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ABSTRACT

)

BACKGROUND AND PURPOSE: Neuroendovascular procedures are performed with the patient under conscious sedation (local anes-
thesia) in varying numbers of patients in different institutions, though the risk of unplanned conversion to general anesthesia is poorly
characterized. Our aim was to ascertain the rate of failure of conscious sedation in patients undergoing neuroendovascular procedures and
compare the in-hospital outcomes of patients who were converted from conscious sedation to general anesthesia with those whose
procedures were initiated with general anesthesia.

MATERIALS AND METHODS: All patients who had an endovascular procedure initiated under general anesthesia or conscious sedation
were identified through a prospective data base maintained at 2 comprehensive stroke centers. Patient clinical and procedural charac-
teristics, in-hospital deaths, and favorable outcomes (modified Rankin Scale score, 0-2) at discharge were ascertained.

RESULTS: Nine hundred seven endovascular procedures were identified, of which 387 were performed with the patient under general
anesthesia, while 520 procedures were initiated with conscious sedation. Among procedures initiated with intent to be performed under
conscious sedation, 9 (1.7%) procedures required emergent conversion to general anesthesia. Favorable clinical outcome and in-hospital
mortality in patients requiring emergent conversion from conscious sedation to general anesthesia and in those with procedures initiated
with general anesthesia were not statistically different (42% versus 50%, P = .73 and 17% versus 13%, P = 1.00, respectively).

CONCLUSIONS: In our study, there was a very low rate of conscious sedation failure and associated adverse outcomes among patients
undergoing neuroendovascular procedures. Proper patient selection is important if procedures are to be performed with the patient
under conscious sedation. Limitations of the methodology used in our study preclude us from offering specific recommendations

regarding when to use a specific anesthetic protocol.

ABBREVIATIONS: mRS = modified Rankin Scale; ICU = intensive care unit

C ontroversy exists regarding the type of anesthesia required in
patients undergoing neuroendovascular procedures. Some
operators advocate the use of local anesthesia and intravenous
sedation known as conscious sedation, while others argue that
these interventions are best performed with the patient under
general anesthesia. One study showed that initiation of an inter-
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vention for anterior circulation stroke with the patient under gen-
eral anesthesia varied widely among centers, ranging from 0% to
100%, with the average being 44%." A recent survey reported that
alarge majority of neurointerventionalists prefer general anesthe-
sia as the intraprocedural technique of choice.?

Although such decisions depend on personal preference, ex-
perience, and institutional protocols, some studies suggest that
certain modalities of sedation may prolong the hospital stay and
worsen outcome. Concern for increased risk of aspiration and
potential airway injury with emergent intubation® in a procedure
initiated with conscious sedation, especially if thrombolytic ther-
apy or anticoagulation has been used, may bias operators toward
general anesthesia at the onset of the procedure. However, there is
insufficient evidence to suggest that such conversion is a common
occurrence or that it is detrimental to the patient. We sought to
determine the frequency and prognosis of patients converted
from conscious sedation to general anesthesia during neuro-
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Table 1: Endovascular procedures according to type of anesthesia used

Procedures Started
under General

Failure of Conscious
Sedation Conversion

Procedures Started
under Conscious

Variables Anesthesia Sedation Rate

Total procedures 387 526 9/526 (1.7%)
Type of procedure

Endovascular treatment of cerebral vasospasm 88 (23%) 81(15.4%) 2(2.5%)

Extracranial carotid artery stent placement 1 (3%) 172 (32.7%) 1(0.6%)

Intracranial angioplasty and/or stent placement 30 (8%) 51(9.7%) 1(2.0%)

Embolization of ruptured aneurysm 86 (22%) 21(3.9%) 1(4.8%)

Embolization of unruptured aneurysm 53 (14%) 28 (5.3%) 1(3.6%)

Endovascular treatment of acute ischemic stroke 50 (13%) 86 (16.3%) 3(3.5%)

Embolization of AVM/epistaxis 69 (18%) 87 (16.5%) 0(0%)
No. of procedures per patient

1 199 (75%)

2 38 (14%)

=3 28 (11%)

interventional procedures at 2 academic comprehensive stroke
centers.

