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Abstract

Objective: The objective of this study
was to report the procedural inci-
dence and patient outcomes after the
2009 introduction of an institutional
resuscitative thoracotomy (RT) pro-
gramme. Emergency physicians, gen-
eral surgeons and emergency nursing
trauma team members were trained
to perform RT on thoracic trauma
patients with an unresponsive systolic
blood pressure (SBP) <70 mmHg
within 30 min of arrival, prior to car-
diothoracic team back-up.
Methods: A retrospective cohort
study was conducted on patients who
underwent RT from 2009 to 2017.
The primary outcome measures were
the incidence of the procedure and
patients’ survival to hospital discharge.
Variables associated with survival
were assessed using univariable logistic
regression analyses.
Results: There were 12 399 major
trauma patients, including 7657 with
major thoracic trauma and 315 pre-
senting with SBP <70 mmHg. There

were 32 RTs performed (incidence of
0.4%; 95% confidence interval [CI]
0.3–0.6) among patients with major
thoracic trauma and 10.2% (99% CI
7.3–13.4) among patients with major
thoracic trauma and SBP <70 mmHg.
There were eight (25%; 95% CI
13.2–42.1) survivors to hospital dis-
charge and no late mortality (mean
follow-up 2.8 years). Survival was sig-
nificantly associated with the procedure
performed within 30 min of arrival
(odds ratio 0.09; 95% CI 0.01–0.67)
while mortality was associated with the
procedure being performed in the set-
ting of traumatic cardiac arrest (odds
ratio 18.3; 95%CI 2.4–140.4).
Conclusions: A formal training and
credentialing programme was associ-
ated with a low incidence of the pro-
cedure, yet achieved a survival rate
of 25%, which is comparable to
other reported literature.

Key words: credentialing, emergency
department, resuscitation, resuscita-
tive thoracotomy, ultrasonography,
wounds and injuries.

Introduction
Improvements in pre-hospital care
and trauma systems have increased
survival for major trauma patients.1

With the establishment of regional
trauma systems, an increased number
of patients with severe but potentially
survivable cardiac injuries present to
hospital. Cardiac chamber rupture
has an incidence of 0.3–0.9% in
major trauma.2 A key pathophysio-
logical determinant for survival is car-
diac tamponade.3,4

The use of focused assessment with
sonography in trauma (FAST) can
establish the diagnosis of haemo-
pericardium which may trigger urgent
pericardial decompression through
resuscitative thoracotomy (RT) for
haemodynamically unstable patients.5

In 2010, the authors proposed that RT
for trauma be primarily reserved for
patients with cardiac tamponade on
ultrasound and with deteriorating
haemodynamics requiring immediate
intervention or those already undergo-
ing cardiopulmonary resuscitation with
cardiac activity on ultrasound.4 This
indication was in contrast to practice in
other centres with a study from the USA
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Key findings
• Cardiac activity on ultra-

sound prior to RT is associ-
ated with survival.

• Trained EPs can initiate RT
while awaiting surgical back-up.
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reporting that tamponade with cardiac
activity was variably observed, with
almost half the patients having RT per-
formed after loss of vital signs and in
the absence of cardiac motion or peri-
cardial fluid.6

There is only one published study
on emergency thoracotomy out-
comes in Australia.7 Bautz et al.
described a cohort of 72 patients
who underwent emergency room
thoracotomy (ERT) at the Royal
Adelaide Hospital 2005–2014 with
an overall survival rate of 66.7% for
penetrating trauma and 23.8% for
blunt trauma. The cases included all
ERTs for blunt trauma up to 2.5 h
after presentation (the time to thora-
cotomy for penetrating injury was
not reported). All ERTs were per-
formed by surgeons who were part
of the trauma team. A clamshell tho-
racotomy was performed when the
systolic blood pressure (SBP) fell
below 60 mmHg (or there was a loss
of carotid pulse). Focused ultrasound
was not mentioned in the report.
Data on RT have been collected by

