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Chest trauma is among the most common types of trauma, 
corresponding to 10% of the trauma patients admitted to 

hospitals [1]. Even though reported associated mortality is low, 
with death as an outcome in only 1.7% [2], chest trauma has 
the potential of being a devastating injury. The most frequent 
injuries to the chest are spine fractures (30.4%), followed by 
rib fractures (23.2%), and pneumothorax (16.8%) [2]. Chest 
trauma is regarded as survivable [3], given well-timed treat-
ment. Intensive care admission was reported in 14%, oxygen 
treatment in 30.6%, and mechanical ventilation in only 5.8%. 
[2]. Nevertheless, major trauma involving vital organs usually 
leads to rapid physiologic deterioration and death. The factors 
stated as predicting death include injury mechanism (blunt ver-
sus penetrating), injury location, and signs of life on arrival to 
the hospital [4].

Emergency thoracotomy (ET) is considered when the patient 
with trauma to the chest needs immediate resuscitation. Overall 
survival rate of an ET is reported as low as 1% in some reports 
and as high as 20% in others [5,6]. Mechanism of injury is of 
utmost importance, with survival rates for ET for penetrating 
injuries reported as 8.8% and only 1.4% for blunt injuries. Some 
medical centers follow a protocol in which ET is considered on-
ly after a penetrating injury mechanism rather than blunt [7]. 
Moreover, in a retrospective study including 1377 consecutive, 
critical blunt trauma patients, 484 (35.1%) underwent ET [7], 
and 893 (64.9%) received closed-chest compressions. Com-
pared to closed-chest compressions, ET was associated with a 
lower survival rate. 

Well-trained personnel can reach a high survival rate by im-
plementing the suitable trauma protocol, as demonstrated in the 
single-surgeon report by Rabinovici [8], who succeeded in re-
suscitating 9 of 68 (13%) chest trauma patients (75% of whom 
presented with penetrating trauma). Survival following ET is 
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ABSTRACT  Background: Chest trauma is among the most common types 
of trauma, corresponding to 10% of trauma patients admitted 
to hospitals. In the military setting, thoracic trauma was re-
ported as a significant cause of death. With well-timed treat-
ment, chest trauma is regarded as survivable. Emergency 
thoracotomy (ET) is considered when the patient with trauma 
to the chest needs immediate resuscitation. Survival rate is 
reported as low as 1% in some reports and 20% in others. The 
survival rate depends on injury mechanism, protocols for in-
tervention, and other decompressive procedures.

  Objectives: To determine parameters that may impact survival 
of ET.

  Methods: We conducted a retrospective cohort study to com-
pare prehospital and in-hospital data regarding ET in the 
emergency department (ED) versus the operating room (OR).

  Results: Between 2009 and 2017, 6532 casualties presented to 
the ED; 1125 with trauma to the chest. Fifty-four of those with 
chest trauma underwent ET in the hospital (4.8%), 22 (41%) 
in the ED, and 32 (59%) in the OR. The overall mortality of the 
ET subgroup was 48%. With regard to thoracotomies, 19/22 of 
patients (86%) who underwent ET in the ED died compared to 
2/28 in the OR (13%).

  Conclusions: Utilizing ET after chest trauma with appropriate 
clinical indications, well-trained personnel, and prompt trans-
portation poses a significant challenge, but may be associated 
with better survival than that reported previously with military 
casualties. Adoption of indications and timed allocation to the 
OR may improve outcomes with chest trauma casualties. 
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reported variably and is defined by some authors as restoration 
of vital signs and transport out of the trauma resuscitation area 
to the operating room [4] and by others as 24 hours and 30 days 
postoperative survival.

In the military, thoracic trauma has been reported as a signifi-
cant cause of death. From World War II [9] until the Korean War 
[10], the fatalities from chest trauma were declining from 50% 
toward 5%, respectively. This improvement over the decades of 
armed conflict in casualty rate was due to blood transfusions, asep-
tic surgery, and the availability of transportation to definitive care. 
Still today, chest trauma is a leading cause of combat fatalities [10].

We evaluated which parameters may impact survival with 
casualties who underwent ET. We reported the demographic 
characteristics, medical treatment, and outcomes of casualties 
presenting with chest trauma who underwent ET in the hospital.

PATIENTS AND METHODS

STUDY DESIGN

In this retrospective registry-based cohort study, the Israeli De-
fense Forces prehospital trauma registry (IDF-TR) was cross-
linked with the Israel National Trauma Registry (INTR). Hospi-
talized trauma cases between January 2009 and December 2017 
were used. The Israel Defense Forces Medical Corps (IDF-MC) 
institutional review board approved the study (No. 2014–1948) 
and waived the requirement for written informed consent.

