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Abstract 

Background  The extubation time is critical during the intensive care unit stay in aneurysmal subarachnoid hemor-
rhage (aSAH) patients. The current conventional parameters for predicting extubation failure (EF) and extubation time 
may not be suitable for this population. Here, we aimed to identify factors associated with EF in aSAH patients.

Methods  From a single-center observational study on aSAH patients with computed tomography angiography 
from 2019 to 2021, patients who received microsurgery were enrolled and divided into two groups according 
to whether EF occurred. Multivariable logistic regression was conducted to evaluate disease severity, medical history, 
and extubation time differences between patients with and without EF.

Results  Of 335 patients included, EF occurred with a rate of 0.14. Delayed cerebral ischemia (67.4% vs. 13.5%) 
and acute hydrocephalus (6.5% vs. 1.4%) were frequently observed in patients with EF. Also, patients who develop EF 
presented higher disability (65.9% vs. 17.4%) and mortality (10.9% vs. 0.7%) rates. Multivariable analysis demonstrated 
that age (OR 1.038; 95% CI 1.004–1.073; P = 0.028), onset to admission time (OR 0.731; 95% CI 0.566–0.943; p = 0.016), 
WFNS grade > 3 (OR 4.309; 95% CI 1.639–11.330; p = 0.003), and extubation time < 24 h (OR 0.097; 95% CI 0.024–0.396; 
p = 0.001) were significantly associated with EF occurrence.

Conclusions  These data provide further evidence that older aSAH patients with onset to admission time < 2 days 
and WFNS grade > 3 have a high risk of developing EF, which is amplified by the ultra-early extubation. Moreover, 
in patients with two or more risk factors, a prolonged intubation recommendation requires consideration to avoid 
the EF.
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Background
Aneurysmal subarachnoid hemorrhage (aSAH) con-
stitutes a life-threatening subtype of stroke affecting 
patients at a mean age of 55 years, leading loss of many 
years of productive life, accounting for more than 85% of 
all subarachnoid hemorrhage without previous trauma 
[1]. It is a neurological emergency that requires prompt 
diagnosis and management to prevent life-threatening 
rebleeding and optimize patient outcomes [2]. Better 
diagnosis, early repair of the aneurysm, and advanced 
intensive care support increased survival from aSAH in 
recent decades [3]. Patients with aSAH often need intu-
bation, mechanical ventilation, and consecutive trache-
otomy after microsurgical clipping treatment, especially 
with poor Hunt and Hess (H–H) grade [4].

Patients after microsurgical treatment often require 
intubation for airway protection to avoid respiratory fail-
ure. The need for prolonged intubation due to the sever-
ity of brain injury, respiratory failure, and other organ 
dysfunction prolongs the stay in the ICU and is associ-
ated with higher mortality [5]. The day of extubation 
is critical during the intensive care unit (ICU) stay in 
aSAH patients who survive an episode of intubation with 
mechanical ventilation. Extubation is usually decided 
after a weaning readiness test that involves either spon-
taneous breathing on a T-piece or a low level of ventila-
tory assistance [6]. However, extubation failure (EF) still 
occurs in some patients even after a thorough evaluation. 
EF is usually defined as the need for reintubation within 
hours or days following extubation. However, the time 
interval used in the definition varies from 48 to 72 h or 
1 week. Generally, EF occurs in 10 to 20% of patients and 
is associated with extremely poor outcomes, including 
high mortality rates of 25 to 50% of patients in the ICU 
[6–8]. Since available studies demonstrated that neuro-
critical patients show a high range (5 ~ 40%) of EF rates 
[4], and several risk factors have been proven to predict 
EF, it remains uncertain whether these predictors can 
be used in aSAH patients. Also, there is a lack of recom-
mendations for time interval extubation in aSAH patients 
who received microsurgical clipping.

