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Abstract

 Background/purpose—Emergency department thoracotomy (EDT) has been proposed to be 

futile in the pediatric patient population. This extreme procedure has survival rates of 0 to 26% in 

the non-adult population. When taking into consideration that the mechanism of injury is one of 

the strongest predictors of survival, we hypothesize that the low survival rate in pediatric patients 

is attributable to a higher rate of blunt trauma compared to their adolescent counterparts.

 Methods—Prospective data collected from our level 1 trauma center from 1974 - 2014 on all 

patients undergoing EDT at our institution was evaluated for age 18 or younger. Patient predictor 

variables included injury mechanism, injury pattern, and detected cardiac activity in the field. 

Outcomes included successful resuscitation (re-establish of blood pressure and taken to operating 

room) and overall survival. Patients were dichotomized by age into pediatric (age ≤ 15 yrs) and 

adolescent (16-18yrs) categories.

 Results—1691 patients who underwent EDT were evaluated for age of 18 or less, which 

included 179 patents (11%). Overall survival in the adult population was 6.1%, compared to 3.4% 

in the non-adult population (p=0.157). Pediatric patients were more likely to sustain blunt injury 

than adolescents (72% vs 32% p<0.001). This also corresponded to differences in anatomic injury 

patterns and more multisystem trauma (52% vs 44% p=0.001). Adolescents had significantly 

higher survival rates than pediatric patients (5% vs 0% p=0.036).

 Conclusion—In non-adult patients undergoing EDT, adolescents have a higher survival rate 

than pediatric patients. The pediatric population had a significantly lower incidence of penetrating 

trauma and higher incidence of head injury. The discrepancy in survival between adolescent and 

pediatric patients appears to be attributable due to differences in mechanism. Therefore, those 

pediatric patients with penetrating thoracic injuries may still benefit from EDT.
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 1. Introduction

Hemorrhage is the most common cause of preventable death from trauma[1]. For nearly 50 

years, the emergency department thoracotomy (EDT) has been utilized to attempt to salvage 

patients in circulatory arrest secondary to acute blood loss[2]. The largest study evaluating 

over 4,000 trauma patient undergoing this procedure reported a survival rate of 7.4% [3]. 

While this seems like a relatively low percentage of success, the alternative to this procedure 

is death. Shafi et al. [4] evaluating 5 major trauma centers during the last decade and 

identified that EDT was performed in only 13% of patients when indicated. This life saving 

procedure when implemented in salvageable adult trauma patients has an early role in 

resuscitation; however, EDT in pediatric patient remains controversial.

Case series reporting pediatric EDT survival rates range from 0 to 26% [5-12]. A recent 

meta analysis has compiled these studies and reported a significant survival advantage in 

patients who sustain penetrating versus blunt injury [6]. This is in agreement of the 

indications for EDT in adult patients, return of circulatory arrest following penetrating 

trauma is more favorable then blunt[13]. EDT performed in pediatric patients is infrequent 

[6] and as a result EDT case series are often small and some includes patients up to 18 years 

of age. Non-adult patients in the age range of 15-18 (adolescents) are arguably not pediatric 

patients[14] and add confusion to interpreting previously reported outcomes. Definitive 

recommendations regarding utility or futility of this procedure in non-adults trauma patients 

is highly problematic. By differentiating adolescent from pediatric trauma patients, we 

hypothesize that low EDT survival rate in younger patients is attributable to a higher rate of 

blunt trauma compared to their adolescent counterparts.

 2. Methods

 2.1 Patient Population

This prospective observations study includes continuously collected variables on all trauma 

patients presenting to our urban adult level one trauma center who underwent emergency 

department thoracotomy from January 1974 to December 2014 under approval of the 

Colorado Multiple Institution Review Board. The senior author (EEM) reviewed and verified 

all patient pre hospital characteristics and patient outcomes. Long-term neurologic outcome 

of survivors was determined by retrospective chart review.

 2.2 Patient Selection

Trauma patients 18 years or younger were included in this analysis. Patients were 

dichotomized into pediatric (age <15) versus adolescent based on the American College of 

Surgeons criteria for pediatric patients. The categorization of adolescent patients was based 

off previously reported pediatric EDT series where patients up to the age of 18 were 

included in the analysis[6]
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 2.3 Patient Characteristics and Outcomes

Patient demographics included age and sex. Pre hospital variables included injury 

mechanism and anatomic location, in addition to detection of pre hospital cardiac activity by 

pre hospital healthcare provider, pre hospital cardio pulmonary resuscitation (CPR). 

