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ABSTRACT
Objective: To investigate the survival rate and the return of spontaneous circulation (ROSC) in patients who underwent the
resuscitative thoracotomy in the emergency department (EDRT), and determine the difference in survival rate of the patients
who underwent EDRT with and without out of hospital CPR.
Study Design: Observational study.
Place and Duration of Study: Department of Emergency Medicine, Edremit State Hospital, Balıkesir, Turkey between January
2014 and March 2020.
Methodology: Patients who underwent EDRT were included. Post-CPR ROSC success and 6-month survival were determined as
the study endpoints. Categorical data were compared using the Chi-square test so expressed as frequency and percentage, and
continuous parametric data were expressed as mean ± standard deviation (SD).
Results: Twenty-seven patients were included in the study. The 6-month survival was 51.9% for all patients, and ROSC was
achieved in 61.1% of patients requiring CPR. Comparing patients with and without out of hospital CPR, survival was observed in
16.7% and 80%. ROSC success was observed in 50% of patients who needed out of hospital CPR, while 83.3% for the patients
with in-hospital cardiac arrest. The survival rate was 33.3% in gunshot and 80% in stab-wound injuries. Survival did not occur in
patients with blunt trauma.
Conclusion: Performing EDRT increases the survival in penetrating injuries, especially in stab-wounds. Patients gain time for an
advanced intervention. Furthermore, EDRT provides life guardians time to assess for organ donation when death is inevitable.

Key Words: Blunt trauma, Cardiac arrest, CPR, Emergency thoracotomy, Gunshot injury; Organ donation, Resuscitation, Resuscitative
thoracotomy, Stab-wound injury; Trauma resuscitation.
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INTRODUCTION

According to 2019 data from the World Health Organisation
(WHO), the second most common cause of death was trauma.1

Multidisciplinary trauma hospitals and trauma teams are known
to reduce mortality and morbidity in trauma resuscitation.2 In
recent years, the importance of a focused approach in identify-
ing  the underlying cause of trauma with rapid multidisciplinary
interventions has been emphasised in cardiopulmonary resusci-
tation (CPR), especially in trauma patients.3 MacKenzie et al.
compared the mortality results of trauma patients treated in
trauma centres and non-trauma centres. They reported that the
mortality rate was 25% lower in trauma centres.4
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Demetrios et al. reported that the second most common cause
of  in-hospital  death  was  haemorrhagic  shock  in  patients
admitted to the hospital after trauma. They also reported that
deaths due to haemorrhagic shock usually occurred within the
first 6 hours. They observed that mortality rates decreased after
bleeding control with early surgical intervention.5

Levitsky et al. in the Vietnam War, reported that emergency
thoracotomy was life-saving in soldiers with gunshot wounds,
and recommended that thoracotomy could be performed in the
Emergency  Department  in  patients  who had  signs  of  life  in
gunshot injuries but do not have a pulse.6,7 Over the time, the
life-saving effect of the emergency department resuscitative
thoracotomy (EDRT) has been proven, and early surgical inter-
vention in the Emergency Department (ED) is on the way to be
the main resuscitative approach in trauma patients. It is clear
that the standard CPR approach is insufficient for severe life-
threatening situations, such as tension pneumothorax, cardiac
injury, major vascular injury and cardiac tamponade.8 Both the
importance of the trauma team in post-traumatic resuscitation
and the EDRT in life-threatening thoracic injuries have been
emphasised in recent years.9
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The aim of the study was to investigate the survival rate of
patients  who  underwent  EDRT in  a  secondary  hospital.  The
secondary aim was to investigate survival rate in patients and
determine  the  ROSC  success  due  to  EDRT  in  patients  who
needed CPR.

METHODOLOGY
The study was planned as an observational retrospective study,
with analysis of the data from patients who underwent EDRT at
Edremit State Hospital, Balıkesir, Turkey between January, 2014
and  March,  2020.  The  patients  included  in  the  study  were
sourced  from  the  Hospital  Information  Management  System
(HBYS) database by scanning the diagnosis codes that contained
thoracotomy.  The  analysed  data  were  collected  by  checking
HBYS database. The 6-month survival  status of patients who
were discharged or transferred to another hospital was obtained
from their follow-up files or phone numbers registered in the
HBYS.

