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Impact of pre-hospital
oxygenation and ventilation
status on outcome in
patients with isolated
severe traumatic brain
injury
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ABSTRACT

Introduction. Hypoxia is one of the secondary insults and it worsens the outcome in patients with severe traumatic brain
injury (TBI). On the other hand, there is some controversy about the impact of hyperoxia on the outcome in these patients.
The aim of the study was to determine the impact of pre-hospital hypoxia, hyperoxia and pre-hospital ventilation status on
outcome after isolated TBI.

Methods. We retrospectively reviewed charts from patients with isolated severe TBI who underwent pre-hospital endotra-
cheal intubation. The population was sorted into groups based on PaO» (hypoxic, PaOo <100 mmHg; normoxic, PaOo
100-200 mmHg; hyperoxic, PaOo > 200 mmHg) and initial Glasgow Coma Scale (GCS) level (3-5 and = 6). Ventilation
status was defined as: hypocarbic (PaCO5 < 35 mmHg), normocarbic (PaCO» 35-45 mmHg) and hypercarbic (PaCO5 >
45 mmHg).

Results. Oxygenation status had no significant impact on 24- and 48-hour survival, on the length of hospital stay or on neuro-
logical outcome (measured by the Glasgow Outcome Scale (GOS), Glasgow Pittsburgh Cerebral Performance Categories
Scale (CPC), and GCS score at discharge) when all six groups were compared together. We were unable to prove a dele-
terious effect of hypoxia or hyperoxia compared to normoxia on rate of survival to hospital discharge (STHD) (0.38 (0.52) vs
0.50 (0.51) vs 0.65 (0.49), where 0 - no and 1 - yes; f = 1.246, p = 0.298). Ventilation status also failed to significantly affect
survival and functional outcome in patients with isolated severe TBI.

Conclusion. Pre-hospital oxygenation and ventilation status have no significant impact on outcome in patients with isolated
severe TBI.
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Introduction

Therapeutic strategies in patients with
severe traumatic brain injury (TBI) are
focused on prevention of a chain of
events called secondary brain injury
which can worsen brain injury once it
has occurred. Hypoxia is one of the
secondary insults and its effect on out-
come is well established. (1) It was also
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recognized by the Brain Trauma Foun-
dation which published 'The Guide-
lines for the Management of Severe
Traumatic Brain Injury’ in 2007 and
recommended that hypoxia (PaOo <
60 mmHQ) in patients with severe TBI
should be avoided. (2)

On the other hand, there is some con-
troversy about hyperoxia. Some stud-
ies have found a beneficial effect with
improved physiological parameters,
(8,4) while others have reported wors-
ened functional outcome. (5,6)

Endotracheal intubation (ETI) using a
rapid sequence intubation (RSI) pro-
tocol was introduced to pre-hospital
Emergency Medical Services (EMS)
to avoid hypoxia and to secure the
airway, thus preventing aspiration in
patients with TBI. Aggressive early air-
way management increases the suc-
cess of pre-hospital ETI, but surpris-
ingly also increases the mortality rate.
(7,8) The suggested causes for this
finding are hyperventilation (9) and
positive pressure ventilation; (10) both



Table 1. Baseline Characteristics.

Hypoxia Normoxia Hyperoxia

GCS 3-5 GCS =6 GCS 3-5 GCS =6 GCS 3-5 GCS =6
Sample size 4 4 12 11 9 9
Male sex, n (%) 4 (100) 4 (100) 11 (92) 8 (73) 6 (67) 7 (78)
Age (Years) 43 (11) 59 (15) 39 (19) 45 (23) 42 (21) 56 (16)
Systolic BP (mmHg) 174 (32)* 120 (33) 129 (30) 138 (35) 130 (33) 150 (26)
f‘rﬁfn‘ﬂr;’mry Rate 15 (1) 12.(5) 1 (5) 16 (7) 9(6) 13 (6)
Type of Trauma 1.3 (0.5) 1.5 (0.6) 1.3 (0.5) 12(0.4) 11003 1.2(04)

(Blunt-1/Sharp-2)

Numbers are mean (SD). There was a statistically significant interaction between pO» status and initial Glasgow Coma Scale
(GCS) score for systolic blood pressure (BP).
* p<0.05 denotes statistically significant difference between GCS groups.

have detrimental effects on hemody-
namic parameters resulting in ischemia
and worsened functional outcome in
patients with TBI.

The purpose of this single center ret-
rospective study was to determine the
impact of pre-hospital oxygenation and
pre-hospital ventilation status on mor-
tality rate and functional outcome at
discharge in patients with isolated TBI
in the emergency physician led pre-
hospital EMS.