the Alfred Health Trauma Registry
since 2001. Prior to 2008, only one
emergency physician (EP) was trained
in and performed the technique. A low
case incidence and variable skill level
among staff prompted the development
of a training and credentialing pro-
gramme at The Alfred Hospital in
20094 for RTs performed in the
Emergency and Trauma Centre
(E&TC). It was expected that ultra-
sound screening for cardiac tamponade
would identify patients most likely to
benefit and that the subsequent RT
would be performed for most cases
by EPs.
The aim of the present study was to

determine the impact of the credential-
ing programme, once introduced, by
reviewing procedural incidence and
patient outcomes and comparing these
to other reported studies.

Methods
Setting and patients

The Alfred Hospital is a Level 1 adult
trauma centre in the state of Victo-
ria, Australia. All patients who meet
Trauma Team activation are
received by a multi-disciplinary

team.8 A senior member of the team,
trained in FAST, performs the
sonography during the initial period
of trauma reception. The Alfred
Hospital currently admits more than
9500 trauma patients per year with
over 1400 patients having an injury
severity score (ISS) of >12 – a num-
ber that has trebled since 2001. All
patients who underwent RT at the
Alfred Hospital from 1 July 2009 to
30 June 2017 were identified from
the Alfred Health Trauma Regis-
try.5,9 The Alfred Research and
Ethics Committee approved the pre-
sent study.

Intervention

The Alfred RT credentialing pro-
gramme, procedural technique and
equipment required for RT has been
previously described.4 Indications for
RT at the Alfred Hospital include car-
diac tamponade (as demonstrated on
focused ultrasound) in an
haemodynamically unstable patient
(SBP <70 mmHg despite pleural
decompression and volume replace-
ment). RT should also be considered if
SBP <70 mmHg (despite pleural
decompression and volume replace-
ment) if subcutaneous gas precludes
ultrasound visualisation of the pericar-
dium. Patients with a SBP ≥70 mmHg
are transferred to the Operating Room
for Emergency Thoracotomy and are
not included in the present study.
Signs of life within the previous

20 min and concurrent cardiac elec-
trical activity must also be present as
a prerequisite for RT.6 The airway is
secured with endotracheal intuba-
tion. A left anterolateral thoracotomy
is performed through the fifth or
sixth intercostal space. This incision
can be extended across the midline if
required. The phrenic nerve is identi-
fied, the pericardium is incised and
then decompressed of clot or blood.
Open cardiac massage is undertaken
if indicated. Simple wound control
techniques (digital control of
wounds, sutures, application of vas-
cular clamps to appendages) are
utilised for cardiac injuries. The chest
wall, pleural cavity and lungs are
also examined to identify other
sources of bleeding. Definitive surgi-
cal repair is usually subsequently

performed in the operating room by
cardiothoracic surgeons.

Definitions

RT was defined as thoracotomy per-
formed in the E&TC. Hospital mor-
tality was defined as death prior to
hospital discharge or within 30 days
of procedure. The ISS was utilised to
assess trauma severity and major
thoracic trauma was defined as a
thoracic AIS >3.10 Major trauma
was defined as ISS >15, death, an
ICU admission for greater than 24 h
and/or patients requiring immediate
life-saving operative intervention.
Massive transfusion was defined as
administration of ≥5 units of red
cells in 4 h after presentation.11 An
after-hours presentation was defined
as between 18.00 and 07.00 hours.12

Statistical analysis

All data were analysed with Stata
version 15 (StataCorp, College Sta-
tion, TX, USA). Binary variables
were summarised as frequencies and
percentages. The Student’s t-test was
used to assess significance of differ-
ence between means. The chi-
squared or Fisher’s exact tests were
used to assess significance between
proportions. Variables associated
with death in hospital were assessed
using univariable analysis and pres-
ented using odds ratios with 95%
confidence intervals (CIs). A P-value
of <0.05 was considered statistically
significant.

