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Ultrasound-guided regional anesthesia for carotid
endarterectomy induces early hemodynamic and
stress hormone changes
Judith Hoefer, MD, MSc,a Eve Pierer, MD,a Barbara Rantner, MD,b Karl-Heinz Stadlbauer, MD,a

Gustav Fraedrich, MD,b Josef Fritz, Dipl Ing,c Axel Kleinsasser, MD,a and Corinna Velik-Salchner, MD,a

Innsbruck, Austria

Objective: Locoregional anesthesia is an effective method for evaluating cerebral function during carotid endarterectomy
(CEA). Landmark-guided regional anesthesia (RA) is currently used for CEA and can provoke substantial perioperative
hypertension. Ultrasound-guided RA (US-RA) is a new method for performing RA in CEA; however, the effect on
sympathetic activity and blood pressure is uncertain. This study assessed early sympathetic activity during CEA in US-RA
compared with general anesthesia (GA).
Methods: Patients were prospectively randomized to receive US-RA (n [ 32) or GA (n [ 28) for CEA. The primary end
point was the change in systolic arterial blood pressure after induction of anesthesia (just before starting surgery)
comparing US-RA with GA. We also recorded heart rate and analyzed concentrations of plasma blood hormones,
including cortisol, metanephrine, and normetanephrine at five different times. Creatinine kinase, troponin I, and N-
terminal pro-B-type natriuretic peptide were analyzed to detect potential changes in cardiac biomarkers during the
procedure.
Results: Systolic arterial blood pressure (mean 6 standard deviation) increased significantly in US-RA patients compared
with GA patients even before surgery was initiated (180 6 26 mm Hg vs 109 6 24 mm Hg; P < .001), then remained
elevated during the entire surgery and returned to baseline values 1 hour after admission to the postoperative anesthesia
care unit. Heart rate (US-RA: 78 6 16 beats/min, GA: 52 6 12 beats/min; P < .001) and cortisol levels (US-RA: 155 6

97 mg/L, GA: 99 6 43 mg/L; P [ .006) were also significantly higher in the US-RA group after induction of anesthesia.
Other values did not differ.
Conclusions: The US-RA technique for CEA induces temporary intraoperative hypertension and an increase in stress
hormone levels. Nevertheless, US-RA is a feasible, effective, and safe form of locoregional for CEA that enables targeted
placement of low volumes of local anesthesia under direct visualization. (J Vasc Surg 2015;62:57-67.)
Carotid endarterectomy (CEA) has well-defined indi-
cations established from the results of large randomized
prospective trials and may be performed using regional
anesthesia (RA) or general anesthesia (GA).1-3 The large
randomized, multicenter clinical General Anaesthesia
versus Local Anaesthesia for Carotid Surgery (GALA) trial
showed equal safety and efficacy for RA performed by
landmark-guided superficial or deep cervical block
compared with GA.4
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Although RA allows direct neurologic monitoring dur-
ing cross-clamping and consequently prevents unnecessary
placement of shunts, significant intraoperative hypertension
has been described in patients undergoing landmark-
guided RA as opposed to GA.5

That administration of local anesthetics (LAs) below the
carotid bifurcation may cause reflex hypertension is already
known. This knowledge is mainly based on fundamental
physiologic experiments in animals.6 In contrast, data on re-
flex hypertension caused by locoregional anesthetics for
CEA under real-life conditions in the operating room are
rare.5,7 Ultrasound (US)-guided locoregional anesthesia is
a more up-to-date and advanced method for CEA allowing
the directly visualized injection of LAs beneath the carotid
bifurcation.8 Hemodynamic and stress hormone changes
during CEA under US-RA are unknown, and no random-
ized controlled trial has evaluated them compared with
GA. Consequently, the aim of this study was to assess early
sympathetic activity during CEA in US-RA or GA.

The primary outcome measure was the change in
systolic blood pressure (SBP) after performing US-RA
or after induction of anesthesia (t1) compared with
baseline (t0) in patients undergoing CEA. The null hy-
pothesis was that there would be no differences between
groups.
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Fig 1. Study flow chart. GA, General anesthesia; RA, locoregional anesthesia; t, time.
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METHODS

The Innsbruck Medical University Ethics Committee
approved this study (UN4601; 309/4.22), and written
informed consent was obtained.

