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Abstract

Purpose Emergency department thoracotomy (EDT) is a potentially life-saving procedure, performed on patients suffering
traumatic cardiac arrest. Multiple indications have been reported, but overall survival remains unclear for each indication.
The objective of this systematic review is to determine overall survival, survival stratified by indication, and survival strati-
fied by geographical location for patients undergoing EDT across the world.

Methods Articles published between 2000 and 2016 were identified which detailed outcomes from EDT. All articles referring
to pre-hospital, delayed, or operating room thoracotomy were excluded. Pooled odds ratios (OR) were calculated comparing
differing indications.

Results Thirty-seven articles, containing 3251 patients who underwent EDT, were identified. There were 277 (8.5%) survi-
vors. OR demonstrate improved survival for; penetrating vs blunt trauma (OR 2.10; p 0.0028); stab vs gun-shot (OR 5.45;
p<0.0001); signs of life (SOL) on admission vs no SOL (OR 5.36; p <0.0001); and SOL in the field vs no SOL (OR 19.39;
p<0.0001). Equivalence of survival was demonstrated between cardiothoracic vs non-cardiothoracic injury (OR 1.038; p
1.000). Survival was worse for USA vs non-USA cohorts (OR 1.59; p 0.0012).

Conclusions Penetrating injury remains a robust indication for EDT. Non-cardiothoracic cause of cardiac arrest should
not preclude EDT. In the absence of on scene SOL, survival following EDT is extremely unlikely. Survival is significantly
higher in the non-USA publications; reasons for this are highly complex. A UK multicentre prospective study which collects
standardised data on all EDTs could provide robust evidence for better patient stratification.
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Introduction

Emergency department thoracotomy (EDT) is a controver-
sial, potentially life-saving procedure. The development of
closed chest cardio-pulmonary resuscitation (CPR) proto-
cols, inotropic pharmaco-therapeutics, and the advent of
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cardiac defibrillators has produced a reduction in the indi-
cations for open chest CPR. Currently the only accepted
indication for EDT in any clinical setting, is for patients
suffering cardio-pulmonary arrest secondary to trauma, or
severe refractory hypotension secondary to trauma [1-3].

The cardiac rhythm for most patients sustaining trau-
matic cardiac arrest is pulseless electrical activity (PEA). It
is therefore often a low cardiac output state, resulting in no
palpable pulse, rather than true cardiac standstill [4]. For this
reason, it is accepted that the single intervention which will
result in good neurological outcome following traumatic car-
diac arrest secondary to penetrating trauma is EDT [5]. EDT
has now also been adopted in the setting of blunt trauma, but
outcomes are less successful [1-4, 6].

The primary objective of EDT is to control and main-
tain perfusion to the cardio-respiratory and central nerv-
ous system. This can be achieved by the relief of tension
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pneumothorax, pericardiotomy for the relief of tamponade
and cessation of cardiac haemorrhage, control of thoracic
exsanguination, open cardiac massage, expulsion of massive
air embolism, and temporary occlusion of the descending
thoracic aorta for control of sub-diaphragmatic haemorrhage
and redistribution of blood to supra-diaphragmatic organs
[2,3,7].

There is extensive debate regarding the exact contraindi-
cations for EDT. Authors have disputed the accepted length
of time without signs of life (SOL), anatomical location of
major injury and mechanism of injury which should pre-
clude EDT [1-3]. Rationalisation of indication for this pro-
cedure is required to reduce inappropriate performance of
EDT on patients unlikely to survive to discharge. The objec-
tive of this article is to systematically review the recently
published EDT data by:

1. Defining the overall survival of EDT for all indications.

2. Defining overall survival of EDT stratified by indica-
tion (specifically penetrating vs blunt trauma, anatomical
location of major injury, and SOL vs no SOL).

