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Abstract

Patients undergoing neurosurgery are predisposed to a variety of complications related to mechanical ventilation (MV). There
is an increased incidence of extubation failure, pneumonia, and prolonged MV among such patients. The aim of the present
study was to assess the influence of extubation failure and prolonged MV on the following variables: postoperative pulmonary
complications (PPC), mortality, reoperation, tracheostomy, and duration of postoperative hospitalization following elective intra-
cranial surgery. The study involved a prospective observational cohort of 317 patients submitted to elective intracranial surgery
for tumors, aneurysms and arteriovenous malformation. Preoperative assessment was performed and patients were followed
up for the determination of extubation failure and prolonged MV (>48 h) until discharge from the hospital or death. The occur-
rence of PPC, incidence of death, the need for reoperation and tracheostomy, and the length of hospitalization were assessed
during the postoperative period. Twenty-six patients (8.2%) experienced extubation failure and 30 (9.5%) needed prolonged
MV after surgery. Multivariate analysis showed that extubation failure was significant for the occurrence of death (OR = 8.05
[1.88; 34.36]), PPC (OR = 11.18 [2.27; 55.02]) and tracheostomy (OR = 7.8 [1.12; 55.07]). Prolonged MV was significant only
for the occurrence of PPC (OR = 4.87 [1.3; 18.18]). Elective intracranial surgery patients who experienced extubation failure or
required prolonged MV had a higher incidence of PPC, reoperation and tracheostomy and required a longer period of time in
the ICU. Level of consciousness and extubation failure were associated with death and PPC. Patients who required prolonged
MV had a higher incidence of extubation failure.

Key words: Neurosurgery; Craniotomy; Ventilator weaning; Intratracheal intubation; Postoperative period
Introduction

Extubation failure is defined as the reinstitution of re-  (10,11). The maintenance of patients on MV for a prolonged

spiratory support from 24 to 72 h following the scheduled
extubation. This condition occurs in 2 to 25% of extubated
patients (1-3). Extubation failure increases the incidence
of mortality, pneumonia, number of days in the intensive
care unit (ICU) and hospital, time spent on mechanical
ventilation (MV), hospital costs, and the need for a tra-
cheostomy (4-5).

The time interval for defining prolonged MV or extubation
failure has yet to be established, ranging from 6 to 48 h in
recent studies (6-9) and from 2 to 7 days in older studies

length of time can cause complications such as develop-
ment of oxygen toxicity, larynx injuries, tracheal stenosis,
selective intubation, sinusitis, barotrauma, reduced cardiac
output, pneumonia, and psychological problems (12). There
is evidence that maintenance of a patient on MV for more
than 72 h leads to depletion of oxidative enzymes in the
respiratory muscles and neuromyopathy (13).

Patients undergoing neurosurgery are predisposed to a
variety of complications related to MV. A number of studies
have demonstrated an increased incidence of reintuba-
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tion, pneumonia, and prolonged MV among such patients
(2-5,7,9,14,15).

The aim of the present study was to assess the influence
of extubation failure and prolonged MV on the following
variables: postoperative pulmonary complications, mortal-
ity, reoperation, tracheostomy, and length of hospitalization
in the postoperative period following elective intracranial

surgery.
Material and Methods

Study population

A prospective observational cohort study was con-
ducted from July 2005 to July 2009 at Hospital Sdo Paulo,
Universidade Federal de Sdo Paulo (UNIFESP), Brazil.
Potential subjects were scheduled for elective intracranial
surgery for treatment of a tumor, aneurysm, arteriovenous
malformation, intracranial hematoma, or abscess. Patients
subjected to surgery under general anesthesia and pa-
tients maintaining spontaneous breathing before surgery
were included in the study. Patients who died or received
a tracheostomy before weaning from MV were excluded
from the study. A total of 434 patients were assessed in
the preoperative period, 317 of whom were included in the
study. Among the 117 patients who were not included, 21
died before weaning from MV, 11 underwent tracheostomy
before weaning, 33 did not undergo the initially proposed
surgery, 15 had the surgery cancelled, 5 required orotracheal
intubation before surgery, 28 were referred to a different
ICU during the postoperative period, and 4 had incomplete
data regarding the surgery. The study was approved by the
Research and Ethics Committee of Universidade Federal de
Sao Paulo and all patients gave informed written consent
to participate.

