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INTRODUCTION

Background and Purpose: Intra-arterial reperfusion therapies are expanding frontiers in acute
ischemic stroke (AlS) management but there is considerable variability in clinical practice.
The use of general anesthesia (GA) is one example. We aimed to better understand sedation
practices in AlS. Methods: An online survey was distributed to the 68 active members of
the Society of Vascular and Interventional Neurology (SVIN). Survey development was based
on discussions at the SVIN Endovascular Stroke Round Table Meeting (Chicago, IL, 2008).
The final survey contained 12 questions. Questions were developed as single and multiple-
item responses; with an option for a free-text response. Results: There was a 72% survey
response rate (N =49/68). Respondents were interventional neurologists in practice 1-5 years
(71.4%, N = 35). The mean (£SD) AIS interventions performed per year at the respondents’
institutions was 42.5 + 25, median 35.0 (IQR 20, 60). The most frequent anesthesia type
used was GA (anesthesia team), then conscious sedation (nurse administered), monitored
anesthesia care (anesthesia team), and finally local analgesia alone. There was a preference
for GA because of eliminating movement (65.3% of respondents; N = 32/49), perceived
procedural safety (59.2%, N = 29/49), and improved procedural efficacy (42.9%, N = 21/49).
However, cited limitations to GA included risk of time delay (69.4%, N = 34), of propagating
cerebral ischemia due to hypoperfusion or other complications (28.6%, N = 14), and lack
of adequate anesthesia workforce (20.4%, N = 7). Conclusions: The most frequent type
of anesthesia used by Neurointerventionalists for AlS interventions is GA. Prior to making
GA standard of care during AlS intervention, more data are needed about effects on clinical
outcomes.
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We designed and distributed an electronic survey to members of

Endovascular/intra-arterial reperfusion therapies are pushing the
frontiers of AIS management. These modalities hold promise for
treating thousands of AIS patients who otherwise would gain lim-
ited benefit from intravenous thrombolytics (Mazighi et al., 2009). At
present, the field of endovascular acute stroke therapy is faced with a
limited number of evidence-based practices and significant variability
in the application of various therapeutic modalities. The use of general
anesthesia (GA) is one example of this variability. There is debate
within the field whether or not GA should be used to facilitate delivery
of neuroendovascular therapies, including AIS therapies (Qureshi
et al., 2001; Abou-Chebl et al., 2006). GA is variably employed by
different practitioners at different medical centers around the world.
Neurointerventionalists (NI) lack the clinical evidence to support or
refute the efficacy of GA in changing clinical outcome.

the Society of Vascular and Interventional Neurology (SVIN; www.
svin.org). The purpose of this study was to develop the foundation
for understanding the current sedation practices by NI. The SVIN
members represent interventional neurologists from around the
world, but predominately the United States. Here we will discuss
NUD’s current sedation preferences, the perceived limitations of each,
and future directions in the field.

MATERIALS AND METHODS

After receiving a waiver of written informed consent from the
Duke University School of Medicine Institutional Review Board, an
online survey was distributed to the 68 active members of the SVIN.
The survey was developed as a collaborative effort of the members
of the investigational team based on input received by the first
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and senior authors (DM and OZ) following a presentation at the
2008 SVIN Endovascular Stroke Roundtable Meeting (Chicago,
IL, USA 2008).

The final survey was a set of 12 questions (Appendix 1) agreed
upon by consensus from the investigational team. Questions were
developed as single-item and multiple-item responses. Additionally,
the option for a free-text response was included where applicable.
Survey Monkey™ was used to distribute the survey and collect
responses. Respondents were asked to rate some items on an ordinal
scale of: never, least frequent, frequent, most frequent. In sum-
marizing this data in Figure 1, the ordinal data was converted to a
1 through 4 numeric scale. The “average rating” in Figure 1 refers
to the average score on this numeric scale. Statistical analysis was
performed using SAS v9.1 for Windows software (Cary, NC, USA).
Missing values were treated as null, imputation was not used.