3. Defining overall survival of EDT stratified by geographi-
cal location.

4. Defining neurological outcome following EDT.

Methods
Search strategy

Meta-analysis of Observational Studies (MOOSE) guide-
lines were used to identify eligible studies. Exploded and
linked search terms were used on MEDLINE, PUBMED
and EMBASE search engines to ensure adequate acquisi-
tion of articles. The search terms employed were “emer-
gency”, “thoracotomy”, “cardiac”, “arrest”, “resuscitation”,
“trauma”, “penetrating”, and “blunt”. Only articles pub-
lished in English between January 2000 and July 2016 were
included, all pre-2000 cohorts were considered historical
series. The reference lists of all relevant articles were then
analysed to identify any publications which were not previ-

ously found during the electronic database search.
Inclusion and exclusion criteria

All articles that were not published in the English language
were excluded. All review articles and all abstracts were
excluded. Publications were excluded if they did not report
data specific to EDT. EDT was defined as thoracotomy
which was performed in the emergency department or in
a specific trauma resuscitation room, immediately after the
patients’ arrival to hospital. Publications reporting both
EDT and urgent thoracotomy or non-urgent thoracotomy as
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a homogenous group were excluded. Pre-hospital thoracot-
omy cohorts were also excluded. Thoracotomy undertaken
in the operating room were also excluded as the literature
supports favourable outcomes if thoracotomy is performed
in the operating room compared to the emergency depart-
ment; we believe that this is because these patients are likely
to have less severe injury, have likely had time for optimum
monitoring to be in place, and operating room conditions are
usually better than that of the emergency department, for this
reason they should not be compared directly. Publications
were excluded if insufficient overall survival data were avail-
able. Articles using previously published data from identi-
cal cohorts were excluded to avoid replication of data and
multiplicity error.

Data extraction and analysis

End-points assessed were: total number of EDT survivors;
mechanism of injury; location of major injury; SOL in the
emergency room; SOL in the field; survival data and neu-
rological sequelae. SOL was defined as any recordable vital
signs (pulse, blood pressure, and respiratory rate), electrical
cardiac activity on ECG, pupillary response, spontaneous
ventilation, or movement of extremity. Survival was defined
as either survival at discharge from hospital, or 30- or 28-day
survival, highlighting the variation in reported outcomes.
Univariate pooled odds ratios (OR) for outcomes were
produced using Chi-squared contingency tables. Only p
values below 0.05 were considered significant. Statistical
analysis was undertaken using GraphPad Prism 7.0.

Results

Thirty-seven publications met our inclusion criteria. Rea-
son for excluded publications can be seen in Fig. 1. The
cumulative number of EDTs performed was 3251 with 277
survivors, producing a total survival rate of 8.5% (range
0-50%). The median number of EDTs performed was 53
(range 4-959). All publications had significantly more males
who underwent EDTs (1214/1369, p <0.0001), and average
age was less than 44 years where reported (see Table 1).

Twenty-eight papers differentiated between penetrating
and blunt trauma. There were 1721 EDTs performed for pen-
etrating trauma with 178 survivors (survival rate; 10.3%).
There were 365 EDTs for blunt trauma with 19 survivors
(survival rate; 5.2%). Univariate analysis demonstrates
an OR of survival for penetrating vs blunt injury of 2.10
(p=0.0028). Patients are therefore more likely to survive
EDT following penetrating injury.

Fifteen publications were used to compare between stab
wound and gun-shot wound. 250 EDTs were performed for
stabbings resulting in 59 survivors (survival rate; 23.6%). In
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Fig.1 PRISMA diagram dem-

onstrating included papers 1520 papers

published in English

1447 papers excluded after screening of title +
abstract due to duplication, not relevant to EDT, no

identified

73 full text papers
assessed for

data on survival, case reports

13 review articles

eligibility

37 papers included
in analysis

total, there were 839 performed for gun-shot victims with 45
survivors (survival rate; 5.4%) producing an OR of survival
for stabbings vs gun-shot wounds of 5.45 (p <0.0001) (see
Table 2).

Fourteen papers reviewed anatomical location of major
injury. One thousand and sixty-five EDTs were performed
with 112 survivors (survival rate; 10.5%). Nine hundred and
sixty-seven patients had EDT performed for primary car-
diothoracic injury, resulting in 102 survivors (survival rate;
10.5%). Ninety-eight EDTs were performed for non-cardi-
othoracic injuries with 10 survivors (survival rate; 10.2%)
producing an OR of 1.038 (p =1.0000) (see Table 3).