In our center, we have 2 departments treating aSAH 
patients with endovascular coiling and surgical clipping. 
The International subarachnoid aneurysm trial (ISAT) 
study and current guidelines suggest that if the patient 
can be treated with both methods, endovascular therapy 
is preferred [9]. Although endovascular treatment has 
advantages over surgical clipping in terms of discharge 
and 90-day outcomes, and in-hospital complications [10]. 
The data we analyzed came from the microsurgical clip-
ping group in this article.

Thus, in the current observational cohort study, we 
aimed to identify the early occurring factors associated 

with EF in microsurgical clipping aSAH patients. Fur-
thermore, we investigated the relationship between EF 
and prognosis in the study population. This information 
helps clinicians optimize decision-making concerning 
the right timing of extubation.

Methods
Study design, setting, and participants
We retrospectively reviewed patients diagnosed with 
aSAH and received microsurgical clipping in our depart-
ment from December 2019 to January 2021. All patient 
data were from the Long-term Prognosis of Emergency 
Aneurysmal Subarachnoid Hemorrhage (LongTEAM) 
study. The registry is listed at ClinicalTrials.gov (registra-
tion no. NCT 04785976). The local institutional review 
boards (IRBs) of all participating centers of the prospec-
tive registry approved the study with a waiver of consent 
in December 2019. Secondary use of the registry data and 
additional review of medical records for this study were 
approved by IRBs. All the analyses were performed in 
accordance with the Declaration of Helsinki and the local 
ethics policies. The study was approved by the Beijing 
Tiantan Hospital Research Ethics Committee. Informed 
consent was obtained from the patient or the surrogate 
decision-maker before enrollment.

In this study, the inclusion criteria were (1) patients 
who were diagnosed with aSAH by computed tomog-
raphy (CT) and digital subtraction angiography or CT 
angiography, (2) adult patients (> 18  years of age), (3) 
aneurysms were treated by microsurgery clipping, (4) 
subarachnoid hemorrhage diagnosed to treated by 
microsurgery less than 7  days. Patients combined with 
congenital cerebral vascular disease (e.g., arteriovenous 
malformations and moyamoya disease) and with coexist-
ent intracranial lesions were simultaneously treated (e.g., 
resection of meningioma or pituitary adenoma) were 
excluded from the present study.

Perioperative management
Patient management conformed to guidelines set forth 
by the American Heart Association [11]. All patients had 
angiographically documented aSAH confirmed by CT 
or lumbar puncture. During the operation, all patients 
were intubated, mechanically ventilated, and general 
anesthesia as well as for muscle relaxation. We rou-
tinely transferred the patients to the ICU and retained 
the endotracheal intubation after the microsurgery. To 
determine the timing of extubation, we used conven-
tional pulmonary weaning parameters adapted from our 
pre-existing weaning protocol with the following crite-
ria: (1) sufficient spontaneous breathing trial using pres-
sure support ventilation or continuous positive airway 
pressure ventilation with a respiratory rate < 30, minute 
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volume ≤ 10  L/min, tidal volume ≥ 5  mL/kg, positive 
end-expiratory pressure of < 8 cm H2O; (2) constant eye 
contact and obeying commands, including a Glasgow 
Coma Scale > 10; (3) extubation was performed based 
on an individual decision at the discretion of the treat-
ing neurointensivist, especially in patients with decreased 
levels of consciousness; (4) stable hemodynamic status 
without the use of inotropic agents or vasopressors, sta-
ble metabolic status, and weaning underwent at least 
30 min. Nevertheless, in 10–20% of patients who pass a 
spontaneous breathing trial and undergo planned extu-
bation, extubation failure still occurs [12]. Great care also 
was taken in known pulmonary or heart diseases before 
extubation in case of the influence of these factors [13]. A 
higher H–H grade implies a decreased level of conscious-
ness and focal neurologic deficits resulting in inadequate 
protection reflexes and risk for aspiration. Finally, extu-
bation was performed based on an individual decision at 
the discretion of the treating neurointensivist, especially 
in patients with decreased levels of consciousness [14].

