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ABSTRACT

Introduction: Based on real-world case data,
this study intends to explore and analyze the
impact of rescue conscious sedation (CS) on the
clinical outcomes of patients with anterior cir-
culation acute ischemic stroke (AIS) receiving
mechanical thrombectomy (MT).
Methods: This retrospective study enrolled
patients with anterior circulation AIS who

received MT and were treated with either single
local anesthesia (LA) or rescue CS during MT
between January 2018 and October 2021. We
used univariate and multivariate logistic
regression methods to compare the impact of
LA and CS on the clinical outcomes of patients
with AIS who received MT, including the mRS
at 90 days, the incidence of poststroke pneu-
monia (PSP), the incidence of symptomatic
intracranial cerebral hemorrhage (sICH), and
the mortality rate.
Results: We reviewed 314 patient cases with
AIS who received MT. Of all patients, 164 met
our search criteria. Eighty-nine patients
received LA, and 75 patients received rescue CS.
There was no significant difference between the
two groups in the 90-day good prognosis (45.3%
vs. 51.7%, p = 0.418) and mortality (17.3% vs.
22.5%, p = 0.414). Compared with the LA
group, the incidence of postoperative pneumo-
nia in the rescue CS group (44% vs. 25.8%,
p = 0.015) was more significant. Multivariate
stepwise logistic regression analysis revealed
that intraoperative remedial CS was indepen-
dently associated with PSP following MT.
In a subgroup analysis, rescue CS was found to
significantly increase the incidence of PSP in
patients with dysphagia (OR = 7.307, 95% CI
2.144–24.906, p = 0.001). As the sever-
ity of the National Institutes of Health Stroke
Scale (NIHSS) increased, intraoperative rescue
CS was found to increase the risk of PSP (OR =
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1.155, 95% CI 1.034–1.290, p = 0.011) by 5.1%
compared to that of LA (OR = 1.104, 95% CI
1.013–1.204, p = 0.024).
Conclusion: Compared to LA, rescue CS during
MT does not significantly improve the 90 days
of good prognosis and reduce the incidence of
sICH and mortality in patients with anterior
circulation AIS. However, it has a signifi-
cantly increased risk of poststroke pneumonia
(PSP), particularly in patients with dysphagia.

Keywords: Rescue conscious sedation;
Mechanical thrombectomy; Acute anterior
circulation ischemic stroke; Poststroke
pneumonia; Local anesthesia

Key Summary Points

Why carry out this study?

The method of anesthesia may be a
potential factor affecting the patient’s
prognosis. General anesthesia (GA),
conscious sedation (CS), and local
anesthesia (LA) are three alternative
anesthetic methods, and there is no
definitive conclusion as to which is
optimal.

GA is not the anesthetic method of choice
for operators in the real world because it is
time-consuming. The simplicity and ease
of operation of LA, the basic anesthetic
method used for mechanical
thrombectomy (MT), is faced with patient
agitation intraoperatively. Notably, CS
has a short operation time, practicality,
and good sedation, which may be a good
measure to control agitation during MT.

Unfortunately, there are few studies of MT
anesthetic methods involving rescue CS
during operation. The results of this study
are based on a single-center experience
developing a retrospective study of two
anesthetic modalities, intraoperative
rescue CS versus LA, to explore the impact
of rescue CS on the clinical outcome of
patients with anterior circulation acute
ischemic stroke (AIS).

The hypothesis was that the rescue CS had
an effect on clinical outcomes of patients
who receive MT.

What was learned from the study?

Rescue CS was associated with the clinical
outcomes of patients with anterior
circulation AIS receiving MT.The rescue
CS has a significantly increased risk of
poststroke pneumonia (PSP), particularly
in patients with dysphagia.

The implication of this study is that the
rescue CS should be avoided if possible in
patients with anterior circulation acute
ischemic stroke with higher National
Institutes of Health Stroke Scale (NIHSS)
scores and dysphagia.

