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Abstract: Objective: The objective is to compare the effect of general anesthesia (GA) and monitored anesthe-
sia care (MAC) on clinical outcomes in patients with endovascular therapy for vertebrobasilar occlusion stroke.
Methods: 139 patients undergoing endovascular therapy for vertebrobasilar stroke, were recruited. The patients
were randomized into GA group and MAC group (about 1:1 ratio). GA group received general anesthesia and MAC
group received monitored anesthesia care during endovascular therapy. The primary outcome measure was the
shift in the degree of disability among the 2 groups as measured by the modified Rankin scale score (mRS) at 90
days (80-100 days). Secondary end points included infarct volume and related complications. Results: The patients
were assigned randomly (about 1:1 allocation) to GA group (n=72) and MAC group (n=67). The primary outcome
of functional independence measured by 90-day mRS score was not significantly different between the 2 groups
(median (IQR), 2 (1-3) vs. 3 (1-4); P=0.316). Final infarct volume was smaller in the GA group than in the MAC group
(median (IQR), 27.60 (13.75-83.52) vs. 33.60 (26.85-92.95); P=0.045). There were no differences with statistical
significance in rates of successful reperfusion (modified Thrombolysis in Cerebral Ischemia (mTICI) 2b-3) between
2 groups (73.61% vs. 76.12%; P=0.734). Early neurological outcomes measured by the 24-hour National Institutes
of Health Stroke Scale scores (NIHSS) showed that 11 (interquartile range (IQR), 3-22) in GA group and 11 (inter-
quartile range (IQR), 7-25) in MAC group, but were not statistically significant. There was no statistical difference
in postoperative complications between the two groups. Conclusion: For patients who underwent endovascular
therapy for vertebrobasilar occlusion strok caused by occlusions in the posterior circulation, MAC appears to be as
effective as GA. However, MAC is associated with bigger final infarct volume. Future studies are warranted to confirm
our findings.
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Introduction

Endovascular therapy (ET) is increasingly used
in the treatment for patients with acute isch-
emic stroke (AIS) and, has been considered the
gold standard for anterior circulation occlu-
sions presenting in the early time window (with-
in 6 hours after symptom onset) [1-3]. However,
the clinical outcomes of ET vary from patient to
patient, depends on both patient factors (age,
comorbidities, severity of stroke), as well as
procedural factors (time window, operational
details) [4, 5]. Previous studies have demon-

strated that anesthetic approach also have an
effect on clinical outcomes, but which anes-
thetic approach results in the best clinical out-
comes remains unclear [6-8]. Both general
anesthesia (GA) and conscious sedation/moni-
tored anesthesia care (MAC) during ET have
been implemented in clinical trials, and several
retrospective studies reported that patients
treated with general GA may have worse out-
comes than those treated with MAC, but these
results may have various bias, including selec-
tion bias, recall bias and confounding bias
[9-11]. Furthermore, the ultimate selection of
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anesthetic approach during ET for AIS should
be individualized on the basis of clinical charac-
teristics, including risk factors of patient, toler-
ance of the procedure, and so on [12, 13].

In addition, most studies focused on patients
with anterior circulation strokes, and there are
no prospective studies on patients presenting
with posterior circulation strokes to date [14].
Cerebral infarction in the blood supply areas of
vertebrobasilar artery and posterior cerebral
artery is collectively referred to as posterior cir-
culation infarction, accounting for about 20%-
25% of patients with ischemic stroke [15].
Previous studies have suggested that posterior
circulation cerebral infarction is associated
higher risk of recurrence, poor prognosis and
less tolerance to anesthesia [16-19]. The opti-
mal anesthetic approach for the patients pre-
senting with posterior circulation strokes re-
mains unknown. It is the first time, to our best
knowledge, using a prospective cohort of pa-
tients to evaluate the safety and effectiveness
between GA and MAC during ET for treating ver-
tebrobasilar occlusion strokes. In the present
prospective cohort study, we sought to test the
discrepancies of safety, efficiency, clinical out-
comes between the use of GA and MAC during
ET.