Variables, data source, and measurements
As part of an ongoing prospective cohort study, base-
line characteristics of patients, radiological information, 
and hospital complications were collected, including age, 
sex, features of the aneurysm, and medical and medica-
tion history. Clinical grading was done with the use of 
the H–H grade and World Federation of Neurosurgi-
cal Societies (WFNS) grade at the initial presentation 
[15]. Admission CT scans were scored using the modi-
fied Fisher Scale (mFS) with 3–4 points classified as 
poor-grade mFS. Patients exhibited evidence of (1) CT 
presence of midline shift > 5  mm or obliteration of per-
imesencephalic cisterns; (2) dilation of pupils that were 
unresponsive to light, unilaterally or bilaterally [16, 17]; 
and (3) presence of subfalcine, transtentorial, or tonsil-
lar herniation were defined as brain herniation. The size 
of the aneurysm was measured as its maximal diameter, 
and the location of the aneurysm was grouped accord-
ing to its parent artery. Postoperative clinical complica-
tions during hospitalization were collected, including 
EF, delayed cerebral ischemia (DCI), and hydrocephalus. 
DCI was defined as clinical deterioration, the occur-
rence of a new focal neurologic deficit or a new infarc-
tion on CT that is not attributable to other causes [18]. 
We evaluated the patients’ prognosis by modified Rankin 
Score (mRS) at hospital discharge. The period from the 
microsurgery to extubation was recorded and defined as 
the time of extubation. Furthermore, we categorized the 
time extubation into two groups, the ultra-early (< 24 h) 
and early (≥ 24 h) groups. A needed reintubation within 
hours or days after the planned extubation was defined 
as EF.

Quantitative variables and statistical methods
All statistical analyses were performed with SPSS Statis-
tics 26.0 (IBM, Armonk, NY, USA) and GraphPad PRISM 
9.0 (GraphPad Software Inc., San Diego, CA, USA). Sta-
tistical significance was established at p values < 0.05 for 
95% confidence intervals (CI).

This is a retrospective analysis of prospectively 
recorded data. All consecutive patients included in our 
prospective cohort who met the inclusion criteria were 
included in the final analysis. No sample size calculation 
was performed. Categorical variables are summarized 
as frequencies (percentages) and continuous variables 
as mean ± SD or median (IQR). With the use of univari-
ate analysis (t-test, Mann–Whitney U test, Pearson chi-
square test, continuity correction test, or Fisher exact 
test, as appropriate), we identified clinically significant 
variables associated with EF. To estimate the association 
between baseline variables and EF occurrence, a multi-
variable logistic regression model (forward stepwise) was 
constructed using clinically relevant variables or with 
univariate p values < 0.15. The odds ratios (OR) and 95% 
CI of the variables were calculated.

To investigate the optimal extubation time in aSAH 
patients with microsurgery, a propensity score match-
ing (PSM) was carried out to adjust for potential baseline 
confounding characteristics when comparing in-hospital 
complications and outcomes between ultra-early and 
early extubation groups. Patients in the ultra-early and 
early extubation groups were matched 1:1 with a cali-
per of 0.1 and without replacement. Standardized mean 
differences of included variables in the raw dataset and 
matched dataset were calculated to verify the efficacy of 
PS matching. The McNemar test was used to compare 
in-hospital complications and outcomes in the matched 
pairs. To further determine the effect of extubation time 
in different subgroups of aSAH patients, we conducted a 
subgroup analysis by risk factors for EF.

We computed a prediction equation for EF in aSAH 
patients based on each risk factor’s β coefficients in the 
multivariate analysis, referring to the following Eq. (1):

with LP = a + b1X1 + b2X2 + … + bpXp, b1, b2,…, bp 
as the regression coefficients associated with each of the 
variables in the final logistic model. To facilitate practi-
cal application of the model, we used the regression 
coefficients of the predictors in the final model, to allo-
cate points to each predictor to generate a risk score. 
We translated the regression model into a score chart by 
dividing all regression coefficients by the smallest coef-
ficient and subsequently rounded them to the nearest 
integer.

