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Background and purpose: The aim was to investigate the clinical impact of the
duration of artificial ventilation in stroke patients receiving mechanical
thrombectomy (MT) under general anaesthesia.

Methods: All consecutive ischaemic stroke patients who had been treated at
our centre with MT for anterior circulation large vessel occlusion under gen-
eral anaesthesia were identified over an 8-year period. Ventilation time was
analysed as a continuous variable and patients were grouped into extubation
within 6 h (‘early’), 6-24 h (‘delayed’) and >24 h (‘late’). Favourable outcome
was defined as modified Rankin Scale scores of 0-2 at 3 months post-stroke.

Accepted 15 February 2020 Pneumonia rate and reasons for prolonged ventilation were also assessed.

Results: Amongst 447 MT patients (mean age 69.1 + 13.3 years, 50.1%
female), the median ventilation time was 3 h. 188 (42.6%) patients had a
favourable 3-month outcome, which correlated with shorter ventilation time
(Spearman’s rho 0.39, P < 0.001). In patients extubated within 24 h, early
compared to delayed extubation was associated with improved outcome (odds
ratio 2.40, 95% confidence interval 1.53-3.76, P < 0.001). This was confirmed
in multivariable analysis (P = 0.01). A longer ventilation time was associated
with a higher rate of pneumonia during neurointensive care unit/stroke unit
stay (early/delayed/late extubation: 9.6%/20.6%/27.7%, P < 0.01). Whilst
stroke-associated complications represented the most common reasons for late
extubation (>24 h), delayed extubation (6-24 h) was associated with admis-
sion outside of core working hours (P < 0.001).

Conclusions: Prolonged ventilation time after stroke thrombectomy indepen-
dently predicts unfavourable outcome at 3 months and is associated with
increased pneumonia rates. Therefore, extubation should be performed as
early as safely possible.
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procedure should be performed under a specific form
of anaesthesia, as previous studies have provided con-

Background

Mechanical thrombectomy (MT) has become the rec-
ommended treatment for acute ischaemic stroke
caused by anterior circulation large vessel occlusion
[1]. Currently, there is no consensus whether this
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thomas.gattringer@medunigraz.at).

flicting evidence whether general anaesthesia (GA),
conscious sedation or local anaesthesia lead to better
functional neurological outcome [2-4]. Therefore, all
three methods are frequently used in clinical routine
[5].

General anaesthesia with intubation offers the
advantage of full patient immobilization, which might
be associated with improved angiographic image
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quality and shorter procedure time. In contrast, GA
and intubation could delay time to groin puncture
and consecutively vessel recanalization. GA might also
increase the risk of relevant blood pressure drops,
thereby impeding cerebral blood flow due to vasodila-
tory side effects of most anaesthetic drugs, as well as
(ventilator-associated) pneumonia [6].

In general, longer ventilation time augments the risk
for both of the latter complications in neurocritical
care patients [7,8]. However, rash extubation may
cause complications such as blood pressure surges,
aspiration and respiratory difficulties. To date, there is
no guideline regarding the optimal timing of extuba-
tion after MT. Only one retrospective study addressed
this topic and found worse outcome in patients who
were extubated after more than 24 h. Interestingly, the
authors did not identify outcome differences between
patients who were extubated at different time points
within 24 h, but this might be explained by the rather
small sample size (n = 103) of their study cohort [9].

In the present study, the clinical impact of ventila-
tion time was investigated in a large cohort of consec-
utive patients undergoing MT for anterior circulation
large vessel occlusion. It was hypothesized that a
longer ventilation time (particularly >24 h) would be
associated with a higher pneumonia rate and unfa-
vourable functional outcome at 3 months. Further-
more, it was specifically analysed whether ‘early’
(<6 h) compared to ‘delayed’ extubation (6-24 h) had
an effect on the clinical prognosis, and what reasons
caused delays in extubation after MT.