Sixteen papers reported on SOL on arrival to the emer-
gency department. Five hundred and sixty-one patients
had EDTs with recorded SOL on arrival to hospital, in this
group, 82 patients survived (survival rate; 14.6%). Five hun-
dred and seventeen patients had no SOL on arrival to hospi-
tal and 16 patients survived (survival rate; 3.1%). Therefore,
the odds of surviving EDT if the patient has SOL on arrival
is 5.36 (» <0.0001) when compared to no SOL on arrival to
EDT. Nine papers reported on SOL in the field. Fifty-two of
288 patients with SOL in the field survived (survival rate;
18.1%), compared to 1 patient of 89 without SOL in the field
(survival rate; 1.1%) producing an OR of 19.39 (p <0.0001)
(see Table 4).

There was an all-cause survival rate of 7.7% (199/2585) in
20 studies from USA, compared to 11.7% (78/666) all-cause
survival rate in 17 publications from outside of the USA.
The all-cause OR of surviving non-USA EDT compared to
USA EDT was 1.59 (p=0.0012). Sub-group analysis dem-
onstrated that publications from the USA had a significantly
higher proportion of penetrating injury (1393/1507, 92.4%)
compared to the non-USA (270/483, 55.9%). The survival
of patients with penetrating injury was worse in the USA
(130/1393, 9.3%) compared to non-USA (45/270, 16.7%),
(p=0.0007, OR 1.94). In patients undergoing EDT for blunt

8 specifically excluded EDT
7 reported urgent and EDT as homogenous groups
4 reported only pre-hospital thoracotomy

4 reported sub-, or overlapping populations

injury there was a trend for worse survival of patients in
USA compared to the non-USA cohort, although the differ-
ence was not statistically significant, 3.5% (4/114) vs 7.0%
(15/213), respectively (p =0.2244, OR 2.08).

18 publications reported outcomes of 144 patients who
had survived EDT, 112 (77.8%) were neurologically intact.
Neurological disability varied amongst survivors with some
reporting mild cognitive deficit, and others reporting pro-
found physical and mental disability (see Table 5).

Discussion

This review and quantitative analysis had demonstrated
that different indications produce significantly different
outcomes for patients undergoing EDT. Pooled odds ratios
demonstrate improved survival for; penetrating vs blunt indi-
cation (OR 2.10; p 0.0028); stab wound vs gun-shot wound
indication (OR 5.45; p <0.0001); SOL on admission vs no
SOL indication (OR 5.36; p <0.0001); SOL in the field vs
no SOL in the field indication (OR 19.39; p < 0.0001).
Equivalence was demonstrated between cardiothoracic vs
non-cardiothoracic indication (OR 1.038; p 1.000). Survival
was significantly worse for USA vs non-USA patients (OR
1.59; p 0.0012), the reasons for this are highly complex and
multifactorial.

Trauma remains the most common cause of death in the
population aged less than 35 [45, 46]. Globally the number
of moribund patients arriving at the emergency department
is increasing, possibly due to improved trauma protocols
and advances in rapid transport networks which enable
prompt transfer of critically injured patients to dedicated
Major Trauma Centres [2, 3, 5, 47]. EDT may become an
increasingly important component in the treatment of the
traumatically injured patient who previously would have
died en route to hospital.
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Table 1 Survival rates for EDT

