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eTable 1. Epidemiological characteristics of traumatic cardiac arrest: summary of included epidemiological studies
	Autor (doi)
	Study type
	Region
	Patient period
	Sample size (n)
	Incidence
	Age (Median/IQR/Mean, years)
	Sex (Male %)
	Injury mechanism
	Key outcomes

	Benhamed et al. (10.1016/j.resuscitation.2023.109763)
	Retrospective interrupted time-series analysis
	France
	2011-2020
	4,980
	Not reported
	Median: 46 [30;63] (pre); 47 [30;64] (post)
	76.2% (pre); 76.8% (post)
	Blunt: Majority; Penetrating: 14.4% (pre) → 24.0% (post)
	- Prehospital ROSC: 22.4% (pre) vs. 20.2% (post), p=0.07
- 30-day survival: 1.4% (both periods), p=0.87
- Good neurological outcome (CPC 1-2): 71.4% (pre) vs. 66.7% (post), p=0.93

	Seewald et al. (10.1186/s12873-022-00714-5)
	Retrospective cohort study (two registries)
	Germany
	2014-2019
	1,049
	Not reported
	Median: 55 [35-73]
	75.1%
	Blunt: Majority; Penetrating: 4.4%
	- ROSC: 28.7%
- Hospital admission with ROSC: 22.9%
- Survival to discharge: 5.0%

	Khalifa et al. (10.1016/j.ajem.2021.01.020)
	Retrospective cohort study
	USA
	2007-2015
	24,191
	Not reported
	Mean: 34.9 (survivors); 35.5 (non-survivors)
	74.8% (survivors); 78.9% (non-survivors)
	Blunt: 45.9% (survivors); 53.3% (non-survivors)
Penetrating: 54.1% (survivors); 46.7% (non-survivors)
	- Overall survival: 1.0%
- Discharge home: 0.3%
- Survival in resuscitation responders: 30.3%

	Irfan et al. (10.1016/j.ijcard.2017.03.134)
	Population-based cohort study
	Qatar
	2010-2015
	410
	4.0 per 100,000 population/year
	Median: 33 (27-46)
	92.9%
	Blunt: 94.3%
	- ROSC at ED admission: 14.9%
- Survival to discharge: 2.4%

	Barnard et al. (10.1136/emermed-2018-208165)
	Population-based cohort study
	East of England
	2015-2017
	304
	1.8 per 100,000 population/year
	Median: 43 (30-61)
	77%
	Not reported
	- Survival to admission: 19.3% 
- Survival to discharge: 3.8% 

	Vianen et al. (10.1007/s00068-022-01941-y)
	Systematic review and meta-analysis
	Global (36 studies)
	1995-2020
	51,722
	Not reported
	Variable across studies
	Variable across studies
	Blunt: Majority; Penetrating: Variable
	- Pooled mortality: 96.2% (95%CI 95.0-97.2)
- Favorable neurological outcome (CPC 1-2) in survivors: 43.5% (95%CI 32.3-55.0)
- Lower mortality with physician-staffed EMS (93.9% vs. 97.6%)

	Morcel et al. (10.1016/j.resplu.2025.100981)
	Retrospective cohort study
	France
	2011-2023
	5,030 (396 children; 4,634 adults)
	Not reported
	Children: Median 13 [4-16]Adults: Median 39 [27-51]
	Children: 73.2%Adults: 80.4%
	Blunt: 81.3% (children); 77.9% (adults)
Penetrating: 18.2% (children); 21.4% (adults)
	- 30-day survival: 3.5% (children) vs. 1.6% (adults), p<0.01
- ROSC: 25.5% (children) vs. 20.6% (adults), p=0.02
- Favorable neurological outcome: 0.8% (children) vs. 0.9% (adults), p=0.80

	Savary et al. (10.1016/j.resuscitation.2021.05.012)
	Retrospective cohort study
	France
	2004-2017
	287
	Not reported
	Mean: 44.8-47.9
	75.4-84.2%
	Blunt: Majority; Penetrating: 6.3%
	- 30-day survival with good neurological outcome: 2.8%
- No improvement in survival post-guidelines despite increased interventions

	Irfan et al. (10.1186/s12245-022-00454-0)
	Retrospective cohort study
	Qatar
	2010-2015
	609(410 OHTCA; 199 IHCAT)
	- IHCAT: 2.0 per 100,000 population/year- OHTCA: 4.0 per 100,000 population/year
	Median: 33.0 (OHTCA, IQR 27-46); 33.5 (IHCAT, IQR 25-48.3)
	91.9% (OHTCA); 90.4% (IHCAT)
	- Blunt injury: 93.4% (OHTCA); 96.0% (IHCAT)
- Road traffic injury (leading cause): 74.0% (OHTCA); 73.4% (IHCAT)- Falls: 13.9% (OHTCA); 20.6% (IHCAT)
	- Survival to discharge: 2.4% (OHTCA); 7.5% (IHCAT)

	Wolthers et al. (10.1097/MEJ.0000000000001108)
	Population-based cohort study
	Denmark
	2016-2021
	223
	Not reported
	Median: 54 years (IQR 34-68)
	86%
	- Blunt high-energy trauma: 86% (road collision: 64%)
- Penetrating trauma: 5%
- Low-energy blunt trauma: 9%
	- 30-day survival: 4%

	von Vopelius-Feldt et al. (10.1016/j.resplu.2025.101012)
	Retrospective autopsy series
	Canada (Ontario)
	2018-2022
	172
	-
	Median age range: 30-40 (all adult)
	78%
	- Blunt mechanism: 66%
- Penetrating mechanism: 34% (gunshot: 21%, stab:13%)
	- Hemothorax incidence: 70%
- ROSC: 1%

	Perkins et al. (10.1001/jamasurg.2024.7245)
	Retrospective cohort study
	UK (London)
	1999-2019
	601 (prehospital TCA)
	Not reported
	Median: 25 years (IQR 20-37)
	89.5%
	- Penetrating injury: 88%
- Blunt injury: 12%
	- Survival to discharge: 5.0%
- Survival by cause: Cardiac tamponade (21%), exsanguination (1.9%), combined (0%)
- Time window: No survival >15 min (tamponade) or >5 min (exsanguination)

	Alhasan et al. (10.1097/MD.0000000000020520)
	Retrospective study
	Kuwait
	2017
	140
	Not reported
	- RTA: 32±16
- Slip/fall: 50±15
	87% (RTA); 94% (FFH); 90% (slip/fall); 83% (assault)
	- RTA:76%
- FFH:13%
- Assault:7%
- Slip/fall:4%
	- On-scene mortality: 28% (overall); 60% (FFH with isolated head injury)
- ROSC: 2.8%

	Vassallo et al. (10.1136/archdischild-2018-314985)
	Population-based analysis
	UK (England & Wales)
	2006-2015
	129 (pediatric, <18 years)
	Not reported
	Median: 11.7 (IQR 3.4-16.6)
	62.8%
	- Blunt injury: 85.3% (road traffic collision: 56.6%)
- Penetrating injury:14.7%
	- 30-day survival: 5.4%
- Highest survival at pediatric major trauma center (10.3%)

	Barnard et al. (10.1016/j.resuscitation.2016.11.001)
	Population-based analysis
	UK (England & Wales)
	2009-2015
	705
	0.3% of trauma patients
	Median: 44.3 (IQR 25.2-83.2)
	74.3%
	- Blunt injury: 85.2% (road traffic collision: 45.7%)
- Penetrating injury:14.8%
	- 30-day survival:7.5%
- Survival by location: Prehospital only (11.5%), ED only (3.9%), combined (0%)
- Predictor: Isolated TBI/hemorrhage (10.2% survival) vs. combined (2.2%)

	Djarv et al. (10.1186/s13049-018-0500-7)
	Population-based cohort study
	Sweden
	1990-2016
	1774
	2.4% of all OHCAs
	Mean: 51 (SD 23)
	78%
	Not specified (EMS-reported traumatic etiology)

	- 30-day survival:3.7% (vs. 8.1% for medical CA)

	Beck et al. (10.1016/j.resuscitation.2016.11.011)
	Retrospective cohort study
	Victoria, Australia
	2008-2014
	2334
	7.4% of all OHCA cases
	Median: 44 (IQR: 28-60)
	67.7%
	Blunt (76.3%): Motor vehicle collision (36.5%), motorcycle collision (10.1%), fall (9.4%), pedestrian collision (8.6%); Penetrating (22.8%): Shooting (7.3%), stabbing (6.0%)
	- Resuscitation attempted: 28.3%; 
- ROSC not reported; 
- Survival to hospital discharge: 1.1% (of total TCA) / 3.8% (of resuscitated cases)

	Wang et al. (10.1186/s13049-025-01335-0)
	Retrospective cohort study
	Chinese Taiwan
	2016-2022
	557
	Not reported
	Mean: 48.6 (SD 20.5)
	65.7%
	Blunt (94.8%), Penetrating (2.5%), Burn (1.8%)
	- ROSC: 18.3%;
- 24-h survival: 9.5%; 
- 30-day survival: 2.9%

	Doan et al. (10.1136/emermed-2021-211723)
	Retrospective cohort study
	Queensland, Australia
	2007-2019
	3891
	Not reported
	Median: 44 (IQR: 30-60)
	78.8%
	Blunt (79.8%): Motor vehicle collision (38.1%), motorcycle collision (13.6%), fall (12.6%); Penetrating (19.8%): Gunshot wound (12.2%), stabbing (5.0%); Burn (0.3%)
	- Resuscitation attempted: 38.5%; 
- Survival to hospital handover: 15.3%; - Survival to discharge: 9.8%; - 6-month survival: 9.8%

	Lee et al. (10.1080/10903127.2022.2113941)
	Retrospective cohort study (Pan-Asian)
	13 Asian countries/regions (Japan, Korea, Singapore, etc.)
	2009-2018
	13631
	6.6% of all OHCA cases
	Median: 57 (IQR: 39-73)
	64.6%
	Not specified
	- by-stander CPR: 23% 
- ROSC: 12.8%; 
- Survival to discharge: 3.4%; - Favorable neurological outcome (CPC 1-2): 1.0%

	Escutnaire et al. (10.1016/j.resuscitation.2018.07.032)
	National registry study
	France
	2011-2017
	3209
	Not reported
	Median: 46 (IQR: 29-64)
	75.0%
	Not specified
	- Survival to admission: 14.0%;
- 30-day survival: 1.5%

	Evans et al. (10.1097/TA.0000000000001070)
	Secondary analysis of registries
	North America (US and Canada)
	2005-2007 (Epistry-Trauma); 2010-2011 (PROPHET)
	2300 (1292+1008)
	Not reported
	Mean: 39 (SD:20, Epistry); 40 (SD:19, PROPHET)
	79.0%
	Blunt (67-68%): Motor vehicle collision (24-28%), fall (14-15%); Penetrating (32-33%): Gunshot wound (24-26%)
	- Survival to discharge: 6.3% (7.1% Epistry; 5.3% PROPHET); 81% of survivors had vitals on EMS arrival

	Kitano et al. (10.1016/j.resuscitation.2021.12.023)
	Retrospective nationwide registry study
	Japan
	2014-2019
	3883
	Not reported
	Median: 61-65 (IQR: 41-75/77)
	67.0-72.7%
	Traffic collisions (blunt trauma)
	- 1-month survival: 5.6% (unwitnessed) /7.2% (bystander-witnessed)/10.9% (EMS-witnessed); 
-ROSC:7.9%/10.2%/14.4%;
- Favorable neurological outcome:1.8%/2.6%/3.4%

	Cheng et al. (10.1016/j.injury.2025.112262)
	Retrospective cohort study
	Chinese Taiwan
	2016-2022
	136
	Not reported
	Not specified
	73.0%
	Blunt (94%), Penetrating (6%: gunshot, stabbing)
	- ROSC:39%; Sustained ROSC:30%; 
- Survival to admission:24%; = Survival to discharge:2% (only PEA group)

	Faulkner J et al.(10.1177/00031348221091937)
	Retrospective Cohort Study
	USA
	2007-2016
	7503
	Not reported
	Not specified
	Not reported
	Not specified
	- Overall in-hospital mortality: 95.7%
- Discharge home rate: 1.3%

	Talmy T et al.(10.1080/10903127.2023.2241542)
	Retrospective Cohort Study
	Israel
	1997-2022
	149
	Not reported
	Median: 21 (IQR 19-27)
	89.9%
	- Military setting: Gunshot (64.3%), blast (17.9%)- Non-military setting: Motor vehicle collision (63.1%), gunshot (16.9%)
	- Prehospital return of vital signs: 3.4%
- Survival to hospital admission: 0%

	Shi D et al.(10.1136/tsaco-2021-000817)
	Systematic Review
	Mixed
	1983-2019
	23644
	Not reported
	Not specified
	Not reported
	Not specified
	- Survival to hospital discharge: 9.2% (2168 patients)
- Favorable neurological outcomes (good/moderate) in survivals: 45.8%
- Unfavorable neurological outcomes (severe/vegetative) in survivals: 29.0%
- Missing neurological outcomes in survivals: 25.2%

	Nevins et al. ( 10.1007/s00068-018-0982-z)
	Systematic review
	Global (37 studies)
	2000-2016
	3251
	Not reported
	Not specified
	Not reported
	Not reported
	- Overall survival rate: 8.5%

	Benhamed et al. (10.1097/TA.0000000000003474)
	Retrospective cohort study
	France
	2011-2020
	4,922
	Not reported
	Median: 46 (30-64)
	75.9%
	Blunt: 80.8%; Penetrating: 19.2%
	- Sustained on-scene ROSC: 21.1%
- 30-day survival: 1.4%
- Favorable neurological outcome (CPC 1-2) among 30-day survivors: 72.2%

	Kim et al. (10.22514/sv.2023.128)
	Retrospective cross-sectional study
	South Korea
	2014-2019
	20,247
	Not explicitly reported
	Median: 55 (40-68)
	72.0%
	Blunt (traffic accident, fall, etc.): 97.5%; Penetrating: 2.5%
	- Good neurological status at discharge: 0.3%
- Survival to discharge: 8.6%

	Smida et al. (10.1007/s00068-023-02279-9)
	Retrospective cohort study
	United States
	2018-2021
	4,942
	Not explicitly reported
	Median: 44 (IQR28-58)
	78.9%
	Blunt: 64.3%; Penetrating: 35.7%
	- ROSC at ED arrival:14.6%
- Survival to hospital discharge:3.2%

	Agostinucci et al. (10.1111/ijn.13244)
	Retrospective cohort study
	France (Seine-Saint-Denis region)
	2013-2021
	3964 (resuscitated TCA)
	IO use increased from 7% (2013) to 33% (2021) among TCA patients
	Median: 58 (43-71) (IO group); 63 (50-74)  (non-IO group)
	Not explicitly reported
	Not explicitly reported
	- 30-day survival: 5.5%

	Aoki et al. (10.1038/s41598-019-46460-w)
	Prospective, population-based observational study
	Japan
	2012-2015
	5,204
	-
	61 (40-75)
	69.2%
	Blunt trauma (all caused by traffic collisions)
	- 1-month survival: 1.5% (Epinephrine group) vs. 0.9% (No epinephrine group); - Prehospital ROSC: 9.8% (Epinephrine group) vs. 0.9% (No epinephrine group)

	Ordoobadi et al. (10.1016/j.resuscitation.2022.08.005)
	Cross-sectional analysis (protocol review + clinical practice)
	USA
	2018
	9,565
	-
	50 (32.0-67.0)
	76.6%
	Blunt trauma: 79.1%; Penetrating trauma: 20.9%
	- ROSC: 25.5%
- Presumptively dead at end of incident: 77.7%
- Resuscitation terminated in field: 26.4%

	Chen et al. (10.1016/j.injury.2018.07.010)
	Retrospective cohort study
	Chinese Taiwan
	2010-2014
	463
	-
	49 (35-62) [Non-ROSC group]; 50 (34-58) [ROSC group]
	74% (Non-ROSC group); 69% (ROSC group)
	Blunt trauma: 87.7%; Penetrating trauma: 2.6%
	- ROSC in ED: 16%;
- 30-day survival: 2.2%

