (1) 
articles written in English, French, German, or Dutch, and 
(2) studies with reported outcomes of interest for prehospital 
TCA. Exclusion criteria were: (1) (> 10%) pediatric patients, 
(2) military report or combat patients, (3) studies evaluating 
only a specific treatment (e.g., thoracotomy or REBOA), (4) 
letters to the editor, expert opinions, systematic reviews, and 
meta-analyses, (5) animal studies, (6) articles for which the 
full text was not available to the researchers, and (7) stud-
ies published before 1995. Two authors independently (NJV 
and MGVV) screened the titles and abstracts for relevance 
and then extracted and selected relevant full text records, 
where possible. Subsequently, any leftover duplicates were 
removed, and the full texts of the selected articles were 
assessed. Discrepancies were resolved through discussion 
at each stage.

Studies were assessed on quality using the Newcas-
tle–Ottawa Quality Assessment Scale (NOS) [12]. No stars 
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were awarded for comparability since the current literature 
is divided whether there are prognostic factors that need to 
be adjusted for. Follow up was rated sufficient if patients 
were followed up for at least 14 days or were followed up 
until discharge from hospital. The loss to follow up cut-off 
point was set on 2.5%. In the Newcastle–Ottawa Quality 
Assessment Scale, studies are awarded stars based on their 
quality. The maximum of achievable stars was seven, and 
studies with less than six stars were excluded.

The risk of bias was assessed using the RevMan Risk 
of Bias Tool, were all included studies were scored for 
different types of bias. A study was excluded if it scored 
either a high risk of bias in one or more categories or if it 
scored an unknown risk of bias in two or more categories.

Data extraction

Data were extracted by two researchers independently 
(NJV and MGVV) using a data collection sheet. Any 
discrepancy was resolved by discussion. The following 
variables were extracted: author name, year of publica-
tion, journal name, country of patient inclusion, start and 
end date of patient inclusion, study design, study data-
base, database registry type (Studies including prehospital 
deaths and studies excluding prehospital deaths; Studies 
from prehospital registries and studies from hospital reg-
istries where prehospital care providers are not allowed 
to declare a patient dead on scene and thus every patient 
is transported to a hospital were marked as “study includ-
ing prehospital deaths”), organization of prehospital EMS 
system (physician or no physician), number of patients 
included, patient characteristics (sex, age), trauma type 
(penetrating, blunt, road traffic accident, fall from height), 
arrest characteristics (witnessed, unwitnessed, bystander 
CPR), first monitored rhythm (shockable, non-shockable), 
prehospital interventions (intubation, administration of 
epinephrine), survival rates, and long-term neurological 
outcome. Favorable neurological outcome was defined 
as a Cerebral Performance Category (CPC) I or II, or as 
a Glasgow Outcome Scale (GOS) 4 or 5 [13, 14]. The 
database registry types were divided into two predefined 
categories: (1) studies using databases including patients 
declared dead on-scene, (2) studies using databases 
excluding patients declared dead on-scene. Studies from 
EMS systems where patients can only be declared dead by 
an ER-physician and patients are thus always transported 
to a hospital were included in the first category. Simi-
larly, the EMS systems were divided in two predefined 
categories: (1) studies from countries or regions with a 
physician-based EMS service and (2) studies from coun-
tries or regions without the availability of a HEMS / EMS 
physician.

Data analysis

Data regarding registry type and TCA survival, and registry 
type and neurological outcome were pooled using MedCalc 
Statistical Software version 18.2.1 (MedCalc Software bvba, 
Ostend, Belgium; http://​www.​medca​lc.​org). Likewise, the data 
regarding organization of EMS system and TCA survival, and 
organization of EMS system and neurological outcome are 
analyzed using MedCalc. Data regarding prognostic factors for 
TCA survival were analyzed using Review Manager statistical 
software (RevMan 5.4.1, The Nordic Cochrane Collaboration, 
Copenhagen, Denmark).

Heterogeneity was assessed using a Q-test and I2 statistic. 
In MedCalc, the Q-test was used as a binary test to investigate 
the presence of statistically significant heterogeneity, and the 
I2 statistic as a quantitative measure of heterogeneity. In Rev-
Man, the Chi2 test was used as a binary test to investigate the 
presence of statistically significant heterogeneity, and again the 
I2 statistic as a quantitative measure of heterogeneity. In the I2 
statistic, the limit for the quantitative measure of heterogeneity 
was set at 40%, with values above 40% set as any significant 
level of heterogeneity. Mantel–Haenszel models were applied 
in accordance with the heterogeneity of the data; if the result 
of the I2 statistic was below 40%, fixed effect models were 
used and if the result of the I2 statistic was above 40%, random 
effect models were used.

