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Abstract 

Background:  Most prognostic studies in acute stroke patients requiring invasive mechanical ventilation are outdated 
and have limitations such as single-center retrospective designs. We aimed to study the association of ICU admis‑
sion factors, including the reason for intubation, with 1-year survival of acute stroke patients requiring mechanical 
ventilation.

Methods:  We conducted a secondary data use analysis of a prospective multicenter database (14 ICUs) between 
1997 and 2016 on consecutive ICU stroke patients requiring mechanical ventilation at admission. We excluded 
patients with stroke of traumatic origin, subdural hematoma or cerebral venous thrombosis. The primary outcome 
was survival 1 year after ICU admission. Factors associated with the primary outcome were identified using a multi‑
variable Cox model stratified on inclusion center.

Results:  We identified 419 patients (age 68 [58–76] years, males 60%) with a Glasgow coma score (GCS) of 4 [3–8] at 
admission. Stroke subtypes were acute ischemic stroke (AIS, 46%), intracranial hemorrhage (ICH, 42%) and subarach‑
noid hemorrhage (SAH, 12%). At 1 year, 96 (23%) patients were alive. Factors independently associated with decreased 
1-year survival were ICH and SAH stroke subtypes, a lower GCS score at admission, a higher non-neurological SOFA 
score. Conversely, patients receiving acute-phase therapy had improved 1-year survival. Intubation for acute res‑
piratory failure or coma was associated with comparable survival hazard ratios, whereas intubation for seizure was 
not associated with a worse prognosis than for elective procedure. Survival did not improve over the study period, 
but patients included in the most recent period had more comorbidities and presented higher severity scores at 
admission.

Conclusions:  In acute stroke patients requiring mechanical ventilation, the reason for intubation and the opportu‑
nity to receive acute-phase stroke therapy were independently associated with 1-year survival. These variables could 
assist in the decision process regarding the initiation of mechanical ventilation in acute stroke patients.

Keywords:  Ischemic stroke, Intracranial hemorrhage, Subarachnoid hemorrhage, Intensive care, Mechanical 
ventilation, Endotracheal intubation
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Background
Stroke represents one of the leading causes of mor-
tality and disability worldwide, with important social 
and economic consequences [1]. Despite a decrease 
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in mortality and disability-adjusted life-years over the 
last 20 years, mediated by improvement in general ICU 
care, development of stroke units [2] and effective rep-
erfusion strategies in acute ischemic stroke [3, 4], the 
burden of stroke is likely to remain high.

During the acute phase of stroke, patients may 
require intensive care for various reasons, including 
altered mental status, seizures, medical complications 
(i.e., pneumonia, sepsis, hyponatremia) and for moni-
toring after neuroradiological or surgical procedures 
[5–7]. Large multicenter population studies show 
that mechanical ventilation (MV) for acute stroke is 
required in 10–15% of patients admitted to a hospi-
tal and is dependent on stroke subtype, being 3 to 4 
times more frequent for subarachnoid hemorrhage 
(SAH) and intracranial hemorrhage (ICH) patients (i.e., 
29 and 30% of cases), as compared to acute ischemic 
stroke (AIS) patients (i.e., 8% of cases) [8]. Progno-
sis of mechanically ventilated stroke patients appears 
to be poor, hospital mortality ranging from 53 to 57% 
[8–10] and 1-year mortality ranging from 60 to 92% 
[11–15]. The need for MV appears to be a major pre-
dictor of mortality, with a hazard ratio (HR) of 5.6 for 
30-day mortality in 31,300 ischemic stroke patients 
from the United States [16]. Similarly, in another pop-
ulation-based study of 798,255 acute stroke patients, 
the need for MV reduced the probability of being dis-
charged home from 37 to 12% [8]. Although the need 
for mechanical ventilation is used as a surrogate marker 
for clinical severity, the reason for endotracheal intuba-
tion may be associated with potentially rapidly revers-
ible conditions (e.g., status epilepticus, pneumonia, 
sepsis or hydrocephalus) that may be associated with 
more favorable outcomes [17].