Patient selection and study design. A computer-
generated list was used to prospectively randomize 60
consecutive patients scheduled for elective CEA to receive
US-RA or GA. Two persons not involved in the design and
processing of the study were responsible for randomiza-
tion. Enrollment of patients started in March 2012. The
trial was not registered because in Austria because regis-
tration is not required for studies that do not involve me-
dicinal products.

Patients diagnosed with symptomatic and asymptom-
atic stenosis of the internal carotid artery between March
2012 and June 2013 were included. Exclusion criteria
were age <18 years, emergency surgery, or lack of consent.
Antihypertensive medication was not discontinued before
surgery. All involved anesthesiologists and surgeons were
equally familiar with both anesthetic techniques.

Routine management. b-Blockers were given on the
day of surgery. Calcium-channel blockers, angiotensin-
converting enzyme inhibitors, and nitrates were dis-
continued on the day of surgery. Patients in both groups
received identical sedation before induction of anesthesia
with oral midazolam (0.05 mg/kg), 30 minutes before
going to the operating room.

On arrival in the operating room, a 20-gauge radial ar-
tery catheter was placed on the contralateral side to the
surgery along with two peripheral venous catheters. Stan-
dard monitoring included heart rate (HR), peripheral
pulse oximetry (oxygen saturation), capnography, three-
lead electrocardiography, SBP, mean arterial pressure,
and diastolic arterial blood pressure measured invasively
by a radial artery catheter connected to a monitoring kit
(Edwards Lifesciences, Unterschleissheim, Germany) posi-
tioned level with the heart. All data were recorded on a
computer-based anesthesia recording system (integrated
Datex-Ohmeda monitor system; Instrumentarium Corp,
Helsinki, Finland).

Hypertension (defined as SBP values >20% above
baseline) and tachycardia (HR >100/min) were treated
with the a-receptor antagonist urapidil and the
b-blocker metoprolol, respectively, aiming for baseline
values 65% to 10%. Hypotension (defined as SBP
values <20% of baseline) was treated with supplemental
doses of atropine (0.1 mg/kg) and the a-receptor
agonist phenylephrine (1 mg/kg), aiming for baseline
values 65% to 10%.

US-RA was performed by US-guided intermediate cer-
vical plexus block.8 The skin was infiltrated along the pos-
terior border of the sternocleidomastoid muscle with 8 mL
lidocaine (2%) and the carotid artery just beneath the bifur-
cation was visualized sonographically with a 6- to 13-Hz
M-Turbo linear array transducer (SonoSite, Bothell,
Wash). A SonoPlex Stim cannula (Nano Line 22-
gauge � 80 mm [Pajunk; Pajunk GmbH, Geisingen, Ger-
many]) was inserted in the direction of the carotid artery
using the lateral-to-medial in-plane approach.5 After nega-
tive aspiration, 10 mL ropivacaine (0.5%) was injected
beneath the carotid bifurcation; only one pass with the nee-
dle was required (Video 1, online only). A further 10 mL
ropivacaine (0.5%) was injected while the needle was
retracted beneath the sternocleidomastoid muscle (Video
2, online only). The administrated doses of 20 mL ropiva-
caine (0.5%) were standardized for all patients. After anes-
thesia was induced and the patient was positioned,
remifentanil (0.04-0.06 mg/kg/min) was continuously
administered to achieve conscious sedation during the sur-
gical procedure. A squeaking tool was fixed in the patient’s
contralateral hand to monitor motor function during the
surgical procedure.

GA was induced with fentanyl (5 mg/kg), propofol
(1.5-2 mg/kg), and rocuronium (0.6 mg/kg) and



Fig 2. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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maintained with remifentanil (0.04-0.08 mg/kg/min) and
desflurane (4-5 vol% end-tidal). A continuous infusion of
ELO-MEL isotonic electrolyte solution (Fresenius Kabi,
Graz, Austria) was given for fluid therapy. No LAs were
used during GA. Supplemental doses of piritramide were
given at the beginning of skin closure in the GA group.