The IDF-TR is a computer-based trauma registry operated 
by the Trauma and Combat Medicine Branch at the IDF-MC 
Surgeon General's Headquarters. Data obtained by the IDF-TR 
include casualty cards completed by point of injury (POI.) care-
givers, similar to the Tactical Combat Casualty Care card. The 
IDF-MC casualty card records vital signs, interventions per-
formed at the POI, demographics, mechanisms, and anatomic 
distribution of injuries.

The INTR at the National Center for Trauma and Emergen-
cy Medicine Research at the Gertner Institute for Epidemiology 
and Health Policy Research collects data from 21 trauma centers 
in Israel, including all six level I trauma centers. All patients 
hospitalized after being admitted to the emergency department 
(ED) due to injury and assigned an International Classification 
of Diseases 9 Clinical Modification (ICD-9-CM) diagnosis code 
between 800 and 959.9 are included in the INTR. The registry 
records all casualties admitted to the hospital, including casu-
alties who die in the ED or are transferred to another hospital 
following injury. It does not include casualties who died at the 
scene or on their way to a hospital, or those who were not hospi-
talized. Data reported to the INTR are recorded by trained trau-
ma registrars at each trauma center under the supervision of the 
trauma director and the trauma coordinator. Electronic files are 
transferred to the Israel National Center for Trauma and Emer-
gency Medicine Research, where quality assurance is conduct-

ed prior to the data being analyzed. Quality assurance included 
both logical tests preset in the registry software and in-depth 
manual testing of logic and missing data by INTR employees.

STUDY POPULATION AND CLINICAL PRACTICE
We extracted data on soldiers who sustained a chest injury re-
corded in the IDF-TR within the study period. We cross-linked 
the registry with the INTR. Casualties for whom there was no 
identification number or who were not hospitalized in one of the 
21 hospitals included in the INTR were excluded. 

THORACIC INJURY MANAGEMENT IN THE IDF
The IDF-MC Clinical Practice Guidelines (CPG) on thoracic 
injury were published in July 2012 and advocate prehospital in-
tervention such as needle thoracostomy (NT) or tube thoracos-
tomy (TT) for profound hemodynamic shock or sudden loss of 
vital signs throughout resuscitation in a casualty who sustained 
a chest injury.

Only advanced life support providers (paramedics and phy-
sicians) can diagnose and decompress chest injuries by either 
NT or TT. On arrival to a trauma center, the trauma team is in 
charge of all clinical decisions regarding the casualty, including 
the decision for an ET. The main indications treated were hypo-
tension, not responding to resuscitation with hemothorax, tho-
racostomy, drainage of more than 1500 ml, radiographic signs 
of cardiac tamponade, clinical suspicion of air emboli, signs of 
a tracheobronchial tear with massive air leak, and abdominal 
injury necessitating aortic clamp.

Thoracotomies performed within one hour of arrival to the 
hospital were included. Otherwise, they were categorized as ur-
gent and excluded. On arrival to the hospital, dead patients (ab-
sence of vital signs for more than 15 minutes and 5 minutes in 
penetrating and blunt trauma) were also excluded, even if heroic 
efforts such as ET were performed.

VARIABLES
Demographics, POI, and prehospital data extracted from the IDF-
TR included: identification number, date of injury, whether the 
incident was military, the casualty's age and sex, level of urgency 
for evacuation, mechanisms of injury, injured body regions, care 
provider's profession, prehospital interventions performed (in-
cluding NT and TT), evacuation mode of transplantation, and fa-
tality. The mechanism of injury was categorized as penetrating or 
blunt. Injuries of the chest, upper abdomen, and upper back were 
categorized chest. The investigated life-saving interventions in-
cluded tourniquets, hemostatic dressing, endotracheal intubation, 
cricothyroidotomy, crystalloids, freeze-dried plasma, packed red 
blood cells, tranexamic acid, and anesthesia. 

ED and hospital data extracted from the INTR included: vital 
signs on arrival at the hospital, injury severity score, Glasgow 
Coma Scale (GCS), ICD-9-CM codes for diagnoses and proce-
dures, hospital length of stay, intensive care unit admission and 
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length of stay, and outcome at discharge (death, release home, 
or release to rehabilitation).

DATA ANALYSIS
Data analysis employed R version 3.6.1 (R Core Team, Vienna, 
Austria). Comparison of categorical variables was performed 
with the chi-square test. Quantitative variables were compared 
using the Mann–Whitney U test. Categorical variables are pre-
sented as n (%), and continuous variables as median (interquartile 
range) as appropriate. Significance was set at a P-value of 0.05.