INTRODUCTION

Mechanical thrombectomy (MT) is an
endovascular treatment for an acute stroke
of large vessel occlusion that is regarded as safe
and effective [1–5]. Notably, as a measure of
smooth functioning, the method of anesthesia
may be a potential factor affecting the patient’s
prognosis. In 2017, a meta-analysis including
three randomized controlled trials (RCTs) and
19 observational studies concluded that
patients who received general anesthesia (GA)
might have a worse prognosis compared with
either rescue conscious sedation (CS) or local
anesthesia (LA) [6]. Additionally, a 2018 meta-
analysis of Hermes, including seven RCT studies
from 2010 to 2017, came to a similar conclusion
and concluded that patients who received GA
had a worse prognosis at 3 months [7]. Obser-
vational studies based on ANGEL data have
compared GA with non-GA (LA and CS) and
still had similar outcomes, suggesting that
patients receiving GA treatment had a poorer
prognosis [8]. In 2016 and 2018, two single-
center randomized clinical studies (SIESTA,
GOLIATH) demonstrated that patients receiving
GA had a better prognosis at 3 months than CS.
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However, GA is likely to result in an increased
incidence of postoperative pneumonia (SIESTA
trial 13.7% vs. 3.9%; p = 0.03) [9, 10]. In con-
trast, a single-center randomized clinical trial
(AnStroke) in 2017 found no difference in the
prognosis in patients with CS compared with
GA over 3 months [11]. Furthermore,
a 2020 review of the MR CLEAN database con-
cluded that the LA had a better functional out-
come than the GA and CS [12].
In a prospective multicenter registry study from
France, LA was considered associated with a
lower rate of good outcome (40.3% vs. 49.6%),
lower rates of successful reperfusion (75.3% vs.
86.1%), and higher mortality (18.1% vs. 23.6%)
compared with CS [13]. A meta-analysis of
18 non-randomized studies in 2021 found that
there was no significant difference between
general anesthesia and conscious sedation
in terms of functional independence at 90 days,
mortality at 90 days, symptomatic intracra-
nial hemorrhage, and aspiration pneumonia
[14]. Another meta-analysis of eight non-ran-
domized studies in 2022 found that LA was not
significantly different from CS and GA in terms
of favorable functional outcome or mortality,
but there was a trend towards achieving favor-
able functional outcome (mRS 1) [15]. Thus,
GA, CS, and LA can be seen as three alternative
anesthetic methods, and there is no definitive
conclusion as to which is optimal.

In these studies, more attention
is given to comparing the effects of GA, CS, and
LA on stroke prognosis. GA is not the anesthetic
method of choice for operators in the real world
because it is time-consuming. The simplic-
ity and ease of operation of LA, the basic anes-
thetic method used for MT are faced with
patient agitation intraoperatively. Notably, CS
has a short operation time, practicality, and
good sedation, which may be a good measure
to control agitation during MT.

Unfortunately, there are few studies of
anesthetic methods involving rescue CS during
MT. Therefore, based on a single-center experi-
ence, this study explores the effect of rescue CS
on clinical outcomes in patients with acute
ischemic stroke (AIS) in the anterior circulation
receiving MT.

