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Abstract

Objective Posterior fossa stroke is unique in its presen-
tation and outcomes, and mechanical ventilation is
commonly used in the management of these patients. We
aimed to identify predictors of extubation success in
patients with posterior fossa stroke, who require mechani-
cal ventilation.

Design  We included consecutive adult patients admitted
to the neurosciences ICU from January 2003 to December
2012. Extubation failure was defined as re-intubation
within 7 days of extubation. A modified Rankin Scale score
of 0-3 was considered a good outcome.

Measurements and Main Results We identified 150
patients with mean age of 65 & 15.7 years with posterior
fossa strokes; 77 (51 %) were hemorrhagic, and 73 (49 %)
were ischemic. The most common reason for intubation was
depressed consciousness (54 %). Fifty-two (35 %) were
successfully extubated, 18 (12 %) failed extubation, 17
(11 %) patients had tracheostomy without attempted extuba-
tion, and 63 (42 %) were transitioned to palliative care prior to
extubation. In the logistic regression analysis, controlling for
transition to palliative care, Glasgow Coma Score (GCS)
score > 6 at the time of intubation (p = 0.020), mechanical
ventilation for less than 7 days (p = 0.004), and surgical
evacuation of a hematoma (p = 0.058) were independently
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associated with successful extubation. The presence of cough,
gag reflex, and absence of pneumonia/atelectasis were not
associated with successful extubation. Success of extubation
predicted a good outcome at hospital discharge.
Conclusions In posterior fossa stroke patients with a
GCS < 6 at the time of intubation and who remain intu-
bated for more than 1 week, extubation is less likely to be
successful, and tracheostomy should be considered.

Keywords Extubation - Posterior fossa - Stroke -
Predictors
Introduction

Posterior fossa strokes, both ischemic and hemorrhagic, are
unique in their presentation as well as outcome. Mecha-
nisms of secondary deterioration include compression of
the brainstem and development of obstructive hydro-
cephalus due to cerebral edema and tissue shift. Outcomes
are frequently poor because of direct involvement of the
brainstem or compression of the brainstem by cerebral
edema [1, 2]. Respiratory complications due to bulbar
dysfunction and the need for mechanical ventilation con-
tribute to the morbidity of these patients [3, 4]. Patients
with posterior fossa strokes requiring mechanical ventila-
tion are typically managed in a general or neurosciences
intensive care unit (ICU). Little is known about the pre-
dictors of extubation failure or success in this unique
population [5]. Clear differences exist between patients
intubated for airway protection because of a decreased
level of consciousness, patients intubated for airway pro-
tection despite preserved level of consciousness because of
loss of protective lower brainstem reflexes (i.e., gag, cough,
etc.) and those who require mechanical ventilation because
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of respiratory failure due to coexistent pulmonary disease
(as seen after aspiration) [1].

Unnecessary prolongation of ventilatory support as well
as failed extubation is associated with increased sedation
and possibly higher mortality rates [6]. Accounting for
varying definitions of extubation failure, the incidence varies
from 10 to 20 % in mixed ICU populations [7, 8], and the
reported mortality rate associated with extubation failure
varies from 30 to 40 % [3]. Among the various factors
responsible for failed extubations, lower level of con-
sciousness and difficulty in clearing secretions are likely
important in patients with posterior fossa stroke [1]. Qureshi
et al. found that a Glasgow Coma Score (GCS) >7 at the
time of intubation and the absence of brainstem deficits were
predictive of extubation success in patients with infratento-
rial lesions, but that study was not restricted to stroke cases
[9]. Also, the influence of goals of care on these predictive
variables is not known. We sought to determine the pre-
dictors of extubation success specifically in posterior fossa
stroke and taking into account the patient’s goals of care.

Materials and Methods
Standard Protocols Approvals and Patient Consents

The study was approved by the Mayo Clinic institutional
review board. All included patients or their legally autho-
rized representative had signed a general informed consent
form allowing their medical records to be used for research
purposes.

Study Design

This is a retrospective study of consecutive patients
>18 years old admitted to the neurosciences ICU at Mayo
Clinic, Rochester, MN from January 2003 through Decem-
ber 2012. We identified all patients with acute posterior
fossa stroke (ischemic or hemorrhagic), who required
endotracheal intubation and mechanical ventilation during
this period.

