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Cardiac output and cerebral blood flow during carotid surgery in

regional versus general anesthesia: A prospective randomized

controlled study

Helmuth Tauber, MD,a Werner Streif, MD,b Jennifer Gebetsberger, PhD,b Lukas Gasteiger, MD,a

Eve Pierer, MD,a Michael Knoflach, MD,c Gustav Fraedrich, MD,d Maria Gummerer, MD,d Josef Fritz, PhD,e and

Corinna Velik-Salchner, MD,a Innsbruck, Austria
ABSTRACT
Objective: Carotid endarterectomy (CEA) is a preventive procedure aimed at decreasing the subsequent risk of fatal or
disabling stroke in patients with significant carotid stenosis. It is well-known that carotid surgery under ultrasound-
guided regional anesthesia (US-RA) causes a significant increase in blood pressure, heart rate and stress hormone
levels owing to increased sympathetic activity. However, little is known about the effects on cardiac output (CO), cardiac
index (CI), and cerebral blood flow (CBF) under US-RA as compared with general anesthesia (GA).

Methods: Patients scheduled for CEA were randomized prospectively to receive US-RA (n ¼ 37) or GA (n ¼ 41). The primary
end point was the change in CI after induction of anesthesia and the change from baseline over time at four different
times during the entire procedure in the respective randomized US-RA and GA groups. In addition to systolic blood
pressure and heart rate, we also recorded peak systolic velocity, end-diastolic velocity, and minimum diastolic velocity as
seen from transcranial Doppler ultrasound examination, as well as regional cerebral oxygenation (rSO2) as seen from
near-infrared refracted spectroscopy to evaluate cerebral blood flow.

Results: In the US-RA group, the CI increased after induction of anesthesia (3.76 0.8 L/min/m2) and remained constant until
theendof theprocedure. In theGAgroupCIwas significantly lower (2.460.6L/min/m2;P< .001).After inductionof anesthesia,
the rSO2 remained constant in the GA group on both the ipsilateral (636 9 rSO2) and the contralateral (656 7 rSO2) sides; in
contrast, it significantly increased in the US-RA group (ipsilateral 726 8 rSO2; P< .001; contralateral 726 6 rSO2; P< .001). The
transcranialDopplerultrasoundparameters (peak systolic velocity, end-diastolic velocity, andminimumdiastolic velocity)did
not differ between the US-RA and the GA group. The clinical outcome was similarly favorable for both groups.

Conclusions: CI was maintained near baseline values throughout the procedure during US-RA, whereas a significant
decrease in CI values was observed during CEA under GA. Near-infrared refracted spectroscopy values, reflecting blood
flow in small vessels, were higher in US-RA patients than in those with GA. These differences did not influence clinical
outcome. (J Vasc Surg 2021;74:930-7.)
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Carotid endarterectomy (CEA) as a preventive operation
is the method of choice for decreasing the subsequent
risk of fatal or disabling stroke in patients with significant
carotid stenosis.1 It can be performed under ultrasound-
guided regional anesthesia (US-RA) or general anesthesia
(GA). Currently, the choice of anesthesia method depends
e Department of Anesthesiology and Intensive Care Medicine,a Depart-

of Pediatrics,b Department of Neurology,c Department of Vascular Sur-

and Department of Medical Statistics, Informatics and Health

omics,e Medical University of Innsbruck.

conflict of interest: none.

nal material for this article may be found online at www.jvascsurg.org.

ondence: Corinna Velik-Salchner, MD, Departement of Anesthesiology

ntensive Care Medicine, Medical University of Innsbruck, Anichstrasse 35,

ruck, A-6020 Austria (e-mail: Corinna.velik-salchner@tirol-kliniken.at).

tors and reviewers of this article have no relevant financial relationships to

se per the JVS policy that requires reviewers to decline review of any

script for which they may have a conflict of interest.

14

ht � 2021 by the Society for Vascular Surgery. Published by Elsevier Inc.

doi.org/10.1016/j.jvs.2021.03.042
on local clinical practice and patient preference, with GA
being the most commonly applied technique.2,3 A ran-
domized, multicenter study comparing GA and US-RA
for carotid procedures (GALA trial) showed no difference
in morbidity or mortality.4 In the past decade, however,
increasing evidence has favored US-RA as an indepen-
dent factor of decreased morbidity after CEA.3 In fact,
US-RA has been associated with a decreased incidence
of postoperative respiratory failure, less circulatory insta-
bility, and less cardiovascular morbidity.5-7