The ambulance service notified the ED by a phone call when trans-
porting a patient with life-threatening conditions, such as injuries
from  shooting,  stabbing,  traffic  accident  and  falling  from
dangerous heights or for cases requiring CPR. This phone call
provided time for the ED team to prepare intervention in a timely
and appropriate manner. During the period of inclusion in the
study, there was no cardiovascular surgeon (CVS) in the hospital
where the study was conducted. Thoracotomies were performed
in the ED resuscitation room by an experienced thoracic surgeon
in the presence of an emergency physician. After primary life-
saving repair, the remainder of the operation was continued in
the operating room for patients with ROSC. Patients who had
ROSC and needed cardiovascular surgery after primary surgical
intervention were referred.

Age, gender, mechanism of trauma, localisation of injury, out of
hospital CPR necessity, in-hospital CPR necessity, Glasgow coma
score (GCS) upon arrival at the hospital, whether patients  in
necessity of out of hospital CPR could be provided with ROSC,
referral  requirement,  6-month survival,  6-month neurological
performance  and  organ  donation  status  information  were
obtained via the HBYS database.

Patients were divided into 3 groups, according to the mechanism
of trauma. These groups were identified as stab wound injuries,
gunshot injuries, and blunt trauma. Patients were divided into 4
groups  according  to  the  localisation  of  the  cardiac  injury;
ventricle, atrium, great vessels and ventricular injury, accom-
panied by coronary artery injury.

Current ATLS guidelines were used as a guide to determine the
indications and contraindications. EDRT was performed under
Emergency  Department  conditions  to  patients  with  thoracic
trauma, who had no pulse and rhythm, who had out of hospital
CPR for less than 5 mins and for unstable patients with hypoten-
sive shock. Pupillary reactivity, motor activity and respiratory
effort were used as sign of life when deciding whether to perform
EDRT in patients with cardiac arrest. EDRT was not performed in
patients with signs of traumatic brain injury or without signs of
life.

A standard thoracotomy set that was kept in the ED resuscitation
room was used for the EDRT. Technically, thoracotomy incision
was made on the right, left or both sides, depending on the area of
​​injury. An approximately 20-cm long incision was made through
the sixth intercostal space, and the ribs were opened with the
help of a chest retractor. In patients, who underwent CPR before
thoracotomy, internal cardiac massage was done after the thora-
cotomy incision. If shockable rhythm was obtained, defibrillation
was performed with an external defibrillator.

Statistical analysis was performed using IBM SPSS Statistics
26.0  (Chicago,  IL).  Categorical  data  were  expressed  as
frequency  and  percentage  and  compared  using  Chi-square
test. Continuous parametric data were expressed as mean ±
standard deviation (SD). As a result of the analysis, when the
smallest theoretical frequency value was less than 5, Fisher's
Exact test result was reported. In larger than 2x2 cross tables,
Fisher-Freeman-Halton Exact test was used as an alternative
for tables where the expected value was less than 5 and the
number of cells exceeds 20% of the total number of cells. Fish-
er-Freeman-Halton Exact test is a generalized version of the
Fisher Exact test for RxC tables10. A p-value less than 0.05 was
considered statistically significant.

RESULTS

A total of 27 EDRT cases were performed in the specified period.
All 27 patients were included in the study. Two (7.4%) of the
patients were females, and 25 (92.6%) were males. The mean
age of the patients was 32.30 ± 15.25 (range 14-67) years. In
terms of gender, survival was 52% in men and 50% in women
(Table  I).  The  6-month  survival  was  51.9%  and  ROSC  was
achieved in 61.1% of patients who underwent CPR. No neurolog-
ical deficit was observed in any of the patients with a 6-month
survival. The comparison of the variables in terms of 6-month
survival is given in Table I, and the comparison in terms of ROSC
is given in Table II.

When evaluated according to the mechanism of injury, there
were six blunt trauma cases, six gunshot cases and 15 stab--
wound cases. All blunt trauma and gunshot patients needed
CPR. In stab-wound injuries, six (40%) of the patients required
CPR  (Table  III).  In  blunt  injuries,  none  of  the  six  patients
survived, but two patients (33.3%) achieved ROSC after EDRT.
The survival rate was 33.3% in gunshot injuries, and the ROSC in
gunshot cases was 66.7%. Although the survival rate was 80%
in stab-wound injuries while the ROSC success rate was 83.3%
after EDRT (Table I and II). When the injury mechanism was
investigated in terms of survival, the p-value was determined as
0.002 (Table I), while the p value was 0.35 (Table II) when the
injury mechanism was investigated in terms of ROSC.

