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Abstract
Background An emergency department thoracotomy (EDT) is performed in critically injured patients after a recent or in an 
imminent cardiac arrest following trauma. Emergent thoracotomy (ET) or operation room thoracotomy is reserved for more stable 
patients. However, the number of these interventions performed in an European settings is limited. Thus, we initiated the current 
study to investigate outcomes and risk factors for mortality of patients required EDT or ET at the largest trauma center in Estonia.
Methods All patients admitted after trauma to the North Estonia Medical Centre between 1/1/2017 and 31/12/2021 subjected 
to EDT or ET were included. Primary outcome was 30-day mortality.
Results Overall, 39 patients were included. EDT and ET were performed in 16 and 23 patients, respectively. Median age 
was 45 (33–53) years and 89.7% were males. The crude 30-day mortality was 56.4% being 87.5% and 34.8% in the EDT 
and ET group, respectively. None of the patients with pre-hospital CPR requirement, severe head injury (AIS head ≥ 3) or 
severe abdominal injury (AIS abdomen ≥ 3) survived. All the patients in the survival group had signs of life in the emergency 
department. The rate of stab wounds was significantly higher in the survival group (p = 0.007). Patients with CGS < 9 had 
significantly lower possibility for survival (p < 0.001).
Conclusions EDT and ET outcomes in Estonian trauma system are comparable to similar advanced trauma systems in Europe. 
Patients with GCS > 8, signs of life in the ED and with isolated penetrating chest injury had the most favorable outcomes.
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Introduction

An emergency department thoracotomy (EDT) is performed 
in critically injured patients after a recent or in an imminent 
cardiac arrest following trauma. Emergent thoracotomy (ET) 
or operation room thoracotomy is reserved for more stable 
patients sustaining transport to an operating room. However, 
less than 5% of patients with blunt trauma and only about 
20% of patients with penetrating injuries require thoracotomy; 
thus, the number of these interventions performed in an Euro-
pean settings is limited [1]. We initiated the current study to 

investigate outcomes and risk factors for mortality of patients 
required EDT or ET at the largest trauma center in Estonia 
and compare outcomes with recent studies from other Euro-
pean trauma centers. We hypothesized that our outcomes are 
comparable to outcomes in similar European trauma systems.

Materials and methods

After the Research Ethics Committee approval, all patients 
admitted after trauma to the North Estonia Medical Centre 
(NEMC) between 1/1/2017 and 31/12/2021 subjected to EDT 
or ET were included using the NEMC trauma repository. 
EDT was defined as a left-sided anterolateral or a clamshell 
thoracotomy performed in the emergency department (ED) 
for the patients in an imminent or a recent cardiac arrest due 
to trauma. ET was defined as a thoracotomy performed for 
trauma patients in an operating room during the first 24 h after 
admission to the emergency department. Patients subjected 
to sternotomy were excluded. Signs of life were defined as a 
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pupil reaction, spontaneous breathing, carotid pulse, measura-
ble or palpable pulse, movement of extremities and/ or cardiac 
electrical activity on admission to the ED [2]. EDT indica-
tions at the study site followed the Western Trauma Associa-
tion guidelines to perform EDT including CPR time less than 
15 min for penetrating torso injuries, less than 10 min for 
blunt trauma and less than 5 min for extrathoracic penetrat-
ing injuries [3]. Due to an aggressive management policy at 
the study site, occasional EDT was performed, while CPR 
time exceeded the suggested time frame by Western Trauma 
Association. Likewise, ET classical indications were utilized 
including hemorrhagic shock, immediately > 1000 ml blood 
from the chest tube, ongoing blood loss of 150–200 ml per 
hour from the chest tube or a massive air leak with respiratory 
failure. Also, rib fixations performed during the first 24 h after 
admission were included.

Pre-hospital thoracotomies were not performed in our 
trauma system during the study period.

All the acute care general surgeons on call have passed 
the Advanced Trauma Life Support (ATLS), Advanced Sur-
gical Skills for Exposure in Trauma (ASSET) and Definitive 
Surgical Trauma Care (DSTC) courses. Also, most of the 
general surgeons taking trauma calls have practiced in large 
trauma centers in South Africa or USA.

Data collection included demographics, management, 
hospital length of stay (HLOS), abbreviated injury scale 
(AIS), injury severity score (ISS), revised trauma score 
(RTS), 30-day mortality, expected mortality per TRISS 
score and standardized mortality ratio (SMR; ratio of 
observed deaths to predicted deaths per TRISS).

Primary outcome was 30-day mortality. Secondary out-
comes were risk factors for mortality.