	Tsutsumi et al. (10.1016/j.injury.2017.09.005)
	Retrospective cohort study
	Japan
	2004-2015
	4,313
	-
	50.6 ± 20.1 (Immobilized group); 53.4 ± 20.7 (Non-immobilized group)
	67.4% (Immobilized group); 66.1% (Non-immobilized group)
	Blunt trauma (all): Motor vehicle crash (12.9% vs.14.7%), motorcycle crash (12.5% vs.8.1%), fall from height (42.6% vs.36.2%)
	- Survival to discharge: 1.8% (Immobilized group) vs. 3.7% (Non-immobilized group);
- ROSC by admission: 25.0% vs. 41.9%

	Obara et al. (10.1016/j.resplu.2024.100701)
	Retrospective cohort study
	Japan
	2019-2021
	1,981
	-
	60.0 [41-80] (With SOLs group); 55.4 [38-75] (Without SOLs group)
	66.7% (With SOLs group); 65.0% (Without SOLs group)
	Blunt trauma: 81.1% (With SOLs group); 84.5% (Without SOLs group); Penetrating trauma: 9.0% (With SOLs group); 4.7% (Without SOLs group)
	- Survival to discharge: 8.8% (With SOLs group) vs. 1.3% (Without SOLs group);
- Favorable neurological outcome (GOS 4-5): 3.5% vs. 0.3%

	Naito et al. (10.1186/s12873-021-00499-z)
	Retrospective observational study (nationwide)
	Japan
	2004-2017
	5336 (all TCA with prehospital CPR); 4141 (sustained TCA, no prehospital ROSC)
	Not explicitly reported
	Median: 53 (IQR 36-70) for all TCA
	67.2%
	- Blunt trauma: 94.5%
- Penetrating trauma: 5.5%
- Most common cause: Accident (53.3%)
	- Overall survival to discharge: 4.5%
- Survival of sustained TCA: 1.2%
- Survival of sustained TCA declined rapidly after 15 min of transport time (survival <1%)


Study period reflects the years during which patient cases were enrolled. Incidence is as reported in the original study, given as cases per 100,000 population/year or as a percentage of total cardiac arrests/trauma cases, as applicable. Age and sex statistics are presented per study, using median [IQR], mean ± SD, or as otherwise indicated. Injury mechanism (blunt vs. penetrating) is based on the classification adopted by each study; further injury type details are provided where available. Key outcomes include, but are not limited to, rates of ROSC, survival to hospital admission or discharge, and favorable neurological outcome, reported according to the definitions and time points used in each original study. Where possible, data are stratified by age group, sex, injury mechanism, or other clinically relevant subgroups. Only peer-reviewed studies primarily reporting on the epidemiology of TCA-including incidence, demographics, injury mechanisms, and outcomes-were included. Intervention-focused or animal/basic studies were excluded. TCA, traumatic cardiac arrest; ROSC, return of spontaneous circulation; OHCA, out-of-hospital cardiac arrest; RTA, road traffic accident; FFH, fall from height; ED, emergency department; EMS, emergency medical services; ISS, Injury Severity Score; SD, standard deviation; CPC, cerebral performance category; GOS, Glasgow Outcome Scale; MTC, major trauma center; PEA, pulseless electrical activity; SOL, signs of life; IQR, interquartile range; SD, standard deviation.




eTable 2: Rates of return of spontaneous circulation (ROSC) and survival from clinical studies on traumatic cardiac arrest
	Author (doi)
	Sample size
	Country/Region
	ROSC and/or survival
	Study type

	Benhamed A et al. (10.1016/j.resuscitation.2023.109763)
	4,980
	France
	- Prehospital ROSC: 22.4% (pre-guideline) vs. 20.2% (post-guideline), p=0.07
- 30-day survival: 1.4% (pre-guideline) vs. 1.4% (post-guideline), p=0.87
- Good neurological outcome (CPC 1-2): 71.4% (pre-guideline) vs. 66.7% (post-guideline), p=0.93
	Retrospective cohort study (interrupted time-series analysis)

	Seewald S et al. (10.1186/s12873-022-00714-5)
	1,049
	Germany
	- ROSC: 28.7%
- Hospital admission with ROSC: 22.9%
- Survival to hospital discharge: 5.0%
- Good neurological outcome (CPC 1-2) among survivors: 78.1%
	Retrospective cohort study

	Khalifa A et al. (10.1016/j.ajem.2021.01.020)
	24,191
	United States
	- Overall survival: 1.0%
- Survival to home discharge: 0.3%
- Survival among resuscitation responders: 30.3%
- ROSC: Not separately reported
	Retrospective cohort study

	Irfan FB et al. (10.1016/j.ijcard.2017.03.134)
	410
	Qatar
	- ROSC at ED admission: 14.9%
- Survival to hospital discharge: 2.4%
	Retrospective cohort study

	Yamamoto R et al. (10.1186/s13049-019-0657-8)
	1,030
	Japan
	- 7-day survival: 1.1% (epinephrine group) vs. 5.3% (no-epinephrine group), p<0.01
- ROSC in hospital: 17.5% (epinephrine group) vs. 11.6% (no-epinephrine group), p=0.04
	Post-hoc analysis of prospective observational study

	Morcel B et al. (10.1016/j.resplu.2025.100981)
	5,030
	France
	- ROSC: 25.5% (children) vs. 20.6% (adults), p=0.02
- Survival to hospital admission: 21.2% (children) vs. 14.7% (adults), p<0.001
- 30-day survival: 3.5% (children) vs. 1.6% (adults), p<0.01
- Good neurological outcome (CPC 1-2): 0.8% (children) vs. 0.9% (adults), p=0.80
	Retrospective cohort study

	Savary D et al. (10.1016/j.resuscitation.2021.05.012)
	287
	France
	- ROSC: 28.95% (pre-guideline) vs. 28.09% (guideline period) vs. 24.59% (post-guideline)
- 30-day survival: 5.26% (pre-guideline) vs. 0% (guideline period) vs. 3.28% (post-guideline)
- 30-day survival with good neurological status: 5.26% (pre-guideline) vs. 0% (guideline period) vs. 3.28% (post-guideline)
	Retrospective cohort study

	Vianen NJ et al. (10.1007/s00068-022-01941-y)
	51,722
	Multinational (Europe, Asia, USA, Australia, etc.)
	- Overall mortality: 96.2%
- Favorable neurological outcome among survivors: 43.5%
- Mortality (including prehospital deaths): 97.2%; (excluding prehospital deaths): 92.3%
- Mortality (physician on-scene): 93.9%; (no physician on-scene): 97.6%
	Systematic review and meta-analysis

	Irfan F B et al. (10.1186/s12245-022-00454-0)
	609 (410 OHTCA, 199 IHCAT)
	Qatar
	- ROSC: Not specified
- Survival to hospital discharge: IHCAT 7.5%, OHTCA 2.4%
	Retrospective cohort study

	Wolthers S A et al. (10.1097/MEJ.0000000000001108)
	223
	Denmark
	- Prehospital ROSC: 23%
- 30-day survival rate: 4%
	Population-based cohort study

	McWilliam S E et al. (10.1016/j.jemermed.2025.03.002)
	244
	USA
	- Pulse on ED arrival (after prehospital CPR): 30%
- Survival to hospital discharge: 10%
	Retrospective cohort study

	von Vopelius-Feldt J et al. (10.1016/j.resplu.2025.101012)
	172
	Ontario, Canada
	- ROSC: 1%
	Retrospective case series (autopsy)

	Perkins Z B et al. (10.1001/jamasurg.2024.7245)
	601
	London, UK
	- Survival to hospital discharge: 5.0%; 21% for cardiac tamponade, 1.9% for exsanguination, 0% for combined causes
- Favorable neurological outcome in 76.6% of survivors
	Retrospective cohort study

	Vassallo J et al. (10.1136/archdischild-2018-314985)
	129
	England and Wales
	- 30-day survival rate: 5.4%; 13.0% for "prehospital only" TCA, 1.2% for "prehospital and in-hospital" TCA, 0% for "in-hospital only" TCA
	Population-based analysis (retrospective)

	Barnard E et al. (10.1016/j.resuscitation.2016.11.001)
	705
	England and Wales
	- 30-day survival rate: 7.5%; 11.5% for "prehospital only" TCA, 3.9% for "ED only" TCA, 0% for TCA in both locations
	Population-based analysis (retrospective)

	Djarv T et al. (10.1186/s13049-018-0500-7)
	1774
	Sweden
	- 30-day survival rate: 3.7%
- Good neurological outcome (CPC 1-2) in 79% of survivors
	Population-based cohort study

	Beck B et al. (10.1016/j.resuscitation.2016.11.011)
	2334
	Victoria, Australia
	- ROSC: Not explicitly reported.
- Survival to hospital discharge: 3.8% (overall EMS-treated population); 5.0% when excluding resuscitation attempts ≤10 min (non-significant, p=0.314).
	Retrospective cohort study

	Wang M-F et al. (10.1186/s13049-025-01335-0)
	557
	Chinese Taiwan
	- ROSC rate: 30.6% (TC group), 30.5% (cross-region TC group), 12.0% (non-TC group).
- Survival to admission: 29.2% (TC group), 18.6% (cross-region TC group), 9.5% (non-TC group).
- 24-h survival: 19.4% (TC group), 11.9% (cross-region TC group), 6.8% (non-TC group).
- 30-day survival: 9.7% (TC group), 4.2% (cross-region TC group), 1.1% (non-TC group).
	Retrospective cohort study

	Ji C et al. (10.1016/j.resplu.2025.100890)
	123
	UK
	- Sustained ROSC to hospital admission: 24.2% (adrenaline arm), 8.9% (placebo arm).
- Survival to hospital discharge: 1.5% (adrenaline arm), 0% (placebo arm).
- 30-day survival: 1.5% (adrenaline arm), 0% (placebo arm).
	Post-hoc subgroup analysis of randomized controlled trial

	Cheng H et al. (10.1016/j.injury.2025.112262)
	136
	Chinese Taiwan
	- Ever ROSC: 49% (PEA group), 26% (asystole group).
- Sustained ROSC: 36% (PEA group), 22% (asystole group).
- Survival to admission: 28% (PEA group), 19% (asystole group).
- Survival to discharge: 3% (PEA group), 0% (asystole group).
	Retrospective cohort study

	Doan TN et al. (10.1136/emermed-2021-211723)
	3891
	Queensland, Australia
	- Survival to hospital handover: 15.3% (resuscitation-attempted group).
- Survival to hospital discharge: 9.8% (resuscitation-attempted group).
- 6-month survival: 9.8% (resuscitation-attempted group).
	Retrospective cohort study

	Lee MHM et al. (10.1080/10903127.2022.2113941)
	13631
	13 Asian countries/regions (Japan, Korea,  Singapore, etc.)
	- ROSC rate: 12.8%.
- Survival to hospital discharge: 3.4%.
- Favorable neurological outcome (CPC 1-2) at discharge: 1.0%.
	Observational retrospective international cohort study

	Escutnaire J et al. (10.1016/j.resuscitation.2018.07.032)
	44087 (3209 traumatic, 40878 medical)
	France
	- Survival at hospital admission: 14.0% (traumatic), 20.4% (medical).
- 30-day survival: 1.5% (traumatic), 5.9% (medical).
- After propensity matching: Survival at hospital admission 14.2% (traumatic) vs. 29.3% (medical); 30-day survival 1.6% (traumatic) vs. 9.0% (medical).
	National case-control multicenter study

	Evans CCD et al. (10.1097/TA.0000000000001070)
	2300 (1292 from Epistry-Trauma, 1008 from PROPHET)
	North America (9 US regions, 3 Canadian regions)
	- Overall survival to hospital discharge: 6.3%.
- By registry: 7.1% (Epistry-Trauma), 5.3% (PROPHET).
- By injury type: Blunt (8.3% Epistry, 6.5% PROPHET), Penetrating (4.6% Epistry, 2.7% PROPHET).
	Secondary analysis of prospective registries

	Kitano S et al. (10.1016/j.resuscitation.2021.12.023)
	3883
	Japan
	- 1-month survival: 5.6% (unwitnessed), 7.2% (bystander-witnessed), 10.9% (EMS-witnessed).
- Prehospital ROSC: 7.9% (unwitnessed), 10.2% (bystander-witnessed), 14.4% (EMS-witnessed).
- Favorable neurological outcome (CPC 1-2): 1.8% (unwitnessed), 2.6% (bystander-witnessed), 3.4% (EMS-witnessed) (non-significant, p=0.78).
	Retrospective cohort study

	Faulkner J et al. (10.1177/00031348221091937)
	7503
	USA
	- Overall in-hospital mortality: 95.7%
- Discharge home rate: 1.3%
	Retrospective cohort study (National Trauma Database analysis)

	Talmy T et al. (10.1080/10903127.2023.2241542)
	149
	Israel (military: 56.4%; civilian: 43.6%)
	- Prehospital ROSC rate: 3.4%
- Survival to hospital admission: 0%
	Retrospective cohort study (IDF Trauma Registry analysis)

	Shi D et al. (10.1136/tsaco-2021-000817)
	23644
	Multinational (not specified)
	- Overall survival to discharge: 9.2%
- Favorable neurological outcomes (good/moderate): 45.8%
- Unfavorable neurological outcomes (severe/vegetative): 29.0%
- Pediatric subgroup favorable neurological outcomes: 64.4%
- Adult subgroup favorable neurological outcomes: 72.6%
	Systematic review (observational cohort studies included)

	Yamamoto R et al. (10.1136/emermed-2024-214337)
	1524
	Japan
	- Prehospital intubation group: favorable neurological outcome (GOS≥4): 2.4%; survival to discharge: 8.1%; ROSC on hospital arrival: 17.2%
- No prehospital intubation group: favorable neurological outcome: 1.2%; survival to discharge: 5.8%; ROSC on hospital arrival: 15.9%
	Retrospective cohort study (Japan Trauma Data Bank analysis)

	Nishimura T et al. (10.1002/ams2.786)
	1346 (after propensity score matching)
	Japan
	- AAM group: ROSC on admission: 21.0%; survival to discharge: 6.5%
- Non-AAM group: ROSC on admission: 11.4%; survival to discharge: 5.8%
	Retrospective cohort study (Japan Trauma Data Bank analysis)

	Peters J et al. (10.1097/MEJ.0000000000000337)
	144 TCA patients (267 thoracostomies)
	The Netherlands
	- ROSC: 15.3%
- Survival to hospital discharge: 1.4%
	Retrospective cohort study

	Beysard N et al. (10.1016/j.resplu.2025.100870)
	473 TCAs (247 with resuscitation attempts)
	Switzerland
	- Alive on hospital arrival: 27/148 (18.2%)
- 48-hour survival: 9/148 (6.1%)
	Retrospective observational study

	Nevins EJ et al. (10.1007/s00068-018-0982-z)
	3251 patients
	Worldwide (USA, non-USA)
	- Overall survival: 277/3251 (8.5%)
- Penetrating trauma survival: 178/1721 (10.3%)
- Blunt trauma survival10.: 19/365 (5.2%)
- Stab wound survival: 59/250 (23.6%)
- Gun-shot wound survival: 45/839 (5.4%)
- SOL on admission survival: 82/561 (14.6%)
- No SOL on admission survival: 16/517 (3.1%)
- SOL in field survival: 52/288 (18.1%)
- No SOL in field survival: 1/89 (1.1%)
- USA survival: 199/2585 (7.7%)
- Non-USA survival: 78/666 (11.7%)
	Systematic review

	Atkins K et al. (10.1016/j.injury.2023.111033)
	13115 patients
	USA
	- Crude mortality (RT vs non-RT): 1590/1664 (95.6%) vs 10818/11451 (94.5%)
	Retrospective cohort study

	Yamamoto R et al. (10.1002/emp2.12177)
	1483 patients
	Japan
	- REBOA group survival to discharge: 5/144 (3.5%)
- RT group survival to discharge: 10/1339 (0.7%)
	Retrospective cohort study

	Nakashima et al. (10.1016/j.jss.2023.11.063)
	445 receiving resuscitative thoracotomy
	Los Angeles, California, USA
	- Survival to discharge: Pre-COVID (11%, 22/209); COVID (9%, 21/236). 
- ED survival: Pre-COVID (51%, 107/209); COVID (43%, 101/236)
	Retrospective observational study

	Selesner et al. (10.1097/TA.0000000000003879)
	319
	Multicenter (USA)
	- Overall survival: 7.2% (23/319). 
- Penetrating injury survival: 13.4% (19/142). - Blunt injury survival: 2.3% (4/177)
	Systematic review (retrospective case series)

	Agostinucci et al. (10.1111/ijn.13244)
	3964
	Seine-Saint-Denis, France
	- ROSC: IO group (27%, 213/775); other access group (35%, 1122/3187). 
- 30-day survival: IO  group (1%, 10/775); other access group (7%, 209/3187)
	Retrospective observational study

	Smida et al. (10.1007/s00068-023-02279-9)
	4942
	USA (2000 EMS agencies)
	- ROSC at ED arrival: 14.6%. 
- Survival to hospital discharge: 3.2%
	Retrospective cohort study

	Kim et al. (10.22514/sv.2023.128)
	20247
	Republic of Korea
	- Survival to discharge: Non-shockable (8.3%); shockable (16.7%); non-hydration (7.9%); hydration (10.0%)
- Good neurological status at discharge: Non-shockable (0.2%); shockable (3.0%); non-hydration (0.2%); hydration (0.3%). 