Data are reported as pooled estimate or risk ratio with cor-
responding 95% confidence interval (95% CI), as applicable. 
Forrest plots and funnel plots are shown.

RevMan funnel plots are evaluated using Egger’s regression 
test to investigate if there is a significant amount of publica-
tion bias within the analysis, Meta-Essentials version 1.50 in 
Microsoft Excel was used to perform this analysis [15] (Micro-
soft Excel 2016, Microsoft Corporation, Redmond, United 
States of America, http://​office.​micro​soft.​com/​excel).

A power analysis on the prognostic factors analysis was 
performed using the Shinyapps Meta Power Calculator 
(Shinyapps, RStudio, Boston, United States of America, 
http://​jtieb​el.​shiny​apps.​io/​MetaP​owerC​alcul​ator).

Medical ethical approval

As systematic reviews and meta-analysis are exempt of IRB 
approval in the Netherlands, no medical ethical approval was 
needed to conduct this study.

Results

Search results

We found 2957 articles, of which 2865 were excluded based 
on title and/or abstract. The remaining 92 articles were then 

http://www.medcalc.org
http://office.microsoft.com/excel
http://jtiebel.shinyapps.io/MetaPowerCalculator
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screened on full text, if available. Fifty-six articles were 
excluded for various reasons (Fig. 1), resulting in 36 arti-
cles being included [1–3, 5, 6, 16–47]. All studies scored 6 
or 7 points on the Newcastle–Ottawa Quality Assessment 
Scale and therefore no study was excluded for quality rea-
sons (Table 1). Likewise, no studies were excluded after the 
risk of bias evaluation, since no study scored either a high 
risk of bias in one or more categories, or an unknown bias 
risk in two or more categories. The risk of bias evaluation 
is displayed as a RevMan Risk of Bias Summary Tool and 
funnel plots (supplemental Figs. 8–14).

In total, 51.722 patients were involved in this systematic 
review and meta-analysis.

Study characteristics

Most included studies (n = 21) were published between 2016 
and 2019 [27–47], and most of the 36 primary studies were 
carried out in either Europe (n = 14) [2, 3, 6, 19–21, 28, 32, 
33, 35, 36, 40, 44, 46] or Asia (n = 13) [22, 25, 26, 30, 31, 
34, 37–39, 41, 43, 45, 47]. Almost all included studies were 
retrospective cohort studies (n = 32) [1–3, 16–18, 20–38, 
40–44, 46, 47] and included both penetrating and blunt 
trauma cases (n = 30) [1–3, 16, 17, 19–21, 23–25, 27, 28, 

30–36, 40–47]. More detailed characteristics of the included 
primary studies are shown in Table 2.

Overall TCA mortality and neurological outcome

The overall pooled mortality rate for TCA was 96.2% (95% 
CI 95.0–97.2) (Fig. 2). Within the 36 included studies, 13 
studies reported neurological outcome as defined in the 
methods section [1, 2, 19–22, 25, 26, 30, 31, 33, 37, 43]. Of 
all TCA survivors, a (pooled) favorable neurological out-
come was observed in 43.5% of the TCA survival patients 
(95% CI 32.3–55.0).

Impact of database registry type on TCA mortality

To investigate TCA mortality for different database registry 
types, pooled mortality rates were calculated separately for 
27 studies including prehospital deaths [1, 3, 6, 17, 21, 22, 
24–27, 29–32, 34–41, 43–47] and for nine studies excluding 
prehospital deaths (Fig. 3) [2, 16, 18–20, 23, 28, 33, 42]. 
The pooled mortality rates were 97.2% (95% CI 96.3–98.0) 
and 92.3% (95% CI 85.7–96.9) for studies including patients 
declared dead on-scene and for studies excluding patients 
declared dead on-scene, respectively.

