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Abstract

Background: The aims of the study were to analyze the withdrawal
of mechanical ventilation (MV) of severe head trauma from admitted
victims to the adult intensive care unit and to propose a time to per-
form the tracheostomy, not taking into consideration only the Glas-
gow coma scale (GCS) but the GCS and the Marshall’s computed
tomography (CT) scan classification.

Methods: This was a cross-sectional, descriptive, observational
study, based on continuous registration database collection, medical
and physical therapy records. Data were collected from March 2012
to March 2015.

Results: We collected 118 patients. There was no association between
GCS of 3-5and 6 - 8, and Marshall’s CT classification 3 -4 and 5 - 6,
with extubation, reintubation and tracheostomy. Tracheostomy was
performed on 50% of the population. Regarding the withdrawal of
MV after tracheostomy, 62.71% of patients underwent nebulization
protocol < 48 hours. There was no association between GCS of 3 - 5
and 6 - 8, and Marshall’s CT classification 3 - 4 and 5 - 6, with wean-
ing after tracheostomy.

Conclusions: GCS 3 - 5 tends to be less extubated and has reintuba-
tion rate higher than GCS of 6 - 8; the worse the rating of Marshall’s
CT classification, the lower the extubation rate; and the majority of
patients were withdrawn from the ventilator at or less than 48 hours
after tracheostomy. We suggest that early tracheostomy, less than 48
hours after intubation, should be performed if clinical and neurologi-
cal stabilization was achieved in patients with severe traumatic brain
injury (TBI) (and Marshall’s CT classification IIT and IV).
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Introduction

Traumatic brain injury (TBI) is the biggest socioeconomic and
public health problem in the world [1-6].

To define the severity of the brain injury and the appro-
priate treatment, computed tomography (CT), based on Mar-
shall’s classification [7], and the Glasgow coma scale (GCS)
[8] are the tools used upon hospital admission [2].

Generally, the complete neurological damage after severe
TBI does not happen at the time of the trauma itself, but after
a few minutes, hours or days [9]. The primary lesion may be
aggravated by secondary injury, especially in the presence of
hypoxia [10-12].

The focus of multidisciplinary care is based on prevention
and limitation of secondary brain damage, and the priority is
to provide the best possible conditions to favor the recovery
of brain lesions. For better control of ventilation, oxygenation
and respiratory protection, intubation, sedation and mechani-
cal ventilation (MV) is often required. The adoption of any of
these strategies can occur at any time during treatment [2, 13,
14].

After clinical stabilization and control of intracranial pres-
sure after primary neurological damage, the transition from
control ventilation to spontaneus ventilation begins [15, 16].

The weaning process from MV involves the reduction of
ventilatory parameters and extubation [17, 18]. Daily, careful
evaluation of clinical and neurological conditions and comple-
tion of spontaneous breathing trial (SBT) should be considered
in order to recognize and facilitate the process of withdrawal
of the MV [19].

It is defined as extubation success when the ventilatory
prosthesis is removed (extubation) after the patient passed the
SBT and there is no need for reinstitution of the MV in the next
48 h. In cases of tracheostomy patients, extubation success oc-
curs when disconnecting the MV after the SBT and there is no
need to reconnect to the MV in the next 48 h [18-20].

About 5-20% of individuals, even with recovery from
acute brain injury, can not proceed to ventilatory weaning and
extubation process. These individuals often develop depend-
ence on the MV, and this dependence increases the length of
stay and the likelihood of infections related to health care.
When this occurs, a tracheostomy is performed [15, 20-22].
However, the ideal moment to perform the tracheostomy is
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Table 1. General Characteristics of Patients With Severe TBI and Mortality Rates

Data Frequency % Median Standard deviation Median Q1 Q3 P value
Age 118 38.09 1522 37.0 26.0 455 -

Male 102 86.44% - - - - - -
Mortality rate GCS 3 - 5 - 30.23% - - - - - 0.67
Mortality rate GCS 6 - 8 - 26.67% - - - - -

Mortality rate Marshall’s CT IIT - 33.33% - - - - - 0.41
Mortality rate Marshall’s CT IV - 45.16% - = = = =

Mortality rate Marshall’s CT V - 0% - - - - - 0.04

Mortality rate Marshall’s CT VI - 53.33% -

Q1: lower quartile; Q3: upper quartile; GCS: Glasgow coma scale; CT: computed tomography.

still controversial in the literature [8, 23-28].