When analysis according to the location of the major injury, 13
cases were in the ventricle, two cases were in the atrium, 10 in
the great vessels and two were in the coronary artery (left ante-
rior descending artery) for wounds accompanying ventricular
injury. Survival was 61.5% for ventricular injuries, 100% in atrial
injuries, 20% in great vessel injuries, and 100% in ventricular
injury accompanied by coronary artery injury.
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Table I: Characteristics of the patients undergoing EDRT in terms of survival.

Variables Category 6 months survival for all patients (n=27)
Deaths Survivors p-value

All patients 13 (48.1%) 14 (51.9%)  

Gender Male 12 (48%) 13 (52%)  
>0.999*Female 1 (50%) 1 (50%)

Mechanism of injury
Blunt 6 (100%) 0 (0%)  

0.002**Gun Shot 4 (66.7%) 2 (33.3%)
Stab-wound 3 (20%) 12 (80%)

Location of major injury

Ventricle 5 (38.5%) 8 (61.5%)
 
0.02**

Atrium 0 (0%) 2 (100%)
Great vessels 8 (80%) 2 (20%)
Ventricle + Coronary 0 (0%) 2 (100%)

Out of hospital CPR Necessary 10 (83.3%) 2 (16.7%)  
0.001Not-necessary 3 (20%) 12 (80%)

Referred to an AC Yes 2 (40%) 3 (60%) >0.999*No 11 (50%) 11 (50%)
CPR: Cardiopulmonary resuscitation, ROSC: Return of spontaneous circulation, EDRT: Resuscitative thoracotomy in the emergency department, AC: Advanced
centre. *p-value of Fisher's Exact Test. **p value of Fisher-Freeman-Halton Exact test.

Table II: Characteristics of the patients undergoing EDRT after CPR in terms of ROSC.
  ROSC in patients undergoing CPR before EDRT (n=18)
Variables Category ROSC (-) ROSC (+) p value
All patients 7 (38.9%) 11(61.1%)  

Gender Male 6 (37.5%) 10 (62.5%)  
>0.999*Female 1 (50%) 1 (50%)

Mechanism of injury
Blunt 4 (66.7%) 2 (33.3%)  

0.350**Gun Shot 2 (33.3%) 4 (66.7%)
Stab-wound 1 (16.7%) 5 (83.3%)

Location of major injury

Ventricle 2 (33.3%) 4 (66.7%)
 
0.868**

Atrium 0 (0%) 1 (100%)
Great vessels 5 (50%) 5 (50%)
Ventricle + Coronary 0 (0%) 1 (100%)

CPR Out of hospital 6 (50%) 6 (50%) 0.316*In-hospital 1 (16.7%) 5 (83.3%)
CPR: Cardiopulmonary resuscitation, ROSC: Return of spontaneous circulation, EDRT: Resuscitative thoracotomy in the emergency department. *p-value of
Fisher's Exact Test. **p-value of Fisher-Freeman-Halton Exact test.

Table III: Characteristics of patients undergoing CPR.

Variables Category CPR status for all patients (n = 27)
Out of hospital CPR In-hospital CPR CPR not performed p-value

All patients 12 (44.4%) 6 (22.2%) 9 (33.3%)  

Gender Male 10 (40%) 6 (24%) 9 (36%) 0.487**Female 2 (100%) 0 (0%) 0 (0%)

Mechanism of injury
Blunt 4 (66.7%) 2 (33.3%) 0 (0%)

0.008**Gun Shot 5 (83.3%) 1 (16.7%) 0 (0%)
Stab-wound 3 (20%) 3 (20%) 9 (60%)

Location of major injury

Ventricle 5 (38.5%) 1 (7.7%) 7 (53.8%)

0.02**Atrium 1 (50%) 0 (0%) 1 (50%)
Great vessels 6 (60%) 4 (40%) 0 (0%)
Ventricle + Coronary 0 (0%) 1 (50%) 1 (50%)

Referred to an AC Yes 1 (20%) 2 (40%) 2 (40%) 0.468**No 11 (50%) 4 (18.2%) 7 (31.8%)
CPR: Cardiopulmonary resuscitation, EDRT: Resuscitative thoracotomy in the emergency department, AC: Advanced centre. *p value of Fisher's Exact
Test.**p value of Fisher-Freeman-Halton Exact test.