Materials and methods
Statement of human rights

The study was approved by the Nation-
al Medical Ethics Committee of the
Republic of Slovenia, deciding that
the study can be conducted without
informed consent from participants.
EMS system in Maribor, Slovenia

This study was conducted in Maribor,
Slovenia. The Center for Emergency
Medicine in Maribor hosts the Maribor
EMS system, which also includes two
emergency physician-led advanced life
support (ALS) teams. The patients with
isolated TBI were treated according
to current guidelines and were trans-
ported to the Emergency Department
(ED) of the University Clinical Center
of Maribor.

Study design

We retrospectively reviewed charts
of patients with isolated TBI who
underwent ETI using the RSI method

between January 2000 and December
2012. We would like to emphasize that
our emergency physicians working in
the EMS are well trained in advanced
life support skills and have been using
the RSI protocol to secure the airway
since the beginning of 2000. Since
then, all patients with isolated TBI and
Glasgow Coma Scale (GCS) less than
8 at the scene have undergone pre-
hospital ETI using the RSI method.
Endotracheal placement of the tube
is confirmed by measuring the partial
pressure of end tidal carbon dioxide
(petCO») in vivo. These data were not
well documented in charts, so they
were not included in the study. Patients
with isolated TBI were mechanically
ventilated after ETI. Parameters (min-
ute volume, respiratory frequency) on
transport ventilators were selected by
emergency physicians. All patients
enrolled in the study were intubated
during the first attempt. There were no
misplaced tubes. The patients were
transported to the ED on transport
ventilators with an inspired oxygen
concentration of 100%.

Patients with isolated TBI and initial
GCS level less than 8 were defined as
severe isolated TBI patients. Patients
with isolated TBI and initial GCS level
more than 9, whose GCS level deterio-
rate during transport to less than 8 and
were intubated during transport, were
also defined as severe isolated TBI

patients. Six patients from the second
group were enrolled in the study.

The arterial oxygen partial pressure
(PaO»o) and arterial carbon dioxide
partial pressure (PaCOo) values were
obtained from initial arterial blood gas
analysis immediately upon arrival in
the ED. The cutoff values of PaOo were
<100 mmHg (hypoxic group), 100-200
mmHg (normoxic group) and > 200
mmHg (hyperoxic group). The popula-
tion was sorted into six groups based
on PaOy (hypoxic, normoxic, hyper-
oxic) and GCS level (3-5 and = 6). The
population, according to the ventila-
tion status, was sorted based on initial
PaCO, into three groups: hypocarbic/
hyperventilated (PaCOo < 35 mmHg),
normocarbic/normoventilated (PaCOo
35 - 45 mmHg) and hypercarbic/
hypoventilated (PaCOo > 45 mmHg).
Mortality rate was defined by in-hospital
death of any cause. Functional out-
come was measured using Glasgow
Outcome Scale (GOS), Glasgow Pitts-
burgh Cerebral Performance Catego-
ries Scale (CPC) and GCS level at the
discharge from hospital.

Statistical analysis

SigmaPlot 11.0 (Systat Software, Point
Richmond, CA) was used for the sta-
tistical analysis. Two-way ANOVA was
used to test for the effects of oxyge-
nation status and GCS and their inte-
raction. One-way ANOVA was used to
compare the effects of ventilation status
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Table 2. Survival and Functional Outcomes According to Oxygenation Status.

Hypoxia Normoxia Hyperoxia

GCS 35 GCS = 6 GCS 3-5 GCS = 6 GCS 3-5 GCS = 6
Sample size(n) 4 4 12 11 9 9
24h Survival
Yes-1/No-2) 1.0 (0.0) 1.0 (0.0) 1.1 (0.3) 1.0 (0.0) 1.2 (0.4) 1.1 (0.0)
48h Survival
(Yes-1/No-2) 1.3(0.5) 1.0 (0.0) 1.3 (0.5) 1.0 (1.0) 1.2 (0.4) 1.2 (0.4)
CPC at Discharge 37231 400 3.4 (2.0) 1.8 (1.0) 3.6 (1.8) 2.8 (2.0)
GOS 2.0 (2.0) 2.0 (2.0) 2.4 (1.8) 3.7 (1.3) 2.4 (1.8) 3.0 (2.0)
GCS at Discharge 15(1) 15(1) 148 (050 142015010 128 15@) 148 (0.40)
Length of Stay (Days) 6.8 (6.2) 203(36.7)  137(220)  248(302) 249 (445  14.1(14.2)

Numbers are mean (SD).

CPC, Glasgow Pittsburgh Cerebral Performance category; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale.
Numbers in brackets denote number of available data if it differs from the sample size. There were no overall statistically signi-

ficant differences among groups.