Fig. 1   PRISMA flow diagram
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Impact of database registry type on neurological 
outcome

Likewise, neurological outcome was investigated for dif-
ferent database types by calculating the pooled propor-
tion of surviving patients with a favorable neurological 
outcome for nine studies [21, 22, 25, 26, 29–31, 37, 43] 

including and for four studies excluding prehospital deaths 
separately (Fig. 4) [2, 19, 20, 33]. A favorable neurological 
outcome was seen in 35.8% (95% CI 29.8–42.2) of surviv-
ing patients in studies including prehospital deaths and in 
49.5% (95% CI 23.3–75.9) of surviving patients in studies 
excluding prehospital deaths.

Table 1   Results of the Newcastle–Ottawa quality assessment 

1 one star awarded for criterion, 0 no star awarded for criterion. The right-most column shows the total number of stars awarded per included 
study

Study Study design Selection Comparability Exposure/Out-
come

Result

1 2 3 4 1/2 1 2 3

1 Aoki et al. [39] Retrospective cohort study with post-
hoc case–control analysis

1 1 1 1 0 1 1 1 7

2 Barnard et al. [28] Retrospective cohort 1 1 1 1 0 1 1 1 7
3 Barnard et al. [40] Retrospective cohort 1 1 1 1 0 1 1 1 7
4 Beck et al. [29] Retrospective cohort 1 1 1 1 0 1 1 1 7
5 Beck et al. [1] Retrospective cohort 1 1 1 1 0 1 1 1 7
6 Chen et al. [41] Retrospective cohort 1 1 1 1 0 1 1 1 7
7 Chia et al. [30] Retrospective cohort 1 1 1 1 0 1 1 1 7
8 Chiang et al. [31] Retrospective cohort 1 1 1 1 0 1 1 1 7
9 Claesson et al. [32] Retrospective cohort 1 1 1 1 0 1 1 1 7
10 Cureton et al. [23] Retrospective cohort 1 1 1 1 0 1 1 1 7
11 David et al. [19] Randomized controlled trial 1 0 1 1 0 1 1 1 6
12 Deasy et al. [24] Retrospective cohort 1 1 1 1 0 1 1 1 7
13 Di Bartolomeo et al. [6] Prospective population-based study 1 1 1 1 0 1 1 1 7
14 Djarv et al. [35] Retrospective cohort 1 1 1 1 0 1 1 1 7
15 Duchateau et al. [33] Retrospective cohort 1 1 1 1 0 1 1 1 7
16 Escutnaire et al. [36] Retrospective cohort 1 1 1 1 0 1 1 1 7
17 Evans et al. [27] Retrospective cohort 1 1 1 1 0 1 1 1 7
18 Faucher et al. [21] Retrospective cohort 1 1 1 1 0 1 1 1 7
19 Fukuda et al. [37] Retrospective cohort 1 1 1 1 0 1 1 1 7
20 Gräsner et al. [2] Retrospective cohort 1 1 1 1 0 1 1 1 7
21 Huber-Wagner et al. [20] Retrospective cohort 1 1 1 1 0 1 1 1 7
22 Irfan et al. [34] Retrospective cohort 1 1 1 1 0 1 1 1 7
23 Israr et al. [42] Retrospective cohort 1 1 1 1 0 1 1 1 7
24 Javaudin et al. [46] Retrospective cohort 1 1 1 1 0 1 1 1 7
25 Jun et al. [47] Retrospective cohort 1 1 1 1 0 1 1 1 7
26 Kitamura et al. [26] Retrospective cohort 1 1 1 1 0 1 1 1 7
27 Lin et al. [25] Retrospective cohort 1 1 1 1 0 1 1 1 7
28 Lockey et al. [3] Retrospective cohort 1 1 1 1 0 1 1 0 6
29 Lu et al. [43] Retrospective cohort 1 1 1 1 0 1 1 1 7
30 Moriwaki et al. [22] Retrospective cohort 1 1 1 1 0 1 1 1 7
31 Pickens et al. [17] Retrospective cohort 1 1 1 1 0 1 1 1 7
32 Stockinger et al. [16] Retrospective cohort 1 1 1 1 0 1 1 1 7
33 ter Avest et al. [44] Retrospective cohort 1 1 1 1 0 1 1 1 7
34 Tsutsumi et al. [38] Retrospective cohort 1 1 1 1 0 1 1 1 7
35 Willis et al. [18] Retrospective cohort 1 1 1 1 0 1 1 1 7
36 Yamamoto et al. [45] Prospective observational study with 

post hoc analysis
1 1 1 1 0 1 0 1 6
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Impact of organization of EMS system on TCA 
mortality