RESULTS
In the study period, of 6532 casualties, 1125 (17%) presented 
with trauma to the chest. Fifty-four casualties who sustained chest 
trauma underwent emergency thoracotomy in the hospital (4.8%). 
The mean age of casualties was 21.5 ± 3.6 years; 96% were males. 
Penetrating trauma was observed in 31 casualties (57%) and blunt 
trauma in 23 casualties (43%). Twenty-two (41%) casualties un-
derwent ET in the emergency department (ED), and 32 casualties 
(59%) underwent ET in the operating room (OR).

Regarding the physiological state of casualties: 
•  Hemodynamically mean systolic blood pressure on arrival 

to the ED was 107 ± 49 mmHg; the mean heart rate was 100 
± 46 bpm

•  Respiratory rate was 17, mean PO2 was and 83 ± 30 mmHg, 
mean oxygen saturation nadir was 93% ± 7%

Regarding prehospital treatment for the 54 casualties, chest 
tubes were inserted before hospital admission in only 24% of 
the casualties who underwent ET. Surgical airway was utilized 
in 6.5%. Seven patients received blood products (five packed 
red blood cells and two fresh dried plasma), and tranexamic acid 
was given to four casualties prehospital arrival.

The overall mortality of the ET subgroup was 48%. Compar-
ing the ED and OR thoracotomies, most of the patients (19 of 22, 
86%) who underwent ET in the ED died compared to those who 
underwent the procedure in the OR (2 of 28, 13%), P < 0.001 
[Figure 1]. Of note, one-third of the patients who underwent ET 
in the Ed underwent an additional OR re-exploration (8 of 22, 
36%). Three of the re-explorations were successful, and the pa-
tients survived. Mechanism of injury (blunt vs. penetrating) did 
not differ between these subgroups (ED vs. OR, P = 0.8) [Figure 
2]. Interestingly, although physiologic parameters or GCS were 
not different among the subgroups, there were significantly more 
head and extremities injuries (P = 0.017) with the ED group. 

The subgroup in the ED also received more prehospital 
tranexamic acid and more blood products compared to the OR 
subgroup (P = 0.003 and P = 0.017, respectively). However, oth-
er than lower mean heart rate, the vital signs of the ED subgroup 
casualties did not differ. Regarding pre-admission interventions, 

the ED subgroup was subjected to less interventional treatment, 
namely NT or TT, before arriving at the hospital.

DISCUSSION
In this retrospective cohort study, we described the contempo-
rary outcome of ET performed in the ED vs. the OR. Of the 
casualties who underwent ET, 52% of casualties survived the 
procedure and were discharged from the hospital alive. This 
survival rate is higher than expected compared to the literature 
[11]. In a literature review by Aseni et al. [12], the survival rate 
of ET following a penetrating injury was 15–35%, depending on 
the shock status, and was only 2% of the blunt injury subgroup. 

Figure 1. Survival rate in different location of emergent thoracotomy, 
(chi-square 21.7, P < 0.001)

ED = emergency department, OR = operating room

Site of emergent thoracotomy

OR ED

 Dead     Survived

Figure 2. Survival rate for the type of injury (chi-square 0.0028, P = 0.96)

Mechanism of injury

Blunt Penetrating

 Dead     Survived
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Occasionally ET reports include patients with no vital signs on 
admission to the ED, not following current guidelines, or not re-
porting the inclusion criteria. In our study, only casualties alive 
on admission met the inclusion criteria, explaining part of the 
better outcome. Adhesion to ET indications and criteria, in ad-
dition to short transportation distances and well-trained military 
medical teams, may have contributed to the better survival we 
reported in this study. 

We found that the survival rate was significantly higher with 
the subgroup in which ET was performed in the OR (P < 0.001). 
Nevertheless, there is an inherent selection bias between the OR 
and ED. The decision to continue to the OR may suggest less 
severe injuries, patients operated in the ED were found to have 
more head and limb injuries than the OR subgroup. Moreover, 
we found those blood products were administrated at a higher 
rate to the ED subgroup (P < 0.017).

Thoracostomies, whether needle or tube, were not predictive 
of clinical outcome for casualties who underwent ET. Most ET 
patients did not undergo thoracostomies before arriving at the 
hospital (40/54, 74%). These interventions are not well studied 
in the prehospital trauma setting, and practices vary as suggest-
ed by various reports [13-15]. In the current study caregivers 
followed standard IDF CPG for chest trauma that by itself may 
have reduced the need for hospital ET. 

LIMITATIONS
As a retrospective study based on two national databases, the 
IDF-TR was cross-linked with the INTR. There are limitations 
to such analysis. Moreover, some clinical outcomes such as neu-
rological deficits at follow-up are not available. This may have 
been interesting to compare given the two different ET studied.