Study Definitions

Stroke diagnosis was confirmed by neuroimaging including
either computed tomography (CT) or magnetic resonance
imaging (MRI) of the brain. Ischemic strokes were classified
according to the categories of the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) trial [10]. Volume of hemorrhage
was calculated from the imaging studies using the ABCD/2
method [11]. Tissue shift was defined as (1) distortion of the
brainstem, quadrigeminal, ambient, or basal cisterns, (2)
tonsillar herniation, or (3) 4th ventricular compression.
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Atelectasis was defined as radiological evidence of lobar or
segmental collapse documented by a radiologist. Pneumonia
was defined as new or progressive infiltrate as seen on a chest
radiograph or computed tomography (CT) scan along with a
high clinical suspicion of pneumonia, defined by at least one of
the following: fever (>38 °C); leukopenia (<4000 white
blood cells (WBC)/mm3) or leukocytosis (>12,000 WBC/
mm®); and at least two of the following: (a) new onset purulent
sputum, change in characteristics of sputum, increased res-
piratory secretions, or suctioning requirements; (b) new onset
or worsening cough, dyspnea, or increased ventilation
demand [12]. Good or favorable outcome was defined by a
modified Rankin Score (mRS) of 0-3. Extubation was con-
sidered successful if the patient remained extubated for 7 days.
Failed extubation was defined as reintubation within the 7-day
period for any reason.

Exclusion Criteria

Patients were excluded if they had (1) simultaneous strokes
involving territories other than the posterior fossa, (2)
subarachnoid hemorrhage, (3) subdural hemorrhage, (4)
chronic infarctions, (5) primary intraventricular hemor-
rhage, and (6) if they were extubated in the operating room
immediately after decompression surgery or (7) had
incomplete data.

Clinical Parameters and Investigations

Collected data included age, sex, associated comorbidities
including hypertension (HTN), diabetes (DM), congestive
heart failure (CHF), chronic obstructive pulmonary disease
(COPD), chronic kidney disease (CKD), and stroke clas-
sification including ischemic or hemorrhagic. Details of the
anatomic regions involved (cerebellar, midbrain, pontine,
and medullary), tissue shift, surgical intervention, and
cerebrospinal fluid (CSF) diversion via ventriculostomy
were also gathered. Neuroimaging was interpreted by both
a neuroradiologist and a critical care neurologist (SH), who
were blinded to the outcome of extubation. The presence of
hydrocephalus and tissue shift was recorded at the time of
intubation and again on follow-up imaging within 8 h of
extubation. We recorded indications for intubation, GCS at
the time of intubation, and ventilator settings. The presence
of respiratory complications including atelectasis, pneu-
monia, pulmonary edema, focal infiltrates, and frequencies
of suctioning and consistencies of secretions was also
documented. Cough and gag reflexes were tested by the
ICU nurses every 3—4 h and prior to extubation. Cough to
passage of suctioning catheter was graded as strong,
moderate, weak, and absent. For analyses, strong, moderate
and weak coughs were grouped together as cough present.
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Gag reflex was noted as present or absent. We gathered
data on timing and outcome of extubation, interval to
reintubation, and timing of tracheostomy when it was
present. Transition to palliative care was also recorded. In
order to ascertain the effect of successful extubations, we
collected ICU and hospital lengths of stay as well as mRS
score at hospital discharge and at 1 year following
discharge.

The predominant mode of mechanical ventilation in the
patients is either volume control or pressure control. We
usually look into the following criteria before considering
weaning: (1) resolution or improvement of congestive heart
failure, pneumonia, or other conditions requiring intubation,
the presence of adequate gas exchange and ventilation as
indicated by a ratio of partial pressure of oxygen (PaO,) to
the fraction of inspired oxygen (FiO,) above 200 with a
positive end-expiratory pressure (PEEP) of less than 6 cm of
water, PaCO, of less than 45 torr, rapid shallow breathing
index (RSBI) less than 105, absence of fever (tempera-
ture < 38 °C) and no sedative medications. (2)
Neurological criteria required GCS of 8 or more, intracranial
pressure of less than 15 cm water, and a cerebral perfusion
pressure more than 60 mm Hg for patients with intracranial
pressure monitoring. In addition to the above criteria, the
neurointensivist would have to agree that the patient was in a
stable condition and was ready for extubation.

The patients meeting the above criteria for weaning
underwent 30 min of T-piece trial with no continuous pos-
itive airway pressure or spontaneous breathing trial with a
minimal PEEP of 6 cm of water to evaluate readiness for
extubation. The trial was discontinued if any of the fol-
lowing were noted: respiratory rate > 35 breath/minute for
at least 5 min; arterial saturation <90 % for 2 min; heart
rate > 140 bpm; sustained changes of heart rate of 20 % in
either direction; systolic BP > 180 mm Hg or <90 mm Hg
and a notable increase in agitation or diaphoresis.