Studies evaluating predictors of outcome in MV 
stroke patients have shown that age, consciousness 
impairment, absence of brainstem reflexes, and infarct/
hematoma volume are associated with impaired sur-
vival [10–13, 15, 18, 19]. However, most of these stud-
ies take place before the year 2000 while the intensive 
care management of acute stroke patients has rapidly 
evolved [20], and none of the studies conducted after 
2000 report long-term survival [8–10]. Furthermore, 
most of these studies all have limitations to some 
extent, including single-center, retrospective designs 
with a small number of patients.

Thus, we aimed to study the association of intensive 
care unit (ICU) admission factors, including the reason 
for intubation, with survival 1 year after ICU admission 
in acute stroke patients requiring mechanical ventila-
tion. We also sought to describe the evolution of patients’ 
characteristics and survival rates over the 20 years of the 
study period.

Methods
Patient data source
This study was conducted using data from the French 
prospective multicenter (n = 30 ICUs) OUTCOMEREA 
database, from patients included between 1996 and 2016. 
The OUTCOMEREA database has been described in pre-
vious publications and has been approved by the French 
Advisory Committee for Data Processing in Health 
Research (CCTIRS) and the French Informatics and Lib-
erty Commission (CNIL, registration no. 8999262) [21, 
22]. The database protocol was submitted to the Institu-
tional Review Board of the Clermont-Ferrand University 
hospital (Clermont-Ferrand, France), who waived the 
need for informed consent (IRB no. 5891).

Study population and definitions
We included adult patients with acute stroke, admitted 
to the intensive care unit (ICU) and requiring invasive 
mechanical ventilation within 24 h of ICU admission. All 
ICU stays in the database were screened for a diagnosis of 
stroke, using the International Classification of Diseases 
10th Revision (ICD-10) codes I60 (“Subarachnoid hem-
orrhage”), I61 (“Intracerebral hemorrhage”), I62 (“Other 
nontraumatic intracranial hemorrhage”), I63 (“Cerebral 
infarction”) and I64 (“Stroke, not specified as hemorrhage 
or infarction”). ICU stays were considered as related to 
acute stroke in cases of (1) direct ICU admission follow-
ing stroke onset, or (2) ICU admission during the ini-
tial acute care hospital stay following stroke onset. We 
excluded patients without hospitalization reports, and 
if the stroke was related to traumatic brain injury. The 
severity of illness was graded at ICU admission with the 
use of the Simplified Acute Physiology Score (SAPS II) 
[23] and the sequential organ failure assessment (SOFA) 
score [24]. Coma was defined as a Glasgow coma score 
(GCS) < 8 [25]. The non-neurologic SOFA was defined 
as the SOFA score without the neurologic component. 
Functional status at ICU discharge was graded retrospec-
tively using the modified Rankin Scale (mRS) [26], using 
a simplified questionnaire based on medical charts [27]. 
For the analysis of temporal trends in patients’ outcomes, 
the study period was arbitrarily divided into 7-year peri-
ods: 1996–2002, 2003–2009 and 2010–2016.

Data collection
Data were prospectively collected at admission (demo-
graphics, chronic disease, admission features, baseline 
severity indexes, admission diagnosis, and admission 
type), and daily throughout the ICU stay (clinical and 
biological parameters, assessment of organ functions, 
requirement for MV, length of stay (LOS), WLST deci-
sion, and vital status at ICU and hospital discharge), 
through an anonymized electronic case report form using 
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the Vigirea, Rhea, and e-Rhea softwares (OutcomeRea, 
Aulnay-sous-Bois, France). Long-term survival after hos-
pital discharge was collected by each local investigator. 
For each stay, we collected the following retrospective 
data in the medical charts: (1) stroke history, including 
date of stroke, location, acute-phase stroke therapy (i.e., 
thrombolysis or endovascular thrombectomy for AIS 
and neurosurgery or embolization for ICH and SAH); 
(2) chronic diseases potentially related to stroke, includ-
ing arterial hypertension, atrial fibrillation, history of 
ischemic or hemorrhagic stroke, diabetes, chronic alco-
hol consumption and the mRS at ICU discharge [7].