RESULTS

RESPONDENTS’ DEMOGRAPHICS (SURVEY QUESTIONS 1,2, 3, 4)
Response rate was high at 72% (N = 49/68). Most respondents
(98.0%, N = 48/49) completed their basic residency training in neu-
rology; one respondent was a radiologist. Respondents were men-
tored by physicians trained in interventional neurology (30.6%,
N = 15/49), endovascular neurosurgery (22.4%, N = 11/49),
interventional neuroradiology (44.9%, N = 22/49), and inter-
ventional cardiology (2.0%, N = 1/49). A typical respondent had
been in practice as a NI for 1-5 years (71.4%, N = 35/49), while
22.4% (N = 11/49) had been in practice for 6-10 years, and 6.1%
(N'=3/49) had been practicing for more than 10 years. The number
of endovascular AIS interventions performed at each institution
varied tremendously [42.5+ 25 (Mean + SD)] procedures per year,
median 35.0 (IQR 20, 60). The range varied from a minimum of 8
to a maximum of 100 procedures performed each year.

ANALGESIC/ANESTHETIC USE DURING ENDOVASCULAR AIS
INTERVENTIONS? (SURVEY QUESTION 5)

When asked to rate their preference for anesthesia type, respondents
most frequently rated GA as their preferred method of anesthe-
sia during AIS interventions (Figure 1). Local with conscious

Frequency*

Local Only (RN) General
Endotracheal

Anesthesia (GA)

Local & Conscious Monitored Awake
Sedation (RN) Anesthesia (MAC)

FIGURE 1 | Averaged ratings of physician’s frequency of use for four types
of anesthesia. *Treated as ordinal where 1 = Never, 2 = Least frequent,
3 = Frequent, 4 = Most frequent.

sedation (nurse administered) was the second-most preferred type
of anesthesia while monitored anesthesia care (MAC; conscious
sedation by an anesthesia team) was third. Local analgesia alone
was least likely to be selected as the preferred type of anesthesia.
55.1% (N = 27/49) of respondents indicated that they never use
local-only anesthesia in AIS interventions, and 4.1% (N = 2/49)
of respondents indicated that they never use GA. Three respond-
ents (6.1%) commented that they use GA in all AIS intervention
cases. Responses are shown in Table 1. Spearman’s rank correlation
coefficient was used to explore the relationship between prefer-
ences (based on frequency of use) for local versus GA. There was
an inverse relationship between anesthesia type and frequency
(local and GA, versus never to most frequent) in all intervention
cases (r = —0.535) which remained statistically significant even
after controlling for the number of years in practice (r = —0.525;
p=0.0003), demonstrating the dichotomy in sedation preferences
amongst practitioners in this field.

WHAT TYPE OF ENDOVASCULAR AIS CASES MANDATE GA?

(SURVEY QUESTION 6)

Preference for GA was clearly associated with case type. Mechanical
thrombectomy was most often considered a mandate for the use
of GA (55% of respondents, N = 27/49). Patients with a National
Institutes of Health Stroke Scale (NTHSS) score >15 and those with
brainstem stroke elicited a GA preference for 53% (N = 26/49) and
51% (N = 25/49) of respondents respectively. Slightly more than
half (50.3% overall) of the respondents were convinced that any
mechanical manipulation including angioplasty and/or stenting
required GA. Left hemispheric intervention was preferred to be per-
formed under GA more often (30.6%) than were right hemispheric
interventions (20.4%; p < 0.001). While only 29% (N = 14/49)
thought intra-arterial chemical thrombolysis warranted GA use, 10
respondents (20%) commented that an uncooperative patient due
to any reason, including respiratory distress, should be given GA.

