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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.
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BACKGROUND

Trauma is the leading cause of morbidity and mortality in the United States pediatric
population.’ 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.? 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.’

Evidence-based guidelines have been created for adults without similar recommendations for
children.** Historically, the adult guidelines have been followed in children,® 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.’

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



traumatic injury. Our population, intervention, comparator, and outcome (PICO) questions are

based on the 2015 EAST practice management guideline (PMG)’ and are as follows:
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1.

Population:

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

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

Pediatric patients presenting pulseless to the ED with SOL after penetrating
abdominopelvic injury

Pediatric patients presenting pulseless to the ED without SOL after penetrating
abdominopelvic injury

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

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

Intervention: EDT

Comparator: Resuscitation without EDT

Outcomes:

1.

2.

Hospital survival (HS)

Neurologically intact hospital survival (NIS)
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Signs of Life Definition:

As defined by the 2001 American College of Surgeons Committee on Trauma,® 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.>*° 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.* 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.'® 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
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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.

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.’ 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

10
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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,”’

99 ¢ 99 ¢¢

“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.

11
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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 (Cl). 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,’ 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.** 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

12
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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).***? Seven were single-center,***>!"1820-22 3 \yere two-
center,®**? and 1 used the NTDB (Table 1).° 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.
PICO1
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.>1"#*2

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

(GSWs).*#2 Conversely, two series reported 100% HS.'"** Easter et al. described three 17-

13
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year-old patients between 1995 and 2009 who sustained cardiac stab wounds and survived
intact."” 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.'® 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 N1S was not reported.’

Quantitative Synthesis:

Pooled data from included studies showed 31% survival (13/42). Based on previously described
methods, the estimated HS following resuscitation without EDT is 2.8% (RR=11.1; 95%
Cl=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% CI1=3.93-25.4; p<0.0001) (Table 2) 17192123

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.’

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?

14
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Qualitative Synthesis:

91517192123 \vhich includes

Seven retrospective studies (n=77) provided HS and NIS data,
children who, in addition to their thoracic injury, may also have an extrathoracic injury
(n=5).""# 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, ®*1"**?® of which, the largest included 29 patients (all <16
years).” 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,*>*>%# 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.!’
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.”
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).?

15
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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%° (RR=26.0, C1=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%.°

(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.? 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?

16



€202/70/80 U0 HOdAIIDYINedSIV0RAZESMZWBNMYHIB8TIsEXq0z LaNgAeHASDAEPLISOFIZNdNMZAIMSZIXDEDID/AO

xQywAaggspbx16mburepix+/,Sanbyp4owggglgoeeMBvbeHTA Ag ewnenljwod mm| sieulnoly:dny woly papeojumoq

Qualitative Synthesis:

Two studies (n=10) addressed PICO 3.%% Rothenberg et al. included 4 patients (<19 years)
between 1977 and 1988 with penetrating abdominal injury. One survived and remained
neurologically intact.”® The NTDB review from 2013 to 2016, however, found 0 “noncranial”

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

Quantitative Synthesis:

The estimated HS and NIS for those who do not undergo EDT are 1.7% and 1.5%, respectively.®
Pooled data revealed 10% HS and NIS in patients who underwent EDT (1/10) (HS RR=5.88;

CI1=0.86-40.1; p=0.07); (NIS RR=6.67; C1=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.®

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?

17
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Qualitative Synthesis:

Five studies (n=19) reported HS and NIS data; most found 0% survival following EDT.**2021.23

23,27 - -
or “noncranial extrathoracic” (n=4)."

The site of injury was defined as abdominal (n=9)
Patients who sustained concurrent thoracic (n=3) and unspecified aortic injury were also
included (n=2).""*" Powell et al. described one 18-year-old patient (n=2) with NIS after GSW to

the thigh and chest.?