Statistical analysis
Quantitative variables are presented as median, 1st and 
3rd quartiles, and compared between groups with the 
Wilcoxon test. Qualitative variables are presented as 
frequency and corresponding percentage and compared 
with the Chi-square test or Fisher exact test as appro-
priate. The primary outcome was long-term survival, 
assessed by survival 1-year after ICU admission. We 
considered that determinants of 1-year survival were not 
affected by competing risks, and we identified variables 
associated with 1-year survival using a Cox proportional 
hazard model stratified on inclusion center, with a back-
ward selection procedure (threshold of 0.05). Variables 
entered in the model were non-collinear factors associ-
ated (p < 0.1) with the outcome of interest in univariate 
analysis. We also entered in the model clinically pertinent 
factors associated with stroke survival in the literature. 
For stratification, centers with less than 10% of the cohort 
were regrouped in one stratum. Missing data were all 
completely at random with less than 10% missing value 
per variable, and were handled by simple imputation with 
median/most frequent method [28]. All statistical analy-
ses were carried out with SAS 9.4 (SAS Institute Inc., 
Cary, NC, USA). A p value of 0.05 and lower was consid-
ered statistically significant.

Results
Patients
Among 22106 ICU admissions from 30 French ICUs over 
the study period, we identified 419 stays corresponding 
to 419 unique patients from 14 ICUs, involving acute 
stroke and where mechanical ventilation was initiated 
within 24  h of admission (Additional file  1). Hospitals 
in which patients were admitted were academic in 232 
(55%) cases, had a stroke unit in 383 (91%) cases, and 
had a neurosurgery unit and interventional radiology 
in 188 (45%) cases. ICUs in which patients were admit-
ted were medical, polyvalent or surgical in 212 (51%), 
201 (48%), and 6 (1%) cases, respectively. In 264 (63%) 
patients, the ICU was authorized for organ donation 

after brain death. The characteristics of each participat-
ing center are detailed in Additional file  2. The number 
of patients admitted throughout the 21 years of the study 
period varied, 34 (8%) being admitted from 1996 to 2002, 
228 (54%) from 2003 to 2009, and 157 (37%) from 2010 
to 2016. At 1 year, 25 (6%) patients were lost to follow-
up and censored after a median delay of 46 [23; 92] days. 
The baseline characteristics of patients are presented in 
Table 1. Patients were predominantly males (60%), aged 
68.2 [57.9; 76.3] years, with strokes classified as AIS, ICH 
and SAH in 191 (46%), 178 (43%) and 50 (12%) of cases, 
respectively. The main reasons for endotracheal intuba-
tion were altered mental status (72%), acute respiratory 
failure (12%) and seizures (8%).

Patients characteristics and outcomes according to 
stroke subtype are presented in Table 2. Time from stroke 
onset to intubation differed between AIS and hemor-
rhagic strokes (ICH and SAH): AIS patients were admit-
ted to the ICU for intubation 2 [1, 4] days (vs 1 [1] for 
ICH and 1 [1] for SAH, p < 0.01), and were more fre-
quently admitted from the ward than directly from home 
or the emergency department (53% vs 23% for ICH and 
14% for SAH, p < 0.01). Furthermore, the reason for intu-
bation differed between stroke types, AIS patients being 
more frequently intubated for acute respiratory (24% vs 
3% for ICH and 0% for SAH, p < 0.01). 39 (20%) of the 191 
AIS patients and 35 (15%) of the 228 patients with SAH 
or ICH received an acute-phase therapy.