Methods

For this cohort study, all consecutive patients
>18 years who had received MT because of anterior
circulation large vessel occlusion stroke (occlusion of
the internal carotid and/or middle cerebral artery in
the M1 or M2 segments) between January 2011 and
April 2019 were identified. At our centre, MT is rou-
tinely performed by interventional radiologists using
stent retrievers under GA provided by neuroanaesthe-
siologists. Patients were excluded from this study if
MT was done under conscious sedation (n = 15) or if
a subsequent decompressive hemicraniectomy was per-
formed (n = 4). A study flowchart is shown in Fig. 1.
Clinical data including the duration of ventilation,
the exact time point of extubation and early stroke
complications within the neurointensive care unit or
stroke unit stay such as pneumonia were prospectively
and electronically recorded as part of an ongoing
thrombectomy cohort registry at our centre [10].
Pneumonia was defined according to established crite-
ria: the presence of an infiltrate on chest X-ray, plus

at least two of fever >38°C, leucocytosis or leukope-
nia, purulent secretions [11,12].

The time from intubation to extubation was anal-
ysed as a continuous variable. Furthermore, patients
were trichotomized according to three predefined sub-
groups in order to depict common clinical scenarios:
(i) ‘early’ extubation within 6 h, in order to encom-
pass all patients extubated directly after the procedure
in the angio suite or within the first hours of admis-
sion at the neurointensive care unit; (ii) ‘delayed’ extu-
bation (6-24 h); and (iii) ‘late’ extubation (>24 h).

The primary outcome variable was defined as func-
tional neurological outcome at 3 months according to
the modified Rankin Scale (mRS), dichotomized into
favourable (scores of 0-2) versus unfavourable (scores
3-6) outcome. Three-month mRS scores were rated
by experienced stroke physicians during an in-person
visit at the stroke outpatient department or by tele-
phone interview if the former was not possible.

The study was approved by the ethics committee of
the Medical University of Graz. Because this was a ret-
rospective registry study, individual consent was waived.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statis-
tics for Windows, Version 25.0 (IBM Corp., Armonk,
NY, USA). Normally distributed continuous variables
were compared by the unpaired Student’s 7 test; for other
distributions the Mann—Whitney U test was used. For cat-
egorical variables, the chi-squared test was used. Further-
more, a binary multivariable regression model for
predictors of favourable outcome at 3 months was calcu-
lated entering all baseline variables with P < 0.1 in the uni-
variable analysis; then stepwise backward elimination was
performed using a threshold of P < 0.1. P values equal to
or less than 0.05 were considered statistically significant.

Results

Patient characteristics and outcome

In all, 447 patients (mean age 69.1 + 13.3 years, 50.1%
female) were identified and in 441 3-month follow-up
data were available. The majority of patients had an
Ml-segment occlusion of the middle cerebral artery
(65.3%); 58.6% had been treated with intravenous
thrombolysis before MT. Median National Institutes of
Health Stroke Scale (NITHSS) at admission was 15 (in-
terquartile range 11-18) and successful recanalization
(thrombolysis in cerebral infarction grades 2b-3) was
achieved in 88.5% of the patients (Table 1).

At 3 months post-stroke 188 patients (42.6%) had a
favourable outcome (mRS 0-2). In univariable analysis,
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Figure 1 Study flowchart. [Colour figure can be viewed at wileyonlinelibrary.com]

higher age, higher NIHSS at admission, the presence of
arterial hypertension, chronic heart disease, diabetes
mellitus, atrial fibrillation and unsuccessful recanaliza-
tion were associated with unfavourable functional out-
come at 3 months (Table 1).

Ventilation time

Median ventilation time was 3 h (range 1-530); seven
patients (1.6%) were admitted to our hospital already
intubated by prehospital emergency physicians or in the
referring hospital. The majority of patients (85.5%) were
extubated within 24 h; only 65 patients (14.5%) had late
extubation (>24 h). 258 patients (57.7%) were extubated
early (within 6 h of intubation), whilst 124 patients
(27.7%) had delayed extubation (624 h, Table 2).

Time of mechanical ventilation correlated with
higher mRS values at 3 months (Spearman’s rho 0.39,
P < 0.001). Similarly, patients with favourable outcome
(mRS 0-2) at 3 months had lower median ventilation
times (2 h, interquartile range 1-6, vs. 11 h, interquar-
tile range 224, in patients with mRS 3-6; P < 0.001).

Differences between early, delayed and late extubation

Patients with late extubation (>24 h) more frequently
had concomitant heart disease (30.8% vs. 17.5%,
P =0.01), more severe strokes (median NIHSS 17 vs.