Surgical technique and shunting. Antiplatelet ther-
apy was not discontinued before surgery. Heparin (5000
IU) was administered intravenously during the operation
in all patients before cross-clamping. No heparin reversal
was performed. CEA was performed with patchplasty or as
eversion endarterectomy, depending on the anatomy and
plaque morphology. For quality control, intraoperative
angiography was routinely performed, except in patients
with significant impairment of renal function.

Shunting of the clamped carotid artery was performed
in all patients undergoing GA and in the RA patients who
manifested speech deficits, a significant increase in agitation
or confusion, contralateral arm weakness, seizure, or
unresponsiveness.

Study protocol. The primary outcome measure was
the change in SBP after induction of anesthesia, just
before starting surgery (t1) compared with baseline (t0)
in patients undergoing CEA in US-RA or GA. In addi-
tion, we recorded HR and analyzed the plasma blood
hormones cortisol, metanephrine, and normetanephrine
as well as creatinine kinase, troponin I, and N-terminal
pro-B-type natriuretic peptide (NT-BNP). We recorded
the amount of additional LAs required intraoperatively by
the surgeons, the number of conversions to GA,
puncture-related complications, and number of shunt
placements.

Recording of the hemodynamic parameters and blood
sampling were performed immediately after inserting the
arterial line (t0); after inducing anesthesia and positioning
the patient, namely just before starting remifentanil,
respectively, before the skin incision (t1); before cross-
clamping (t2); after cross-clamping (t3); and 1 hour after
arriving at the postoperative anesthesia care unit (t4; study
flow chart, Fig 1).

Blood samples were exclusively obtained with a 20-
gauge radial catheter (Becton Dickinson, Swindon,
UK). Cortisol was determined with the ElektroChemiLu-
mineszenz ImmunoAssay (ECLIA; Cobasc, Roche Diag-
nostics GmbH, Mannheim, Germany; reference values
51-236 mg/L in the morning and 18-140 mg/L in the
evening). For assessment of free metanephrine and free
normetanephrine in plasma, 125I-labeled radioimmunoas-
says (Demeditec Diagnostics GmbH, Germany; reference
values: 0.0-90 ng/L for metanephrine and 0.0-180 ng/L



Table I. Patient characteristics

Variables a RA group (n ¼ 32) GA group (n ¼ 28) P value

Age, years 70.2 6 9.1 68.6 6 9.8 NS
Sex

Female 5 (15.6) 3 (10.7) NS
Male 27 (84.4) 25 (89.3)

Body mass index, kg/m2 26 6 4.4 26 6 4.7 NS
Risk factors

Previous stroke or transient ischemic attack 20 (62.5) 23 (82.1) NS
Symptomatic stenosis of the
internal carotid artery before surgery

20 (62.5) 14 (50) NS

Coronary artery disease 8 (25) 10 (35.7) NS
Peripheral arterial occlusive disease 4 (12.5) 5 (17.9) NS
Hypertension 22 (68.8) 24 (85.7) NS
Diabetes mellitus 6 (18.8) 7 (25) NS
Smoking 14 (46.6) 13 (46.4) NS

Comedication
b-Blocker 19 (59.4) 17 (60.7) NS
Calcium channel blocker 7 (21.9) 5 (17.9) NS
Angiotensin-converting enzyme inhibitors 16 (50) 17 (60.7) NS
Nitrates 1 (3.1) 1 (3.6) NS
Digoxin 2 (6.25) 2 (7.1) NS
Statins 32 (100) 28 (100) NS

GA, General anesthesia; NS, not significant; RA, regional anesthesia.
aContinuous variables are shown as the mean 6 standard deviation and categoric variables as number (%).