To investigate mortality differences between EMS systems 
with and without a physician on scene, mortality rates were 
calculated separately for studies from countries or regions 
with and countries or regions without a physician-based ser-
vice (Fig. 5). The pooled mortality rates were 93.9% (95% CI 
89.3–97.2) in 10 studies where a physician was available at 
the prehospital scene [2, 3, 6, 28, 33, 36, 37, 40, 44, 46] and 
97.6% (95% CI 96.8–98.4) in 17 studies where no physician 
was available at the prehospital scene [1, 6, 17–19, 24–27, 29, 
35, 37–39, 41, 43, 45].

Impact of organization of EMS system 
on neurological outcome

Similarly, the proportion of surviving patients with a 
favorable neurologic status was calculated for studies from 
countries or regions with and countries or regions without 
a physician-based service. For three studies from a coun-
try or region with a physician-based EMS system [2, 33, 
37], the pooled proportion of patients with a favorable 
neurologic outcome was 57.0% (95% CI 32.8–79.6). For 
six studies from a country or region without a physician-
based EMS system, the pooled proportion of patients 
with a favorable neurologic outcome was 38.0% (95% CI 
26.4–50.3) (Fig. 6) [1, 19, 25, 26, 37, 43].

Fig. 2   Overall TCA mortality and neurological outcome, forest plots. 
A Overall prehospital TCA mortality was 96.2% (95% CI 95.0–97.2). 
B Favorable neurological outcome was observed in 43.5% of the TCA 
survival patients (95% CI 32.3–55.0)

Fig. 3   Impact of database registry type on TCA mortality, forest 
plots. A Overall mortality in studies including prehospital deaths was 
97.2% (95% CI 96.3–98.0). B Overall mortality in studies excluding 
prehospital deaths was 92.3% (95% CI 85.7–96.3)
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Prognostic factors for TCA mortality

Risk ratios of possible prognostic factors were calculated 
to investigate the association between pre- and intra-arrest 
factors and TCA mortality. Risk ratios were calculated for 
studies including prehospital deaths and for studies exclud-
ing prehospital deaths separately (Fig. 7) (Table 3; sup-
plement). In studies including prehospital deaths, only the 
first monitored ECG-rhythm was associated with mortality 
(RR 1.12; 95% CI 1.03–1.21; p = 0.006). No risk factors 
were identified in studies excluding prehospital deaths. 
The evaluation of the funnel plots using Egger’s regression 
test showed that only in the analysis of the prognostic fac-
tor ‘sex’ in the studies excluding prehospital deaths, there 
might have been a significant amount of publication bias. 
The power analysis showed that all risk ratio analysis had 
sufficient power to support our conclusions; all prognostic 
factor analysis had a power of 1.00.

Discussion

Circulatory arrest after trauma is a severe and life-threaten-
ing situation that mandates urgent action. Over the past years 
increased interest in this topic has led to broad recognition 
of this condition, with aggressive prehospital and emer-
gency department resuscitation algorithms aimed at early 
treatment of reversible causes being introduced in prehos-
pital and emergency department guidelines. This systematic 
review and meta-analysis provides a comprehensive over-
view of reported mortality rates after prehospital resuscita-
tion of patients with cardiac arrest after trauma. In the cur-
rent review on TCA in adult patients, the pooled mortality 
rate for traumatic cardiac arrest was 96.2% and a favorable 
neurological outcome was reported in 43.5% of surviving 
patients. A shockable first monitored ECG rhythm was the 
only patient related factor associated with a decreased risk 
of dying.

Fig. 4   Impact of database registry type on neurological outcome, for-
est plots. A A favorable neurologic outcome was observed in 35.8% 
of survivors in studies including prehospital deaths (95% CI 29.8–
42.2). B A favorable neurologic outcome was observed in 49.5% of 
survivors in studies excluding prehospital deaths (95% CI 23.3–75.9)

Fig. 5   Impact of organization of EMS system on TCA mortality, for-
est plots. A Overall mortality in studies from countries or regions 
with a physician available on-scene was 93.9% (95% CI 89.3–97.2). 
(B) Overall mortality in studies from countries or regions without a 
physician available on-scene was 97.6% (95% CI 96.8–98.4)
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The results of the current systematic review and meta-
analysis are in line with those of two other reviews that have 
been published on this subject in the last decade. Zwing-
mann et al. included 46 studies in a 2012 systematic review 
and reported a mortality rate of 96.7% among (mostly) adult 
patients with TCA [4]. A favorable neurologic outcome was 
reported in 44.3% of survivors. A more recent meta-analysis 
of factors associated with survival after TCA by Tran et al. 
did not report a pooled mortality rate, but did find first ECG 
rhythm and the presence of cardiac motion on ultrasound to 
be associated with a decreased risk to die [5].