Data collection

Data were collected daily by the same members of the
research group using an evaluation form. After the surgical
procedure, patients who remained intubated after surgery
were referred to the neurosurgical ICU and maintained
under MV using a Bear 1000 ventilator (Allied Health
Care Productions, USA), a Monterey ventilator (Takaoka,
Brazil), or a Bird 8400 STI PC Vaps ventilator (Bird, USA).
The ventilators were maintained on a volume-cycled syn-
chronized intermittent mandatory ventilation (SIMV) mode,
with the following settings: tidal volume of 6-8 mL/kg; FIO2
to maintain arterial oxyhemoglobin saturation over 93%,
positive end-expiratory pressure (PEEP) of 5 cmH>0O, and
a respiratory frequency between 12 and 16 breaths/min to
maintain PaCO; between 35 and 45 mmHg.

Weaning process

Patients were subjected to a daily screening of wean-
ing parameters, and the weaning process was initiated
when they fulfilled the following criteria: a) resolved need
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for sedatives and vasoactive drugs; b) hemodynamic
stability; c) adequate respiratory drive, with absence of
apnea or tachypnea (respiratory rate less than 35 rpm); d)
no immediate upcoming surgery scheduled; €) laboratory
exam results within normal ranges; f) arterial blood gases
within normal ranges (pH between 7.35 and 7.45; PaCO»
between 30 to 40 mmHg); g) PaO, >60 mmHg, with FiO»
<0.4 and PEEP <5 cmH»O; h) resolution of conditions
requiring maintenance of the patient on MV after surgery;
i) Glasgow Coma Scale equal to or greater than 8, and j)
agreement by the neurosurgeon in charge.

Patients who fulfilled the weaning criteria were subjected
to a spontaneous breathing trial (SBT). The SBT was per-
formed once a day and consisted of 30- to 120-min trials of
spontaneous breathing performed on a T-tube or pressure
support of <8 cmH>0 and a PEEP level of <5 cmH>0. All
patients ultimately passed an SBT and were extubated.
The criteria used to define failure to tolerate the SBT were:
a) oxygen saturation <90%; b) respiratory rate of >35
breaths/min for >10 min; c) a >20% decrease or increase
in systolic blood pressure; d) signs of increased breathing
efforts for >15 min, and e) diaphoresis or agitation. An SBT
was considered to have failed if any 2 of the above-listed
criteria were met, in which case, SBT was stopped and MV
was reinstituted at the original settings.

Extubation failure

After successful completion of an SBT, patients were
extubated. On the basis of the Brazilian Consensus of Me-
chanical Ventilation (16), extubation failure was considered
when patients needed reintubation within 48 h. The deci-
sion to reintubate the patient was based on confirmation
of clinical deterioration as evidenced by at least one of the
following criteria: a decrease in mental status, a worsening
of arterial pH or PCO>, a decrease in the oxygen saturation
to <90% despite an inspired fraction of oxygen >0.5, and
increased signs of respiratory effort (e.g., tachypnea, the
use of accessory respiratory muscles, and/or thoracoab-
dominal paradox).

Prolonged MV

Prolonged MV was considered when patients needed
ventilatory support for more than 48 h after the completion
of surgery. A cutoff of 48 h was used because the majority
of previous studies also selected this value.

