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ABSTRACT
Introduction Observational and interventional studies 
indicate that the type of anaesthesia may be associated 
with the postprocedural neurological function in 
patients with anterior circulation acute ischaemic stroke 
undergoing endovascular treatment. Patients with acute 
posterior circulation ischaemic stroke may experience 
different physiological changes and result in severe 
neurological outcome. However, the effect of the type 
of anaesthesia on postprocedure neurological function 
remained unclear in this population.
Methods and analysis This is an exploratory randomised 
controlled trial that will be carried out at Beijing Tiantan 
Hospital, Capital Medical University. Patients with acute 
posterior circulation ischaemic stroke and deemed 
suitable for emergency endovascular recanalisation 
will be recruited in this trial. Eighty- four patients will 
be randomised to receive either general anaesthesia or 
conscious sedation with 1:1 allocation ratio. The primary 
endpoint is the 90- day modified Rankin Scale.
Ethics and dissemination The study has been reviewed 
by and approved by Ethics Committee of Beijing Tiantan 
Hospital of Capital Medical University (KY2017-074-02). 
If the results are positive, the study will indicate whether 
the type of anaesthesia affects neurological outcome after 
endovascular treatment of posterior stroke. The findings of 
the study will be published in peer- reviewed journals and 
presented at national or international conferences.
Trial registration number NCT03317535.

INTRODUCTION
Acute ischaemic stroke (AIS) at posterior 
circulation account for 17%–60% of acute 
ischaemic stroke with difficulty in treatment, 
which result in a poor outcome and mortality 
rate of 80%–95%.1–5 Early recanalisation 
is one of the most important predictors of 
favourable outcome for posterior circulation 
AIS patients at 90 days.6 Though endovascular 
therapy (EVT) has been demonstrated to be 
an effective and safe treatment with around 
30% good clinical outcome improvement and 

35% mortality decrease at 90 days, there is a 
substantial proportion of patients with poor 
clinical outcomes even after timely successful 
reperfusion.7–10 Many factors may contribute 
to the mismatched association of high 
reperfusion rate and poor clinical outcome, 
including patient- specific factors (age, collat-
erals status, initial stroke severity, infarct 
volume and site, and distal artery emboli), 
procedural- specific factors (time from onset 
to recanalisation, degree of recanalisation) 
and anaesthesia management.2 11 12

The optimal anaesthesia choice and 
management for AIS patients during EVT, 
general anaesthesia (GA) or conscious seda-
tion (CS), is still unclear. Benefits of GA with 
tracheal intubation or laryngeal mask include 
secured airway to avoid aspiration, body 
immobility to avoid vessel perforation and 

Strengths and limitations of this study

 ► This is the first randomised control study to observe 
the effect of anaesthesia modality on neurological 
outcome of patients with posterior circulation acute 
ischaemic stroke.

 ► This study involves strict randomised system, clear 
inclusion and exclusion criteria, a rigorous uniform 
protocol to balance intraoperative variables between 
groups.

 ► One limitation of the study is it is a single- centred 
trial, future multicentre trial is needed to verify the 
effects of anaesthesia on patients with posterior 
circulation acute ischaemic stroke undergoing en-
dovascular treatment.

 ► The sample size is relatively small and the result will 
need to be confirmed by larger- size trials.

 ► Patients are selected mainly based on time window, 
salvageable ischaemic brain tissue and initial infarct 
size might be considered in the inclusion criteria.
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better digital subtraction angiography imaging. On the 
other hand, hypotension, nosocomial infection, delayed 
procedure initiation, loss of neurological evaluation and 
hyperventilation may contribute to poor outcomes. CS 
management permits neurological function assessment, 
shortens mean time from door to groin puncture and 
minimises haemodynamic changes associate with GA. 
However, the risk of aspiration and substantial movement 
during endovascular procedural are the main two disad-
vantages associated with CS.13–17