Table II. Operative details

Variables a RA group (n ¼ 32) GA group (n ¼ 28) P value

Volume of LA administered per patient
Lidocaine (2%), mL 8 0 NA
Ropivacaine (0.5%), mL 20 0 NA
Additional intra-op lidocaine (2%) 2.5 mL 6 (19) 0 NA

Duration of surgery, min 99.6 6 34.3 96 6 48.5 NS
Total clamping time, min 40.2 6 19.0 38.0 614.0 NS

Clamping time without shunt, min 32.8 6 19.0 7.8 6 5.0 <.001
Side of surgery NS

Left 14 (43.8) 14 (50)
Right 18 (56.2) 14 (50)

Shunt placement 6 (18.7) 28 (100) <.001
Transient hoarseness 24 (75) 0 (0) <.001
Intraoperative therapy

Vasopressor (phenylephrine) 7 (21.9) 27 (96.4) <.001
Antihypertensive drug (urapidil) 19 (59.4) 1 (3.6) <.001

LA, Local anesthetic; GA, general anesthesia; NA, not applicable; NS, not significant; RA, regional anesthesia.
aContinuous variables are shown as the mean 6 standard deviation, or as indicated, and categoric variables as number (%).
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for normetanephrine) were used. Creatinine kinase was
measured with the CKCobas c test. Troponin T and
NT-BNP were determined with the ECLIA-TnT or the
ELICA NT-BNP.

Blood samples were analyzed in the Central Institute
for Medical and Chemical Laboratory Diagnostics, Inns-
bruck Medical University, Austria. The laboratory staff
was blinded to treatment allocation.

Perioperative complications. Transient ischemic at-
tacks, incidence of neck hematoma after surgery requiring
revision, myocardial infarction, stroke, and death were
recorded up to 30 days postoperatively.
Statistics. Power analysis was performed before the
trial. The prespecified primary outcome measure was the
difference in SBP after induction of anesthesia (t1)
compared with baseline (t0) in patients undergoing CEA
in US-RA or GA. Our sample size calculation was based
on this parameter at these two times. A sample size of 30
patients per group (60 total) was chosen for a difference of
at least 20 mm Hg to be detectable in mean SBP after
induction of anesthesia (t1) compared with baseline (t0)
between the groups with a power of 0.8 at a significance
level of a ¼ .05 (assuming 27 mm Hg as the standard
deviation for SBP).



Fig 3. Intraoperative systolic blood pressure (SBP) in patients undergoing carotid endarterectomy (CEA) with
regional anesthesia (RA) or general anesthesia (GA) at baseline (t0), after induction of anesthesia (t1), before cross-
clamping (t2), after cross-clamping (t3), and 1 hour after admission to the postanesthesia care unit (t4). Data are
presented as mean 6 standard deviation. *P < .05, **P < .001; NS, Not significant.
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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
and the Fisher exact test. Analysis of variance for
repeated measurements was performed to test for differ-
ences in time course between groups. Groups were then
compared at the individual time points using the Stu-
dent t-test as a post hoc test, and Bonferroni correction
was applied for multiple testing (thus, P < .01 in the
case of five time points [t0 to t4]). Otherwise, the sig-
nificance level of the two-sided P values was .05. Statis-
tical analyses were performed using SPSS 20 software
(IBM Corp, Armonk, NY) as prespecified in the study
protocol.

RESULTS

Patient characteristics, intraoperative data. We
assessed 100 patients for eligibility, and 40 were excluded,
25 of whom declined participation or had decided on a spe-
cific anesthetic technique before enrollment. A further 15
patients were ineligible because of language barrier, de-
mentia, or major confusion. Sixty patients were included,
for whom a 1:1 block randomization was use to allocate
32 to RA and 28 to GA (Fig 2).

No significant differences were seen in patient charac-
teristics, comorbidity, or comedication (Table I). In the
RA group, no conversion to GA was necessary, and no
puncture-related adverse effects occurred. Intraoperative
supplementation of 2.5 mL lidocaine (2%) was necessary
in six patients (19%) in the RA group (volume of adminis-
tered LAs is reported in Table II). Additional LAs were
exclusively required after skin incision and were never
needed after placement of the shunt.

Duration of surgery, side of surgery, and clamping
time did not differ between groups. As expected, the ab-
solute ischemic time was longer in the US-RA group. A
shunt was used prophylactically for all patients in the GA
group (Table II). Six patients in the US-RA group were
supplied with a shunt, in five patients because of the
appearance of neurologic abnormalities after clamping
the carotid artery and in one patient prophylactically
(Table II). Intraoperative vasopressor therapy was
predominantly necessary in the GA group (P < .001),
and intraoperative antihypertensive therapy was used
significantly more frequently in the US-RA group
(P < .001; Table II). Regarding operative technique,
41 patients underwent patchplasty and 19 patients
endarterectomy.