14, P <0.001), more frequently received intravenous
thrombolysis (70.8% vs. 56.2%, P = 0.03) and had
lower rates of successful recanalization after MT
(76.6% vs. 90.5%, P = 0.001). Favourable functional
3-month outcome was rather rare in this subgroup
(7.8%, Table 2).

Analysing only those patients who had been extu-
bated within 24 h, patients with early extubation
(within 6 h) had a higher frequency of stroke of
unknown onset (24.8% vs. 15.3%, P =0.04) and
slightly lower NIHSS scores at admission (median 14
vs. 15, P <0.001) compared to patients with delayed
extubation (6-24 h, Table 2). Early extubation was
associated with favourable outcome [odds ratio (OR)
240, 95% confidence interval (CI) 1.53-3.76,
P < 0.001].

In a multivariable model investigating the effect of
early versus delayed extubation on functional neuro-
logical outcome and entering all outcome-relevant
baseline variables with a P value of <0.1 in univari-
able analysis (Table 1), hypertension, atrial fibrilla-
tion, chronic heart disease, occlusion location and
periprocedural dissection were removed using stepwise
backward elimination.

Early extubation remained a significant predictor of
favourable functional outcome at 3 months (OR 1.93,
95% CI 1.15-3.24, P = 0.01), together with successful
recanalization (OR 6.97, 95% CI 2.38-20.4). Age (OR
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Table 1 Clinical data and timing of extubation in the study cohort regarding 3-month outcome

Study cohort mRS 0-2 mRS 3-6
n =441 n =188 (42.6%) n =253 (57.4%) P value
Clinical data
Age (years, mean + SD) 69.1 + 13.3 643 + 134 724 + 122 <0.001
Male sex 220 (49.9%) 96 (51.0%) 124 (49.0%) 0.67
Arterial hypertension 307 (69.6%) 106 (56.4%) 201 (79.4%) <0.001
Dyslipidaemia 98 (20.7 %) 39 (20.7%) 59 (23.3%) 0.52
Chronic heart disease® 84 (19.0 %) 26 (13.8%) 58 (22.9%) 0.02
Diabetes mellitus 73 (16.6%) 19 (10.1%) 54 (21.3%) 0.002
Atrial fibrillation 182 (41.3%) 60 (31.9%) 122 (48.2%) 0.001
Stroke of unknown symptom onset 90 (20.4%) 35 (18.6%) 55 (21.7%) 0.42
Pre-stroke mRS (median, IQR) 0 (0-0) 0 (0-0) 0 (0-0) <0.001
NIHSS at admission (median, IQR) 15 (11-18) 13 (9-16) 16 (13-19) <0.001
MCA/M1 occlusion 288 (65.3%) 122 (64.9%) 166 (65.6%) 0.88
MCA/M2 occlusion 59 (13.4%) 32 (17.0%) 27 (10.7%) 0.06
Intracranial ICA occlusion 93 (21.1%) 31 (16.5%) 62 (24.5%) 0.05
Acute stroke treatment
Intravenous thrombolysis 258 (58.6%) 118 (62.8%) 140 (55.6%) 0.13
Symptom onset to groin puncture (min, median, IQR) 200 (160-247) 200 (158-244) 200 (160-252) 0.61
Symptom onset to recanalization (min, median, IQR) 260 (215-310) 250 (204-303) 266 (225-315) 0.42
Successful recanalization (TICI 2b-3) 385 (88.5%) 181 (97.3%) 204 (81.9%) <0.001
Peri-interventional dissection 12 (2.7%) 8 (4.3%) 4 (1.6%) 0.09
Timing of extubation
Time to extubation (h, median, range) 3 (1-530) 2 (1-115) 11 (1-530) <0.001
Early extubation (within 6 h) 256 (58.0%) 142 (75.5%) 114 (45.1%) <0.001
Delayed extubation (6-24 h) 121 (27.4%) 41 (21.8%) 80 (31.6%) <0.001
Late extubation (>24 h) 64 (14.5%) 5(2.7%) 59 (23.3%) <0.001

ICA, internal carotid artery; IQR, interquartile range; MCA, middle cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institutes
of Health Stroke Scale; TICI, thrombolysis in cerebral infarction; P-values <0.05 are shown in bold font. *Coronary artery disease, heart fail-

ure, cardiomyopathy or valve disease.