As early as 1990, Takolander et al5 found a clear associ-
ation between elevated plasma catecholamines and hy-
pertensive blood pressure levels in CEA during US-RA. In
a previous work, our group demonstrated that the US-RA
technique for CEA induces temporary hypertension and
an increase in stress hormone levels, but enables safe tar-
geted placement of local anesthetics (LA).6

Thus, the aim of this study was to expand our previous
findings and investigate the stress response concerning
CI as well as cerebral blood flow (CBF) under US-RA

http://www.jvascsurg.org
mailto:Corinna.velik-salchner@tirol-kliniken.at
https://doi.org/10.1016/j.jvs.2021.03.042
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ARTICLE HIGHLIGHTS
d Type of Research: Single-center prospectively ran-
domized clinical study
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versus GA in patients undergoing CEA. The primary
outcome measure was the change in CI after performing
US-RA or inducing GA (t1) as compared with baseline CI
before induction (t0) in patients undergoing CEA.
d Key Findings: Patients scheduled for endarterec-
tomy of the carotid artery were prospectively ran-
domized to receive ultrasound-guided regional
anesthesia (US-RA) (n ¼ 37) or general anesthesia
(n ¼ 41). The cardiac index (CI) increased after induc-
tion of anesthesia and remained constant during sur-
gery in the US-RA group, whereas in the general
anesthesia group the CI was significantly lower
without affecting cerebral blood perfusion.

d Take Home Message: The CI was maintained near
baseline values throughout surgery during US-RA,
while lower values were observed during general
anesthesia for endarterectomy of the carotid artery.
This difference did not influence clinical outcome.
METHODS
Patient selection and study design. This study was

approved by the Ethics Committee of the Medical Uni-
versity of Innsbruck (Study Code: AN2014-0146336/4.25).
Signed consent was obtained from each subject prior
to randomization. The study was also internationally
registered (ClinicalTrials of the US National Library of
Medicine: NCT02230358). Ninety patients who under-
went elective intervention for symptomatic or asymp-
tomatic stenosis of the internal carotid artery at
Innsbruck Medical University Hospital between March
2015 and July 2017 were included in this prospective
randomized controlled study. Indication for CEA was
based on the decision of our hospital interdisciplinary
board (neurologists, radiologists, and vascular surgeons),
including symptomatic and asymptomatic patients.
Simple, unstratified randomization using a 1:1 block
randomization to allocate patients to the US-RA or the
GA group was performed after written consent was
obtained.
Exclusion criteria were age less than 18 years, emer-

gency procedure, lack of consent because of a language
barrier, dementia or major confusion, contralateral vocal
chord or phrenicus paralysis, an anticipated difficult
airway, claustrophobia, patient denial, and previous deci-
sion on anesthetic technique. All involved anesthesiolo-
gists and surgeons were equally familiar with both
anesthetic techniques. A computer-generated list was
used to prospectively randomize consecutive patients
scheduled for elective CEA to receive US-RA or GA,
observed by two independent persons not involved in
the study.

Routine management. All antihypertensive medica-
tions except b-blockers were discontinued on day of sur-
gery. All patients received oral midazolam (0.05 mg/kg)
about 30 minutes before transport to the operating
room. Contralateral to the intervention side a 20G radial
artery and two peripheral venous catheters were
inserted. Standard monitoring consisted of heart rate,
peripheral oxygen saturation, capnography, electrocardi-
ography, systolic blood pressure (SBP), diastolic blood
pressure, and mean blood pressure measured invasively
with an artery catheter connected to a monitoring kit
(Edwards Lifesciences, Unterschleissheim, Germany).
Baseline values were recorded either before induction
of GA or before US-RA was started. Hypertension was
defined as a SBP of more than 20% above baseline and
treated with alpha-receptor blocker (urapidil), tachy-
cardia as a heart rate of more than 100/min and treated
with b-blocker (metoprolol), aiming for baseline values
by 65% to 10%. Hypotension (defined as SBP of <20% of
baseline) was treated with atropine (0.1 mg/kg) and/or
alpha receptor agonist phenylephrine (1 mg/kg), aiming
for baseline values of 65% to 10%.