Data were collected using the REDCap system (Van-
derbilt, USA). The p values for continuous variables were 
derived from the Student’s t test or the Mann–Whitney U 
test, and for categorical variables, the Fisher’s exact test was 
utilized (two-tailed probability was obtained by doubling the 
exact one-tailed probability). Values are reported as median 
and interquartile range (IQR) for continuous variables or as 
a number and percentage for categorical variables. All sta-
tistical analyses were performed with the R-program version 
3.3.2 (R Foundation, Vienna, Austria).

Results

In total, 39 patients met the inclusion criteria. EDT and ET 
were performed in 16 and 23 patients, respectively. 93.8% 
(n = 15) of the EDTs were performed by acute care general 

Table 1  Demographic profile 
and outcomes of all patients

Significant differences (p value < 0.05) are shown in bold
CCI Charlson comorbidity index, ED emergency department, RTS revised trauma score, AIS abbreviated 
injury scale, ISS injury severity score, HLOS hospital length of stay, ICU-LOS intensive care unit length of 
day, SMR standardized mortality ratio
a Expected mortality per TRISS score
b 30-day crude mortality-expected mortality (30-day crude mortality/expected mortality)

Overall
n = 39

EDT
n = 16

ET
n = 23

p value

Age (median) 45 (33–53) 44 (35–53) 45 (29–52) 0.723
Male 89.7% (35) 81.3% (13) 95.7% (22) 0.357
Penetrating injury 56.4% (22) 37.5% (6) 69.6% (16) 0.096
CCI > 0 35.9% (14) 25.0% (4) 43.5% (10) 0.400
Anticoagulants regularly 10.3% (4) 12.5% (2) 8.7% (2) 1.00
Signs of life in ED 82.1% (32) 56.3% (9) 100% (23) 0.001
RTS (median) 2.6 (1.0–7.1) 1.2 (0–1.8) 6.1 (2.0–7.8) 0.001
AIS head ≥ 3 17.9% (7) 43.8% (7) 0 0.001
AIS chest ≥ 3 89.7% (35) 100% (16) 82.6% (19) 0.215
AIS abdomen ≥ 3 15.4% (6) 25.0% (4) 8.7% (2) 0.348
AIS pelvis and extremity ≥ 3 20.5% (8) 37.5% (6) 8.7% (2) 0.074
ISS (median) 25 (16–34) 37.5 (27–54) 16 (15–25)  < 0.001
Cardiac injury 48.7% (19) 43.8% (7) 52.2% (12) 0.848
HLOS (median) 3 (0–8) 0 (0–1) 7 (3–10) 0.007
ICU-LOS (median) 1 (0–3) 0 (0–1) 2 (1–4) 0.040
Expected  mortalitya 56.3% 87.0% 34.9%
30-day crude mortality 56.4% (22) 87.5% (14) 34.8% (8) 0.002
Difference (SMR)b 0.1 (1.01) 0.5 (1.01) -0.1 (1.00)
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surgeons on call and 6.2% (n = 1) by thoracic surgeons on 
call. Seven (30.4%) and sixteen (69.6%) of the ETs were 
performed by acute care general surgeons and thoracic sur-
geons, respectively. Table 1 depicts demographics and out-
comes of all patients. The vast majority of the patients were 
males. Penetrating injuries constituted 56% of the cases. All 
the patients admitted to the operating room for ET had signs 
of life in the ED. Median RTS was significantly lower and 
median ISS significantly higher in the EDT group. The crude 
30-day mortality was 56.4% (survival rate 43.6%) being 
87.5% and 34.8% in the EDT and ET group, respectively. 
Overall, in the EDT and ET group the predicted mortal-
ity rate per TRISS and crude 30-day mortality were almost 
identical.

Overall 30-day crude mortality after penetrating inju-
ries was 45.5% being 83.3% and 31.3% after EDT and ET, 
respectively. After blunt injuries overall mortality was 70.6% 
being 90.0% and 42.9% after EDT and ET, respectively.

In total, the main cause of death was hemorrhagic shock, 
multiple organ failure and brain injury at 59.1%, 31.8% and 
9.1% of the deceased patients, respectively.

Overall, most frequent mechanisms of injury were stab 
wounds (SW) followed by gunshot wounds (GSW) and 
motor vehicle accidents (Table 2). GSW was the most com-
mon mechanism of injury in the EDT group.

Overall, 92.3% of the patients had thoracic injuries being 
most often injured region. Most frequent injuries in the chest 
region were cardiac injuries (48.7%), lung injuries (43.6%) 
and rib fractures (38.5%). Most frequent vascular injuries in 
the thoracic region were intercostal artery lesion (10.3%), 
internal thoracic artery injury (10.3%) and thoracic aortic 
injury (5.1%).