(1)P =

1

1− e−LP
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Results
Patient and lesion characteristics
A total of 335 aSAH patients harboring 397 aneu-
rysms were identified. Detailed information on demo-
graphics, hospital complications, and outcomes is 
given in Table  1. The patients had an average age of 
53.8 ± 10.3  years. The majority of patients received 
microsurgery within 3  days after the aneurysm rup-
tured. Most patients (277/335, 82.7%) had a mild neu-
rological deficit on admission, even if 34.9% (117/335) 
patients had a mFS of 4.

In total, 352 aneurysms were repaired in 335 patients. 
Most of the aneurysms were saccular in morphology 
(351/352, 99.7%), and 98.9% (347/352) were located in 
the anterior circulation. The middle cerebral artery is the 
most common parent artery (118/352, 33.5%), following 
the anterior communicating artery (114/352, 32.4%). The 
median (IQR) aneurysm size was 6 (4–8) mm. All of the 
aneurysms were clipped with microsurgery (Table 2).

Overall perioperative outcomes
The rate of EF was 14% (46/335). Unfortunately, the 
exact cause for EF often escapes identification. In our 
data, EF was mainly related to respiratory failure caused 
by surgical complications such as cerebral infarction, 
brain edema, intracranial hematoma, and neurological 
impairment. Only two patients are suffering from upper 
airway obstruction (laryngeal edema). DCI and acute 
hydrocephalus were observed in 20.9% (70/335) and 
2.1% (7/335) patients, respectively. The average length 
of hospital stay was 13.7 ± 8.1  days in our cohort. Even 
with prompt treatment, 23.5% (77/335) of patients were 
dependent at discharge, and the hospital mortality was 
2.1% (7/335).

Comparisons between aSAH patients with and without 
extubation failure
No significant difference was observed in medical histo-
ries such as smoking, drinking, hypertension, diabetes, 
hyperlipemia, respiratory disease, coronary disease, prior 
infarction history, and prior hemorrhage history between 
aSAH patients with and without EF. We observed that 
patients with older age and worse disease severity (H–H 
grade > 2, WFNS grade > 3, and mFS > 2) were more 
likely to develop EF. Also, EF more frequently appeared 
in the ultra-early stage compared with the early stage 
(43/46, 93.5% vs. 3/46, 6.5%). For postoperative complica-
tions, 31 (31/46, 67.4%) patients in the EF group and 39 
(39/289, 13.5%) patients developed DCI. Hydrocephalus 
occurred in 3 (3/46, 6.5%) patients in the EF group and 4 
(4/289, 1.4%) patients in the non-EF group. Patients with 

Table 1  Baseline characteristics, complications, and outcome

Data are given in mean ± SD or median (IQR) and counts (%)

EF Extubation failure, H–H grade Hunt-Hess grade, WFNS grade World Federation 
of Neurosurgical Societies grade, mFS Modified Fisher Scale

Total EF None-EF p value
Characteristics n = 335 n = 46 n = 289

Age, years 53.8 ± 10.3 56.0 ± 9.4 53.5 ± 10.5 0.588

Sex 0.727

  Female 190 (56.7) 25 (54.3) 165 (57.1)

  Male 145 (43.3) 21 (45.7) 124 (42.9)

Comorbidities

  Smoking 59 (17.6) 9 (19.6) 50 (17.3) 0.708

  Drinking 31 (9.3) 7 (15.2) 24 (8.3) 0.133

  Hypertension 156 (46.6) 26 (56.5) 130 (45.0) 0.145

  Diabetes 24 (7.2) 4 (8.7) 20 (6.9) 0.665

  Hyperlipemia 9 (2.7) 3 (6.5) 6 (2.1) 0.083

  Respiratory disease 4 (1.2) 1 (2.2) 3 (1.0) 0.510

  Coronary disease 10 (3.0) 2 (4.3) 8 (2.8) 0.559

  Prior infarction 22 (6.6) 5 (10.9) 17 (5.9) 0.205

  Prior hemorrhage 2 (0.6) 1 (2.2) 1 (0.3) 0.135

Admission characteristics

  Onset to admission 
(days)