Author Year Location EDT per- Males (n) Age (mean) Survivors (n) Survival
formed (1) rate (%)
Powell et al. [8] 2004 Denver, USA 959 - - 62 6.5
Seamon et al. [9] 2009 Philadelphia, USA 283 272 27.1 15 5.3
Tyburski et al. [10] 2000 Detroit, USA 152 - - 12 7.9
Karmy-Jones et al. [11] 2004 Washington, USA 125 - - 25 20.0
Passos et al. [12] 2012 Toronto, Canada 123 105 30 3 2.4
Mollberg et al. [13] 2011 California, USA 120 112 28.2 7 5.8
Pahle et al. [14] 2010 Oslo, Norway 109 75 30 20 18.4
Schniiriger et al. [15] 2012 California, USA 108 - - 3 2.8
Kennedy et al. [16] 2000 California, USA 102 - - 7 6.9
Gomez et al. [17] 2010 Indiana USA 102 97 32 8 7.8
Edens et al. [18] 2009 Iraq 101 96 25.6 12 11.9
Okoye et al. [19] 2013 California, USA 97 - - 8 8.3
Molina et al. [20] 2008 Philadelphia, USA 94 89 28.4 8 8.5
Capote et al. [21] 2013 California, USA 87 75 30.9 13 14.9
Ladd et al. [22] 2002 Indiana, USA 79 69 - 2 2.5
Huber-Wagner et al. [23] 2007 Germany 77 - - 10 13.0
Rabinovici et al. [24] 2014 Boston, USA 67 56 38 9 134
Paydar et al. [25] 2014 Iran 58 50 43.3 1 1.7
Berg et al. [26] 2012 California, USA 53 - - 2 3.8
Asensio et al. [27] 2002 California, USA 51 - - 3 5.9
Lustenberger et al. [28] 2012 Zurich, Switzerland 49 38 39 10 20.4
Aihara et al. [29] 2001 Boston, USA 49 - - 10 20.4
Matsumoto et al. [30] 2009 Chiba, Japan 47 36 - 0 0.0
Sheppard et al. [31] 2006 Denver, USA 27 - - 3 11.1
Kaljusto et al. [32] 2015 Oslo, Norway 21 - - 4 19.1
Kandler et al. [33] 2012 Denmark 21 17 40 7 33.3
Burack et al. [34] 2007 New York, USA 13 - - 2 15.4
Cawich et al. [35] 2007 Jamaica 13 13 32.6 1 7.7
Van Waes et al. [36] 2012 Netherlands 12 10 32 3 25.0
Huerta et al. [37] 2006 Dallas, USA 11 - - 0 0.0
Alanezi et al. [38] 2002 Ontario, Canada 10 - - 1 10.0
Martin et al. [39] 2002 California, USA 6 - - 0 0.0
Balkan et al. [40] 2002 Ankara, Turkey 6 - - 1 16.7
Ferris et al. [41] 2008 Edinburgh, UK 6 - - 1 16.7
Soreide et al. [42] 2007 Stavanger, Norway 5 - - 0 0.0
Johannesdottir et al. [43] 2013 Reykjavik, Iceland 4 4 39.8 2 50.0
Morrison et al. [44] 2011 Afghanistan 4 - - 2 50.0
Total 3251 - - 277 8.5

There are, however a number of health and socio-eco-
nomic implications associated with this procedure. EDT
is high-risk for the patient and any healthcare practitioners
involved. Risk of transmission of blood borne disease is
significant, possibly due to the lack of personal protection
used in the emergency department scenario, and the large
volumes of blood involved [7, 46, 48—50]. EDT also har-
bours a high financial cost. Costs of up to $7200 for each
EDT have been reported [51-54], and historic estimations
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predicted that the cost of EDT per neurologically intact
survivor to range between $93,175-$109,025 [51, 53,
55]. In addition to the fiscal barriers, EDT results in high
emotional cost to both patients, relatives, and healthcare
providers [3, 8, 12, 48, 53, 56, 57]. Conversely, not per-
forming EDT harbours emotional cost with healthcare
providers questioning if they had performed EDT could
the patient have survived? Poorly selected EDT may also
prolong life without meaningful neurological recovery [58,
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Table 3 Survival rates of EDT

. - A Author Cardiothoracic injury Non-cardiothoracic injury
comparing cardiothoracic and
non-cardiothoracic injury EDT Survivors (n)  Survival EDT Survivors (n)  Survival
performed rate (%)  performed rate (%)
() ()

Seamon et al. [9] 207 12 5.8 - - -
Tyburski et al. [10] 152 12 7.9 - - -
Karmy-Jones et al. [11] 125 25 20.0 - - -
Mollberg et al. [13] 120 7 5.8 - - -
Edens et al. [18] 40 6 15.0 54 6 11.1
Okoye et al. [19] 97 8 8.3 - - -
Molina et al. [20] 94 8 8.5 - - -
Rabinovici et al. [24] 50 8 16.0 17 1 5.9
Aihara et al. [29] 49 10 20.4 - - -
Sheppard et al. [31] - - - 27 3 11.1
Cawich et al. [35] 9 1 11.1 - - -

Van Waes et al. [36] 12 3 25.0 - - -
Alanezi et al. [38] 10 1 10.0 - - -
Johannesdottir et al. [43] 2 1 50.0 - - -

Total 967 102 10.5 98 10 10.2

59]. Therefore, trauma teams have a duty to ensure that
EDT is not performed in futile situations.

