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ABSTRACT  

Background: The role of emergency department resuscitative thoracotomy (EDT) in 

traumatically injured children has not been elucidated. We aimed to perform a systematic review 

and create evidence-based guidelines to answer the following PICO question: should pediatric 

patients who present to the emergency department (ED) pulseless (with or without signs of life 

(SOL)) after traumatic injuries (penetrating thoracic, penetrating abdominopelvic, or blunt) 

undergo EDT (versus no EDT) to improve survival and neurologically intact survival? 

Methods: Using GRADE methodology, a group of 12 pediatric trauma experts from the PTS, 

WTA, and EAST assembled to perform a systematic review. A consensus conference was 

conducted, a database was queried, abstracts and manuscripts were reviewed, data extraction was 

performed, and evidence quality was determined. Evidence tables were generated, and the 

committee voted on guideline recommendations. 

Results: Three hundred and three articles were identified. Eleven studies met inclusion criteria 

and were used for guideline creation, providing 319 pediatric patients who underwent EDT. No 

data were available on patients who did not undergo EDT.  For each PICO, the quality of 

evidence was very low based on the serious risk of bias and serious or very serious imprecision.  

Conclusions: Based on low-quality data we make the following recommendations. We 

conditionally recommend EDT when a child presents pulseless with SOL to the ED following 

penetrating thoracic injury and penetrating abdominopelvic injury, and after blunt injury if 

emergency adjuncts point to a thoracic source. We conditionally recommend against EDT when 

a pediatric patient presents pulseless without SOL after penetrating thoracic and penetrating 

abdominopelvic injury. We strongly recommend against EDT in the patient without SOL after 

blunt injury.  

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Level of Evidence: Guideline/Systematic Review, level III 

 

Key Words: Pediatric emergency department thoracotomy, pediatric trauma, pediatric 

resuscitative thoracotomy, children 
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BACKGROUND 

Trauma is the leading cause of morbidity and mortality in the United States pediatric 

population.
1
 The creation of trauma centers and improvement in pre-hospital care has increased 

the number of injured children arriving in the emergency department (ED), who previously may 

have succumbed to their injury in the field.
2
 The emergency department thoracotomy (EDT) is a 

controversial procedure performed in select patients presenting with refractory shock or 

circulatory arrest after injury. The practitioner must make an immediate decision, balancing 

patient survival with many risks, including performing a possibly futile procedure, resuscitating 

patients with anoxic brain injury, and exposing providers to unnecessary risks. A 2018 

prospective study of 1360 surgeons performing 305 EDTs found 7.6% of EDTs were associated 

with blood or bodily fluid, and 1.6% of participants were exposed.
3
  

 

Evidence-based guidelines have been created for adults without similar recommendations for 

children.
4,5

 Historically, the adult guidelines have been followed in children,
6
 however, may be 

inappropriate. This work aims to provide evidence-based guidelines for physicians faced with a 

critically injured child to help decide whether to proceed with EDT using Grading of 

Recommendations Assessment, Development and Evaluation (GRADE) methodology.
7
  

 

Objective: 

Twelve adult and pediatric surgeons with pediatric trauma expertise representing PTS, EAST, 

and WTA formed a committee to determine if EDT, as opposed to resuscitation without EDT, 

improves outcomes in pediatric patients (<19 years old) who present to the ED pulseless after a 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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traumatic injury. Our population, intervention, comparator, and outcome (PICO) questions are 

based on the 2015 EAST practice management guideline (PMG)
5
 and are as follows: 

 

Population: 

1. Pediatric patients presenting pulseless to the ED with signs of life (SOL) after penetrating 

thoracic injury 

2. Pediatric patients presenting pulseless to the ED without SOL after penetrating thoracic 

injury 

3. Pediatric patients presenting pulseless to the ED with SOL after penetrating 

abdominopelvic injury 

4. Pediatric patients presenting pulseless to the ED without SOL after penetrating 

abdominopelvic injury 

5. Pediatric patients presenting pulseless to the ED with SOL after blunt injury 

6. Pediatric patients presenting pulseless to the ED without SOL after blunt injury 

 

Intervention: EDT 

Comparator: Resuscitation without EDT 

 

Outcomes: 

1. Hospital survival (HS) 

2. Neurologically intact hospital survival (NIS) 

 

 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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Signs of Life Definition: 

As defined by the 2001 American College of Surgeons Committee on Trauma,
8
 SOL were 

considered present with any of the following: cardiac electrical activity, respiratory effort, 

pupillary response, palpable pulses, measurable blood pressure, or extremity movement.   