The current study adds two important findings to the 
existing body of literature. At first, pooled mortality rates 
varied among studies based on the inclusion or exclusion 
of patients that had deceased on-scene. Studies excluding 
prehospital deaths show an almost three-fold higher pro-
portion of patients surviving compared to studies including 

prehospital deaths. While this is hardly surprising, we 
believe this is an important factor to consider when inter-
preting studies on prehospital TCA that is often overlooked 
in discussions on TCA. Indeed, in a recent study from our 
own country (published after the search for this review), 
survival was 3.9% when including patients that had deceased 
on-scene and 10.9% when these patients were excluded [48].

Second, studies from EMS systems where a physician had 
been available at the prehospital scene had a trend towards 
a lower pooled mortality rate (93.9%; 95% CI 89.3–97.2) 
than studies from EMS systems where no physician was 
available on-scene (96.8%; 95% CI 96.8–98.4%), with an 
almost two-fold increase in survival in the former category. 
While the available data did not allow for a meta-analysis 
of this particular factor, individual studies suggest that the 
presence of a physician on-scene (and thus the availability 
of advanced life support interventions such as drug assisted 
intubation, finger- or tube thoracostomy or thoracotomy, 
transfusion of blood products, vasopressor drugs) is associ-
ated with increased odds of survival in TCA patients [6, 40]. 
While a part of this effect should be attributed to effective 
field-triage (with physicians only arriving on-scene when 
ROSC has already been obtained and physicians dispatch 
being cancelled in the most severe cases), we do strongly 
believe that certain patients do benefit from these aggressive 
resuscitative measures on-scene.

The big question that has not been answered yet, is how 
to identify those patients who do benefit from on-scene 
advanced life support, and conversely, those patients who 
should be transported to a nearby trauma center without any 
delay. With mortality rates consistently ranging above 90% 
and a significant proportion of patients having an unfavora-
ble neurologic outcome, everyone will agree that neurologi-
cal intact survival after TCA is still exceptional. It would 
therefore be helpful if resource intensive prehospital (and 
in-hospital) resuscitation attempts could be preserved for 
those with realistic odds of survival. The most recent ERC 
guidelines do provide some guidance and we believe these 
should be adapted to fit individual EMS systems; if revers-
ible causes for TCA can be promptly and effectively treated 
on-scene, these should be looked for and treated accordingly 
as an integral part of resuscitation. Examples include the 
immediate treatment of cardiac tamponade by resuscita-
tive thoracotomy or needle/finger thoracostomy in tension-
pneumothorax [49–51]. If the level of training of the emer-
gency care provider does not allow for such procedures or 
if the injuries leading to cardiac arrest cannot be adequately 
addressed on-scene (for instance hypovolemia due to pen-
etrating truncal injury), no time should be wasted on any 
on-scene interventions and the patient should be transported 
to the nearest trauma center without delay.

This study has several limitations. Next to the factors 
investigated in this study, factors such as on-scene time, 

Fig. 6   Impact of organization of EMS system on neurological out-
come, forest plots. A A favorable neurologic outcome was observed 
in 57.0% of survivors in studies from regions with a physician avail-
able on scene (95% CI 32.8–79.6). B A favorable neurologic outcome 
was observed in 38.0% of survivors in studies from regions without a 
physician available on scene (95% CI 26.4–50.3)
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Fig. 7   A1–7A8 Predictors of mortality after prehospital TCA in stud-
ies including prehospital deaths, forest plots (MH Mantel–Haenszel, 
CI confidence interval). A1 Sex (female vs. male). A2 Trauma type 
(penetrating vs. blunt). A3 Blunt trauma type (road traffic accident vs. 
fall from height). A4 Witnessed arrest (unwitnessed vs. witnessed). 
A5 Bystander CPR (no bystander CPR vs. bystander CPR). A6 First 
monitored rhythm (not shockable vs. shockable). A7 Prehospital 

