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Traumatic injuries result in more years of productive
life lost than any other disease and represent the
main cause of death among young people. Despite

the public health importance of trauma, there have been few
advances in early resuscitative care over the past several
decades. In this issue, Stiell and colleagues1 provide us with
an important investigation into the relation between ad-
vanced prehospital care and outcomes from traumatic
injury.1 Stiell and colleagues used a before-and-after design
to document the change in survival with implementation of
an advanced life-support program. Their analysis is part of
the Ontario Prehospital Advanced Life Support (OPALS) proj-
ect, which has emerged as perhaps the most important and
comprehensive investigation into prehospital resuscitation
yet performed.

Advanced life-support includes the theoretical advantages
of advanced assessment, invasive management of airways and
administration of intravenous fluids and medications. How-
ever, the first OPALS analysis failed to document a survival
benefit with advanced life-support among patients with car-
diac arrest.2 The second analysis documented improved sur-
vival following implementation of an advanced life-support
program among prehospital patients with respiratory dis-
tress.3 In the present analysis, involving trauma patients,
Stiell and colleagues found no significant change in overall
survival to hospital after implementation of the advanced life-
support program (82% among 1373 patients during the basic
life-support phase and 81% among 1494 patients during the
advanced life-support phase), a finding confirmed by their lo-
gistic regression analysis. Furthermore, their planned sub-
group analyses showed a significant increase in mortality
during the advanced life-support phase among patients with
suspected head injury, as defined by a Glasgow Coma Scale
[GCS] score of 3–8 (40% with basic life-support v. 49% with
advanced life-support). 

Stiell and colleagues speculate that endotracheal intuba-
tion and positive-pressure ventilation associated with ad-
vanced life-support may be partly responsible for the increase
in mortality. So, should prehospital intubation in patients
with severe traumatic injuries be removed from the para-
medic scope of practice?

Although the axiom “GCS 8, intubate” is ubiquitous in

emergency medicine, this concept has little substantive evi-
dence to support such an aggressive approach to airway man-
agement. Early animal studies and postmortem pathological
investigations revealed ventilatory dysfunction to be an im-
portant mediator of morbidity and mortality in patients with
head injury.4 Observational analyses using large trauma reg-
istries, such as the seminal work by Chesnut and colleagues5

in 1993, confirmed an association between early hypoxia and
death from traumatic brain injury. However, it is less clear
that these associations justify early intubation in the presence
of traumatic coma.

Several authors have used registry data to explore the rela-
tion between prehospital intubation and outcome from trau-
matic brain injury. Eckstein and colleagues6 documented in-
creased mortality among patients with severe head injury
who underwent prehospital intubation compared with pa-
tients who received bag-valve-mask ventilation before being
transported to an urban trauma centre. Murray and associ-
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Key points

• The Ontario Prehospital Advanced Life Support (OPALS)
project is a comprehensive investigation into prehospital re-
suscitation in different patient populations.

• In this latest OPALS study, advanced life-support was
not found to improve outcomes in patients with traumatic
injuries.

• Endotracheal intubation and positive-pressure ventilation,
especially in patients with severe head injury, may result in
more harm than good.

• It is unclear what elements of complex airway management
in vulnerable patients should be modified or performed only
in a more controlled hospital setting.

Une version française de cet article est disponible à l’adresse
www.cmaj.ca/cgi/content/full/178/9/1171/DC1
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ates7 analyzed data for patients with severe head injury who
were taken to 13 different trauma centres in Los Angeles
County, California, and observed increased mortality among
those in whom intubation was attempted, whether success-
ful or not. Others have since reported similar findings, even
after adjusting for multiple covariates in regression mod-
els.8,9 The only prospective, controlled trial to explore the ef-
fect of prehospital intubation was performed in a pediatric
population. Gausche and associates10 used an alternating-
day design to compare intubation with bag-valve-mask venti-
lation in the prehospital management of pediatric patients
requiring ventilatory support. They observed no statistically
significant difference in survival between the 2 cohorts, al-
though the subset of patients with head injuries was rela-
tively small. Data from our own system in San Diego have
shown an association between early intubation and in-
creased mortality.11 Although this was true for all patients
with moderate to severe head injuries, as defined by an Ab-
breviated Injury Score of 3 or greater, neural network analy-
sis as well as a modified approach to calculating the Trauma
and Injury Severity Score revealed a subgroup of patients
with more severe head injuries who appeared to benefit from
early intubation.11