Materials and methods

Study design and participants

This study was a single center, prospective,
blinded end point evaluation, cohort study,
which enrolled patients undergoing endovascu-
lar therapy for vertebrobasilar occlusion stroke
from February 2017 to November 2019 at
Southern Medical University. The primary out-
come of this study was modified Rankin scale
(mRS) score. PASS 15.0 software was used.
Referring to the basis of previous studies, the
parameters were set as non-inferiority study,
MRS score was improved to 1.91+0.53 and
1.90+£0.76, and the non-inferiority margin was
14%, and the test efficiency was 80%, P=0.05
(bilateral). So, the sample size was calculated
as 48 cases in each group, 96 cases in total
[20]. Consider 20% of shedding cases, 120
patients should be included. In the actual study,
we collected 139 cases (>120). Patients were
included in this study if they (1) could be treat-
ed with ET within 6h after symptoms onset; (2)
had a National Institutes of Health Stroke Scale
scores (NIHSS) >4 at admission and premorbid
MRS scores <2; (3) were diagnosed with acute
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posterior circulation stroke caused by vertebro-
basilar occlusion verified by computed tomo-
graphic angiography (CTA), magnetic resonance
angiography (MRA), digital-subtraction angiog-
raphy (DSA); (4) were >18 years of age. Patients
were excluded from this study if they (1) has an
increased risk of suffering from bleeding,
including platelet count <100x10°/L, and a his-
tory of surgery and substantive organ biopsy
within 1 month; (2) had a life expectancy less
than 90 days; (3) had contraindications of ET,
including arteriovenous malformation or con-
comitant aneurysm; (4) had incomplete infor-
mation or the follow-up was lost; (5) were intu-
bated at presentation or with a premorbid mRS
score of more than 2 (score range: 0-6, with a
lower score indicating independent living) as
well as those who had a Glasgow Coma Scale
(GCS) score lower than 9 (score range: 3-15,
with a lower score indicating lower levels of
consciousness). The flowchart (Figure 1) dis-
plays the number details of patients included
and excluded. Patients were assigned random-
ly to GA group and MAC group (about 1:1 alloca-
tion). This study was approved by the Ethics
Committee of Southern Medical University.
Patients or their next of kin were then required
to give written informed consent to fulfill the
trial. No data monitoring committee was
involved.

Anesthesia and thrombectomy

GA and MAC were both standard anesthetic
procedures during EVT at our institution prior to
trial initiation. For patients in the GA group,
rapid sequence intubation with Suxametho-
nium (CARBOMER INC, USA. Bolus 0.5-1 mg/
kg), Alfentanil (Nhwa Pharmaceutical Co., Ltd,
China. Bolus 0.02-0.03 mg/kg) and Propofol
(EMMX Biotechnology LLC, USA. Bolus 1-5 mg/
kg followed by 2-10 mg/kg/h) was perfor-
med. Endotracheal intubation was followed by
mechanical ventilation. Anesthesia was main-
tained with Propofol (EMMX Biotechnology LLC,
USA. 2-10 mg/kg/h) and remifentanil (National
Pharmaceutical Industry Co. Ltd., China. 0.2-1
pug/kg/min). In the neuro-interventional suite,
patients in the MAC group received a fentanyl
bolus (Nhwa Pharmaceutical Co., Ltd, China.) of
25-50 pg, which was repeated as necessary. A
Propofol (EMMX Biotechnology LLC, USA) infu-
sion of 1-4 mg/kg/hr. was initiated and adjust-
ed as required. The patient’s sedation was con-
trolled to a Ramsay sedation score of 4 (patient
asleep, shows brisk responses to light glabe-

Am J Transl Res 2021;13(3):1558-1567



Compare the effect of general anesthesia and monitored anesthesia care

167 patients undergoing endovascular therapy for acute ischemic
stroke due to v were ed initialy

measured by the mRS score
at 90 days (80-100 days).
Secondary end points included

28 Patients excluded

14 With NIHSS score<4

infarct volume and related
complications. The cerebral

4W|U1wnl.n_alndlcalmnsnfET‘ among them, infarCt V0|ume was CaICL”ated
oo bty sy by the Pullicino formula (leng-
7P ti than6 h .