 

METHODS 

Inclusion Criteria 

Study Types: 

We included prospective observational studies, retrospective studies, cohort studies, and case 

series. No randomized control trials were found. Systematic reviews, case reports, letters, and 

articles without an English translation were excluded. Two retrospective studies using the 

National Trauma Database (NTDB) were identified.
9,10

 The NTDB has recognized limitations, 

including the retrospective design, lack of granular data (i.e., time to intervention), and 

significant proportions of missing variables (i.e., GCS at the scene). The NTDB also uses ICD-9 

codes to retrieve data subject to coding errors and variations.
11

 Flynn-O’Brien et al.’s NTDB-

based study included children who underwent EDT from 2007 to 2012, which overlapped with 

other included studies; therefore, it was excluded.
10

 However, Prieto et al.’s series was included 

as the children underwent EDT from 2013 to 2016, a period without overlap. 

 

There was debate among the committee regarding challenges with the NTDB, including the 

impact of possibly flawed data on the final recommendations, which account for most survivors.  

Those who supported inclusion conceded its limitations but recognized the NTDB study uses 

combined data from individual trauma center registries, which are also used for other included 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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studies. Moreover, data from the remaining literature could be subject to the same limitations 

(i.e., lack of granular data, input errors, etc.). After deliberation, 11/12 committee members voted 

to include the NTDB study.
12

 

  

Participant Types: 

All pediatric patients <19 years old who underwent EDT regardless of sex, ethnicity, or 

comorbidities were included.  

 

Intervention Types: 

We included studies where EDT was performed, injury mechanism and SOL were defined, and 

outcomes of interest were measured. Studies involving prehospital or operating room 

thoracotomy were excluded. No HS or NIS data for similar groups who did not undergo EDT 

were available in the literature. For the EAST 2015 PMG, the subcommittee estimated these 

values. Individual members were polled to predict patient HS and NIS without EDT, but 

standard resuscitation and emergent transport to the operating room as needed. Outliers were 

excluded, and mean survival probability was calculated.
5
 Our working group agreed to use these 

estimations for our comparator groups understanding the results would be heavily based on 

expert opinion (Table 2). 

 

Outcome Measure Types: 

Per GRADE, outcomes were selected and voted on independently by each author in order of 

importance (1 to 9, with 7 to 9 representing critical outcomes). Outcomes considered were HS, 

NIS, exposure to blood-borne pathogens, and costs. Only HS and NIS were determined to be 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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“critical” for decision-making. NIS was defined as having full neurological function on 

discharge. 

 

Review Methods 

Electronic Search: 

The protocol was registered in PROSPERO (CRD42022344883). An information specialist 

assisted with a search of the National Institute of Health MEDLINE database using Ovid with 

citations published between 1946 and September 2, 2021 (Appendix 1, 

http://links.lww.com/TA/C921). The terms searched included “children” and the following: 

“thoracotomy,” “emergency medical services,” “emergency treatment,” “emergencies,” 

“emergency room,” “emergency department,” “emergency service,” and “emergency ward.” We 

used the “related articles” function and manually searched bibliographies of recent reviews and 

articles.  

 

Study Selection and Data Extraction: 

Covidence Systematic Review Software (Veritas Health Innovation, Melbourne, Australia) was 

used for study selection and data extraction. Titles and abstracts from the electronic search were 

screened for relevance to the PICO questions. Those adherent to the inclusion criteria underwent 

a full-text review to determine final appropriateness (Figure 1). Two committee members 

independently performed all abstract screening, manuscript review, and data extraction, with 

conflicts resolved by a third.  
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Measures of Treatment Effect: 

Data on HS and NIS after EDT from included studies were collected. Event rates were calculated 

and compared to the expected survival probabilities without EDT for each PICO question by 

calculating relative risk (RR) and confidence intervals (CI). Meta-analysis and heterogeneity 

analysis could not be calculated without a comparison group in each individual study.  

 

Assessment of Methodological Quality: 

In accordance with GRADE,
7
 the evidence quality was assessed by: risk of bias, inconsistency, 

indirectness, imprecision, and publication bias and categorized as either of high, moderate, low, 

or very low quality. Evidence profile tables were generated using GRADEpro Guideline 

Development Tool (McMaster University and Evidence Prime Inc., Hamilton, ON, Canada). The 

survival probability estimation for patients without EDT is not part of standard GRADE 

methodology. All committee members independently voted on the proposed recommendations. 