	Retrospective observational study

	Benhamed et al. (10.1097/TA.0000000000003474)
	4922
	France
	- Sustained on-scene ROSC: 21.1% (1037/4922). 
- 30-day survival: 1.4% (67/4922). 
- Favorable neurological outcome (CPC 1-2): 72.2% (39/54)
	Retrospective cohort study

	Witt et al. (10.1080/10903127.2025.2461283)
	1631
	USA (7 trauma centers)
	- Survival to hospital discharge: Prehospital epinephrine group (5%, 43/844); no epinephrine group (16%, 125/787). 
- Blunt injury survival: Epinephrine (3%, 12/382); no epinephrine (16%, 54/330). 
- Penetrating injury survival: Epinephrine (4%, 10/276); no epinephrine (6%, 22/374)
	Retrospective cohort study

	Aoki M, et al. (10.1038/s41598-019-46460-w)
	5,204
	Japan
	- 1-month survival: Epinephrine group 1.5% (11/758), No epinephrine group 0.9% (41/4,446)
- Prehospital ROSC: Epinephrine group 9.8% (74/758), No epinephrine group 0.9% (40/4,446)
- Propensity score-matched 1-month survival: Epinephrine group 2.2% (7/317), No epinephrine group 0.9% (3/317)
- Propensity score-matched prehospital ROSC: Epinephrine group 16.7% (53/317), No epinephrine group 2.8% (9/317)
	Nationwide, prospective, population-based observational study

	Ahmed N (10.14423/SMJ.0000000000000434)
	1,269
	USA
	- Survival before propensity score matching: Helicopter group 16.9% (53/314), Ground group 11.7% (112/955)
- Survival after propensity score matching: Helicopter group 16.9% (53/314), Ground group 10.2% (32/314)
	Retrospective cohort study

	Ordoobadi AJ, et al. (10.1016/j.resuscitation.2022.08.005)
	9,565
	USA
	- Overall ROSC: 25.5%
- ROSC (blunt trauma): 28.4%
- ROSC (penetrating trauma): 11.7%
- Presumptively dead at end of incident: 77.7%
- Presumptively dead (penetrating trauma): 89.3%
- Presumptively dead (blunt trauma): 76.3%
	Cross-sectional analysis

	Chen Y-C, et al. (10.1016/j.injury.2018.07.010)
	463
	Chinese Taiwan
	- ED ROSC: 16% (73/463)
- 30-day survival: 2% (10/463)
	Retrospective cohort study

	Tsutsumi Y, et al. (10.1016/j.injury.2017.09.005)
	4,313
	Japan
	- Survival at discharge: Immobilized group 1.8% (57/3307), Non-immobilized group 3.7% (36/1006)
- ROSC by admission: Immobilized group 25.0% (788/3307), Non-immobilized group 41.9% (395/1006)
	Retrospective cohort study

	Obara T, et al. (10.1016/j.resplu.2024.100701)
	1,981
	Japan
	- Survival at discharge: With SOLs group 8.8% (10/114), Without SOLs group 1.3% (25/1867)
- Favorable neurological outcome (GOS 4-5): With SOLs group 3.5% (4/110), Without SOLs group 0.3% (6/1865)
	Retrospective cohort study

	Naito et al. (10.1186/s12873-021-00499-z)
	5336 (4141 with sustained TCA)
	Japan
	- Overall survival to discharge: 4.5% (239/5336).
- Survival to discharge for sustained TCA: 1.2% (48/4141).
- Survival to discharge for ROSC on arrival: 28.0% (151/539)
	Retrospective observational study


ROSC rates refer to the proportion of patients achieving successful return of spontaneous circulation at any point during the prehospital or in-hospital resuscitation phases, as defined in each original study. Survival rates are reported as survival to hospital admission, survival to hospital discharge, or longer-term survival, and may include favorable neurological outcomes (such as CPC 1-2 or GOS 4-5) when available. Where available, data are stratified by age group, injury mechanism (blunt vs. penetrating), setting (prehospital vs. in-hospital), or other relevant clinical subgroups. Only original clinical studies reporting quantitative ROSC and/or survival data for human patients with TCA were included in this summary. Studies not specifying clinical outcomes or based on animal/basic science data were excluded. ROSC, return of spontaneous circulation; TCA, traumatic cardiac arrest; OHCA, out-of-hospital cardiac arrest; ED, emergency department; EMS, emergency medical services; CPC, cerebral performance category; GOS, Glasgow Outcome Scale; REBOA, resuscitative endovascular balloon occlusion of the aorta; RT, resuscitative thoracotomy; ALS, advanced life support; MTC, major trauma center; PEA, pulseless electrical activity; SOL, signs of life; AAM, advanced airway management.








eTable 3. Summary of intervention-related studies in traumatic cardiac arrest
	Author (doi)
	Year range
	Country/Region
	Study design
	Sample size
	Intervention(s) evaluated
	Comparison group
	Key outcomes
	Main conclusion

	Benhamed et al. (10.1016/j.resuscitation.2023.109763)
	2011-2020
	France
	Retrospective interrupted time-series analysis
	4,980
	2015 ERC guidelines (specific TCA algorithm prioritizing reversible causes: intraosseous catheters, external haemorrhage control, bilateral chest decompression, packed red cell transfusion)
	Pre-2015 ERC guidelines (2010 guidelines without specific TCA algorithm)
	- Increased use of intraosseous catheters (13.0% vs. 19.2%, p<0.001), external haemorrhage control (23.9% vs. 64.8%, p<0.001), bilateral chest decompression (13.7% vs. 16.5%, p=0.009), packed red cell transfusion (2.7% vs. 6.5%, p<0.001) post-guidelines.
- No significant changes in prehospital ROSC (22.4% vs. 20.2%, p=0.07), survival (1.4% vs. 1.4%, p=0.87), good neurological outcome (71.4% vs. 66.7%, p=0.93).
	Despite increased trauma rescue interventions post-2015 ERC guidelines, no improvement in patient-centred outcomes was observed.

	Yamamoto et al. (10.1186/s13049-019-0657-8)
	2012-2013
	Japan
	Post-hoc analysis of prospective observational study
	1,030
	In-hospital epinephrine administration
	No epinephrine administration
	- 7-day survival: 1.1% (epinephrine group) vs. 5.3% (no-epinephrine group), (OR 0.20, p<0.01).
- Propensity score matching confirmed lower survival in epinephrine group (OR 0.11, p=0.02).
	Epinephrine use during resuscitation is associated with decreased 7-day survival in traumatic OHCA.

	Koh et al. (10.1097/TA.0000000000004094)
	2017-2018
	United States
	Secondary analysis of prospective observational study
	72
	REBOA, resuscitative thoracotomy (RT)
	REBOA vs. RT
	- Mortality: 88% (REBOA) vs. 93% (RT), p=0.767.
- Time to aortic occlusion: 7 mins (REBOA) vs. 4 mins (RT), p=0.001.
- More blood transfusions in REBOA group (p<0.05).
	REBOA and RT have similar survival; REBOA has longer time to aortic occlusion and higher transfusion needs.

	Savary et al. (10.1016/j.resuscitation.2021.05.012)
	2004-2017
	France
	Retrospective cohort study
	287
	Local TCA guidelines (fluid expansion, bilateral thoracostomy, pelvic stabilisation)
	Pre-guidelines, during-guidelines, post-guidelines periods
	- Increased fluid expansions (+16%), bilateral thoracostomies (+75%), pelvic stabilisations (+25%) post-guidelines.
- No improvement in 30-day survival (pre: 5.26%, post: 3.28%, p>0.05).
	Increased adherence to guidelines did not improve survival; reversible measures alone are insufficient.

	McWilliam et al. (10.1016/j.jemermed.2025.03.002)
	2014-2022
	USA
	Retrospective cohort study
	244
	Prehospital interventions: CPR, thoracostomy, tourniquet, defibrillation, advanced airway placement
	Patients who arrived pulseless to ED
	- 30% arrived with pulse; 35% of these survived to discharge.
- Penetrating trauma (OR 2.22) and prehospital thoracostomy (OR 2.18) independently associated with pulse on arrival.
	Prehospital CPR is not futile; thoracostomy and penetrating trauma predict better pulse-on-arrival. 35% survival is possible for patients arriving with pulse.

	von Vopelius-Feldt et al. (10.1016/j.resplu.2025.101012)
	2018-2022
	Canada
	Retrospective autopsy series
	172
	Prehospital needle thoracostomy
	Autopsy findings of residual hemothorax
	- 70% had hemothorax; 23% underwent needle thoracostomy.
- 42% of needle thoracostomies failed to decompress massive hemothorax.
	Needle thoracostomy has high failure rate for massive hemothorax; finger thoracostomy feasibility needs investigation.

	Perkins et al. (10.1001/jamasurg.2024.7245)
	1999-2019
	UK
	Retrospective cohort study
	601
	Prehospital resuscitative thoracotomy (RT), blood transfusion, aortic occlusion, internal cardiac massage
	Patients with different TCA causes (tamponade vs. exsanguination)
	- 5% survived to discharge; 21% of cardiac tamponade patients survived vs. 1.9% of exsanguination patients.
- No survivors if TCA duration >15 min (tamponade) or >5 min (exsanguination).
	Prehospital RT is feasible and improves survival for TCA due to cardiac tamponade if performed within minutes of arrest.

	Alhasan et al. (10.1097/MD.0000000000020520)
	2017
	Kuwait
	Retrospective study
	140
	Prehospital interventions: CPR, airway management, IV fluid resuscitation
	Subgroups by injury mechanism (RTA, FFH, slip/fall, assault)
	- FFH had 60% on-scene mortality; RTA had 24%.
- CPR and airway management varied by subgroup (CPR: 70% in RTA, 39% in FFH).
	TCA mechanisms have distinct injury patterns; FFH has worst outcomes. EMS resuscitation plans should be mechanism-specific.

	Vassallo et al. (10.1136/archdischild-2018-314985)
	2006-2015
	UK
	Population-based analysis
	129
	Prehospital/in-hospital interventions: blood product transfusion, chest compressions, endotracheal intubation, resuscitative thoracotomy
	Subgroups by TCA location (prehospital only, in-hospital only, both)
	- 5.4% 30-day survival; 13% for prehospital-only TCA vs. 1.2% for combined TCA.
- Survival highest (10.3%) for patients transported to pediatric MTC.
	Survival is possible for pediatric TCA; transport to pediatric MTC improves outcomes. Standardized guidelines are needed.

	Barnard et al. (10.1016/j.resuscitation.2016.11.001)
	2009-2015
	UK
	Population-based retrospective analysis
	705
	Prehospital/in-hospital interventions: chest compressions, endotracheal intubation, resuscitative thoracotomy, thoracocentesis
	Subgroups by TCA location (prehospital only, ED only, both)
	- 7.5% 30-day survival; 11.5% for prehospital-only TCA vs. 3.9% for ED-only TCA.
- Resuscitative thoracotomy associated with lower survival (2%).
	Early, aggressive management targeting reversible TCA causes is effective; resuscitation is not futile.

	Djarv et al. (10.1186/s13049-018-0500-7)
	1990-2016
	Sweden
	Population-based cohort study
	1774
	Prehospital interventions: bystander CPR, defibrillation, adrenaline administration, intubation
	Medical out-of-hospital cardiac arrest (OHCA) patients
	- 3.7% 30-day survival for TCA vs. 8.1% for medical OHCA.
- Factors associated with TCA survival: bystander-witnessed (OR 2.67), shockable rhythm (OR 8.94).
	TCA survival has improved over time; resuscitation is not futile, especially for witnessed cases with shockable rhythms.

	Wang et al. (10.1186/s13049-025-01335-0)
	2016-2022
	Chinese Taiwan
	Retrospective cohort study
	557
	Direct transport to trauma center (TC); Cross-region transport to TC
	Transport to nearest non-TC
	- TC group: ROSC 30.6%, 30-day survival higher; - Cross-region TC group: ROSC 30.5%, 30-day survival higher;
- Non-TC group: ROSC 12.0%, mortality 99.5%
	Direct or cross-region transport to TC is associated with better ROSC and survival outcomes in TCA patients compared to non-TC transport.

	Ji et al. (10.1016/j.resplu.2025.100890)
	Not specified (PARAMEDIC2 trial period)
	UK
	Post-hoc subgroup analysis of RCT
	123
	Adrenaline (1mg every 3-5min)
	Placebo (0.9% saline)
	- Adrenaline group: survival to hospital admission 24.2%, 30-day survival 1.5%; - Placebo group: survival to hospital admission 8.9%, 30-day survival 0%
	Adrenaline is associated with increased survival to hospital admission in trauma-related OHCA.

	Doan et al. (10.1136/emermed-2021-211723)
	2007-2019
	Queensland, Australia
	Retrospective cohort study
	1497
	Advanced airway management; Intravenous access; Attendance of HARU
	NA (analysis of factors associated with survival)
	Advanced airway management (aOR=1.84), IV access (aOR=5.04), HARU attendance (aOR=2.54) associated with improved survival to hospital handover
	Advanced airway management, IV access, and HARU attendance are associated with improved short-term survival in TCA patients.

	Lee et al. (10.1080/10903127.2022.2113941)
	2009-2018
	13 Asian countries (Japan, Korea, etc.)
	Retrospective cohort study
	13631
	Bystander CPR; Prehospital epinephrine; Advanced airway; Defibrillation
	NA (analysis of factors associated with survival)
	Bystander CPR (aOR=2.16), initial shockable rhythm (aOR=12.00), EMS-witnessed arrest (aOR=2.95) associated with higher survival to discharge
	Utstein factors (witnessed arrest, bystander CPR, shockable rhythm) are associated with improved survival in Asian TCA patients.

	Evans et al. (10.1097/TA.0000000000001070)
	2005-2007 (Epistry), 2010-2011 (PROPHET)
	North America (US and Canada)
	Secondary analysis of registry data
	2300
	Supraglottic airway; Endotracheal intubation; Needle thoracostomy; IV/IO fluid administration
	Bag-mask ventilation; No intervention
	Supraglottic airway (aOR=0.27) and intubation (aOR=0.37) associated with decreased survival; No ALS procedures associated with increased survival
	Survival from TCA is ~6%, with no ALS procedures showing increased survival benefit (confounding by indication possible).

	Kitano et al. (10.1016/j.resuscitation.2021.12.023)
	2014-2019
	Japan
	Retrospective cohort study
	3883
	EMS-witnessed resuscitation; Bystander-witnessed resuscitation
	Unwitnessed arrest
	EMS-witnessed group: 10.9% 1-month survival, 14.4% ROSC; Bystander-witnessed group:7.2% 1-month survival; Unwitnessed group:5.6% 1-month survival
	EMS-witnessed TCA is associated with higher 1-month survival and ROSC rates compared to bystander-witnessed and unwitnessed TCA.