Sl promorbidmRE scose 32 th * width * layer number/2)

based on the cranial CT or MRI

139 Panens@

72 Received GA 67 Received MAC

scan within 48 hours after AIS
[22]. Safety end points were 90-
day mortality, vessel injury,
and any parenchymal hemato-
ma according to the Europe-
an Cooperative Acute Stroke
Study. All of imaging outcomes
were obtained by imaging doc-
tors and laboratory doctors
who were blinded to this study.
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Figure 1. Flowchart of the study sample. GA: general anesthesia; MAC: mon-

itored anesthesia care.

llar tap or loud auditory stimulus) or 5 (patient
asleep, shows sluggish response to light glabel-
lar tap or loud auditory stimulus).

A radial artery catheter was used during the
thrombectomy to measure the invasive arterial
blood pressure including systolic blood pres-
sure (SBP), and mean arterial pressure (MAP).
Decreases in blood pressure were treated wi-
th vasopressors (ephedrine/phenylephrine) to
maintain blood pressure within recommended
limits (SBP>140 mmHg, MAP>70 mmHg). Re-
perfusion was evaluated by an independent
radiologist according to the modified Throm-
bolysis in Cerebral Ischemia (mTICI) scale score
(score range: 0-3, 1 for minimal reperfusion, 2a
for less than 50% of the affected vascular terri-
tory reperfused, 2b for greater than 50% reper-
fusion, and 3 for complete reperfusion). The
mTICI 2b or 3 was considered as successful
reperfusion [21].

Outcomes and imaging analysis

The primary outcome measure was the shift in
the degree of disability among the 2 groups as
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Two patients received MAC ini-

tially were converted to GA due
to respiratory insufficiency and severe agita-
tion. Intention-to-treat (ITT) analysis was used
in the analysis, so the 2 patients were still
included in MAC group when analyzing. Statis-
tical analysis was performed using the Statis-
tical Package for the Social Sciences (SPSS)
version 18.0 (IBM Armonls, NY, USA). Continu-
ous variables were recorded as mean values +
standard deviation (X + sd), and categorical
variables were expressed by proportions (%).
The unpaired 2-tailed Student t test or Mann-
Whitney U test were performed to compare the
mean values or data distribution of continuous
variables. And categorical variables were com-
pared with the x? (chi-square) test or Fisher
exact test, as appropriate. A P value of <0.05
was considered statistically significant.

Results

167 patients undergoing ET for AIS due to ver-
tebrobasilar occlusion were enrolled initially,
28 patients who were not fulfill the inclusion
criteria were excluded. A total of 139 patients
were included in this study finally. Then the
patients were assigned randomly (about 1:1
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Table 1. Baseline demographic, clinical, and treatment data

Variable GA (n=72) MAC (n=67) P
Age 72.1+6.8 71.9+7.5 0.897
Male (%) 38 (52.78) 34 (50.75) 0.811
Premorbid mRS score (%) 0.540

0 55 (76.39) 50 (74.63)

1 10 (13.89) 11 (16.42)

2 5 (6.94) 6 (8.96)

3 2(2.78) 0 (0.00)
Platelets, median (IQR) 217 (174-231) 209 (163-223)  0.155
Hypertension (%) 4 (47.22) 31 (46.27) 0.910
Atrial fibrillation (%) 4 (33.33) 27 (40.30) 0.395
Smokers (%) 21 (29.17) 19 (28.36) 0.961
Diabetes (%) 2 (16.67) 9(13.43) 0.595
Dyslipidemia (%) 3(31.94) 26 (38.81) 0.398
Thrombectomy procedure (%) 0.924

Stent retriever 15 (20.83) 14 (20.90)

ADAPT technique 27 (37.50) 26 (38.81)

Both 15 (20.83) 12 (17.91)
SBP (mmHg)

Baseline 162.76+17.58 165.78+18.97  0.333

Intraoperative 155.96+14.13 153.13+11.80 0.205
MAP (mmHg)

Baseline 114.11+16.57 111.43+19.93 0.389

Intraoperative 96.25+15.97 102.06%£18.03 0.046

Intraoperative MAP decreased by more than 40% from baseline 4 (5.56) 3(4.48) 1.000
Heart rate (bpm)

Baseline 92.71+15.20 96.19+12.25 0.141

Intraoperative 76.83+10.28 79.40+9.91 0.136

Intraoperative HR decreased by more than 30% from baseline

Onset-to-door time ((OTD), min)
Procedure time (min)