Ultrasound-guided regional anesthesia. Infiltration of
the skin along the posterior border of the sternocleido-
mastoideus muscle was performed with 8 mL of lido-
caine 2%. Visualization of the bifurcation of the carotid
artery was performed with ultrasound (6- to 13-Hz M-
Turbo linear array transducer; SonoSite, Bothell, Wash)
guidance by inserting a SonoPlex Stim cannula (Nano
Line 22G 80 mm Pajunk; Pajunk GmBH, Geisingen, Ger-
many) using a lateral-to-medial in-plane approach in
direction of the carotid artery immediately below the
bifurcation.7 Ropivacaine 0.5% (10 mL) was injected in a
crescent-shaped pattern beneath the carotid bifurcation
and a further 10 mL ropivacaine 0.5% in the subcutis
below the sternocleidomastoideus muscle while
retracting the needle. The dose of 20 mL ropivacaine
0.5% was standardized for all patients. Supplemental
conscious sedation during the surgical procedure was
achieved by continuous administration of remifentanil
(0.04-0.06mg/kg/min). Motor function was monitored by
fixing a squeaking tool in the contralateral hand of the
patient for simple questions to be answered by squeak-
ing one time for yes and two times for no. This method
permitted speech comprehension to be monitored.

General anesthesia. GA was induced with fentanyl
(5 mg/kg), propofol (1.5-2.0 mg/kg), and rocuronium bro-
mide (0.6 mg/kg) followed by remifentanil infusion
(0.04-0.08 mg/kg/min) and inhaled desflurane (4-5 vol
% end-tidal) for the maintenance of anesthesia. Each
patient received a continuous infusion of ELO-MEL
isotonic electrolyte solution (Fresenius Kabi, Graz,
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Austria). Piritramide (3.0- to 4.5-mg bolus) was adminis-
tered as supplemental pain therapy.

Vigileo FloTrac system. To measure the cardiac index
(CI), stroke volume (SV) and heart rate, the Vigileo FloTrac
system (Edwards Lifesciences, Irvine, Calif) was used. It re-
quires the FloTrac sensor (Edwards Lifesciences), which is
connected to a standard radial or femoral catheter and
to the Vigileo monitor (Edwards Lifesciences). For cardiac
output (CO) estimation, the standard deviation of pulse
pressure sampled in 20 seconds is related to a normal
SV based on the patient’s demographic data (weight,
height, sex, and age). The Vigileo FloTrac system records
the hemodynamic parameters at 20-second intervals
and uses the most recent data from these 20 seconds for
calculation. The processing unit applies a proprietary al-
gorithm to the digitized wave.8,9

Near-infrared refracted spectroscopy. Cerebral oxygen
saturation was measured by near-infrared refracted
spectroscopy (NIRS) (Invos 5100, Covidien/Medtronic,
Minneapolis, Minn). The monitor uses a light-emitting
diode transmitting near-infrared light at two wave-
lengths (735 and 810 nm) and two silicone photodiodes
as light detectors. The monitor thus provides a single
numerical value for each hemisphere, representing the
regional cerebral oxygenation (rSO2) measured in the
cerebrovascular tissue under a sensor applied to the skin
on each side of the forehead.

Transcranial Doppler ultrasound imaging. Transcranial
Doppler ultrasound (TCD) examination was performed
by a person independent of the study using the X5-1
PureWave xMATRIX transducer (Health Systems Philips
Austria, Innsbruck, Austria) and a Philips ultrasound de-
vice (CX50 xMATRIX, Health Systems Philips Austria). The
middle cerebral artery was visualized through the tem-
poral bone window. Measurements were performed in
the proximal straight segment (M1) using angle
compensation. Ultrasound penetration remained con-
stant for all measurements. The peak systolic velocity
(PSV), end-diastolic velocity (EDV), and minimum dia-
stolic velocity (MDV) were automatically recorded at the
defined measurement points. The mean values of three
measurements were used.

Surgical technique and shunting. Depending on the
anatomy and plaque morphology, CEA was performed
with patch angioplasty or as eversion endarterectomy.
Antiplatelet therapy was not discontinued before the
intervention, and heparin (5000 IU) was given intrave-
nously before cross-clamping. A shunt was routinely
placed in the GA group. In the US-RA group a shunt was
planned in case neurologic symptoms (speech deficits,
contralateral arm weakness, significant increase in
agitation and confusion, seizure, or unresponsiveness)
developed. Patients in the GA group were not shunted if
the preoperatively performed duplex ultrasound exami-
nation detected no stenosis in the contralateral carotid
artery and both vertebral arteries. For quality control,
intraoperative completion angiography was performed
routinely, except in patients with significant impairment
of renal function.

