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Ultrasound-guided superficial cervical plexus block under
dexmedetomidine sedation versus general anesthesia for carotid
endarterectomy: a retrospective pilot study
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Background: Carotid endarterectomy (CEA) has been performed under regional and general anesthesia (GA).
The general anesthesia versus local anesthesia for carotid surgery study compared the two techniques and
concluded that there was no difference in perioperative outcomes. However, since this trial, new sedative
agents have been introduced and devices that improve the delivery of regional anesthesia (RA) have been
developed. The primary purpose of this pilot study was to compare intraoperative hemodynamic stability
and postoperative outcomes between GA and ultrasound-guided superficial cervical plexus block (UGSCPB)
under dexmedetomidine sedation for CEA.

Methods: Medical records from 43 adult patients who underwent CEA were retrospectively reviewed, inclu-
ding 16 in the GA group and 27 in the RA group. GA was induced with propofol and maintained with sevo-
flurane. The UGSCPB was performed with ropivacaine under dexmedetomidine sedation. We compared the
intraoperative requirement for vasoactive drugs, postoperative complications, pain scores using the numerical
rating scale, and the duration of hospital stay.

Results: There was no difference between groups in the use of intraoperative antihypertensive drugs. How-
ever, intraoperative inotropic and vasopressor agents were more frequently required in the GA group
(p<0.0001). In the GA group, pain scores were significantly higher during the first 24 h after surgery (p<
0.0001 between 0-6 h, p<0.004 between 6-12 h, and p<0.001 between 12-24 h). The duration of hospital stay
was significantly more in the GA group (13.3+4.6 days in the GA group vs. 8.5+2.4 days in the RA group,
p<0.001).

Conclusion: In this pilot study, intraoperative hemodynamic stability and postoperative outcomes were better
in the RA compared to the GA group.
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better outcomes, including the proportion of patients with
stroke, myocardial infarction (MI), or death within 30 days
after anesthesia; survival free of stroke, MI or death up to 1
year after anesthesia; length of stay in hospital and blood
pressure manipulation [1]. The GALA study concluded that
the anesthetic technique does not affect perioperative out-
comes. However, the trial has been criticized due to the wide
variability in methodology; general anesthetic techniques were
compared with a variety of regional anesthetic techniques.
In addition, clinical practice had changed over the 8-year trial
period. Since this study, there have been improvements in
regional anesthetic techniques, intraoperative sedation, and
the use of ultrasound guidance for RA [2,3]. In the GALA
trial, RA was performed using landmark-guided superficial
or deep cervical plexus block, which has been replaced by
ultrasound-guided block, a method that allows direct visual-
ization of structures and injection of local anesthetic [3].

The ay-adrenoreceptor agonist sedative, dexmedetomidine,
is widely used in anesthetic practice. The a-adrenoreceptors
mediate sedation, sympatholysis, inhibition of vasoconstric-
tion, and antinociception. The advantage of dexmedetomidine
is that it has minimal respiratory depression [4]. Moreover,
compared to sedation with a combination of midazolam and
propofol, dexmedetomidine is less likely to cause periopera-
tive hypertension and tachycardia. It also decreases intraope-
rative and postoperative anxiety and the need for opioids for
postoperative pain control [5]. However, perioperative hypo-
tension and bradycardia can occur [6].

Although the GALA trial did suggest a tendency towards
a better hemodynamic profile in the RA group, the trial did
not focus on the use of sedatives or perioperative hemo-
dynamic status. The purpose of this pilot study was to test the
hypothesis that for CEA, intraoperative hemodynamic stabil-
ity is improved using an ultrasound-guided superficial cervical
plexus block (UGSCPB) with dexmedetomidine sedation com-
pared to GA. The primary outcome of this study was the re-
quirement for vasoactive drugs between the two groups. Post-
operative hemodynamic stability, pain severity, and complica-

tions within 1 year were also compared.

MATERIALS AND METHODS

1. Study design
This study was approved by the Institutional Review Board

and exempted from the need to obtain informed consent.
We retrospectively reviewed the electronic medical records
of adult patients (aged between 46 and 91 years) who under-
went CEA from June 2012 to July 2015. We chose this period
because a single surgeon performed all CEA procedures during
this time. We excluded patients who underwent a combined
surgical procedure with CEA or underwent emergency sur-
gery. The anesthetic technique was routinely determined by
the anesthesiologist and the surgeon depending on the clinical
condition of the patient. Patients were divided into the GA
and the RA groups.