Three randomised controlled trials have compared 
the neurological outcomes after EVT with GA or CS in 
anterior circulation. The Sedation versus Intubation for 
Endovascular Stroke TreAtment (SIESTA) trial reported 
similar National Institute of Health Stroke Scale (NIHSS) 
scores at 24 hours between GA and CS, but favourable 
outcomes, measured by modified Rankin Scale (mRS) was 
found in patients with GA 3 months after treatment as a 
secondary outcome measure.14 Similarly, the General Or 
Local anaesthesia in Intra Arterial THerapy (GOLIATH) 
trial reported similar brain infarct volume and favour-
able 90- day mRS score increased with GA.18 However, the 
Anaesthesia during Stroke (AnStroke) trial reported no 
difference between GA and CS in 90- day mRS.19 Recently, 
a meta- analysis using fixed- effects model by obtaining 
individual patient data from the above- three trials with 
blinded endpoint evaluation, indicated significantly 
different results in favour of the GA group (cOR=1.58, 
95% CI: 1.09 to 2.29).20 Nevertheless, these findings 
should be interpreted with caution. First, these trials only 
provided insight into choice of anaesthesia modality in 
the anterior circulation AIS population, the result of 
above researches is not appropriate for patients with 
posterior circulation occlusions. Second, only AnStroke 
trial analysed the neurological function at 90 days as the 
primary outcome, while in other two trials, it was analysed 
as a secondary outcome. Hence, the conclusion on rela-
tionship between anaesthesia and neurological function 
at 90 days should be drawn with caution.19

A few studies observed the feasibility of monitored 
anaesthesia care for elective endovascular procedures 
either in anterior or posterior circulations, and demon-
strated high technical success with low rates of peripro-
cedural complications and mortality.21 22 Although these 
studies included a relatively large proportion of poste-
rior circulation interventions and showed promising 
results about feasibility of monitored anaesthesia care, it 
is unreasonable to employ previous results in emergent 
setting, with potential presence of severe midbrain isch-
aemia. Moreover, only one study focused purely on the 
posterior circulation patients and investigated the influ-
ence of anaesthesia modality and management on clin-
ical and angiographic outcomes.21 In this retrospective, 
matched, case–control study, CS was found to be feasible 
and appeared to be as safe and effective as GA. However, 
retrospective design and relatively limited sample size 
may introduce undetected biases. Furthermore, there is 
no published randomised controlled trial that explored 

whether GA or CS are associated with different neurolog-
ical outcomes at 90 days in patients undergoing EVT for 
posterior circulation AIS.

On the basis of previous studies, we propose to conduct 
a trial to compare neurological outcome in posterior 
circulation AIS patients receiving GA with those receiving 
CS for EVT.

METHODS
The protocol has been prepared according to Standard 
Protocol Items: Recommendations for Interventional 
Trials.23 All trial procedures are summarised in table 1. For 
completed checklists, see online supplementary file 1.

Study design
This is a randomised, parallel- group, exploratory trial 
with blinded endpoint evaluation to determine whether 
GA or CS produces different neurological outcomes in 
posterior circulation AIS patients undergoing EVT. Poste-
rior circulation AIS patients will be enrolled from Beijing 
Tiantan Hospital, Capital Medical University from 2018 
to 2020. This trial was approved by the Ethics Committee 
of Beijing Tiantan Hospital of Capital Medical University 
(KY2017-074-02). The participants flowchart is briefly 
illustrated in figure 1.

Participants
Posterior circulation AIS patients who deemed suitable 
for recanalisation of the culprit’s vessels will be consid-
ered for recruitment in the study. The inclusion criteria 
are vertebral artery and/or basilar artery responsible 
for posterior circulation ischaemia confirmed by CT 
angiography (CTA)/magnetic resonance angiography 
(MRA), the modified Thrombolysis in Cerebral Infarc-
tion (mTICI) score ≤1, age ≥18 years, stroke onset to 
treatment time ≤24 hours and modified Rankin score ≤2 
before onset.