Study protocol. The primary outcome measure of this
study was the change in CI after induction of anesthesia
(t1) as compared with baseline (t0, after insertion of arte-
rial catheter in the awake patient) in patients undergoing
CEA under US-RA or GA. In addition, we recorded the SV
using the Vigileo FloTrac system, and PSV, EDV, and MDV
with TCD imaging. Other secondary outcome variables
were NIRS scores from both sides of the forehead, SBP,
heart rate, the number of shunt placements, clamping
time, duration of procedure and new neurologic com-
plications up to 30 days postoperative. The hemody-
namic parameters were recorded immediately after
inserting the arterial line and before induction of either
US-RA or GA (t0); after induction of US-RA or GA (t1);
2 minutes after cross-clamping (t2); after reperfusion (t3);
and at the end of the procedure (t4; Fig 1). Finally, the
biometrics and general patient data were recorded.

Postoperative complications. Transient ischemic at-
tacks, incidence of neck hematoma after procedure
requiring revision, myocardial infarction, stroke, and
death were recorded up to 30 days postoperatively.

Statistics. A power analysis was performed before the
trial. The prespecified outcome measure was the change
in CI after induction of anesthesia (t1) as compared with
baseline (t0) in patients undergoing CEA in US-RA or GA.
Our sample size calculation was based on this parameter
at the two time points. A sample size of 45 patients per
group (90 total) was chosen because this size is required
to detect a difference of at least 0.5 (L/min)/m2 in change
in CI between the US-RA and GA groups (assuming a
standard deviation of 0.8) with a power of 0.8 and an
alpha of 0.05 in an unpaired t test.
Patient characteristics and concomitant medications

were analyzed descriptively using absolute and relative
frequency and mean 6 standard deviation. Comparisons
between groups were performed with the Student t test.
To test for differences in time course in each of the two
groups, an analysis of variance using a regression model
for non-continuous time series was performed. For
assessment of the statistical significance of differences
between the two groups at individual time points (t0
to t4) or over time, Student’s t test was applied using
the R software package ‘stats’. The significance level of
the two-sided P value was in general .05, except for anal-
ysis of the five time-points individually, where only values
of less than .01 were considered statistically significant
according to the Bonferroni approach for multiple
testing.



Fig 1. Consolidated Standards of Reporting Trials
(CONSORT) flow diagram.
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RESULTS
Patient characteristics. We assessed 130 Caucasoid pa-

tients for eligibility, 40 of whom were excluded (27
declined to participate or had decided on a specific
anesthetic technique before enrollment and 13 were
ineligible owing to a language barrier, dementia, or ma-
jor confusion). A total of 90 patients were randomized
(44 US-RA group, 46 GA group), 12 of whom dropped
out, leaving 78 patients in the final analysis population
(37 patients in the US-RA and 41 patients in the GA
group) (Fig 1). The 12 patients who dropped out after
enrollment did so because of logistic problems (eg, no
member of the study group available on the day of the
intervention or postponement of intervention) (Fig 1).
No significant differences between the two groups

were found in patient characteristics (except body
mass index), comorbidity, or comedication (Table I). The
patients had a median stenosis of the carotid artery of
82% (70%-99%).

Intraoperative data. Regarding the operative tech-
nique, 28 patients underwent eversion endarterectomy
and 50 patients patch angioplasty, whereas distribution
did not differ significantly between the US-RA and the
GA group (Table II). The duration of the procedure, side of
the procedure, and clamping time did not differ be-
tween the groups (Table II). In the US-RA group, 28 pa-
tients had a good sensory blockade effect, whereas in 9
patients a small adjunctive dose of LA (2% lidocaine 2-
5 mL) had to be supplemented by the surgeon. The ab-
solute ischemic time defined as cross-clamping time of
the carotid artery was longer in the US-RA group
(24.9 6 14.5 minutes compared with 9.05 6 11 minutes in
the GA group). A shunt was placed in 37 patients (90.2%)
in the GA group, whereas no shunt was placed in the US-
RA group (Table II). Intraoperative vasopressor therapy
was predominantly necessary in the GA group (P < .001;
Table II), and the same group also needed significantly
more volume replacement (P < .001; Table II). Intra-
operative antihypertensive therapy was used more
frequently in the US-RA group (P < .001; Table II).

Cardiac index. CI, as a measure of CO per square meter
of body surface area, was the primary outcome measure
of this study. At baseline (t0), the CI was almost identical
in the US-RA (3.5 6 0.9 L/min/m2) and the GA (3.3 6 0.9 L/
min/m2; P ¼ .462; Fig 2) groups. The After induction of
anesthesia and before surgical incision (t1), CI increased
slightly in the US-RA group (3.7 6 0.8 L/min/m2) and
remained constant until the end of the procedure (t2:
3.7 6 0.9, t3: 3.7 6 1.2, t4, 3.6 6 1.1 L/min/m2; Fig 2). No
significant change over time was observed (P ¼ .833). The
CI significantly decreased over time in the GA group, with
every time point being significantly decreased in com-
parison with baseline (t0) (at t1, P < .001; t2, P < .03; t3, P ¼
.001; t4 P < .001).
Thus, the GA group showed significant differences to

the US-RA group (t1, 2.4 6 0.6 L/min/m2; P < .001; t2,
2.8 6 0.7 L/min/m2; P ¼ .002; t3, 2.6 6 0.6 L/min/m2; P <

.001; t4, 2.8 6 0.7 L/min/m2 P < .001; Fig 2).