CONCLUSION
In this study, we explored the unique characteristics and out-
comes of casualties treated by IDF medical teams who under-
went ET on arriving at the hospital following a trauma injury. 
Utilizing ET after chest trauma with appropriate clinical indica-
tions, well-trained personnel, and prompt transportation (with 
or without intervention before hospital admission) poses a sig-
nificant challenge. Meeting this challenge may be associated 
with better survival than that reported previously with military 
casualties. Moreover, the adoption of indications and timed al-
location to the OR may improve outcomes with chest trauma 
casualties. Randomized controlled trials may be challenging, 

but perhaps a future retrospective analysis of adequate data will 
indicate which approach is most appropriate for managing chest 
trauma and thus further improving outcomes. 

Correspondence
Dr. R. Ben-Avi
Dept. of Thoracic Surgery, Emek Medical Center, Afula 1834111, Israel
email: ronnyben@clalit.org.il; ronnybenavi@gmail.com

References
1. Demirhan R, Onan B, Oz K, Halezeroglu S. Comprehensive analysis of 4205 

patients with chest trauma: a 10-year experience. Interact Cardiovasc Thorac Surg 
2009; 9 (3): 450-3.

2. Pasquali GF, Kock KS. Epidemiological profile of chest trauma and predictive 
factors for length of hospital stay in a hospital in Southern Brazil. Int J Burns 
Trauma 2021; 11 (1): 54-61.

3. Davis JS, Satahoo SS, Butler FK, et al. An analysis of prehospital deaths: Who can 
we save? J Trauma Acute Care Surg 2014; 77 (2): 213-8.

4. DiGiacomo JC, Angus LDG. Thoracotomy in the emergency department for 
resuscitation of the mortally injured. Chin J Traumatol 2017; 20 (3): 141-6.

5. Schulz-Drost S, Merschin D, Gümbel D, et al; Trauma Register DGU. Emergency 
department thoracotomy of severely injured patients: an analysis of the 
TraumaRegister DGU®. Eur J Trauma Emerg Surg 2020; 46 (3): 473-85.

6. Rhee PM, Acosta J, Bridgeman A, Wang D, Jordan M, Rich N. Survival after 
emergency department thoracotomy: review of published data from the past 25 
years. J Am Coll Surg 2000; 190 (3): 288-98.

7. Suzuki K, Inoue S, Morita S, et al. Comparative effectiveness of emergency resuscitative 
thoracotomy versus closed chest compressions among patients with critical blunt 
trauma: a nationwide cohort study in Japan. PLoS One 2016; 11 (1): e0145963.

8. Rabinovici R. Sixty-seven consecutive resuscitative thoracotomies by a single 
surgeon. Scand J Surg 2014; 103 (2): 156-60.

9. Morris MJ. Acute respiratory distress syndrome in combat casualties: military 
medicine and advances in mechanical ventilation. Mil Med 2006; 171 (11): 1039-44. 

10. Ilić N, Petricević A, Tanfara S, et al. War injuries to the chest. Acta Chir Hung 
1999; 38 (1): 43-7. 

11. Branney SW, Moore EE, Feldhaus KM, Wolfe RE. Critical analysis of two decades 
of experience with postinjury emergency department thoracotomy in a regional 
trauma center. J Trauma 1998; 45 (1): 87-94; discussion 94-5.

12. Aseni P, Rizzetto F, Grande AM, et al. Emergency department resuscitative 
thoracotomy: indications, surgical procedure and outcome. a narrative review. 
Am J Surg 2021; 221 (5): 1082-92. 

13. Axtman BC, Stewart KE, Robbins JM, et al. Prehospital needle thoracostomy: 
what are the indications and is a post-trauma center arrival chest tube required? 
Am J Surg 2019; 218 (6): 1138-42. 

14. de Abreu EM, Machado CJ, Pastore Neto M, de Rezende Neto JB, Sanches MD. 
The impact of a chest tube management protocol on the outcome of trauma 
patients with tube thoracostomy. Rev Col Bras Cir 2015; 42 (4): 231-7. [English]. 
[Portuguese].

15. Iribhogbe PE, Uwuigbe O. Complications of tube thoracostomy using Advanced 
Trauma Life Support technique in chest trauma. West Afr J Med 2011; 30 (5): 369-72. 

One day work is hard, and another day it is easy; but if I had waited for inspiration I am afraid I should have done nothing.  
The miner does not sit at the top of the shaft waiting for the coal to come bubbling up to the surface.  

One must go deep down, and work out every vein carefully. 
Sir Arthur Seymour Sullivan (1842–1900), English composer