	Faulkner J et al. (10.1177/00031348221091937)
	2007-2016
	USA
	Retrospective cohort study
	7503
	Emergency department (ED) thoracotomy
	Patients who did not receive thoracotomy; "pediatric" (0-14) vs "older teenager" (15-18) cohorts
	95.7% died in ED/hospital; 1.3% discharged home; ED thoracotomy performed in 9%, with 97% mortality post-thoracotomy; in-hospital mortality: 94.4% (pediatric) vs 97.7% (older teenagers)
	Arrival without signs of life has dismal prognosis; only a small subset may benefit from aggressive approaches like thoracotomy.

	Talmy T et al. (10.1080/10903127.2023.2241542)
	1997-2022
	Israel
	Military/civilian retrospective cohort study
	149
	Prehospital TCA protocol (oxygenation, chest decompression, volume resuscitation)
	None (evaluation of protocol effectiveness)
	3.4% had prehospital return of vital signs; 0% survived to hospital admission; 56.4% in military settings (gunshot/blast injuries most common); 37.8% completed full protocol
	Prehospital TCA prognosis is poor; military settings with penetrating injuries show worse outcomes; protocol efforts often futile.

	Yamamoto R et al. (10.1136/emermed-2024-214337)
	2019-2021
	Japan
	Retrospective cohort study
	1524
	Prehospital endotracheal intubation
	Supraglottic airway or manual airway management
	Intubation associated with favorable neurological outcomes (GOS≥4: 2.4% vs 1.2%; OR=1.99) and higher survival (8.1% vs 5.8%; OR=1.43); benefit seen in severe chest injury and transport time >15 min
	Prehospital intubation benefits adult TCA patients with severe chest injury or prolonged transport.

	Nishimura T et al. (10.1002/ams2.786)
	2004-2017
	Japan
	Retrospective cohort study (propensity score matched)
	1346 (673 AAM vs 673 non-AAM)
	Prehospital advanced airway management (AAM: endotracheal intubation, supraglottic devices)
	Non-AAM (no advanced airway)
	AAM improved ROSC on admission (21.0% vs 11.4%; OR=2.05); no difference in survival to discharge (6.5% vs 5.8%; OR=1.12)
	AAM improves ROSC but not survival in EMS-witnessed traumatic OHCA.

	Aziz S et al. (10.1136/emermed-2020-210305)
	2000-2019
	UK
	Retrospective observational study
	72
	Prehospital scalpel cricothyroidotomy (primary and rescue)
	None (evaluation of procedure effectiveness)
	97% procedural success; 56.9% in traumatic cardiac arrest during procedure; 88.9% overall mortality; rescue cricothyroidotomy rate 0.46% after prehospital emergency anaesthesia
	Scalpel cricothyroidotomy is effective but associated with high mortality; rate decreased with supraglottic airways and longer-acting muscle relaxants.

	Breyre A M et al. (10.1016/j.annemergmed.2024.12.015)
	Up to 2022
	USA
	Position statement (based on observational studies)
	N/A
	Prehospital interventions: hemorrhage control, airway management, chest decompression, point-of-care ultrasound
	None (guideline recommendations)
	N/A (synthesized evidence from 181 studies)
	Prioritize reversible causes; avoid routine epinephrine; withhold resuscitation for unsurvivable injuries; transport to trauma centers when beneficial.

	Peters J, et al. (10.1097/MEJ.0000000000000337)
	2007-2014
	The Netherlands
	Retrospective Cohort Study
	144 TCA patients (267 thoracostomies)
	Prehospital thoracostomy (unilateral/bilateral)
	None (focus on intervention outcomes)
	- TP incidence: 9.7% (14/144)- ROSC rate: 15.3% (22/144)
- Survival to discharge: 1.4% (2/144)- No infections/sharps injuries
	Outcomes of prehospital thoracostomy for TCA were poor. Early TP identification, algorithm adherence, and pre-procedure ultrasound may improve outcomes.

	Beysard N, et al. (10.1016/j.resplu.2025.100870)
	2012-2024
	Switzerland
	Retrospective Observational Study
	473 TCAs (247 with resuscitation attempts)
	Bilateral prehospital thoracostomy
	Patients with resuscitation attempts but no thoracostomy
	- Thoracostomy performed in 66.4% (148/223) of indicated cases
- Annual thoracostomy rate increased significantly (p<0.001)
- 48-hour survival: 6.1% (9/148) in thoracostomy group
	Adherence to bilateral thoracostomy guidelines for TCA improved significantly, but impact on survival remains unclear.

	Dickson RL, et al. (10.1016/j.jemermed.2018.05.027)
	2013-2017
	USA
	Retrospective Case Series
	57 tCA patients
	Prehospital simple thoracostomy (ST)
	Historical control group (50 patients with needle thoracostomy, NT)
	- ROSC rate: 25% (14/57)
- Survival to discharge (neurologically intact): 7% (4/57)
- No medic injuries; no significant ROSC difference vs. NT (p=0.4833)
	Properly trained paramedics can safely perform ST for tCA. ST showed higher neurologically intact survival vs. NT (7% vs. 0%).

	Hannon L, et al. (10.1111/1742-6723.13549)
	2015-2018
	Australia
	Retrospective Cohort Study
	103 trauma patients (73.8% bilateral finger thoracostomies)
	Prehospital FT by paramedics
	None (focus on intervention outcomes)
	- 30 prehospital deaths (29.1%), 25 in tCA setting- No radiological TP on hospital arrival
- Complications: 3 cases (1 cellulitis, 2 organ injuries)
- Survival: 3/32 (9.4%) in tCA subgroup
	FT by trained paramedics is safe with low complication rates and is preferable to needle decompression for chest decompression.

	Quinn N, et al. (10.1111/1742-6723.13392)
	2016-2019
	Australia
	Retrospective Review
	14 children (1.2-15 years)
	Prehospital/in-hospital thoracostomy
	Patients who underwent needle thoracocentesis prior to thoracostomy
	- 10/14 had failed needle decompression
- Median ISS: 35.5- Survival: 11/14 (78.6%); 3 deaths
- No thoracostomy-related complications
	Thoracostomy is effective and safe for emergency pleural decompression in children; superior to needle thoracocentesis.

	Almond P, et al. (10.1186/s13049-022-00997-4)
	2015-2021
	UK
	Retrospective Case Series
	44 resuscitative thoracotomies (RT)
	Prehospital resuscitative thoracotomy
	Comparison between blunt (n=26) and penetrating (n=18) trauma
	- ROSC rate: 25% (11/44); 9 blunt, 2 penetrating
- No survival to discharge- Cardiac tamponade: 15% (4/26) blunt vs. 39% (7/18) penetrating
	Prehospital RT has low survival but facilitates ROSC for hospital transfer. Blunt trauma had unexpected cardiac tamponade.

	Atkins K, et al. (10.1016/j.injury.2023.111033)
	2017-2021
	USA
	Retrospective Cohort Study (NTDB)
	13,115 adults with penetrating tCA
	RT
	Patients without RT
	- RT rate: 12.7% (1664/13115), increasing 2017-2021
- Crude mortality: 95.6% (RT) vs. 94.5% (no RT, p=0.07)
- No adjusted mortality benefit (OR=0.82, 95%CI=0.56-1.21)
- University-teaching hospitals 1.68x more likely to perform RT
	RT shows no mortality benefit for penetrating tCA. University-teaching hospitals perform more RTs without survival improvement.

	Harfouche MN, et al. (10.1136/tsaco-2024-001730)
	1946-2024
	Global (31 studies)
	Systematic Review/Meta-Analysis
	Variable (by PICO question)
	REBOA
	RT or no REBOA
	- TCA subgroup: REBOA vs. RT mortality OR=0.32 (95%CI=0.15-0.69, p=0.004)
- Time to aortic occlusion: REBOA longer by 2.64 min
	Conditional recommendation for REBOA in TCA due to subdiaphragmatic bleeding; against REBOA for unstable pelvic fractures.

	Yamamoto R, et al. (10.1002/emp2.12177)
	2004-2019
	Japan
	Retrospective Cohort Study (JTDB)
	1483 adults with t-OHCA
	REBOA
	RT
	- REBOA rate: 9.7% (144/1483)
- Survival to discharge: 3.5% (REBOA) vs. 0.7% (RT, p=0.01)
- Adjusted OR=3.73 (95%CI=1.90-7.32) for REBOA
	REBOA is associated with higher survival to discharge vs. RT for traumatic out-of-hospital cardiac arrest.

	Nakashima et al. (10.1016/j.jss.2023.11.063)
	2017-2022
	USA (Los Angeles)
	Retrospective observational study
	445
	RT; Blood product transfusion (pRBC, platelets)
	Pre-COVID (2017-2020) vs. COVID (2020-2022) cohorts
	- RT rate (2% vs. 2%, P=0.697) and survival to discharge (11% vs. 9%, P=0.562) were similar.
- COVID cohort had 1 unit less pRBC (P=0.012) and platelets (P=0.012) at 4h.  3. Massive transfusion odds decreased (OR 0.48, P=0.003).
	RT can be performed at prepandemic frequencies during resource constraints (e.g., COVID) with reduced blood product use without compromising survival.

	Selesner et al. (10.1097/TA.0000000000003879)
	N/A (literature review)
	Multinational (systematic review)
	Systematic review and practice guideline
	319
	EDT
	No EDT (estimated survival)
	- 31% survival for pulseless pediatric patients with SOL after penetrating thoracic injury.  - 0% survival for pulseless pediatric patients without SOL after blunt injury.
	Conditional recommendations for EDT based on injury mechanism and SOL; strong recommendation against EDT for blunt injury without SOL.

	Agostinucci et al. (10.1111/ijn.13244)
	2013-2021
	France
	Retrospective cohort study
	3964
	IO
	Peripheral/central vascular access
	- IO use increased from 7% (2013) to 33% (2021).
- IO associated with later epinephrine (6 vs. 5 min, P<0.0001) and lower survival (1% vs. 7%, P<0.0001).
	IO use rose significantly but linked to poorer outcomes; optimal role in prehospital resuscitation remains unclear.

	Smida et al. (10.1007/s00068-023-02279-9)
	2018-2021
	USA
	Retrospective cohort study
	4942
	On-scene vs. en route ALS: vascular access, airway management, chest decompression
	No ALS
	- On-scene vascular access associated with higher ROSC (aOR 2.14, P<0.001).
- Each 1-min delay to vascular access reduced ROSC by 3% (aOR 0.97, P<0.05).
	On-scene ALS (especially vascular access) improves ROSC; en route interventions offer no benefit.

	Kim et al. (10.22514/sv.2023.128)
	2014-2019
	South Korea
	Retrospective cohort study
	20247
	Prehospital hydration
	No prehospital hydration
	- Prehospital hydration associated with higher survival to discharge in non-shockable rhythm group (aOR 1.27, P<0.05).
- No benefit in shockable rhythm group.
	Prehospital hydration recommended for TCA with non-shockable rhythm; early transport preferred for shockable rhythm.

	Benhamed et al. (10.1097/TA.0000000000003474)
	2011-2020
	France
	Retrospective cohort study
	4922
	Prehospital ALS: IV fluid, packed red cells, external hemorrhage control, thoracostomy
	No ALS
	- IV fluid (aOR 3.19, P<0.001), packed red cells (aOR 2.54, P<0.001), and hemorrhage control (aOR 1.74, P<0.001) associated with ROSC.
- Thoracostomy associated with lower ROSC (aOR 0.45, P<0.001).
	Specific ALS interventions improve ROSC; thoracostomy may be harmful in unselected TCA.

	Witt et al. (10.1080/10903127.2025.2461283)
	2011-2017
	USA
	Retrospective cohort study
	1631
	Prehospital epinephrine
	No prehospital epinephrine
	- Epinephrine associated with lower survival (5% vs. 16%, P<0.001).
- Worse outcomes in blunt trauma (aRR 0.20, P<0.001) and pediatric patients (aRR 0.33, P<0.001).
	Epinephrine does not improve TCA survival and may harm select subgroups; prioritize hemorrhage control over epinephrine.

	Aoki et al. (10.1038/s41598-019-46460-w)
	2012-2015
	Japan
	Nationwide prospective population-based observational study
	5,204
	Prehospital epinephrine administration
	Patients not receiving prehospital epinephrine
	- 1-month survival: 1.5% (epinephrine) vs. 0.9% (no epinephrine), P=0.176- Prehospital ROSC: 9.8% (epinephrine) vs. 0.9% (no epinephrine), P<0.001
- Multivariable analysis: Epinephrine not associated with 1-month survival (OR 1.495, 95% CI 0.758-2.946) but associated with prehospital ROSC (OR 3.784, 95% CI 2.102-6.812)
	Prehospital epinephrine administration in TCA patients is not associated with 1-month survival but is beneficial for prehospital ROSC.

	Ahmed (10.14423/SMJ.0000000000000434)
	2007-2010
	USA
	Retrospective cohort study
	1,269
	Helicopter ambulance transportation
	Ground ambulance transportation
	- After propensity score matching, survival rate higher in helicopter group (16.9% vs. 10.2%, P=0.014)
- Absolute risk reduction: 0.066 (95% CI 0.008-0.125), P=0.02
	Helicopter ambulance transportation is associated with higher survival in trauma patients requiring CPR within 1 hour of hospital arrival.

	Fitzgerald et al. (10.1111/1742-6723.13530)
	2009-2017
	Australia
	Retrospective cohort study
	32
	Institutional RT programme (training for emergency physicians, general surgeons, nurses to perform RT within 30 min of arrival for SBP <70 mmHg)
	Pre-programme period (2001-2008)
	- Incidence of RT: 0.4% among major thoracic trauma patients, 10.2% among those with major thoracic trauma and SBP <70 mmHg
- Survival to discharge: 25% (8/32)
- RT within 30 min associated with survival (OR 0.09, 95% CI 0.01-0.67); RT in traumatic cardiac arrest associated with mortality (OR 18.3, 95% CI 2.4-140.4)
	A formal RT training/credentialing programme achieves a 25% survival rate, with early RT and presence of cardiac activity predicting better outcomes.

	de Malleray et al. (10.1016/j.jviscsurg.2024.07.002)
	2015-2021
	France
	Nationwide registry-based cohort study
	66
	Emergency RT
	N/A (descriptive analysis of emergency RT practice)
	Blunt trauma with cardiac arrest: 5% 24-h survival, 0% 28-day survival
	Emergency RT is underutilized in France but effective for selected patients (especially penetrating trauma with signs of life), with trained teams achieving meaningful survival.

	Nevins et al. (10.1007/s00068-018-0937-4)
	N/A (literature review + survey)
	UK (survey); Europe, Japan (literature)
	Literature review + cross-sectional survey
	- Survey: 10 UK air ambulance services- Literature: 208 patients (case series)
	Prehospital RT
	N/A (comparison of penetrating vs. blunt trauma outcomes)
	- Penetrating trauma prehospital RT survival to discharge: up to 18.3%; no blunt trauma survivors to discharge
- 70% of UK services perform PHRT for blunt TCA despite poor evidence
	Prehospital RT is effective for penetrating chest trauma with short downtime but has no proven benefit for blunt trauma; UK practice varies widely.

	Roche et al. (10.1177/00031348231161089)
	2021 (survey)
	USA
	Cross-sectional survey
	203 trauma surgeons
	Advanced Cardiac Life Support (ACLS) in TCA
	Surgeons not using ACLS
	- ACLS use associated with years in practice (P=0.025) and state (P=0.006)
- No difference in self-reported survival or conflicts between users and non-users
	Practice of ACLS in TCA varies widely; no survival difference between users and non-users, highlighting need for evidence-based guidelines.

	Ordoobadi et al. (10.1016/j.resuscitation.2022.08.005)
	2018
	USA
	Cross-sectional analysis (protocol review + NEMSIS data)
	- Protocol review: 35 state EMS protocols- NEMSIS analysis: 9,565
	Prehospital TCA management (e.g., epinephrine, needle decompression, crystalloids)
	Blunt vs. penetrating trauma
	- Only 45.7% of states have specific TCA protocols
- ROSC: 25.5% overall; 11.7% (penetrating) vs. 28.4% (blunt), P<0.001
- Epinephrine administered in 60.1% of cases
	Prehospital TCA protocols and practice vary widely nationwide; a standardized national guideline is needed.