Quantitative Synthesis:

The estimated HS and NIS without EDT are 0.1% and 0.09%, respectively.® Analysis of pooled
EDT data demonstrated both HS and NIS as 5.3% (1/19) (HS RR=52.6; Cl=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.®

18
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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®141618202223 anq 7 (n=45) evaluated NIS.*16-18202223 Thare
were no survivors in 6 studies.**'%82°22 The NTDB review, between 2013 and 2016, reported 3
survivors (<16 years; n=27), but NIS data were omitted.’: Rothenberg et al. (n=17) found 1 with
thoracic injury and NIS between 1977 and 1988.% Reporting of blunt injury location was
inconsistent, and several articles did not provide a definition, including the NTDB study.'?1%%
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%.° Pooled data evaluating HS
demonstrated an event rate of 5.6% (4/17) (RR=11.1; CI=3.05-40.5; p=0.0003).%1416-18.20.2223

Pooled data revealed a NIS of 2.2% (1/45) (RR=7.41; C1=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.”***#2%2 Renorting of injury

location was inconsistent.

Quantitative Synthesis:

HS and NIS are estimated as 0.001% and 0.0006%, respectively.® In our literature review, we
found no survivors conferring an event rate of 0% for both outcomes of interest. RR and ClI

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.”

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® 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.?® 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.?®

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).%° Data
from both adult and pediatric populations show improved mortality following penetrating over
blunt injuries.>*® 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).%