MATERIALS AND METHODS

This retrospective study identified all patients undergoing neu-
roendovascular procedures at 2 academic centers following re-
view of a procedure log from 2006 to 2010. All patients who had
an endovascular procedure that was initiated under general anes-
thesia or conscious sedation, with the exception of diagnostic an-
giography, were included in the current study. Demographics in-
cluding age, sex, and race/ethnicity were collected from admission
registration profiles. Clinical data were obtained from hospital
records, including the number and type of neuroendovascular pro-
cedures performed and the procedural outcomes, which were deter-
mined by modified Rankin Scale score and death at hospital dis-
charge. We collected information regarding the cardiovascular risk
factors (mentioned in the medical records; eg, hypertension, dyslip-
idemia, diabetes mellitus, cigarette smoking, atrial fibrillation, and
coronary artery disease). The information was presumed to be absent
if we were unable to find clear documentation. We were unable to
characterize the adequacy of risk-factor control such as cessation of
cigarette smoking and control of hypertension and hyperlipidemia
because of a lack of standardized documentation.

Statistical Analysis

Statistical analysis was performed by using SAS 9.1 software (SAS
Institute, Cary, North Carolina). Descriptive statistics were ex-
pressed as means with SDs and frequency (percentages). Contin-
uous and categoric variables were compared by using ANOVA
and X tests, respectively. We assessed whether cardiovascular risk
factors were similar between patients in whom procedures were
started under general anesthesia and those who required emer-
gent conversion from conscious sedation to general anesthesia.
We also compared the rates of favorable clinical outcome and
in-hospital mortality between the 2 study groups.

RESULTS

Nine hundred seven endovascular procedures were identified
during the study period, of which 387 were performed with the
patient under general anesthesia, while 520 procedures were ini-
tiated with the intent to perform them under conscious sedation.
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Among procedures with the intent to perform under conscious
sedation, 9 (1.7%) were emergently converted to general anesthe-
sia. Table 1 summarizes the number and types of procedures per-
formed and the respective conversion rates. Endovascular treatment
of cerebral vasospasm (88 cases, 23% of total cases) and embolization
of ruptured aneurysms (86 cases, 22%) were the most common in-
terventions performed with the patient under general anesthesia.

Two hundred sixty patients underwent 387 procedures that were
initiated with general anesthesia, while 8 patients underwent 9 pro-
cedures and were emergently converted from conscious sedation to
general anesthesia. The median age was 53 = 16 years, and 1 patient
(13%) was a woman. Cardiovascular risk factors between the 2
groups were similar (Table 2). Detailed information regarding the
type of procedure, cardiovascular risk factors, stroke severity at ad-
mission, and discharge outcome is presented in Table 3. Overall, the
most common reason for conversion was the inability of the patient
to follow commands and/or maintain immobility during the proce-
dure (7 of 9 conversions). One patient vomited during endovascular
treatment of acute ischemic stroke and was intubated in response to
aspiration, and another patient had intraprocedural rupture while
undergoing embolization of an intracranial aneurysm and was intu-
bated due to a deteriorating level of consciousness. Favorable clinical
outcome and in-hospital mortality in general anesthesia—only pa-
tients and those with emergent conversion from conscious sedation
to general anesthesia were not statistically different (42% versus 50%,
P = .73% and 17% versus 13%, P = 1.00, respectively).

We performed an exploratory analysis comparing the admis-
sion NIHSS scores in patients undergoing endovascular treat-
ment under conscious sedation with those of patients treated with
general anesthesia from initiation. The mean admission NIHSS
score (12.7 = 5.3) in patients undergoing endovascular treatment
successfully under conscious sedation was similar to that in pa-
tients who failed conscious sedation (10.0 = 4.4) and lower than
that in patients who were treated under general anesthesia from
initiation (18.5 = 7.7).

DISCUSSION

Due to the lack of standardization in large device trials,*” many
neurointerventionalists are reluctant to treat patients under con-
scious sedation, especially due to the potential risk of airway dam-



Table 2: Comparison of baseline characteristics and outcomes among patients with conscious sedation and planned and unplanned

general anesthesia for endovascular procedures

Patients who Underwent
Endovascular Procedures
under Conscious Sedation

Patients who Underwent
Endovascular Procedures under Endovascular Procedures under P
Planned General Anesthesia

Patients Who Underwent

Unplanned General Anesthesia Value*®

No. of patients 387
Mean age (yr) 60.2 £16.7
Women 192 (49.6%)
Risk factors
Hypertension 235(60.7%)
Hyperlipidemia 166 (42.8%)
Diabetes mellitus 91(23.5%)
Coronary artery disease 65 (16.8%)
Congestive heart failure 32(8.3%)
Atrial fibrillation 40 (10.3%)
Previous stroke 67 (17.3%)
Clinical outcome
Favorable outcome (mRS, 0-2) 264 (68.2%)
Death 17 (4.4%)