Results
The cumulative incidence of RT at
The Alfred E&TC and association
with credentialing programme is
illustrated in Figure 1. Prior to the
study period there were 6422 major
trauma patients of whom 3748 had
sustained major thoracic trauma.
There were 30 RTs with an inci-
dence of 0.81% with three survivors.
There were 12 399 major trauma

patients during the study period.
Among these, there were 7657
patients with major thoracic trauma
and 315 presented with a
SBP <70 mmHg. There were 32 RTs
performed after training and
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credentialing, with an incidence of
0.4% (95% CI 0.3–0.6) among
patients with major thoracic trauma
and 10.2% (99% CI 7.3–13.4)
among patients with major thoracic
trauma and SBP <70 mmHg. There
were eight (25%; 95% CI 13.2–42.1)
survivors and there was no late mor-
tality (mean follow-up 2.8 years).
The incidence of RT for patients

with major thoracic injuries was
effectively halved (P = 0.009) follow-
ing the introduction of the RT
credentialing programme. However,
specific indications for RT did not
exist prior to the study period, so the
RT survival data is not comparative.
Demographic and injury charac-

teristics of patients undergoing RT
are listed in Table 1. There was no
statistically significant difference
between survivors and non-survi-
vors. Blunt trauma represented 23
(72%) cases with a 6 of 23 (26%)
survival rate. Penetrating trauma
represented 9 (28%) cases with a

2 of 9 (22%) survival rate. Variables
associated with survival to hospital
discharge post-intervention are illus-
trated in Figure 2.
Survival was significantly associ-

ated with RT performed ≤30 min
after arrival at the E&TC (odds
ratio 0.09; 95% CI 0.01–0.67) while
RT performed in the setting of trau-
matic cardiac arrest (odds ratio 18.3;
95% CI 2.4–140.4) was significantly
associated with mortality.
There were no patients in the

Study Period who died from cardiac
tamponade who did not have a tho-
racotomy performed. Sixty percent
of RT patients had confirmed car-
diac tamponade.

Discussion
The incidence of RT among patients
with major thoracic trauma at this
adult Australian Level 1 major
trauma centre was low following the
introduction of a programme

targeting ultrasound diagnosis of
pericardial tamponade with early
pericardial decompression and
haemorrhage control by trauma
team members. The survival rate
was 25%. The present study suggests
that the prescribed indications of the
procedure, to be performed in the
setting of cardiac electrical activity,
unresponsive hypotension (SBP
<70 mmHg) and demonstrated posi-
tive pericardial fluid may assist bet-
ter patient selection.
The indications for RT have

become increasingly selective.
Patients presenting in shock and
with penetrating injuries had an
improved survival rates when com-
pared to those without vital signs.13

Algorithms have been developed to
aid clinicians in decision-making and
selection of cases for RT.14 The
reported introduction of a desig-
nated protocol was associated with
improved outcomes (overall survival
rates of 31% vs 8%, P < 0.05)
among patients with penetrating
trauma (45% vs 10%, P < 0.05).
This protocol, introduced in Boston,
USA, eliminated RT in patients pre-
senting with no signs of life and
tended to reduce RT utilisation in
blunt trauma patients.15 Likewise,
with a protocol-based approach
guiding patient selection for emer-
gency thoracotomy up to 2.5 h post-
arrival (based on haemodynamic
cut-offs only), the Adelaide Trauma
Unit reported survival of 66.7% and
23.8% for penetrating and blunt
trauma, respectively.7

The findings of the present study
demonstrate that trained emergency
staff can initiate this procedure and
perform the life-saving interventions of
pericardial decompression and
haemorrhage control while awaiting
the arrival of surgeons with experience
in the management of cardiac and tho-
racic injuries.16 The findings generate
the hypotheses that early RT – prior
to cardiac arrest – may be associated
with improved survival, and further
affirms the need for ongoing training
and credentialing.
However, wide variations in indica-

tions for RT continue to exist among
clinicians.17,18 In 2001, before the
widespread availability of FAST, the
American College of Surgeons