	Chen et al. (10.1016/j.injury.2018.07.010)
	2010-2014
	Chinese Taiwan
	Retrospective cohort study
	463
	ED resuscitation (chest compressions, defibrillation, intubation)
	N/A (analysis of prognostic factors)
	- ED ROSC rate: 16%; 30-day survival: 2%
- Factors associated with ROSC: ISS <16 (OR 0.06, 95% CI 0.02-0.20), trauma center admission (OR 2.69, 95% CI 1.03-7.03), shorter ED resuscitation time (OR 0.98, 95% CI 0.96-0.99)
	ED resuscitation is beneficial for TCA patients without prehospital ROSC; trauma center admission and shorter resuscitation time predict better outcomes.

	Tsutsumi et al. (10.1016/j.injury.2017.09.005)
	2004-2015
	Japan
	Retrospective cohort study
	4,313
	Spinal immobilization
	Patients not receiving spinal immobilization
	Immobilized group had lower survival (1.8% vs. 3.7%, P<0.001) and lower ROSC (25.0% vs. 41.9%, P<0.001)
- Multivariable analysis: Immobilization associated with lower survival (OR 0.64, 95% CI 0.42-0.98) and ROSC (OR 0.48, 95% CI 0.27-0.87)
	Routine spinal immobilization is associated with worse outcomes in blunt TCA patients and should not be recommended.

	Naito et al. (10.1186/s12873-021-00499-z)
	2004-2017
	Japan
	Retrospective observational study
	5336 (4141 sustained TCA)
	Emergency medical service (EMS) transport time; prehospital CPR
	Sustained TCA vs. non-sustained TCA; transport time <15 min vs. ≥15 min
	- Overall survival: 4.5%; sustained TCA survival: 1.2%.  - Survival of sustained TCA dropped rapidly after 15 min transport, falling below 1%.
	Transport time ≥15 min is a key factor for considering resuscitation termination in sustained TCA.

	Bradley et al. (10.1097/TA.0000000000001227)
	2014 (April-December)
	USA
	Prospective observational study
	33 (16 OCCM, 17 CCC-only)
	Open chest cardiac massage (OCCM)
	Closed chest compressions (CCC)-only
	- No significant difference in ETCO₂ values or ROSC rates (OCCM 23.5% vs. CCC 38.9%, p=0.53).
	OCCM offers no benefit over CCC in TCA; thoracotomy solely for OCCM is not recommended.

	Balian et al. (10.1016/j.resuscitation.2020.09.018)
	2015-2019
	Australia
	Descriptive case series
	18
	Abdominal Aortic and Junctional Tourniquet (AAJT)
	None (case series)
	- 61% had electrical activity changes; 22% achieved ROSC; 17% had sustained ROSC on ED arrival.  - Mean ETCO₂ rise: 24.0 mmHg (p=0.003). No survivors to discharge.
	AAJT induces physiological changes but no survival benefit; faster application may improve outcomes.

	Irfan FB et al. (Int J Cardiol. (10.1016/j.ijcard.2017.03.134)
	Not specified
	Qatar
	Nationwide population-based retrospective study
	410 out-of-hospital traumatic cardiac arrest patients
	Epinephrine administration
	Patients not receiving epinephrine; patients receiving hemorrhage control, blood transfusion, or surgery
	- Epinephrine was associated with decreased odds of survival to hospital discharge.
- Hemorrhage control, blood transfusion, and surgery were associated with higher odds of survival.
	Epinephrine may be detrimental to survival in out-of-hospital traumatic cardiac arrest patients, while hemorrhage control and volume resuscitation are beneficial.


Intervention refers to any prehospital or in-hospital treatment specifically aimed at improving the outcomes of TCA, including airway management, hemorrhage control, vascular access, medication administration, surgical procedures (e.g., thoracotomy, REBOA), and system-level protocols. Key outcomes are as reported in the original publications, and may include rates of ROSC, survival to hospital admission or discharge, and favorable neurological outcomes. Only original human studies that quantitatively assessed the effect of specific interventions on clinical outcomes in TCA were included. Studies focusing solely on epidemiology, basic/animal research, or lacking a quantifiable intervention-outcome relationship were excluded. TCA, traumatic cardiac arrest; ROSC, return of spontaneous circulation; OHCA, out-of-hospital cardiac arrest; ED, emergency department; EMS, emergency medical services; ALS, advanced life support; REBOA, resuscitative endovascular balloon occlusion of the aorta; RT, resuscitative thoracotomy; ISS, Injury Severity Score; MTC, major trauma center; PEA, pulseless electrical activity; IO, intraosseous (access); SOL, signs of life; EDT, emergency department thoracotomy; AAM, advanced airway management; HARU, high acuity response unit; CPC, Cerebral Performance Category; GOS, Glasgow Outcome Scale; PS, propensity score. FT, finger thoracostomy.








eTable 4 Predictors of return of spontaneous circulation and survival in traumatic cardiac arrest
	Author (DOI)
	Study design
	Country/Region
	Year range
	Sample size
	Predictors of ROSC
	Predictors of Survival/mortality

	Seewald S et al. (10.1186/s12873-022-00714-5)
	Retrospective cohort study
	Germany
	2014-2019
	1,049
	-
	- Age >80 years: OR 4.22; 95% CI [2.97-6.00]
- Cardiac arrest in ER: OR 5.70; 95% CI [3.78-8.70]
- Age 70-79 years: OR 1.46; 95% CI [1.10-1.93]
- Head injury (AIS 3+): OR 2.17; 95% CI [1.71-2.76]
- Shock on admission: OR 1.91; 95% CI [1.53-2.39]
- Blood transfusion: OR 2.03; 95% CI [1.51-2.72]
- Male sex: OR 0.76; 95% CI [0.60-0.96]
- Emergency surgery: OR 0.74; 95% CI [0.57-0.95]
- Level 1 hospital: OR 0.77; 95% CI [0.60-0.99]

	Khalifa A et al. (10.1016/j.ajem.2021.01.020)
	Retrospective cohort study
	USA
	2007-2015
	24,191
	-
	- Penetrating trauma: OR 2.123; 95% CI [NA]; p<0.001
- Definitive surgery (chest/abdomen): OR 1.692; 95% CI [NA]; p=0.006
- ISS: OR 0.986; 95% CI [NA]; p=0.001
- ED time: OR 0.998; 95% CI [NA]; p<0.001

	Irfan FB et al. (10.1016/j.ijcard.2017.03.134)
	Observational cohort study
	Qatar
	2010-2015
	410
	- Initial shockable rhythm: OR 6.4; 95% CI [1.3-30.7]; p=0.02- Hemorrhage control: OR 5.9; 95% CI [1.9-18.0]; p<0.001- Needle thoracostomy: OR 5.3; 95% CI [1.3-21.7]; p=0.02- Adrenaline administration: OR 0.53; 95% CI [0.3-0.9]; p=0.02
	- Initial shockable rhythm: OR 10.12; 95% CI [0.97-105.23]
- Hemorrhage control: OR 4.2; 95% CI [1.03-16.8]
- Blood transfusion: OR 9.22; 95% CI [2.5-33.7]
- Surgery: OR 32.1; 95% CI [7.54-136.6]; 
- Adrenaline administration: OR 0.045; 95% CI [0.006-0.358]

	Yamamoto R et al. (10.1186/s13049-019-0657-8)
	Post-hoc analysis of prospective observational study
	Japan
	2012-2013
	1,030
	- Epinephrine use (ROSC in hospital): OR 2.21; 95% CI [1.16-4.19]; p=0.01
	- Epinephrine use (7-day survival): Unadjusted OR 0.20; 95% CI [0.08-0.48]; p<0.01
- Epinephrine use (7-day survival, propensity-matched): aOR 0.11; 95% CI [0.01-0.85]; p=0.02

	Koh EY et al. (10.1097/TA.0000000000004094)
	Secondary analysis of prospective observational study
	USA
	2017-2018
	72
	-
	- REBOA vs. RT (mortality): RR 0.89; 95% CI [0.71-1.12]; p=0.304

	Morcel B et al. (10.1016/j.resplu.2025.100981)
	Retrospective cohort study
	France
	2011-2023
	5,030
	- Children vs. adults: OR 1.32; 95% CI [1.04-1.68]; p=0.02- Children 6-11 years vs. adults: OR 2.68; 95% CI [1.61-4.38]; p<0.001
	- Children vs. adults (30-day survival): OR 2.20; 95% CI [1.18-3.81]; p<0.01
- Children 6-11 years vs. adults (30-day survival): OR 4.92; 95% CI [1.68-11.47]; p<0.001
- Children ≤5 years vs. adults (hospital admission survival): OR 1.81; 95% CI [1.15-2.76]; p<0.001

	Savary D et al. (10.1016/j.resuscitation.2021.05.012)
	Retrospective cohort study
	France
	2004-2017
	287
	-
	Not reported with RR/OR and 95%CI

	Vianen NJ et al. (10.1007/s00068-022-01941-y)
	Systematic review and meta-analysis
	Multiple (Europe, Asia, USA, Australia)
	1995-2020
	51,722
	-
	- Non-shockable rhythm vs. shockable rhythm: RR 1.12; 95% CI [1.03-1.21]; p=0.006
- Studies including prehospital deaths vs. excluding: RR 1.05; 95% CI [1.03-1.07]; p<0.001
- No physician on scene vs. physician on scene: RR 1.04; 95% CI [1.02-1.06]; p<0.001

	Beck et al. (10.1016/j.resuscitation.2016.11.011)
	Retrospective cohort study
	Victoria, Australia
	July 2008 - June 2014
	2334 traumatic OHCA cases
	- Arresting rhythm: Shockable (AOR=18.52, 95%CI:6.68-51.36); PEA (AOR=12.58, 95%CI:9.06-17.45) vs. asystole- Mechanism of injury: Motorcycle collision (AOR=2.49, 95%CI:1.60-3.86); Fall (AOR=1.91, 95%CI:1.17-3.11); Shooting/stabbing (AOR=2.25, 95%CI:1.17-4.31) vs. motor vehicle collision- Region: Urban vs. rural (AOR=0.64, 95%CI:0.46-0.90)
	- Excluding resuscitation attempts ≤10min: Survival to hospital discharge increased non-significantly (3.8% to 5.0%, p=0.314)

	Wang et al. (10.1186/s13049-025-01335-0)
	Retrospective cohort study
	Chinese Taiwan
	January 2016 - December 2022
	557 TCA patients
	- Transport to trauma center: Direct (aOR=2.91, 95%CI:1.54-5.49); Cross-region (aOR=2.05, 95%CI:1.01-4.15) vs. non-TC- Trauma mechanism: Blunt vs. others (aOR=0.31, 95%CI:0.08-0.78)
	- Transport to trauma center: Direct (aOR=7.93, 95%CI:2.13-29.52); Cross-region (aOR=4.56, 95%CI:1.24-16.76) vs. non-TC
- Trauma mechanism: Blunt vs. others (aOR=0.31, 95%CI:0.08-0.79)

	Ji et al. (10.1016/j.resplu.2025.100890)
	Post-hoc sub-group analysis of RCT
	UK
	-
	123 traumatic OHCA cases (66 adrenaline, 57 placebo)
	- Adrenaline vs. placebo (unadjusted OR=3.3, 95%CI:1.1-9.6; adjusted OR=5.6, 95%CI:1.6-20.4)
	- Adrenaline vs. placebo: Survival to 30 days (1.5% vs. 0%, adjusted OR=2.0, 95%CI:0.3-15.4, p=0.5); Survival to hospital discharge (1.5% vs. 0%, adjusted OR=2.0, 95%CI:0.3-15.4, p=0.5)

	Cheng et al. (10.1016/j.injury.2025.112262)
	Retrospective cohort study
	Tainan, China
	January 2016 - December 2022
	136 TCA patients (78 PEA, 58 asystole)
	- Initial rhythm: PEA vs. asystole (adjusted OR=2.87, 95%CI:1.33-6.18)
	- No significant predictors for sustained ROSC or survival to admission identified

	Doan et al. (10.1136/emermed-2021-211723)
	Retrospective cohort study
	Queensland, Australia
	January 2007 - December 2019
	3891 TCA patients (1497 resuscitation attempted)
	- Advanced airway management (aOR=1.84, 95%CI:1.06-3.17)- Intravenous access (aOR=5.04, 95%CI:2.43-10.45)- HARU attendance (aOR=2.54, 95%CI:1.25-5.18)
	- Blunt assault vs. motor vehicle collision (aOR=4.90, 95%CI:2.13-11.29)
- Low energy fall vs. motor vehicle collision (aOR=3.53, 95%CI:1.75-7.10)

	Lee et al. (10.1080/10903127.2022.2113941)
	Retrospective cohort study (Pan-Asian)
	13 Asian countries
	2009 - 2018
	13631 traumatic OHCA cases
	- Witnessed by EMS/private ambulance (aOR=3.12, 95%CI:2.52-3.87)- Bystander CPR (aOR=1.87, 95%CI:1.62-2.16)- Initial rhythm: Shockable (aOR=3.02, 95%CI:2.09-4.35); PEA (aOR=2.89, 95%CI:2.48-3.36) vs. asystole- Prehospital epinephrine (aOR=3.34, 95%CI:2.76-4.04)
	- Witnessed by EMS/private ambulance (aOR=2.95, 95%CI:1.99-4.38); Bystander CPR (aOR=2.16, 95%CI:1.71-2.72)
- Initial rhythm: Shockable (aOR=12.00, 95%CI:6.80-21.17); PEA (aOR=3.98, 95%CI:2.99-5.30) vs. asystole

	Kitano et al. (10.1016/j.resuscitation.2021.12.023)
	Retrospective cohort study
	Japan
	January 2014 - December 2019
	3883 TCA cases (traffic collision-related)
	- EMS-witnessed vs. unwitnessed (aOR=2.42, 95%CI:1.60-3.66)- Intravenous line (aOR=1.61, 95%CI:1.10-2.37)
	- EMS-witnessed vs. unwitnessed (aOR=2.42, 95%CI:1.60-3.66)
- Bystander-witnessed vs. unwitnessed (aOR=1.40, 95%CI:0.97-2.03, p=0.07)

	Evans et al. (10.1097/TA.0000000000001070)
	Secondary analysis of cohort studies
	North America (12 ROC sites)
	Epistry: Dec 2005 - Oct 2007; PROPHET: Jan 2010 - Jun 2011
	2300 TCA patients (1292 Epistry, 1008 PROPHET)
	- No ALS procedures associated with increased ROSC
	- Supraglottic airway (aOR=0.27, 95%CI:0.08-0.93); Endotracheal intubation (aOR=0.37, 95%CI:0.17-0.78) vs. bag-mask ventilation (PROPHET only)

	Yamamoto R et al. (10.1136/emermed-2024-214337)
	Retrospective Cohort Study
	Japan
	2019-2021
	1524
	Prehospital intubation: OR 1.09, 95%CI 0.89-1.34 (no significant association)
	Prehospital intubation: OR 1.99, 95%CI 1.12-3.53 (favourable neurological outcome, GOS≥4); OR 1.43, 95%CI 1.08-1.90 (survival to discharge)

	Nishimura T et al. (10.1002/ams2.786)
	Retrospective Cohort Study (Propensity Score Matching)
	Japan
	2004-2017
	1346 (after matching: 673 AAM vs 673 non-AAM)
	Prehospital advanced airway management (AAM): OR 2.05, 95%CI 1.51-2.78
	Prehospital AAM: OR 1.12, 95%CI 0.70-1.76 (no significant association with survival to discharge)

	Vianen NJ et al. (10.1007/s00068-022-01941-y)
	Systematic Review and Meta-Analysis
	Multiple
	-
	36 studies included
	Cardiac motion on ultrasound: OR 33.91, 95%CI 1.87-613.42; Shockable rhythm: OR 7.29, 95%CI 5.09-10.44
	Shockable rhythm: aOR 1.12, 95%CI 1.03-1.21; Presence of out-of-hospital physicians: ~2-fold increase in survival (6.1% vs 2.4%)

	Tran A et al. (10.1016/j.resuscitation.2020.07.017)
	Systematic Review and Meta-Analysis
	Multiple
	-
	53 studies, >37,000 patients
	Shockable rhythm: OR 7.29, 95%CI 5.09-10.44; Cardiac motion on ultrasound: OR 33.91, 95%CI 1.87-613.42
	Shockable rhythm: OR 7.29, 95%CI 5.09-10.44; Mechanism of injury not an independent prognostic factor