METHODS

Patient selection

Patients included in this study were from a
cohort (A New Parameter Derived from Digital
Subtraction Angiography to Evaluate Cerebra
Perfusion NCT03607565) of the Department of
Neurology of the Xi’an No. 3 Hospital between
January 2018 and October 2021. The inclusion
criteria for this study were patients with (1)
cerebral infarction caused by occlu-
sion of the great arteries of the acute anterior
circulation (ICA, MCA M1–M2 segment); (2)
mechanical thrombectomy (thrombus aspira-
tion, stent thrombectomy) performed; (3)
inclusion up to 24 h after symptom onset; (4)
age [ 18 years old; (5) intraoperative remedial
CS or LA accepted. The exclusion criteria were
patients with (1) posterior circulation stroke
(vertebral-basal artery infarction); (2) treat-
ment with arterial thrombolytics, emergency
stent implantation or balloon dilation therapy;
(3) general anesthesia; (4) previous mRS[2; (5)
preoperative CT scan of the chest show-
ing pneumonia; (6) swallowing function not
evaluated preoperatively; (7) data missing. This
was a retrospective study with prospectively
collected data in accordance with the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) [16] and was
approved by the local Institutional Review
Board at the Xi’an No. 3 Hospital (no. SYXSLL-
2018–010). Since the observational data we used
came from the ongoing cohort, our study did
not harm the patients without privacy exposure
and only analyzed patient baseline data and
clinical outcomes, so the informed consent
form was waived. This study was conducted in
accordance with the Declaration of Helsinki.

Of the 314 patients who agreed to endovas-
cular therapy, 150 did not meet the inclusion or
exclusion criteria. Additionally, the remaining
164 patients were divided into two groups:
intraoperative rescue CS and LA according to
anesthesia (Fig. 1). The rescue CS in this study
was defined as continuous sedation with
dexmedetomidine injection immediately when
the patient became agitated during MT.
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LA was defined as local anesthesia at the
puncture site, and no sedative medica-
tion was used during the procedure. Poststroke
pneumonia after MT was defined as the fol-
lowing new manifestations within 7 days of MT
(meeting at least one of the first and second
criteria): (1) lung CT scan was indicative of
inflammatory changes; (2) cough with purulent
sputum, a microbial culture, or blood culture in
the lower respiratory tract, leukocytosis, and
a rise in C-reactive protein.

Variables and Follow-Up

The baseline characteristics of the pa-
tients that we used to build the database were:
age, gender, previous stroke, hypertension,
diabetes mellitus, atrial fibrillation, smok-
ing status, alcohol consumption, site of occlu-
sion (ICA, MCA, ICA ? MCA), baseline stroke
severity as assessed by the National Institutes of
Health Stroke Scale (NIHSS), intravenous alte-
plase, endovascular therapy (thrombus aspira-
tion, stent thrombus pulling, combined with
both), time from onset to admission, time from
admission to puncture, time from a puncture to

314 Assessed for eligibility

196 With ICA or MCA at M1 or M2 segment 

occlusion and received MT

118  Excluded

73 With posterior circulation strokes 

45 Had not undergone mechanical thrombectomy in any way 

8 With arterial thrombolytic therapy, 

37 Either with emergency stent implantation

 or with balloon dilatation therapy

32  Excluded

6 Under general anaesthetic

6 Had a baseline level of mRS score >2 

7 Absence of data on baseline NIHSS scores

3 Pneumonia found on CT scan prior to MT

    10 Missing Swallowing feature data

164 Included in analysis cohort

Group 1

75  Recived rescue CS during MT

Group 2

89  Recived  LA before MT

Fig. 1 Flowchart of patient selection. ICA internal carotid
artery; MCA middle cerebral artery; mRS modified Rankin
Scale; NIHSS National Institutes of Health Stroke Scale;

MT mechanical thrombectomy; CS conscious sedation;
LA local anesthesia
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recanalization, mTICI (2b or 3), dysphagia
(prior to MT the patient appeared to be chok-
ing on water and coughing, or the swallowing
irritation test was completed at least three times
within 30 s), and ASTIN/SIR score (2 or 3). The
primary outcome measure was the 90-day good
functional outcome (mRS score of B 2). The
secondary outcome measures included the
90-day mRS, 90-day mortality, sICH (imaging
evidence of cerebral hemorrhage defined
according to the ECASS-II criteria) [17] and PSP
(based on imaging, laboratory and clinical out-
comes). At 3 months after mechanical
thrombectomy, our follow-up physicians, who
were blinded to the clinical details and anes-
thetic methods, completed the assessment of
the clinical outcome by telephone follow-up.
All data were reviewed anonymously and cen-
trally by two independent physicians. Agree-
ment was reached between physicians to resolve
any disagreement; if no consensus was reached,
a third physician blinded to the study partici-
pated in the review.