During ICU stay, 198 (47%) patients required vaso-
pressor support, and 27 (6%) renal replacement therapy. 
The duration of invasive mechanical ventilation was 4 
[2, 9] days. A decision of WLST was made in 158 (38%) 
cases, with a delay of 4 [2, 8] days. ICU and hospital 
lengths of stay were 5 [2, 11] and 9 [3, 27] days, respec-
tively. ICU, hospital and 1-year survival rates were 37%, 
31%, and 23%, respectively. Causes of death in ICU were 
brain death (96/262, 37%), death without any WLST 
(23/262, 9%) and death following WLST (143/262, 55%). 
In patients alive at ICU discharge, 36/157 (23%) had an 
mRS ≤ 3 at ICU discharge. Having an mRS ≤ 3 at ICU 
discharge was associated with improved 1-year survival 
(p = 0.017 by the log-rank test) (Additional file 3). When 
considering hospital survivors only (n = 128), an mRS ≤ 3 
at ICU discharge was associated with a shorter post-ICU 
stay (14 [9; 25.5] days vs 23 [9; 51] days, p = 0.07).

Factors associated with 1‑year survival
Univariate analysis of variables associated with 1-year 
survival is presented in Table 1. Age, sex, and comorbidi-
ties, defined by a Charlson comorbidity index ≥ 1 were 
not associated with 1-year survival. Similarly, the pres-
ence of a stroke unit on site, and the period of inclusion 
were not associated with 1-year survival.
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Multivariate analysis of variables associated with 1-year 
survival is presented in Table 3. Factors associated with 
decreased 1-year survival were ICH and SAH (compared 
to AIS), intubation for altered mental status or cardiac 
arrest (compared to intubation for an elective procedure), 
a GCS score < 8 and an increase in the non-neurologic 
SOFA score. In contrast, implementation of an acute-
phase stroke therapy was the only variable associated 
with improved 1-year outcome. Kaplan–Meier’s survival 

estimates of patients according to the reason for endotra-
cheal intubation are presented in Fig.  1. Survival rates 
according to stroke type and reason for endotracheal 
intubation are presented in Fig. 2 and show that the rela-
tion between the reason for endotracheal intubation and 
1-year survival is consistent within all 3 stroke subtypes.

Variables entered in the model were age, gender, his-
tory of hemorrhagic stroke, medical vs surgical patient, 
type of ICU admission (ward vs home or emergency 

Table 1  Baseline characteristics and their univariate association with 1-year survival tested by Cox proportional hazard 
model

HR, hazard ratio; CI, confidence interval; BMI, body max index; SAH, subarachnoid hemorrhage; ICU, intensive care unit; ED, emergency department; GCS, Glasgow 
coma scale; SAPS, simplified acute physiology score; SOFA, Sequential Organ Failure Assessment

Variable
N (%) or median [Q1; Q3]

All
N = 419

1-year survival

Alive
N = 114

Dead
N = 305

HR (95% CI) p

Demographics/history

 Age, years 68.2 [57.9; 76.3] 67.2 [57.4; 74.8] 69.1 [58.4; 76.9] 1.00 (0.99; 1.00) 0.35

 Male sex 251 (59.9) 66 (57.9) 185 (60.7) 1.01 (0.81; 1.27) 0.93

 Hypertension 238 (57.3) 72 (63.2) 166 (55.1) 1.20 (0.95; 1.52) 0.12

 Diabetes mellitus 81 (19.3) 21 (18.4) 60 (19.7) 1.05 (0.79; 1.39) 0.72

 Atrial fibrillation/flutter 55 (13.3) 13 (11.4) 42 (14) 0.86 (0.63; 1.19) 0.38

 BMI ≥ 30 kg/m2 62 (15.3) 15 (13.5) 47 (16) 0.91 (0.67; 1.25) 0.57

 Charlson comorbidity index ≥ 1 215 (51.3) 63 (55.3) 152 (49.8) 1.16 (0.93; 1.45) 0.20

Stroke characteristics

 Stroke type

  Ischemic 191 (45.6) 66 (57.9) 125 (41) Ref < .01

  Hemorrhagic 178 (42.5) 35 (30.7) 143 (46.9) 0.58 (0.45; 0.74) .