2 (1–3) 1 (0–2) 2 (0–4) 0.005

  Brain herniation 10 (3.0) 2 (4.3) 8 (2.8) 0.559

H–H grade 0.01

  1 40 (11.9) 3 (6.5) 37 (12.8)

  2 193 (57.6) 24 (52.2) 169 (58.5)

  3 5 (1.5) 3 (6.5) 2 (0.7)

  4 97 (29.0) 16 (34.8) 81 (28.0)

WFNS grade < 0.001

  1 142 (42.4) 8 (17.4) 134 (46.4)

  2 135 (40.3) 23 (50.0) 112 (38.8)

  3 12 (3.6) 5 (10.9) 7 (2.4)

  4 32 (9.6) 9 (19.6) 23 (8.0)

  5 14 (4.2) 1 (2.2) 13 (4.5)

mFS 0.016

  1 90 (26.9) 4 (8.7) 86 (29.8)

  2 83 (24.8) 13 (28.3) 70 (24.)

  3 45 (13.4) 6 (13.0) 39 (13.5)

  4 117 (34.9) 23 (50.0) 94 (32.5)

Hospital course and complications

  Time of extubation 0.012

  Ultra-early stage (< 24 h) 267 (79.7) 43 (93.5) 224 (77.5)

  Early stage (≥ 24 h) 68 (20.3) 3 (6.5) 65 (22.5)

  Delayed cerebral 
ischemia

70 (20.9) 31 (67.4) 39 (13.5) < 0.001

  Hydrocephalus 7 (2.1) 3 (6.5) 4 (1.4) 0.024

  Length of hospital stay 
(days)

13.7 ± 8.1 17.0 ± 8.9 13.2 ± 7.8 0.004

  Disability at discharge 2877 (23.5) 27 (65.9) 50 (17.4) < 0.001

  Hospital mortality 7 (2.1) 5 (10.9) 2 (0.7) < 0.001
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EF tended to have a longer hospital stay, a higher mortal-
ity rate, and a worse discharge outcome.

The multivariate model included the following varia-
bles: age, time from onset to admission, WFNS grade, and 
extubation time (Table 3). Patients with an older age had 
an OR of 1.038 for developing EF (95% CI 1.004–1.073; 
p = 0.028). Additionally, patients with a shorter time from 
onset to admission had an OR of 0.731 for developing EF 
(95% CI 0.566–0.943; p = 0.016). There was a significant 
interaction between poor WFNS grade (> 3) (OR 4.309, 
95% CI 1.639–11.330; p = 0.003) and ultra-early extuba-
tion (< 24 h) (OR10.280, 95% CI 2.523–41.884; p < 0.001) 
with the appearance of EF.

We translated the regression coefficients into a score 
chart presented in Table S1. This score can be combined 

with Figure  S1 to obtain the predicted probabilities for 
individual persons. Figure 1 shows a risk chart with esti-
mated probabilities of developing EF after microsurgery 
in aSAH patients to age, onset to admission time, dis-
ease severity, and time of extubation. Based on the result 
of the multivariable model, age ≥ 56, onset to admission 
time < 2 days, WFNS grade > 3, and extubation time < 24 h 
were defined as the four main factors closely associated 
with EF. We stratified the patients into three groups 
according to the presence of four risk factors: the low-risk 
group has no risk factors, the intermediate-risk group 
only has one risk factor, and the high-risk group has two 
or more risk factors. Compared with other groups, the 
proportion of patients who had EF and DCI was higher in 
the high-risk group (Fig. 2).