intubation (prehospital intubation vs. no intubation). A8 Prehospi-
tal administration of epinephrine (no epinephrine vs. epinephrine). 
B1–7B2: predictors of mortality after prehospital TCA in studies 
excluding prehospital deaths, forest plots (MH Mantel–Haenszel, CI 
confidence interval). B1 Sex (female vs. male). B2 Trauma type (pen-
etrating vs. blunt)
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time to ROSC, and distance to a trauma center are probably 
important determinants of survival as well. However, these 
data are seldom available in any registry or database and 
almost never published. Such and other confounding fac-
tors make it difficult to calculate and interpret the prognos-
tic value of intra-arrest factors or the value of resuscitative 
measures. In addition, the way mortality and survival rates, 
neurological outcome rates, prognostic factors, et cetera, are 
reported, differs strongly among studies. We advocate future 
studies to comply with the Utstein consensus statement on 
reporting outcomes after out of hospital cardiac arrest [52]. 
Finally, some primary studies used in our systematic review 
and meta-analysis used the same or a similar database as 

other primary studies, with an overlapping inclusion period 
as well. As a result, it is possible that some patients have 
been included in our systematic review and meta-analysis 
several times.

Conclusion

In conclusion, prehospital TCA is associated with a high 
mortality rate, with approximately one in twenty patients 
surviving to discharge. When interpreting results from stud-
ies on this subject, factors such as the in- or exclusion of 
patients that have deceased on-scene and the type of prehos-
pital EMS system (physician-based) should be considered. 

Fig. 7   (continued)
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Apart from first monitored ECG rhythm, this study found no 
other prognostic factors available to differentiate between 
survivors and non-survivors.

Appendix

Search terms

Embase.com

('out of hospital cardiac arrest'/de OR 'traumatic cardiac 
arrest'/de OR 'traumatic out of hospital cardiac arrest'/de 
OR 'traumatic cardiopulmonary arrest'/de OR (('air medi-
cal transport'/de OR helicopter/de OR 'ambulance'/exp) 
AND ('heart arrest'/de OR 'cardiopulmonary arrest'/de)) 
OR (((out-of-hospital OR prehospital* OR preclinical* OR 
bystander* OR ambulance* OR helicopter* OR mobile* OR 
trauma*) NEAR/6 (cardiac OR cardiopulmon* OR heart) 
NEAR/3 (arrest* OR resuscitat*)) OR ((out-of-hospital OR 
prehospital* OR preclinical* OR bystander* OR ambu-
lance* OR helicopter* OR mobile* OR trauma*) NEAR/3 
(CPR OR advanced-life-support* OR als)) OR ohca):ab,ti) 
AND ('injury'/de OR 'abdominal injury'/exp OR 'accidental 
injury'/exp OR 'barotrauma'/exp OR 'blood vessel injury'/exp 
OR 'blunt trauma'/exp OR 'burn'/exp OR 'chemical injury'/
exp OR 'crush trauma'/exp OR 'drowning'/exp OR 'electric 
injury'/exp OR 'head and neck injury'/exp OR 'limb injury'/
exp OR 'multiple trauma'/exp OR 'musculoskeletal injury'/
exp OR 'organ injury'/exp OR 'pelvis injury'/exp OR 'perfo-
ration'/exp OR 'respiratory tract injury'/exp OR 'rupture'/exp 

OR 'seatbelt injury'/exp OR 'strangulation'/exp OR 'thorax 
injury'/exp OR 'traumatic amputation'/exp OR 'traumatic 
hematoma'/exp OR 'traumatic shock'/exp OR 'wound'/exp 
OR 'accident'/exp OR 'accidental injury'/de OR 'traumatic 
cardiac arrest'/de OR 'traumatic cardiac arrest'/de OR 'trau-
matic out of hospital cardiac arrest'/de OR 'traumatic car-
diopulmonary arrest'/de OR ((trauma* NOT (non-trauma*)) 
OR accident* OR drowning OR (injur* NOT (kidney- 
injur*)) OR penetrat* OR blunt*):ab,ti) NOT ([Conference 
Abstract]/lim) AND [English]/lim NOT ([animals]/lim NOT 
[humans]/lim) NOT (juvenile/exp NOT adult/exp).