Consciousness level

The assessment of consciousness level in the postop-
erative period was based on a modified Glasgow Coma
Scale (GCS). The modification was due to the fact that
patients were under MV and orotracheal intubation, the
verbal response that would normally be scored as 5 was
scored only as 1. This was associated with the letter T,
indicating the need for an artificial airway and the inability
to provide a verbal response. We calculated the best motor
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response and eye opening, and scored a verbal response
as 1T. The level of consciousness was characterized as
normal for patients with GCS scores of 11T and altered
with scores of 8T to 10T (9).

Postoperative pulmonary complications

The diagnoses of postoperative pulmonary complica-
tions were defined by the medical team as well as the phys-
iotherapy and nursing teams. The following definitions for
postoperative pulmonary complications were used (16): a)
acute respiratory infection: occurrence of either pneumonia
or purulent tracheobronchitis. Pneumonia diagnosis was
established by the presence of lung infiltration in the thorax
radiograph associated with at least 2 of the following signs:
purulent tracheobronchial secretion, an increase in body
temperature above 38.3°C and a 25% increase in the basal
number of circulating leukocytes. Purulent tracheobronchitis
was diagnosed when there was an increase in the amount,
or change in color or purulence of the tracheobronchial
secretion associated with a normal thorax radiograph. b)
Atelectasis was considered to be a pulmonary complication
when the appearance of acute respiratory symptoms was
associated with radiological imaging. ¢) Bronchospasm:
wheezing detectable with a stethoscope associated with
the development of acute respiratory symptoms and the
need for medication therapy.

The incidence of death, the need for reoperation and
tracheostomy, and the length of hospitalization were moni-
tored during the postoperative period.

Statistical methods

Categorical variables are summarized as absolute and
relative (percentage) frequencies. Numerical variables are
reported as means + SD. Only the length of admission
to the ICU is reported as median and interquartile range
(Q1-Q3). To evaluate the objectives of the present study,
five primary outcomes were considered: postoperative pul-
monary complications, death, reoperation, tracheostomy,
and the length of ICU stay.

In univariate analysis, the chi-square test or the Fisher
exact test was used to determine associations between
categorical variables and outcome. The length of stay in
the ICU was determined using the Mann-Whitney test for
nonparametric data since the distribution of this variable
was not normal.

A logistic regression model was used to assess the
simultaneous influence of clinical and surgical variables on
the outcomes. Variables with descriptive levels (P values)
lower than 0.10 in the univariate analysis were included
in the multivariate model. All interaction effects between
variables were analyzed.

Estimates of event probabilities were calculated from the
adjustment of the logistic regression models, (postoperative
pulmonary complications, death, reoperation, tracheostomy,
and the length of ICU stay) according to the explicative
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variables (extubation failure and prolonged MV) included
in the models. The SPSS (version 13.0) statistical software
program was employed.

Results

Among the 317 patients included in the study, 26 (8.2%)
experienced extubation failure, 30 (9.5%) needed prolonged
MV after surgery, and 8 (2.5%) had extubation failure as
well as a requirement for prolonged MV. Of the 26 patients
who experienced extubation failure, 17 had altered levels of
consciousness, 3 had seizures, 5 had respiratory distress
(3 respiratory distress cases were related to upper airway
obstruction and 2 were related to pneumonia), and 1 patient
required reoperation due to a hematoma. Among the 8
patients who experienced extubation failure and prolonged
MV, 5 failed extubation for respiratory distress, 2 had altered
levels of consciousness, and 1 patient had a seizure. Table
1 lists the characteristics of the 317 patients included in
the study. The clinical and surgical variables regarding the
occurrence of extubation failure and prolonged MV are
shown in Table 2.

Sixty-five patients (20%) developed postoperative
pulmonary complications, 18 (6%) died, 17 (5%) required
further surgical intervention following extubation, and 11
(3%) required a tracheostomy. The median stay in the ICU
was 2 days (interquartile range: 1-6). The median ICU stay
among patients who experienced extubation failure was 15
days (interquartile range: 10-30). This period is longer than
the median ICU stay of 2 days for patients who experienced
successful extubation (interquartile range: 1-5). Of the 18
patients who died, 61% evolved toward brain death, 28%
experienced respiratory insufficiency, and 2 patients died
as a result of cardiac arrest.