HAVE YOU HAD COMPLICATIONS FROM LOCAL ANESTHESIA? (SURVEY
QUESTION 7) OR SEDATION? (SURVEY QUESTION 8)

Respondents attributed the following complications to local anal-
gesia without sedation: agitation requiring acute conversion to GA
(38.8%; N = 19/49), patient movement resulting in injury (16.3%;

Table 1|Anesthesia and analgesia preferences during endovascular
ischemic stroke intervention.

Never Least Frequent Most Response
frequent frequent count

Localonly (RN) 27 4 8 6 45
Local and 15 14 7 13 49
conscious
sedation (RN)
Monitored 15 16 10 4 45
anesthesia
care (MAC)
General 2 12 12 22 48
endotracheal

anesthesia (GA)
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N = 8/49), aspiration (12.2%; N = 6/49), and airway loss (12.2%;
N =6/49).43% (N = 21/49) reported no complications with local
anesthesia alone.

The highest perceived complication of both conscious sedation
and MAC was agitation requiring acute conversion to GA for 46.9%
(N=23/49) of respondents. Other perceived complications included
aspiration (24.5%, N = 12/49), airway loss (18.4%, N = 9/49) and
patient movement resulting in injury (14.3%, N = 7/49).

HAVE YOU HAD COMPLICATIONS FROM GA? (SURVEY QUESTION 9)

In considering GA, respondents perceived that the most common
complication in their practice was time delay (71.4%, N = 35/49).
This was offered to respondents as a possible anesthetic compli-
cation with the idea that the time delay presumably would not
have occurred had the NI not requested the involvement of the
anesthesia team. Other identified complications included hypoten-
sion (44.9%, N = 22/49), tough emergence/extended recovery time
(18.4%, N = 9/49), and other GA related complications (12.2%,
N =6/49).

WHY WOULDN'T YOU PREFER GA IN ALL OF YOUR CASES? (SURVEY
QUESTION 10)

When asked to hypothetically consider GA for all cases, respondents
again cited the risk of time delay (69.4%, N = 34/49), of propagating
cerebral ischemia due to hypoperfusion or risk of other complica-
tions (28.6%, N = 14/49), and lack of adequate anesthesia workforce
(20.4%, N = 10/49) at their institution.

WHY WOULD YOU LIKE TO USE GA IN ALL OF YOUR CASE? (SURVEY
QUESTION 11)

If GA was to be considered in all cases of AIS intervention, the
characteristics that made GA more appealing were eliminating
movement and saving intra-operative (actual procedural) time
(65.3% of respondents, N = 32/49), increased procedural safety
(59.2%, N = 29/49), and increased procedural efficacy (42.9%,
N =21/49).

AFTER GA, WOULD YOU PREFER TO KEEP THE PATIENT INTUBATED?
(SURVEY QUESTION 12)

Twenty-four respondents (49%) stated a preference for extuba-
tion and liberation from mechanical ventilation immediately after
an AIS procedure, and thus have the patient recover immediately.
Seventeen respondents (34.7%) preferred to decide on extubation
after obtaining a head CT scan, and eight respondents (16.3%)
preferred to keep the patient intubated for 24 h following GA for
any AIS interventional procedure.

DISCUSSION

This is the first survey of its kind in the field of interventional
endovascular AIS therapy. NI’s treating AIS with endovascular
therapy were queried about their preferences for and perceptions
of various sedation practices during the interventional procedure.
The results show that the preferred method of sedating AIS patients
is GA (more than half of the respondents). Even if we combine
conscious sedation and MAC (anesthesia team) use it still does
not surpass the preference for GA as the most frequent approach
to sedation (Table 1).

This preference was particularly clear when the need for mechan-
ical instrumentation was expected. The reason behind this may be
related to the use of large intra-arterial catheters and devices to
deliver intra-arterial AIS therapy which pose challenges in pro-
viding adequate local analgesia. Local anesthesia alone was never
chosen for AIS intervention by more than half of the respondents
in our survey (N = 27/49). AIS patients, some with pre-existing
cognitive decline or dementia, may not be able to cooperate with
the care team. Stroke patients with neglect may not realize that they
have a neurologic deficit and those with global aphasia would not
be able to follow commands. These factors can lead to an inability
to tolerate the interventional procedure.