All the patients were assessed for their ability to control
their respiratory secretions by the neurointensivist and
either the nurse or the respiratory therapist involved in the
patient care. In particular, the frequency of suctioning,
sputum quantity, and character, and the presence of cough
were noted prior to extubation. The bedside nurse and a
respiratory therapist assessed all patients after extubation
for signs of respiratory distress every hour for 6-12 h. A
routine blood gas was obtained within 30—60 min after
extubation.

The patients who failed trial of extubation, in whom the
underlying condition requiring intubation was not resolved,
GCS remained static or became worse and those who had
problems protecting the upper airway or had persistent
secretions were considered for tracheostomy based on the
discretion of the neurointensivist and the critical care
physician.

Statistical Analyses

Descriptive summaries were reported as mean and standard
deviation, median and interquartile range for continuous
variables and frequencies, and as percentages for categorical
variables. Associations between categorical variables were
assessed using ” tests or Fisher’s exact test, and two sample
t test or Mann—Whitney test were used to compare contin-
uous variables, as applicable. Further analysis was
performed using univariable and multivariable logistic
regressions. Variables with p values <0.10 were considered
as candidate variables for multivariable modeling (Hyper-
tension, APACHE 3 score, SOFA score, intraventricular
blood, surgical evacuation, ventriculostomy, cardio-embolic
stroke, brainstem, pontine, medulla involvement, GCS > 6
at intubation, cough present, mechanical ventilation less than
7 days, and transition to palliative care). Associations
between outcomes of interest and predictors were summa-
rized as odds ratios (OR) and 95 % confidence intervals
(CI). All tests were two sided, and p values <0.05 were
considered statistically significant. Statistical analysis was
performed using JMP 10.0.0 (SAS Institute Inc., Cary, NC).

The primary end point was success of extubation.
Patients who were successfully extubated were compared
with patients who either (1) failed an extubation attempt,
(2) underwent tracheostomy prior to a trial of extubation or
(3) were transitioned to palliative care before extubation or
tracheostomy. A separate analysis was conducted to com-
pare patients who were successfully extubated to those who
failed extubation after excluding patients who underwent
tracheostomy or were transitioned to palliative care prior to
a trial of extubation.

Results

There were 1321 stroke patients requiring mechanical ven-
tilation in the ICU during the study period, and 150 patients
with posterior fossa stroke were included in the final analysis
(Fig. 1). Clinical characteristics of the study population are
shown in Table 1. The mean age of the patients was
65 £ 15.7 years, and 79 (53 %) were male. Seventy-three
(49 %) were ischemic and 77 (51 %) were hemorrhagic in
origin. The major reason for intubation was a depressed level
of consciousness and inability to protect the airway in 90
(61.6 %) patients, followed by intubation prior to an emer-
gent surgical procedure in 29 (19.9 %), respiratory distress in
10 (6.8 %), apnea/hypoventilation in 8 (5.5 %), hypoxia in 5
(3.4 %), seizures in 2(1.4 %) and pulseless ventricular
tachycardia in 2 (1.4 %) patients. GCS < 8 was observed in
89 (59 %) patients. Mean mechanical ventilation duration
was 3.8 days (range 0-28 days), and 129 (86 %) patients
were intubated for less than or equal to 7 days. Median ICU
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Table 1 Clinical characteristics of posterior fossa stroke patients
1321 requiring mechanical ventilation (N = 150)
Stroke patients requiring q g —
( 913 ) mechanical ventilation Characteristics N (%)
Ischemic strokes in . .
territories other than Age, in years (median, IQR) 65 (54.8-76)
the posterior fossa Male sex 79 (53.0)
@8 Co-morbidities
Posterior fossa Diabetes 36 (24.0)
strokes
- ~ Hypertension 108 (72.0)
h 51 ) CHF 108 (72.0)
C ic st
| Tromestrokes . \ Chronic kidney disease 16 (11.0)
357
Acute or subacute COPD 10(7.0)
r posterior fossa Stroke classification
56 ] \. strokes J Hemorrhagic stroke 77 (51.0)
Stroke; in both Ischemic stroke 73 (49.0)
anterior and
posterior fossa J ' 301 ™ Large artery atherosclerosis 23 (31.5)
Acute or subacute Cardioembolic 23 (31.5)
~ posterio; fossa Small-vessel occlusion 8 (11.0)
t
Sub;:)rdal or ] - o= S Stroke of other determined etiology 11 (19.0)
subarachnoid J Stroke of undetermined etiology 8 (11.0)
\____hemorrhage é 197 ) Anatomic locations
Acute or subacute Midbrain 27 (18.7)
posterior fossa Pons 49 (34.0)
strokes ’
47 J Medulla 29 (20.0)
Incomplete data Cerebellum 106 (72.6)
available Associated features
luded 15?1 \ Intra-ventricular hemorrhage 44 (30.1)
| int .
neluded in the analysis Hydrocephalous 55 (37.6)
Tissue shift 97 (65.1)
Fig. 1 Flow diagram for included patients Procedures
Ventriculostomy 23 (15.7)
Surgical hematoma evacuation 23 (15.7)

stay of the entire cohort was 5 days (IQR 2.5-11) and median
hospital stay was 10 days (IQR 4-22).