Statistical Analysis

The counting data are expressed in the form of n
and %. If the measurement data obeyed the
normal distribution, it was indicated by x� s; if
it did not follow the normal distribution, it was
indicated by M (IQR). The t-test, Mann-Whit-

ney U test, X2-test, and Fisher exact method
were used for univariate analysis. To compare
the effects of two anesthesia methods on clini-
cal outcomes, the odds ratios (ORs) of 95%
confidence interval (CI) and the adjusted ORs of
95% CIs were calculated using univariate and
multivariate logistic regression models. We
adopted two kinds of multiple regression mod-
els to improve the reliability of the results. In
model 1, we only adjusted age, sex, history of
atrial fibrillation, and diabetes. In model 2, we
additionally adjusted the variable of P\0.05
level difference between the two groups. The
data were analyzed using SPSS 26.0 (IBM,
Armonk, NY, USA), and p\0.05 was considered
statistically significant.

RESULTS

A total of 164 patients who met the study cri-
teria were included in this study. Overall, the
average age was 69 years, and males accounted
for 53% of the population. The successful
recanalization rate was 87.2%, 90 days good
prognosis rate was 48.8%, mortality rate was
20.1%, sICH incidence rate was 13.4%, and PSP
incidence rate was 34.1% (Tables 1 and 2).
Eighty-nine patients received LA, and 75
patients received intraoperative rescue CS.
There was no significant difference between the
two groups in baseline data (Table 1). There was
also no significant difference in 90-day good
prognosis (45.3% vs. 51.7%, p = 0.418), inci-
dence of sICH (10.1% vs. 17.3%, p = 0.176), and
mortality (17.3% vs. 22.5%, p = 0.414) between
the two groups. Notably, the incidence of
postoperative pneumonia in the rescue CS
group (44% vs. 25.8%, p = 0.015) was higher
than that in LA (Table 2).

After MT, there were significantly more
patients with PSP than without PSP in terms of
90-day mRS (5 vs. 2, p = 0.010), mortality
(32.1% vs. 13.9%, p = 0.006) at 90 days, and the
incidence of sICH (21.4% vs. 9.3%, p = 0.030).
The rate of 90-day good prognosis (33.9% vs.
56.5%, p = 0.006) was significantly lower than
that of patients without PSP (Table 3).

The univariate analysis of the occurrence of
PSP after MT showed that intraoperative rescue
CS, NIHSS, dysphagia, bridging thrombectomy,
and ASTIN/SIR (2–3) were the risk factors for the
occurrence of PSP after MT (Table 4). Conse-
quently, we included several factors affecting
the occurrence of PSP after MT, such as age, sex,
AF, DM, dysphagia, and the severity of neuro-
logical deficit. Additionally, a stepwise multi-
variable logistic regression analysis for the
independent variables with a univariate analysis
of p\ 0.1 demonstrated that rescue CS was an
independent risk factor for the occurrence of
PSP after MT (Table 5). In addition,
there was also an independent relation-
ship among the severity of neurological deficit,
dysphagia, bridging thrombus ablation, and
occurrence of PSP (Table 5).
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Table 1 Analysis of the baseline characteristics between CS or LA groups for patients with anterior circulation ischemic
stroke undergoing thrombectomy

All patients(164) Anesthetic mode p

LA (89) CS (75)