	Chiang W-C et al. (10.1186/s13049-015-0102-8)
	Retrospective Cohort Study
	Chinese Taiwan
	-
	514
	Prehospital intravenous epinephrine: associated with increased prehospital ROSC (no specific OR/95%CI reported)
	Prehospital intravenous epinephrine: no significant association with survival to discharge (no specific OR/95%CI reported)

	Aoki M et al. (10.1038/s41598-019-46434-8)
	Retrospective Cohort Study
	Japan
	-
	5204
	Prehospital epinephrine administration: associated with increased prehospital ROSC (no specific OR/95%CI reported)
	Prehospital epinephrine administration: associated with lower survival to discharge (no specific OR/95%CI reported)

	Peters et al. (10.1097/MEJ.0000000000000337)
	Retrospective cohort study
	The Netherlands
	2007-2014
	144 TCA patients (267 thoracostomies)
	- TP presence: 6/14 (42.9%) of TP patients achieved ROSC vs 16/130 (12.3%) of non-TP patients (OR not explicitly calculated, but trend observed)
	- No significant predictors identified; only 2 (1.4%) survived to discharge, neither with TP

	Beysard et al. (10.1016/j.resplu.2025.100870)
	Retrospective observational study
	Switzerland
	2012-2024
	473 TCAs (247 with resuscitation attempts)
	- Thoracostomy performance: 27/148 (18.2%) of thoracostomy patients achieved ROSC vs not reported for non-thoracostomy (OR not calculated)
	- Thoracostomy performance: 9/148 (6.1%) survived at 48h vs 2/75 (2.7%) of non-thoracostomy (OR=2.33, 95%CI: 0.48-11.21, p=0.342)

	Dickson et al. (10.1016/j.jemermed.2018.05.027)
	Retrospective case series
	USA
	2013-2017
	57 TCA patients
	- Air return: 11/18 (61.1%) of air return patients achieved ROSC vs 3/39 (7.7%) of non-air return (OR=16.54, 95%CI: 3.68-74.52, p<0.001)
	- Blunt trauma: 4/40 (10%) of blunt trauma survived to discharge vs 0/17 (0%) of penetrating (OR not calculated); initial rhythm PEA: 4/37 (10.8%) survived vs 0/15 (0%) asystole (OR not calculated)

	Hannon et al. (10.1111/1742-6723.13549)
	Retrospective cohort study
	Australia
	2015-2018
	103 trauma patients (179 finger thoracostomies)
	- Cardiac arrest setting: 3/32 (9.4%) of cardiac arrest patients achieved ROSC vs 21/71 (29.6%) of non-cardiac arrest (OR=0.25, 95%CI: 0.07-0.88, p=0.03)
	- No significant predictors identified; 3 (2.9%) survived to discharge

	Quinn et al. (10.1111/1742-6723.13392)
	Retrospective review
	Australia
	2016-2019
	14 paediatric TCA patients
	- Thoracostomy: All 14 patients achieved effective decompression (ROSC trend observed but OR not calculated)
	- No significant predictors identified; 11 (78.6%) survived to discharge

	Almond et al. (10.1186/s13049-022-00997-4)
	Retrospective case series
	UK
	2015-2021
	44 RT patients
	- Blunt trauma: 9/26 (34.6%) achieved ROSC vs 2/18 (11.1%) of penetrating (OR=4.00, 95%CI: 0.75-21.33, p=0.08)
	- No survivors to discharge

	Nevins et al. (10.1007/s00068-018-0982-z)
	Systematic review
	Global
	2000-2016
	3251 EDT patients
	- Penetrating vs blunt: OR=2.10, 95%CI: 1.30-3.39, p=0.0028; SOL in field vs no SOL: OR=19.39, 95%CI: 2.54-147.76, p<0.0001
	- Penetrating vs blunt: OR=2.10, 95%CI: 1.30-3.39, p=0.0028; stab vs gunshot: OR=5.45, 95%CI: 3.56-8.34, p<0.0001; SOL in field vs no SOL: OR=19.39, 95%CI: 2.54-147.76, p<0.0001

	Atkins et al. (10.1016/j.injury.2023.111033)
	Retrospective cohort study
	USA
	2017-2021
	13115 penetrating TCA patients
	- Thoracostomy: OR=0.82, 95%CI: 0.56-1.21, p=0.32 (no significant association with mortality, ROSC not separately reported)
	- Thoracostomy: OR=0.82, 95%CI: 0.56-1.21, p=0.32 (no significant association); university-teaching hospital vs non-teaching: OR=0.44, 95%CI: 0.06-3.05, p=0.41 (no significant difference)

	Harfouche et al. (10.1136/tsaco-2024-001730)
	Systematic review/meta-analysis
	Global
	1946-2024
	31 studies (varies by analysis)
	- REBOA vs RT in TCA: OR=0.32, 95%CI: 0.15-0.69, p=0.004 (mortality OR, ROSC trend inferred)
	- REBOA vs RT in TCA: OR=0.32, 95%CI: 0.15-0.69, p=0.004; REBOA in PAS: MD=-1.06L blood loss, 95%CI: -1.57 to -0.56, p<0.0001

	Yamamoto et al. (10.1002/emp2.12177)
	Retrospective cohort study
	Japan
	2004-2019
	1483 TCA patients
	- REBOA vs RT: OR=4.78, 95%CI: 1.61-14.19, p=0.01 (survival OR, ROSC trend inferred)
	- REBOA vs RT: OR=3.73, 95%CI: 1.90-7.32, p<0.001; laparotomy: 12.0% vs 0.9% survival (OR not calculated)

	Nakashima et al. (10.1016/j.jss.2023.11.063)
	Retrospective Observational Study
	United States
	August 01, 2017-July 31, 2022
	445
	-
	No significant difference in survival odds between COVID and Pre-COVID eras (OR 1.04, 95% CI: 0.25, 4.31, adjusted P=0.961)

	Selesner et al. (10.1097/TA.0000000000003879)
	Systematic Review
	Multinational
	N/A
	319
	-
	- For PICO 1 (penetrating thoracic injury with SOL): HS RR 11.1 (95% CI: 6.18-19.8, p<0.0001); NIS RR 10.0 (95% CI: 3.93-25.4, p<0.0001)
- For PICO 2 (penetrating thoracic injury without SOL): HS RR 26.0 (95% CI: 4.83-139.6, p=0.0001); NIS RR 21.6 (95% CI: 6.51-72.0, p<0.0001)
- For PICO 3 (penetrating abdominopelvic injury with SOL): HS RR 5.88 (95% CI: 0.86-40.1, p=0.07); NIS RR 6.67 (95% CI: 0.97-45.7, p=0.05)
- For PICO 4 (penetrating abdominopelvic injury without SOL): HS RR 52.6 (95% CI: 3.42-810.6, p=0.005); NIS RR 58.5 (95% CI: 7.79-439.3, p=0.0001)
- For PICO 5 (blunt injury with SOL): HS RR 11.1 (95% CI: 3.05-40.5, p=0.0003); NIS RR 7.41 (95% CI: 0.79-69.8, p=0.08)

	Agostinucci et al. (10.1111/ijn.13244)
	Retrospective Observational Study
	France
	January 2013-March 2021
	3964
	-
	IOVA group had lower 30-day survival (1% vs. 7%, p<0.0001)

	Smida et al. (10.1007/s00068-023-02279-9)
	Retrospective Observational Study
	United States
	2018-2021
	4942
	- On-scene vascular access (aOR: 2.14, 95% CI: 1.31-3.49)- Each 1-min increase in time to vascular access (aOR: 0.97, 95% CI: 0.94-0.99)- Each 1-min increase in time to epinephrine (aOR: 0.95, 95% CI: 0.92-0.98)
	ROSC at ED was associated with increased survival to discharge (aOR: 9.12, 95% CI: 1.98-42.03)

	Kim et al. (10.22514/sv.2023.128)
	Retrospective Observational Study
	Republic of Korea
	2014-2019
	20247
	-
	- Prehospital hydration for non-shockable rhythm (aOR: 1.27, 95% CI: 1.13-1.42)
- Shockable rhythm vs. non-shockable rhythm (aOR: 2.06, 95% CI: 1.61-2.63)
- Prehospital hydration vs. non-hydration (aOR: 1.32, 95% CI: 1.18-1.48)

	Benhamed et al. (10.1097/TA.0000000000003474)
	Retrospective Observational Study
	France
	July 2011-November 2020
	4922
	- PEA (OR: 1.81, 95% CI: 1.40-2.35, p<0.001)- Shockable rhythm (OR: 1.83, 95% CI: 1.12-2.98, p=0.016)- Spontaneous activity (OR: 3.66, 95% CI: 2.70-4.96, p<0.001)- Gasping (OR: 1.40, 95% CI: 1.02-1.94, p=0.042)- IV fluid resuscitation (OR: 3.19, 95% CI: 2.69-3.78, p<0.001)- Packed red cells transfusion (OR: 2.54, 95% CI: 1.84-3.51, p<0.001)- External hemorrhage control (OR: 1.74, 95% CI: 1.31-2.30, p<0.001)
	- Shockable rhythm (OR: 4.45, 95% CI: 1.47-13.48, p=0.008)
- Spontaneous activity (OR: 4.75, 95% CI: 2.43-9.30, p<0.001)
- Gasping (OR: 4.27, 95% CI: 1.96-9.31, p<0.001)
- Age 40-64 years vs. 18-39 years (OR: 0.52, 95% CI: 0.28-0.98, p=0.042)
- Age 65-79 years vs. 18-39 years (OR: 0.15, 95% CI: 0.05-0.42, p<0.001)
- Age ≥80 years vs. 18-39 years (OR: 0.12, 95% CI: 0.03-0.49, p=0.003)

	Witt et al. (10.1080/10903127.2025.2461283)
	Retrospective Cohort Study
	United States
	2011-2017
	1631
	-
	- Overall: prehospital epinephrine (aRR 0.33, 95% CI 0.23-0.46)
- Blunt mechanism: prehospital epinephrine (aRR 0.20, 95% CI 0.11-0.37)
- Penetrating mechanism: prehospital epinephrine (aRR 0.62, 95% CI 0.30-1.28)
- Age <18: prehospital epinephrine (aRR 0.33, 95% CI 0.17-0.67)
- Initial shockable rhythm: prehospital epinephrine (aRR 0.24, 95% CI 0.07-0.86)

	Aoki et al. (10.1038/s41598-019-46460-w)
	Prospective Population-based Observational Study
	Japan
	January 1, 2012-December 31, 2015
	5204
	- Prehospital epinephrine administration (OR 3.784, 95%CI 2.102-6.812)- Propensity score-matched prehospital epinephrine administration (OR 6.870, 95%CI 3.326-14.192)
	- Prehospital epinephrine administration (OR 1.495, 95%CI 0.758-2.946)
- Propensity score-matched prehospital epinephrine administration (OR 2.363, 95%CI 0.606-9.223)

	Ahmed (10.14423/SMJ.0000000000000434)
	Retrospective Cohort Study
	United States
	2007-2010
	1269
	-
	Helicopter transportation (Absolute Risk Reduction 0.066, 95%CI 0.008-0.125; Relative Risk 1.65, 95%CI 1.099-2.495)

	Fitzgerald et al. (10.1111/1742-6723.13530)
	Retrospective Cohort Study
	Australia
	July 1, 2009-June 30, 2017
	32
	- RT performed >30 min after arrival (OR 11.11, 95%CI 1.48-83.59)- Traumatic cardiac arrest during RT (OR 18.33, 95%CI 2.39-140.39)
	- RT performed ≤30 min after arrival (OR 0.09, 95%CI 0.01-0.67)
- Traumatic cardiac arrest during RT (OR 18.33, 95%CI 2.4-140.4)

	Tsutsumi et al. (10.1016/j.injury.2017.09.005)
	Retrospective Cohort Study
	Japan
	2004-2015
	4313
	- Spinal immobilization (OR 0.48, 95%CI 0.27-0.87)
	- Spinal immobilization (OR 0.64, 95%CI 0.42-0.98)

	Obara et al. (10.1016/j.resplu.2024.100701)
	Retrospective Cohort Study
	Japan
	2019-2021
	1981
	-
	- Presence of SOLs at hospital arrival (OR 1.96, 95%CI 1.20-2.72)‘- Presence of SOLs for favorable neurological outcome (GOS 4-5) (OR 2.42, 95%CI 1.14-3.70)

	Jakob et al. (10.1186/s13049-023-01107-8)
	Retrospective Cohort Study
	Switzerland
	January 1, 2011-December 31, 2021
	5534
	-
	- Motorcycle crash (OR 1.82, 95%CI 1.31-2.52, p<0.001)
- Winter sports injury (OR 1.70, 95%CI 1.08-2.69, p=0.022)
- Thoracic trauma (OR 1.79, 95%CI 1.40-2.30, p<0.001)
- On-scene time per 10min increase (OR 1.65, 95%CI 1.56-1.75, p<0.001)
- Household injury (OR 0.46, 95%CI 0.31-0.67, p<0.001)
- Upper extremity trauma (OR 0.44, 95%CI 0.30-0.65, p<0.001)
- Response time per 10min increase (OR 0.85, 95%CI 0.75-0.96, p=0.010)

	Naito et al. (10.1186/s12873-021-00499-z)
	Retrospective Observational Study
	Japan
	January 2004-December 2017
	5336
	-
	- Transport time ≥15min vs. <15min for sustained TCA (RR 0.47, 95%CI 0.23-0.97)

	Bradley et al. (10.1097/TA.0000000000001227)
	Prospective Observational Study
	United States
	April 2014-December 2014
	33
	- No significant difference in ROSC between OCCM and CCC-only groups (23.5% vs. 38.9%, p=0.53)
	- No significant difference in survival between OCCM and CCC-only groups (p>0.05)

	Balian et al. (10.1016/j.resuscitation.2020.09.018)
	Retrospective Case Series
	Australia
	June 2015-August 2019
	18
	- Mean rise in ETCO₂ after AAJT application (24.0 mmHg, 95%CI 12.6-35.4, p=0.003)
	- No survivors to hospital discharge

	Irfan et al. (10.1186/s12245-022-00454-0)
	Retrospective Cohort Study
	Qatar
	2010-2015
	609 (410 OHTCA, 199 IHCAT)
	- Initial shockable rhythm (OR 3.51, 95%CI 1.6-7.7, p=0.002)- Higher pre-hospital GCS (OR 1.4, 95%CI 1.3-1.6, p<0.001)- Cardiac re-arrest (OR 6.0, 95%CI 3.3-10.8, p<0.001)
	- IHCAT vs. OHTCA (OR 6.3, 95%CI 1.3-31.2, p=0.025)
- Spinal injury (OR 3.5, 95%CI 1.5-8.3, p=0.004)
- Abdominal injury (OR 2.0, 95%CI 1.0-3.8, p=0.037)

	Wolthers et al. (10.1097/MEJ.0000000000001108)
	Population-based Cohort Study
	Denmark
	2016-2021
	223
	- Initial shockable cardiac rhythm (OR 3.78, 95%CI 1.33-11.00)- Endotracheal intubation (OR 7.10, 95%CI 2.55-22.85)- Thoracostomy (OR 0.35, 95%CI 0.13-0.91)
	- Initial shockable rhythm (p<0.001)
- Endotracheal intubation (p=0.001)
- Time on scene <26 minutes (p=0.02)

	McWilliam et al. (10.1016/j.jemermed.2025.03.002)
	Retrospective Cohort Study
	USA
	2014-2022
	244
	- Penetrating trauma (OR 2.22, 95%CI not reported, p=0.02)- Prehospital thoracostomy (OR 2.18, 95%CI not reported, p=0.01)
	- Pulse on ED arrival (35% survival rate)
- Penetrating trauma (associated with pulse on arrival)

	von Vopelius-Feldt et al. (10.1016/j.resplu.2025.101012)
	Retrospective Autopsy Series
	Canada
	2018-2022
	172
	-
	- No significant predictors with RR/OR and 95%CI reported