Patients who experienced extubation failure had a higher
incidence of postoperative pulmonary complications (85%),
a higher incidence of death (38%), a greater need for an
additional surgical procedure (38%), a higher incidence
of tracheostomy, and a longer stay in the ICU during the
postoperative period (Table 3).

The median ICU stay among patients who required
prolonged MV was 13.5 days (interquartile range 8.7-30).
This is in contrast to the 2-day median ICU stay of patients
who did not need MV (interquartile range: 1-5). Patients
who developed prolonged MV had a higher incidence of
postoperative pulmonary complications (80%), a greater
need for additional surgery (70%), a greater need for
tracheostomy (20%), a longer stay in the ICU during the
postoperative period, and a higher incidence of extubation
failure (26%) (Table 3).

Univariate analysis was used to determine associations
between clinical and surgical variables and the outcomes.
The clinical and surgical variables analyzed in the univari-
ate analysis during the preoperative period were: gender,
age, respiratory symptoms, smoking status, pulmonary
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disease, associated diseases, previous craniotomy, level
of consciousness, and neurological diagnosis. The clinical
and surgical variables analyzed in the univariate analysis
during the intraoperative period were the location and
duration of surgery. The clinical and surgical variables
analyzed in the univariate analysis during the postopera-
tive period were level of consciousness at extubation, MV
>48 h, extubation failure, reoperation, and ICU stay. The
outcomes considered were death, postoperative pulmonary
complications, and tracheostomy.

The following variables were considered for multivariate
analysis: age, extubation failure, MV >48 h, level of con-
sciousness during the preoperative and postoperative
periods, reoperation, duration of surgery, and the length of
ICU stay. Interactions between variables were investigated,
but none proved to be significant. Extubation failure and
the level of consciousness during the postoperative period
were identified as significant variables for the occurrence of
death. For the occurrence of postoperative pulmonary com-
plications, the important variables were extubation failure,
MV >48 h, level of consciousness during the postoperative
period, and ICU stay. For the occurrence of tracheostomy,
the variables considered were extubation failure and ICU
stay (Table 4).

The likelihood of the occurrence of postoperative pulmo-
nary complications, death, reoperation, tracheostomy, and
a prolonged ICU stay (>5 days) was estimated for patients
admitted for elective intracranial surgery with considerations
regarding the incidence of extubation failure and prolonged
MV (Table 5).

Discussion

There was an 8.2% incidence of extubation failure and
a 9.5% incidence of prolonged MV in patients admitted for
elective intracranial surgery. Both extubation failure and
prolonged MV influenced the development of postoperative
pulmonary complications, the incidence of reoperation, the
need for tracheostomy, and the length of ICU stay. Level
of consciousness was found to be an important risk fac-
tor for death and postoperative pulmonary complications.
Prolonged MV and death were found to be more likely for
patients who experienced extubation failure.

Other studies have reported that extubation failure
increases the risk of pulmonary complications, mortality,
duration of MV, and anincreased length of ICU stay (5,6,17).
The need for reintubation is a risk factor for the develop-
ment of pulmonary infection (5,18,19) because it favors
bronchoaspiration and alterations in mucociliary clearance,
which may lead to bacterial contamination and colonization
of the airways (14,20). Also, extubation failure is directly
related to altered level of consciousness (2), probably due
to the fact that patients with a lower level of consciousness
exhibit large amounts of secretions, cough deficiency and
swallowing deficiency.

Braz J Med Biol Res 44(12) 2011
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Table 1. Distribution of 317 patients submitted to intracranial sur-
gery according to demographic characteristics.

