Acta Anaesthesiol Scand 2006; 50: 1250-1254
Printed in Singapore. All rights reserved

© 2006 The Authors
Journal compilation © 2006 Acta Anaesthesiol Scand

ACTA ANAESTHESIOLOGICA SCANDINAVICA
doi: 10.1111/}.1399-6576.2006.01039.x

Effect of pre-hospital advanced life support with rapid

sequence intubation on outcome of severe traumatic

brain injury

P. KiemeN and S. GRMEC

Center for Emergency Medicine Maribor, University of Maribor — Medical Faculty, Maribor, Slovenia

Background: The role of pre-hospital trauma care and the effect
of pre-hospital rapid sequence intubation (RSI) on patient out-
come are still not clear. This study evaluated the impact of pre-
hospital trauma care by emergency physicians (EP) on mortality
from severe traumatic brain injury (TBI) and a 180-day Glasgow
Outcome Scale (GOS).

Methods: A 48-month parallel non-controlled cohort study com-
pared a group of 64 patients with severe TBI [Glasgow Coma
Scale (GCS) < 9; Injury Severity Score (ISS) > 15] who received
pre-hospital advanced life support (ALS) with RSI and were
transported to the hospital by EPs (EP group), with a group of 60
patients who did not receive pre-hospital ALS with RSI [emer-
gency medical technicians (EMT) groupl.

Results: There were no significant statistical differences between
the groups in age (P = 0.79), mechanism of injury (P = 0.68),
gender (P = 0.82), initial GCS (P = 0.63), initial SaO, in the field
(P = 0.63), initial systolic blood pressure in the field (P = 0.47) and
on-scene time (P = 0.41). In the EP group, there was significantly
better first hour survival (97% vs. 79%, P = 0.02), first day survival
(90% vs. 72%, P = 0.02), better functional outcome (GOS 4-5: 53%
vs. 33%, P < 0.01; GOS 2-3: 8% vs. 20%, P < 0.01) and shortened

hospitalization time in intensive care unit (ICU) (P = 0.03) and
other departments (P = 0.04). In total hospital mortality, we
detected no differences between both groups [EP group: 40%
(95% CI: 34-45%) vs.EMT group 42% (95% CI: 36-47%, P = 0.76],
except in a subgroup of patients with GCS 6-8 where there was
significantly lower total hospital mortality in the EP group (24%
vs. 78%, P < 0.01).

Conclusion: After starting the trauma care system with emer-
gency physicians in our region, there was a decrease in the
number of deaths on hospital admission, a reduction in hospital
mortality in the GCS group 6-8, a change in the temporal
distribution of deaths, an improvement in functional neurological
outcome and shortened hospitalization time.
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RE-HOSPITAL advanced life support (ALS) in

trauma patients is a subject of increasing im-
portance (1-3), although the benefits of pre-hospital
ALS for major trauma patients still remain controver-
sial (4). At least for severely injured patients, the
dilemma between a ‘scoop and run’ and ‘stay and
play’ decision should not exist (1,5). Among all ALS
procedures, rapid sequence intubation (RSI) is the
most important — airway and respiratory problems
are the quickest killers in patients with multiple
injuries. Recent studies have confirmed that a pre-
hospital care provider must not only be able to
intubate with the use of neuromuscular blockers and
anaesthesia induction agents, but also to ensure
correct tube placement and perform controlled venti-
lation during transport (2,6-8). In trauma patients
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with TBI, hypoxemia should be corrected immedi-
ately after injury (4,9).

The aim of this study was to evaluate the impact of
pre-hospital trauma care with ALS and RSI on the
outcome in patients with severe traumatic brain injury
(TBI). We wanted to answer the following questions: (i)
does pre-hospital ALS with RSI, performed by emer-
gency physicians (EP), have an effect on mortality
from severe TBI, (ii) on neurological outcome from
severe TBI and (iii) on the duration of hospitalization.