The consistency of the findings from the above studies is
compelling and suggests an adverse effect of early intubation
on outcomes of patients with head injuries. However, some
degree of selection bias was likely present in each study de-
spite the rigorous methodologic approaches to adjust for
multiple covariates. A patient in whom intubation can be
done without the use of medications almost certainly has a
devastating neurologic injury that cannot be fully quantified
by a Glasgow Coma Scale score or an Abbreviated Injury
Score. The San Diego Paramedic Rapid Sequence Intubation
Trial was performed to explore the use of neuromuscular
blocking agents on outcome from severe head injury in pa-
tients who could not undergo intubation without the use of
medications, which theoretically eliminated this selection
bias. Although our use of historical controls may have intro-
duced some degree of selection bias, multiple analytic ap-
proaches suggested an increase in mortality associated with
rapid-sequence intubation by paramedics.12 Other attempts to
explore the use of neuromuscular blocking agents by para-
medics have suggested a potential benefit, although these
studies suffered from the influence of secular trends and in-
appropriate controls.13,14

Physiologic impact of early airway events

To understand the apparent discrepancies with regard to
the role of intubation, with or without the use of medica-
tions, in the early management of traumatic brain injury, it
is useful to consider the physiologic impact of early airway
events and how they might affect the injured brain. Al-
though early respiratory dysfunction is certainly part of se-
vere head injury, it is unclear whether emergency medical
services can perform intubation and reverse hypoxemia be-
fore significant hypoxic injury has occurred.4 In addition,
noninvasive modalities to improve oxygenation may be as

effective as intubation in most patients.15 Similarly, the loss
of airway-protective reflexes is likely associated with severe
head injury. However, aspiration events appear to occur im-
mediately following the injury, before the arrival of para-
medics, and recent evidence suggests that the presence of
an endotracheal tube itself may increase the risk of aspira-
tion pneumonia.16 Furthermore, the act of performing
laryngoscopy may lead to a rise in intracranial pressure that
can exacerbate the primary injury.17

Perhaps the most compelling explanation for why we
have been unable to demonstrate a benefit with early intu-
bation in severe head injury concerns inappropriate ventila-
tion strategies by prehospital providers. Multiple secondary
analyses from the San Diego Paramedic Rapid Sequence In-
tubation Trial suggested that hyperventilation, as defined
by hypocapnia, was a major contributor to the adverse out-
comes associated with the use of neuromuscular blocking
agents by paramedics.18 Subsequent analysis using data
from the larger San Diego Trauma Registry confirmed the
association between hypocapnia and increased mortality.19

Of note, this relation existed only among patients in whom
intubation was performed, and after adjustment for mul-
tiple covariates, hypocapnia was not associated with in-
creased mortality among patients who were breathing
spontaneously. Warner and colleagues20 has since con-
firmed these findings in their own system. Although Stiell
and colleagues did not have ventilation data to explore this
relation, a substantial incidence of hyperventilation most
certainly existed following implementation of the advanced
life-support protocols.1

A less recognized but equally compelling explanation for
the apparent adverse effect of intubation on outcome from
traumatic brain injury is the potentially harmful effects of
supranormal oxygen levels. A recent analysis using data from
our trauma registry revealed an association between both hy-
poxemia and hyperoxemia and increased mortality (unpub-
lished data). This relation was independent of intubation and
ventilation status, although the partial pressure of oxygen on
arrival was higher in patients in whom intubation had been
performed than in patients who did not undergo intubation.
Improved equipment, such as the use of quantitative capnom-
etry or mechanical ventilators, may avoid hypocapnia or hy-
peroxemia. Finally, inadequate training and the relative infre-
quency with which intubation is performed by prehospital
providers has been postulated as an explanation for the ap-
parent adverse effect on survival. How these factors affect op-
timal performance of the technique or how they influence the
frequency of physiologic insults, such as hyperventilation, is
unclear.

The way forward

Although the article by Stiell and colleagues represents a
provocative challenge to our assumptions about resuscita-
tion, I would caution against concluding that advanced life-
support in general — or prehospital intubation in particular
— is not beneficial or is innately harmful. Instead, we need
to improve our understanding of the mechanisms that ex-
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plain these associations and work toward optimizing per-
formance before contracting the scope of practice for our
prehospital providers. Perhaps optimizing performance of
the technique through better training or limiting the practice
to experienced providers can eliminate the adverse impact
and allow patients to benefit from definitive airway control
and improved oxygenation. Better selection of patients to
undergo prehospital intubation may also help avoid unnec-
essary exposure to a potentially harmful procedure, and im-
proved equipment may help avoid insults such as desatura-
tion or hyperventilation.