In 1989, the American College of Chest Physicians ad-
vised that tracheostomy should be performed in subjects with
proposal for maintenance of endotracheal intubation for at
least 21 days [8, 15, 27-31]. The Brazilian Guidelines of MV
suggest that tracheostomy should be performed early, up to 7
days in patients with severe TBI [20].

Thus, the objectives of this study were to report the in-
fluence of GCS and Marshall’s CT scan classification in the
weaning process of severe TBI individuals admitted to the in-
tensive care unit (ICU) and, through these observations, we
propose a time to perform the tracheostomy not taking into
consideration only the GCS but the GCS and the Marshall’s
CT scan classification.

Methods

The project was approved by the Research Ethics Committee
of the School of Medical Sciences, State University of Campi-
nas, No. 1311/2011. It was a cross-sectional, descriptive and
observational study.

Data were collected from ICU continuous registration da-
tabase, medical and physical therapy records from March 2012
to March 2015.

The study included individual victims of severe TBI, in

the acute phase, 18 years, of both sexes, and who were referred
to the ICU.

Statistical analysis was performed using SPSS version
13.0 for Windows. The Kolmogorov-Smirnov test was per-
formed to test the normality of the data. Descriptive analysis
was performed using graphs and tables for categorical vari-
ables and graphs and statistics for numeric variables. Chi-
square test was used to analyze categorical variables and when
it was not possible to apply, we used the Fisher’s exact test.
To compare the average of the numerical variables, we used
a t-test when normality was checked and the Mann-Whitney
test for independent samples. P values < 0.05 were considered
statistically significant.

Results

From March 2012 to March 2015, 118 patients were involved.
The patients’ GCS scores were divided into two groups: pa-
tients with GCS 6 - 8 (total of 49 subjects), and GCS 3 - 5 (total
of 69 subjects). Regarding Marshall’s CT scan classification,
we evaluated the patients with diffuse lesions class III and IV
(total of 55 subjects), and patients with focal lesion class V
and VI (total of 21 individuals). Patients with diffuse lession
class I (two patients) and class II (40 patients) were evaluated
in another study.

Table 2. Events Related to Weaning From Mechanical Ventilation Associated With

the GCS

Events Yes <48 h P value
Extubation GCS 3 - 5 23.26% - 0.21
Extubation GCS 6 - 8 34.67% -

Reintubation GCS 3 - 5 4.76% - 0.61
Reintubation GCS 6 - 8 2.67% -

Tracheostomy GCS 3 - 5 55.81% - 0.44
Tracheostomy GCS 6 - 8 46.67% -

Weaning MV after tracheostomy GCS 3 - 5
Weaning MV after tracheostomy GCS 6 - 8

- 70.83% 0.41
- 57.14%

GCS: Glasgow coma scale; MV: mechanical ventilation.
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Table 3. Events Related to Weaning From Mechanical Ventila-
tion Associated With Marshall’s CT Scan Classification

Events Yes P value
Extubation Marshall’s CT II1 29.17% 0.08
Extubation Marshall’s CT IV 9.68%

Extubation Marshall’s CT V 50% 0.11
Extubation Marshall’s CT VI 13.33%

Reintubation Marshall’s CT 111 8.33% 0.18
Reintubation Marshall’s CT IV 0%

Reintubation Marshall’s CT V 0% 1
Reintubation Marshall’s CT VI 6.67%

CT: computed tomography.

Table 1 shows the general features of patients and mortal-
ity rates associated with GCS 3 - 5 and 6 - 8 and the Marshall’s
CT scan classification III, IV, V and VI.

Associations with GCS

Table 2 shows the events related to weaning from MV and its
association with GCS 3 - 5and 6 - 8.

Associations with Marshall’s CT scan classification

Tables 3 and 4 show the events related to MV and its associa-
tion with the Marshall’s CT scan classification III, IV, V and
VI

Discussion

Of the 118 patients, it was observed that most were male and
young adults, which corroborates the findings in the literature
[17,28, 32].

Falcao et al (1995) [33], Dantas Filho et al (2004) [34] and
Oliveira et al (2012) [35] conducted studies and found that in

relation to prognostic factors in patients with severe TBI, the
most influential are the GCS, presence of intracranial hyper-
tension, type of intracranial lesion, presence of hypoxia and
hypotension or association between them. They also showed
that the initial clinical manifestation is a strong indicator of
the severity of primary and secondary lesions associated with
TBI. Martins et al (2009) [36] in a prospective study found
that patients with GCS 3 or 4 tend to have higher mortality
compared to GCS 7 or 8 at hospital admission. In this study,
corroborating this statement, although without statistical sig-
nificance, when we combined GCS and mortality rates, we ob-
served higher mortality rates in severe TBI patients with GCS
of 3 - 5 than in those with severe TBI with GCS of 6 - 8.