Age, mean (SD), years 69 (12) 69 (12) 68 (14) 0.832

Sex (male), n (%) 87 (53.0%) 47 (52.8%) 40 (53.3%) 0.947

Stroke history, n (%) 26 (15.9%) 15 (16.9%) 11 (14.7%) 0.702

HBP, n (%) 90 (54.9%) 51 (57.3%) 39 (52.0%) 0.497

AF, n (%) 81 (49.4%) 42 (47.2%) 39 (52.0%) 0.539

DM, n (%) 29 (17.7%) 20 (22.5%) 9 (12.0%) 0.08

Smoking, n (%) 40 (24.4%) 22 (24.7%) 18 (24.0%) 0.915

Drinking, n (%) 15 (9.1%) 8 (9.0%) 7 (9.3%) 0.939

NIHSS, median (IQR) 15 (10, 19) 14 (9, 19) 16 (12, 19) 0.163

Dysphagia, n (%) 45 (27.4%) 23 (25.8%) 22 (29.3%) 0.618

Occlusion site, n (%) 0.118

ICA 44 (26.8%) 20 (22.5%) 24 (32.0%)

MCA 113 (68.9%) 63 (70.8%) 50 (66.7%)

ICA and MCA 7 (4.3%) 6 (6.7%) 1 (1.3%)

Intravenous thrombolysis, n (%) 62 (37.8%) 32 (36.0%) 30 (40.0%) 0.595

ASTIN/SIR = 2/3, n (%) 63 (70.8%) 63 (70.8%) 55 (73.5%) 0.718

Thrombectomy method, n (%) 0.872

SWIM 67 (40.9%) 38 (42.7%) 29 (38.7%)

ADAPT 59 (36.0%) 31 (34.8%) 28 (37.3%)

SWIM and ADAPT 38 (23.2%) 20 (22.5%) 18 (24.0%)

Onset to admission, median (IQR),min 152 (86, 295) 139 (79, 289) 188 (92, 303) 0.642

DPT, median (IQR), min 138 (104, 187) 139 (105, 193) 135 (103, 177) 0.501

Puncture to recanalization, median (IQR), min 72 (34, 109) 79 (40, 118) 60 (30, 95) 0.059

TICI = 2b/3, n (%) 143 (87.2%) 79 (88.8%) 64 (85.3%) 0.512

LA local anesthesia; CS conscious sedation; SD standard deviation; IQR interquartile range; HBP hypertension high blood
pressure;DM diabetes mellitus; AF atrial fibrillation; NIHSS National Institutes of Health Stroke Scale; ICA internal
carotid artery; MCA middle cerebral artery; ASTIN/SIR American Society of Interventional and Therapeutic Neurora-
diology/Society of Interventional Radiology; SWIM Solitaire retriever stent combined with intracranial support catheter
aspiration for mechanical thrombectomy; ADAPT a direct aspiration first-pass technology; DPT door to puncture time;
TICI thrombolysis in cerebral infarction

1782 Neurol Ther (2023) 12:1777–1789



PSP post-stroke pneumonia; SD standard
deviation; IQR interquartile range; HBP hyper-
tension high blood pressure; DM diabetes mel-
litus; AF atrial fibrillation; NIHSS National
Institutes of Health Stroke Scale; ICA internal
carotid artery; MCA middle cerebral artery;
ASTIN/SIR American Society of Interventional
and Therapeutic Neuroradiology/Society of
Interventional Radiology; SWIM Solitaire
retriever stent combined with intracranial sup-
port catheter aspiration for mechanical
thrombectomy; ADAPT a direct aspiration first-
pass technology; DPT door to puncture time;
TICI thrombolysis in cerebral infarction; CS
conscious sedation

The subgroup analysis of anesthesia methods
on the incidence of PSP showed that intraop-
erative rescue CS significantly increased the

incidence of PSP in patients with dysphagia
(OR = 7.307, 95% CI: 2.144–24.906, p = 0.001).
With the increase of NIHSS severity, the inci-
dence of PSP (OR = 1.155, 95% CI: 1.034–1.290,
p = 0.011) increased by 5.1% compared with LA
(OR = 1.104, 95% CI: 1.013–1.204, p = 0.024)
(Table 6).