	Perkins et al. (10.1001/jamasurg.2024.7245)
	Retrospective Cohort Study
	UK
	1999-2019
	601
	-
	- Cause of TCA (cardiac tamponade vs. others: aOR 21.1, 95%CI 8.1-54.7, p<0.001)
- TCA duration <1 minute (aOR 20.9, 95%CI 4.4-100.6, p<0.001)
- Absence of internal cardiac massage (aOR 0.2, 95%CI 0.06-0.5, p=0.001)

	Vassallo et al. (10.1136/archdischild-2018-314985)
	Population-based Analysis
	UK
	2006-2015
	129
	-
	- Pre-hospital only TCA vs. pre-hospital + in-hospital TCA (13.0% vs. 1.2%, p<0.05)
- Transport to paediatric MTC (OR not reported, 10.3% survival)

	Beck et al. (10.1136/emermed-2016-206330)
	Retrospective Cohort Study
	Australia
	2008-2014
	660
	- Shockable rhythm (aOR=3.65, 95% CI 1.64-8.11)
- PEA (aOR=2.15, 95% CI 1.36-3.39)

	Survial to hospital:
- Penetrating trauma (aOR=0.27, 95% CI 0.08-0.91)
- Rural (aOR=0.39, 95% CI 0.19-0.8)


	Barnard et al. (10.1016/j.resuscitation.2016.11.001)
	Population-based Analysis
	UK
	2009-2015
	705
	-
	- Pre-hospital only TCA vs. ED only TCA (11.5% vs. 3.9%, p<0.02)
- Isolated severe TBI vs. TBI + haemorrhage (15.2% vs. 2.2%, p<0.001)

	Djarv et al. (10.1186/s13049-018-0500-7)
	Population-based Cohort Study
	Sweden
	1990-2016
	1774
	-
	- Bystander witnessed (aOR 2.67, 95%CI 1.15-6.22)
- Initial shockable rhythm (aOR 8.94, 95%CI 4.27-18.69)
- Adrenaline administration (aOR 0.35, 95%CI 0.17-0.73)


Only studies primarily focused on human clinical or epidemiological data concerning TCA outcomes, and reporting OR/RR with 95% CI, were included. Animal/basic studies, case reports, and studies lacking quantitative predictor analysis were excluded. Predictors for ROSC refer to variables found to be independently associated with the likelihood of achieving return of spontaneous circulation after traumatic cardiac arrest; predictors for survival/mortality refer to variables independently associated with survival/mortality to hospital discharge or longer-term outcomes. Since risk factors for mortality and survival rates are placed in the same column box, this is likely to cause misunderstandings regarding their positive and negative impacts. Therefore, for readers who have questions about this, it is recommended that they refer to the original research paper. ROSC, return of spontaneous circulation; TCA, traumatic cardiac arrest; OR, odds ratio; RR, relative risk; aOR, adjusted odds ratio; CI, confidence interval; ED, emergency department; EMS, emergency medical services; PEA, pulseless electrical activity; SOL, signs of life; ALS, advanced life support; REBOA, resuscitative endovascular balloon occlusion of the aorta; RT, resuscitative thoracotomy; MTC, major trauma center; TBI, traumatic brain injury; HARU, high acuity response unit; GCS, Glasgow Coma Scale; IHCAT, in-hospital cardiac arrest of trauma; OHTCA, out-of-hospital traumatic cardiac arrest.




eTable 5. Variations in traumatic cardiac arrest definitions across the literature
	Author (DOI)
	Definition of TCA
	Inclusion criteria
	Exclusion criteria

	Seewald S et al. (10.1186/s12873-022-00714-5)
	OHCA due to major trauma where CPR was started.
	- OHCA secondary to major trauma between 2014-2019.
- CPR started.
- Data from German Resuscitation Registry (GRR) or TraumaRegister DGU®.
	- Missing data for blood pressure or heart rate on hospital admission.
- Ongoing CPR on admission.
- Missing trauma mechanism.
- Aetiology other than trauma.

	Khalifa A et al. (10.1016/j.ajem.2021.01.020)
	Torso trauma patients with no recorded vital signs (pulse=0, SBP=0, respiratory rate=0, GCS=3) in the ED who underwent resuscitation following traumatic cardiac arrest.
	- Blunt and penetrating torso trauma without vital signs in the ED (2007-2015).
- Directly sent to a trauma center without transfer.
	- Isolated head injuries.
- Transfers from other hospitals.
- Missing values.

	Irfan FB et al. (10.1016/j.ijcard.2017.03.134)
	- OHTCA: Cardiac arrest in a trauma patient confirmed by absence of signs of circulation or abnormal cardiac arrest rhythm occurring outside a hospital setting, with prehospital CPR provided by EMS.
- IHTCA: Cardiac arrest in a trauma patient confirmed by absence of signs of circulation or abnormal cardiac arrest rhythm occurring inside a hospital setting, not a cardiac rearrest.
	- Adult (≥18 years) OHTCA patients resuscitated by EMS in Qatar (2010-2015).
	- IHTCA patients.
- OHTCA patients with clear signs of death (decapitation, incineration, decomposition, rigor mortis, dependent lividity).
- OHTCA due to drowning, electrocution, conflagration, burns.
- Age <18 years.- Missing data.

	Yamamoto R et al. (10.1186/s13049-019-0657-8)
	Traumatic OHCA diagnosed by treating physicians based on history of OHCA and/or clinical findings; drowning and hanging not considered traumatic OHCA.
	- Adult patients (≥15 years) with traumatic OHCA from the SOS-KANTO 2012 study (2012-2013).
- Available data on epinephrine administration during in-hospital resuscitation.
	- Missing survival data 7 days after injury.- Missing data on epinephrine administration.

	Koh EY et al. (10.1097/TA.0000000000004094)
	Traumatic cardiac arrest defined as receiving cardiopulmonary resuscitation in the emergency department immediately prior to or during the initiation of emergency hemorrhage control procedure (REBOA or RT).
	- Patients from the Emergent Truncal Hemorrhage Control study (2017-2018) with traumatic cardiac arrest before initiating hemorrhage control.
	- Patients who achieved ROSC before emergency hemorrhage control procedure.

	Vianen NJ et al. (10.1007/s00068-022-01941-y)
	Prehospital TCA refers to circulatory arrest after trauma requiring urgent action; no strict operational definition beyond studies' own TCA criteria.
	- Primary studies (1995-2020) reporting outcomes of prehospital TCA patients.
- Articles in English, French, German, or Dutch.
- NOS score ≥6.
- Low risk of bias.
	- Studies with >10% pediatric patients.- Military/combat patients.
- Studies evaluating only specific treatments (e.g., thoracotomy, REBOA).
- Letters, expert opinions, systematic reviews, meta-analyses, animal studies.
- Unavailable full text.
- Published before 1995.

	Irfan et al. (10.1186/s12245-022-00454-0)
	"Cessation of circulatory activity in a trauma patient confirmed by the absence of signs of circulation or abnormal cardiac arrest rhythm inside a hospital setting, which was not cardiac re-arrest." (IHCAT); "Cessation of circulatory activity in a trauma patient that is confirmed by the absence of signs of circulation and that occurs outside of a hospital setting." (OHTCA)
	- IHCAT: Adult (＞18 years) trauma patients with absence of circulation signs or abnormal cardiac arrest rhythm, received CPR in ED/hospital, no time limit between trauma and arrest.
- OHTCA: Adult trauma patients with pre-hospital cardiac arrest confirmed by EMS, received pre-hospital CPR.
	Trauma patients with clear signs of death, injuries due to drowning, electrocution, or burns.

	Wolthers et al. (10.1097/MEJ.0000000000001108)
	"Cardiac arrest resulting from blunt, penetrating or burn injury, according to the Utstein template."
	All patients with TCA in Denmark (2016-2021) assessed by Danish HEMS physician, all age groups, including those declared dead on scene.
	- HEMS dispatched but not arrived.
- Cardiac arrest due to hanging, drowning, electrocution.- Patients without valid personal identification numbers.

	Almutairi et al. (10.7759/cureus.39598)
	"The cessation of cardiac pumping activity secondary to blunt or penetrating trauma."
	Pediatric patients (≤14 years) admitted to ED with traumatic cardiac arrest in ED (2005-2021); drowning patients included as traumatic.
	Non-traumatic cardiac arrest cases, patients older than 14 years.

	Alhasan et al. (10.1097/MD.0000000000020520)
	"Cardiac arrest resulting from an external application of kinetic energy."
	Adult patients (＞18 years) with TCA activated EMS, treated/transported by EMS; mechanisms include RTA, FFH, slip/fall, assaults.
	- Cardiac arrest of non-traumatic etiology.- Resuscitation not attempted (decapitation, rigor mortis, dependent lividity).

	Vassallo et al. (10.1136/archdischild-2018-314985)
	"A GCS score of 3 and a pulse or blood pressure of zero" with primary traumatic mechanism of injury.
	Pediatric/adolescent patients (＜18 years) with TCA (2006-2015) in TARN database, met TARN inclusion criteria (admission ≥3 days, ICU/HDU, transfer for specialist care).
	- Asphyxia/suffocation, drowning, high-voltage electrical injury as cause of arrest.- No recorded GCS.
- Non-energy transfer mechanisms.

	Barnard et al. (10.1016/j.resuscitation.2016.11.001)
	"A patient who has sustained trauma with agonal or absent spontaneous respiration and absence of a central pulse."
	Patients of all ages with TCA (pre-hospital or ED) in TARN database (2009-2015), met TARN inclusion criteria.
	- No recorded GCS.- AIS codes for asphyxia/suffocation, drowning, high-voltage electrical injury, burns.
- TCA occurring in hospital after ED discharge.

	Djarv et al. (10.1186/s13049-018-0500-7)
	"An OHCA with traumatic aetiology which, according to Utstein, is defined as 'cardiac arrest directly caused by blunt, penetrating or burn injury'."
	TCA cases in Swedish Registry for Cardiopulmonary Resuscitation (1990-2016); OHCA with EMS-assessed traumatic aetiology.
	Hypoxic cases (hanging, drowning), choking, suicide, drug overdose.

	Beck et al. (10.1016/j.resuscitation.2016.11.011)
	Traumatic OHCA caused by trauma, excluding cases with hanging or drowning mechanisms.
	- Cases of traumatic OHCA in Victoria, Australia between July 2008 and June 2014.- Aged ≥16 years.
	- Aged <16 years.
- Mechanism of injury was hanging or drowning.

	Wang et al. (10.1186/s13049-025-01335-0)
	A sudden loss of heart function caused by severe trauma such as blunt, penetrating, or other injuries, leading to the cessation of cardiac mechanical activity.
	- Adults (age >18 years) with TCA admitted to emergency departments in Taoyuan City between January 2016 and December 2022.
- Transported by EMS.
	- Pronounced dead at the scene.
- Incomplete outcome or EMS time data.
- TCA due to hanging.

	Ji et al. (10.1016/j.resplu.2025.100890)
	Cardiac arrest secondary to trauma.
	- Adults with trauma-related out-of-hospital cardiac arrest enrolled in the PARAMEDIC2 trial.
- Randomised to receive adrenaline or placebo.
	- Pregnant patients.
- Aged <16 years.
- Cardiac arrest secondary to asthma or anaphylaxis.
- Already received adrenaline.

	Cheng et al. (10.1016/j.injury.2025.112262)
	Cardiac arrest caused by a prior traumatic event, with ultrasound-detected cardiac activity during resuscitation excluding the diagnosis of cardiac arrest.
	- Patients with TCA transported by EMS to a tertiary trauma center in Tainan, Taiwan between 2016 and 2022.
- Presented with non-shockable rhythms (PEA or asystole).
	- Non-traumatic cardiac arrests.
- Prehospital ROSC.
- Atypical trauma mechanisms (hanging, burns, drowning, electrocution, lightning strikes).- Aged <18 years.
- Pregnant patients.
- Referred from other hospitals.
- Incomplete data.- Initial shockable rhythms (ventricular tachycardia or ventricular fibrillation).

	Doan et al. (10.1136/emermed-2021-211723)
	Cardiac arrest resulting from blunt, penetrating or burn injury, excluding hanging, drowning, electrocution, asphyxiation, foreign body airway obstruction and intoxication.
	- Adult (≥18 years) out-of-hospital TCA attended by Queensland Ambulance Service paramedics between 1 January 2007 and 31 December 2019.
- Known mechanism of injury.
	- Unknown mechanism of injury.
- Patients pronounced dead on paramedic arrival (obvious signs of death, injuries incompatible with life, resuscitation endangers clinicians, lawful direction to not resuscitate).

	Lee et al. (10.1080/10903127.2022.2113941)
	A patient who had an out-of-hospital injury such as blunt trauma, penetrating trauma, or burns, and had absence of pulse, unresponsiveness, and apnea, as assessed by EMS personnel.
	- Patients with out-of-hospital traumatic cardiac arrest in the PAROS registry between 2009 and 2018.
- Aged ≥18 years.- Resuscitation attempted.
- Survival outcomes reported.
	- Resuscitation not attempted (immediately pronounced dead, "do not resuscitate" orders).
- Aged <18 years.- Missing survival to discharge outcomes.

	Escutnaire et al. (10.1016/j.resuscitation.2018.07.032)
	Traumatic OHCA as defined by Utstein-style criteria, caused by trauma.
	- Traumatic OHCA in France between 1st July 2011 and 1st January 2017.
- MMT dispatched.
- Survival data available if admitted alive.
	- Other aetiologies (asphyxia, overdose, electrocution, drowning) or unknown aetiology.
- Positive signs of death at MMT arrival (decay, rigor mortis).
- Prolonged cardiac arrest with no resuscitation attempt.- Missing mandatory data.

	Evans et al. (10.1097/TA.0000000000001070)
	Traumatic arrest defined as having occurred if a patient was known to have received prehospital CPR by EMS providers (includes patients who died on scene and were not transported).
	- Patients with blunt or penetrating injury who received prehospital CPR, from ROC Epistry
-Trauma (December 2005-October 2007) and PROPHET (January 2010-June 2011) registries.
- Epistry-Trauma: SBP ≤90, RR <10 or >29, GCS ≤12, intubated in field, or died in field.
- PROPHET: SBP ≤90 or GCS ≤8, transported to Level I/II trauma center or died en route.
	- Unknown survival to discharge status.- Non-blunt/non-penetrating injury.
- PROPHET: Declaration of non-survivability without EMS treatment, hanging, drowning, primary burn, or blunt/penetrating injury with burn >20% TBSA.

	Kitano et al. (10.1016/j.resuscitation.2021.12.023)
	Traumatic cardiac arrest caused by traffic collisions.
	- Patients with TCA caused by traffic collisions registered in the Japanese Utstein Registry between 2014 and 2019.
- Treated by EMS.
	- Missing data on bystander type.
- Aged <18 years.-
 Non-TCA cases.
- Doctor’s car dispatched.
- No data on 1-month survival.
- Illogical time values.

	Faulkner J et al. (10.1177/00031348221091937)
	Patients 18 and younger with no signs of life (defined as 0 for pulse and 0 for systolic blood pressure on ED arrival; NA for either vital reading was excluded).
	- Patients ≤18 years old.
- No signs of life (pulse=0, systolic blood pressure=0) on ED arrival.
- Data from NTDB 2007-2016.
	- Patients with NA for pulse or systolic blood pressure.
- Patients with abnormal GCS scores that made "signs of life" indicator unreliable.

	Talmy T et al. (10.1080/10903127.2023.2241542)
	Cases where the IDF-MC TCA protocol was initiated (patients with loss of vital signs, receiving TCA-specific interventions, or pronounced dead on scene/transport).
	- Cases from IDF-TR 1997-2022 where TCA protocol was initiated.
- Manual review confirmed TCA (loss of vital signs, TCA interventions).
	- Interventions performed outside TCA protocol (e.g., with measurable vital signs).
- Cases with undocumented but intact vital signs.
- Insufficient documentation to confirm TCA.
- TCA protocol initiated before loss of vital signs.

	Weegenaar C et al. (10.1186/s13049-024-01304-z)
	An unresponsive pulseless patient following trauma.
	- Prehospital patients with traumatic cardiac arrest.
- Literature published in English 2014-2023.
	- Hangings, electrocutions, drownings (different mechanisms/resuscitation considerations).