Methods

This parallel non-controlled cohort study was per-
formed in the Center for Emergency Medicine in
Maribor, the second largest city in Slovenia with a



population of approximately 200,000 spread over an
area of approximately 780 km?2. Since August 1999,
we have had two pre-hospital emergency teams
(PET) and two basic life support teams (BLST)
equipped with a defibrillator 24 h a day, 7 days
a week. In the period of April to October, we have
also had a motorcycle rescuer (MR) for basic life
support with defibrillation capability (12 h a day).
A PET is an ALS unit manned by an emergency
physician and two register nurses or medical techni-
cians. A BLST is manned by two register nurses or
medical technicians. A PET is primarily routinely
dispatched to the field in emergency situations (in
case of presumed cardiac arrest, heart attack, res-
piratory distress, cerebrovascular incident, trauma,
delivery, poisoning and so on).

We investigated 64 patients with TBI (Glasgow
Coma Scale (GCS) < 9; Injury Severity Scoring > 15;
Abrreviated Injury Severity Scoring for Head > 3)
who received pre-hospital ALS and RSI by emer-
gency physicians in the period between January 2000
and January 2004 [emergency physicians (EP)
group]. This group was compared with 60 patients
who were injured in the period between January 1998
and January 2004 and did not receive pre-hospital
ALS and RSI in the field [emergency medical techni-
cians (EMT) group]. Patients from both groups were
admitted to the Teaching Hospital Maribor and were
treated at the Department of Anaesthesiology and
Intensive Care Medicine on the same principle.

Pre-hospital RSI was performed with induction
agents (midazolam, thiopental, ketamine, etomidate,
fentanyl) in recommended doses followed by the
administration of a rapid-acting neuromuscular
blocking agent (succinycholine 1-1.5 mg/kg). EPs
confirmed endotracheal tube placement with auscul-
tation and capnometry/capnography. Hyperventila-
tion and the use of mannitol were reserved for
patients with clinical deterioration and signs of
cerebral herniation (bradycardia, hypertension, loss
of pupillary reflex) (10). The mechanism of injury was
recorded and reported as a traffic accident, fall/jump
accident, blow/assault and other rarely occurring
causes.

The Glasgow Outcome Scale (GOS), measured at 6
months (180 days) after injury, was used for assess-
ment of functional outcome. It was recorded on
a scale of 1-5 (GOS 1 — dead, GOS 2 — persistent
vegetative state, GOS 3 — severe disability, GOS 4 —
moderate disability, GOS 5 — good recovery). For the
purpose of analysis, patients who survived were
grouped into the good outcome (GOS 4 or 5) or poor
outcome (GOS 2-3) group.

Pre-hospital RSI and outcome of severe TBI

Statistical analysis
Statistical analysis was performed using Wilcoxon’s
rank sum test for nominal variables and Fisher’s
exact test for categorical variables. Variability was
expressed either as a median with range (or percen-
tiles) for non-parametric data or mean with standard
deviation for normally distributed data. Proportions
were reported with a 95% confidence interval. Multi-
variate logistic regression analysis was done to ex-
amine the relationship between survival/functional
outcome and pre-hospital intervention (RSI), control-
ling for age, gender, mechanism of injury, GCS, ISS,
initial SaO, and systolic blood pressure (11).
Statistical analysis was done with the programmes
Statistica 5.0 Software (Statsoft, Inc., Tulsa, OK) and
Systat Software (Systat Inc., Evanston, IL).

Results

There were no significant statistical differences between
the groups in age, mechanism of injury, gender, initial
GCS, initial SaO,, initial systolic blood pressure and
on-scene time (Table 1). In the EP group, there was
a significantly higher rate of intubations in the field
(all intubations, including intubations without RSI
methods), a significantly higher rate of RSI in the field
and significantly better results of SaO, and systolic
blood pressure on admission to the hospital (P < 0.05).

In the EP group, there was significantly better first
hour survival, first day survival, better functional
outcome and shortened hospitalization time in the
ICU or other departments (Table 2).