TCD imaging. TCD examination was used to evaluate
peripheral blood flow velocity in the middle cerebral ar-
tery prior to and during CEA. Neither for PSV nor for EDV
or MDV were significant differences detected between
the two groups (Supplementary Fig 1, online only).

NIRS scores. NIRS was used to continuously monitor
rSO2 in the frontal lobes throughout CEA. Over time, sig-
nificant differences were observed in the US-RA group
for both sides (ipsilateral, P < .001; contralateral, P < .001)
and in the GA group for the ipsilateral (P ¼ .013), but not
the contralateral side (P ¼ .101). At baseline (t0), the NIRS
scores were similar in the US-RA group and in the GA
group for both the ipsilateral and the contralateral sides
(ipsilateral US-RA, 65 6 7 vs GA, 63 6 8 rSO2, P ¼ .117;
contralateral US-RA, 66 6 6 vs GA, 64 6 8 rSO2, P ¼ .124;
Fig 3). After induction of anesthesia (t1) the NIRS scores
remained constant in the GA group (ipsilateral, 63 6 9;
contralateral, 65 6 7 rSO2), but significantly increased in
the US-RA group on both sides (ipsilateral, 72 6 8 rSO2;
P < .001; contralateral, 72 6 6 rSO2; P < .001; Fig 3). A
similar result was obtained for t2, 2 minutes after cross-
clamping (ipsilateral US-RA, 70 6 10 vs GA, 61 6 10
rSO2, P ¼ .016; contralateral US-RA, 74 6 7 vs GA, 66 6 7
rSO2; P ¼ .003; Fig 3). However, after reperfusion (t3) the
NIRS scores also slightly increased in the GA group, but
remained significantly higher in the US-RA group until
the end of the procedure (t3, ipsilateral US-RA, 74 6 7 vs
GA, 67 6 9 rSO2; P < .001; contralateral US-RA, 74 6 8
vs GA, 676 8 rSO2; P < .001; t4, ipsilateral US-RA, 726 8 vs
GA, 68 6 8 rSO2, P ¼ .042; contralateral US-RA, 73 6 9 vs
GA, 68 6 7 rSO2, P ¼ .011; Fig 3). During the procedure, no
significant differences between the ipsilateral and the
contralateral side were observed.



Table I. Patient characteristics

Variablesa RA Group (n ¼ 37) GA Group (n ¼ 41) P value

Age, years 71.4 6 8.9 67.3 6 13.7 .126 (NS)

Sex

Female 4 (10.8) 9 (22) .233 (NS)

Male 33 (89.2) 32 (78) .233 (NS)

Body mass index, kg/m2 25.9 6 3.4 27.4 6 3.2 .047b

Risk factors

Symptomatic stenosis of the
internal carotid artery before
surgery

18 (48.6) 24 (58.5) .496 (NS)

Coronary artery disease 27 (73) 34 (82.9) .411 (NS)

Peripheral arterial occlusive
disease

8 (21.6) 8 (19.5) 1.000 (NS)

Hypertension 33 (89.2) 40 (97.6) .184 (NS)

Diabetes mellitus 7 (18.9) 10 (24.4) .595 (NS)

Smoking 14 (38.9) 18 (43.9) .649 (NS)

Co-medication

b-Blocker 11 (29.7) 20 (48.8) .107 (NS)

Calcium channel blocker 10 (27) 9 (22) .792 (NS)

Angiotensin-converting enzyme
inhibitors

14 (37.8) 16 (39) 1.000 (NS)

Nitrates 0 (0) 4 (9.8) .117 (NS)

Angiotensin II antagonists 10 (27) 18 (43.9) .158 (NS)

a-Adrenoceptor antagonists 7 (18.9) 5 (12.2) .534 (NS)

Diuretics 9 (24.3) 12 (29.3) .799 (NS)

Digoxin 0 (0) 0 (0) 1.000 (NS)

Statins 33 (89.2) 37 (90.2) 1.000 (NS)