  SAH 50 (11.9) 13 (11.4) 37 (12.1) 0.59 (0.41; 0.85) .

  Acute-phase stroke therapy 70 (16.7) 33 (28.9) 37 (12.1) 1.96 (1.39; 2.78) < .01

  Time from stroke to ICU admission, days 1 [1, 2] 1.5 [1, 5] 1 [1, 2] 1.05 (1.02; 1.09) < .01

ICU admission

 Period of admission

  1996–2002 34 (8.1) 9 (7.9) 25 (8.2) Ref 0.55

  2003–2009 228 (54.4) 64 (56.1) 164 (53.8) 0.83 (0.54; 1.25) .

  2010–2016 157 (37.5) 41 (36) 116 (38) 0.79 (0.51; 1.2) .

 Type of ICU admission

  Transfer from ward 150 (35.8) 56 (49.1) 94 (30.8) Ref < .01

  Direct (from ED or home) 269 (64.2) 58 (50.9) 211 (69.2) 0.63 (0.5; 0.81) .

 Reason for intubation

  Elective procedure 12 (2.9) 10 (8.8) 2 (0.7) Ref < .01

  Altered mental status 302 (72.1) 66 (57.9) 236 (77.4) 0.12 (0.03; 0.47) .

  Respiratory failure 52 (12.4) 19 (16.7) 33 (10.8) 0.19 (0.05; 0.79) .

  Seizure 34 (8.1) 19 (16.7) 15 (4.9) 0.30 (0.07; 1.33) .

  Cardiac arrest 19 (4.5) 0 (0) 19 (6.2) 0.04 (0.01; 0.17) .

 GCS at admission

  8–15 110 (26.3) 57 (50) 53 (17.4) Ref < .01

  3–7 309 (73.7) 57 (50) 252 (82.6) 0.36 (0.27; 0.49) .

  SAPS 2 58 [47; 72] 46.5 [39; 58] 62 [53; 75] 0.95 (0.95; 0.96) < .01

  Non-neurologic SOFA 4 [1, 6] 3 [1, 6] 4 [2, 6] 1.03 (0.99; 1.07) 0.14
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Table 2  Patients characteristics and outcomes, according to stroke subtype

Variable
N (%) or median [Q1; Q3]

AIS
n = 191

ICH
n = 178

SAH
n = 50

p

Demographics/history

 Age, years 69.4 [61.1; 76.5] 67.7 [57.7; 76] 62.5 [54.3; 76] 0.10

 Male sex 129 (67.5) 105 (59) 17 (34) <.01

 Charlson comorbidity index ≥ 1 115 (60.2) 85 (47.8) 15 (30) <.01

 Period of admission 0.67

  1996–2002 18 (9.4) 12 (6.7) 4 (8) .

  2003–2009 108 (56.5) 95 (53.4) 25 (50) .

  2010–2016 65 (34) 71 (39.9) 21 (42) .

Stroke characteristics

 AIS location

  Anterior circulation 117 (61.6) – –

  Posterior circulation 69 (36.3) – –

 ICH location –

  Lobar – 76 (45.5) –

  Deep – 50 (29.9) –

  Infratentorial – 21 (24.6) –

  Acute-phase stroke therapya 39 (20.4) 16 (9) 19 (38) < .01

  Intravenous thrombolysis 17 (8.9) – –

  Intra-arterial thrombolysis 10 (5.2) – –

  Endovascular thrombectomy 8 (4.2) – –

  Craniectomy 4 (2.1) 1 (0.6) 0

  External ventricular drainage – 9 (5.1) 7 (14)

  Surgical hematoma evacuation – 6 (3.4) 1 (2)

  Aneurysm surgical clipping – 2 (1.12) 1 (2)

  Aneurysm endovascular coiling – 0 5 (10)

  Time from stroke to ICU admission, days 2 [1, 4] 1 [1] 1 [1] < .01

ICU admission

 Type of ICU admission < .01

  Direct (from ED or home) 89 (46.6) 137 (77) 43 (86) .

