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Background

Courtesy of COL Jay Baker, MD (MHSRS 07-AUG-2025)



oOperational Question:

• In a prolonged care, resource-limited 
setting, what is the likelihood that an injured 

combatant will survive to 24 hours if they 
have already survived for X hours?

oAnswer(s) may help inform:

• US MIL Health Service Support planning

• Including simulations & exercies

Background



Background



Background

Image result for cape town townships violenceImage result for cape town townships violence

oHigh-trauma

o 50% penetrating
oPatient load >> resources

oRestricted surgical care
o Frequent prolonged care

Western Cape of 
South Africa
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Figure from: Mould-Millman NK, Keenan S; et al. An Innovative Civilian Research Model to Inform Combat-
Relevant Prolonged Casualty Care. Medical Journal, US Army Medical Center of Excellence (MEDCoE). 2022 Apr 1.



oOperational Question:

• In a prolonged care, resource-limited setting, 
what is the likelihood that an injured combatant 

will survive to 24 hours if they have already 
survived for X hours?

oResearch Question:

• Among patients at risk for NCTH who survive to 

reach EMS or a fixed facility (role 1/2), what is the 
probability of survival to 24 hours given the 

casualty survives to an intermediate timepoint?

Background



oPopulation:
• ≥ 18 years
• 3 years (SEP 2021 – DEC 2024)

oInclusion:
• Blunt or penetrating injury

• NCTH
➢Anatomic: chest, abdomen, and/or pelvis (AIS ≥2)

➢Physiologic/lab/clinical: SBP ≤100, SI ≥1.0, labs, or death from hemorrhage

• Severity strata: Mild, moderate, or severe

• Alive at initial contact with EMS or Facility

oExclusion:
• Severe injuries outside torso (AIS ≥3)

oPrimary Outcome:
• 24-hr survival

Methods



Methods

o Kaplan Meyer survival curves
o Cox proportional hazards model → survival probabilities
  Adjusted for age, sex, NISS, TEWS

o Segmented linear regression
   Trend line plotted with one breakpoint

o Subgroup analyses
 (1) Injury force type, (2) NISS; (3) LSIs; (4) Torso injury severity

o Specified intermediary timepoints:
  t = 1, 2, 3, 6, 12, and 18-hrs post-injury



Results

Overall 
(N=2,685; 100%)

24-hour deaths 
(N=111; 4.1%)

24-hour survivals 
(N=2,574; 95.9%)

Age, median (IQR) 30.7 (24.9-37.8) 32.9 (25.9-41.0) 30.7(24.8-37.6)

Sex

    Male

    Female

2,416 (90.0%)

269 (10.0%)

99 (89.2%)

12 (10.8%)

2,317 (90.0%)

257 (10.0%)

NISS, median (IQR) 14 (9-26) 43 (33-57) 14 (9-25)

TEWS, median (IQR) 5 (4-6) 9 (7-12) 5 (4-6)

Hemorrhage severity

     Mild

     Moderate

     Severe

1,047 (39.0%)

922 (34.3%)

716 (26.7%)

0 (0.0%)

5 (4.5%)

106 (95.5%)

1,047 (40.7%)

917 (35.6%)

610 (23.7%)

Patient died, n(%) 175 111 64

Time to mortality (hrs), 

median (IQR)

10.6 (2.3-63.5) 3.0 (1.4-7.2) 92.1 (51.6-269.6)



3.6 hours 

Psurvival ↑ 0.53% 
(95% CI: 0.38%-0.69%)

Psurvival ↑ 0.07%
(95% CI: 0.05%-0.10%)
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Intermediary Timepoint (hours following injury)

PLOTTED CONDITIONAL SURVIVAL PROBABILITY AMONG 2,685 PATIENTS

97.4%

99.0%
99.9%

For every hour that a patient 

survives up to 3.6 hours after injury, the 
probability of 24-hour survival increases 

by 0.53% (95% CI: 0.38%-0.69%). 

For every additional hour of survival 

after 3.6 hours up to 24 hours, the 
probability of 24-hour survival increases 

by 0.07% (95% CI: 0.05%-0.10%).