Regarding the association of Marshall’s CT scan classi-
fication and mortality rates, there was a significant difference
when compared to mortality in individuals with Marshall’s CT
scan classification V and VI (P = 0.04). Although without sta-
tistical significance, patients with Marshall’s CT scan classifi-
cation I'V had a higher mortality rate (45.16%), than Marshall’s
CT scan classification III (33.33%).

These findings corroborate those of Kim (2011) [37],
who conducted a systematic review of the literature in order
to determine which factors really are prognostic predictors
for patients with TBI. She analyzed 46 studies and found as
a result that among other factors, a worse Marshall’s CT scan
classification influences worse prognosis. Contradicting these
assertions, Maas et al (2005) [38] conducted a study with the
objective of verifying the predictive value of Marshall’s CT
scan classification. They concluded that for predicting prog-
nosis, the combination predictors of individual items should
be preferably performed, such as basal cisterns state, traumatic
hemorrhage or subarachnoid hemorrhage and intraventricuar
presence of different types of mass lesion instead of Marshall’s
CT scan classification. In another study, Deepika et al (2015)
[39] compared the Marshall’s CT scan classification and Rot-
terdam’s scan classification and concluded that both ratings are
good for predicting early mortality after moderate to severe
TBI, but the classification of Rotterdam may be preferable in
cases of diffuse injuries, because it contains additional items
such as the presence of subarachnoid hemorrhage.

As part of the treatment and to prevent secondary injury,
it is necessary to use MV. All subjects in this study underwent

Table 4. Events Related to Weaning From Mechanical Ventilation Associated With Marshall’s

CT Scan Classification

Events Yes <48 h P value
Tracheostomy Marshall’s CT III 45.83% - 0.59
Tracheostomy Marshall’s CT IV 54.84% -

Tracheostomy Marshall’s CT V 50% - 1
Tracheostomy Marshall’s CT VI 46.67% -

Weaning MV after tracheostomy Marshall’s CT IIT - 54.55% 0.44
Weaning MV after tracheostomy Marshall’s CT IV - 70.59%

Weaning MV after tracheostomy Marshall’s CT V - 100% 0.47
Weaning MV after tracheostomy Marshall’s CT VI - 57.14%

MV: mechanical ventilation; CT: computed tomography.
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endotracheal intubation.

After the pre-hospital care, the patients are referred to the
hospital and following medical or surgical treatment, the in-
dividual are sent to the ICU. When the patients are neurologi-
caly and hemodynamicaly stabilized, the process of weaning
begins.

In relation to extubation, Roquilly et al (2013) [40] con-
cluded that the implementation of an extubation protocol fa-
vors the reduction of the MV time of patients with moderate
to severe TBI but does not reduce the mortality rate. King et
al (2010) [41] reported that it is now understood that many pa-
tients who are unable to obey commands, but have the ability
to maintain pervious airway can be safely extubated.

Lazaridis et al (2012) [15] in a review of the general
principles of the current literature on covering neurosurgical
patients with primary brain injury found that the criteria for
extubation included a combination of neurological, hemody-
namic and respiratory findings, but more studies are needed
to better evaluate extubation indicators, extubation failure
predictors and determine the most appropriate time for trache-
ostomy indication for this population. Savi et al (2012) [18]
conducted a study which evaluated the potential of predictive
indices of successful extubation during the weaning process.
The protocol included hemodynamics and MV parameters,
arterial blood gas analisys and weaning process. All patients
included in the study were extubated after 30 min of successful
SBT. However, the population was not exclusively made up of
individuals with TBI.

In the present study, when combined GCS and extubation
rates and reintubation, it was observed, although without sta-
tistical significance, that patients with GCS 6 - 8 tend to be
extubated with more frequency than GCS 3 - 5. Moreover, al-
though the reintubation rate was low, it is known that patients
with GCS 3 - 5 tend to be more reintubated than GCS 6 - 8.