GA, General anesthesia; NS, not significant; RA, regional anesthesia.
aContinuous variables are shown as mean 6 standard deviation and categorical variables as number (%).
bP < .05.
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Systolic arterial blood pressure. As shown in our earlier
study, the time course of the intraoperative SBP differed
significantly between the US-RA and the GA group (P <

.001).9 At baseline (t0), the SBP was almost identical in
the US-RA (161 6 27 mm Hg) and the GA group (165 6

25 mm Hg; P ¼ .522; Supplementary Fig 2, online only).
After induction of anesthesia and before surgical incision
(t1), the SBP decreased significantly in the GA group
(128 6 33 mm Hg) as compared with the US-RA group
(172 6 27 mm Hg; P < .001; Supplementary Fig 2, online
only).
In the US-RA group SBP during the entire procedure

remained higher than in the GA group (t2, 164 6 30 vs
132 6 32 mm Hg, P ¼ .005; t3, 155 6 29 vs 124 6 19 mm
Hg; P < .001; t4, 144 6 27 vs 131 6 25 mm Hg; P ¼ .044;
Supplementary Fig 2, online only).

Heart rate. At baseline (t0), the mean heart rate was
similar in the US-RA (67 6 11 bpm) and the GA group
(68 6 14 bpm; P ¼ .823). After induction of anesthesia (t1)
heart rate increased in the US-RA group (78 6 17 bpm),
whereas it decreased significantly in the GA group (53 6

14 bpm; P < .001; Supplementary Fig 3, online only). This
trend continued during the procedure, with higher
values in the US-RA group than in the GA group and a
significant difference between the two groups at all time
points (t2, 78 6 18 vs 59 6 14 bpm, P ¼ .001; t3, 77 6 18 vs
55 6 12 bpm; P < .001; t4, 75 6 17 vs 57 6 15 bpm; P < .001;
Supplementary Fig 3, online only). Also, there was a sig-
nificant increase in the US-RA group at almost every time
point (except t4) as compared with the US-RA baseline
(t1, P < .001; t2, P < .001; t3, P <.001; t4, P < .001), as well as
a significant decrease in the GA group as compared with
the GA baseline at all time points (t1, P < .001; t2, P < .001;
t3, P < .001; t4, P <. 001).

Postoperative complications. There were no significant
differences between the groups in numbers of patients
with a transient ischemic attack after the procedure, sur-
gical neck hematomas requiring revision, myocardial
infarction, stroke, death, or recurrent stenosis during
the follow-up period of 30 days (Table II).



Table II. Operative details and outcomes

Variablesa RA Group (n ¼ 37) GA Group (n ¼ 41) P value

Operative technique

Eversion endarterectomy 12 (32.4) 16 (39) .639 (NS)

Patch angioplasty 25 (67.6) 25 (61) .639 (NS)

Duration of surgery, minutes 96.5 6 32.6 95.4 6 35.0 .889 (NS)

Total clamping time, minutes 33.4 6 12.7 34.8 6 13.9 .659 (NS)

Clamping time without shunt, minutes 24.9 6 14.5 9.05 6 11.0 <.001b

Side of surgery

Left 18 (48.6) 19 (46.3) 1.000 (NS)

Right 19 (51.4) 22 (53.7) 1.000 (NS)

Shunt placement 0 (0) 37 (90.2) <.001b

Intraoperative therapy

Vasopressor (norepinephrine) 13 (35.1) 37 (90.2) <.001b

Antihypertensive drug (urapidil) 22 (59.5) 4 (11.8) <.001b

Balanced crystalloids, mL 603 6 219 943 6 472 <.001b

Colloids 54 6 197 305 6 247 <.001b

Outcomes

Transient ischemic attack postoperatively 1 (3) 0 (0) .474 (NS)

Neck hematoma requiring revision 1 (3) 0 (0) .474 (NS)

Myocardial infarction 0 (0) 0 (0) 1.000 (NS)

Stroke 0 (0) 0 (0) 1.000 (NS)

Death 0 (0) 0 (0) 1.000 (NS)

Recurrent stenosis 1 (3) 0 (0) .474 (NS)