Hemodynamics. The time course of SBP and HR
differed between the US-RA and the GA group (each
P > .001). At baseline (t0), SBP was lower in the US-RA
group than in the GA group (148 6 17 vs 165 6
29 mm Hg; P ¼ .006). After induction of anesthesia
(t1), SBP increased significantly in the RA group
compared with the GA group (180 6 26 vs 109 6
24 mm Hg; P ¼ < .001). SBP remained higher in the
US-RA group during the entire surgery than in the GA
group (t2: 156 6 29 vs127 6 23 mm Hg, P < .001; t3:
150 6 23 vs 126 6 20 mm Hg, respectively; P < .001).



Fig 4. Heart rate (HR) in patients undergoing carotid endarterectomy (CEA) with regional anesthesia (RA) or general
anesthesia (GA) at baseline (t0), after induction of anesthesia (t1), before cross-clamping (t2), after cross-clamping (t3),
and 1 hour after admission to the postanesthesia care unit (t4). Data are presented as mean 6 standard deviation.
**P < .001; NS, Not significant.
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SBP normalized at 1 hour after surgery (t4) in the
US-RA and the GA group (137 6 25, 140 6 25 mm
Hg; P ¼ .666; Fig 3). Courses of diastolic arterial blood
pressure and mean arterial pressure were similar to SBP
(data not shown).

At baseline, HRs were similar in the US-RA and the
GA group (66 6 11 vs 64 6 16 beats/min, respectively;
P ¼ .551). After induction of anesthesia, HR increased in
the US-RA group compared with the GA group (78 6 16
vs 52 6 12 beats/min; P < .001). This trend continued
during surgery, with higher values in the US-RA group
than in the GA group (t2: 78 6 15 vs 60 6 12 beats/
min, P < .001; t3: 79 6 17 vs 59 6 11 beats/min,
respectively; P < .001). At 1 hour after arriving at the
PACU HRs were comparable between groups (RA:
73 6 16 beats/min, GA: 67 6 13 beats/min; P ¼
.133; Fig 4).

Plasma cortisol, metanephrine, and normeta-
nephrine. The time course of cortisol concentrations
differed significantly between the US-RA and the GA
group (P< .001). Cortisol concentrations were comparable
in both groups at baseline (US-RA: 138 6 76 mg/L, GA:
1076 49 mg/L; P ¼ .066). Intraoperative cortisol levels in
the US-RA group rose above the normal range, were higher
than in theGA group (t1: 1556 97mg/L vs 996 43mg/L,
P¼ .006; t2: 2516 246 mg/L vs 806 38 mg/L, P¼ .001;
t3: 277 6 128 mg/L vs 89 6 59 mg/L, P < .001), and
remained elevated after surgery (t4: 277 6 111 mg/L vs
1866 93 mg/L, P¼ .001; Fig 5). Plasma concentrations of
metanephrine and normetanephrine were comparable in
both groups at baseline and showed a trend to higher values
in the US-RA group intraoperatively and after surgery, but
remained within the normal range, and differences between
groups did not reach significance at any time point (Figs 6
and 7).

Cardiac markers. Concentrations of creatinine kinase,
troponin T, and NT-BNP did not significantly differ be-
tween groups (Table III).

Perioperative complications. Five patients from the
US-RA group developed acute neurologic deficiencies
after the carotid artery was clamped. Ischemia resulting in
shunt placement did not induce changes in SBP or HR.
All five patients completely regained neurologic function
after placement of a shunt. There were no differences
between the groups in numbers of patients with a tran-
sient ischemic attack after the procedure, surgical hema-
tomas requiring revision, myocardial infarction, stroke, or
death (Table IV). One procedurally unrelated death
occurred in the US-RA group not accompanied by stroke.
The patient had laryngeal carcinoma in his medical history
5 years previously and contracted an airway infection
complicated by right-sided heart failure on postoperative
day 5 (Table IV).