0.95 per year, 95% CI 0.93-0.97), NTHSS at admission
(OR 0.90 per point, 95% CI 0.86-0.95) and pre-stroke
mRS (OR 0.66 per point, 95% CI 0.47-0.93) were signif-
icant predictors of unfavourable outcome (Table 3).

Reasons for delayed and late extubation

Of the 65 patients with late extubation (>24 h), rea-
sons for prolonged ventilation were brain oedema
(44.6%), insufficient alertness for other reasons
(26.1%), respiratory insufficiency (15.9%), status
epilepticus (4.6%) and oronasopharyngeal bleeding
(3.1%, multiple reasons possible). However, 16.9% of
patients with late extubation did not have an obvious
medical reason documented for late extubation — all
of those patients were extubated within 24-48 h.
Symptomatic intracranial haemorrhage was more fre-
quent in patients with late extubation (9.2%); there
was no difference between patients with early (2.7%)
and delayed extubation (1.6%; Table 2).

In the group of 121 patients with delayed extuba-
tion (6-24 h), none of the patients had failed an ear-
lier wake-up trial. Delayed extubation was associated
with patient admission outside of core working hours

(within core working hours 86.8% of patients were
extubated early, whilst outside core working hours
only 52.1% of patients were extubated early; OR 6.06,
95% CI 3.59-10.22, P < 0.001, Table 2).

Pneumonia

Overall, early pneumonia rate within the neurointensive
care unit/stroke unit stay was 15.8%. Time to extuba-
tion was strongly associated with early pneumonia (me-
dian ventilation time 15 h in patients with pneumonia
versus 3 h in those without, P < 0.001). Patients with
delayed extubation (624 h) more frequently had pneu-
monia compared to patients with early extubation
(20.6% vs. 9.6%, OR 2.43, 95% CI 1.26-4.69,
P =0.007). Likewise, patients with late extubation
(>24 h) showed even higher rates of pneumonia (27.7%
vs. 13.3% in all patients who were extubated within
24 h,OR 2.49,95% CI 1.76-4.69, P = 0.004, Table 2).

Discussion

In this large cohort of consecutive ‘real world’
patients undergoing MT for anterior circulation large
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Table 2 Clinical differences between patients with early, delayed or late extubation after stroke thrombectomy
Early extubation Delayed extubation Late extubation
(<6 h) (6-24 h) P (>24 h) P
n =258 (57.7%) n =124 (27.7%) value n =65 (14.5%) value®
Clinical data
Age (years, mean + SD) 68.6 = 13.3 70.8 £ 13.2 0.15  67.6 £13.4 0.34
Male sex 132 (51.2%) 67 (54.0%) 0.34  35(53.8%) 0.52
Arterial hypertension 172 (66.7%) 92 (74.2%) 0.14 49 (75.4%) 0.31
Dyslipidaemia 59 (22.9%) 32 (25.8%) 0.53 8 (12.3%) 0.04
Chronic heart disease” 42 (16.3%) 25 (20.2%) 0.35 20 (30.8%) 0.01
Diabetes mellitus 37 (14.3%) 21 (16.9%) 0.51 16 (24.6%) 0.06
Atrial fibrillation 99 (38.4%) 59 (47.6%) 0.09 27 (41.5%) 0.98
Stroke of unknown symptom onset 64 (24.8%) 19 (15.3%) 0.04 8 (12.3%) 0.08
Pre-stroke mRS (median, IQR) 0 (0-0) 0 (0-0) 0.12  0(0-1) 0.02
NIHSS at admission (median, IQR) 14 (10-17) 15 (13-18) <0.001 17 (14-19) <0.001
MCA/M1 occlusion 172 (66.7%) 80 (64.5%) 0.68 41 (63.1%) 0.65
Intracranial ICA occlusion 49 (19.0%) 25 (20.2%) 0.79 20 (30.8%) 0.04
Admission outside core working hours 111 (43.0%) 102 (82.3%) <0.001 43 (66.2%) 0.12
Intervention
Intravenous thrombolysis 147 (57.2%) 67 (54.0%) 0.56 46 (70.8%) 0.03
Time to groin puncture (min, median, IQR) 195 (154-245) 210 (169-250) 0.16 204 (160-254) 0.78
Time to recanalization (min, median, IQR) 250 (204-306) 279 (233-324) 0.06 277 (222-302) 0.94
Successful recanalization (TICI 2b-3) 235 (92.5%) 106 (86.2%) 0.05 49 (76.6%) 0.001
Peri-interventional dissection 10 (3.9%) 2 (1.6%) 024 0(0%) 0.15
Outcome parameters
Pneumonia rate within NICU/stroke unit 20 (9.6%) 22 (20.6%) 0.007 18 (27.7%) 0.004
Symptomatic intracranial haemorrhage 7 (2.7%) 2 (1.6%) 0.51 6 (9.2%) 0.004
Duration of stay in the NICU/stroke unit (days, 3 (2-6) 4 (2-5) 086 6 (2-11) <0.001
median, IQR)
NIHSS at discharge from NICU/stroke unit 5(2-12) 10 (5-18) <0.001 18 (10-22) <0.001
(median, IQR)
mRS 3 months post-stroke® (median, IQR) 2 (1-4) 4 (2-5) <0.001 6 (4-6) <0.001
Favourable outcome at 3 months (mRS 0-2) 142 (55.5%) 41 (33.9%) <0.001 5 (7.8%) <0.001