We identified 52 (35 %) patients who were successfully
extubated during the ICU admission. Sixty-three (42 %)
patients were transitioned to palliative care prior to an
extubation attempt. Tracheostomy was performed in 17
(11 %) patients prior to a trial of extubation and took place
after a mean of 9.2 £ 7.4 (SD) days of mechanical venti-
lation. Extubation failure was observed in 18 (12 %)
patients after a median of 3 (IQR 2—4) days from the day of
first intubation. The main reasons for extubation failure in
these patients were altered mental status in 5 (27.8 %),
excessive secretions in 4 (22.2 %), airway protection fail-
ure in 3 (16.7 %), stridor in 3 (16.7 %) and apnea/
hypoventilation in 3 (16.7 %) patients. There were no
events of any self-extubation/accidental extubation. All the
patients were re-intubated within 24 h of extubation, and
none were related to pneumonia or atelectasis. Of these,
five were successfully extubated at a median of 3 days
from the first extubation failure, nine underwent tra-
cheostomy, and four were transitioned to comfort care.
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Factors associated with successful extubation are shown
in Table 2. Age, gender, vascular comorbidities, stroke type,
and prevalence of hydrocephalus were not significantly
different between patients who were successfully extubated
and those who were not (i.e., extubation failure, direct tra-
cheostomy or transitioned to palliative care). Higher GCS at
the time of intubation [median 9 (IQR 7-13) vs median 6
(IQR 4-9), p < 0.001] and surgical evacuation of a hema-
toma [17 (333 %) vs 6 (6.3 %), p < 0.001] were
associated with successful extubation. GCS > 6 at the time
of intubation was associated with successful extubation in 42
(82.4 %) vs 44 (47.8 %) patients, p < 0.001. Patients with
cardio-embolic stroke were more likely to be extubated
successfully as compared to other ischemic stroke subtypes
[12 (46.2 %) vs 11 (23.4 %), p = 0.047]. Pontine involve-
ment was inversely associated with success of extubation
[12 (24 %) vs 37 (39.4 %), p = 0.059]. The frequency of
respiratory complications including pneumonia, atelectasis,
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Table 2 Univariate analyses of factors associated with successful extubation among all patients with posterior fossa stroke
Variables Successful extubation (N = 52) No successful extubation (N = 98) p value
Median (IQR)/number (%) Median (IQR)/number (%)
Age (years) 65 (53-74.8) 67 (55-78) 0.720
Male sex 26 (50) 53 (54.1) 0.634
DM 12 (23.1) 24 (24.5) 0.847
HTN 33 (63.5) 75 (76.5) 0.093
COPD 4 (7.8) 6 (6.1) 0.717
Renal failure (acute & chronic) 7 (13.5) 17 (17.4) 0.532
Congestive heart failure 11 (21.2) 18 (18.4) 0.682
APACHE 3 score 57 (39.8-69.8) 84 (60-105) <0.001
SOFA score 4 (2-7) 7 (5-9) <0.001
Stroke characteristics
Hemorrhagic stroke 26 (50) 51 (52) 0.812
Intracerebral hemorrhage (ICH) score 2 (1-3) 4 (3-4) <0.001
Intraventricular blood 11 (21.6) 33 (34.8) 0.093
Hematoma volume 14.8 (5.7-26.9) 14.3 (5.3-43.5) 0.776
Surgical evacuation 17 (33.3) 6 (6.3) <0.001
Ventriculostomy 14 (27.5) 9 (9.5 0.005
Infarction 26 (50) 47 (48) 0.812
Large artery atherosclerosis 5(19.2) 18 (38.3) 0.086
Cardio-embolic 12 (46.2) 11 (23.4) 0.047
Small-vessel occlusion 4 (15.4) 4 (8.5) 0.377
Stroke of other determined etiology 3 (11.5) 8 (17.1) 0.523
Stroke of undetermined etiology 2 (7.7) 6 (12.8) 0.496
Cerebellum involvement 39 (76.5) 67 (70.5) 0.439
Brainstem 20 (39.2) 52 (54.7) 0.073
Midbrain 6 (12) 21 (22.3) 0.119
Pons 12 (24) 37 (39.4) 0.059
Medulla 6 (12) 23 (24.5) 0.066
Hydrocephalus 20 (39.2) 35 (36.8) 0.778
Tissue shift 33 (63.5) 64 (65.9) 0.759
Examination findings
GCS at intubation 9 (7-13) 6 (4-9) <0.001
GCS > 6 42 (82.4) 44 (47.8) <0.001
Cough present 48 (97.9) 22 (78.6) 0.005
Gag present 15 (79) 10 (55.6) 0.126
Complications
Atelectasis 19 (86.4) 8 (100) 0.159
Pneumonia 13 (25.5) 25 (26.3) 0.913
Ventilator acquired pneumonia 3(5.9) 9 (9.7 0.422
Suctioning frequency per day 4 (2-6) 5 (3-6.8) 0.453
Sedating agents given 38 (74.5) 24 (68.6) 0.548
Mechanical ventilation duration 2 (1-3.8) 3 (2-6) 0.015
Intubation <7 days 50 (96.2) 74 (79.6) 0.003
Tracheostomy 3(5.8) 23 (24.5) 0.002
CT scan findings within 8 h of extubation
Tissue shift 13 (61.9) 7 (63.6) 0.923
Hydrocephalus 4 (16.7) 7 (35) 0.161
Outcomes
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Table 2 continued