When evaluated according to the success of ROSC in patients
who needed CPR, the ROSC success rate was 66.7% in ventric-
ular  injuries,  100%  in  atrial  injuries,  50%  in  great  vessel
injuries and 100% in coronary artery injuries accompanying
ventricle injury (Table I, Table II).  Regarding survival, the p-
value was found to be 0.02 for the risk attributed to the loca-
tion of major injury (Table I). On the other hand, regarding
ROSC, the p-value was found to be 0.868 (Table II).

When  the  relationship  between  out  of  hospital  CPR  and
survival was investigated, the survival was 16.7% for patients

who underwent out of hospital CPR and 80% for patients who
did not need out of hospital CPR (p=0.001, Table I).

ROSC was compared for patients with out of hospital cardiac
arrest  or  in-hospital  cardiac  arrest.  ROSC  success  was
observed in 50% of patients who needed out of hospital CPR
before EDRT, while ROSC success was observed in 83.3% of
patients  whose  spontaneous  circulation  was  lost  in  the
hospital (p=0.316, Table I).

When  evaluated  in  terms  of  the  need  for  an  advanced
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centre, five patients needed an advanced centre after EDRT
and were referred. Survival in these patients was 60% (Table
I). One of these patients received out of hospital CPR and
two required in-hospital CPR (Table III).

DISCUSSION

Although resuscitative thoracotomy was described by Schiff
in 1874, Beall et al. published their paper in 1967 in which
they argued that thoracotomy should be performed in the
ED  for  resuscitation  of  patients  with  penetrating  chest
trauma.11,  12  EDRT  can  be  a  life-saving  procedure  when
performed by a qualified surgeon in the presence of indica-
tions. The principles of EDRT were laid down in 2004 by the
American  College  of  Surgeons  Committee  on  Trauma.8

Advanced trauma life support (ATLS) emphasised the impor-
tance of EDRT on all updates from 2004 onwards.

In  cases  with  cardiac  arrest  after  penetrating  and  blunt
trauma,  ATLS  2018  guidelines  reported  that  the  EDRT
increased  survival  by  a  minimum of  10% at  specialised
centres. It was recommended that ‘emergency resuscitative
thoracotomy’  should  be  performed  in  the  ED  by  qualified
thoracic surgeons in patients presenting with post-traumatic
arrest.9

EDRT indications for penetrating thoracic trauma were deter-
mined  as  suffering  cardiac  arrest  in  the  ED,  confirmed
cardiac  injury  in  traumatic  arrest  patients,  hypotensive
patients  (SBP  <60)  despite  fluid  resuscitation,  in-hospital
traumatic cardiac arrest with documented cardiac activity
prior  to  admission  and  a  maximum of  5  min  of  out  of
hospital CPR. EDRT indications for blunt thoracic trauma are
defined as witnessed cardiac arrest in ED and rapid bleeding
of more than 1500 ml from the chest tube.9 Furthermore,
2018 ATLS guideline recommends performing EDRT in cases
where spontaneous circulation does not return with CPR9. If
CPR time is longer than 5 minutes for blunt trauma and 15
minutes for penetrating trauma, thoracotomy is contraindi-
cated with a stipulation of no signs of life.13

Peter et al. analysed the survival rates of emergency thoraco-
tomies over a period of 25 years and reported the survival
rates as 1.4% for blunt injuries, 16.8% for stab wounds, and
4.3% for gunshot wounds.14 In a meta-analysis published by
Seamon et al. in 2015, survival rate was reported as 10.6%
considering all  penetrating thoracic traumas. In the same
meta-analysis, survival was reported as 2.3% for all blunt
thoracic traumas.15 In a study published in 2020, where 17
cases of EDRT were reported in a trauma centre between
2006 and 2018, 1-year survival was reported only for one
patient.16

Thoracotomy can be performed in selected cases by experi-
enced surgeons even out of hospital. In a study of 33 cases,
who  underwent  out  of  hospital  emergency  thoracotomy,
spontaneous  circulation  was  restored  in  nine  patients

(27.2%).  One case survived without  neurological  damage
and was discharged from the hospital.17 In this study, one
reason explaining the high overall  survival  rate was that
EDRT was performed to patients without allowing cardiac
arrest.  Although  survival  is  less  in  out  of  hospital  CPR
patients, it is at a significant level (16.7%). The effect of out
of hospital CPR length on EDRT success has been known
since 1992.18  Studies comparing patients who had out of
hospital CPR less than 5 minutes and patients who did not
need CPR are not common in the literature. In the current
study population, 12 patients needed out of hospital CPR
whereas 15 patients did not need out of hospital CPR. While
survival was 16.7% in patients who needed out of hospital
CPR, it was 80% in patients who did not need out of hospital
CPR. ROSC success was observed in 50% of patients with out
of hospital CPR and 83.3% of patients who need in-hospital
CPR. These findings demonstrate the negative effect of CPR
length on ROSC success and are consistent with the litera-
ture.