When adjusting for dissimilarities in age, gender,
mechanism of injury, GCS, ISS, initial SaO, and initial
systolic blood pressure, the odds ratio for first hour
survival after admission to the hospital among
patients who were intubated compared with non-
intubated was 2.24 (95% CI: 1.78-2.91; P < 0.001).
When adjusting similarly for various differences, the
odds ratio for first hour survival after admission
among patients who received RSI compared with
patients who did not receive RSI was 1.83 (95% CI:
1.12-2.76; P = 0.002).

Similarly, the odds ratio for first 24-h survival after
admission among patients who were intubated com-
pared with non-intubated was 2.61 (95% CI: 1.83-
3.85; P < 0.001) and the odds ratio for first 24-h
survival after admission among patients who
received RSI compared with patients who did not
receive RSI was 2.04 (95% CI: 1.61-2.93; P = 0.0012).

Using logistic regression analysis to compare
groups GOS 2-3 vs. GOS 4-5, the adjusted odds ratio
among patients who were intubated compared with
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Table 1

Comparison of the demographic and clinical characteristics of patients between emergency physicians and emergency medical

technicians group.

EMT group EP group P-value
Age 42.5 + 21.3 (18-82) 44.8 + 23.6 (18-86) 0.79
Mechanism of injury Traffic incident 29 Traffic incident 34 0.68

Fall/jump19 Fall/jump 15

Blow/assault 6 Blow/assault 8

Other 6 Other 7
Gender (male/female) 49/11 49/15 0.82
GCS (median; percentile 25 and 75) 6 (4, 8) 5 (3, 8) 0.63
ISS (median, percentile 25 and 75) 23 (17, 25) 24 (16, 26) 0.81
Intubation in the field % (n) 3(2) 100 (64) <0.001
RSl in the field % (n) 0 86 (55) <0.001
Time from call to arrival on the scene (min) 7+3 8+5 0.57
On-scene time (min) 27 £ 9 29+ 8 0.41
Initial SaO, in the field (%) 86 + 11 84 + 10 0.63
Sa0, on admission to the hospital (%) 89 +8 96 + 3 0.04
Initial systolic blood pressure in the field (mmHg) 101 + 38 104 + 34 0.47
Systolic blood pressure on admission to the hospital (mmHg) 105 + 35 132 £+ 32 0.03

EP, emergency physicians; EMT, emergency medical technicians; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; RSI, rapid

sequence intubation.

non-intubated was 2.01 (95% CI: 1.34-3.12, P < 0.001)
and among patients who received RSI compared
with patients without RSI it was 2.56 (95% CI: 1.36—
3.75, P = 0.002).

In the subgroup of patients with GCS scores
between 6 and 8, significantly more patients in the
EP group (all patients were intubated with the RSI
method) survived than in the EMT group (all patients
were ventilated through bag-valve masks and were
not intubated) (16/21 or 76% vs. 4/18 or 22%; P <
0.01). When adjusting for dissimilarities in age,
gender, mechanism of injury, GCS, ISS, initial SaO,
and systolic blood pressure, the odds ratio for
discharge from hospital among patients who were
intubated with RSI compared with non-intubated
was 3.85 (95% CI: 1.84-6.38, P < 0.001).

Discussion

Our investigation strongly supports the role of pre-
hospital intubation and RSI on outcome. In the EMT

Table 2

group, only two patients were intubated, both of
them had GCS 3 and intubation was performed
without RSI. In the EP group, all patients were
intubated; RSI was performed in 86% (in the other
14% EPs used induction drugs without neuromuscu-
lar blockers).

Through multivariate logistic regression analysis,
we confirmed a statistically significant better first
hour and first day survival in the EP group. In our
opinion, this is the result of better airway manage-
ment (significantly higher values of SaO, on admis-
sion to the hospital) and volume resuscitation
(significantly higher values of systolic blood pressure
on admission to the hospital) in the EP group. We
also confirmed a better functional outcome and
shortened hospitalization time in the EP group.

But when we compared the entire hospital mortal-
ity, we detected no differences between the EP and
EMT groups (40% vs. 42%; P = 0.76). These results
may be explained by Stoccheti’s hypothesis (12). He
found that the quality of the trauma system affected

Comparison of the outcome of patients between emergency physicians and emergency medical technicians group.