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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. Study #pt #pt #pt #pt #pt #pt
Author (Year) Title Design Age range PICO1  PICO2 PICO3 PICO4  PICOS  PICOG
Beaver et al. Efficacy of Emergency Room Slngle—cen.ter 15mo—14 yrs * n:E . * * " n:1_5 .
(1987) Thoracotomy in Pediatric Trauma Retrospective Mean = 8 yrs (HS=0; (HS=0;
Case series NIS =0) NIS = 0)
Powell et al. Resuscitative Thoracotomy in Children Slngle-cen_ter 4yrs—18 yrs n:_l X n:? . . n:_2 . - n:_5 X
(1988) and Adolescents Retrospective Mean = 14 yrs (HS=0; (HS=3, - (HS=1; (HS=0;
Case series NIS = 0) NIS = 3) NIS = 1) NIS = 0)
. Two-center n=3 n=15 n=4 n=8 n=17 n=30
Rmhe(’lggrgg)’ etal. Emergency Department ThOracoromy N Retrospective ~ ~a1m0 _ 1o Y13 (HS=0;  (HS=0; (HS=1, (HS=0; (HS=1;,  (HS=0;
Y Case series =y NIS=0)  NIS=0) NIS=1) NIS=0) NIS=1)  NIS=0)
. Emergency Department Thoracotomy in Single-center B n=6 n=9
She(lllggg; al. Children: Rationale for Selective Retrospective bigf_ 812 yrrss - --® --® ---* (HS=0; (HS=0;
Application Case series i NIS = 0) NIS = 0)
Nance et al. Thoracic Gunshot Wounds in Children Two—centgr 0yrs-16 yrs n:_5 i n:_l . o - . -
(1996) Under 17 Years of Age Retrospective Mean = 12.4 yrs (HS=0; (HS=0;
Case series | NIS = 0) NIS = 0)
Retrospective Analysis of Emergency Single-center B n=1 n=1 n=9
HOfbégiz)et al. Room Thoracotomy in Pediatric Severe Retrospective ziaey; _ %5;1 )r/;s (HS=1; -* --® ---* (HS=0; (HS=0;
Trauma Patients Case series =rey NIS = NR) NIS =0) NIS = 0)
Easter et al. Emergent Pediatric Thoracotomy Slngle—cen_ter 2yrs—17yrs n:_3 . n:i) . o n:f . n:_g . n:f .
(2012) Following Traumatic Arrest Retrospective Median = 15 yrs (HS=3; (5 =0y (HS=0; (HS=0; (HS=0;
Case series NIS = 3) NIS = 0) NIS = 0) NIS = 0) NIS = 0)
. Validation of Rules to Predict Emergent Two-center n=5 n=4
Boat(rzlgg)et al. Surgical Intervention in Pediatric Trauma Retrospective 7 y':ze;l:él_ylri (ISR) - - - -* (HS=0; (HS=0;
Patients Case series k4 NIS = 0) NIS = 0)
Pediatric Emergency Department Single-center n=5 n=2
Alggf;)al' Thoracotomy: A large Case Series and Retrospective Iv?efj/:;r:—lig rsrs ---* ---* ---* ---* (HS=0; (HS=0;
Systematic Review Case series =10y NIS = 0) NIS = 0)
. - - Single-center n=4 n=12 n=1 n=2 n=4
e o™ Rampeave (VS BYS Soy @Sey e (SSo GSSa (D
' Case series =3y NIS=1) NIS = 0) NIS =0) NIS =0) NIS = 0)
Prieto et al Nationwide Analysis of Resuscitative NTDB 0vrs — 15 vrs n=25 n=29 n=6 n=4 n=27 n=23
(2020) . Thoracotomy in Pediatric Trauma: Time Retrospective Myean B 18/3 (Hs=8; (HS=0; (HS=0; (HS=0; (HS=3; (HS=0;
to Differentiate from Adult Guidelines? Case Series Y NIS = NR) NIS = 0) NIS = 0) NIS = 0) NIS = NR) 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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4 Certainty Assessment Event Rates Effect Importance
Question  Outcome . . Risk of . . . No Relative Absolute X
Studies Study Design Bias Inconsistency ~ Indirectness  Imprecision EDT EDT* (95% CI) (95% CI) /Certainty
RR 11.0544 2821m(?0r(e) P CRITICAL
Observational . . . : 13/42 28/1000 . '
HS 7 studies serious not serious not serious serious (31.0%) 2.8%) (6.1840 to (from 145 o000
b : 19.7606) more to 525 Very low
PICO 1 more)
225 more per CRITICAL
. RR 10.0000
Observational . . . . 4/16 25/1000 1,000
NIS 5 studies serious not serious not serious serious (25.0%) (2.5%) (3;;9‘3;112;0 (from 73 more e000
: ) to 610 more) Very low
50 more per CRITICAL
HS 7 Observational serious not serious not serious serious A 2/1000 R;E 82353;2110 1000
studies (5.2%) (0.2%) 13;9 5753 (from 8 more o000
PICO 2 : ) to 277 more) Very low
RR 21.6450 37 more per CRITICAL
NIS 7 Observgtional serious not serious not serious serious 377 L8/1000 (6.5054 to 1,000
studies (3.9%) (0.2%) 71.9742) (from 10 more o000
) to 128 more) Very low
83 more per CRITICAL
. RR 5.8824
Observational : : - . 1/10 17/1000 1,000
HS 2 studies serious not serious not serious Vvery serious (10.0%) (1.7%) (2.083225)0 (from 2 fewer 0000
PICO 3 . to 664 more) Very low
RR 6.6667 85 more per CRITICAL
NIS 2 Observational serious not serious not serious very serious 11 15/1000 (0. 97i5 to 1,000
studies y (10.0%)  (1.5%) 45.7494) (fromofewer OO0
. to 671 more) Very low
. RR526316 ~ o2moreper  CRITICAL
HS 5 Observa_tlonal serious not serious not serious serious 119 1/1000 (3.4174 to 1,000
studies (5.3%) (0.1%) 81'0 5861) (from 2 more o000
PICO 4 ) to 810 more) Very low
RR 58.4795 52 more per CRITICAL
Observational . . A q 1/19 9/10000 ) 1,000
NIS 5 studies serious not serious not serious serious (5.3%) (0.1%) g;szsss?’gc; (from 6 more ®0O00
: to 394 more) Very low
51 more per CRITICAL
HS 8 Observa}tional serious not serious not serious serious 42 5/1000 R(Eolzlléélt})l 1,000
studies (5.6%) (0.5%) 40,4805 (from 10 more o000
PICOS ) ) to 197 more) Very low
RR 7.4074 19 more per CRITICAL
Observational ’ . / . 1/45 3/1000 . 1,000
NIS 7 studies serious not serious not serious serious (2.29%) (0.3%) (257?:;)0 (from 1 fewer ®000
i to 206 more) Very low
CRITICAL
Observational . q . . 0/105 1/100000 not
HS 10 ST serious not serious not serious serious (0.0%) (0.0%) estimable ®000
Very low
PICO®6 CRITICAL
Observational . . . . 0/105 6/100000 not
NIS 10 sy serious not serious not serious serious (0.0%) 0(0.0%) estimable ®0O00
Very low

Table 2: Evidence Table. Based on the pre-establish methodology described in Seamon et al. in
2015, the probability of hospital survival without EDT was estimated. Cl: confidence interval;
RR: risk ratio.