Means + SD or
number (%)

Variables

46 £ 14
138 (44%)
31 (13.1%)

Age (years)

Males

Respiratory symptoms
Smoking status

Never 151 (48%)
Stopped 68 (21%)
Pack years 22+18
Current smoker 98 (31%)
Pack years 28+19
Pulmonary disease 28 (9%)
Asthma 7
Neoplasm 9
Emphysema 7
Bronchitis 5
Clinical disease 90 (28%)
SAH 86
Diabetes mellitus 13
Cardiac arrhythmia 6
Heart diseases 4
Stroke 2

Neurological disease

Tumoral lesions 197 (62%)

Aneurysm 102 (32%)

AVM 18 (6%)
Site of surgery

Supratentorial 264 (83%)

Infratentorial 53 (17%)
Duration of MV (h) 26 (55)
Duration of surgery (min) 302 (84)
Low level of consciousness - preoperative 29 (9%)

period

SAH = systemic arterial hypertension; AVM = arteriovenous mal-
formation; MV = mechanical ventilation.

Regardless of the occurrence of extubation failure,
patients with neurological disorders are usually susceptible
to pulmonary complications with pneumonia being the
most frequent condition (7,19,21-23). Respiratory infection
also occurs frequently after surgery and especially after
neurosurgery (9,24-27). Sogame et al. (15) evaluated 236
patients who underwent elective craniotomy and identified
a 25% incidence of postoperative pulmonary complica-
tions, especially respiratory infections. These authors also
found that postoperative pulmonary complications were a
determinant for death. The higher incidence of death in our
study of patients who experienced extubation failure and
had altered level of consciousness does not necessarily
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Table 2. Univariate analysis of clinical and surgical variables regarding the occurrence of extubation failure and prolonged

mechanical ventilation.

Variable Success (N =291) Failure (N=26) MV <48 h (N =287) MV >48 h (N = 30)
Gender

Female 160 (55%) 19 (73%) 121 (42%) 17 (57%)

Male 131 (45%) 7 (27%) 166 (58%) 13 (43%)
Age (mean years + SD) 46 (14.2) 49 (15.2) 47 (14) 45 (17)
Preoperative consciousness level

Altered 27 (9%) 2 (7%) 22 (7%) 7 (23%)*
Previous craniotomy

Yes 52 (18%) 5(19%) 53 (18%) 4 (13%)
Respiratory symptoms

Present 35 (12%) 3 (11%) 42 (14%) 3 (10%)
Previous pneumopathy

Present 27 (9%) 1(4%) 23 (8%) 5(17%)
Smoking status

Smoker 92 (31%) 6 (23%) 92 (32%) 6 (20%)

Ex-smoker 61 (20%) 7(27%) 64 (22%) 4 (13%)
Associated disease

Present 83 (28%) 7 (27%) 82 (28%) 8 (27%)
Diagnosis

Tumorous lesion 182 (62%) 15 (58%) 175 (61%) 22 (73%)

Aneurysm 92 (32%) 10 (38%) 97 (34%) 5(17%)

AVM 17 (6%) 1(4%) 15 (56%) 3 (10%)
Location of surgery

Supratentorial 243 (84%) 21 (81%) 239 (83%) 25 (83%)

Infratentorial 48 (16%) 5(19%) 48 (17%) 5(17%)
LC at extubation

Altered 30 (10%) 11 (42%)** - -
LC during postoperative period

Altered - - 61 (21%) 26 (87%)*
Duration of surgery (mean minutes + SD) 303 (83.5) 291 (109.3) 296 (79) 355 (112)*
MV duration

<24 h 239 (82%) 16 (61%) - -

24 148 h 29 (10%) 2 (8%)

>48 h 23 (8%) 8 (31%)*

Data are reported as number with percent in parentheses unless otherwise stated. AVM = arteriovenous malformation; LC =
level of consciousness; MV = mechanical ventilation. *P < 0.05, success or MV <48 h compared to failure or MV >48 h (chi-
square test); **P < 0.001, success or MV <48 h compared to failure or MV >48 h (chi-square test).

suggest an increase in mortality caused by the failure
or the low level of consciousness, but identifies a group
with a greater risk of fatal complications following elective
intracranial surgery.