Patients with unclear radiological image to iden-
tify infarction and vessel occlusion, with intracranial 
haemorrhage (ICH), anterior circulation occlusion, 
Glasgow coma score (GCS)≤8, NIHSS score <6 or >30, 
postcirculation Alberta Stroke Program Early CT Score 
(pc- ASPECTS) <6, pons- midbrain index ≥3, severe agita-
tion or seizures, loss of airway protective reflexes and/
or vomiting on admission, intubated before EVT, uncon-
sciousness and known allergy to anaesthetics or analge-
sics will be excluded from the study. Patients whose legal 
relative refuses to participate will be excluded. Both the 
neuroradiologists and the attending anaesthesiologist 
must agree that the patient is suitable with either GA or 
CS management before recruiting. Reasons why eligible 
patients are not recruited to the trial will be documented.

Randomisation and blinding
Randomisation occurs on the time of EVT when patients 
are admitted to the interventional neuroradiology 
suite, the decision for EVT has been made and written 
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informed consent (online supplementary file 2) is 
obtained from patient’s legal representatives. Randomi-
sation will be conducted via a computer- generated table. 
Patients will be randomly allocated to receive either GA 
or CS in a 1 to 1 ratio. A designated staff who will neither 
be involved in anaesthesia management nor follow- up 
will perform recruitment as well as allocation randomis-
ation sequence. This designated staff will implement the 
allocation sequence through opaque, sealed and stapled 
envelopes. The endpoint assessors will be blinded to the 
randomisation group.

Standard operating procedures are applied to both 
groups to ensure no principal differences generated and 
uniform protocol implemented. Patients in both groups 
will receive local anaesthesia (LA) at puncture site, with 
3–5 mL of 1% lidocaine hydrochloride prior to arterial 
puncture. The outcome assessors are blinded to the infor-
mation of treatment for the enrolled patients and will 
evaluate the outcome variables for this study to ensure 
unbiased reporting. The anaesthesiologist, neuroradiolo-
gist as well as attending doctors in neurological intensive 
care unit will not be blinded as they need to participate in 
the safe administration of GA or CS and related medical 
care. The enrolled patients and his/her legal representa-
tives will not be blinded, either.

Standard anaesthesia management protocols during EVT 
(concomitant treatment)
All randomised patients will receive standard monitoring, 
including ECG, non- invasive blood pressure (BP), heart 

rate, pulse oxygen saturation (SpO2), invasive arterial 
pressure monitoring on radiologist arterial access line, 
arterial partial pressure of carbon dioxide (PaCO2), end- 
tidal carbon dioxide (ETCO2), inspired oxygen fraction 
(FiO2) and blood glucose. All patients will receive bispec-
tral index (BIS) monitoring to assess the depth of sedation 
or anaesthesia with BIS probe placed on the forehead. 
Physiologic parameters will be recorded using purposely 
designed data collection table. BP and blood glucose will 
be controlled according to current guidelines for stroke 
therapy.24–26 Specifically, systolic BP is aimed to be kept 
between 140 and 180 mm Hg and diastolic BP less than 
105 mm Hg, with vasopressor support if necessary. Plasma 
glucose will be maintained at level of 140–180 mg/dL 
while SpO2 is aimed to be over 94%, with FiO2 at a range 
from 40% to 60%.27 It is anticipated that patients in the 
CS group may deteriorate during EVT and may, there-
fore, require endotracheal intubation or laryngeal mask 
insertion for airway protection.17 All anaesthesia- related 
treatment will be performed by anaesthesiologists of isch-
aemia stroke team.

Interventions
GA and CS in this trial are defined according to the 
practice guidelines for sedation and analgesia by non- 
anaesthesiologists due to the continuum ranging of level 
of sedation from minimal sedation to GA.28 Both GA and 
CS will be monitored and applied by anaesthesiologist. In 
CS group, patients will receive sedative drugs and follow 
the sedation protocol as following: bolus propofol of 

Figure 1 Consolidated Standards of Reporting Trials flow diagram for CANVAS II clinical trial. CS, conscious sedation; EVT, 
endovascular therapy; GA, general anaesthesia; mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral 
Infarction; NIHSS, National Institute of Health Stroke Scale.
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0.3–0.5 mg/kg, following continuous propofol infusion of 
1–2 mg/kg/h and remifentanil infusion of 0.01–0.06 ug/
kg/min. SpO2 will be kept above 94% with 40%–60% 
inhaled oxygen at 3 L/min flow and ETCO2 is monitored 
via anaesthetic gas sample line at nasal vestibule and kept 
normocapnia. The BIS value will be maintained above 70 
via adjusting the infusion of sedative drugs.