DISCUSSION

The anesthesia strategies of MT include GA, CS,
and LA, among which CS and LA are often the
first choices. Based on real-world case data, this
study intends to explore and analyze the impact
of rescue CS and LA on the clinical outcomes of
patients who receive MT. Notably, we found
that intraoperative rescue CS had no significant
impact on 90-day good functional outcome,

Table 2 Analysis of the clinical outcomes of patients undergoing CS or LA

All patients (164) LA (n = 89) CS (n = 75) p

Primary outcome

90-day mRS 0–2, n (%) 80 (48.8%) 46 (51.7%) 34 (45.3%) 0.418

Secondary outcomes

90-day mRS, median (IQR) 3 (1, 5) 2 (0, 5) 3 (2, 5) 0.13

Mortality at 90 days, n (%) 33 (20.1%) 20 (22.5%) 13 (17.3%) 0.414

Postoperative sICH, n (%) 22 (13.4%) 9 (10.1%) 13 (17.3%) 0.176

PSP, n (%) 56 (34.1%) 23 (25.8%) 33 (44.0%) 0.015

LA local anesthesia; CS conscious sedation; mRS modified Rankin Scale; sICH symptomatic intracranial hemorrhage; PSP
post-stroke pneumonia

Table 3 Prognostic impact of PSP after MT

No PSP (n = 108) PSP (n = 56) p

90-day mRS, median (IQR) 2 (0, 5) 5 (2, 6) 0.010

90-day mRS 0–2, n (%) 61 (56.5%) 19 (33.9%) 0.006

Mortality at 90 days, n (%) 15 (13.9%) 18 (32.1%) 0.006

Postoperative sICH, n (%) 10 (9.3%) 12 (21.4%) 0.030

PSP post-stroke pneumonia; MT mechanical thrombectomy; mRS modified Rankin Scale; sICH symptomatic intracranial
hemorrhage
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90-day mortality, and incidence of sICH after
MT. However, it was significantly related to the
occurrence of PSP.

CS scheme refers to LA combined with
sedatives such as dexmedetomidine [18, 19].
Additionally, there are two CS schemes in the
real world. Initially, the patients were given
sedatives actively before MT to prevent intra-
operative agitation. Second, rescue CS was

administered because of restlessness during MT.
Much of the previous research on the prognos-
tic effect of CS has focused on comparing the
differences between CS and LA. Still, the timing
of the use of sedatives in the CS scheme has not
been extensively investigated. For example, in a
French multicenter registry study in which the
CS scheme group was given remifentanil pre-
operatively for MT, the results showed that LA

Table 4 Univariate analysis influencing the occurrence of pneumonia after thrombectomy in patients with anterior
circulation acute ischemic stroke

No PSP (108) PSP (56) p

Age, mean (SD), years 67 (13) 71 (12) 0.108

Male, n (%) 56 (51.9%) 31 (55.4%) 0.670

Stroke history, n (%) 14 (13%) 12 (21.4%) 0.159

HBP, n (%) 59 (54.6%) 31 (55.4%) 0.929

AF, n (%) 48 (44.4%) 33 (58.9%) 0.079

DM, n (%) 22 (20.4%) 7 (12.5%) 0.210

Smoking, n (%) 24 (22.2%) 16 (28.6%) 0.369

NIHSS, median (IQR) 13 (9, 18) 18 (13, 21) 0.000

Dysphagia, n (%) 22 (20.4%) 23 (41.1%) 0.005

Occlusion site, n (%) 0.138

ICA 24 (22.2%) 20 (35.7%)

MCA 80 (74.1%) 33 (58.9%)

ICA and MCA 4 (3.7%) 3 (5.4%)

Intravenous thrombolysis, n (%) 33 (30.6%) 29 (51.8%) 0.008

ASTIN/SIR = 2/3, n (%) 84 (77.8%) 34 (60.7%) 0.021

Thrombectomy technology, n (%) 0.575

SWIM 41 (38.0%) 26 (46.4%)