One solution for the clinical challenges related to the use of local
analgesia alone is the use of conscious sedation (nurse adminis-
tered) for AIS intervention. However, various concerns arise with
the use of conscious sedation. Patients have not been fasted as
they would for an elective cerebral endovascular procedure. This
raises the concern for pulmonary aspiration of gastric contents in
the setting of sedation and supine positioning (American Society
of Anesthesiologist Task Force on Preoperative Fasting, 1999).
Additionally, most patients with large cerebral vessel occlusion
are expected to have bulbar dysfunction with dysphagia and may
be unable to handle secretions or adequately protect their air-
ways (Martino et al., 2005). Emergent conversion to GA during
the endovascular procedure could result in patient injury from
endovascular devices, hypoxia, or aspiration and necessitates the
presence of a practitioner skilled in endotracheal intubation. The
need for emergent endotracheal intubation can result from any
combination of oversedation, neurologic decline, airway compro-
mise, or patient agitation/cooperation issues. In our survey, airway
loss, aspiration, and agitation requiring sedation were considered
the most common complications from conscious sedation.

Finally, the management of sedation by the physician perform-
ing the endovascular therapy in cases of conscious sedation is a
distraction and adds stress to an already demanding situation. The
use of MAC provided by an anesthesia team is a potential solu-
tion but anesthesia providers are reluctant to provide conscious
sedation to non-fasted patients. In this patient population there is
often a narrow therapeutic window with potential for agitation on
one end and apnea on the other. Nonetheless, conscious sedation
is successfully employed in many cases. In support of conscious
sedation, only 14.3% of respondents (N = 7/49) felt that the risk
of injury due to patient movement was a source of complications,
and 28.6% (N = 14/49) felt that they did not have complications
from sedation in AIS intervention.

General anesthesia is a logical and seemingly attractive solu-
tion for the AIS patient population. However, there are limi-
tations that can be significant. The neurologic examination is
masked with sedation and the procedure must proceed to a radio-
graphic endpoint (i.e., some degree of recanalization) rather than
a clinical endpoint. Similarly, the use of GA must not delay the
delivery of reperfusion therapy. The infrastructure must be in
place at each medical center to allow the immediate deployment
of an anesthesia team to provide care for these patients as a “level
one” emergency. This is not trivial as the endovascular suite is
usually apart from the main operating suites. This stretches the
capability of the anesthesia team to respond, particularly at times
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when staffing levels are limited. Finally, the use of GA incurs
some risk to the patient. While elevated intracranial pressure
is rarely an issue in the first hours after AIS, there is a risk to
the AIS patient under GA from any drop in cerebral perfusion
pressure which could compromise collateral flow (penumbral
perfusion) and extend the infarct. The anesthesiologist needs to
be aware of these issues.

The use of GA offers a variety of potential therapeutic options
for the patient and NI (Table 2). Detailed anesthetic management is
beyond the scope of this discussion and has been recently reviewed
by others (Lee et al., 2004; Young, 2007). Airway protection by
endotracheal intubation prevents, or at least limits, aspiration and
ensures oxygenation and even hyperoxia if desired. Sedation and
neuromuscular blockade prevent movement during critical parts
of the procedure. This can facilitate road mapping, clot extraction,
angioplasty, and stenting. Temporary apnea is easily accomplished
and hemodynamic parameters can be titrated as needed. One exam-
ple would be the use of induced hypotension or even adenosine
cardiac arrest to limit hemorrhage in the setting of vessel rupture
(Kahn etal.,2000). Glycemic control can similarly be handled by the
anesthesia team. Various cerebral protectant therapies also become
available, such as propofol or barbiturate burst suppression and
therapeutic hypothermia (Hemmen and Lyden, 2007). Adjunctive
therapies to the endovascular stroke intervention, such as transcra-
nial neurosonography, may also be desirable in certain settings such
as monitoring reperfusion or enhancing thrombolysis (Alexandrov
etal.,2004). These adjuncts may require that the patient not move
and thus mandate GA.