EMT group EP group P-value
Survival (y/n) (%; 95% ClI) 35/25 (58; 53—-64) 39/25 (60; 56—66) 0.76
First hour survival 47/13 (78; 73-84) 62/2 (97; 95-99) 0.02
First day survival 45/15 (75 73-82) 57/7 (90; 83—96) 0.02
GOS 4-5,% (n) 3 (21) 3 (34) 0.01
GOS 2-3,% (n) 25 (14) 7 (5) 0.01
ICU hospitalization (days) 19.7 £ 125 112+ 6.5 0.01
Trauma hospitalization (days) 44.8 £+ 20.2 33.1 £ 304 0.04

EP, emergency physicians; EMT, emergency medical technicians; GOS, Glasgow Outcome Scale; ICU, intensive care unit.
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the outcome because a better trauma system produced
a lower rate of favourable outcomes. This paradox is
owing to the fact that a more efficient pre-hospital
trauma system brings even the most severe cases to
hospital. Because of this, a larger number of patients
who cannot be saved are admitted to the hospital and
mortality is therefore higher. In contrast, when the
system does not work properly most affected patients
die before reaching hospital, so mortality among
patients admitted to hospital may appear lower (in
our investigation this was evident as a change in the
temporal distribution of deaths and shorter total
hospitalization period).

On the other hand, in the subgroup of patients with
an initial GCS between 6 and 8, there was signifi-
cantly better total survival in the EP group vs. the
EMT group (P < 0.001). Similar findings were de-
scribed by Schuttler et al. (13). This subgroup of
patients best demonstrates the role of emergency
physicians in pre-hospital management of TBI. In these
patients, intubation without the support of anaes-
thetic drugs is difficult because airway protective
reflexes are maintained. Therefore, the RSI method is
essential to effectively inhibit these reflexes.

In the acute phase of TBI, it is important to start
adequate resuscitation as early as possible to prevent
hypotension and hypoxia, as these factors may
initiate pathophysiological mechanisms leading to
secondary brain injury (1,2,14,15).

Hussain and Redmond (16) found that airway
problems are the main cause of mortality in patients
with otherwise survivable injuries. The detrimental
effect of hypoxemia on the outcome of patients with
TBI has been demonstrated in several studies (17-20).
Winchell (21), Lossius (22), Davis (23), Garner (24)
and Bulger (25) showed that pre-hospital endotra-
cheal intubation was associated with significantly
improved survival. On the other hand, several recent
studies (26-28) have shown that pre-hospital intuba-
tion does not improve survival. In these studies,
endotracheal intubation was performed by paramed-
ics and emergency medical technicians who did not
use drugs to facilitate intubation attempts. Attemp-
ted intubation in trauma patients without the sup-
port of sedative and muscle relaxant drugs is often
difficult and can lead to an increase in intracranial
pressure. Rapid sequence intubation, which induces
unconsciousness and motor paralysis, is associated
with a decrease in intubation failures and complica-
tions (29). RSI is the gold standard for emergency
intubation attempts in patients with severe TBI
(30,31). The new guidelines therefore recommend
pre-hospital RSI for patients with severe TBI (31,32).

Pre-hospital RSI and outcome of severe TBI

Some authors compared pre-hospital RSI, per-
formed by emergency physicians, with hospital RSI,
performed by anaesthesiologists. They found that
there were no differences in the success rate and the
rate of complications between RSI in the field and RSI
in the hospital. They concluded that pre-hospital
intubation was safe (33,34).

Besides studies which investigated the role of pre-
hospital management of TBI on survival, there are
many studies that also studied the connection
between pre-hospital management of TBI and neuro-
logical outcome in patients who survived. Rudehill
et al. (14) noted that the introduction of effective pre-
hospital care most likely contributed to the improved
post-resuscitation neurological status and conse-
quently to better outcome (GOS). Bulger et al. (15)
reported that pre-hospital intubation in the manage-
ment of TBI was associated with decreased mortality
rate, but without significant differences in functional
neurological status at discharge among survivors. In
a similar investigation, Garner et al. (24) concluded
that pre-hospital intubation independently predicted
better outcome in severe blunt head injury.