ADPT 41 (38.0%) 18 (32.1%)

SWIM and ADAPT 26 (24.1%) 12 (21.4%)

Onset to admission, median (IQR),min 143 (89, 307) 180 (78, 290) 0.690

DPT, median (IQR),min 137 (100, 187) 141 (120, 193) 0.265

Puncture to recanalization, median (IQR),min 72 (34, 100) 72 (33, 115) 0.881

TICI = 2b/3, n (%) 97 (89.8%) 46 (82.1%) 0.163

CS, n (%) 42 (38.9%) 33 (58.9%) 0.015
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was associated with reduced good outcomes,
less successful reperfusion rates, and higher
mortality compared with CS [13], suggesting
that giving sedatives before MT may be benefi-
cial to clinical outcomes. Meanwhile, in a study
by the MR-CLEAN team, the CS scheme group
was given sedatives during MT. They reported
that this CS scheme led to a worse prognosis at
90 days than LA, and the incidence of PSP (20%
vs. 11%, p\ 0.01) was higher compared to LA
[12], suggesting that giving sedatives during MT
may be detrimental to clinical outcomes. In our
study, we took the rescue conscious sedation of
dexmedetomidine when patients were restless
during MT, similar to MR-CLEAN [12], that is,
sedative drugs during MT. The results showed
that the 90-day good prognosis rate of patients
with rescue CS during MT was slightly lower
than for LA (44.2% vs. 51.7%, p = 0.418), and
the incidence rate of PSP (44% vs. 25.8%,

p = 0.015) was higher than for LA. However,
there was no significant difference in 90-day
mortality and postoperative sICH. Therefore,
CS’ start timing may affect EVT patients’ prog-
nosis differently. Compared with simple LA
alone, rescue CS during MT has no significant
advantage in improving the good prognosis rate
at 90 days. However, it also can increase the
incidence of PSP after MT, which may adversely
affect patients’ clinical outcome.

As a common complication of stroke [20],
PSP can increase poor prognosis and mortality
[18, 21]. Besides, it often burdens families and
society because of increased hospital stays and
medical expenses. Additionally, it will help
reduce the incidence of PSP by controlling the
risk factors [22]. The factors reported in the lit-
erature for the occurrence of PSP are not only
related to the elderly, atrial fibrillation, male
sex, diabetes, dysphagia, stroke severity, and so

Table 5 Effect of conscious sedation (CS) vs. local anesthesia (LA) on PSP, unadjusted (model A), adjusted for potential
confounding variables (model B), and with additional adjustment for variables with p\ 0.05 (model C)