Copyright © 2023 Wolters Kluwer Health, Inc. All rights reserved.
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PICO Pediatric** Adult*
Penetrating thoracic injury Conditional recommendation Strong recommendation
with SOL IN SUPPORT IN SUPPORT
Penetrating thoracic injury Conditional recommendation Conditional recommendation
without SOL AGAINST IN SUPPORT
Izaetr)]g(t)rriltilr:]gpz)l(\t/ri?:;hi?\rj%cr;: Conditional recommendation Conditional recommendation
IN SUPPORT IN SUPPORT

with SOL

Penetrating extrathoracic
(abdominopelvic) injury

Conditional recommendation

Conditional recommendation

without SOL AGAINST IN SUPPORT
Blunt iniury with SOL Conditional recommendation Conditional recommendation
Jury with IN SUPPORT IN SUPPORT
. . Strong recommendation Conditional recommendation
Blunt injury without SOL AGAINST AGAINST

Table 3: Summary of Recommendations. **This committee’s final recommendations.
*Recommendations from EAST practice management guideline for emergency department
thoracotomy in adult populations.®
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Appendix 1:

Database: Ovid MEDLINE(R) ALL <1946 to September 02, 2021>
Search Strategy:

exp Thoracotomy/ (11566)

exp Thoracic Surgical Procedures/ (350908)

thoracotom™*.mp. (27944)

2 and 3 (16330)

1 or 4 (16330)

exp Emergency Medical Services/ (153038)

exp Emergency Medicine/ (14606)

6 or 7 (162880)

exp "Wounds and Injuries"/ (945732)

10 exp Accidents/ (199631)

11 exp Disasters/ (91546)

12 9or10or 11 (1162466)

13 5and 8 and 12 (304)

14 limit 13 to "all child (0 to 18 years)" (92)

15 thoracotom*.mp. (27944)

16  ((cut or cuts or cutting or incision*) adj5 (thorax or thoracic* or chest or chests)).mp.
[mp=title, abstract, original title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms| (983)

17 15 o0r 16 (28707)

18 8and 12 and 17 (452)

19 limit 18 to "all child (0 to 18 years)" (157)

20 14or 19 (157)

21  (child* or p?ediatr* or infant* or toddler® or teen* or adolesc* or youth*).mp. [mp=title,
abstract, original title, name of substance word, subject heading word, floating sub-heading
word, keyword heading word, organism supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms] (4312002)
22 13 or 18 (452)

23 21 and 22 (161)

24 ((emergency or emergencies or resuscitat* or er or ed) adj7 (thoracotom* or ((cut or cuts or
cutting or incision*) adj5 (thorax or thoracic* or chest or chests)))).mp. [mp=title, abstract,
original title, name of substance word, subject heading word, floating sub-heading word,
keyword heading word, organism supplementary concept word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier, synonyms] (1102)

25 12 and 24 (714)

26 limit 25 to "all child (0 to 18 years)" (231)

27 21 and 25 (238)

28 26 o0r 27 (238)

29 20 or 23 or 28 (300)

O 00 -1 N W) =
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30

((emergency or emergencies or resuscitat® or er or ed) adj7 (thoracotom* or ((cut or cuts or

cutting or incision*) adj5 (thorax or thoracic* or chest or chests))) adj10 (injur* or wound* or
traum* or damag* or fractur* or penetrat* or crush* or break* or brok* or accident*®)).mp.
[mp=title, abstract, original title, name of substance word, subject heading word, floating sub-
heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier,
synonyms] (451)

31
32
33
34
35
36
37

21 and 30 (130)

limit 30 to "all child (0 to 18 years)" (125)
31 or 32 (130)

29 or 33 (304)

limit 34 to English language (279)

limit 34 to abstracts (290)

35 or 36 (303)
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REPORTING CHECKLIST

AGREE Reporting Checklist

A G R E E  This checklist is intended to guide the reporting of clinical practice guidelines.