REFERENCES
1. Stiell IG, Nesbitt LP, Pickett W, et al. The OPALS Major Trauma Study: impact of

advanced life-support on survival and morbidity. CMAJ 2008;178:1141-52.
2. Stiell IG, Wells GA, Field B, et al. Advanced cardiac life support in out-of-hospital

cardiac arrest. N Engl J Med 2004;351:647-56.
3. Stiell IG, Spaite DW, Field B, et al. Advanced life support for out-of-hospital respi-

ratory distress. N Engl J Med 2007;356:2156-64.
4. Atkinson JLD. The neglected prehospital phase of head injury: apnea and cate-

cholamine surge. Mayo Clin Proc 2000;75:37-47.
5. Chesnut RM, Marshall LF, Klauber MR, et al. The role of secondary brain injury in

determining outcome from severe head injury. J Trauma 1993;34:216-22.
6. Eckstein M, Chan L, Schneir A, et al. Effect of prehospital advanced life support on

outcomes of major trauma patients. J Trauma 2000;48:643-8.
7. Murray JA, Demetriades D, Berne TV, et al. Prehospital intubation in patients with

severe head injury. J Trauma 2000;49:1065-70.
8. Wang HE, Peitzman AD, Cassidy LD, et al. Out-of-hospital endotracheal intuba-

tion and outcome after traumatic brain injury. Ann Emerg Med 2004;44:439-50.

9. Bochicchio GV, Ilahi O, Joshi M, et al. Endotracheal intubation in the field does
not improve outcome in trauma patients who present without lethal traumatic
brain injury. J Trauma 2003;54:307-11.

10. Gausche M, Lewis RJ, Stratton SJ, et al. Effect of out-of-hospital pediatric endotra-
cheal intubation on survival and neurological outcome: a controlled clinical trial.
JAMA 2000;283:783-90.

11. Davis DP, Peay J, Sise MJ, et al. The impact of prehospital endotracheal intubation
on outcome in moderate-to-severe traumatic brain injury. J Trauma 2005;58:933-9.

12. Davis DP, Hoyt DB, Ochs M, et al. The effect of paramedic rapid sequence intuba-
tion on outcome in patients with severe traumatic brain injury. J Trauma 2003;54:
444-53.

13. Domeier RM, Frederiksen SM, Chudnofsky CF, et al. The effect of paramedic
rapid-sequence intubation on outcome in trauma patients [abstract]. Prehosp
Emerg Care 2005;9:114-5.

14. Bulger EM, Copass MK, Sabath DR, et al. The use of neuromuscular blocking
agents to facilitate prehospital intubation does not impair outcome after traumatic
brain injury. J Trauma 2005;58:718-24.

15. Davis DP, Fisher R, Buono C, et al. Predictors of intubation success and therapeu-
tic value of paramedic airway management in a large, urban EMS system. Prehosp
Emerg Care 2006;10:356-62.

16. Vadeboncoeur TF, Davis DP, Ochs M, et al. The ability of paramedics to predict as-
piration in patients undergoing prehospital rapid sequence intubation. J Emerg
Med 2006;30:131-6.

17. Bozeman WP, Idris AH. Intracranial pressure changes during rapid sequence intu-
bation: a swine model. J Trauma 2005;58:278-83.

18. Davis DP, Dunford JV, Hoyt DB, et al. The impact of hypoxia and hyperventilation
on outcome following paramedic rapid sequence intubation of patients with severe
traumatic brain injury. J Trauma 2004;57:1-10.

19. Davis DP, Idris AH, Sise MJ, et al. Ventilation and outcome in patients with moder-
ate-to-severe traumatic brain injury. Crit Care Med 2006;34:1202-8.

20. Warner KJ, Cuschieri J, Copass MK, et al. The impact of prehospital ventilation on
outcome after severe traumatic brain injury. J Trauma 2007;62:1330-8.

Correspondence to: Dr. Daniel P. Davis, Department of Emergency
Medicine, University of California San Diego, 8676–200 W Arbor
Dr., San Diego CA  92007, USA; fax 619 543-3115;
davismd@cox.net

Competing interests: None declared.

Read CMAJ

from cover to cover
1911 to 2008 

Full text available at
www.cmaj.ca

April 22, 2008, Vol. 178, No. 9   •   Le 22 avril 2008, vol. 178, no 9

CMAJ•JAMC

major trauma
Impact of advanced life-support on survival and morbidity

RESEARCH
Mechanical ventilation in the
prone or supine position: Is

there a difference in outcomes?

REVIEW
Subcellular mechanisms
of secondary traumatic

brain injury

PRACTICE
Advanced trauma management:

lessons from Afghanistan

Pu
bl

ic
at

io
ns

M
ai

lA
gr

ee
m

en
tn

o.
41

38
70

51
;P

AP
re

gi
st

ra
tio

n
no

.9
84

8.
U

SP
S

#
07

62
-5

30
.R

et
ur

n
un

de
liv

er
ab

le
C

an
ad

ia
n

ad
dr

es
se

s
to

C
M

A
M

em
be

rS
er

vi
ce

C
en

tr
e,

18
67

Al
ta

Vi
st

a
D

r.
,O

tt
aw

a
O

N
K

1G
5W

8