In GA group, patients will receive rapid sequence 
induction with endotracheal intubation or laryngeal 
mask insertion with propofol, remifentanil and muscle 
relaxant. Anaesthesia will be induced with infusion of 
propofol of 1–2 mg/kg and remifentanil of 0.2–0.8 ug/
kg for anaesthesia induction.27 Muscle relaxation will 
be achieved with rocuronium (0.6 mg/kg). After endo-
tracheal intubation or laryngeal mask insertion, suction 
will be performed to mitigate risk of aspiration. Mechan-
ical ventilation will be initiated to achieve normocapnia 
(ETCO2 between 35 and 45 mm Hg) with a 40%–60% 
fraction of inspired oxygen. Anaesthesia will then be 
maintained with propofol (4–6 mg/kg/h) and remifent-
anil (0.05 to 0.1 ug/kg/min) infusion to maintain the BIS 
value between 40 and 60.

Converting from CS to GA is an important issue in this 
trial. In cases of procedural emergency including vessel 
perforation, ICH, subarachnoid haemorrhage, seizures, 
deep coma, GCS decrease to or less than 8, respiratory 
failure (ETCO2 ≥60 mm Hg, or SpO2 <94% without rele-
vant improvement by increasing inhaled oxygen frac-
tion) and severe disturbance of the treatment procedure 
(vomiting, substantial movement and uncoordinated 
dysphoria), CS will be converted to GA. The decision to 
convert from CS to GA will be made by the neuroradiol-
ogist in charge and the attending anaesthesiologist. The 
number of patients and reasons for the conversion will be 
recorded in detail. Criteria for converting from CS to GA 
is listed in box 1.

Measurements
All patients will be regularly visited while in hospital by 
outcome assessors who are blinded to the treatment 
allocation. The incidence of complications, including 
myocardial infarction, non- fatal cardiac arrest, new 
stroke, pulmonary embolism and deep venous thrombosis 

will be recorded. All patients will receive brain imaging, 
including CTA, MRA before, 24 hours, 7 days (or at 
discharge, whichever sooner), 30 days and 90 days after 
randomisation. Brain image will be used to assess new 
brain haemorrhage (if present) and infarct volume. Effi-
cacy of vessels recanalisation will be assessed by mTICI 
scale. The severity of stroke will be assessed using the 
NIHSS scale during the same period. Disability will be 
rated at discharge and 3 months after EVT and rated 
using mRS. A glossary of measurements is shown in online 
supplementary file 3. To minimise loss of follow- up after 
discharge, study coordinators will contact the patients 
and his/her next- of- kin on a weekly basis. Besides, adverse 
effect will be also recorded.

Study objectives
The study aims to detect the difference of the postpro-
cedural neurological function in patients with posterior 
circulation AIS under GA and CS, and hence to observe 
the effect of anaesthesia type on outcomes after EVT.

Primary endpoint
The primary endpoint is the neurological disability at 
90 days after EVT measured by mRS, which ranges from 
0 (no symptoms) to 5 (severe disability), and a favour-
able neurological outcome is defined as no symptom or 
no significant disability with mRS ≤2.3 15 29 30 The score 
will be evaluated by outcomes assessor who are blinded 
to allocation.

Secondary endpoints
The secondary endpoints include the followings:
1. Change in NIHSS, from baseline to 24 hours, 7 

days (or at discharge), 30 days and 3 months after 
randomisation.