Table 3. Survival and Functional Outcomes According to Ventilation Status.

Hypocarbia Normocarbia  Hypercarbia
Sample size (n) 14 25 10
24h Survival (Yes-1/No-2) 1.1 (0.4) 1.1(0.2) 1.1 (0.3)
48h Survival (Yes-1/No-2) 1.2 (0.4) 1.2 (0.4) 1.1 (0.3)
(S\(Lg\s”_\f/lyl\jtg_gH)OSDltal Discharge 15(05) 14(05) 15(05)
CPC at Discharge 30019012 300194 310
GOS 2.6(1.8) 2.8(1.8) 2.9 (2.0)
GCS at Discharge 136 3.4 14411304 128050
Length of Stay (Days) 20.5 (35.8) 18.8 (26.2) 17.3 (24.0)

Numbers are mean (SD).

CPC, Glasgow Pittsburgh Cerebral Performance Category; GCS, Glasgow Coma

Scale; GOS, Glasgow Outcome Scale.

Numbers in brackets denote number of available data if it differs from the sample
size. There were no overall statistically significant differences among groups.

on outcome. The data were presented
as means (SD). A two-tailed value of
p<0.05 was considered significant.

Results

There were no significant differences
between groups at baseline except for
systolic blood pressure, which was sig-
nificantly higher in the hypoxic GCS 3-5
group (table 1).

Oxygenation status (i.e. hypoxia, nor-
moxia and hyperoxia) had no significant
impact on 24- and 48-hour survival or
on the length of hospital stay. We were
unable to prove a deleterious effect
of hypoxia or hyperoxia compared to
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normoxia on rate of survival to hospital
discharge (STHD) (0.38 (0.52) vs 0.50
(0.51) vs 0.65 (0.49), where 0 - no and 1
-yes; f = 1.246, p = 0.298). There was
also no effect on neurological outcome
(measured by the CPC, GOS, and GCS
score at discharge) when all six groups
were compared together (table 2).
Ventilation status (i.e. hypocarbic/hyper-
ventilated, normocarbic/normoventilated,
and hypercarbic/hypoventilated groups)
also failed to significantly affect survival
and functional outcome (table 3).

Discussion
The detrimental effect of hypoxia has

been well studied (1) and is frequently
found in patients after TBI at the acci-
dent scene. (11) Episodes of hypoxia
are a common secondary insult in the
pre-hospital setting and intensive care
units (ICU) and increase the mortal-
ity rate and the degree of disability
at discharge. (12,13) The duration of
the hypoxic episode also plays a role.
Longer hypoxic episodes increase the
mortality rate. (12,14) Taking this into
consideration, it is recommended by
guidelines to avoid hypoxia (PaOs < 60
mmHg) in patients with severe TBI. (2)
There is some controversy about the
impact of hyperoxia on brain tissue
in patients with TBI. Some studies
showed improved cerebral metabolism
parameters such as increase in brain
tissue POo, reduced lactate (3) and
glutamate levels and reduced lactate/
pyruvate ratio. (4) Increased brain PO,
should improve the cerebral metabo-
lism through improved mitochondrial
function. This hypothesis is supported
by animal studies that show increased
levels of adenosine triphosphate (ATP)
in hyperoxic rats following lateral fluid-
percussion injury. (15)

On the other hand, hyperoxia did not
improve the cerebral metabolic rate for
oxygen measured with positron emis-
sion tomography (PET). (16) Hyperoxia
also causes vasoconstriction and thus
reduced intracranial pressure (ICP)
(4) and cerebral blood flow. Presum-



ably the increase in oxygen carrying
capacity by hyperoxia outweighed the
reduction in blood flow. (17) Although
they found some beneficial effects of
hyperoxia in brain micro dialysate they
did not observe improved functional
neurological outcome in hyperoxemic
patients with TBI. Moreover, studies
have shown that hyperoxia has a det-
rimental effect on functional neurologi-
cal outcome in patients with TBI. (5,6)
At first glance, our findings from the
study do not support the thesis that
pre-hospital hypoxia and hyperoxia are
detrimental to the injured brain. At this
point we would like to emphasize that
interpretation of our data should be put
into perspective of the small sample
size. When we hypothetically doubled
the number of patients in the com-
pared groups with the same patients’
characteristics used in the original
comparison there was a clear statisti-
cally significant effect of the interac-
tion between oxygenation status and
GCS score on the rate of survival to
hospital discharge. There was also a
clear beneficial effect of normoxemia
compared to hypo- and hyperoxemia
on STHD in the group of patients with
an initial GCS = 6.