While a small literature exists regarding standard sedation
practices for elective interventional radiology procedures of
various types (McDermott et al., 1993; Mueller et al., 1997),
emergent acute stroke therapy is distinct. Single center case series
of non-emergent procedures showed no apparent increase in
complication rates in neurointerventional procedures performed

Table 2 | Pros and cons of general anesthesia during acute ischemic
stroke interventions.

Conscious sedation
PRO

Monitoring for new

General endotracheal anesthesia
PROS

Limits mobility of patients

neurological deficits
Decreased intra-operative Clinical endpoint compared
procedure time to angiographic recanalization
as an endpoint
Limits aspiration
CONS

Required additional workforce

CONS

Increased contrast use
Delay time to start intervention Increase procedure time
No clinical neurological monitoring Movement-induced vessel
perforation

Anesthesia risks Emergent intubation may be
required

Infrastructure and response time Aspiration risk

Drop in cerebral perfusion pressure

in awake patients (Qureshi et al., 2001; Abou-Chebl et al., 2006).
Out of 150 aneurysm coiling procedures performed under con-
scious sedation, only 3 (2%) required conversion to GA (Qureshi
etal., 2001).

In general, the various endovascular acute stroke trials have
not reported the type of sedation or anesthesia used, or compli-
cations from the use of a given anesthetic modality (Furlan et al.,
1999; Smith et al., 2005, 2008). However, Nichols et al. (2010)
recently reported sedation practices in the IMS (Interventional
Management of Stroke) II Trial. They identified 75 patients with
sedation data out of 81 total. These patients were classified on a
sedation scale where 1 = no sedation, 2 = mild sedation (patient
could still be examined clinically), 3 = heavy sedation (clinical
exam obscured by sedation), and 4 = pharmacological paralysis
(i.e., intubated and/or paralyzed). Fifty three percent (N = 40) were
given no sedation (grade 1) and 23% (N = 17) were intubated/
paralyzed (grade 4). Patients in the higher sedation categories had
more severe strokes as evidenced by their higher baseline NIHSS’s.
Patients in lower sedation categories had better outcomes, more
frequent reperfusion rates, and lower mortality. The authors were
unable to determine any cause and effect relationship between
sedation and outcome, although sedation scale was a predictor
of poor outcome on multivariate analysis controlling for baseline
NIHSS. Abou-Chebl et al. (2010) recently reported the results of
aretrospective review of 980 endovascular acute stroke cases per-
formed at multiple centers. Similar to the results of Nichols et al.
(2010), patients who received GA had worse neurologic outcomes
[OR2.33 (95%CI 1.63-3.44), p < 0.0001] and higher mortality [OR
1.68(95%CI 1.23-2.30), p < 0.0001] compared to those given con-
scious sedation. Again, cause and effect could not be determined
but the results are striking and highlight the need for more research
into this area. Jumaa et al. (2010), retrospectively reviewed 126
patients who had received endovascular therapy for acute stroke
due to middle cerebral artery occlusion. “Non-intubated state”
was associated with lower infarct volume (OR 0.25, p = 0.004),
in-hospital mortality (OR 0.32, p = 0.011), and better neurologic
outcome (OR 3.06, p = 0.042). All of these reports are recent and
post dated our practice survey.

Our survey is based on the self-reported perceptions of a
group of physicians and is subject to the limitations of such data
in regards to accuracy and, in this case, recall bias. Nonetheless,
it is the first attempt in the field of interventional AIS therapy
to identify sedation preferences and practice. The survey was
limited to 49 NT’s from the SVIN. This enhances the internal
validity of the sample, but may not be representative of all NI’s
who treat AIS with endovascular therapy. Further studies should
incorporate a more diverse sample to enhance the external valid-
ity of the findings. Finally, our survey did not explore factors
such as the NI’s involvement in determining anesthesia type,
specific criteria for requesting GA, or the ventilator/critical care
management by the NI during the case. All of these factors might
impact outcome.