The strength of recommendations was determined by considering the evidence quality, risk-

versus-benefit profile, resource utilization, and patient values and preferences. The strength of 

the recommendation was classified as either “strong” or “weak,” prefaced by “strongly 

recommend” or “conditionally recommend,” respectively, and reflects the degree of confidence a 

provider can have for the recommendation to promote benefit over harm.
13

 The committee 

unanimously voted for the following voting thresholds: for a recommendation to be “strong,” at 

least 70% of the group must vote for a strong recommendation. A recommendation either against 

or for EDT was accepted based on majority vote. The committee approved the final 

recommendations. Differences in opinion were resolved via conference call and email. AGREE 

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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guideline was used to ensure proper reporting of methods, results, and discussion (Supplemental 

Digital Content, http://links.lww.com/TA/C922). 

 

RESULTS 

The literature search yielded 303 studies, of which 180 were removed after title and abstract 

review. Of the 123 full-text manuscripts reviewed, 111 were excluded: 90 studies not addressing 

our PICO questions (i.e., adult population, outcomes not broken down by SOL), 11 studies with 

the wrong intervention (i.e., operating room thoracotomy, prehospital thoracotomy), 8 systematic 

reviews, 2 non-English articles and 1 full-text unable to be retrieved. Ultimately, 11 retrospective 

case series were included (Figure 1).
9,14-23

 Seven were single-center,
14,15,17,18,20-22

 3 were two-

center,
16,19,23

 and 1 used the NTDB (Table 1).
9
 The included studies provided 319 children who 

underwent EDT, of which 142 (44.5%) sustained penetrating and 177 (55.5%) sustained blunt 

injury. Overall survival in the penetrating group was 13.4% (19/142) and 2.3% (4/177) in the 

blunt group. Across all included children who underwent EDT, 7.2% (23/319) survived. 

 

PICO 1  

In pediatric patients presenting pulseless to the ED with SOL after penetrating thoracic injury, 

should EDT be performed, versus resuscitation without EDT, to improve HS and NIS?  

 

Qualitative Synthesis: 

Seven retrospective case series (n=42) evaluated HS, of which 5 (n=16) discussed NIS.
9,17-21,23

 

Three studies reported no survivors (n=9), and all sustained thoracic gunshot wounds 

(GSWs).
19,21,23

 Conversely, two series reported 100% HS.
17,24

 Easter et al. described three 17-
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year-old patients between 1995 and 2009 who sustained cardiac stab wounds and survived 

intact.
17

 Hofbauer et al. reported the survival of 1 child (<16 years) from 1992 to 2008 with an 

isolated chest stab wound but omitted NIS data.
18

 Of the included studies, Prieto et al. 

incorporated the most significant population using the NTDB between 2013 and 2016. Thirty-

two percent (8/25) survived (all <16 years), but NIS was not reported.
9
  

 

Quantitative Synthesis: 

Pooled data from included studies showed 31% survival (13/42). Based on previously described 

methods,
5
 the estimated HS following resuscitation without EDT is 2.8% (RR=11.1; 95% 

CI=6.18-19.8; p<0.0001). NIS from pooled data was 25% (4/16) compared to the estimated 2.5% 

without EDT (RR=10.0; 95% CI=3.93-25.4; p<0.0001) (Table 2).
17,19-21,23

 

 

Recommendation: 

The committee conditionally recommends EDT for a pediatric patient presenting pulseless to 

the ED following a penetrating thoracic injury with SOL. All authors voted for a conditional or 

strong recommendation in support. Our analysis demonstrated improved outcomes with EDT, 

but the recommendation was made conditional given the poor evidence quality and paucity of 

patients. The committee also considered that available data in adult populations support EDT in 

this scenario.
5
  

 

PICO 2  

In pediatric patients presenting pulseless to the ED without SOL after penetrating thoracic injury, 

should EDT be performed, versus resuscitation without EDT, to improve HS and NIS? 
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Qualitative Synthesis: 

Seven retrospective studies (n=77) provided HS and NIS data,
9,15,17,19-21,23

 which includes 

children who, in addition to their thoracic injury, may also have an extrathoracic injury 

(n=5).
17,21

 During EDT, aortic control is often performed to limit exsanguination from distal 

anatomic structures. Thus, we include extrathoracic injuries for which aortic control may reduce 

exsanguination.  