ICA, internal carotid artery; IQR, interquartile range; MCA, middle cerebral artery; mRS, modified Rankin Scale; NICU, neurointensive care
unit; NTHSS, National Institutes of Health Stroke Scale; TICI, thrombolysis in cerebral infarction; P-values <0.05 are shown in bold font.
dCalculated between patients with late extubation versus early or delayed extubation; ®Coronary artery disease, heart failure, cardiomyopathy

or valve disease; “Six patients were lost to follow-up.

vessel occlusion under GA, prolonged ventilation time
was associated with a higher pneumonia rate and,
besides well-known prognostic factors such as age,
NIHSS and unsuccessful recanalization, independently
predicted unfavourable functional outcome at
3 months post-stroke. Whilst it was not surprising
that patients with late extubation (>24 h) had worse
outcome, the most interesting and novel finding of
our work was the independent prognostic effect of
early extubation within the first 24 h.

To the best of our knowledge, there exists only one
previously published report on this topic. In that Ger-
man study investigating the clinical impact of the
duration of mechanical ventilation in 103 stroke
patients after M T, patients who were ventilated longer
than 24 h had worse 3-month outcome and a higher
frequency of pneumonia, but no differences were
observed within the group of patients with ventilation
times <24 h [9]. The weaknesses of that study include

the rather small sample size, the retrospective data
collection and the relatively long median overall venti-
lation time of 18.5 h compared to 3 h in our cohort.
Furthermore, reasons for late extubation were not
specifically investigated. Conversely to that work, a
strong indication for a dose-dependent effect of venti-
lation time on functional neurological outcome at
3 months was found. In particular, early extubation
(within 6 h) after stroke thrombectomy was strongly
associated with a favourable 3-month prognosis. This
finding is novel and clinically relevant for the post-in-
terventional management of stroke patients treated
with MT under GA. Based on our results, MT
patients with anterior circulation large vessel occlusion
undergoing the procedure under GA should be extu-
bated early after the intervention, unless there are
medical reasons against it. However, it is important to
note that our results are most probably not transfer-
able to patients who are treated with thrombectomy

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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Table 3 Binary multivariable logistic regression model for the target
variable ‘favourable outcome’ (modified Rankin Scale 0-2) in
patients extubated within 24 h

Odds 95% confidence P

Test variable ratio interval value
Clinical data and intervention
Age (per year) 0.95 0.93-0.97 <0.001
Pre-stroke mRS (per point) 0.66 0.47-0.93 0.02
NIHSS at admission (per 0.90 0.86-0.95 <0.001
point)
Peri-interventional management
Successful recanalization 6.97 2.38-20.4 <0.001
(TICI 2b-3 vs. 0-2a)
Early extubation (within 6 h 1.93 1.15-3.24 0.01

vs. 6-24 h)

mRS, modified Rankin Scale; NIHSS, National Institutes of Health
Stroke Scale; TICI, thrombolysis in cerebral infarction. P-values
<0.05 are shown in bold font.

for large vessel occlusion of the vertebrobasilar circu-
lation, as brainstem infarction often affects functional
pathways responsible for respiration, swallowing and
protective reflexes, which may cause additional diffi-
culties regarding extubation.