	Rickard AC et al. (10.1136/emermed-2017-207226)
	Cardiac arrest following a primary traumatic mechanism of injury (energy transfer or body cavity penetration); excludes asphyxia, drowning, electrocution.
	- Experts in paediatric emergency medicine, anaesthesia, ICU, surgery, etc.
- Statements related to diagnosis/management of paediatric TCA.
	- Non-traumatic cardiac arrest.
- Mechanisms like drowning, electrocution.

	Vassallo J et al. (10.1136/emermed-2018-207739)
	Cardiac arrest following a primary traumatic mechanism of injury (energy transfer or traumatic body cavity penetration); patients with no palpable central pulse and agonal/absent spontaneous respirations.
	- Paediatric patients (0-16 years) with traumatic cardiac arrest.
- Consensus meeting participants (experts in paediatrics, emergency medicine, etc.).
	- Cardiac arrest from asphyxia, drowning, electrocution.
- Patients with AIS=6 (lethal trauma) or missing data.

	Yamamoto R et al. (10.1136/emermed-2024-214337)
	Traumatic out-of-hospital cardiac arrest (t-OHCA) defined as trauma patients with cardiac arrest at the scene (no measurable BP and unresponsive to stimuli on EMS arrival).
	- Adults (≥18 years) with t-OHCA.
- Required airway management (intubation, supraglottic device, manual manoeuvre) prehospital.
- Data from JTDB 2019-2021.
	- Transported from another hospital.- Transportation time >60 min.
- Missing outcome values.

	Nishimura T et al. (10.1002/ams2.786)
	EMS-witnessed traumatic OHCA: traumatic cardiac arrest occurring after leaving the scene, receiving CPR during transport; excludes OHCA at scene (no BP/heart rate).
	- Patients ≥16 years old.
- EMS-witnessed traumatic OHCA.
- Received CPR during transport.
- Data from JTDB 2004-2017.
	- OHCA at scene (no BP/heart rate).
- AIS=6 (lethal trauma) or 9 (unknown/missing AIS).
- Missing ROSC data.
- Burns, unknown prehospital AAM use.

	Aziz S et al. (10.1136/emermed-2020-210305)
	TCA refers to cardiac arrest secondary to traumatic injury (included in cases where scalpel cricothyroidotomy was performed for TCA).
	- Patients who underwent scalpel cricothyroidotomy by the prehospital trauma service 2000-2019.
- Traumatic injury as cause of arrest/airway emergency.
	- Scalpel cricothyroidotomy performed before arrival of the advanced trauma team.
- Intubation through tracheolaryngeal defects.

	Joost Petersa,c, et al. (10.1097/MEJ.0000000000000337)
	TCA refers to cardiac arrest caused by traumatic injuries.
	Patients who underwent a single or bilateral prehospital thoracostomy in tCA, extracted from the HEMS database.
	None explicitly stated.

	Nicolas Beysard, et al. (10.1016/j.resplu.2025.100870)
	TCA is cardiac arrest resulting from traumatic injuries.
	Patients with TCA managed by physicians of the prehospital service of Lausanne University Hospital from 2012 to 2024.
	None explicitly stated.

	Robert L. Dickson, et al. (10.1016/j.jemermed.2018.05.027)
	TCA is cardiac arrest caused by traumatic injuries.
	Consecutive patients with traumatic cardiac arrest where simple thoracostomy was used during resuscitation between June 1, 2013 and July 1, 2017.
	None explicitly stated.

	Liam HANNON, et al. (10.1111/1742-6723.13549)
	TCA is cardiac arrest secondary to traumatic injuries.
	Adult and paediatric trauma patients undergoing finger thoracostomy performed by paramedics on a helicopter emergency medical service between June 2015 and May 2018.
	Patients taken to non-trauma centres and those with missing data.

	Nuala QUINN, et al. (10.1111/1742-6723.13392)
	TCA is cardiac arrest caused by traumatic injuries, often associated with conditions like tension pneumothorax and massive haemothorax.
	Children undergoing thoracostomy for trauma, either pre-hospital or in the ED, from August 2016 to February 2019.
	None explicitly stated.

	Phillip Almond, et al. (10.1186/s13049-022-00997-4)
	TCA is cardiac arrest due to traumatic injuries, in which resuscitative thoracotomy may be performed to relieve cardiac tamponade and/or obtain vascular control of suspected sub-diaphragmatic haemorrhage.
	Patients who underwent resuscitative thoracotomies by a helicopter emergency medical service between 1st June 2015 and 31st May 2021.
	None explicitly stated.

	Edward John Nevins, et al. (10.1007/s00068-018-0982-z)
	Traumatic cardiac arrest is cardio-pulmonary arrest secondary to trauma, for which emergency department thoracotomy (EDT) is an accepted intervention.
	Patients undergoing EDT published between 2000 and 2016, with data specific to EDT (performed in emergency department or trauma resuscitation room immediately after arrival).
	Articles not in English, reviews, abstracts, those reporting pre-hospital/delayed/operating room thoracotomy, insufficient survival data, and duplicate cohorts.

	Kathryn Atkins, et al. (10.1016/j.injury.2023.111033)
	Traumatic cardiac arrest is cardiac arrest following penetrating traumatic injuries.
	Adults (≥16 years old) with penetrating trauma and prehospital cardiac arrest, stratified by performance of resuscitative thoracotomy.
	Patients with any documented head trauma (AIS ≥1).

	Melike N. Harfouche, et al. (10.1136/tsaco-2024-001730)
	TCA is cardiac arrest due to traumatic causes, often involving subdiaphragmatic bleeding.
	Patients with TCA from studies included in the meta-analysis (1946 to 2024) evaluating REBOA.
	Studies not meeting PICO criteria, overlapping populations (except larger cohorts), and those without relevant outcomes.

	Ryo Yamamoto, et al. (10.1002/emp2.12177)
	Traumatic out-of-hospital cardiac arrest (t-OHCA) refers to out-of-hospital cardiac arrest caused by traumatic injuries.
	Adult patients (≥15 years) with t-OHCA who arrived without a palpable pulse, had a GCS score of 3, and underwent aortic occlusion by RT or REBOA, with transportation time <30 minutes.
	Patients <15 years old, those arriving with a palpable pulse or GCS >3, missing survival/transportation time data, and transportation time ≥30 minutes.

	Makoto Aoki (10.1038/s41598-019-46460-w)
	Cardiac arrest was defined as the cessation of cardiac mechanical activity, confirmed by the absence of signs of circulation. The cause of arrest was presumed to be of traumatic origin based on circumstantial evidence. Confirmation of the traumatic origin of cardiac arrest was clinically determined by the treating physicians who collaborated with the EMS personnel.
	This study was a post-hoc analysis of data from the All-Japan Utstein Registry, including all patients with TCA caused by traffic collisions who were treated by EMS from January 1, 2012, to December 31, 2015.
	No resuscitation; ALS performed by a physician (bias from other ALS procedures such as blood transfusion, chest tube insertion, thoracotomy, resuscitative endovascular occlusion of the aorta, etc.); unknown adrenaline use; CPR duration < 1 min or > 30 min; prehospital return of spontaneous circulation (ROSC) within 10 min of CPR.

	Yi-Chuan Chen (10.1016/j.injury.2018.07.010)
	TCA was defined as cardiac arrests caused by presumable traumatic events at the scene in the prehospital phase. Individuals with vital signs during initial assessment by emergency medical technicians or paramedics in the field were excluded.
	A retrospective cohort study was conducted on all adult (> 18 years) TCA patients admitted to the EDs of 5 hospitals using a prospective registry system from January 2010 to December 2014. The study was conducted at 5 branches of Chang Gung Memorial Hospital, including 3 trauma centres, 1 regional hospital, and 1 local hospital.
	Individuals with obvious signs of death (e.g., rigor mortis, decapitation); those suffering from hanging, asphyxia, drowning; those with any type of burn injuries; those with prehospital ROSC before hospital arrival; patients who received no further resuscitation attempts after hospital arrival.

	Yusuke Tsutsumi (10.1016/j.injury.2017.09.005)
	We included all adult blunt trauma patients who were already experiencing cardiac arrest when EMS personnel arrived at the injury scene. We defined cardiac arrest patients as those who underwent chest compression by emergency ambulance personnel without a palpable pulse at ambulance arrival.
	A retrospective cohort study was performed using data from The Japan Trauma DataBank (JTDB) 2004-2015. Included adult blunt trauma patients who were in cardiac arrest when EMS personnel arrived at the injury scene.
	Pediatric patients (aged < 16 years); patients not directly transferred from the scene; patients treated by a physician at the scene; time from emergency call to EMS arrival at the scene > 30 minutes; patients with an Abbreviated Injury Scale (AIS) score of 6 points for any body part.

	Takafumi Obara (10.1016/j.resplu.2024.100701)
	The study included patients with TCA (Revised Trauma Score [RTS] = 0 at hospital arrival).
	A retrospective cohort study was conducted using data from the Japan Trauma Data Bank (JTDB) between January 1, 2019, and December 31, 2021.
	Patients with AIS score = 6 in any region; burn injury; missing data on signs of life (SOLs) or survival at hospital discharge.

	Jakob et al. (10.1186/s13049-023-01107-8)
	Missions in which patients were pronounced dead at the scene and assigned a NACA score of VII.
	- Primary operations by Switzerland’s largest HEMS between 2011-2021.- Adult trauma patients with life-threatening (NACA V/VI) or fatal (NACA VII) conditions.- Included missions with advanced medical interventions.
	- Secondary missions.- Non-trauma missions.- NACA score <5.- Missing on-scene time or on-scene time >240 min.- Missions without advanced medical interventions (e.g., only body recovery).

	Naito et al. (10.1186/s12873-021-00499-z)
	Trauma patients who underwent prehospital CPR. Patients with "sustained TCA" were those without prehospital ROSC.
	- Age ≥16 years.- At least one trauma with AIS score ≥3.- Prehospital CPR performed.
	- Burn injury.- AIS score of 6 in any region.- Missing CA data or survival data.- Interfacility transport.

	Shen et al. (10.1177/0300060520931260)
	Induced by 40% blood volume haemorrhage over 20 min followed by 5 min of ventricular fibrillation.
	- Male pigs (33±2 kg, 4-6 months old).- Randomly assigned to TCA group.
	- Pigs in the sham group (only intubation and monitoring, no haemorrhage/resuscitation).

	Watts et al. (10.1016/j.resuscitation.2019.04.048)
	Haemorrhage-induced cardiac arrest defined by MAP ≤20 mmHg with spontaneous deterioration of arterial blood and pulse pressures over 5 min.
	- Juvenile Large White pigs (terminally anaesthetised, instrumented).- Underwent captive bolt thigh injury + 30% blood volume haemorrhage + further haemorrhage to MAP 20 mmHg.
	- No explicit exclusion criteria stated beyond study design (e.g., not assigned to TCA groups).

	Rall et al. (10.7205/MILMED-D-16-00409)
	Cardiac arrest defined as systolic blood pressure <10 mmHg for 10 seconds.
	- Male Yorkshire swine (70-90 kg, splenectomised).
- Underwent controlled haemorrhage to SBP <10 mmHg.
	- Animals with ventricular fibrillation (excluded and replaced).

	Barnard et al. (10.1371/journal.pmed.1002349)
	Haemorrhage-induced cardiac arrest defined by sustained systolic blood pressure <10 mmHg and electrocardiographic heart rate lower than preinjury baseline.
	- Male Yorkshire Landrace cross swine (70-90 kg).
- Underwent laparoscopic liver resection + controlled arterial haemorrhage to SBP <10 mmHg.
	- Protocol violations (e.g., late IV blood infusion, catheter balloon failure, ventricular fibrillation).

	Hoops et al. (10.1097/TA.0000000000002315)
	Haemorrhage-induced traumatic cardiac arrest defined by no pulsatile waveforms on carotid arterial pressure tracing.
	- Male Yorkshire swine (78.8±3.9 kg).
- Underwent liver injury + controlled haemorrhage to cardiac arrest.
	- No explicit exclusion criteria stated beyond study design.

	Manning et al. (10.1111/acem.12863)
	Haemorrhage-induced cardiac arrest defined by loss of aortic pressure fluctuations with ETCO₂ of 4 torr followed by 3 minutes of preresuscitation cardiac arrest.
	- Male domestic swine (28.8±1.9 kg).
- Underwent severe haemorrhage (45 mL/kg over 10 min) + liver lobe resection.
	- No explicit exclusion criteria stated beyond study design.

	Madurska et al. (10.1097/SHK.0000000000001946)
	A sustained mean arterial pressure (MAP) <20 mm Hg.
	Male adult swine (n=24) weighing 50-80 kg; housed for at least 72 h with free access to food and water; fasted for 12 h prior to proceduralization.
	One animal that sustained a myocardial infarction during exsanguination was excluded.

	Anderson et al. (10.1016/j.jss.2020.03.026)
	Induced by hemorrhage (30% blood volume removed over 20 min) followed by ventricular fibrillation (VF) confirmed by electrocardiography, sudden loss of arterial pulsations, and SBP <25 mm Hg.
	Female Yorkshire swine (n=26) weighing 25-32 kg; free from viral, bacterial, and parasitic pathogens; physical examination confirming normal heart and lung sounds; normal complete blood cell count and blood chemistry.
	None specified.

	Lin et al. (10.1016/j.ajem.2023.12.048)
	MAP ≤10 mmHg and no pulse-induced electrical activity (PEA) after hemorrhage via right femoral artery at 2 ml·kg⁻¹·min⁻¹.
	Male domestic Bama miniature pigs (n=22) aged 4-6 months, weighing (37.6 ± 2.5) kg; acclimated for at least 1 week; normal feeding and emotional stability.
	None specified.

	Liu et al. (10.1186/s13017-018-0212-3)
	Induced by 40% estimated blood loss in 20 min followed by electrically induced ventricular fibrillation and respiratory suspension for 5 min.
	Male Chinese pigs (n=21) weighing 29-36 kg; no pretreatment with medications affecting hemodynamics or inflammation.
	None specified.

	Zhang et al. (10.1007/s11596-023-2796-4)
	Carotid systolic pressure <20 mmHg for 10 s followed by hemorrhage at 1 ml/kg/min for 10 s with visible pulse fluctuations.
	New Zealand rabbits (n=36) of both sexes, weighing 2.59 ± 0.22 kg, aged 9.4 ± 0.45 months; normal coagulation, blood biochemistry, and full blood count at baseline.
	Rabbits with abnormalities in coagulation, blood biochemistry, or full blood count at baseline were excluded and substituted.

	Burgert et al. (10.1016/j.ajem.2019.02.035)
	Induced by exsanguination of 31% estimated blood volume followed by electrical current to induce ventricular fibrillation (VF).
	Yorkshire-cross male swine (n=49) weighing 60-80 kg; healthy after 3-day acclimation period; no signs of illness.
	Ill swine were removed from the study.


TCA, traumatic cardiac arrest; OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary resuscitation; SBP, systolic blood pressure; GCS, Glasgow Coma Scale; ED, emergency department; EMS, emergency medical services; IHTCA, in-hospital traumatic cardiac arrest; REBOA, resuscitative endovascular balloon occlusion of the aorta; RT, resuscitative thoracotomy; HEMS, helicopter emergency medical services; ICU, intensive care unit; HDU, high dependency unit; TARN, Trauma Audit and Research Network; MMT, mobile medical team; NTDB, National Trauma Data Bank;; RTA, road traffic accident; AIS, abbreviated injury scale; TBSA, total body surface area; JTDB, Japan Trauma Data Bank; RTS, revised trauma score; ROSC, return of spontaneous circulation; MAP, mean arterial pressure; VF, ventricular fibrillation; ETCO2, end-tidal carbon dioxide; FWB, fresh whole blood; HBOC, hemoglobin-based oxygen carrier; OCPR, open cardiopulmonary resuscitation; NACA, National Advisory Committee for Aeronautics score; SOL, signs of life; CA, cardiac arrest; PEA, pulseless electrical activity; CI, confidence interval; PICO, population, intervention, comparison, outcome; ALS, advanced life support.
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