2. The score of mTICI will be evaluated before and after 
endovascular treatment.

3. All- cause mortality up to 3 months after randomisa-
tion.

4. The incidence of complications up to 3 months after 
randomisation.

5. The length of stay in the hospital and in intensive care 
unit after randomisation.

6. The rate of conversion from CS to GA.
7. Work- flow time, including door to door, door to groin 

puncture, puncture complete, groin puncture to reca-
nalisation and treatment time.

8. All adverse events associated with this study will be 
recorded.

Data Monitoring Committee
The project will be monitored by a Data Monitoring 
Committee (DMC) composed of specialists in anaesthe-
siology, ethics, statistics and methodology. The DMC will 
audit through regular interviews or telephone calls. The 
DMC are responsible for terminating the research in case 
of severe adverse events.

Box 1 Criteria for converting from conscious sedation to 
general anaesthesia

1. Unconscious.
2. Glascow Coma Scale decrease to or less than 8.
3. Increase of end- tidal carbon dioxide (ETCO2) ≥60 mm Hg and/or a 

decrease in pulse oxygen saturation (SpO2) <94% despite oxygen 
supplementation.

4. Agitation that cannot be controlled with sedation and/or restraint.
5. Seizure attack.
6. Vomiting.
7. Recognised complications from endovascular therapy, such as ves-

sel perforation leading to intracerebral haemorrhage or subarach-
noid haemorrhage.
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Statistical analysis plan
Descriptive statistics will be reported as means with 
SD and medians with IQR for normally distributed 
data and skewed continuous data, respectively, and 
counts (percentage) for categorical data. The data will 
be analysed on intention to treat and per protocol, 
however, the conclusion will be drawn according to the 
intention- to- treat analysis. The intention- to- treat anal-
ysis will depend on the allocated population while the 
per- protocol analysis will depend on the actual anaes-
thesia method the population receive. Differences 
in the primary endpoint will be compared between 
groups using Cochran- Mantel- Haenszel test. Further-
more, primary outcome will be analysed in following 
subgroups: age, gender, baseline NIHSS score; time 
from onset of stroke to EVT, site of arterial occlusion 
and mTICI score. Other categorical variables will be 
analysed by χ2 test and continuous variables using 
Student- t test or Mann- Whitney U test.

To allow for a varying number of follow- up measure-
ments, the repeated measure analysis of variance 
methods with a mixed- model approach (treating time 
as a random effect and other covariates as fixed effects) 
will be utilised, and the specific comparison of change in 
each of those measurements between baseline and any 
specific postbaseline time point can be tested using linear 
contrast. In addition, missing data will be imputed using 
inverse probability weighting and the worst- case imputa-
tion scenarios. STATA V.14.0 for windows will be used for 
all statistical analyses. The statistical significance will be 
declared at type I error of 0.05.

Sample size calculation
The PASS V.15 software (NCSS, LLC, USA) is used 
to calculate the sample size based on the primary 
endpoint—favourable outcome (mRS 0–2) at 3 months 
after randomisation. Several trials focused on the neuro-
logical outcome of patients with posterior circulation 
AIS, however, only two indicated the association between 
anaesthesia type and neurological outcome. In the 
case–control study of Jadhav et al, they reported the inci-
dence of mRS≤2 at 90 days was 38.3% in CS and 31.1% in 
GA.21 On the other hand, a retrospective observational 
study in our institution reported a higher incidence 
of favourable neurological outcome at 90 days in CS 
compared with GA group (68.7% vs 35.6%).31 However, 
other factors including preoperative NIHSS score, preop-
erative intravenous thrombolysis treatment confound the 
results validity.31 Meanwhile, in previous anterior circu-
lation research, AIS patients receiving GA presented a 
favourable or similar neurological outcome at 90 days 
compared with CS.13 19 32 Taking this into account, we 
consider that the sample size to detect 30% difference 
in mRS 0–2 would require 44 in each group to achieve 
power of 80% at a two- tailed significant level of 0.05, with 
a drop- out rate of 5%.33

Reporting of adverse events
All adverse events associated with this trial will be recorded 
and closely monitored until resolution or stabilisation or 
until it has been shown that study treatment is not the 
cause of the event. The principal investigator is respon-
sible for reporting all adverse events. Once adverse events 
occur, it should be immediately reported to the research 
department and informed to the principal investigator to 
determine the severity of the adverse events. All adverse 
events associated with this study will be recorded and 
reported to the Ethics Committee within 24 hours.