In the present data, there is an overall survival rate for
EDT of 8.5%, between 2000 and 2016 with survival rang-
ing between 0 and 50%. This variation is likely to reflect
selection biases when performing this procedure, variation
in surgical technique and decision-making, or variation in
case-mix, with certain centres receiving a higher proportion
of patients with more complex injuries. The American Col-
lege of Surgeons (ACS) paper reporting cases between 1974
and 1998, concluded that overall survival of EDT was 7.8%
[58], and a comprehensive review by Rhee and co-workers,
reporting cases between the same dates, demonstrated an
overall survival rate of 7.4% [2]. These are comparable to
the current findings; unfortunately, despite modernisation of
services and improvements in intensive care support, over-
all survival rates for these patients have not significantly
changed.

Mechanism of injury

The 2001 review by The ACS and the 2000 meta-analysis
by Rhee et al. stated that survival rates for blunt trauma
were only 1.6 and 1.4%, respectively [2, 58]. In light of this,
in 2007, Brown and colleagues demonstrated that EDTs
were only cost effective if performed following penetrat-
ing trauma [59]. Moreover, guidelines published in 2003
by The ACS ‘Committee On Trauma’ state that EDT does
not appear to have a role in traumatic cardio-pulmonary
arrest due to blunt trauma [60, 61]. However, in the present
review, survival of EDT following blunt injury has modestly
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improved (5.2%) compared to these sources. Re-considera-
tion of these guidelines may now be appropriate in light of
these findings.

The Eastern Association for the Surgery of Trauma are
in agreement with this, they conditionally recommend EDT
for patients who present with SOL to the emergency depart-
ment following blunt injury, but not in those without SOL
[1]. Slessor and Hunter’s review of EDT following blunt
trauma demonstrated survivors of EDT with 15 min of car-
diac arrest, but again conclude that EDT should not be per-
formed if there are no SOL at scene, or prolonged CPR or
obvious head injury that is incompatible with good outcome
[6]. It is likely that during blunt trauma, resulting in cardio-
pulmonary arrest, the initial cardiac rhythm is ventricular
fibrillation, this results in distention of the myocardium. Sur-
gical experience with cardio-pulmonary bypass suggests that
when the myocardium is fibrillating and distended, restarting
the heart is unlikely. With a penetrating cardiac injury, the
myocardium will not distent; this may be at least one of the
reasons why blunt trauma survival rates are worse [62].

The meta-analysis by Rhee and co-workers, reported
16.8% survival in patients undergoing EDT due to stabbing,
but only 4.3% in patients with EDTs following gun-shot
wounds [2]. In the present analysis it is demonstrated that
survival following EDT for both mechanisms of penetrating
injury have modestly improved, 23.6 and 5.4%, respectively.
This improved survival trend was highlighted by Seamon
and colleagues who reviewed 283 patients with EDT for
penetrating cardiac or great vessel injury. The authors dem-
onstrated that the chance of survival was 11 times greater in
patients with stab wounds compared to gun-shot wounds [9].
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Table 5 Neurological sequelae following EDT

Author Neurological outcome in survivors
Normal neu- Abnormal Neurologi-
rology (n) neurology (n) cally intact

(%)