A considerable percentage (16 %) of
hypoxic patients in our study raises
some questions. Five patients from the
hypoxic group were hypoventilated,
while the others were normoventilated.
We believe that TBI evokes pulmo-
nary complications causing hypoxia
in normoventilated patients. (18,19)
The possible beneficial effect of early
out-of-hospital intubation to secure
the airway and to prevent hypoxia and
aspiration has been questioned. Many
studies have shown that a pre-hospital
ETIl in patients with TBI is associated
with increased mortality. In most of
these studies pre-hospital intubation
was performed by non-physician pre-
hospital personnel with limited ETI
training and clinical skills and who
did not have full access to the drugs
used during RSI protocol. (7,8,20,21)
It is likely that the patients who can be
intubated in the field without RSI medi-
cations have a more devastating neu-

rologic injury compared to those who
need RSI medications and as a con-
sequence less favorourable outcome.
Increased mortality was observed
even when patients with TBI under-
went paramedic RSI, due to severe
hypoxia and hyperventilation during
paramedic RSI. (22) Some of the stud-
ies observed improved mortality rate
when the ETI was done in the ED (8,20)
or performed by air ambulance per-
sonnel (using neuromuscular block-
ing agents). (23,24) There was no dif-
ference observed in patient outcome
after pre-hospital ETI by aeromedical
crew using RSI protocol compared to
undergoing ETI in a trauma resuscita-
tion suite. (25)

It is reasonable to assume that the
procedure (ETI) itself and possible
complications (22,26,27) during ETI
are connected with patient outcome.
The possible detrimental impact of pre-
hospital intubation is associated with
the risk of hyperventilation and posi-
tive pressure ventilation. Hyperventila-
tion (9) and hypoventilation (28,29) in
intubated patients with TBI increase
the mortality rate. Only targeted pre-
hospital ventilation is associated with
lower mortality rate. (30)

Hypocapnia due to hyperventilation
causes cerebral vasoconstriction of
precapillary resistance vessels and
can result in global ischemia through
a decrease in cerebral blood flow and
diminished brain oxygenation. Posi-
tive pressure ventilation increases
intrathoracic pressure, which reduc-
es the venous return and decreases
blood pressure and cardiac output.
(10,22,28) Increased intrathoracic
pressure can be retrogradely transmit-
ted through the jugular venous sys-
tem raising intracranial pressure as a
result. (31) However, hyperventilation
reduces ICP through vasoconstric-
tion (17) and is recommended as a
treatment in patients with acute brain-
stem herniation. (32) The proposed
mechanism of the detrimental effect of
hypoventilated/hypercarbic patients
is suboptimal vasoreactivity to car-
bon dioxide (COo), with preserved
CO, vasoreactivity to hyperventila-

tion, but buffered vasodilatation to
hypoventilation. This would cause
relative ischemia precipitating sec-
ondary brain injury in both hypocarbic
and hypercarbic patients. In addition,
an increase in cerebral blood flow in
the hypoventilated group could raise
ICP above the critical threshold and
increase mortality. (29)

Findings from our study do not support
the results from previously mentioned
studies. Ventilation status failed to sig-
nificantly affect survival and functional
outcome in patients after isolated TBI.
Our study showed that nearly half (49
%) of the patients with isolated TBI were
not optimally ventilated. We assume
that this is due to over- or under esti-
mation of patient’s ideal body weight
and high frequency ventilation and
consequently led to inappropriate pre-
hospital ventilation. The use of con-
tinuous monitoring of petCO» could
be helpful in preventing inadvertent
severe hyperventilation. (33) In addi-
tion, blood gas measurements of pOo
and pCO» from portable devices, are
aoceptablle surrogates to standard
clinical laboratory blood gas measure-
ments in guiding protocol-directed
ventilator management. (34)

Our study has several limitations. First-
ly, this is a non-randomized retrospec-
tive study. The nature of the study by
itself could include some biases. Sec-
ondly, the sample size is small. Thirdly,
arrival arterial blood gas analysis (pOo
and pCO») was used as a surrogate
for hypoxia/hyperoxia and ventilation
status.

Conclusions

Our study suggests that pre-hospital
oxygenation and ventilation status do
not have an impact on survival and
neurological outcome in patients with
isolated severe TBI. However, our data
should be interpreted with caution due
to the small sample size. Further pro-
spective and randomized studies in
patients with isolated TBI are likely to
be helpful to determine the correlation
between oxygenation and ventilation
status on outcome in patients with
isolated severe TBI.

www.signavitae.com



Pre-hospital ventilation should be opti-  and 35-45 mmHg respectively). This  continuous petCO, measurements or
mized by maintaining arterial pOo and  could be achieved by an adjustment by using arterial blood analysis in the
pCOy at normallevels (100-200 mmHg  of ventilator parameters according to  pre-hospital arena.
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