Outcomes included success to rescue, defined as regain of spontaneous circulation and 

transfer of patient to operating room. Survival was assessed from the operating room and 

during hospitalization. Neurologic outcome were scored using the Glasgow Outcome Score 

(GOS)[15] which is a five category score ranging from death to good recovery.

 2.4 Statistical Analysis

SPSS software version 22 (IBM, Armonk, NY) was used for statistical analysis. Categorical 

data was represented as percentage and contrasted between pediatric and adolescent patients. 

Continuous variable were described as median with 25th to 75th percentile range if data was 

not normally distributed and mean with standard deviation for normally distributed data. 

Differences in groups were contrasted using Pearson's Chi Square with five or more events 

per group, or Fishers Exact Tests if events were less than five. Significance was set to an 

alpha of 0.05. When comparing anatomic injury patterns due to multiple comparisons (five 

anatomic sites) a Bonferroni adjustment was used for a more conservative estimate and 

alpha was set to 0.01.

 3. Results

 3.1 Adult vs Non-Adult EDT

During the study period 1691 patients underwent EDT. 179 (10.6%) were 18 years old or 

younger. Overall survival in adults (age>18) was 6.1% versus 3.4% in younger patients 

(p=0.157). These adolescent/pediatric patients had a median age of 16 years with a range 

from 3 to 18 years. Penetrating injuries occurred in 56% of these patients and 78% were 

male. The majority of these patients were adolescent [n=125 (69.8%) versus n= 54 pediatric 

(30.2%)].

 3.2 Adolescent vs Pediatric EDT

Pediatric patients were more likely to sustain blunt injury (72% vs 32% p<0.001). This also 

corresponded to differences in anatomic injury patterns (table 1) and more multisystem 

trauma (52% vs 44% p=0.001). Adolescent patients trended towards higher rate of success 

to rescue compared to pediatric patients (25% vs 13% p=0.075), although no significant 

difference was appreciated in patients that survived the operating room (5.6% vs 1.8% 

p=0.281). However overall survival was significantly higher in adolescent patients (4.8% vs 

0% p=0.036 figure 1).

 3.3 Survivor Characteristics

The youngest survivor of EDT was 16 years old. Only one patient in this non-adult cohort 

survived a blunt injury mechanism. The specific injuries of these survivors are listed in table 

2 along with their long-term neurologic outcome. All survivors had cardiac activity in the 

field, and 50% were undergoing pre hospital CPR, while the other half had circulatory arrest 
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in the emergency department. The most common injury pattern that survived was a 

penetrating stab wound to the chest (table 3).

 4. Discussion

In a our groups 40 year experience of emergency department thoracotomy nearly one in ten 

patients undergoing this procedure is an adolescent or pediatric patient. These non-adult 

trauma patients have lower (but not significantly different) survival rates compared to their 

adult counter parts. The worse outcomes in this patient population may be attributable to 

injury mechanism and anatomic injury pattern. By stratifying pediatric patients from 

adolescent patients these discrepancies become apparent. There were six-time as many 

adolescent patients (n=85) with penetrating injuries compared to pediatrics (n=14). In 

addition pediatric patients more frequently had multisystem injuries compared to adolescent 

patients. In this relatively large case series there were no survivors in the pediatric age group.

The prevalence of adolescent/pediatric EDT in our study is comparable to the Ryder trauma 

center in Miami which has a similarly high acuity of adult and pediatric trauma patients[6]. 

However, the minority (30%) of these non-adult patients are less than 15 years old. During 

our four-decade experience, the rate of pediatric EDT was 1.3 per year. When evaluating the 

entire state of Illinois, this rate was only increased to 2.3 EDT per year[5]. Survival has 

repeatedly been demonstrated to be poor in this age group. There are several studies that 

report 0% survival[8, 12]. These small case series only include 17 and 9 patients 

respectively. More recently Nicolson et al[5] evaluated a 10 year experience of EDT in the 

state of Illinois on pediatric patients and reported 25 cases with 2 survivors who had 

penetrating chest injuries with the youngest being 13 years old. Injury patterns and 

mechanism appear to play a role in the poor outcomes of the pediatric patients. Nearly 

seventy percent of pediatrics patient in our study had head injuries. The combination of 

circulatory arrest and head injuries is associated with a poor prognosis[16] and is supported 

by animal work in which hypo perfusion markedly exacerbates progression in head injury 

and systemic coagulopathy[17].