Powell et al. [8] 15 11 57.7

Seamon et al. [9] 13 2 86.7

Passos et al. [12] 2 1 66.7

Mollberg et al. [13] 6 1 85.7

Pahle et al. [14] 18 2 90.0

Schniiriger et al. [15] 2 1 66.7

Kennedy et al. [16] 5 2 71.4

Gomez et al. [17] 5 2 71.4

Edens et al. [18] 6 0 100.0

Molina et al. [20] 8 0 100.0

Capote et al. [21] 11 2 84.6

Ladd et al. [22] 1 1 50.0

Rabinovici et al. [24] 7 2 77.8

Aihara et al. [29] 7 3 70.0

Sheppard et al. [31] 2 1 66.7

Cawich et al. [35] 0 1 0.0

Van Waes et al. [36] 3 0 100.0

Ferris et al. [41] 1 0 100.0

Total 112 32 77.8

The modality of penetrating injury should therefore be a pri-
mary consideration for the physician in stratifying a patient
for EDT. Given the albeit improving but continuously dismal
survival rates for gun-shot wounds, patients sustaining pen-
etrating injury should not be viewed as a homogenous group.
In particular, it is clear that stab wounds to the heart are
likely to result in anterior right ventricular wounds which are
relatively easy to control compared to through and through
cardiac injuries resulting from gun-shot wounds, where the
posterior wound is often difficult to control [63].

Location of major injury

It has been previously demonstrated that survival of EDT
was best if the injury was predominantly cardiac, when com-
pared to thoracic, abdominal or multiple injury locations
(19.4,10.7, 4.5, 0.7%, respectively) [2]. Typically the high-
est survival rates for EDT were for patients with penetrating
cardiac injury, in the particular setting of cardiac tamponade
[2, 3]. The ACS review reported excellent survival rates of
31.1% in 1165 patients who underwent EDT for penetrat-
ing cardiac injury [58]. The authors of the present study
believe that at the time of patient presentation it is difficult to
diagnose isolated cardiac injuries to aid in decision-making
as to whether to perform EDT. In the arrested patient, the
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surgeon is likely to perform the EDT on the basis that there
is suspicion of cardiac injury.

The use of ultrasound has been advocated to aid decision-
making when performing EDT. It can be used quickly in
patients in PEA to identify those with cardiac motion, these
patients are much more likely to survive traumatic cardiac
arrest with rapid transfusion and EDT to stem haemorrhage
[4, 64]. ECG has also been suggested as a useful tool to
predict survivors, patients with ECG evidence of asystole in
traumatic cardiac arrest inevitably expire [64]. Both of these
measures, however, may be time consuming.

The present analysis has not demonstrated a significant
difference in survival rates between the cardiothoracic or
non-cardiothoracic indication for EDT. Accordingly, non-
cardiothoracic cause for traumatic arrest should not preclude
EDT. Interestingly, there were a few survivors following
EDT with head and neck injuries [18, 31], although we
would not advocate EDT if significant head injury is present.

Signs of life

In the present analysis, it has been demonstrated that patients
with SOL on arrival to hospital are 5.36 times more likely
to survive EDT than patients without SOL in the emergency
department. Authors have argued that EDT should not be
performed in patients who do not have SOL when paramed-
ics arrive at the scene [15, 16, 22, 29, 32, 60]. However,
Rhee and colleagues demonstrated rate of survival of 1.2%
if there were no SOL in the field [2]. Multiple additional
publications have demonstrated survival without SOL on
scene [8, 65]. Powell and colleagues had four patients who
sustained blunt trauma, loss of SOL in the field, and whom
subsequently survived to discharge; however, all had severe
neurological disability [8]. As there are a small number of
documented survivors in this scenario, it is possible that
patients who loose SOL have a “golden period” where EDT
is beneficial. Unfortunately, the time-dependent nature in
this specific scenario is yet to be defined.

In the present analysis only one patient survived with-
out SOL recorded in the field [14]. Patients in this scenario
are therefore 19.39 times less likely to survive EDT than
patients with recorded SOL in the field. Given these dismal
odds of survival, we believe that loss of SOL in the field
should be utilised to stratify patients to non-operative treat-
ment and be declared dead at scene. That is, unless expertise
for immediate pre-hospital thoracotomy is available [66].