260 8
56 + 18 53+16 09
134 (51%) 1(13%) 0260
142 (55%) 6 (75%) 0979
60 (23%) 3(38%) <.0001
39 (15%) 1(13%) 0303
39 (15%) 1(13%) 8057
23(9%) 1(13%) 8394
26 (10%) 0(0%) 6630
30 (12%) 1(13%) 0876
109 (42%) 4(50%) <.0001
45 (17%) 1(13%) <.0001

2 P <025, adjusting for multiple comparisons using Bonferroni correction.

® Note that the possibility of type Il error exists in calculating significance due to the small number of patients.

age and aspiration from an emergent intubation.>® This reason
was rated by 43% of interventionalists as the most concerning
complication in a survey involving 49 physicians nationwide.”
Our study demonstrates that the rate of emergent conversion
from conscious sedation to general anesthesia was very low
(1.7%). Emergent conversion to general anesthesia was not asso-
ciated with worse outcomes than those observed in planned gen-
eral anesthesia.

Previous smaller studies assessing the rates of conversion to
general anesthesia during acute ischemic stroke treatment, aneu-
rysm embolization, and carotid artery stent placement have re-
ported rates varying from 1.3% to 3%.”"” According to a study by
Jumaa etal,® 2 patients (2.7%) were emergently intubated because
of conscious sedation failure among 73 patients with acute isch-

emic stroke treated endovascularly with conscious sedation. In
elective carotid stent placements, Chamczuk et al® found that only
2 of 63 (3%) patients had to be converted to general anesthesia.
Qureshi et al” demonstrated successful embolization of ruptured
and unruptured aneurysms with patients under conscious seda-
tion with low complication rates. Two conversions occurred in
150 aneurysm cases that underwent embolization with Guglielmi
detachable coils (Boston Scientific, Natick, Massachusetts). Both
ICU and hospital mean length of stay were significantly higher in
the general anesthesia cohort compared with conscious sedation
in both ruptured (11 versus 17 and 20 versus 30 days) and unrup-
tured (3 versus 11 and 6 versus 20 days) groups. Morbidity and
mortality rates for ruptured (1.6% and 3%) and unruptured (2%
and 0%) aneurysms were lower than or similar to those in previ-

Table 3: Demographic, clinical, and procedural characteristics of patients with conscious sedation failure requiring emergent intubation

during neuroendovascular procedures

Age Total
(yr)/ Type of ASA GCS Reason for Procedural mRS at
No. Sex Procedure Medical History Grade™® Score® Conversion Time (min) Discharge

1 47/M Endovascular treatment of ~ Hypertension 4 13 Movement 79 1
cerebral vasospasm

2 56/M Extracranial carotid artery ~ Hypertension, hyperlipidemia, 2 4 Movement 68 2
stent placement previous stroke

3 45/M Endovascular treatment of  Hypertension, hyperlipidemia 3 13 Vomiting 172 2
acute ischemic stroke (airway protection)

4 33/M Embolization of ruptured ~ Hypertension 4 13 Re-ruptured aneurysm 198 4
aneurysm

5 86/M Intracranial angioplasty Hypertension, diabetes 2 15 Movement 424 6
and/or stent placement mellitus, congestive heart

failure

6 61/M Endovascular treatment of  Hypertension, hyperlipidemia, 3 13 Movement 115 5
acute ischemic stroke coronary artery disease

7 50/F Embolization of unruptured None 1 15 Movement 372 2
aneurysm

8 50/F Endovascular treatment of None 1 15 Movement 62 2
acute ischemic stroke

9 46/M Endovascular treatment of None 4 14 Movement 345 4

cerebral vasospasm

Note:—ASA indicates American Society of Anesthesiologists; GCS, Glasgow Coma Scale; mRs, modified Rankin scale.
# American Society of Anesthesiologists grade: 1 = a healthy patient; 2 = patient with mild systemic disease; 3 = patient with severe systemic disease; 4 = patient with severe
systemic disease that is a constant threat to life; 5 = moribund patient who is not expected to survive without the operation; 6 = declared brain-dead patient whose organs
are being removed for donor purposes.
® Prior to procedure.
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ous studies in which general anesthesia was used (3%-17% and
0%-— 8%, respectively), though direct comparison is precluded by
differences in patient characteristics.