When interpreting our work, important potential
confounding factors have to be considered. In clinical
practice, physicians might be more reluctant to swiftly
extubate patients if they have severe strokes, more
comorbidities or if a critical disease course is expected
(e.g. a failed thrombectomy in a younger patient).
This is probably the main explanation for the unfa-
vourable outcome of patients with late extubation
>24 h. In most of those patients, it was possible to
identify specific medical reasons leading to later extu-
bation (most frequently neurological and/or respira-
tory stroke complications). However, those factors
mostly did not apply to extubations within 24 h in
our study cohort. On the contrary, it was found that
admission outside core working hours was an impor-
tant predictor of delayed extubation. This means that
non-medical reasons played an important role in the
decision to extubate early or delayed within the first
24 h after MT.

It was also found that patients with delayed extuba-
tion had slightly higher NITHSS scores at admission.
Nonetheless, multivariable analysis including all
assessed outcome-relevant factors still identified early
extubation as an independent prognostic factor at
3 months post-stroke. There are multiple possible rea-
sons for unfavourable outcome resulting from delayed
extubation. First, it is well known that pneumonia
leads to worse outcome in stroke patients [13]. Venti-
lator-associated pneumonia is one of the most impor-
tant complications of mechanical ventilation and its

occurrence is strongly associated with the duration of
ventilation [14]. This was also seen in our study,
where patients with late extubation had the highest
pneumonia rate, whilst patients who were extubated
early had pneumonia much less frequently. Impor-
tantly, pneumonia occurrence was only assessed
within the first days when patients were admitted on
the neurointensive care unit/stroke unit. This could be
seen as a limitation of this study; however, our pri-
mary aim was to analyse pneumonia as a complica-
tion of mechanical ventilation rather than stroke-
related pneumonia, which occurs at variable time
points during the hospital stay and depends on differ-
ent circumstances. Respiratory insufficiency was a rea-
son for prolonged ventilation >24 h in 11 patients and
may have been caused by pneumonia in some of those
cases.

Delayed extubation also requires sedative drugs to
be given for longer periods. The majority of sedative
drugs can cause hypotension, which might negatively
affect cerebral blood flow in the critical time period
after recanalization, possibly influencing final infarct
size. Additionally, hyperoxaemia may be present for a
longer time in patients with delayed extubation, which
might contribute to secondary brain injury and worse
outcomes [15,16]. Furthermore, early diagnostic stroke
workup may be impeded in patients who remain intu-
bated for a longer time, potentially leading to delays
in specific treatment of stroke causes. Moreover, early
rehabilitative measures including mobilization are only
possible to a limited extent in intubated patients.

Extubation outside core working hours and in par-
ticular during night-time are often considered more
prone to complications with an increased mortality
rate, as recently described in a large cohort study
across different US intensive care unit settings [17]. In
contrast, several smaller studies have shown that in
specific settings night-time extubation may even be
associated with better patient outcomes such as
decreased reintubation rates, length of ventilation and
hospital stay [18,19].

Whilst our study has several strengths such as the
large cohort of consecutive MT patients, the high fol-
low-up rate and the exact documentation of reasons
for delayed extubation, its main limitation is the retro-
spective design. Even though data were collected
prospectively and our study showed a strong associa-
tion of delayed extubation and unfavourable 3-month
outcome, the study design cannot prove causality.
Furthermore, uniform pre- and post-interventional
imaging to assess infarct size and blood pressure
data were not available. Therefore, our findings
should be seen as hypothesis-generating and need to
be confirmed in prospective studies.

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology



Conclusion

Prolonged ventilation time in patients undergoing
endovascular stroke treatment under GA is indepen-
dently related to unfavourable neurological outcome
at 3 months post-stroke. This finding is clinically rele-
vant for the post-interventional management of
patients with ischaemic stroke of the anterior cerebral
circulation, and indicates that extubation after stroke
thrombectomy should be performed as early as safely
possible.
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