  Transfer from ward 102 (53.4) 41 (23) 7 (14) .

 Reason for intubation < .01

  Altered mental status 116 (60.7) 154 (86.5) 32 (64) .

  Respiratory failure 46 (24.1) 6 (3.4) 0 (0) .

  Seizure 19 (9.9) 11 (6.2) 4 (8) .

  Cardiac arrest 5 (2.6) 5 (2.8) 9 (18)

  Elective procedure 5 (2.6) 2 (1.1) 5 (10) .

  GCS at admission 6 [3, 10] 3 [3, 6] 3 [3, 7] < .01

  GCS < 8 120 (62.8) 151 (84.8) 38 (76)

  SAPS 2 56 [45; 67] 61 [51; 77] 59.5 [50; 72] < .01

  Non-neurologic SOFA 4 [2, 7] 4 [1, 5] 3 [2, 6] 0.14

ICU stay

 Duration of mechanical ventilation, days 5 [3, 12] 3 [2, 8] 3 [1, 6] < .01

 Vasopressor support 92 (48.2) 78 (43.8) 28 (56) 0.30

 Renal replacement therapy 17 (8.9) 4 (2.2) 6 (12) < .01

 Withdrawal/withholding of care 77 (40.3) 66 (37.1) 15 (30) 0.40

 ICU length of stay, days 7 [4, 15] 3 [2, 9] 3.5 [2, 8] < .01

 Hospital length of stay, daysb 15 [6, 35] 5 [2, 15] 4 [2, 16] < .01

Survival rates

 ICU survival 89 (46.6) 50 (28.1) 18 (36) < .01
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department), stroke type, acute-phase stroke therapy, 
reason for intubation, GCS at ICU admission, non-neu-
rologic SOFA and were then selected using a backward 
procedure with a threshold of p = 0.05. Age and sex were 
considered clinically important factors and were forced 
into the model.

For stratification, centers with less than 10% of the 
cohort were regrouped in one stratum.

Temporal trends in patients’ characteristics and 1‑year 
survival
Characteristics of patients according to the period of 
inclusion are presented in the Additional file  4. Despite 
having similar survival rates at 1 year and a similar stroke 
type repartition, patients included in the most recent 
period (2010–2016) had more comorbidities (Charl-
son comorbidity index ≥ 1: 26% vs 49% vs 61%, p < 0.01) 
and presented higher admission SOFA scores (7 [6, 9] 

vs 7 [4, 9] vs 8 [5, 10], p = 0.02). One-year survival rates, 
GCS and stroke type repartition according to the period 
of inclusion are presented in the Additional file  5. Dur-
ing ICU stay, more patients needed vasopressor support 
(47% vs 41% vs 57%, p < 0.01) and renal replacement ther-
apy (9% vs 4% vs 10%, p = 0.03). Over the 3 study periods, 
the duration of mechanical ventilation decreased signifi-
cantly, as well as ICU length of stay and hospital length of 
stay. When considering only survivors (n = 157), duration 
of mechanical ventilation was not significantly different, 
but hospital length of stay significantly decreased over 
time.

Discussion
In this reanalysis of a prospective database of 419 criti-
cally ill stroke patients requiring invasive mechani-
cal ventilation, we show that survival 1  year after ICU 
admission is poor (23%) with no improvement over the 
21 years of the study period. After adjustment for stroke 
subtype, neurological presentation and the extent of 
non-neurological organ failure, the reason for intubation 
remained independently associated with survival. Intuba-
tion for acute respiratory failure or coma was associated 
with comparable survival hazard ratios, whereas intuba-
tion for seizure was not associated with a worse progno-
sis than for elective procedure. By contrast, receiving an 
acute-phase therapy was associated with improved sur-
vival. Although 1-year survival did not improve over the 
study period, stroke patients included in the most recent 
period had more comorbidities and presented higher 
ICU admission SOFA scores.