Recent studies (28,35) have confirmed the associ-
ation between hyperventilation and mortality. Contin-
uous monitoring of petCO, is important for checking
tracheal tube placement (7,8) and gives important
information about circulation and respiration.

The results of our study demonstrate the import-
ance of ALS and the role of emergency physicians in
the pre-hospital treatment of TBI. Our study uses
historic controls and has a small number of patients.
Therefore our results should be confirmed in the
future by larger multi-centre clinical trials.

Conclusion

After starting the pre-hospital trauma care system
and RSI airway management with emergency phys-
icians in our region, there was a decrease in the
number of deaths on hospital admission, a decrease
in total hospital mortality for patients with GCS 6-38,
a change in the temporal distribution of deaths, an
improvement in functional outcome and shortened
hospitalization time in patients with severe TBI.

References

1. Ummenhofer W, Scheidegger D. Role of the physician in
prehospital management of trauma: European perspective.
Curr Opin Crit Care 2002; 8: 559-65.

2. Deakin CD, Soreide E. Pre-hospital trauma care. Curr Opin
Anaesthesiol 2001; 14: 191-5.

3. Langeron O. Trauma airway management. Curr Opin Crit
Care 2000; 6: 383-9.

1253



P. Klemen and S. Grmec

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Liberman M, Mulder D, Sampalis ]J. Advanced or basic life
support for trauma: meta-analysis and critical review of the
literature. | Trauma 2000; 48: 643-8.

. Kwan I, Bunn F, Roberts I, Wentz R. The development of

a register of randomized controlled trials in prehospital
trauma care. Prehosp Emerg Care 2002; 6: 27-30.

. Adnet F, Lapostolle F, Ricard-Hibon A, Carli P, Goldstein P.

Intubating trauma patients before reaching hospital — revisited.
Crit Care 2001; 5: 290-1.

. Grmec 5. Comparison of three different methods to confirm

tracheal tube placement in emergency intubation. Intensive
Care Med 2002; 28: 701-4.

. Grmec é, Mally S. Prehospital determination of tracheal tube

placement in severe head injury. Emerg Med ] 2004; 21: 518-20.

. Chesnut RM, Marshall LF, Klauber MR, Blunt BA, Baldwin N,

Eisenberg HM et al. The role of secondary brain injury in
determining outcome from severe head injury. | Trauma 1993;
34: 216-22.

Procaccio F, Stocchetti N, Citerio G, Beradino M, Beretta L,
Della Corte F et al. Guidelines for the treatment of adults with
severe head trauma (part I). Initial assessment; evaluation and
pre-hospital treatment; current criteria for hospital admission;
systemic and cerebral monitoring. ] Neurosurg Sci 2000; 44: 1-10.
Myles PS, Gin T. Statistical Methods for Anaesthesia and Intensive
Care. Oxford: Butterworth — Heinemann 2000: 87-93.
Stocchetti N. Risk prevention, avoidable deaths and mor-
tality — morbidity reduction in head injury. Eur | Emerg Med
2001; 8: 215-9.

Schuttler J, Schmitz B, Bartsch AC, Fischer M. The efficiency
of emergency therapy in patients with head-brain, multiple
injury. Quality assurance in emergency medicine. Anaesthesist
1995; 44: 850-8.

Rudehill A, Bellander BM, Witzberg E, Bredbacka S,
Backheden M, Gordon E. Outcome of traumatic brain injuries
in 1,508 patients: Impact of prehospital care. | Neurotrauma
2002; 19: 855-68.

Bulger EM, Nathens AB, Rivara FP, Moore M, MacKenzie EJ,
Jurkovich GJ. Management of severe head injury: institutional
variations care effect outcome. Crit Care Med 2002; 30: 1870-6.
Hussain LM, Redmond AD. Are pre-hospital deaths from
accidental injury preventable? BMJ 1994; 308: 1077-80.
Stoccheti N, Furlan A, Volta F. Hypoxemia and arterial
hypotension at the accident scene in head injury. | Trauma
1996; 40: 764-7.