Variables Successful extubation (N = 52) No successful extubation (N = 98) p value
Median (IQR)/number (%) Median (IQR)/number (%)
Transition to palliative care 4.(7.7) 58 (59.8) <0.001
Hospital stay, in days 16 (10-22) 7 (3.5-21.5) 0.001
ICU stay, in days 6 (4-9) 4 (2-14.5) 0.134
Mortality 1(1.9) 73 (74.5) <0.001
Good outcome at discharge 14 (26.9) 3@3.D <0.001
Good outcome at 1 year 16 (51.6) 6 (40) 0.459

Patients who were successfully extubated are compared with patients who failed extubation, underwent tracheostomy prior to a trial of extubation
or were transitioned to palliative care before extubation (No successful extubation)

Fig. 2 Mean ICU length of stay
and hospital length of stay of

patients who underwent
successful extubation,
extubation failure, early

tracheostomy, tracheostomy
after extubation failure. and
palliative care

day

WICU LOS
M Hospital LOS

Successful
extubation

Table 3 Multivariate analysis of factors associated with successful
extubation controlling for transition to palliative care

Variable Odds ratio (95 % p value
confidence interval)

Surgical evacuation 3.35 (0.96-13.7) 0.058

GCS > 6 3.13 (1.19-8.68) 0.020

Ventilation <7 days 7.45 (1.79-51.52) 0.004

Transition to palliative care 14.3 (4.92-52.41) <0.001

secretions, and frequency of suctioning were not signifi-
cantly different between the two groups. A higher
percentage of successfully extubated patients had a cough
reflex [48 (97.9 %) vs 22 (78.6 %), p = 0.005] but the
presence of a gag reflex did not influence the chances of
extubation success [15 (79 %) vs 10 (55.6 %), p = 0.126].
Successfully extubated patients required significantly fewer
days of intubation and mechanical ventilation (2 vs 3,
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Extubation
failure

Early Trach after Palliative care
tracheostomy extubation
failure

p = 0.015). The ICU and hospital lengths of stay for
patients who underwent successful extubation, extubation
failure, early tracheostomy, tracheostomy after extubation
failure, and palliative care are shown in Fig. 2.

In the logistic regression analysis (Table 3) controlling
for transition to palliative care, GCS score >6 at the time
of intubation (OR 3.13; 95 % CI 1.19-8.68), mechanical
ventilation for less than 7 days (OR 7.45; 95 % CI
1.79-51.52), and surgical evacuation of a hematoma (OR
3.35, 95 % CI 0.96-13.7), were independently associated
with successful extubation. When the logistic regression
analysis was performed with a cutoff of GCS > 7, 8 or 9,
the association was no longer present.