CHECKLIST ITEM AND DESCRIPTION REPORTING CRITERIA P*;f’e
DOMAIN 1: SCOPE AND PURPOSE
1. OBJECTIVES IZ1 Health intent(s) (i.e., prevention, screening, 1
Report the overall objective(s) of the diagnosis, treatment, etc.)
guideline. The expected health benefits 21 Expected benefit(s) or outcome(s)
from the guideline are to be specific to the i1 Target(s) (e.g., patient population, society)
clinical problem or health topic.
2. QUESTIONS iZ1 Target population 1.2
Report the health question(s) covered by 21 Intervention(s) or exposure(s)
the guideline, particularly for the key 21 Comparisons (if appropriate)
recommendations. i1 Outcome(s)
2 Health care setting or context
3. POPULATION k21 Target population, sex and age 2.3
Describe the population (i.e., patients, iZ1 Clinical condition (if relevant)
public, etc.) to whom the guideline is meant | i1 Severity/stage of disease (if relevant)
to apply. iZ1 Comorbidities (if relevant)
21 Excluded populations (if relevant)
DOMAIN 2: STAKEHOLDER INVOLVEMENT
4. GROUP MEMBERSHIP iZ1 Name of participant 1 title
Report all individuals who were involved in | i Discipline/content expertise (e.g., neurosurgeon, pé ge
the development process. This may include methodologist)
members of the steering group, the i [nstitution (e.g., St. Peter’s hospital)
research team involved in selecting and K2 Geographical location (e.g., Seattle, WA)
reviewing/rating the evidence and k21 A description of the member’s role in the
individuals involved in formulating the final guideline development group
recommendations.
5. TARGET POPULATION i1 Statement of type of strategy used to capture 2.4
PREFERENCES AND VIEWS patients’/publics’ views and preferences (e.g.,
Report how the views and preferences of participation in the guideline development group,
the target population were literature review of values and preferences)
sought/considered and what the resulting iZ1 Methods by which preferences and views were
outcomes were. sought (e.g., evidence from literature, surveys,
focus groups)
iZ1 Outcomes/information gathered on patient/public
information
21 How the information gathered was used to inform
the guideline development process and/or
formation of the recommendations
6. TARGET USERS IZ1 The intended guideline audience (e.g. 13
Report the target (or intended) users of the specialists, family physicians, patients, clinical or
guideline. institutional leaders/administrators)
21 How the guideline may be used by its target

audience (e.g., to inform clinical decisions, to
inform policy, to inform standards of care)
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DOMAIN 3: RIGOUR OF DEVELOPMENT