Although some case series have reported the safety of specific
individual procedures with the patient under conscious seda-
tion,"”"!? large case series have only reported upon the endovas-
cular treatment of acute ischemic stroke."® General anesthesia
was associated with a longer ICU stay, higher rates of pneumonia,
larger infarcts, and worse clinical outcome in studies conducted in
patients undergoing acute ischemic stroke treatment.® Avoidance
of general anesthesia was also associated with reduced odds of
cardiovascular complications 30 days after carotid endarterec-
tomy.">'* Presumably, the higher rate is related to occurrence of
anesthetic-related deaths and severe cardiovascular adverse
events.'>'® Common adverse events associated with general an-
esthesia reported by Forrest et al'>'¢ included tachycardia (41%),
hypotension (31%), hypertension (27%), bradycardia (19%), and
ventricular arrhythmias (6%). Detection of clinical events related
to iatrogenic thromboembolism is prevented by prolonged recov-
ery from anesthesia; therefore, the possibility of early revascular-
ization is lost."” Abou-Chebl et al'’reported that in 37 patients
who underwent intracranial angioplasty and stent placement un-
der conscious sedation, operators modified the interventional
technique in 61% of patients on the basis of real-time patient
reporting of intraprocedural symptoms.

Previous studies have demonstrated significant hospital cost
reduction by using conscious sedation instead of general anesthe-
sia. In addition to the procedural costs of anesthetic agents, anes-
thesia personnel, and mechanical ventilation, considerable ex-
penses can be avoided with reduction of hospital and ICU stays.
Atsome institutions, general anesthesia for a 3-hour embolization
procedure may cost $13507; the avoidance this fee reduced mean
total hospital cost at 1 institution by 41%."®

Even so, a technically successful procedure (ie, revasculariza-
tion after ischemic stroke or technically successful aneurysm em-
bolization) does not necessarily correlate with good outcome. Ad-
vocates for conscious sedation argue that the advantage of real-
time input from the patient and the clinical examination
outweigh the risk of complications from patient mobility.'*>°
Other potential disadvantages of performing these procedures
with the patient under general anesthesia include induction-re-
lated hypotension, delay in procedure initiation, the need for addi-
tional personnel and equipment in the angiography suite, and inher-
ent delay in obtaining a postoperative neurologic examination.

Patient selection is important for successful completion of
neuroendovascular procedures with the patient under conscious
sedation. Procedural type, anticipated duration, and patient char-
acteristics are important in identifying appropriate patients for
conscious sedation. Certain procedures such as extracranial ca-
rotid artery stent placement infrequently require general anesthe-
sia because of the limited impact of patient motion, head immo-
bility, and hemodynamic control on procedural success.”'
However, a complex aneurysm that requires real-time assessment
in multiple angiographic projections or a very small aneurysm is
best treated with the patient under general anesthesia because
even small-magnitude patient movement can interfere with the
success of the procedure. Similarly, anticipated prolonged dura-
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tion in a case of complex dural arteriovenous fistula (several hours
of embolization time) may be better performed with the patient
under general anesthesia. Patient-related factors such as a poor
level of consciousness, communicative disorders, or difficulty in re-
maining immobile due to a chronic pain disorder need to be evalu-
ated during preprocedural clinical assessment or during a preceding
diagnostic cerebral angiogram with the patient under conscious
sedation.

Some limitations should be considered before interpretation
of our results. Due to a small number of patients in each interven-
tion group, the precision of the estimation regarding conversion
rates about individual subgroups defined by procedure type is not
optimal. There was also no long-term follow-up in many patients,
thereby limiting our ability to determine the long-term conse-
quences of the choice of anesthetic technique. Conversely, the
retrospective nature of the study prevented bias in choosing a
sedation technique because the practitioners were unaware that
this issue would be studied. Thus, decisions were made in real-
time on the basis of the clinical data available to the neurointer-
ventionalists. A randomized controlled trial with a standardized
inclusion/exclusion protocol is needed to determine the compar-
ative benefits of procedures performed under general anesthesia
or conscious sedation.

CONCLUSIONS

In our study, there was a very low rate of conscious sedation fail-
ure and associated adverse outcomes among patients undergoing
neuroendovascular procedures. Proper patient selection is im-
portant if procedures are to be performed under conscious seda-
tion. Limitations of the methodology used in our study preclude
us from offering specific recommendations regarding when to use
a specific anesthetic protocol.
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