Indications for ET were hemorrhagic shock in 52.2%, car-
diac tamponade in 30.4%, a massive air leak in 13.0% (sub-
jected to rib fixation during the first 24 h after admission) 
and ongoing bleeding from a chest tube in 4.3% of the cases.

Table 3 compares demographic and injury profiles of the 
patients who survived vs. deceased. None of the patients 
who required pre-hospital CPR survived, and all the sur-
viving patients had signs of life in the ED (Fig. 1). Median 
CPR time for patients requiring CPR and received EDT was 
14 min. The rate of stab wounds was significantly higher 
in the survival group, and penetrating injuries overall were 
associated with a significant trend (p = 0.055) toward higher 
rate of survival. Only one patient who required laparotomy 
survived. All the patients with severe head and/or abdominal 
injuries deceased.

Two patients in the EDT group survived with survival 
rate at 12.5%. Both of the patients were neurologically 
intact at discharge from hospital. Mechanism of injury was 
GSW in one survivor and auto vs. pedestrian in the second 
survivor; thus, survival rate after blunt injuries and pen-
etrating injuries was 10.0% and 16.7%, respectively. Both 
of the survivors had signs of life in the ED, and they did 
not require pre-hospital CPR. The patient with GSW had a 
left innominate vein and lung injury. The second survivor 
had bilateral multiple rib fractures with flail chest on both 
sides, bilateral lung lacerations, blunt cardiac injury, splenic 
injury and unstable pelvic injury (Tile C). Left anterolateral 
thoracotomy and clamshell thoracotomy were performed for 
81.2% and 18.8% patients in the EDT group, respectively. 

Table 2  Mechanism of injuries

Significant differences (p value < 0.05) are shown in bold

Overall
n = 39

EDT
n = 16

ET
n = 23

p value

Stab wound 43.6% (17) 12.5% (2) 65.2% (15) 0.002
Gunshot wound 12.8% (5) 25.0% (4) 4.3% (1) 0.160
Motor vehicle acci-

dent
10.3% (4) 12.5% (2) 8.7% (2) 1.00

Bicycle accident 7.7% (3) 6.3% (1) 8.7% (2) 1.00
Auto vs. pedestrian 7.7% (3) 18.8% (3) 0 0.122
Fall from height 7.7% (3) 18.8% (3) 0 0.122
Motorcycle accident 5.1% (2) 6.3% (1) 4.3% (1) 1.00
Other 5.1% (2) 0 8.7% (2) 0.682

Table 3  Comparison of survived and deceased patients

Significant differences (p value < 0.05) are shown in bold
CCI Charlson comorbidity index, CPR cardiopulmonary resuscita-
tion, ED emergency department, GCS Glasgow Coma Scale, RTS 
revised trauma score, AIS abbreviated injury scale, ISS injury severity 
score

Survived
n = 17

Deceased
n = 22

p value

Age (median) 46.0 (32–54) 40.5 (33–52) 0.632
Male 94.1% (16) 86.4% (19) 0.814
Penetrating 76.5% (13) 40.9% (9) 0.055
Stab wound 70.6% (12) 22.7% (5) 0.007
Anticoagulants 11.8% (2) 9.1% (2) 1.00
CCI > 0 41.2% (7) 31.8% (7) 0.786
Pre-hospital CPR 0 68.2% (15)  < 0.001
Signs of life in ED 100% (17) 68.2% (15) 0.022
Emergent thoracotomy 88.2% (15) 36.4% (8)  < 0.001
Laparotomy 5.9% (1) 40.9% (9) 0.028
GCS < 9 23.5% (4) 90.9% (20)  < 0.001
RTS (median) 7.1 (5.9–7.8) 1.1 (0–2.1)  < 0.001
AIS head ≥ 3 0 31.8% (7) 0.022
AIS chest ≥ 3 94.1% (16) 86.4% (19) 0.814
AIS abdomen ≥ 3 0 27.3% (6) 0.045
AIS pelvis and extremity ≥ 3 5.9% (1) 31.8% (7) 0.104
ISS (median) 16 (16–25) 28 (25–43) 0.001
Cardiac injury 58.8% (10) 40.9% (9) 0.431
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Half of the patients (n = 8) deceased in the ED due to cardiac 
arrest secondary to hemorrhagic shock, and other were taken 
to the operating theatre after the EDT. Six of the patients 
deceased in the ICU secondary to MOF. Table 4 compares 
survivors and deceased patients after EDT. Pre-hospital CPR 
requirement showed a trend toward higher possibility for 
death (p = 0.166).

Discussion

EDT and ET are potentially life-saving surgical efforts in 
critically injured trauma victims with a limited experience 
in the European settings. Thus, we initiated the current study 
to add valuable and recent data from an evolving Estonian 
trauma center.