7. SEARCH METHODS [Z1 Named electronic database(s) or evidence 3.4
Report details of the strategy used to source(s) where the search was performed (e.g., app,en
search for evidence. MEDLINE, EMBASE, PsychINFO, CINAHL) ;
21 Time periods searched (e.g., January 1, 2004 to dix 1
March 31, 2008)
[Z1 Searchterms used (e.g., text words, indexing
terms, subheadings)
21 Full search strategy included (e.g., possibly
located in appendix)
8. EVIDENCE SELECTICN CRITERIA [Z1 Target population (patient, public, etc.) 2.3
Report the criteria used to select (i.e., characteristics
include and exclude) the evidence. Provide | 1 Study design
rationale, where appropriate. 21 Comparisons (if relevant)
A1 Outcomes
21 Language (if relevant)
21 Context (if relevant)
9. STRENGTHS & LIMITATIONS OF THE |k Study design(s) included in body of evidence 1
EVIDENCE 21 Study methodology limitations (sampling,
Describe the strengths and limitations of blinding, allocation concealment, analytical
the evidence. Consider from the methods)
perspective of the individual studies and k21 Appropriateness/relevance of primary and
the body of evidence aggregated across all secondary outcomes considered
the studies. Tools exist that can facifitate 2 Consistency of results across studies
the reporting of this concept. k21 Direction of results across studies
21 Magnitude of benefit versus magnitude of harm
k21 Applicability to practice context
10. FORMULATION OF [Z1 Recommendation development process (e.g., 4-13
RECOMMENDATIONS steps used in modified Delphi technique, voting
Describe the methods used to formulate procedures that were considered)
the recommendations and how final [Z1 Outcomes of the recommendation development
decisions were reached. Specify any areas process (e.g., extent to which consensus was
of disagreement and the methods used to reached using modified Delphi technique,
resolve them. outcome of voting procedures)
IZ1 How the process influenced the
recommendations (e.g., results of Delphi
technique influence final recommendation,
alignment with recommendations and the final
vote)
11. CONSIDERATION OF BENEFITS AND |21 Supporting data and report of benefits 4-5
HARMS 21 Supporting data and report of harms/side
Report the health benefits, side effects, effects/risks
and risks that were considered when [Z1 Reporting of the balanceftrade-off between
formufating the recommendations. benefits and harms/side effects/risks
[Z1 Recommendations reflect considerations of both
benefits and harms/side effects/risks
12. LINK BETWEEN 21 How the guideline development group linked and 5.13
RECOMMENDATIONS AND EVIDENCE used the evidence to inform recommendations evidén
Describe the explicit link between the [ Link between each recommendation and key
recommendations and the evidence on evidence (text description and/or reference list) ce
which they are based. [ Link between recommendations and evidence table.

summaries and/or evidence tables in the results
section of the guideline
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13. EXTERNAL REVIEW

g8

Purpose and intent of the external review (e.g., to

Report the methodology used to conduct improve quality, gather feedback on draft 25
the external review. recommendations, assess applicability and
feasibility, disseminate evidence)
21 Methods taken to undertake the external review
(e.g., rating scale, open-ended guestions)
2 Description of the external reviewers (e.g.,
number, type of reviewers, affiliations)
[Z1 Outcomes/information gathered from the external
review (e.g., summary of key findings)
21 How the information gathered was used to inform
the guideline development process and/or
formation of the recommendations (e.g.,
guideline panel considered results of review in
forming final recommendations)
14. UPDATING PROCEDURE O A statement that the guideline will be updated 1st of
Describe the procedure for updating the O Explicit time interval or explicit criteria to guide its kind
guideline. decisions about when an update will occur
O Methodology for the updating procedure
DOMAIN 4: CLARITY OF PRESENTATION
15. SPECIFIC AND UNAMBIGUOUS [Z] A statement of the recommended action 513
RECOMMENDATIONS 2 Intent or purpose of the recommended action
Describe which options are appropriate in (e.g., to improve quality of life, to decrease side
which situations and in which population effects)
groups, as informed by the body of 21 Relevant population {e.g., patients, public)
evidence. 21 Caveats or qualifying statements, if relevant
(e.g., patients or conditions for whom the
recommendations would not apply)
k2 If there is uncertainty about the best care
option(s), the uncertainty should be stated in the
guideline
16. MANAGEMENT OPTIONS [Z1 Description of management options 513
Describe the different options for managing | 1 Population or clinical situation most appropriate
the condition or health issue. to each option
17. IDENTIFIABLE KEY [Z1 Recommendations in a summarized box, typed Table
RECOMMENDATIONS in bold, underlined, or presented as flow charts 9
Present the key recommendations so that or algorithms
they are easy to identify. [@ Specific recommendations grouped together in
one section
DOMAIN 5: APPLICABILITY
18. FACILITATORS AND BARRIERS TO [Z1 Types of facilitators and barriers that were 513
APPLICATION considered
Describe the facilitators and barriers to the | [Z1 Methods by which information regarding the
guideline’s application. facilitators and barriers to implementing
recommendations were sought (e.g., feedback
from key stakeholders, pilot testing of guidelines
before widespread implementation)
2 Information/description of the types of facilitators

and barriers that emerged from the inquiry (e.g.,
practitioners have the skills to deliver the
recommended care, sufficient equipment is not
available to ensure all eligible members of the
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population receive mammography)

members have declared whether they have
any competing interests.