SpO, (%)

Intraoperative agitation (%)
Use of vasoactive drugs (%)

10 (13.89) 6 (8.96) 0.362

142.3+£39.3 129.6+47.3 0.086
130.4+43.6 143.3+45.7 0.091
97.07+3.12 96.10+3.32 0.080

6(8.33) 8 (11.94) 0.480
10 (13.89) 6 (8.96) 0.362

Note: GA: general anesthesia; MAC: monitored anesthesia care; mRS: modified Rankin scale.

allocation) to GA group (n=72) and MAC group
(n=67). Baseline characteristics were well bal-
anced between the 2 groups, including age,
sex, stroke risk factors, level of stoke, NIHSS
scores, and ET technical approach, SBP, MAP
and HR (Table 1). The X * sd of intraoperative
MAP was (96.25+15.97) mmHg in GA group
and (102.06+£18.03) mmHg in MAC group, indi-
cating intraoperative MAP was lower in GA than
MAC with statistical significance (P=0.046;
Figure 2).

The primary outcome of functional indepen-
dence measured by 90-day mRS score was not
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significantly different between the 2 groups
(median (IQR), 2 (1-3) vs. 3 (1-4); P=0.316;
Table 2 and Figure 3). No significant difference
for the primary outcome was observed between
the treatment groups in the subgroup analyses,
except the subgroup with gender (P<0.05;
Table 3 and Figure 4). Final infarct volume was
smaller in the GA group than in the MAC group
(median (IQR), 27.60 (13.75-83.52) vs. 33.60
(26.85-92.95); P=0.045). There were no differ-
ences with statistical significance in rates of
successful reperfusion (mTICI 2b-3) between
2 groups (73.61% vs. 76.12%; P=0.734). Ear-
ly neurological outcomes measured by the
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Figure 2. Bar graphs comparing the rates. A: Successful reperfusion after ET; B: Intraoperative mean arterial pres-
sure for the GA (black) vs. MAC (gray) groups. GA: general anesthesia; MAC: monitored anesthesia care; mTICI:
modified Thrombolysis in Cerebral Ischemia. * indicates that there was a statistical difference between two groups
with P=0.046.

Table 2. Clinical outcomes and complications

Outcome GA (n=72) MAC (n=67) P
Successful reperfusion (%) 53 (73.61) 51 (76.12) 0.734
mTICI 2b 24 (33.33) 27 (40.30) 0.395
mTICI 3 29 (40.28) 24 (35.82) 0.589
Acute infarct volume, median (IQR), mL 12.10 (8.40-22.38) 12.70 (5.85-25.75) 0.848
Final infarct volume, median (IQR), mL 27.60 (13.75-83.52) 33.60 (26.85-92.95) 0.045
Infarct volume growth, median (IQR), mL 12.90 (6.35-59.40) 29.00 (15.80-69.90) 0.017
90-d mRS score, median (IQR) 2 (1-3) 3(1-4) 0.316
NIHSS score in 24 h, median (IQR) 11 (3-22) 11 (7-25) 0.073
Length of hospital stay, median (IQR), d 17 (11-24) 16 (9-21) 0.095
Complications (%) 26 (36.11) 16 (23.88) 0.117
Hypertension or hypotension (>180 mmHg or <120 mmHg) 16 (22.22) 11 (16.42) 0.387
Pneumothorax 8(11.11) 3(4.48) 0.148
Pneumonia 2(2.78) 2(2.99) 1.000

Note: GA: general anesthesia; MAC: monitored anesthesia care; mTICl: modified Thrombolysis in Cerebral Ischemia; NIHSS: National Institutes of
Health Stroke Scale scores.
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w
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Figure 3. Shift analysis as assessed by the Mann-Whitney U-test, P=0.316. MAC: monitored anesthesia care; GA:
general anesthesia.
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Table 3. Primary outcome as the improvement of mRS score in prespecified subgroups

Changes in mRS score

MAC

Difference (95% Cl)

-2.15 (-2.74 t0 -1.56)
-2.16 (-2.66 to -1.66)

-2.37 (-2.88 10 -1.85)
-1.91 (-2.47 to -1.45)