Protocol amendment
The chief investigator will be responsible for any deci-
sion to amend the protocol. If there is any modification 
(eg, changes to eligibility criteria, outcomes, analyses), 
the principle investigator will communicate and gain 
approval from the Ethical Committee of Beijing Tiantan 
Hospital, Capital Medical University prior to implementa-
tion and communicate with relevant parties.

Ethics and dissemination
The approval for the study was certificated by the Ethical 
Committee of Beijing Tiantan Hospital, Capital Medical 
University on 19 December, 2017 (reference number: 
KY2017-074-02). The study recruited the first patient on 
1 February, 2018, and the estimated study completion 
date will be 31 December 2020. The findings of the study 
will be published in peer- reviewed journals and will be 
presented at national or international conferences.

DISCUSSION
This is an exploratory controlled randomised study 
aiming to detect the effect of anaesthesia choice on 
the neurological outcome in the patients with posterior 
circulation AIS undergoing EVT. The study aims to test 
the hypothesis that GA and CS have different effects on 
the postendovascular procedure neurological outcomes 
in patients with posterior circulation AIS.

Anaesthetic selection and peri- procedural manage-
ment could be associated with outcomes in patients with 
posterior circulation AIS undergoing EVT. The haemo-
dynamics disturbance and the changes in carbon dioxide 
tension may be associated with the outcomes. However, 
no consistent agreement about the anaesthesia modality 
has been reached, the anaesthetic protocols vary among 
different stroke centres. In daily clinical work, the actual 
practice of anaesthesia for EVT, especially for posterior 
circulation AIS patients, largely rely on local proto-
cols and individual preference of neuroradiologists 
or anaesthesiologists. CS may be used for cooperative 
patients and GA for severely agitated, non- conscious 
and unprotected airway patients.13 A small number of 
retrospective studies (including patients with posterior 
circulation AIS) show that CS groups have better clin-
ical outcomes, lower complication rate, shorter reper-
fusion time and less changes in haemodynamics and 
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respiration.21 22 31 In contrary, GA groups could suffer 
from worse neurological function, lower BP, aspiration 
pneumonia and/or high mortality.34–41 A recent retro-
spective, matched, case–control study of patients with 
posterior circulation AIS is the only study to explore 
the effect of anaesthesia management on outcome of 
patients with posterior AIS, however, great limitation 
and drawbacks in terms of study design, including selec-
tion bias and information bias impede the credibility 
of the results.21 Several confounding factors contribute 
to inconclusive results, including specific information 
of peri- interventional management, such as BP, partial 
pressure of carbon dioxide and strict uniform anaes-
thesia protocol. Therefore, a prospective, randomised, 
controlled trial is required to account for the peri- 
procedural confounders and demonstrate the effects of 
anaesthesia (type and management) on outcomes for 
patients with posterior AIS undergoing EVT.

This trial aims to explore the effect of anaesthesia 
choice on the postendovascular procedure outcomes 
in patients with posterior circulation AIS using a 
randomised controlled trial design. The features of the 
current study involve strict randomised system, clear 
inclusion and exclusion criteria, a rigorous uniform 
protocol to manage haemodynamic, respiratory param-
eters and blood glucose in GA and CS groups, and full- 
time attending anaesthesiologists in each procedure. 
The findings of the study would contribute to serve as 
a reference for a future multicentre trial to verify the 
effects of anaesthesia on patients with posterior circula-
tion AIS undergoing EVT.

Patient and public involvement
Patients and the public were not directly consulted in 
the development of the research question or outcome 
measures. Patients were not involved in the design, the 
recruitment and conduct of the study. At the comple-
tion of this trial, a manuscript will be prepared to 
present the trial results. Results of the final study will 
be disseminated to all study participants through their 
preferred method of communication indicated at the 
time of enrolment.
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