were sought
A description of the competing interests

21 How the information influenced the guideline >-13
development process and/or formation of the
recommendations

19. IMPLEMENTATION ADVICE/TOOLS 21 Additional materials to support the Table
Provide advice and/or tools on how the implementation of the guideline in practice. For 2
recommendations can be applied in example:
practice. m Guideline summary documents
m Links to check lists, algorithms
m Links to how-to manuals
m Solutions linked to barrier analysis (see ltem
18)
m Tools to capitalize on guideline facilitators
(see ltem 18)
m Outcome of pilot test and lessons learned
20. RESOURCE IMPLICATIONS IZ1 Types of cost information that were considered 3
Describe any potential resource (e.g., economic evaluations, drug acquisition
implications of applying the costs)
recommendations. O Methods by which the cost information was
sought (e.g., a health economist was part of the
guideline development panel, use of health
technology assessments for specific drugs, etc.)

O Information/description of the cost information
that emerged from the inquiry (e.g., specific drug
acquisition costs per treatment course)

O How the information gathered was used to inform
the guideline development process and/or
formation of the recommendations

21. MONITORING/ AUDITING CRITERIA O Criteria to assess guideline implementation or N/A
Provide monitoring andfor auditing criteria adherence to recommendations

to measure the application of guideline O Criteria for assessing impact of implementing the
recommendations. recommendations

O Advice on the frequency and interval of
measurement

O Operational definitions of how the criteria should
be measured

DOMAIN 6: EDITORIAL INDEPENDENCE
22. FUNDING BODY 2 The name of the funding body or source of Title
Report the funding body’s influence on the funding (or explicit statement of no funding)
content of the guideline. 2 A statement that the funding body did not page
influence the content of the guideline
23. COMPETING INTERESTS i1 Types of competing interests considered Titel
Provide an explicit statement that all group | 1 Methods by which potential competing interests page
i
4

How the competing interests influenced the
guideline process and development of
recommendations

From:

Brouwers MC, Kerkvliet K, Spithoff K, on behalf of the AGREE Next Steps Consortium. The AGREE Reporting Checklist: a tool to
improve reporting of clinical practice guidelines. BMJ 2016;352:i1152. doi: 10.1136/bmj.i1152.

For more information about the AGREE Reporting Checklist, please visit the AGREE Enterprise website at www.agreetrust.org.

39




£202/¥0/80 U0 HodAIIDFINEdSIVORAZESMZWSNMYYI88TISEXq0Z LANGA6HASDAEPLISOIZNANHZAIMSZIXDEDIO/AO

xoywAggspbx16mbirepix+,Sainbyp-4ow9gglso66MBvbeHTA Aq ewinenl/wod mm sfeuinol//:dny wouy papeojumoq

Emergency Department Thoracotomy in Children:
A PTS,WTA, and EAST Systematic Review and Practice Management Guideline

Conditionally Recommend:
EDT:

Penetrating thoracic
Penetrating extrathoracic
Blunt injury
+ signs of life

Systematic Review
11 studies
319 patients

No PMG for pediatric

EDT vs Resuscitation without EDT i .
emergency department Against EDT:

Penetrating thoracic

thoracotomy exist. very low quality of evidence Penetrating extrathoracic
all retrospective case series —signs of life
low population sizes

Strongly Recommend:
Against EDT:
Blunt injury —signs of life

Selesner L et al. Journal of Trauma and Acute Care Surgery. The Journal of
DOI: 10.1097/TA.0000000000003879 Trauma and
@JTra umA(:uteSu rg Copyright @ 2023 Wolters Kluwer Health, Inc. All rights reserved ACUte Care Surgery
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