-2.04 (-2.53 t0 -1.55)

2.21(-2.721t0-1.69)

-2.15 (-2.69 to -1.60)
-2.16 (-2.70 to -1.62)

-2.60 (-3.62 t0 -1.58)
-2.08 (-2.49t0-1.67)

No

Subgroup GA MAC GA
Age

<70 45 39

>70 27 28
Sex

Male 38 34

Female 34 33
NIHSS

>17 24 30

<17 48 37 -
Hypertension

Yes 34 31

No 38 36
DHR

>30% 10 6

<30% 62 61
SR 53 51

-2.19 (-2.59t0 -1.78)

-2.51 (-3.06 t0 -1.97)
-2.32 (-2.98 t0 -1.66)

-2.44 (-3.06 to -1.82)
-2.42 (-2.00 to -1.86)

-2.33 (-2.96 t0 -1.70)
-2.51 (-3.07 t0 -1.95)

-2.58 (-3.13 t0 -2.03)
2.31 (-2.93 t0 -1.69)

-2.33 (-4.86 10 0.21)
-2.44 (-2.86 t0 -2.03)
-2.37 (-2.85 10 -1.89)

-0.56 (-0.40 t0 0.28)
-0.08 (-0.81 to -0.66)

0.35 (-0.57 to 1.28)
-0.79 (-1.56 t0 -0.02)

-0.29 (-1.21 t0 0.63)
-0.30 (-1.21 t0 0.62)

-0.42 (-1.04 t0 0.20)
-0.14 (-0.94 to 0.66)

-1.00 (-3.20 to 1.20)
-0.23 (-0.80 to 0.34)
-0.25 (-0.95 to 0.44)

Note: GA: general anesthesia; MAC: monitored anesthesia care; NIHSS: National Institutes of Health Stroke Scale scores.

24-hour NIHSS score showed that 11 (inter-
quartile range (IQR), 3-22) in GA group and 11
(interquartile range (IQR), 7-25) in MAC group,
but were not statistically significant. The medi-
an (IQR) of length of hospital stay was 17 (11-
24) d after GA and 16 (9-21) d after MAC, but
there was no statistically significant difference
between the two groups (P=0.095). There was
no statistical difference in postoperative com-
plications between the two groups (Table 2).

Discussion

ET has been increasingly used for the treat-
ment of AIS in recent years, and is currently
performed by multiple disciplines, without con-
sensus about standardized anesthesia app-
roaches protocols, as a result of an ongoing
controversy about the safety and effectiveness
between GA and MAC [23, 24]. Some observa-
tional studies have compared the clinical out-
comes of GA and MAC for the treatment of AIS.
Most of these studies have been retrospective
analyses, demonstrating controversial results
without consensus, given their intrinsic selec-
tion bias. Some previous studies suggested
that GA was inferior to MAC during ET, suggest-
ing that the use of GA during ET was associated
with poor clinical outcomes (MRS>3), higher
respiratory complications and higher mortality
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[25, 26]. But the generalizability of their conclu-
sion is limited only to the single thrombectomy
device proposed by the authors. Moreover,
numerous studies have demonstrated better
clinical outcomes with the use of MAC. For
example, Mc Donald et al. demonstrated that
conscious sedation was associated with a sur-
vival benefit by the use of Market Scan data-
base [27]. However, it was voluntary that par-
ticipating in the commercial database, and the
authors did not take into consideration the sig-
nificant unmeasured confounding caused by
self-selection. The Multicenter Randomized
Clinical Trial of Endovascular Treatment for
Acute Ischemic Stroke in the Netherlands
(MRCLEAN) study, reported that there was no
different with statistical significance regarding
the procedural times between GA and MAC
group [28]. Contrary to these studies, a ran-
domized clinical trial, General or Local Anes-
thesia in Intra Arterial Therapy (GOLIATH), have
showed signals in favor of the use of GA for the
primary end point of 90-day mRS scores, and
the GA group had better improvement in NIHSS
scores and smaller infarct growth. Similarly, in
the Sedation versus Intubation for Endovascular
Stroke Treatment (SIESTA) study, the GA group
had a higher rate of successful reperfusion
(mTICI 2b and 3 with an absolute difference of
8.5%) [29]. In this single-center, randomized,
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Figure 4. Primary outcome as the Improvement of mRS Score in Prespeci-
fied Subgroups. No significant difference for the primary outcome was ob-
served between the treatment groups in the subgroup analyses, except the
subgroup with gender (female). GA: general anesthesia; MAC: monitored
anesthesia care; NIHSS: National Institutes of Health Stroke Scale scores.