Due to the infrequent occurrence of pediatric EDT, many previous studies include adolescent 

patients in their analysis[6, 7, 9, 11]. Adolescent patient more frequently undergo EDT per 

year compared to pediatric patients, which is also observed at the Ryder trauma center's 11 

year experience[6]. Adolescent patients in our study had a significantly high incidence of 

penetrating injuries. It has been repeated demonstrated that penetrating chest injuries that 

undergo EDT have favorable outcomes[5, 7, 10, 11]. This would be anticipated, as the EDT 

provides direct access to relieve tamponade, enables cardiac massage, and clamping of the 

aorta to shunt blood to the brain and cardiopulmonary system. Powell et al[7] reported the 

highest survival rate of survival rate of non-adult EDT (26%), but was limited to 19 patient, 

and no survivors under the age of 15. There are only 2 single center case series with more 

than 50 patients, and they that have survival rates between 3 and 4%[6, 9], which is 

comparable to our overall and adolescent survival rates.

From the existing literature it could be argued that EDT for patients under the age of 15 is a 

futile procedure. However, with only 14 patients sustaining penetrating injuries in this age 
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cohort over a 40 year period, there is not enough statistical power to come to this conclusion. 

Gunshot wounds to children in this age group are infrequent and often unintentional from 

family members[18]. An age limitation should not preclude a resuscitation attempt with an 

EDT for penetrating thoracic injuries. The adult and adolescent data, which occur at a higher 

frequency supports the life saving efficacy of this procedure[6, 16]. The causality for poor 

outcomes in pediatric patients can be partially attributable to a predominantly blunt poly-

system trauma. However, due to the low frequency of this procedure in pediatric patients, 

defining futility remains a challenge. In the adult population the extremes of surviving this 

procedure have been defined with multicenter data[16]. These guidelines for penetrating 

trauma are most likely still applicable to adolescent and pediatric patients. The EDTs role in 

resuscitation is not only to address thoracic injuries, but to provide proximal hemorrhage 

control for abdominal injuries. For patients with poly-system trauma, a less invasive 

resuscitation strategy such as a resuscitative endovascular balloon occlusion (REBOA) may 

have a future application as it provides the same proximal hemorrhage control without 

opening the chest. REBOA has been introduced clinically in adult trauma patients[19] and 

the skill set to perform this resuscitative procedure can be learned in a relatively short period 

of time without prior endovascular training[20]. The minimally invasive nature of REBOA 

may also reduce the adverse risks to providers associated with EDT, which have been argued 

to not outweigh the survival benefit[21, 22].

Non-adult trauma patients undergoing EDT are more frequently performed in adolescent 

patients compared to pediatric patients. Adolescent patients had significantly more 

penetrating injuries with a survival rate of 4.8% compared to no survivors in the pediatric 

cohort. The role of EDT in blunt trauma in pediatric patients appears to have no survival 

benefit. However, because of the low frequency of penetrating injuries, EDT is still indicated 

in this patient population as other case series have reported survival in this age cohort with a 

penetrating mechanism.
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Figure 1. 
Survival Patterns in Different Age Cohorts
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Figure 2. 
Resuscitation Success and Survival in Pediatric and Adolescent Patients Undergoing 

Emergency Department Thoracotomy

Figure 2 demonstrates different patterns of success to rescue patient from circulatory arrest, 

survival from the operating room, and surviving hospitalization between adolescent and 

pediatric patients.
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Table 1

Injury Patterns in Pediatric vs Adolescent Patients

Pediatric (n=54) Adolescent (n=125) P Value

Head 69% 26% P<0.001*

Neck 33% 18% P=0.020

Thoracic 70% 74% P=0.576

Abdominal 50% 46% P=0.588

Extremity 39% 20% P=0.008*
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Table 2

Survivor Characteristics

Age (yr) Mechanism Injury Location Field CPR LOS GOS

1 16 Stabbing Left Lung, Spleen, Brachial Artery No 7 GR

2 17 Stabbing Right Ventricle No 11 PVS

3 17 Stabbing Right Atrium Yes 7 GR

4 17 Stabbing Right Ventricle No 12 MD

5 17 GSW Left Pulmonary Hilum Yes 15 GR

6 18 MVC Bilateral Subdural
Hematomas, Massive Left
Hemothorax, Pelvic Fxr

Yes 19 GR

GSW= gun shot wound; MVC= motor vehicle crash; Fxr= Fracture; CPR= cardio pulmonary resuscitation ;LOS = length of stay; GOS = Glasgow 
Outcome Score; GR = good recovery; MD = moderate disability; PVS = persistent vegetative state;
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Table 3

Systems injured; blunt versus penetrating, survival (n = 61)

Blunt Penetrating Survival

CN3 0 0 0/0

Chest/neck 3 29 1/32

Abdomen/pelvis 0 7 1/7

Extremity 0 3 0/3

Multiple 4 15 0/19

Survival 0/7 2/54 2/61

Experience of Ryder Trauma Center 1991–2012.
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