Successful extubation was associated with a good out-
come as measured by mRS at discharge compared with
patients who were not successfully extubated [14 (26.9 %)
vs 3 (3.1 %), p = 0.001]; however, at 1 year the associa-
tion was no longer significant [16 (51.6 %) vs 6 (40.0 %),
p = 0.459] among the 46 (59.7 %) patients who survived
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Table 4 Univariate analyses comparing patients who were successfully extubated with patients who failed extubation
Variables Successful extubation (N = 52) Extubation failure (N = 18) p value
Median (IQR)/number (%) Median (IQR)/number (%)
Age (years) 65 (53-74.8) 64.5 (43.5-76.8) 0.436
Male sex 26 (50) 12 (66.7) 0.217
DM 12 (23.1) 5(27.8) 0.691
HTN 33 (63.5) 12 (66.7) 0.806
COPD 4(7.7) 1(5.6) 0.756
Renal failure (acute & chronic) 7 (13.5) 2 (11.1) 0.795
Congestive heart failure 11 (21.2) 3 (16.7) 0.677
APACHE 3 57 (39.8-69.8) 52 (37.3-97.3) 0.903
SOFA 4 (2-7) 5 (3.5-8.3) 0.423
Stroke characteristics
Hemorrhagic stroke 26 (50) 8 (44.4) 0.684
Intracerebral hemorrhage (ICH) score 2 (1-3) 2 (2-2) 0.347
Intraventricular blood 11 (21.6) 5(27.8) 0.596
Hematoma volume 14.8 (5.7-26.9) 8.2 (4.2-14.7) 0.281
Surgical evacuation 17 (33.3) 2 (11.1) 0.053
Ventriculostomy 14 (27.5) 3 (16.7) 0.347
Infarction 26 (50) 10 (55.6) 0.684
Large artery atherosclerosis 5 (19.2) 6 (60) 0.020
Cardio-embolic 12 (46.2) 1 (10) 0.031
Small-vessel occlusion 4 (15.4) 0 (0) 0.095
Stroke of other determined etiology 3 (11.5) 1 (10) 0.894
Stroke of undetermined etiology 2 (7.7 2 (20) 0.316
Cerebellum involvement 39 (76.5) 14 (77.8) 0.909
Brainstem 20 (39.2) 10 (55.6) 0.231
Midbrain 6 (12) 3 (16.7) 0.624
Pons 12 (24) 6 (33.3) 0.448
Medulla 6 (12) 5(29.4) 0.111
Hydrocephalus 20 (39.2) 5(27.8) 0.379
Tissue shift 33 (63.5) 12 (66.7) 0.806
Examination findings
GCS at intubation 9 (7-13) 10 (9.5-11.5) 0.363
GCS > 6 9 (17.7) 1(5.9) 0.199
Cough present 48 (97.9) 10 (100.0) 0.540
Gag reflex present 15 (79) 5(83.3) 0.812
Physiologic and ventilatory parameters on extubation
PCO, (mm Hg) 35 (31-38) 35 (31-39) 0.299
PO, (mm Hg) 89 (64-128) 85 (65-126) 0.963
FiO, (%) 40 (40-40) 40 (35-50) 0.829
TV (ml) 450 (400-500) 500 (450-500) 0.134
TV/weight(ml/kg) 5.5 (4.8-6.4) 6 (5.4-7.2) 0.164
PEEP (mm Hg) 5(5-5) 5 (4.5-5.5) 0.987
RSBI 43.3 (32.9-51) 38 (28-48.9) 0.257
Complications
Atelectasis 19 (86.4) 7 (100) 0.182
Pneumonia 13 (12.5) 11 (61.1) 0.007
Ventilator acquired pneumonia 3(5.9 5(27.8) 0.019
Suctioning frequency 4 (2-6) 5 (2.8-8) 0.450
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Table 4 continued

Variables Successful extubation (N = 52) Extubation failure (N = 18) p value
Median (IQR)/number (%) Median (IQR)/number (%)
Sedating agents given 38 (74.5) 6 (60.0) 0.363
Mechanical ventilation duration 2 (1-3.8) 3.5 (2-6.3) 0.027
Intubation < 7 days 50 (96.2) 14 (77.8) 0.026
Tracheostomy 3(5.8) 9 (50) <0.001
CT scan within 8 h before extubation
Tissue shift 13 (61.9) 2 (66.7) 0.873
Hydrocephalus 4 (16.7) 2 (33.3) 0.384
Outcomes
Transition to palliative care 4 (7.7) 3 (16.7) 0.297
Hospital stay, in days 16 (10-22) 23 (17-33.3) 0.021
ICU stay, in days 6 (4-9) 14.5 (10.8-18.5) <0.001
Mortality 1(1.9) 5(27.8) 0.002
Good outcome at discharge 14 (26.9) 3 (16.7) 0.368
Good outcome at 1 year 16 (51.6) 4 (57.1) 0.791

the hospitalization and had a follow-up at 1 year. The
mortality at discharge was significantly lower among the
patients who were successfully extubated [1 (1.9 %) vs 73
(74.5 %), p < 0.001].