prospective, blinded end point cohort study,
the primary outcome of mRS at 90 days (80-
100 days) was not different with statistical sig-
nificance between the GA and MAC group (2
(1-3) vs. 3 (1-4)), which demonstrate that MAC
is as effective as GA during ET. In addition, we
found comparable rates of reperfusion in the
GA and MAC groups. However, the infarct vol-
ume growth and final infarct volume were high-
er in GA with statistical significance, which was
hypothesized to be the result of procedural
delays and increased door-to-groin puncture
times.

Many published series have excluded patients
with vertebrobasilar occlusion strokes because
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a significant proportion of tho-
se patients undergoing angiog-
raphy suite were already intu-

Ages70  pateq (30, 311 Consequently,
the data are scarce regarding
Age>70 the safety and practicability

of MAC for the treatment of

M patients presenting with verte-
ale ) ;

brobasilar occlusion strokes,

only limited to nonrandomized

Female observational studies [32-34].

Although these studies demon-

NIHSS>17 strated that patients treated
with MAC behaved similarly to
those treated with GA with sim-

NIHSS=17

ilar clinical outcomes and com-
plications, they failed to bal-
ance the differences in the
NIHSS scores between the GA
group and MAC group. NIHSS
scores at 24 hours (median
(IQR): 11 (3-22) vs. 11 (7-25))

DHR>30% were not significantly higher in
the GA cohort. In addition, our
DHR<30% study had been well balanced

regarding the NIHSS score pro-

spectively, which made our
SR founding more reliable. Some
studies evaluated the feasibili-
ty of MAC for ET either in ante-
rior or posterior circulations
and found that MAC group had
a lower incidence of complica-
tions and mortality [35, 36].
These studies failed to com-
pare the results of GA in emer-
gency situations, especially in
the presence of severe brain-
stem ischemia.

The intraoperative blood pressure level of dur-
ing ET is closely related to the prognosis of
patients. Lower blood pressure before recanali-
zation may reduce the perfusion of ischemic
brain tissue and aggravate brain injury. GA
group had a more frequent blood pressure drop
with worse ET outcomes according to previous
study [37]. Intraoperative MAP decreases of
more than 40% is an independent risk factor
for poor prognosis [38]. GOLIATH trials showed
that blood pressure was lower significantly in
the GA group. In line with the GOLIATH study,
our study also found that intraoperative MAP
was lower in GA than MAC with statistical sig-
nificance. What need to be concerned about
is that prevention of hypotension can improve

Am J Transl Res 2021;13(3):1558-1567
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nervous system prognosis. In addition, we had
also analyzed the primary outcome as the
improvement of mRS score in prespecified sub-
groups, including age, sex, NIHSS with or with-
out over 17, hypertension, DHR and SR. No sig-
nificant difference for the primary outcome was
observed between the treatment groups in the
subgroup analyses, except the subgroup with
gender (female). For subgroup of female, the
changes in mRS score were -1.91 (-2.47 to
-1.45) in GA and -2.42 (-2.00 to -1.86) in MAC,
and the difference (95% CI) was -0.79 (-1.56 to
-0.02) with P value lower than 0.05.

This study has several limitations. The primary
limitation is that this study was performed at a
single center, limiting its generalizability to
other centers that use different anesthesia
approaches and ET. However, we standardized
anesthesia protocol and ET procedure used in
this study as much as possible. Another limita-
tion of this study, like other studies, is the rela-
tively small sample size. Third, current defini-
tions of GA andMAC are heterogeneous, and
allow for various choices of drugs and mea-
sures. In addition, only one prognostic time
point was observed, and no other prognostic
indicators were observed.

For patients who underwent endovascular ther-
apy for vertebrobasilar occlusion stroke, MAC
appears to be as effective as GA. However,
MAC is associated with bigger final infarct vol-
ume. Future studies are warranted to confirm
our findings.
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