Figure 1. Resuscitative thoracotomy cumulative annual incidence 2001–2016. Survi-
vors in yellow and non-survivors in blue (darker shades indicate new cases in that
year). 1, E&TC Thoracotomy guideline and EP credentialing for ERT January 2008.
2, First thoracotomy lab August 2009 and commencement of study period. The study
period presented in this manuscript is indicated.
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Committee on Trauma recommended
that RT be performed rarely for blunt
trauma due to low survival rates and
poor neurological outcomes.19 More
recent publications, since 2015, have
reported survival rates of 23.8%
among appropriately selected blunt
trauma.7 In European centres, the
reported outcome after RT is
favourable, with one in every four
RTs in the ED surviving.20 Such
recently reported figures are compara-
ble to this current series, where the
blunt trauma survival rate was 26%.
Ultrasound is a rapidly performed,

immediately available, repeatable,
non-invasive and reliable diagnostic

tool. While it has previously been
difficult to determine independent
preoperative factors that predict
mortality,21 FAST scanning is now
emerging as a central tool in the
identification of futile cases and
guiding decision-making. Inaba
et al.,6 in their prospective evaluation
of FAST scanning in RT, observed
that survival was zero in patients
without cardiac motion or pericar-
dial effusion. All survivors and organ
donors had visible cardiac motion.6

Hence, ultrasound allows effective
discrimination of patients who have
the potential to survive RT and may
avoid futile RT. The discriminatory

power of any age cut-off or mecha-
nism of injury were not confirmed
by the present study.
The present study is limited in

being a single institution study of an
uncommon intervention with a small
sample size that precluded detailed
statistical analysis to identify inde-
pendent variables associated with
survival. Unknown confounders,
potential selection bias of patients
with thoracic injury and the lack of
a clear guideline to trigger RT prior
to the 2009 credentialing pro-
gramme did not allow pre- and post-
programme statistical comparison.
Also, while the population was

TABLE 1. Patient demographics

Survivor (n = 8) Dead (n = 24) P-value

Age (years) 0.94

<30 3 6

30–39 2 6

40–59 2 6

≥60 1 6

Minutes to RT after presentation 21 (8–39.5) 9 (3.5–14) 0.19

After-hours presentation 6 10 0.22

Blunt trauma 6 17 0.99

Cause† 0.40

MVC 4 14

Pedestrian 0 2

Fall 1 2

Gunshot/stabbing 3 4

Positive FAST any region 4 11 0.99

FAST positive for pericardial fluids 1 4 0.99

Massive transfusion 7 22 0.99

Thoracic injuries

RV 1 2

LV 1 0

Lung 2 4

Vessels 4 2

Atria 0 2

TBI 2 8 0.99

ISS 42 (33–46.5) 44 (27–52) 0.74

†Excludes two patients injured by other mechanisms. FAST, focused assessment with sonography in trauma; ISS, injury
severity score; LV, left ventricle; MVC, motor vehicle crash; RT, resuscitative thoracotomy; RV, right ventricle; TBI, trau-
matic brain injury.
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heterogeneous in terms of injuries,
ages and comorbidities, the high
major trauma caseload at the study
institution may mean that the inter-
ventions and related outcomes are
not necessarily applicable to other
sites. While a risk–benefit analysis
of the procedure was not feasible,
the findings should be considered in
light of substantial utilisation of
resources and exposure of
healthcare providers to possible
blood-borne infections.22

Conclusions
The introduction of a formal train-
ing and credentialing programme for
EPs, general surgeons and emergency
nurses in ultrasound targeted RT
performed within 30 min of arrival
at a Level 1 adult trauma centre was
associated with low incidence of the
procedure and a comparable mortal-
ity rate to other reported studies.
Among patients who underwent RT,
the presence of cardiac activity on
ultrasound and early performance
were associated with improved out-
comes – and should be strongly con-
sidered as absolute indications
for RT.
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