We also compared patients who were successfully
extubated to those who failed extubation, after excluding
those who underwent direct tracheostomy or were transi-
tioned to palliative care without an extubation attempt
(Table 4). All but one of the patients with failed extubation
had a GCS score <6 at the time of intubation. Prolonged
duration of intubation, and mechanical ventilation was
inversely related to success of extubation [2 (IQR 1-3.8) vs
3.5 (IQR 2-6.3), p = 0.027]. Patients who failed extuba-
tion had longer ICU LOS (14.5 vs 6 days, p < 0.001),
longer hospital LOS (23 vs 16 days, p < 0.18), more
frequently developed pneumonia [11 (61.1 %) vs 13
(12.5 %), p < 0.007] and more often required tra-
cheostomy [9 (50 %) vs 3 (5.8 %), p < 0.001] compared
to successfully extubated patients. The long-term outcome
of patients who were successfully extubated compared to
those who failed extubation and required reintubation was
not significantly different [16 (51.6 %) patients with good
outcome vs 4 (57.1 %), p = 0.791]. The patients who
underwent tracheostomy before extubation were mostly
males [72.7 vs 47.2 %, p = 0.029] and had predominant
pontine involvement [12 (54.6 %) vs 24 (28.2 %),
p = 0.023]. They also required a longer duration of
mechanical ventilation [6 (IQR 3-9.6) vs 2 (IQR 1-4),
p < 0.001] and had a longer ICU [18.5 (IQR 14.5-32.3) vs
5 (IQR 3-9), p < 0.001] and hospital length of stay [30
(IQR 23-42.8) vs 11 (IQR 4-20.8), p < 0.001]. However,
their hospital mortality [6 (27.3 %) vs 32 (35.9 %),
p = 0.435] and the outcome at discharge [1 (4.6 %) vs 16
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(18.2 %), p = 0.077] was not different. The comparison
between posterior fossa hemorrhage and ischemic stroke
groups is shown in Table 5.

Discussion

In this large cohort of posterior fossa stroke patients requir-
ing mechanical ventilation, successful extubation was
achievedin 35 % of all patients and 74.3 % of those in whom
extubation was attempted. The main factors associated with
successful extubation were a GCS > 6 at the time of intu-
bation and mechanical ventilation <7 days. The presence of
gag reflex, cough, and the absence of pneumonia and
atelectasis were not associated with successful extubation.
Predicting extubation success continues to be a chal-
lenging clinical question facing clinicians every day. The
success or failure of a spontaneous breathing trial is the
current standard of care for prediction of extubation suc-
cess in mechanically ventilated patients [14]. This may not
be a reliable indicator in the posterior fossa stroke patients
with brainstem involvement affecting airway protective
mechanisms. We found that a GCS greater than 6 at the
time of intubation was predictive of extubation success,
likely reflecting the severity of the primary neurologic
injury. There is only one other study evaluating the pre-
dictors of extubation success in infratentorial lesions which
found a slightly higher GCS (> 7) at the time of intubation
to be predictive of extubation success [12]. Patients with
GCS < 7 at the time of intubation and brainstem deficits
had a less than 10 % probability of successful extubation in
that study [12]. Extubation success was observed in 33 %
of the entire cohort. However that study was smaller (69
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Table 5 Comparison of patients with posterior fossa ischemic stroke and hemorrhage

Posterior fossa hemorrhage (N = 77)  Posterior fossa infarction (N = 73)  p value
Age 64 (51-75.5) 70 (58.5-79.5) 0.029
Males 35 (45.5) 44 (60.3) 0.068
CHF 10 (13.0) 19 (26.1) 0.042
Hypertension 55 (71.4) 53 (72.6) 0.873
APACHE 3 73 (49.5-96) 72 (52-91.3) 0.816
SOFA 6 (4-8) 6 (3-8) 0.477
Surgical evacuation 21 (27.7) 2(2.9) <0.001
Cerebellum 58 (78.4) 48 (66.7) 0.112
Brainstem 31 (41.9) 41 (56.9) 0.068
Midbrain 11 (15.1) 16 (22.5) 0.250
Pons 22 (29.7) 27 (38.6) 0.263
Medulla 15 (20.6) 14 (19.7) 0.901
Tissue shift 69 (89.6) 28 (38.9) <0.001
Hydrocephalus 46 (62.2) 9 (12.5) <0.001
GCS at intubation 7 (3.8-10) 7 (6-10) 0.137
GCS < 6 36 (48.7) 21 (30.4) 0.026
Duration of mechanical ventilation 2 (1-4) 3 (2-6) 0.005
Ventilation >7 days 709.2) 14 (20.3) 0.057
Days required to reach minimal ventilatory settings 2 (1-3) 3 (2-6) 0.009
Day of first extubation 2 (1-3) 3 (24 0.005
Cough 36 (92.3) 32 (84.2) 0.265
Successful extubation 26 (33.8) 26 (35.6) 0.812
Tracheostomy before extubation 12 (20.7) 10 (18.9) 0.809
ICU length of stay 4 (2-10) 6 (3-11) 0.230
Hospital length of stay 9 (4-21.5) 11 (4.5-22) 0.222
Active care withdrawn 31 (40.8) 31 (42.5) 0.836
Good outcome at discharge 9 (11.8) 8 (11.0) 0.865
Hospital mortality 41 (53.3) 33 (45.2) 0.325
Good outcome at 1 year 11 (52.4) 11 (44.0) 0.571

patients), included all posterior fossa lesions (not restricted
to strokes), had tracheostomy as its main endpoint, and did
not control for goals of care. We analyzed a larger and
more homogeneous cohort consisting of only stroke
patients and controlled for the goals of care in order to
realize an accurate analysis of the predictors of extubation
success in this population.