When we studied the association between Marshall’s CT
scan classification and extubation rates, it was observed that
the worse the rating of Marshall’s CT scan classification, the
lower the extubation rate. Among the patients with Marshall’s
CT scan classification IV, only 9.68% were extubated and those
with Marshall’s CT scan classification VI, only 13.33% were
extubated. When we associated Marshall’s CT scan classifica-
tion and reintubation rates, it was observed that in patients with
Marshall’s CT scan classification 1V, despite the low extuba-
tion rate, no patient was reintubated. In the group of patients
with Marshall’s CT scan classification VI, half of the subjects
underwent reintubation. Karanjia et al (2011) [19] conducted a
study and found that the main cause of reintubation in patients
with primary brain injury is the neurological respiratory fail-
ure, which was what happened in the present study patients.

When there is failure in ventilatory weaning and extuba-
tion, the tracheostomy is indicated. A study was conducted in
trauma patients and it was found that the realization of tra-
cheostomy does not reduce mortality, incidence of pneumonia
and laryngotracheal injury but has influence on the reduction
of MV time in patients with severe TBI [20]. In the present
study, when combined to the GCS and the rate of performing
tracheostomy, it was observed that patients with GCS 3 - 5 are
more subjected to tracheostomy than the patients GCS 6 - 8,
although tracheostomy realization rate is high in both groups
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(55.81% and 46.67%, respectively).

Regarding the association of GCS and MV withdraw after
completion of tracheostomy, it was observed that independ-
ent of the value of the GCS, most were removed from MV in
less or equal to 48 h after completion of tracheostomy. Of the
patients GCS 3 - 5, 70.83% left the MV in less or equal to 48 h
after completion of tracheostomy, which suggests that trache-
ostomy is beneficial for this population.

When we associated Marshall’s CT scan classification
and the completion of tracheostomy, it was observed that in-
dependent of Marshall’s CT scan classification, half of the
population underwent tracheostomy. However, most who un-
derwent tracheostomy were those included in Marshall’s CT
scan classification I'V.

Regarding the association of Marshall’s CT scan classi-
fication and MV withdraw after completion of tracheostomy,
in individuals with Marshall’s CT scan classification IV, 70%
left the MV in less than or equal to 48 h. Of patients with Mar-
shall’s CT scan classification V, everyone left the MV in less
than or equal to 48 h. These data lead us to infer that this popu-
lation would benefit from the realization of tracheostomy early
on.

As recommendations, a study has proposed that if the pa-
tient requires MV up to 10 days, one can maintain the endotra-
cheal tube. It is known that if there will be a need for MV for
more than 21 days, one can indicate the tracheostomy; if you
can not determine the period that the individual needs MV, it
is suggested that we make a daily assessment to indicate the
tracheostomy as soon as possible to minimize the time of en-
dotracheal tube [42].

Some authors [16, 21, 24, 26, 42-46] defend the imple-
mentation of early tracheostomy, and show that it reduces
the duration of MV, ICU, ventilator-associated pneumonia,
induced lung injury by MV, hospital costs and mortality and
favors bronchial hygiene, but there is no global consensus on
the time that is considered early tracheostomy.

In the present study, it was not analyzed how long after the
installation of endotracheal tube the tracheostomy was indi-
cated due to the fact the date indication is not listed in medical
records. This fact does not allow us to say how many tracheos-
tomies were indicated early.

After analyzing the results of our study, we suggest that
carly tracheostomy, less than 48 h after intubation should
be performed if clinical and neurological stabilization was
achieved in patients with severe TBI (GCS 3 - 5) and Mar-
shall’s CT scan classification III and IV, in order to reduce the
duration of MV, ICU length of stay and complications from the
use of it, especially pneumonia associated with M'V.

Conclusions

We conclude that patients with severe TBI that present GCS
3 - 5 tend to be less extubated and have reintubation rate high-
er than those with severe TBI that present GCS 6 - 8. It also
follows that the worse Marshall’s CT scan classification, the
lower the rate extubation.

In our study, the tracheostomy was performed, regardless
of GCS and Marshall’s CT scan classification, but the worse
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the GCS, the higher the rate of realization.

In relation to weaning of MV after completion of trache-

ostomy, it is concluded that regardless of the value of the GCS
and Marshall’s CT scan classification, most patients leave the
VM less or equal to 48 h, which suggests that tracheostomy is
beneficial to this population and if carried out early on could
further reduce the length of stay in ICU, MV complications
from the use of it.

We suggest that early tracheostomy, less than 48 h after

intubation should be performed if clinical and neurological
stabilization was achieved in patients with severe TBI and
Marshall’s CT classification III and I'V.
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