The 1-year survival rate of 23% we found is consistent 
with previously published rates of 8-40% in studies focus-
ing on MV stroke patients [11–15]. However, these stud-
ies have included patients admitted before the year 2000 
and do not embrace the improvement in stroke care of 
the past 2 decades. To the best of our knowledge, there 
has been no study reporting long-term survival (i.e., at 
1 year) in the specific population of MV stroke patients 
in the last 15 years. In our study, we show that from 1997 

AIS, acute ischemic stroke; ICH, intracranial hemorrhage; SAH, subarachnoid hemorrhage; ICU, intensive care unit; ED, Emergency Department; GCS, Glasgow coma 
scale; SAPS, simplified acute physiology score; SOFA, Sequential Organ Failure Assessment
a  A single patient could benefit from more than one type of acute-phase stroke therapy
b  8 missing data
c  25 missing data

Table 2  (continued)

Variable
N (%) or median [Q1; Q3]

AIS
n = 191

ICH
n = 178

SAH
n = 50

p

 Hospital survival 71 (37.2) 43 (24.2) 15 (30) 0.03

 1-year survivalc 54 (30.2) 30 (17.3) 5 (11.9) < .01

Table 3  Multivariable Cox proportional hazard model 
of factors associated with 1-year survival

Variable HR 95% CI p

Age > 70 years 0.8 [0.63; 1.01] 0.056

Male sex 0.96 [0.75; 1.23] 0.76

Stroke type 0.001

Ischemic Ref

Hemorrhagic 0.65 [0.51; 0.85]

SAH 0.54 [0.36; 0.82]

Reason for intubation < 0.001

Elective procedure Ref

Seizure 0.55 [0.12; 2.53]

Respiratory failure 0.22 [0.05; 0.95]

Altered mental status 0.19 [0.04; 0.80]

Cardiac arrest 0.08 [0.02; 0.38]

GCS at ICU admission < 0.001

8–15 Ref

3–7 0.46 [0.34; 0.64]

Non-neurologic SOFA, per point 0.95 [0.91; 0.99] 0.013

Acute-phase stroke therapy 1.81 [1.26; 2.60] 0.001
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to 2016, with a stable stroke case mix over time, 1-year 
survival did not improve. This finding is surprising as the 
use of acute-phase stroke therapies increased over the 
study period (from 2.9% in 1996–2002 to 21% in 2010–
2016). However, patients admitted to the ICU in the third 
period appeared to have more comorbidities and had 
more organ failures than in the previous 2, suggesting a 

modification of ICU admission policy over time. Thus, 
we hypothesize that the expected gain in survival brought 
by acute stroke therapies has been mitigated by increased 
severity of admitted stroke patients. Despite this increase 
in patient severity, ICU and hospital length of stay 
decreased both in the whole population and in survivors. 
More recently, in a United States population-based study 

Fig. 1  Kaplan–Meier’s survival estimates of patients according to the reason for endotracheal intubation

Fig. 2  Survival rates according to stroke type and reason for endotracheal intubation
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of 99,700 stroke patients with MV included from 2005 to 
2011 [8], hospital survival was 44%, compared to 31% in 
our study. Those figures are difficult to compare, as the 
case-mix of stroke subtype and the distribution of reason 
for intubation may be different. Among the 14 centers 
of our study, 5 centers (representing 188 (45%) patients) 
had on-site 24/7 interventional radiology, and it is likely 
that the admission policy of other participating centers 
was not oriented on procedural patients. Thus, we can 
hypothesize that the proportion of patients deemed neu-
rologically too severe to be eligible for acute-phase stroke 
therapy or out of the window of therapeutic opportunity 
was higher in our cohort than in the most recently stud-
ied cohorts [8–10].