The risk factors for failed extubation vary depending
upon the population studied. Coplin et al. found no corre-
lation between reintubation and level of consciousness in a
group of patients with traumatic brain injury, reporting an
extubation success rate of >80 % in patients with GCS
less than 8. They also found that 82 % of patients with
absent or weak cough and 89 % with absent or weak gag
reflex were successfully extubated [13]. However, in our
cohort of successfully extubated patients, cough and gag
reflex was present in 98 and 79 %, but it was not signifi-
cant. In general critical care population, a GCS of 8 or
more has been shown to be predictive of successful

extubation [14]. None of these prior studies specifically
evaluated patients with posterior fossa stroke.

Other reported risk factors for failed extubation and
eventual reintubation are decreased cough strength, abun-
dant bronchial secretions, and the absence of gag reflex [14—
16]. In our cohort of posterior fossa stroke patients, we did
not find any significant correlation between these factors
and extubation success. The presence of cough reflex was
more common in patients with successful extubation but the
association was not strong. We relied on the number of
tracheal suctioning sessions as a surrogate for the severity of
the respiratory secretions. Whether these variables are truly
not predictive of extubation outcome in patients with pos-
terior fossa stroke should be confirmed in a prospective
study with a standardized assessment of these reflexes and
the quantity and quality of respiratory secretions.

The chance of successful extubation was not significantly
associated with age or other comorbid conditions as evident
by the lack of significance with the APACHE 3 and SOFA
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scores. Prolonged duration of intubation (>7 days) tended
to have a greater risk of reintubation as well as eventual
tracheostomy. Failed extubation was also associated with
longer ICU length of stay, but hospital length of stay was not
different between the two groups. As in the study by Qureshi
et al., we found an association between successful extuba-
tion, fewer days of mechanical ventilation, and a decreased
rate of tracheostomy [2, 17, 18].

We also compared the two cohorts of posterior fossa
hemorrhage and infarctions and found that the infarction
patients were older, had a less severe GCS on admission,
and had a higher prevalence of CHF, compared to the
hemorrhage group. They also had a longer duration of
mechanical ventilation. However, the ICU and hospital
lengths of stay and mortality were not different. This could
be possibly explained by the fact that nearly 28 % of the
patients with hemorrhagic stroke underwent surgical
evacuation, which might have expedited their recovery
resulting in a shorter ventilation time.

The main limitations of our study are inherent to its
retrospective design. Management decisions, including use
of T-piece trial, extubation, tracheostomy, and level of care
were decided by the treating team, and we cannot exclude
selection bias. Moreover the practice of liberation from
mechanical ventilation is likely institutional specific and
also depends on the intensivist’s experience. Ours is a
referral center, and many patients included in this study
were referred from other hospitals. Therefore our findings
may be confounded by referral bias and might not be rep-
resentative of the experience in other hospitals. Since the
inclusion criteria of our study spanned 10 years, there have
been changes in the patient care including indications for
mechanical ventilation, extubation process, tracheostomy
as well as overall patient care like indications for surgery,
types of surgery, and indication of thrombolysis. This might
have affected our final results. We were not able to perform
a multivariable analysis comparing successful extubation
versus extubation failure (i.e., patients requiring reintuba-
tion) because of the small size of the latter group. Despite
these limitations our study is the largest and first of its kind
to explore the factors responsible for extubation in this
unique population of posterior fossa strokes. Prospective
comparative trials with larger cohorts or multicenter studies
for adequate sample sizes are needed to further evaluate the
predictors of extubation failure.

Conclusions
In this study of large cohort of posterior fossa stroke
patients, we found that GCS > 6 at the time of intubation

and mechanical ventilation duration <1 week are the
strongest predictors of successful extubation. Extubation
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success can be achieved in more than one third of patients
with posterior fossa stroke requiring mechanical ventila-
tory support and in nearly three-quarters of patients in
whom extubation is attempted. In posterior fossa stroke
patients with a GCS < 6 at the time of intubation and who
remain intubated for more than 1 week, extubation is
unlikely to be successful.
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