Medline Ovid

(Out-of-Hospital Cardiac Arrest/ OR ((Air Ambulances/ 
OR Ambulances/) AND (Heart Arrest/)) OR (((out-of-
hospital OR prehospital* OR preclinical* OR bystander* 
OR ambulance* OR helicopter* OR mobile* OR trauma*) 
ADJ6 (cardiac OR cardiopulmon* OR heart) ADJ3 (arrest* 
OR resuscitat*)) OR ((out-of-hospital OR prehospital* OR 
preclinical* OR bystander* OR ambulance* OR helicop-
ter* OR mobile* OR trauma*) ADJ3 (CPR OR advanced-
life-support* OR als)) OR ohca).ab,ti.) AND ("Wounds and 
Injuries"/ OR exp Abdominal Injuries/ OR exp Amputation, 
Traumatic/ OR exp Arm Injuries/ OR exp Asphyxia/ OR 
exp Barotrauma/ OR exp Burns/ OR exp Crush Injuries/ OR 
exp Drowning/ OR exp Electric Injuries/ OR exp Fractures, 
Bone/ OR exp Leg Injuries/ OR exp Multiple Trauma/ OR 
exp Neck Injuries/ OR exp Occupational Injuries/ OR exp 
Shock, Traumatic/ OR exp Spinal Cord Injuries/ OR exp 
Thoracic Injuries/ OR exp Trauma, Nervous System/ OR 

Fig. 7   (continued)
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exp Vascular System Injuries/ OR exp Wounds, Nonpen-
etrating/ OR exp Wounds, Penetrating/ OR ((trauma* NOT 
(non-trauma*)) OR accident* OR drowning OR (injur* NOT 
(kidney- injur*)) OR penetrat* OR blunt*).ab,ti.) AND eng-
lish.la. NOT (exp animals/ NOT humans/) NOT ((exp child/ 
OR exp infant/ OR adolescent/) NOT exp adult/).

Web of science

TS=(((((out-of-hospital OR prehospital* OR preclini-
cal* OR bystander* OR ambulance* OR helicopter* OR 
mobile* OR trauma*) NEAR/5 (cardiac OR cardiopulmon* 
OR heart) NEAR/2 (arrest* OR resuscitat*)) OR ((out-of-
hospital OR prehospital* OR preclinical* OR bystander* 
OR ambulance* OR helicopter* OR mobile* OR trauma*) 
NEAR/2 (CPR OR advanced-life-support* OR als)) OR 
ohca)) AND (((trauma* NOT (non-trauma*)) OR acci-
dent* OR drowning OR (injur* NOT (kidney- injur*)) OR 
penetrat* OR blunt*)) NOT ((animal* OR rat OR rats OR 
mouse OR mice OR murine OR dog OR dogs OR canine 
OR cat OR cats OR feline OR rabbit OR cow OR cows OR 
bovine OR rodent* OR sheep OR ovine OR pig OR swine 
OR porcine OR veterinar* OR chick* OR zebrafish* OR 
baboon* OR nonhuman* OR primate* OR cattle* OR goose 
OR geese OR duck OR macaque* OR avian* OR bird* OR 
fish*) NOT (human* OR patient* OR women OR woman 
OR men OR man)) NOT ((juvenile* OR child* OR infant* 
OR adolescen*) NOT (adult*))) AND DT=(article) AND 
LA=(english).

Cochrane CENTRAL

((((out NEXT of NEXT hospital OR prehospital* OR pre-
clinical* OR bystander* OR ambulance* OR helicopter* 
OR mobile* OR trauma*) NEAR/6 (cardiac OR cardio-
pulmon* OR heart) NEAR/3 (arrest* OR resuscitat*)) OR 
((out NEXT of NEXT hospital OR prehospital* OR pre-
clinical* OR bystander* OR ambulance* OR helicopter* 
OR mobile* OR trauma*) NEAR/3 (CPR OR advanced 
NEXT life NEXT support* OR als)) OR ohca):ab,ti) AND 
(((trauma* NOT (non NEXT trauma*)) OR accident* OR 
drowning OR (injur* NOT (kidney NEXT injur*)) OR pen-
etrat* OR blunt*):ab,ti).

Google Scholar

"prehospital|preclinical|bystander|ambulance|traumatic 
cardiac|cardiopulmon|heart arrest|resuscitation" traumatic|
accident|drowning|penetrating|blunt.
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