B OR 95% CI p

Model A

CS 0.718 2.050 1.052–3.993 0.035

Model B

CS 0.692 1.997 1.006–3.962 0.048

Male - 0.347 0.707 0.344–1.452 0.345

Age 0.018 1.018 0.987–1.050 0.266

AF - 0.492 1.636 0.757–3.535 0.211

DM - 0.196 0.822 0.310–2.181 0.694

Model C

CS 0.737 2.091 1.011–4.322 0.047

NIHSS 0.088 1.092 1.022–1.168 0.010

Dysphagia 0.768 2.155 1.359–7.099 0.048

ASTIN/SIR 2–3 - 0.570 0.588 0.256–1.252 0.160

Intravenous thrombolysis 0.744 2.104 1.011–4.379 0.047

OR odds ratio; CI confident interval; CS conscious sedation; HBP hypertension high blood pressure; DM diabetes mellitus;
AF atrial fibrillation; NIHSS National Institutes of Health Stroke Scale; ASTIN/SIR American Society of Interventional
and Therapeutic Neuroradiology/Society of Interventional Radiology
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on [22–26] but also closely related to intra-
venous thrombolysis and/or mechanical
thrombectomy [18]. Then, it is unclear whether
CS significantly increases the risk of PSP. Com-
pared with LA, some studies believe that CS
increases the incidence of PSP [12], while others
believe that CS has no significant impact on the
incidence of pneumonia [27]. Notably, our
study found that the severity of NIHSS, dys-
phagia, and bridging thrombectomy were clo-
sely related to the occurrence of PSP after
incorporating age, sex, AF, DM, and other fac-
tors for univariate and multivariate regression
analysis, which was similar to the literature
reports that intraoperative rescue CS was sig-
nificant. It was of vital importance that we
found factors affecting the increase in the inci-
dence of PSP, supporting the view that CS
increased the incidence of PSP, as this was not
thoroughly discussed in previous studies.
Compared with uncontrollable factors such as
old age, atrial fibrillation, male sex, diabetes,
dysphagia, and stroke severity, intraoperative
rescue CS is a controllable factor, which sug-
gests that rational use of CS by clinicians can
reduce the possibility of PSP.

CS and LA are the first choices of anesthesia
for EVT compared with GA because of the con-
venient implementation and short time nee-
ded. However, there is no uniform standard for
when LA is preferred or CS, as the operator
primarily determines this according to the
patient’s specific situation. For example, the
patient’s restlessness may be the main reason
for selecting CS administration [27]. The CS
method in our study is to use remedial sedation
based on the intraoperative restlessness of
patients. Compared with LA in the subgroup
analysis, this anesthesia significantly increased
the incidence of PSP in patients with dysphagia
(OR = 7.307). Additionally, with the increase of
NIHSS severity, the incidence of PSP (OR =
1.155) in this anesthesia increased by 5.1%
compared with LA (OR = 1.104). Unlike previ-
ous studies, our study has more reference sig-
nificance for operators to choose anesthesia,
suggesting that operators should fully consider
the severity of patients’ baseline NIHSS, dys-
phagia, and other factors likely to induce PSP
when choosing anesthesia and trying to avoid
rescue CS during MT. For patients with severe
symptoms and dysphagia, perhaps preoperative
proactive CS is more conducive to good clinical
outcomes. However, this requires further
prospective large-sample RCT studies.

Our study has several limitations that need
to be recognized. First, this retrospective study
has a high possibility of selection bias, which
may affect the research results. Second, this
study only explores and analyzes LA and intra-
operative passive CS. If we can compare preop-
erative active CS simultaneously, it may be
more helpful to clarify the impact of CS appli-
cation timing on patients. Third, this study has
a relatively small sample size and is limited to
the Chinese population. However, the implica-
tions of this study will prompt us to recruit
more patients to expand the sample size in
future studies, and appropriately designed
prospective randomized controlled trials will be
a good metric for exploring the relationship
between rescue CS during MT and clinical out-
comes of anterior circulation acute ischemic
stroke in depth.

Table 6 Subgroup analysis of the effect of anesthesia
methods on the incidence of PSP

B OR 95% CI p

CS

NIHSS 0.144 1.155 1.034–1.290 0.011

Dysphagia 1.989 7.307 2.144–24.906 0.001

Intravenous

thrombolysis

0.934 2.544 0.814–07.950 0.108

LA

NIHSS 0.099 1.104 1.013–1.204 0.024

Dysphagia -0.358 0.699 0.226–2.163 0.534

Intravenous

thrombolysis

0.598 1.818 0.663–4.983 0.245

PSP post-stroke pneumonia; CS conscious sedation; LA
local anesthesia; NIHSS National Institutes of Health
Stroke Scale
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CONCLUSION

Our study revealed that rescue CS during MT
significantly increased the risk of PSP in patients
with anterior circulation acute ischemic stroke.
Additionally, it was not superior to LA in
improving the 90-day good prognosis of
patients and in reducing the incidence of sICH
and mortality, which was not conducive to the
clinical outcome of patients, especially in
patients with severe symptoms and dysphagia.
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