Penetrating: 3.6 hours 
(95% CI: 2.8-4.3) 

Blunt: 3.6 hours
(95% CI: 2.7-4.5) 

Non-severe: 3.5 hours 
(95% CI: 2.6-4.5)

Severe: 3.5 hours 
(95% CI: 2.7-4.3)

Injury Force Type
(Penetrating vs Blunt)

Overall Anatomic Injury Severity
(NISS ≤15 vs >15)
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Basic: 3.5 hours 
(95% CI: 2.8-4.3)

Advanced: 3.6 hours 
(95% CI: 2.7-4.4)

Life-Saving Interventions
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None: 3.6 hours 
(95% CI: 2.6- 4.6)

Severe: 3.5 hours 
(95% CI: 2.7-4.4)  

Non-severe: 3.5 hours 
(95% CI: 2.5-4.5)

Torso Injury Severity (AIS)
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Among 2,685 civilians experiencing torso injury 
with mild, moderate, or severe risk of hemorrhage:

➢The probability of 24-hr survival was high:

o Generally >95% P-survival to 24hrs if pt. survived 1hr or longer

o Likely due to (1) inclusion of mild torso injuries and (2) 
exclusion of catastrophic injuries (dead on scene).

➢Inflexion point between 3-4 hours

o NCTH patients realize less survival benefit after 3.6 hrs

o 0-3.6 hrs may be an important window for evac/interventions

o 3.5-3.6 hr inflexion was consistent across stratified analyses

Conclusions

Image result for cape town townships violenceImage result for cape town townships violence
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Among 2,685 civilians experiencing torso injury 
with mild, moderate, or severe risk of hemorrhage:

➢This quantifies a known phenomenon (survival bias):
o The longer a pt. survives, the more likely to survive to 24 hrs
o Consistent with a 2015 EMS systematic review (Harmsen et al)

➢Extrapolation & planning for future US MIL conflicts**:

o Triage & evac in PCC? MASCAL?

o Training and simulation exercises?

➢Next steps:
o Repeat on different injury profiles
o Examine cases who needed surgery but did not receive it

Conclusions



oLTC Michael D. April, MD DPhil MSC

oCombat Casualty Care Research Portfolio
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South African Investigators & Collaborators



South African Data Collection Team 
(CEC Africa)



Thank you. Questions?

Nee-Kofi.Mould-Millman@cuanschutz.edu 

C3.Lab@cuanschutz.edu
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Reserve Slides



TEWS (Triage Early Warning Score): 0-17



Inclusion/Exclusion Criteria

Inclusion:

▪ Blunt or penetrating trauma

▪ Torso injury

▪ AIS chest/abdo/pelvis ≥ 2

▪ Mechanism of Death = Hemorrhage

▪ Hemorrhage risk:

✓ SBP ≤100 mmHg or shock index ≥1.0;

  and/or

✓ SOFA cardiovascular score ≥3

✓ initial lactate ≥4.0,

✓ initial base deficit ≥6, or 

✓ initial pH ≤7.2 within 24 hours arrival

Exclusion:

o Injuries >24 hours

o AIS non-torso ≥ 3

o AIS head ≥ 3

o Dead on scene



Tygerberg FPS Lab

Worcester FPS Lab



Limitations

oSelection bias
• We excluded DOS patients

oConfounding
• Due to observational design

• Potentially offset by covariate adjustment

o1, 2, 3, 6, 12, 18 hrs timepoints:
• Arbitrary

• May not be sufficiently granular


	Default Section
	Slide 1: Survival Times for Truncal Hemorrhage Patients in a Prolonged Care Trauma System: Implications for Combat Casualty Evacuation
	Slide 2: Co-Investigators & Collaborators
	Slide 3: Disclosures
	Slide 4
	Slide 5: Outline
	Slide 6: Background
	Slide 7: Background
	Slide 8: Background
	Slide 9: Background
	Slide 10
	Slide 11: Background
	Slide 12: Methods
	Slide 13: Methods
	Slide 14: Results
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Conclusions
	Slide 19: Conclusions
	Slide 20: Thank You
	Slide 21: C3 Research Lab
	Slide 22: South African Investigators & Collaborators
	Slide 23: South African Data Collection Team  (CEC Africa)
	Slide 24: Thank you. Questions?
	Slide 25: Reserve Slides
	Slide 26: TEWS (Triage Early Warning Score): 0-17
	Slide 27: Inclusion/Exclusion Criteria
	Slide 28
	Slide 29: Limitations