Geographical location of EDT

The majority of the evidence regarding EDT comes from the
USA. The present analysis has demonstrated that survival
of EDT is greater outside of the USA when compared to
USA EDTs. The difference for this is multifactorial. This



A systematic review of 3251 emergency department thoracotomies: is it time for a national... 239

may reflect the differing trauma epidemiology between USA
and the non-USA populations. In the USA, there are some
regions where 5% of African-American males are fatally
stabbed or shot before the age of 30, whereas there are fewer
than 200 fatal gun-shot or stab wound injuries per year in
England and Wales [7]. Although penetrating violent crime
is on the rise in Europe [33], penetrating injuries cause only
5-10% of the traumatic cardiac arrests compared to 30-50%
in the USA [36].

In this analysis, there was a significantly greater propor-
tion of EDT performed for penetrating trauma in the USA
cohort (92.4 vs 55.9%), which theoretically should favour
improved USA outcomes. However, this does not take into
account the severity of injury, differing trauma mechanisms,
access to health care, transport times, and training and tech-
niques employed by pre-hospital technicians. In addition, a
proportion of penetrating injury in the USA is likely to result
from military assault rifles and high-calibre hand guns which
are available for sale to the public; this type of weapon is
unlikely to be used outside the military setting in the rest of
the world.

This variation in survival rates may mean that the abun-
dance of data from the USA, which historically has been
used to make decision algorithms for EDT, may lack appli-
cability to the rest of the world. In light of this, we would
remind trauma teams that treatment algorithms produced
elsewhere should be used with caution.

Future direction of EDT

Historic reviews, and large cohorts of USA populations
were used to produce decision-making algorithms for EDT
[2, 8, 52, 56, 58]. Despite the introduction of algorithms
and protocols, there still remains great variation in surgical
decision-making in EDT globally [67, 68]. This is possibly
due to the trauma team performing EDT in a futile attempt
at sustaining life. Mollberg and co-workers demonstrated
that when the EDT is performed with adherence to specified
guidelines survival improves from 5.8 to 8.6% [13].
Although guidelines improve survival rates, they must
be locally or regionally produced with reference to specific
geographical, logistical and socio-economic considerations,
they should not be indiscriminately applied to all popula-
tions. It has been demonstrated that blunt trauma is more
survivable, especially in Europe, than previously believed.
The authors suggest that a nationalised audit tool applicable
to UK populations should be introduced by the UK Trauma
Network. This audit should take as a template the epidemio-
logical and logistical considerations utilised in the NELA
audit to produce a prospectively collected dataset of all
EDTs undertaken in the UK [69]. This would provide robust
co-ordinated population data which could enable production

of contemporaneous guidelines and protocols specifically for
the UK population.

Neurological outcomes

Arguably survival should not be considered the only impor-
tant outcome measure; neurologically intact survival is
more important. In the meta-analysis by Rhee et al. 92.4%
of survivors of EDT had normal neurological outcome [2].
However, the ACS review demonstrated that 15% of patients
had neurological sequale [58]. Here, the pooled results have
demonstrated that 22.2% of patients who survive have some
neurological deficit. This increasing trend in neurologically
damaged survivors is concerning, although it may reflect
that the modern day literature reports subtle neurological
deficits. For example, Seamon et al. reported that 74% of
survivors reported long-term social, cognitive, functional or
psychological impairment after EDT [70]. Unemployment,
alcoholism and drug abuse is also common post-EDT [71].
This being said, it is impossible to define what level of neu-
rological deficit should define an EDT as a failure.

Interestingly, Powell et al. reported good neurological
outcomes in 81% of patients who required pre-hospital
CPR prior to EDT [8]. Therefore, good neurological out-
come should not only be expected in patients who have EDT
immediately after cardiac arrest. Furthermore, patients with
poor neurological outcome should not necessarily define
EDT as a failure. Schniiriger et al. demonstrated that in 263
EDT, there were 11 patients who could have become poten-
tial organ donors, but only 3 did. Further data are required
to analyse the benefit of patients undergoing EDT for organ
donation purpose [15].

Military evidence

There have been four articles regarding traumatic cardiac
arrest and thoracotomy from military populations from
recent conflicts in the Middle East [18, 44, 64, 72]. Data
from two of these articles have been excluded in the present
review as they report both survival data for EDT and operat-
ing room thoracotomy as homogenous groups (see exclusion
criteria) [64, 72].

