


 Daniel W. Spaite, MD 
 Vatsal Chikani, MPH 
 Bentley J. Bobrow, MD 

 Michael Sotelo, BS 

 Bruce Barnhart, RN, CEP 
 Kurt R. Denninghoff, MD 

 Joshua B. Gaither, MD 

 Chad Viscusi, MD 
 David P. Adelson, MD 

 Duane Sherrill, PhD 

 David Harden, JD 
 Uwe Stolz, PhD, MPH  



 This study is funded by the NIH-NINDS 

◦ 1R01NS071049-01A1 (adults) 

◦ 3R01NS071049-S1 (EPIC4Kids) 

 



 Chesnut RM, et al.  J Trauma 1993;34:216-22. 
 Jankowitz BT, Adelson PD.  Dev Neurosci 2006;28:264-75. 
 Gentleman D.  Int Surg 1992;77:297-302. 
 Shutter LA, et al. Ann Emerge Medi 2008;51:S37-S8. 
 Pigula FA, et al.  J Pediatr Surg 1993;28:310-4; disc.5-6. 
 Kokoska ER, et al.  J Pediatr Surg 1998;33:333-8. 
 Johnson DL, et al.  Pediatr Neurosurg 1995;23:305-10. 
 Mayer TA, Walker ML. Ann Emerg Med 1985;14:1178-84. 
 Ong L, et al. Pediatr Neurosurg 1996;24:285-91. 
 Price DJ, Murray A. Injury 1972;3:218-24. 
 Stocchetti N, et al.  J Trauma 1996;40:764-7. 
 Michaud LJ, et al. Neurosurgery 1992;31:254-64. 
 Levin HS, et al.  Neurosurgery 1992;31:435-43; disc 43-4. 

Hypotension Dramatically Increases 

Mortality in TBI 



 Luerssen TG, et al.  J Neurosurg 1988;68:409-16. 
 Miller JD, et al. JAMA 1978;240:439-42. 
 Carrel M, et al. Ann Fr Anesth Reanim 1994;13:326-35. 
 Jeffreys RV, Jones JJ.  Lancet 1981;2:459-61. 
 Kohi YM, et al. Injury 1984;16:25-9. 
 Rose J, Valtonen S, Jennett B.  Br Med J 1977;2:615-8. 
 Seelig JM, Klauber MR, Toole BM, et al  1986:675-9. 
 Chesnut RM, et al. Part 2:  J Neurotrauma 2000;17:555. 
 Fearnside MR, et al. Br J Neurosurg 1993;7:267-79. 
 Miller JD, et al.  J R Coll Surg Edinb 1982;27:292-8. 
 Barton CW, et al. Acad Emerg Med 2005;12:1-6. 
 Manley G,  et al. Arch Surg 2001;136:1118-23. 
 Haddad S, et al.  Mid East J Anesthesiol 2005;18:45-68. 

Hypotension Dramatically Increases 

Mortality (Continued) 



 Chesnut RM, et al. J Trauma 1993;34:216-22. 

 Shutter LA, Narayan RK. Ann Emerg Med. 

2008;51:S37-S8. 

 Fearnside MR, Cook RJ, McDougall P, et al. 

Br J Neurosurg 1993;7:267-79. 

 

 

 

Hypotension is Common:  

Both Prehospital and In-hospital 



 Chesnut, et al. J Trauma 1993;34:216-22. 

 Gentleman, et al. Int Surg 1992;77:297-302. 

 Silverston P. BMJ 1989;298:711-3. 

 Mayer, et al. Ann Emerg Med 1985;14:1178-84. 

 Ong, etal.  Pediatr Neurosurg 1996;24:285-91. 

 Price, et al.  Injury 1972;3:218-24. 

 Stocchetti, et al. J Trauma 1996;40:764-7. 

 Fearnside, et al. Br J Neurosurg 1993;7:267-79. 

 Cooke, et al. J Care of the Injured 1995;26:395-7   

 Jones, et al. J Neurosurg Anesthesiol 1994;6:4-14 

 Marmarou, et al.  J Neurosurg 1991;75:S59-S66. 

Hypoxia Dramatically Increases 

Mortality 



 Chesnut, et al.  J Trauma 1993;34:216-22. 
 

 Jones, et al.  J Neurosurg Anesthesiol 

1994;6:4-14. 
 