Silverston P. Pulse oxymetry at the roadside: a study of pulse
oxymetry in immediate care. BMJ 1989; 298: 711-3.

Cooke RS, McNicholl BP, Byrnes DP. Early management of
severe head injury in Northern Ireland. Injury 1995; 26: 395-7.
Hsiao AK, Michelson SP, Hedges JR. Emergency intubation
and CT scan pathology of blunt trauma patients with
Glasgow Coma Scale scores of 3-13. Prehospital Disaster Med
1993; 8: 229-36.

Wintchell R], Hoyt DB. Endotracheal intubation in the field
improves survival in patients with severe head injury. Arch
Surg 1997; 132: 592-7.

Lossius HM, Soreide E, Hotvedt R, Hapnes SA, Eielsen OV,
Forde OH et al. Prehospital advanced life support provided

1254

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

by specially trained physicians: Is there a benefit in terms of
years of life gained? Acta Anaesthesiol Scand 2002; 46: 771-8.
Davis DP, Peay J, Serrano JA, Buono C, Vilke GM, Sise MJ
et al. The impact of aeromedical response to patients with
moderate to severe traumatic brain injury. Ann Emerg Med
2005; 46: 115-22.

Garner A, Crooks J, Lee A, Bishop R. Efficacy of prehospital
critical care teams for severe blunt head injury in the
Australian setting. Injury 2001; 32: 455-60.

Bulger EM, Copass MK, Sabath DR, Maier RV, Jurkovich GJ.
The use of neuromuscular blocking agents to faciliate pre-
hospital intubation does not impair outcome after traumatic
brain injury. | Trauma 2005; 58: 718-23.

Davis DP, Peay ], Sise MJ, Vilke GM, Kennedy F, Eastman AB
et al. The impact of prehospital endotracheal intubation on
outcome in moderate to severe traumatic brain injury. |
Trauma 2005; 58: 933-9.

Stockinger ZT, McSwain NE Jr. Prehospital endotracheal
intubation for trauma does not improve survival over bag-
valve-mask ventilation. | Trauma 2004; 56: 531-6.

Davis DP, Stern ], Sise MJ, Hoyt DB. A follow-up analysis of
factors associated with head-injury mortality after paramedic
sequence intubation. | Trauma 2005; 59: 486-90.

Ma O], Atchley RB, Hatley T, Green M, Young ], Brady W.
Intubation success rate improves for an air medical program
after implementing the use of neuromuscular blocking
agents. Am | Emerg Med 1998; 16: 125-7.

The Brain Foundation: The American Association of Neuro-
logical Surgeons. The Joint Section on Neurotrauma and
Critical Care. Resuscitation of blood pressure and oxygen-
ation. | Neurotrauma 2000; 17: 471-8.

Piek J, Gentleman D. Neurotrauma — module 1. Dundee:
European Society of Intensive Care Medicine, 1999: 1-33.
Gabriel EJ, Ghajar J, Jagoda A, Pons PT, Scalea T, Walters BC.
Guidelines for prehospital management of traumatic brain
injury. Brain Trauma Foundation. | Neurotrauma 2002; 19:
111-74.

Mackay CA, Terris J. Coats T]. Prehospital rapid sequence
induction by emergency physicians: Is it safe? Emerg Med |
2001; 18: 20-4.

Sloane C, Vilke GM, Chan TC, Hayden SR, Hoyt DB, Rosen P.
Rapid sequence intubation in the field versus hospital in
trauma patients. | Emerg Med 2000; 19: 259-64.

Di Bartolomeo S, Sanson G, Nardi G, Michelutto V, Scian E.
Inadequate ventilation of patients with severe brain injury:
a possible drawback to prehospital advanced trauma care?
Eur | Emerg Med 2003; 10: 268-71.

Address:

Petra Klemen

Center for Emergency Medicine Maribor
Ulica Talcev 9

Maribor 2000

Slovenia

e-mail: petraklemen@email.si