Subgroup analysis in propensity score‑matched cohort
The variances of included raw variables between ultra-
early and early extubation groups were significantly 
different (Table  S2 and Fig.  S2). PS for having early 
extubation was generated using age, sex, herniation, 
preoperative H–H grade, preoperative WFNS grade, 
preoperative mFS, and preoperative mRS grade. Using 
propensity score matching, 54 patients who underwent 
early extubation were matched to patients performed 
with ultra-early extubation. The variance between treat-
ment groups after matching was not different (Fig. S2). 
A love plot showed that all characteristics achieved the 
desirable cut-off of standardized mean differences < 0.1 
in the matched dataset (Fig. S3). In the matched pairs, 
there was a trend toward a higher incidence of EF in 
ultra-early extubation patients (16/54, 29.6%) than in 
patients with early extubation (3/54, 5.6%). In the sub-
group analysis by age, onset to admission time, and 

Table 2  The characteristics of aneurysm

Characteristics N = 352

Morphology

  Saccular 351 (99.7)

  Pseudoaneurysm 1 (0.3)

  Diameter 6 (4–8)

Circulation

  Anterior 347 (98.9)

  Posterior 5 (1.1)

Parent vessel

  ICA 13 (3.7)

  ACoA 114 (32.4)

  PCoA 84 (23.9)

  MCA 118 (33.5)

  ACA​ 18 (5.1)

  PICA 5 (1.4)

Table 3  Logistic regression analysis for risk factors of extubation failure

Data are given in mean ± SD or median (IQR) and counts (%)

EF Extubation failure, H–H grade Hunt-Hess grade, WFNS grade World Federation of Neurosurgical Societies grade, mF Modified Fisher Scale

Clinical characteristics EF None-EF Univariable Multivariable

n = 46 n = 289 p value OR (95%CI) p value

Age 56.0 ± 9.4 53.5 ± 10.5 0.131 1.038 (1.004–1.073) 0.028

Female 25 (54.3) 165 (57.1) 0.727

Onset to admission (days) 1 (0–2) 2 (0–4) 0.006 0.731 (0.566–0.943) 0.016

Brain herniation 2 (4.3) 8 (2.8) 0.559

H–H grade > 2 19 (41.3) 83 (28.7) 0.085

WFNS grade > 3 10 (21.7) 36 (12.5) 0.089 4.309 (1.639–11.330) 0.003

mFS > 2 29 (63.0) 133 (46.0) 0.032

Aneurysm size (mm) 6 (1–8) 6 (4–8) 0.834

Smoking 9 (19.6) 50 (17.3) 0.708

Respiratory disease 1 (2.2) 3 (1.0) 0.510

Time of extubation < 24 h 3 (6.5) 65 (22.5) 0.012 10.280 (2.523–41.884) 0.001
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WFNS grade, ultra-early extubation was associated 
with a higher incidence of EF (Table  4). For patients 
with WFNS grade > 3, ultra-early extubation showed 
a trend to significantly increase the the occurrence of 
DCI.

Discussion
This study demonstrated that retaining the endotracheal 
intubation is commonly needed in aSAH patients. We 
showed that clinical findings for disease severity evalu-
ated within 24  h of admission could predict patients at 
higher risk of EF. Furthermore, aSAH patients with older 

Fig. 1  Prediction chart with absolute probabilities (%) of extubation failure in aSAH patients

Fig. 2  The proportion of patients in different risk groups occurred EF and DCI
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age, onset time < 2 days, and WFNS > 3 may not suggest 
extubation in 24  h; prolonged intubation might benefit 
them. There is a lot to guide clinicians in the intubation 
management of neuroscience intensive care unit patients 
[19–21]. In general, the normal ICU weaning patterns 
and extubation algorithms may not be simply applied to 
neuro-ICU patients, since they often need special care 
to avoid or minimize secondary brain damage. There is 
an elevated risk for secondary brain injury when extuba-
tion is not carefully planned and patients are not checked 
for reintubation risks like difficult airway situations. This 
information can be useful for the clinician in the commu-
nication with relatives and the care of critically ill aSAH 
patients.