DISCUSSION

Although the newer US-RA technique for CEA in-
duces temporary intraoperative hypertension and an in-
crease in stress hormone levels, US-RA for CEA has



Fig 5. Plasma cortisol (normal values are shaded) in patients undergoing carotid endarterectomy (CEA) with regional
anesthesia (RA) or general anesthesia (GA) at baseline (t0), after induction of anesthesia (t1), before cross-clamping
(t2), after cross-clamping (t3), and 1 hour after admission to the postanesthesia care unit (t4). Data are presented as
mean 6 standard deviation. *P < .05, **P < .001; NS, Not significant.
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some main advantages. Placement of the needle and injec-
tion of the LAs are performed under direct visualization.
This allows reduction of the injected volume of LA9 and
supposedly minimizes the risk of puncture-related compli-
cations. Moreover, systemic toxicity of LA is less likely
because effective blockade of the cervical plexus is achieved
by low LA doses clearly beyond the toxic range.

A standardized volume of 20 mL ropivacaine (0.5%;
respectively, 100 mg ropivacaine) allowed an effective RA
for CEA, and only 19% of patients required intraoperative
supplementation with additional small amounts of lido-
caine (2%), and no conversion to GA was necessary. More-
over, no relevant puncture-related complications were
observed.

RA has two main risks: LA systemic toxicity and se-
vere puncture-related complications. Systemic toxicity
can be provoked by unintended intravascular injection
of the LA or by other reasons causing high plasma levels,
such as overdosing or excessive absorption.10 Because
systemic toxicity may induce life-threatening cardiovas-
cular or neurologic events, controlling the total amount
of administrated LAs to increase the safety margin seems
reasonable. The risk of severe puncture-related compli-
cations in RA CEA is notable for the landmark-guided
deep cervical block and includes vertebral artery injec-
tion, subarachnoidal or epidural injection, Horner syn-
drome, and local hematomas.11,12 Some of these
complications are potentially life threatening; thus,
direct visualization of the injecting needle will defini-
tively increase safety.8

Martusevicius et al8 used ropivacaine (0.75%) for
US-RA for CEA, and volumes of injected LAs were
not standardized. Administrated mean volumes of ropi-
vacaine (0.75%) were 31.7 6 3.5 mL; accordingly, cu-
mulative doses of injected ropivacaine were 238 6
26 mg. Remarkably, 47% of their patients required intra-
operative supplementation with additional LAs adminis-
trated by the surgeon, despite using quite high doses.
The high number of patients requiring intraoperative
supplementation may be explained by differences in the
technique of US-RA for CEA. Martusevicius et al8 inject
the LAs 0.5 to 1 cm posterolateral to the bifurcation of
the common carotid artery. In contrast, our technique
implies direct visualized injection of the LA immediately
beside the common carotid artery.

With our technique, the needle is inserted in the ca-
rotid sheath. Consequently, there is a notable risk of
vagal nerve block inducing transient hoarseness. Hoarse-
ness was noticed in 75% of our patients, which is compa-
rable to the 72% reported by Martusevicius et al.8

Because the risk for ipsilateral vagal nerve block is high
with this US-RA technique, the method is not suitable
for patients with a pre-existing contralateral vocal cord
dysfunction or paralysis. If there is any doubt, a preoper-
ative evaluation of the vocal cords by laryngoscopy
should be performed.

Although US-RA is feasible, effective, and safe to
perform RA for CEA, hemodynamic and stress hormone
changes have to be considered. Blood pressure in the
US-RA group remained elevated at the hypertensive level
during the entire surgery and returned to normal values at
1 hour after surgery. A similar course was seen in HR and
plasma cortisol levels. Indeed, metanephrine and norme-
tanephrine, representative for plasma adrenaline and



Fig 6. Plasma metanephrine (normal values are shaded) in patients undergoing carotid endarterectomy (CEA) with
regional anesthesia (RA) or general anesthesia (GA) at baseline (t0), after induction of anesthesia (t1), before cross-
clamping (t2), after cross-clamping (t3), and 1 hour after admission to the postanesthesia care unit (t4). Data are
presented as mean 6 standard deviation. No differences between groups were detected. NS, Not significant.
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noradrenaline, showed a trend to increase in the US-RA
group, but the differences did not reach statistical significance.
Concentrations of cardiac markers and perioperative compli-
cations did not differ between groups.