GA, General anesthesia; NS, not significant; RA, regional anesthesia.
aContinuous variables are shown as mean 6 standard deviation and categorical variables as number (%).
bP < .001.
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DISCUSSION
In this study, we aimed to expand the results of our pre-

vious study, which showed a temporary significant in-
crease in SBP and an increase in stress hormone levels in
patients under US-RA during CEA as compared with pa-
tients under GA.6 The aim was to assess effects of US-RA
andGAduring CEA on important patient-relevant param-
eters. Our primary outcome measure was CI, secondary
outcomes were rSO2 and cerebral flow velocity parame-
ters measured by means of TCD examination.
The benefits of US-RA over GA in CEA are widely

accepted and known. A recent study in more than
22,000 patients demonstrated that the use of RA over
GA in CEA is associated with a decreased risk for postop-
erative pneumonia and a reduced need for perioperative
blood transfusion.10 In contrast, a more than two-fold
morbidity with GA has been shown.2 In addition, it is
known that patients with RA are significantly more sta-
ble in their circulatory system, show better early neuro-
cognitive outcome, less often require a carotid shunt,
and have shorter hospital stays and less cardiovascular
morbidity.11,12 However, the main advantage of perform-
ing CEA under RA is the real-time monitoring of the
awake patient during the procedure, which affords the
possibility to take immediate surgical consequences,
such as shunt insertion.12

RA for CEA in itself entails some risks, namely, LA sys-
temic toxicity and puncture-related complications. Sys-
temic toxicity can cause life-threatening cardiovascular
and neurologic complications. Reasons therefor might
be an unintended intravascular injection or high plasma
levels caused by overdosing the LA or excessively high
absorption.13

The risk for puncture-related complications, such as
vertebral artery injection, subarachnoidal or epidural in-
jection, and local hematomas, can largely be decreased
by using US-RA.14-16

In our study, the CI and heart rate showed no differences
between US-RA and GA at baseline, but higher values
weremeasured under US-RA at all study time points after
the inductionof anesthesia until the endof theprocedure.
We were also able to repeat our findings regarding an in-
crease in SBPunderUS-RA.6 Thehigher CI inUS-RA seems
to be caused by an increase in heart rate and not an in-
crease in SV, which in fact showed no difference between
the two groups at any study time point.



Fig 3. Regional cerebral oxygen saturation (rSO2) with
near-infrared spectroscopy (NIRS) in patients undergoing
carotid endarterectomy (CEA) in regional anesthesia (RA)
or general anesthesia (GA) for the ipsilateral (ipsi) and the
contralateral (contra) side. Data were recorded at baseline
(t0), after induction of anesthesia (t1), 2 minutes after cross-
clamping (t2), after reperfusion (t3), and at the end of
surgery (t4). Data are presented as mean 6 standard de-
viation. Only P values of less than .01 were considered
statistically significant for individual time-point compari-
sons according to the Bonferroni approach for multiple
testing.

Fig 2. Cardiac index (CI) of patients undergoing carotid
endarterectomy (CEA) in regional anesthesia (RA) or gen-
eral anesthesia (GA) at baseline (t0), after induction of
anesthesia (t1), 2 minutes after cross-clamping (t2), after
reperfusion (t3), and at the end of surgery (t4). Data are
presented as mean 6 standard deviation. Only P values of
less than .01 were considered statistically significant for
individual time-point comparisons according to the Bon-
ferroni approach for multiple testing.
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Under GA, the CI was significantly lower than under US-
RA at all time points as compared with baseline, but
remained in a physiologic range without affecting CBF.
These findings promote the assumption that LA might
have a direct influence on baroreceptors in the carotid si-
nus.10-12,17-19 The baroreceptor reflex is known to be the
fastest negative feedback mechanism for blood pressure
stabilization.20 Changes in stress on stretched receptors
in the wall of elastic vessels (aortic arch and carotid sinus)
modulate central vasomotor centers. They change the
mechanical properties of the left ventricle and the
vascular system to regulate blood pressure and heart
rate. Because patients in the US-RA group received mid-
azolam preoperatively and remifentanil continuously
throughout the intervention to achieve sedation, the
impaired baroreceptor response and not anxiety might
be the reason for the increases in the CI, SBP, and heart
rate. In contrast, patients under GA needed the adminis-
tration of vasopressor therapy and more fluid replace-
ment to maintain hemodynamic stability. This
difference did not improve the outcome in any patients,
but might indicate a theoretical benefit for US-RA during
CEA in critical patients.
Importantly, even if a significant increase in SBP in the