 

Most articles found 0% survival,
9,15,17,19,23

 of which, the largest included 29 patients (all <16 

years).
9
 Conversely, Powell et al. (n=9) found 3 children between 1981 and 1986 with NIS, of 

which 2 sustained chest stab wounds and 1 had a GSW to the chest and thigh. Importantly, all 

survivors were 17 or 18 years old. Nicolson et al. found 1 survivor (<16 years) between 1999 and 

2009 without NIS (n=12) after penetrating cardiac injury.  

 

Of note, time duration without SOL was not consistently reported. Most studies only indicated if 

SOL were present on ED arrival,
12,15,23,25

 including the NTDB study. Easter et al., however, who 

found 0 survivors (n=9), described transport time by EMS for all patients as <30 minutes.
17

 

Powell et al. detailed whether SOL were present in the field and the ED. Of those who survived, 

1 had field SOL but was unknown for the other 2 survivors. Two patients with field SOL died.
21

 

Lastly, for the patient who survived without NIS, transport time was 3 minutes. For the rest of 

that series, known average transport time was 10.3 minutes (range 3-21 minutes).
20
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Quantitative Synthesis: 

Pooled data demonstrated that 5.2% (4/77) survived, compared to the estimated probability 

without EDT of 0.2%
5
 (RR=26.0, CI=4.83-139.6; p=0.0001). Of 77 children, 3 survived intact, 

conferring an event rate of 3.9% compared to the estimated NIS without EDT of 1.8%.
5
 

(RR=21.6; CI=6.51-72.0; p<0.0001) (Table 2). 

 

Recommendation: 

In a child presenting pulseless to the ED following penetrating thoracic injury without SOL, we 

conditionally recommend against EDT with 8 votes from the authors. However, 4 authors 

conditionally recommended EDT. Only 4 patients survived in the literature: 1 without NIS (<16 

years) and 3 who were 17 and 18. Children >15 may have hemodynamic differences from 

younger children that should be considered.
26

 The committee also acknowledged that time 

duration without SOL is crucial while decision-making, but more data is needed to specify an 

acceptable duration. Given the available data regarding lack of SOL on ED arrival in this 

population, and the work group’s clinical expertise, a conditional recommendation against EDT 

was made to allow for the discretion of the treating provider, who has intimate knowledge of the 

patient's physiology and time of lost SOL. 

 

PICO 3  

In pediatric patients presenting pulseless to the ED with SOL after penetrating abdominopelvic 

injury, should EDT be performed, versus resuscitation without EDT, to improve HS and NIS? 
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Qualitative Synthesis: 

Two studies (n=10) addressed PICO 3.
9,23

 Rothenberg et al. included 4 patients (<19 years) 

between 1977 and 1988 with penetrating abdominal injury. One survived and remained 

neurologically intact.
23

 The NTDB review from 2013 to 2016, however, found 0 “noncranial” 

extrathoracic survivors (<16 years; n=6).
9
 

 

Quantitative Synthesis: 

The estimated HS and NIS for those who do not undergo EDT are 1.7% and 1.5%, respectively.
5
 

Pooled data revealed 10% HS and NIS in patients who underwent EDT (1/10) (HS RR=5.88; 

CI=0.86-40.1; p=0.07); (NIS RR=6.67; CI=0.97-45.7; p=0.05) (Table 2). 

 

Recommendation: 

We conditionally recommend EDT for a pediatric patient presenting pulseless to the ED 

following a penetrating abdominopelvic injury with SOL. Nine authors voted in support, while 2 

voted for a conditional recommendation against EDT. Comprehensive literature review revealed 

insufficient data. The committee voted for a conditional recommendation based on support from 

the adult literature but recognized that all extrathoracic injury sites may not confer the same 

survival rates and need to be considered.
5
  

 

PICO 4  

In pediatric patients presenting pulseless to the ED without SOL after penetrating 

abdominopelvic injury, should EDT be performed, versus resuscitation without EDT, to improve 

HS and NIS?  
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Qualitative Synthesis: 

Five studies (n=19) reported HS and NIS data; most found 0% survival following EDT.
9,17,20,21,23

 

The site of injury was defined as abdominal (n=9)
23,27

 or “noncranial extrathoracic” (n=4).
12

 

Patients who sustained concurrent thoracic (n=3) and unspecified aortic injury were also 

included (n=2).
17,21

  Powell et al. described one 18-year-old patient (n=2) with NIS after GSW to 

the thigh and chest.
21

  

 

Quantitative Synthesis: 

The estimated HS and NIS without EDT are 0.1% and 0.09%, respectively.
5
 Analysis of pooled 

EDT data demonstrated both HS and NIS as 5.3% (1/19) (HS RR=52.6; CI=3.42-810.6; 

p=0.005) (NIS RR=58.5; CI=7.79-439.3; p=0.0001) (Table 2).  