In the present study, EF occurred with a relatively low 
ratio of 0.14, compared with the rates between 0.11 and 
0.44 reported in the previously published studies [8, 13, 
22–24]. Advanced age has been proven to be an impor-
tant factor associated with an increased risk of EF. 
The incidence of acute respiratory failure of any cause 
is more than three times higher in patients aged > 65 
than in the younger population [25, 26]. Previous stud-
ies reported that 20% to 35% of elderly patients were 
reintubated within 48 to 72 h after extubation [27, 28]. 
A prospective cohort study also indicated that extu-
bation success was predicted by younger age, pres-
ence of cough, and negative fluid balance, rather than 

Glasgow Coma Scale scores at extubation [29]. Our 
data also suggested that EF patients are characterized 
by older age. This may be because advanced age and 
frailty are associated with a higher frequency of comor-
bidities (such as pulmonary and cardiovascular dis-
eases) and loss of reserve across multiple physiologic 
systems making these patients susceptible to adverse 
events [30]. Our study found that the causes of extuba-
tion failure included infarction-related complications 
(23/46,50.0%), cerebral edema (6/46, 13.0%), uncon-
sciousness (5/46, 10.9%), hypoxemia (4/46, 8.7%), pul-
monary infection (2/46, 4.3%), laryngeal edema (2/46, 
4.3%), pulmonary embolism (2/46, 4.3%), and rebleed-
ing (2/46, 4.3%). The deterioration of neurological func-
tion is the main reason for the EF, and the deterioration 
of neurological function is mainly related to the sever-
ity of SAH, which further confirms the conclusion of 
our study that tracheal intubation can be appropriately 
retained for patients with risk factors.

Considering weaning failure is associated with a poor 
prognosis, reintubation may elevate mortality. Extuba-
tion determination for critically ill and elderly patients 
may require more caution. A spontaneous breathing trial 
needs to be prolonged in those patients.

A higher WFNS grade implied a decreased level of 
consciousness and focal neurologic deficits resulting in 
inadequate protection reflexes and risk for aspiration. 
Importantly, the WFNS grade is traditionally associated 
with a higher risk of DCI and poor outcomes, which 
may be associated with prolonged intubation [10, 31]. 
Moreover, the severity of the SAH-associated intracranial 
pathology increased the risk of respiratory failure. His-
torically, clipping between days 5 to 10 is considered the 
worst period for neurosurgery [32, 33]. Results of several 
studies suggested that patients undergoing early surgery 
(days 0–3) tended to have the best prognosis [34–36]. 
However, patients undergoing the early surgery (< 2 days) 
tended to have EF in this study. This may partially be 
explainable by an exacerbation of the bleeding with asso-
ciated intracranial pathology. Even though the microsur-
gery repaired the aneurysm, damage to the brain tissue 
from the bleeding actually continued over time. Thus, 
incorrect assessment of neurological status after early 
surgery may be an imperative cause of EF.

Patients with prior cerebral infarction were more 
prone to post-extubation dysphagia, which became 
a growing concern as a major risk factor for EF and a 
significant contributor to poor patient outcomes [37]. 
However, our study showed that prior cerebral infarc-
tion was not significantly associated with EF, as well as 
other medical histories such as hypertension, diabetes, 
hyperlipemia, respiratory disease, coronary disease, 
and prior hemorrhage. It somewhat indicated that the 

Table 4  Perioperative outcomes in the risk factor subgroups in 
the propensity score-matched cases

Data are given in counts (%)