CONCLUSION

Neurointerventionalists perceived the choice of anesthesia to be an
important factor in overall clinical outcome. Practitioners favored
the use of GA during AIS intervention especially when mechanical
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manipulation was expected. Our survey suggests that the preference
for GA is based on the assumption that limiting movement makes
the interventional procedure safer and more efficacious. Although
GA and immobility allow the NI to achieve greater image quality
and decrease procedural time, the greatest perceived limitation to
GA is time delay in starting the interventional procedure. Three
reports of retrospective data in the current literature suggest that
type of sedation, in particular GA, may negatively impact outcome
in AIS interventions (Abou-Chebl et al., 2010; Jumaa et al., 2010;
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APPENDIX
ANESTHESIA AND ENDOVASCULAR THERAPY FOR ACUTE ISCHEMIC
STROKE
Default section
1. What was your residency training in?
O Neurology
O Neurosurgery
O Radiology

2. Your primary mentor in Interventional training had residency

training in?
O Neurology
O Neurosurgery
O Neuroradiology
O Cardiology
3. How long have you been in practice?
O 0-5 years
O 6-10 years
O 11-15 years
O >15 years

4. How many endovascular ischemic stroke intervention your

center perform per year:
Stroke Intervention per
Year:

5. Analgesia and Anestheia use during endovascular ischemic

stroke intervention (please rank in the order of frequency)?
Never  Least Frequent  Most

Frequent

Local O O O O

Only (RN)

Local and O O O O

Conscious

Sedation (RN)

Local and O O O O

Monitored

Awake

Anesthesia

(MAC),

Anesthesia

Team

General O O O O

Endotracheal

Anesthesia

(GA)

6. Wha type of endovascular ischemic stroke cases mandate gen-

eral anesthesia (choose all that apply)?
[J None
O] Intra-arterial thrombolysis

O Clot extraction/mechanical thrombectomy (including

MERCI devices, PENUMBRA, etc.)
[J Acute Balloon Angioplasty
00 Acute Stenting
0] Right hemispheric
L] Left hemispheric
O Brainstem
O NIH stroke scale greater than 15

Frequent

7.

10.

11.

12.

Other (please specify)
| |

Have you had complications from local anesthesia (choose all
that apply)?

0] None

[] Patient movement resulting in injury

L] Aspiration

L] Airway loss/emergency

0 Agitation requiring emergent sedation/intubation

Other (please specify)

. Have you had complications from sedation cases?

0] None

[J Patient movement resulting in injury

0 Aspiration

L] Airway loss/emergency

0 Agitation requiring emergent sedation/intubation
Other (please specify)

. Have you had complications from general anesthesia?

[J None

[J Time delay

0] Hypotension

O Hypertension

O Tough emergence from anesthesia

[0 Other anesthesia complications, please specify in the
comment section

Other (please specify)

Why wouldn’t you prefer the use of general anesthesia in all

your cases? Choose all that apply:

[0 Delay your cases; time is brain

O You Dbelieve it propagate
hypoperfusion

O Lack of anesthesia workforce

[J Risk of anesthesia complications

0] None of the above

Other (please specify)

Why would you like to use general anesthesia in all your

cases?

[J On the long run it eliminates patients movement and saves
time and less roadmaps and contrast

00 On the long run it makes the procedure safer

0 On the long run it makes the procedure more effective

[J None

Other (please specify)

After general anesthesia, would you prefer to keep the patient
intubated or recover the patient immediately?

[J Recover immediately

[J Get head CT Scan and then decide

L] eep intubated 24 h post procedure

cerebral ischemia by
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