 

Recommendation: 

In a pediatric patient presenting pulseless to the ED following a penetrating abdominopelvic 

injury without SOL, we conditionally recommend against EDT. Ten authors voted against 

EDT, while one voted for a conditional recommendation in support. If the one survivor 

(thigh/chest injury) were removed from analysis, the pooled survival would be 0. The small 

number of patients resulted in a skewed analysis showing a survival benefit. Based on the 

committee’s expertise, a conditional recommendation was made to allow for discretion by the 

treating provider, who knows the patient’s physiology and time without SOL and can use 

adjuncts such as ultrasound to assist in the evaluation and management.
6
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PICO 5 

In pediatric patients presenting pulseless to the ED with SOL after blunt injury, should EDT be 

performed, versus resuscitation without EDT, to improve HS and NIS?  

 

Qualitative Synthesis: 

Eight studies (n=72) addressed HS
9,14,16-18,20,22,23

 and 7 (n=45) evaluated NIS.
14,16-18,20,22,23

 There 

were no survivors in 6 studies.
14,16-18,20,22

 The NTDB review, between 2013 and 2016, reported 3 

survivors (<16 years; n=27), but NIS data were omitted.
9
: Rothenberg et al. (n=17) found 1 with 

thoracic injury and NIS between 1977 and 1988.
23

 Reporting of blunt injury location was 

inconsistent, and several articles did not provide a definition, including the NTDB study.
12,16,22

 

Of those which did, sites included chest, neck, abdomen, brain, aorta, “multiple” or 

unknown.
14,17,23,24,27

  

 

Quantitative Synthesis: 

The estimated HS without EDT is 0.5%, and NIS is 0.3%.
5
 Pooled data evaluating HS 

demonstrated an event rate of 5.6% (4/17) (RR=11.1; CI=3.05-40.5; p=0.0003).
9,14,16-18,20,22,23

 

Pooled data revealed a NIS of 2.2% (1/45) (RR=7.41; CI=0.76-69.8; p=0.08) (Table 2). 

 

Recommendation: 

In a pediatric patient presenting pulseless to the ED following a blunt injury with SOL, we 

conditionally recommend EDT, following the performance of emergency adjuncts, including 

ultrasound and thoracostomies, to determine injury location and/or reversible causes of shock, if 

able. Seven committee members voted in support; however, four votes were made for a 
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conditional recommendation against EDT. As traumatic brain injury (TBI) is a leading cause of 

death in pediatric trauma patients, discussion regarding concomitant TBI raised concerns leading 

to some authors recommending against EDT. The authors considered that patients might not 

want to undergo EDT, given the possibility of severe TBI or poor neurological outcomes. Given 

the available data and the working group’s expertise, a conditional recommendation was made to 

allow for treating provider discretion, who knows the totality of the patient’s injury burden.  

 

PICO 6  

In pediatric patients presenting pulseless to the ED without SOL after blunt injury, should EDT 

be performed versus resuscitation without EDT to improve HS and NIS?  

 

Qualitative Synthesis: 

Literature review identified 10 studies (n=105) with no survivors.
9,14-18,20-23

 Reporting of injury 

location was inconsistent. 

 

Quantitative Synthesis: 

HS and NIS are estimated as 0.001% and 0.0006%, respectively.
5
 In our literature review, we 

found no survivors conferring an event rate of 0% for both outcomes of interest. RR and CI 

could not be calculated (Table 2). 

 

Recommendation: 

In a pediatric patient presenting pulseless to ED following a blunt injury without SOL, we 

strongly recommend against EDT. The committee unanimously voted strongly against EDT. 
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Despite low-quality evidence and a small population, the committee believed that most patients 

would not favor EDT in this scenario due to dismal survival rates and the likelihood of poor 

neurological outcomes, supported by our review and the adult literature.
5
 

 

Grading the Evidence 

By employing GRADE, the overall quality of evidence for all PICO questions was very low, 

determined by the serious risk of bias for the research design and the serious risk of imprecision 

due to small population sizes. PICO 3 was determined to have a very serious risk of imprecision 

for an extremely low sample size (n=10) (Table 2). 

 

DISCUSSION 

Future directions: 

This review revealed a paucity of data regarding the utility of EDT in the pediatric trauma 

population based on physiology. The number of included patients and data quality is low 

compared with similar adult studies. Despite the known physiological differences between adults 

and children, particularly the child’s response to hypotension
28

 the committee had to consider 

adult outcomes when making recommendations. The committee also relied on expertise and 

experience to guide voting. This review proves that further focused studies are required to create 

evidence-based guidelines grounded on high-quality evidence. 