WFNS grade World Federation of Neurosurgical Societies grade
a McNemar test

Ultra-early 
stage 
extubation

Early stage 
extubation

p value

Total 54 54

Extubation failure 16 (29.6) 3 (5.6) < 0.001a

Delayed cerebral ischemia 15 (27.8) 15 (27.8) 1.000a

Hospital mortality 2 (3.7) 3 (5.6) 1.000a

Age ≥ 56 21 29

Extubation failure 9 (42.9) 2 (6.9) 0.002

Delayed cerebral ischemia 7 (33.3) 7 (24.1) 0.475

Hospital mortality 2 (9.5) 2 6.9) 0.735

Onset to admission < 2 day 26 23

Extubation failure 10 (38.5) 1 (4.3) 0.004

Delayed cerebral ischemia 11 (42.3) 12 (52.2) 0.490

Hospital mortality 1 (3.8) 2 (8.7) 0.480

WFNS grade > 3 13 13

Extubation failure 9 (69.2) 0 (0) < 0.001

Delayed cerebral ischemia 9 (69.2) 4 (30.8) 0.050

Hospital mortality 2 (15.4) 0 (0) 0.141
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occurrence of EF mainly depends on the neurological 
status rather than the previous medical history in aSAH 
patients.

According to the previous study [6–8, 37], reintubated 
within 48 to 72  h was associated with a longer hospital 
stay and a higher mortality rate. Obviously, our patients 
with aSAH and EF had a longer need for mechanical ven-
tilation than patients after successful extubation. DCI is a 
clinical syndrome of focal neurological deficits or a radi-
ologically confirmed infarction that occurs in one-third 
of patients after aSAH and is caused by an interaction of 
multiple vascular and neural changes, including impaired 
autoregulation and vasospasm of intracranial arteries 
[38]. It is a well-known contributing factor to mortal-
ity and long-term handicaps after aSAH. Also, the acute 
hydrocephalus after the aSAH led to unfavored neurolog-
ical function and poor prognosis. Interestingly, patients 
with EF were more likely to develop DCI and acute 
hydrocephalus in this study, which might indicate that 
EF is responsible for the worsening of the outcome. Thus, 
the fact that EF seems to be associated with a poor prog-
nosis could be an important factor that might be helpful 
for clinicians in improving the patient’s treatment.

The optimal extubation timing of aSAH patients is 
unknown once the standard criteria to consider extuba-
tion are met. On the other hand, there is no evidence of 
postponing extubation to prevent a patient from a poor 
outcome. Our institution keeps a more positive attitude 
towards extubation. After surgery, the tracheal intubation 
is usually removed within 24 h for patients without obvi-
ous disturbance of consciousness and impaired brain-
stem function. Using PS matching to reduce the baseline 
difference between the two groups, our data indicated 
that the EF majority occurs in the ultra-early group. Fur-
ther subgroup analysis demonstrated that ultra-early 
extubation significantly increases the risk of EF in high-
risk groups. However, our data is not abundant enough 
to provide an exact extubation time for all aSAH patients. 
It seems like prolonged intubation may be beneficial for 
aSAH patients with older age, more acute onset, and 
worse disease severity. In the long run, rather than dog-
matic reductions in unnecessary medical measures, rea-
sonable reliance on adjuvant medical measures may lead 
to a better patient outcome.

Limitations of our data include patient select bias, 
limited data on the acute physiology score, constraints 
inherent in any retrospective study, and lack of data rela-
tive to respiratory failure, which is beyond the scope and 
capabilities of a case–control analysis. A prospective ran-
domized trial would need to be conducted to establish 
the optimal extubation time in a given population. How-
ever, a randomized trial of extubation time in critically ill 
aSAH patients would be unethical.

Conclusions
These data provide further evidence that older aSAH 
patients with onset to admission time < 2 days and WFNS 
grade > 3 have a high risk of developing EF, which is 
amplified by the ultra-early extubation. Moreover, in 
patients with two or more risk factors, a prolonged intu-
bation recommendation requires consideration to avoid 
the EF. Ultimately, physicians must weigh the potential 
risks of postponing extubation and EF when making the 
extubation decision.
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