Table 5 includes recent studies (published between 
2012 and 2022) reporting outcomes of both EDT and ET 
following blunt and penetrating injuries from European 
trauma centers [4–9]. The prevalence of these interven-
tions is rather low in all of the studies with largest cohort 
being investigation by Lustenberger and colleagues from 
Switzerland including 121 cases [4]. Overall survival 
rates reported range between 17 and 59%; however, there 
is significant heterogeneity between the available studies. 
Survival rate in our study was 44% being in the middle 
of the outcomes range compared to other reports [4–9]. 
Most frequent factors related to survival benefit per the 
reports from the European trauma centers including our 
study are penetrating injury, GCS > 8 on arrival, signs 
of life in the ED and lower ISS [4, 5, 9]. Likewise, we 
observed that none of the patients with severe abdominal 
injury, severe head injury or pre-hospital CPR survived. 
Penetrating injuries constituted 19–64% of the cases being 
predominately stab wounds [4–9]. Our penetrating injury 
rate is rather high at 56% (Table 2). Thus, we conclude that 
the typical patient with best possibility for survival would 

be patient having penetrating trauma with isolated chest 
injury and signs of life on arrival to the ED.

Survival rate after EDT was 12.5% in our study being 
10.0% after blunt injuries and 16.7% after penetrating 
trauma. Despite the rather low number of EDT cases 
(n = 16) the pre-hospital CPR requirement still showed a 
significant trend toward negative outcome (Table 4). In our 
study none of the patients requiring prehospital CPR sur-
vived. A large study utilizing the TraumaRegister  DGU® 
reported survival rate of 4.8% and 20.7% after blunt and 
penetrating injuries, respectively [10]. This study also 
found that CPR requirement resulted in worse outcome. 
Large studies from USA found that independent risk fac-
tors for survival are age < 60 years, penetrating mecha-
nism of injury, no pre-hospital CPR and signs of life in 
the ED [11, 12]. Most of the survivors were between 20 
and 49 years old. Outcomes after EDT for blunt trauma 
patients without signs of life are dismal with survival rate 
of 0.7% and neurologically intact survival rate of 0.1% 
[13]. These results raise a question that should we abandon 
the EDT in older patients with major blunt injury pat-
terns and no signs of life in the ED? Per our reported data 
observing minimal chance of survival in these selected 
patients our trauma system is prepared to continue with an 

Fig. 1  Flowchart showing all 
included patients divided per 
mechanism of trauma and 
depicting outcomes of patients 
with signs of life and no signs 
of life at ED admission. SOL 
signs of life at ED admission

Table 4  Comparison of survived and deceased patients required 
emergency department thoracotomy

CPR cardiopulmonary resuscitation, ED emergency department, GCS 
Glasgow Coma Scale

Survived
n = 2

Deceased
n = 14

p value

Pre-hospital CPR 0 78.6% (11) 0.166
Signs of life in the ED 100% (2) 50.0% (7) 1.00
Penetrating injury 50% (1) 35.7% (5) 1.00
Age < 60 years 100% (2) 85.7% (12) 1.00
GCS < 9 50% (1) 100% (14) 0.25
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aggressive resuscitation policy due to occasional survivors 
and the low prevalence of EDT and ET that does not bur-
den the trauma system. Nevertheless, selection of appro-
priate patients is a very controversial subject and every 
hospital designs their respective management strategy.

Furthermore, it is of paramount importance to improve 
the EDT and ET outcomes. In our trauma setting, all the 
acute care surgeons taking calls have passed the ATLS, 
ASSET and DSTC courses. Also, a large proportion of 
the acute care surgeons staffing trauma calls in our trauma 
center are instructors on abovementioned educational 
instruments. Thus, the training component is an integral 
component of our trauma facility. Also, we are currently 
improving our transfusion policy by initiating a full blood 
transfusion protocol for massively bleeding trauma vic-
tims to further improve outcomes of these severely injured 
patients.

The resuscitative endovascular balloon occlusion of aorta 
(REBOA) is a promising avenue for patients with non-com-
pressible torso hemorrhage; however, variability in indi-
cations and patient characteristics prevents any definitive 
conclusions [14].

Pre-hospital thoracotomy is not utilized in our trauma 
system in Estonia due to rather low number of cases, thus, 
without possibility for adequate experience for pre-hospital 
personnel.

Conclusion

Emergency department thoracotomy and emergent thora-
cotomy outcomes in Estonian trauma system are compara-
ble to similar advanced trauma systems in Europe, resulting 
in improved outcomes in low case burden. Patients with 
GCS > 8, signs of life in the ED and with isolated penetrat-
ing chest injury have the most favorable outcomes.
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