Generally, for the reported cases survival and ROSC success
rates  (51.9%  and  61.1%,  respectively)  were  quite  high
compared to the studies in the literature. The fact that stab--
wound injury cases were in the majority in this study is one
explanation for this effect. The authors believe that the appli-
cation of indications and contraindications with strict rules
and not performed EDRT to patients with CPR longer than 5
minutes or to patients with no signs of life were the crucial
reasons for achieving these high success rates. Survival is
significantly  lower  (16.7%–80%)  in  patients  who  have  had
out of hospital CPR, even if CPR was performed for less than
5 minutes compared to those who did not need CPR. In addi-
tion, informing the ED during transportation of the patients
with severe trauma made fast and early EDRT possible.

When evaluated according to the mechanism of injury, there
was  no  survival  in  blunt  trauma.  This  finding  is  consistent
with the literature.13,14  When the localisation of injury was
examined in six patients who underwent EDRT due to blunt
trauma, large vessel injuries were observed in all patients.
This  finding  may  help  explain  the  high  mortality  rates  in
blunt  trauma.

Survival  was  observed  in  two  patients  with  great  vessel
injuries, one was injured by a gunshot and the other by a
stab-wound. The gunshot case was an injury that occurred
inside the hospital. The other stab-wound case occurred in
an area close to  the hospital.  The survival  of  these two
patients with great vessel injuries, who had the chance to
receive very early  medical  intervention,  shows that  early
EDRT  increases  survival  even  in  great  vessel  injuries,
revealing the importance of early intervention. As a matter
of fact, there are countries where out of hospital thoraco-
tomy is started at the scene, and it is obvious that organisa-
tions that make early intervention possible should become
widespread.
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In this study, stab-wound injuries had a survival rate of 80%,
whereas  ROSC  success  was  83.3% after  EDRT.  Previous
studies have also reported that stab-wound injuries have a
higher survival rate after EDRT compared to gunshot and
blunt injuries.19

EDRT provided time for five patients who needed treatment
at an advanced centre and resulted in the survival of three
of them.

The hospital where the study was conducted is a secondary
hospital  of  a  county  with  a  population  of  155,000.  This
hospital is not a trauma centre with extensive facilities, and
it  is  approximately  1.5 h away from the nearest  tertiary
hospital by ambulance. Although it is not a trauma hospital,
it was organised in a manner similar to a trauma team in
terms of early intervention for patients who may have an
indication  for  EDRT.  Patients  in  need  of  cardiovascular
surgery  are  referred  after  the  primary  intervention,  and
EDRT is important in terms of saving time for the patients. It
is also important that this study was a successful exception
to the de-facto acceptance that EDRT can only be done in
trauma centres.

In  this  study,  one  patient  suffered  hypoxic  brain  injury.  He
survived for 20 days. After the decision of brain death, the
life guardians provided the consent for organ donation. In
addition to being a life-saving intervention, EDRT gives the
life guardians time to assess the need for organ donation
when death is unavoidable.  Schrüniger et al.  published a
study in 2010 and reported that 11 of 263 patients who
underwent EDRT were potential organ donors due to brain
death.20

The mechanism with the highest survival after EDRT is stab--
wound injuries. When analysed according to injury localisa-
tion, the survival rate was found highest in patients with a
ventricular  injury.  Survival  was  observed to  be  higher  in
those  who  did  not  require  out  of  hospital  CPR.  Training
programmes of clinicians, especially emergency specialists',
should be organised in order to disseminate the EDRT prac-
tice.  It  should  be  kept  in  mind  that  EDRT  will  increase
survival in penetrating injuries, especially in stab-wounds.

The fact that the data is obtained from the records and the
planning cannot be done, is an important disadvantage of
retrospective studies. The number of cases may not be very
high in diseases or interventions with rare incidence.

CONCLUSION

With the dissemination of training for EDRT and with encour-
agement  that  it  can  be  performed  in  smaller  hospitals
without  trauma  centres,  EDRT  will  be  life-saving  both
directly and indirectly by increasing the number of organ
donors. It should not be forgotten that early and rapid inter-
vention will be life-saving.
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