 Marmarou, et al.  J Neurosurg 1991;75:S59-

S66.   

 

 

Even a Single Hypoxic Measurement 

Dramatically Increases Mortality 



 Davis DP, et al. Crit Care Med 2006;34:1202-8 

 Davis DP, et al. Prehosp Emerg Care 

2007;11:1-8. 

 Stocchetti N, et al. J Trauma 1996;40:764-7. 

 Cooke RS, et al.  1995;26:395-7. 

 Davis DP, et al. J Trauma 2004;57:1-8 

 Dunford JV, et al.  Ann Emerg Med 

2003;42:721-8. 

Hypoxia Occurs Frequently During 

Prehospital TBI Care 



 Most studies assessing the influence of 

prehospital hypoxia and hypotension have 

been: 

◦ Small 

◦ Single system/single trauma center 

◦ Focused solely on mortality 
 

 Little is known about impact on non-

mortality outcomes 



 To evaluate the impact of prehospital 

hypotension and hypoxia on multiple 

outcomes in victims of major TBI in a 

statewide trauma system 

 



 System setting:   

◦ State of Arizona 

◦ Approximately over 250 Fire Departments and 

EMS agencies (air and ground) 

◦ Eight level 1/2 TCs 
 

 Study setting:  

◦ The pre-implementation cohort of the EPIC 

Study:   

 Evaluation of the impact of statewide 

implementation of the national EMS TBI 

Guidelines 



 The Arizona State Trauma Registry (ASTR): 

◦ Contains EMS and TC data on all patients 

taken to a Level 1/2 TC statewide 

 

 Data are abstracted at each TC and entered into 

the ASTR 

 



 Analyzed the associations prehospital hypoxia,  
hypotension, and hospital outcomes in major 
TBI cases 

 Inclusion: 

◦ Five years (2007-2011) 

◦ CDC Barell Matrix Type 1 TBI cases 

◦ Age ≥10 
 

 Exclusions:  

◦ Transfers 

◦ Missing EMS saturation or BP 



 Hypotension:  SBP <90  
 

 Hypoxia:  O2 saturation <90% 



 Four cohorts:   

◦ Neither hypotension nor hypoxia 

◦ Hypotension-only 

◦ Hypoxia-only 

◦ Both hypotension and hypoxia 

 

 



 Survival 

 Trauma Center length-of-stay 

 ICU LOS 

 Trauma Center charges (USD) 

 Final disposition 

◦ Home 

◦ Rehab/Skilled Care Facility 

 



 12,475 cases met inclusion 
◦ 38.1% excluded for missing data 

 7,718 cases (study group) 

 Median age:  44 

 70% male 

 Cohorts: 
◦ Neither:   87.4% 

◦ Hypotension-only: 3.6% 

◦ Hypoxia-only:  6.0% 

◦ Both:   3.0% 
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 Patients with either hypotension, 
hypoxia, or both were much more 
likely to be discharged to rehab/long-
term care than those who had neither  

◦ Adjusted OR = 1.90  (1.56; 2.32)   

 



 Retrospective 

 Missing prehospital sat/BP in 38% of cases 
◦ Selection bias 

◦ Performing Multiple Imputation for the paper 

◦ As EPIC matures, the EMS data capture will approach 

100% 

 “Cost”: 
◦ Charges are only a surrogate for true cost 

◦ We don’t have EMS costs 

 



 In this statewide, multi-system analysis of over 

7000 TBI cases:  
◦ Nearly 13% of cases had either H/H or both 

◦ Prehospital H/H were strongly and independently 

associated with mortality even after controlling for 

injury severity, age, and prehospital intubation.  



 Hypotensive/hypoxic patients also had much 

higher: 

◦ Trauma Center LOS 

◦ ICU LOS 

◦ Inpatient charges 

◦ Likelihood of being discharged to rehab or 

long-term care. 



 Since the EMS TBI Guidelines focus on the 

prevention and aggressive treatment of H/H, 

implementation of the Guidelines may have the 

potential to significantly improve both mortality 

and non-mortality outcomes in victims of major 

Traumatic Brain Injury.   
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COHORT % p-value 

Overall 12.6 

Neither 7.1 <0.001 

Hypotension 24.6 <0.001 

Hypoxia 32.5 <0.001 

Both 82.6 <0.001 