 

There may also be significant differences in outcomes in young children versus adolescents that 

were not evaluated due to the lack of data for EDT outcomes based on both mechanism and 

physiology but should be considered. Dissimilar to adults, children hemodynamically 
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compensate for acute blood loss until late in the clinical course. Therefore, decompensation 

reflects a greater degree of hemorrhage and is consequently less salvageable.
29

 A prospective 

observational study by Moore et al. included 179 pediatric EDT patients and compared survival 

between children (15 years) and adolescents (16-18 years). A higher survival rate in adolescents 

than pediatric patients (5% versus 0%, p=0.036) was found.
26

  

 

This survival discrepancy may also be attributed to mechanism differences: pediatric patients 

sustained more blunt injury than adolescents in this study (72% versus 32 %, p<0.001).
26

 Data 

from both adult and pediatric populations show improved mortality following penetrating over 

blunt injuries.
5,30

 Our survival data supports this: 13.4% of penetrating victims versus 2.3% of 

those bluntly injured. In a retrospective case series using the NTDB, Wyrick et al. described 316 

children who underwent EDT, and all survivors (n=98) had penetrating injuries. Furthermore, 

penetrating injury was associated with decreased risk of death compared to blunt (OR=0.34, 

p=0.009).
30

  

 

Limitations: 

This study has several limitations, mainly derived from the low-quality evidence and scarcity of 

data. Our results rely on the NTDB, estimated probabilities of HS and NIS, and data from 

children >15 years. In addition, extrathoracic injury site, blunt injury location, and time without 

SOL were not well defined across the literature. Given the available data, expert opinion guided 

recommendation development, and there was nonunanimous voting. The committee voted to 

abide by the majority vote; however, due to the controversies, conditional recommendations 

were made to allow discretion to the treating provider, who is privy to the totality of injury 
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burden and should employ adjuncts such as ultrasound to assist with decision-making. With 

expert opinion comes risk for bias, especially given the ethical dilemma surrounding the decision 

to perform or withhold this life-saving procedure. Lastly, only one database was queried. 

 

Conclusion: 

Based on a comprehensive literature review, we provide evidence-based guidelines using 

GRADE (Table 3) to provide a framework for the physician facing a child in extremis following 

a traumatic injury based on mechanism and physiology. We found a lack of high-quality 

evidence addressing our PICOs, therefore, evidence from the adult literature, expert opinion, and 

patient/provider preference recognition guided our recommendations. These guidelines are 

intended to inform decision-making but not replace clinical judgment.  
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Figure Legend: 

 

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-analyses Diagram of 

Included Studies 
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Figure 1 
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Author (Year) Title 
Study 

Design 
Age range 

# pt 

PICO 1 

# pt 

PICO 2 

# pt 

PICO 3 

# pt 

PICO 4 

# pt 

PICO 5 

# pt 

PICO 6 

Beaver et al. 

(1987) 

Efficacy of Emergency Room 

Thoracotomy in Pediatric Trauma 

Single-center 

Retrospective 

Case series 

15 mo – 14 yrs 

Mean = 8 yrs 
---* 

n=2 

(HS = 0; 

NIS = 0) 

---* ---* ---* 

n=15 

(HS = 0; 

NIS = 0) 

Powell et al. 

(1988) 

Resuscitative Thoracotomy in Children 

and Adolescents 

Single-center 

Retrospective 

Case series 

4 yrs – 18 yrs 

Mean = 14 yrs 

n=1 

(HS = 0; 

NIS = 0) 

n=9 

(HS = 3; 

NIS = 3) 

---* 

n=2 

(HS = 1; 

NIS = 1) 

---* 

n=5 

(HS = 0; 

NIS = 0) 

Rothenberg et al. 

(1989) 

Emergency Department Thoracotomy in 

Children – A Critical Analysis 

Two-center 

Retrospective 

Case series 

13 mo – 18 yrs 

Mean = 15 yrs 

n=3 

(HS = 0; 

NIS = 0) 

n=15 

(HS = 0; 

NIS = 0) 

n=4 

(HS = 1; 

NIS = 1) 

n=8 

(HS = 0; 

NIS = 0) 

n=17 

(HS = 1; 

NIS = 1) 

n=30 

(HS = 0; 

NIS = 0) 

Sheikh et al. 