In the present study, 38% of the patients who expe-
rienced extubation failure required further surgical inter-
vention, whereas just 2% of those who were successfully
extubated required further surgery. We found an association
between extubation failure and further surgical intervention.
This association could be due to a reduced level of con-
sciousness as a result of increased intracranial pressure,

www.bjournal.com.br

indicating a secondary problem that frequently requires an
additional surgical approach.

A low incidence of extubation failure was observed in
the present study (8.2%). However, patients who experi-
enced failure spent a longer time in the ICU, which may
have had a considerable impact on the cost-effectiveness
of neurosurgery. Such findings emphasize the importance
of early identification of risk factors for extubation failure
among intracranial surgery patients so that prophylactic
measures can be adopted and the practice of early extuba-
tion can be modified.
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Table 3. Variables related to extubation failure and prolonged mechanical ventilation according to the
development of pulmonary complications, mortality, reoperation, and length of hospital stay in the
postoperative period.

Variables Success (N =291) Failure (N=26) MV <48 h (N =287) MV >48 h (N = 30)
PPC 43 (15%) 22 (85%)* 41 (14%) 24 (80%)*
Death 8 (3%) 10 (38%)* 14 (5%) 4 (13%)
Reoperation 7 (2%) 10 (38%)* 11 (4%) 9 (30%)*
Tracheostomy 4 (1%) 7 (27%)* 5(2%) 6 (20%)*
ICU stay 2 (1-5) 15 (10-30)* 2 (1-5) 13.5 (8.7-30)*
Extubation failure - - 18 (6%) 8 (26%)*

Data are reported as number with percent in parentheses for all variables except ICU stay, which are
reported as median days and interquartile range. PPC = postoperative pulmonary complication; ICU
= intensive care unit; MV = mechanical ventilation. *P < 0.001, success or MV <48 h compared to
failure or MV >48 h (chi-square test).

Table 4. Multivariate analysis of risk factors for death, postoperative pulmonary complications and

M.C. Vidotto et al.

tracheostomy in the postoperative period of elective intracranial surgery.

Variable Death PPC Tracheostomy
OR 95%CI OR 95%CI OR 95%ClI

Extubation failure 8.05 [1.88;34.36]* 11.18 [2.27;55.02]* 7.8 [1.12;55.07]

MV >48 h 0.21 [0.03;1.39] 487 [1.3;18.18]" 0.62 [0.78; 5.05]

LC altered at - - 1.57 [0.47;5.25] 7.0 [0.80;61.28]
preoperative

LC altered at 224 [1.71;25.78] 7.06 [2.26;22.03]* 1.8 [0.21;15.4]
extubation

Reoperation 6.64 [0.46; 10.87] 0.75 [0.14; 4.05] - -

Age 1.03 [0.98; 1.07] - - - -

Duration of surgery - - 1.003 [0.99; 1.00] 1.01 [0.99; 1.01]

ICU stay 1.04 [0.99; 1.09] 1.2 [1.13; 1.35]* 1.16 [1.07; 1.26]*

PPC = postoperative pulmonary complication; 95%CI = confidence interval at 95%; OR = odds
ratio; MV = mechanical ventilation; LC = level of consciousness; ICU = intensive care unit. *P <

0.05 (multivariate analysis).