Increased sympathetic activity in patients undergoing
CEA in RA has also been described for the landmark-
guided technique.13,14 However, Takolander et al5 used
adrenaline-containing mepivacaine as the LA. The authors
measured increased plasma levels of noradrenaline, adren-
aline, and cortisol, which might have been influenced by
the adrenaline-mepivacaine blend. Because we did not
administer medications containing adrenaline or noradren-
aline during the study period, this influence can be
excluded for our results. Takolander et al5 concluded
that surgery under RA per se provokes a marked stress re-
action, followed by intense sympathoadrenal activation.
Marrocco-Trischatta et al7 also reported increased cortisol
and adrenocorticotropic hormone levels in the RA group
during CEA. Nevertheless, stress hormone levels between
induction of anesthesia and the start of surgery, as well as
data on hemodynamics, are missing in this study.

Our data show that pronounced hypertension de-
velops within a few minutes immediately after injection
of the LA, independently of surgical stimulation. This
may indicate a potential influence of the injected LA on
the physiologic human cardiovascular control mechanism.
The human body has various systems for controlling arte-
rial blood pressure. One of these, the baroreceptor reflex,
provides a negative feedback loop in which elevated
blood pressure reflexively causes HR as well as blood
pressure to drop. Likewise, decreased blood pressure
activates the baroreflex, causing HR and blood pressure
to increase. In addition, the peripheral baroreceptors are
known to mediate adrenocorticotropic hormone and
therefore cortisol response.15,16 The system relies on
highly differentiated neurons (baroreceptors) located in
the carotid sinus and aortic arch to monitor changes
in blood pressure and relay them to the brainstem via
the ramus sinus carotici and the glossopharyngeal
nerve.17

Inhibition of the carotid sinus nerve fibers by adminis-
tration of the LA beneath the carotid bifurcation may
induce increased sympathetic activity during US-RA for
CEA by transient blockade of the baroreceptor reflex.
The increase in cortisol, SBP, and HR in the US-RA group
may be additionally aggravated by the stressful awake state
of the patient and absence of GA-related cardiovascular
depression.

In our US-RA patients, hypertension was pronounced
immediately after performing the blockade, even before
skin incision, and reached SBP values of 180 6 26 mm
Hg. Hypertension was aggressively treated with the a-re-
ceptor antagonist urapidil, aiming for values slightly
above the baseline to reduce the stress hormone response
as accurately as possible. Thus, values of 150 6 23 mm
Hg were achieved during the procedure. If urapidil is
not available, possible alternative adrenergic antagonists
are labetalol, a short-acting a-blocker and b-blocker
agent, as well a short-acting b-blocker.18,19 SBP
>180 mm Hg predispose to perioperative cardiac
arrhythmias and myocardial ischemia.20,21 However,
cerebral blood flow in patients with carotid stenosis may



Fig 7. Plasma normetanephrine (normal values are shaded) in patients undergoing carotid endarterectomy (CEA) with
regional anesthesia (RA) or general anesthesia (GA) at baseline (t0), after induction of anesthesia (t1), before cross-
clamping (t2), after cross-clamping (t3), and 1 hour after admission to the postanesthesia care unit (t4). Data are
presented as mean 6 standard deviation. No differences between groups were detected. NS, Not significant.
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depend on contralateral circulation, and vigorous antihy-
pertensive treatment can also predispose to cerebral
ischemia. Carotid sinus baroreceptors alter not only HR
and blood pressure through peripheral vascular resistance
but also myocardial performance in response to changes in
carotid arterial pressure.22 Despite early increased sympa-
thetic activity during CEA under US-RA, markers indicating
myocardial ischemia and perioperative complications con-
cerning the cardiovascular system did not differ from those
of GA patients. Nevertheless, in patients with poorly
controlled hypertension, US-RA for CEA may be used
with caution, because a top-up effect of US-RA on blood
pressure cannot be excluded and may be harmful for the
patient.