(1993) 

Emergency Department Thoracotomy in 

Children: Rationale for Selective 

Application 

Single-center 

Retrospective 

Case series 

1.5 yrs – 18 yrs 

Mean = 8.5 yrs 
---* ---* ---* ---* 

n=6 

(HS = 0; 

NIS = 0) 

n=9 

(HS = 0; 

NIS = 0) 

Nance et al. 

(1996) 

Thoracic Gunshot Wounds in Children 

Under 17 Years of Age 

Two-center 

Retrospective 

Case series 

0 yrs - 16 yrs 

Mean = 12.4 yrs 

n=5 

(HS = 0; 

NIS = 0) 

n=1 

(HS = 0; 

NIS = 0) 

---* ---* ---* ---* 

Hofbauer et al. 

(2011) 

Retrospective Analysis of Emergency 

Room Thoracotomy in Pediatric Severe 

Trauma Patients 

Single-center 

Retrospective 

Case series 

2.6 yrs – 15.4 yrs 

Mean = 7.8 yrs 

n=1 

(HS = 1; 

NIS = NR) 

---* ---* ---* 

n=1 

(HS = 0; 

NIS = 0) 

n=9 

(HS = 0; 

NIS = 0) 

Easter et al. 

(2012) 

Emergent Pediatric Thoracotomy 

Following Traumatic Arrest 

Single-center 

Retrospective 

Case series 

2 yrs – 17 yrs 

Median = 15 yrs 

n=3 

(HS = 3; 

NIS = 3) 

n=9 

(HS = 0; 

NIS = 0) 

---* 

n=4 

(HS = 0; 

NIS = 0) 

n=9 

(HS = 0; 

NIS = 0) 

n=4 

(HS = 0; 

NIS = 0) 

Boatright et al. 

(2013) 

Validation of Rules to Predict Emergent 

Surgical Intervention in Pediatric Trauma 

Patients 

Two-center 

Retrospective 

Case series 

7 yrs – 14 yrs (IQR) 

Mean = 11 yrs 
---* ---* ---* ---* 

n=5 

(HS = 0; 

NIS = 0) 

n=4 

(HS = 0; 

NIS = 0) 

Allen et al. 

(2015) 

Pediatric Emergency Department 

Thoracotomy: A large Case Series and 

Systematic Review 

Single-center 

Retrospective 

Case series 

0 yrs – 18 yrs 

Median = 16 yrs 
---* ---* ---* ---* 

n=5 

(HS = 0; 

NIS = 0) 

n=2 

(HS = 0; 

NIS = 0) 

Nicolson et al. 

(2015) 

Resuscitative Thoracotomy for Pediatric 

Trauma in Illinois, 1999 to 2009 

Single-center 

Retrospective 

Case series 

0 yrs – 15 yrs 

Mean = 13 yrs 

n=4 

(HS = 1; 

NIS = 1) 

n=12 

(HS = 1; 

NIS = 0) 

---* 

n=1 

(HS = 0; 

NIS = 0) 

n=2 

(HS = 0; 

NIS = 0) 

n=4 

(HS = 0; 

NIS = 0) 

Prieto et al. 

(2020) 

Nationwide Analysis of Resuscitative 

Thoracotomy in Pediatric Trauma: Time 

to Differentiate from Adult Guidelines? 

NTDB 

Retrospective 

Case Series 

0 yrs – 15 yrs 

Mean = 10.3 

n=25 

(HS = 8; 

NIS = NR) 

n=29 

(HS = 0; 

NIS = 0) 

n=6 

(HS = 0; 

NIS = 0) 

n=4 

(HS = 0; 

NIS = 0) 

n=27 

(HS = 3; 

NIS = NR) 

n=23 

(HS = 0; 

NIS = 0) 

Table 1: Summary of Included Studies. Author, year of publication, title, study design, age 
range, and mean/median age of included patients is included. The last six columns show the 
number of patients in each study that address each PICO as well as the number of patients with 
hospital survival (HS) and neurologically intact hospital survival (NIS). *No patients within the 
paper address the PICO. 
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Question Outcome 
# 

Studies 

Certainty Assessment Event Rates Effect 
Importance

/Certainty Study Design 
Risk of 

Bias 
Inconsistency Indirectness Imprecision EDT 

No 

EDT* 

Relative 

(95% CI) 

Absolute 

(95% CI) 

PICO 1 

HS 7 
Observational 

studies 
serious not serious not serious serious 

13/42 

(31.0%) 

28/1000 

(2.8%) 