Among the factors associated with 1-year survival 
identified in our study, the reason for intubation appears 
to be a strong predictor. We found that intubation for a 
cardiac arrest or an altered mental status is associated 
with worse 1-year survival compared to intubation for an 
elective procedure. In particular, it is striking to note that 
in our cohort, there were no survivors in patients admit-
ted for cardiac arrest following stroke. By comparison, in 
352 AIS patients with in-hospital cardiac arrests, 1-year 
mortality was 96% [29], and in 92 patients with out-of-
hospital cardiac arrest caused by ICH or SAH, there were 
no patients with a favorable neurologic outcome [30]. By 
contrast, intubation for a seizure was not associated with 
impaired outcome. Only four studies have previously 
assessed the impact of the reason for intubation and have 
shown that acute respiratory failure and coma were asso-
ciated with worse outcomes [12, 15, 19, 31]. The reason 
for intubation appears to be a simple bedside clinical 
element that can assist the decision of admission of an 
acutely ill stroke patient.

The strengths of our study include a multicenter popula-
tion from a high-quality prospective database with a focus 
on a well-defined population of acute stroke patients 
requiring invasive mechanical ventilation. However, our 
study has also limitations. First, the OUTCOMEREA 
database has not been built specifically for stroke studies, 
and all data regarding stroke are retrospective, collected 
from hospitalization records. Hence, data on potentially 
useful scores for prognostication in this setting, such 
as the NIHSS scores, are lacking [6]. Furthermore, only 
long-term vital status was available, and evaluation of 
long-term functional outcomes with an appropriate tool 
(i.e., the modified Rankin scale) would have added valu-
able information. Second, the results of the study may 
lack generalizability as this is an exclusively French cohort 
including only medical and polyvalent ICUs and no spe-
cialized neuro-ICU. Furthermore, only 45% of the cohort 
was treated with on-site neurosurgery and interventional 
radiology, and it is possible that we selected a population 

with a high proportion of patients not eligible for acute-
phase stroke therapy. Although moderate-quality evi-
dence suggests that admission to a specialized NICU 
compared to a general ICU improves outcome of all 
stroke patients [32–34], organization of acute stroke care 
in France allows admission to NICU mainly for comatose 
ICH patients deemed to benefit from early surgery, or 
severe SAH patients requiring endovascular treatment for 
treatment of ruptured aneurysm and/or invasive intracra-
nial pressure monitoring. Third, our cohort comprised 3 
distinct stroke etiologies (AIS, ICH, and SAH) that have 
different admission characteristics, risk factors, brain 
damage pathophysiology, complications, treatments, and 
prognosis. However, the results of the multivariate model 
are adjusted on the type of stroke, and Fig. 2 shows that 
the prognostic impact of the reason for intubation appears 
consistent among stroke subtypes. Fourth, as endovascu-
lar thrombectomy has mainly been developed after 2015, 
only a small fraction of our cohort is concerned and the 
survival trends we show may not take into account the 
recent survival benefits related to this procedure [4]. Fifth, 
as for all studies focusing on populations with a high rate 
of WLST, our study bears an inherent bias by self-fulfill-
ing prophecy [35]. Sixth, as all centers did not participate 
throughout the 21  years of the study period, we cannot 
analyze any variation of incidence of admission of stroke 
patients with mechanical ventilation.

Conclusions
In this secondary data use of a prospective multicenter 
cohort study of critically ill stroke patients requiring 
invasive mechanical ventilation, we show that 1-year 
survival is 23%, with no improvement over the 21 years 
of the study period, although admitted patient’s sever-
ity increased in the most recent period. The reason for 
intubation and the opportunity to receive an acute-phase 
stroke therapy were independently associated with long-
term survival. These variables could assist the decision 
process regarding ICU admission and initiation of MV in 
acute stroke patients.
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