US-RA for CEA may not be suitable in several circum-
stances. Patients with significant cervical arthritis may suf-
fer from discomfort because it is necessary to rotate the
head to the contralateral side during the procedure. A
very high carotid bifurcation requires positing a retractor
under the mandible, causing extraordinary pain. Patients
with an anticipated difficult airway are also not suitable
for CEA in RA because emergency intubation during the
procedure (eg, necessary in patients developing agitation
or confusion during the procedure) may be impossible
and therefore harm the patient. Caution should also be
exercised when patients have a contralateral vocal cord
or phrenicus paralysis, because application of LA for
CEA-RA may also induce ipsilateral vocal cord or even
phrenicus paralysis inducing sudden respiratory failure.

Which anesthetic technique is preferable for CEA is still
the subject of controversy. The recent Cochrane Database
analysis compared 14 randomized trials involving 4596 op-
erations with regard to RA anesthesia vs GA. No difference
in stroke or death #30 days of CEA was seen between the
two types of anesthesia. A nonsignificant trend to lower
operative mortality with RA was shown: 3.6% of patients
in the RA group had a stroke or died #30 days of surgery
compared with 4.2% in the GA group. The authors
concluded that both anesthetic techniques are of the
same value for the patient.23

This study entails some limitations. Because the sam-
ple size was calculated to detect a difference in means for
SBP, we cannot excluded that the sample size was too
small to detect differences in levels of metanephrine
and normetanephrine. We cannot prove that blocking
the sinus nerve branch of the glossopharyngeal nerve
was responsible for inducing acute hypertension during
CEA in US-RA by inhibiting the baroreceptor reflex.
Because the LA is injected immediately adjacent to the
main carotid artery or the carotid bifurcation, short-
term baroreceptor malfunction induced by RA is
obvious. At our institution, shunting of the clamped ca-
rotid artery is performed in all patients undergoing GA
and in patients in US-RA only if they develop speech
deficits, a significant increase in agitation or confusion,
contralateral arm weakness, seizure, or unresponsiveness.
Clamping times without shunt were significantly longer
in the US-RA patients and may influence stress response.
We are aware that evaluating brain perfusion was not
possible in our study. However, US-RA allows the
assessment of patients’ neurologic capacity and reflects
cerebral cross-flow.



Table III. Cardiac markers

Variable
Creatinine kinase (range, 39-190 U/L),

mean 6 SD
Troponin T (range, 0-14 ng/L),

mean 6 SD
NT-BNP (range, 0-278 ng/L),

mean 6 SD P value

t0
RA 70 6 26 13 6 9 303 6 691 NS
GA 83 6 57 10 6 6 306 6 682

t1
RA 71 6 26 23 6 9 322 6 700 NS
GA 78 6 63 10 6 6 308 6 673

t2
RA 71 6 26 12 6 8 326 6 712 NS
GA 71 6 49 10 6 5 314 6 698

t3
RA 70 6 26 10 6 8 316 6 669 NS
GA 72 6 47 10 6 5 312 6 704

t4
RA 84 6 33 14 6 17 345 6 685 NS
GA 78 6 52 9 6 5 306 6 689

GA, General anesthesia; NS, not significant; NT-BNP, N-terminal pro-B-type natriuretic peptide; RA, regional anesthesia; SD, standard deviation;
t0, baseline; t1, after induction of anesthesia; t2, before cross-clamping; t3, after cross-clamping; t4, 1 hour after admission to the postanesthesia
care unit.

Table IV. Outcomes

Variables RA group (n ¼ 32), No. (%) GA group (n ¼ 28), No. (%) P value

Transient ischemic attack postoperatively 0 (0) 0 (0) NS
Neck hematoma at surgical site requiring revision 1 (3.1) 1 (3.6) NS
Myocardial infarction 1 (3.1) 0 (0) NS
Stroke 1 (3.1) 1 (3.6) NS
Death 1 (3.1) 0 (0) NS

GA, General anesthesia; NS, not significant; RA, regional anesthesia.
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Because the study groups were fairly small, periopera-
tive complications may be misleading, and interpretation
should be performed with caution. In addition, the study
was related to the early cardiovascular and hormonal
response in GA compared with US-RA and not to long-
tern outcomes.

CONCLUSIONS

The US-RA technique for CEA induces temporary
intraoperative hypertension and an increase in stress hor-
mone levels. Nevertheless, US-RA is a feasible, effective,
and safe form of RA for CEA that enables targeted place-
ment of low volumes of LA under direct visualization.
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