RR 11.0544 

(6.1840 to 
19.7606) 

282 more per 

1,000 

(from 145 

more to 525 

more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

NIS 5 
Observational 

studies 
serious not serious not serious serious 

4/16 

(25.0%) 

25/1000 

(2.5%) 

RR 10.0000 

(3.9345 to 
25.4162) 

225 more per 

1,000 

(from 73 more 

to 610 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

PICO 2 

HS 7 
Observational 

studies 
serious not serious not serious serious 

4/77 

(5.2%) 

2/1000 

(0.2%) 

RR 25.9740 

(4.8336 to 
139.5753) 

50 more per 

1,000 

(from 8 more 

to 277 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

NIS 7 
Observational 

studies 
serious not serious not serious serious 

3/77 

(3.9%) 

1.8/1000 

(0.2%) 

RR 21.6450 

(6.5094 to 
71.9742) 

37 more per 

1,000 

(from 10 more 

to 128 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

PICO 3 

HS 2 
Observational 

studies 
serious not serious not serious very serious 

1/10 

(10.0%) 

17/1000 

(1.7%) 

RR 5.8824 

(0.8639 to 
40.0520) 

83 more per 

1,000 

(from 2 fewer 

to 664 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

NIS 2 
Observational 

studies 
serious not serious not serious very serious 

1/10 

(10.0%) 

15/1000 

(1.5%) 

RR 6.6667 

(0.9715 to 
45.7494) 

85 more per 

1,000 

(from 0 fewer 

to 671 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

PICO 4 

HS 5 
Observational 

studies 
serious not serious not serious serious 

1/19 

(5.3%) 

1/1000 

(0.1%) 

RR 52.6316 

(3.4174 to 
810.5861) 

52 more per 

1,000 

(from 2 more 

to 810 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

NIS 5 
Observational 

studies 
serious not serious not serious serious 

1/19 

(5.3%) 

9/10000 

(0.1%) 

RR 58.4795 

(7.7856 to 
439.2538) 

52 more per 

1,000 

(from 6 more 

to 394 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

PICO 5 

HS 8 
Observational 

studies 
serious not serious not serious serious 

4/72 

(5.6%) 

5/1000 

(0.5%) 

RR 11.1111 

(3.0498 to 
40.4805) 

51 more per 

1,000 

(from 10 more 

to 197 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

NIS 7 
Observational 

studies 
serious not serious not serious serious 

1/45 

(2.2%) 

3/1000 

(0.3%) 

RR 7.4074 

(0.7859 to 
69.8184) 

19 more per 

1,000 

(from 1 fewer 

to 206 more) 

CRITICAL 

 

⨁◯◯◯ 

Very low 

PICO 6 

HS 10 
Observational 

studies 
serious not serious not serious serious 

0/105 

(0.0%) 

1/100000 

(0.0%) 

not 
estimable 

--- 

CRITICAL 

 

⨁◯◯◯ 

Very low 

NIS 10 
Observational 

studies 
serious not serious not serious serious 

0/105 

(0.0%) 

6/100000

0 (0.0%) 

not 
estimable 

--- 

CRITICAL 

 

⨁◯◯◯ 

Very low 

Table 2: Evidence Table. Based on the pre-establish methodology described in Seamon et al. in 

2015,
5
 the probability of hospital survival without EDT was estimated. CI: confidence interval; 

RR: risk ratio. 
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PICO Pediatric** Adult* 

1 
Penetrating thoracic injury 

with SOL 

Conditional recommendation  

IN SUPPORT  

Strong recommendation  

IN SUPPORT 

2 
Penetrating thoracic injury 

without SOL 

Conditional recommendation  

AGAINST  

Conditional recommendation 

IN SUPPORT 

3 

Penetrating extrathoracic 

(abdominopelvic) injury 

with SOL 

Conditional recommendation  

IN SUPPORT  

Conditional recommendation 

IN SUPPORT 

4 

Penetrating extrathoracic 

(abdominopelvic) injury 

without SOL 

Conditional recommendation  

AGAINST  

Conditional recommendation 

IN SUPPORT 

5 Blunt injury with SOL 
Conditional recommendation  

IN SUPPORT 

Conditional recommendation 

IN SUPPORT 

6 Blunt injury without SOL 
Strong recommendation  

AGAINST  

Conditional recommendation 

AGAINST 

Table 3: Summary of Recommendations. **This committee’s final recommendations. 

*Recommendations from EAST practice management guideline for emergency department 

thoracotomy in adult populations.
5
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