Military trauma differs from civilian trauma, there is a pre-
dominance of blast and high-energy ballistic injury, multiple
extra-thoracic injuries, often with more extensive wound con-
tamination and tissue destruction [73]. Despite this, the larg-
est military experience of EDT by Edens et al. demonstrate
comparable survival rates (12 survivors of 101 EDTs) [18].
Importantly they found that combat casualties who survived
EDT had penetrating injuries and arrived in the ED with SOL.
Furthermore, as per our review they concluded that anatomical
location of injury was less important when predicting survival
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[18]. Morrison et al. also reports four cases of military EDT
with two survivors [44].

Both of these papers have demonstrated that despite exten-
sive injury, EDT can be successful, although it should be
remembered that the general fitness of the military popula-
tion will exceed that of the civilian population. Moreover, in
the patient with extensive multisystem injury, EDT should
be considered only assuming that concurrent damage control
resuscitation is delivered [72].

The role of human factors and good preparation
in decision-making in EDT

The reorganisation of trauma centres in the UK has led to
the development of the trauma team. There are now standard
operating procedures for the activation of the team and their
constituents. It is usually consultant led with other senior team
members. A period of preparation prior to arrival of the patient
will allow the preparation of equipment and the briefing of the
trauma team to ensure that they all have a developed mental
module of the likely scenario; this promotes good team work
and followership [74, 75]. A brief pause and assessment, on
arrival of the patient, should be performed to ensure the cor-
rect decision is made prior to beginning EDT [75]. Once the
decision is made, immediate damage control resuscitation
should begin in conjunction to EDT [74].

Karmy-Jones et al. demonstrated that dedicated trauma
rooms within the emergency department, which function
like an operating room improve outcomes when compared
to performing EDT in a standard emergency department bay
[11]. Cawich et al. highlighted that one of their EDTs was
delayed due to equipment not being ready, this patient went
on to die [35]. We advocate dedicated trauma resuscitation
bays which allow immediate access to equipment required
should EDT be necessary.

Capote et al. demonstrated that when EDT was performed
by a surgeon, compared to an emergency physician, patients
were 3.5 times more likely to survive, although the authors
did acknowledge that surgeons were more likely to adhere
to protocols than ED physicians [21]. To the contrary, Coats
et al. did not demonstrate a difference in outcome when com-
paring both pre-hospital thoracotomy and EDT performed
by surgeon or anaesthetist [76]. Regardless of who performs
the procedure, it is important that EDT should be performed
by trauma teams with adequate training and experience in
damage control resuscitation strategies.

Limitations
Analysis of the EDT literature is difficult, variation in the

definition EDT complicates this. There have been multiple
publications reviewing the EDT literature; however, they
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have included historic literature [1, 2, 58], or they have
included pre-hospital or operating room thoracotomies [77],
or been specific to local populations [78]. To our knowledge,
this is the first paper to review worldwide modern EDT lit-
erature excluding all non-emergency department patients.

In addition, many publications have not utilised a proto-
col-driven approach to EDT, relying on the judgement of
the trauma team to decide when and if to perform EDT;
if they are too liberal in performing EDT in patients who
would inevitably survive without the procedure they will
demonstrate excellent survival rates. This should not be for-
gotten when interpreting the present results. Readers are also
reminded that this report only details outcome of EDT pub-
lished in the English language. It is possible that the results
pertaining to geographical analysis of outcomes following
EDT may be biased because of this.

Conclusions

Penetrating trauma, in particular, stab wounds are likely
predictors of good outcome following EDT. Although it is
possible that EDT for blunt trauma is now becoming more
survivable. Non-cardiothoracic cause of traumatic cardiac
arrest should not preclude patients from undergoing EDT.
It is unlikely that patients without recorded signs of life in
the field will survive EDT.

The present series has also demonstrated that survival
following EDT is higher in the non-USA publications, the
reasons for this are highly complex.

A UK multicentre prospective cohort study which collects
detailed, standardised data on all EDTs performed could pro-
vide robust evidence for patient stratification. This is par-
ticularly achievable in the UK, given the Trauma Audit and
Research, and Major Trauma Centre Networks.
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