US-RA group indicates changes in systemic vascular
resistance and also in CBF, TCD examination showed
no significant differences between US-RA and GA during
the entire procedure. We assume that neither US-RA nor
GA has a clinically significant impact on CBF, probably
owing to cerebral autoregulation.
NIRS allows CBF to be monitored at the frontal lobe

during CEA by measuring rSO2. In the US-RA group, pa-
tients showed significantly higher rSO2 values
ipsilaterally and contralaterally as compared with GA.
Despite this finding, no difference in the CBF was
detected when using TCD examination. In contrast
with TCD examination, NIRS as an optical imaging tech-
nique does not directly measure blood flow, but reflects
levels of oxygen-saturated hemoglobin in the venous,
capillary, and arterial blood in the grey matter of the ce-
rebral cortex, mainly from blood in small vessels, as light
propagated into large vessels is almost completely
absorbed.21 It is known that cortical activation induces
pial artery dilatation with redistribution of CBF in regions
with stronger cerebral metabolism.22 The prefrontal cor-
tex plays an important role in stress response and con-
sciousness. Recently, an increase in oxygenated
hemoglobin in the bilateral prefrontal cortex during
mental stress in adults, as response to an increase in ce-
rebral metabolism and oxygen demand in this activated
cerebral region, was demonstrated.23 This finding may
explain the significantly higher rSO2 found during US-
RA as compared with GA in our study population.
We also found a significantly longer total ischemia time

in US-RA as compared with GA. Because shunting during
cross-clamping of the carotid artery is performed at our
institution in nearly all CEA patients under GA and under
US-RA solely when they develop neurologic signs of tran-
sient ischemia, this finding is easily explained.
Because intraoperative completion angiography is a

routineprocedureatourhospital for thepurposeof check-
ing the postoperative results when there are no contrain-
dications (hyperthyroidism, renal failure, or allergy to
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contrast agent), 92.4% (n¼ 72) of our studypatients under-
went intraoperative completion angiography. The clinical
30-day outcome of patients undergoing US-RA versus GA
was similar. One patient in the US-RA group had a tran-
sient ischemic attack and recovered completely, one pa-
tient in the US-RA group had a recurrent stenosis during
the 30-day follow-up. Intraoperative completion angiog-
raphy of both patients was normal.

Limitations. Our data reflect a single-institution expe-
rience. The sample size was chosen to ensure that rele-
vant differences in the primary end point CI are detected.
However, we cannot exclude the possibility that the
study was underpowered for the detection of differences
in other parameters between the two study groups. Also,
our drop-out rate was relatively high. The study does not
assess long-term outcomes.

CONCLUSIONS
Our data indicate that concerns that have been promp-

ted by a significant increase in SBP after the induction of
US-RA are eased as CI also shows a slight increase or at
least remains unchanged. Also, direct and indirect
assessment of CBF showed favorable effects for US-RA.
As it is known that CEA under US-RA diminishes neuro-
logic risks, our data indicate that US-RA is feasible and
safe for CEA.

We thank Christian Reif for his excellent technical assis-
tance in performing the TCD examination throughout
the entire study period. We also thank Manuel Gebets-
berger for his valuable support and advice in matters of
statistical analysis.
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Supplementary Fig 1 (online only). Transcranial Doppler
ultrasound (TCD) examination was used to record (A) peak
systolic velocity (PSV), (B) end-diastolic velocity (EDV), and
(C) minimum diastolic velocity (MDV) of the middle cere-
bral artery in patients undergoing carotid endarterectomy
(CEA) in regional anesthesia (RA) or general anesthesia
(GA). Measurements were performed at baseline (t0), after
induction of anesthesia (t1), 2 minutes after cross-
clamping (t2), after reperfusion (t3), and at the end of
surgery (t4). Data are presented as mean 6 standard de-
viation. Only P values of less than .01 were considered
statistically significant for individual time-point compari-
sons according to the Bonferroni approach for multiple
testing.
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Supplementary Fig 2 (online only). Intraoperative systolic
blood pressure (SBP) in patients undergoing carotid end-
arterectomy (CEA) in regional anesthesia (RA) or general
anesthesia (GA) at baseline (t0), after induction of anes-
thesia (t1), 2 minutes after cross-clamping (t2), after
reperfusion (t3), and at the end of surgery (t4). Data are
presented as mean 6 standard deviation. Only P values of
less than .01 were considered statistically significant for
individual time-point comparisons according to the Bon-
ferroni approach for multiple testing.

Supplementary Fig 3 (online only). Heart rate (HR) in
patients undergoing carotid endarterectomy (CEA) in
regional anesthesia (RA) or general anesthesia (GA) at
baseline (t0), after induction of anesthesia (t1), 2 minutes
after cross-clamping (t2), after reperfusion (t3), and at the
end of surgery (t4). Data are presented as mean 6 stan-
dard deviation. Only P values of less than .01 were
considered statistically significant for individual time-point
comparisons according to the Bonferroni approach for
multiple testing.
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