Prolonged MV is considered to be a risk factor for the
development of pneumonia (21,27-29). A number of car-
diac surgery studies have reported a higher incidence of
respiratory complications in patients subjected to prolonged
MV. Svensson et al. (30) found a 60% overall incidence of
respiratory complications in the postoperative period fol-
lowing corrective surgery for thoracoabdominal aneurysm
(atelectasis in 37%, pleural effusion in 21%, pneumonia in
9%, pneumothorax in 8%, and acute respiratory distress
syndrome in 3%). Money et al. (11) found a 68% incidence
of pneumonia in patients subjected to prolonged MV in the
postoperative period following surgery for a thoracoabdomi-
nal aortic aneurysm. Furthermore, Ingersoll and Grippi (1)
reported a higher incidence of pulmonary atelectasis in

Braz J Med Biol Res 44(12) 2011

cardiac surgery patients who underwent late extubation
with more than 24 h of MV.

The development of postoperative pulmonary compli-
cations increases the cost of treatment for the patient or
the public health-care system and considerably affects the
prognosis. In an analysis of cost-effectiveness, Beauregard
and Friedman (31) found that the development of postopera-
tive pulmonary complications in elective craniotomy patients
led to an overall increase in the cost of hospital care of at
least US$4,026 per patient.

In the present study, 70% of the patients who developed
prolonged MV were found to require an additional surgical
procedure. The most frequent cause of reoperation was
cerebral edema with a need for decompressive craniotomy.
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It is likely that edema was due to increased
intracranial pressure, which indicates a second-
ary complication of the surgery and requires an
additional surgical approach.

There was a higher incidence of tracheosto-

1297

Table 5. Probability of the development of postoperative pulmonary compli-
cations, death, reoperation, tracheostomy, and prolonged ICU stay (greater
than 5 days) in patients submitted to elective intracranial surgery according to
the incidence of extubation failure and/or prolonged mechanical ventilation.

my in patients who experienced extubation failure

Extubation Prolonged mechanical Probability

and required a prolonged period of MV. Tracheo- failure ventilation (%)
stomy 1S usgally indicated when a pro.longe.d Postoperative pulmonary ~ Present Present 98.9
period of MV is neede.d for 24% qfthe patientsin complication Present Absent 78.3
ICUs (32,33). According to our findings, the as- Absent Present 73.1
sociation of prolonged MV and extubation failure Absent Absent 10
o o) VLot
indicates a 98.8% likelihood of_ deyelopmgentec?f Death Present Present 412
p.)ost.operatlve pulmonary Comp!lcatlons, a 9.. Yo Present Absent 37.2
likelihood of a prolonged stay in the ICU during Absent Present 39
the postoperative period, a 74% chance of requir- Absent Absent 2'7
ing further surgical interventions, a 56% chance ) '
. o Reoperation Present Present 74
of undergoing tracheostomy, and a 41% chance Present Absent 089
of dying. These results emphasize the need for Absent b . 14'
a careful evaluation of patients with potential Absen Ar:sent .
risk factors for extubation failure and prolonged Trach b sent b sen '1
MV during the postoperative period following racheostomy resent resent 56.
elective intracranial surgery so that prophylactic Present Absent 13.9
strategies may be adopted. These conditions Absent Present 6.8
represent significant health-care costs. Absent Absent 0.9
One limitation of our study was the failure to ~ Prolonged ICU stay Present Present 99.6
determine the effect of development of postop- Present Absent 89.1
erative pulmonary complications, which hinders Absent Present 86.5
Absent Absent 15.6

us from inferring whether the duration of MV

influenced the development of pulmonary com-
plications or, on the contrary, whether the time
spent on MV was prolonged by the presence of
pulmonary complications. However, pneumonia attributed
to MV in patients with encephalic lesions is known as
“ventilator-associated pneumonia” and develops after 4
days on ventilatory support (34,35). Because 67% of the 30
patients in our study who required prolonged MV needed
4 or more days of MV, we believe it was the prolonged MV
that increased the incidence of pulmonary complications.

It is difficult to assume that extubation failure and pro-
longed MV were the only causes of all complications. Level
of consciousness played an important role in the incidence
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