2. Anesthetic technique

Anesthesia was performed according to hospital protocols.
In both groups, intraoperative monitoring included electro-
cardiography, invasive blood pressure (BP) measured from the
radial artery, pulse oximetry, bispectral index monitoring (BIS;
Bispectral Index™, Aspect Medical System Inc., Norwood,
MA, USA), and near-infrared spectroscopy (NIRS; INVOS
51005 Somanetics Corp., Troy, MI, USA). GA was induced
with intravenous propofol (1-2 mg/kg), remifentanil (0.1 g/
kg/min), and rocuronium (1.0 mg/kg) and maintained with
sevoflurane and remifentanil. Sevoflurane was titrated to a
BIS score of 40-60. Remifentanil was titrated to maintain the
mean arterial pressure at 80% of the baseline. Mechanical
ventilation was carried out with an oxygen/air mixture (frac-
tion of inspired oxygen, 0.5) to maintain the end-tidal carbon
dioxide at 30-40 mmHg. RA was performed by UGSCPB.
After negative aspiration, 8-12 mL of 0.375-0.5% ropivacaine
was injected beneath the sternocleidomastoid muscle. The
sternocleidomastoid muscle was directly visualized sonogra-
phically (Vivid i, GE Healthcare, Wauwatosa, W1, USA) using
a 12L-RS, 5-13 MHz linear probe. Prior to incision, a loading
dose of dexmedetomidine (1.0 ug/kg) was administrated over
10 minutes, followed by a maintenance infusion at 0.5 ugkg/h,
and adjusted to maintain a BIS score of 60-80 (infusion rate:
0.1-1.0 ug/kg/h). Adequacy of the RA was not documented;
however, lidocaine (0.5%) administered by the surgeon to treat
intraoperative pain is common practice in our institution. Hy-
pertension and tachycardia were managed with diltiazem
(5-10 mg), esmolol (10-20 mg), labetalol (10 mg), or nicardi-
pine (1-2 mg). To treat hypotension and bradycardia, intrave-
nous ephedrine (10 mg bolus) or atropine (0.5 mg bolus) was
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administered. Persisting hypotension and bradycardia were
treated with a continuous infusion of dopamine, dobutamine,
norepinephrine, or phenylephrine. Postoperative pain was ma-
naged by the surgeon; morphine, 3 mg, and ketorolac, 30
mg were administered according to the numerical rating scale
(NRS) until the pain was controlled.

3. Outcome variables

Demographic data, including the American Society of Anes-
thesiologists physical status, age, sex, weight, height, and co-
existing diseases were obtained from the electronic medical
records. Details on surgery-related outcomes, including the
side of surgery, duration of surgery, type of anesthesia, carotid
artery cross-clamping, and the use of a shunt were also ob-
tained. Hemodynamic instability was categorized into three
groups: none, no intervention; mild, 1 or 2 doses of vasoac-
tive medication; severe, >3 doses or a continuous infusion of
vasoactive medication. We identified the frequency and ti-
ming of vasoactive drugs administered during surgery: T1,
during the administration of dexmedetomidine or after intu-
bation; T2, at skin incision; T3, before carotid artery cross-
clamping; T4, after carotid artery cross-clamping; TS5, at the
completion of surgery. Hemodynamic profiles during the 24 h
postoperative period and the duration of hospital stay were
recorded. Postoperative pain was rated using the NRS and
recorded at 0-6 h, 6-12 h, and 12-24 h after surgery. Major
complications including cardiovascular, respiratory, and neu-

rological complications within 1 year were also compared.

4, Statistical analysis

Data are presented as number (%), mean=standard devia-
tion, or median (interquartile range). All continuous variables
were checked for normal distribution with a Q-Q plot and
the Kolmogorov-Smirnov test. Continuous variables that were
normally distributed were compared with the Student’s t-test.
The frequency of interventions for hemodynamic instability
and complications were compared with the chi-square or the
Fisher’s exact test. Postoperative NRS was compared using
two-way repeated measures ANOVA with Bonferroni correc-
tion. For Bonferroni correction, a pvalue of less than 0.0083
(0.05/6) was considered significant. For other statistical tests,
a pvalue of less than 0.05 was considered significant. All
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analyses were performed using SPSS version 18.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Forty-eight patients underwent CEA during the study pe-
riod. Five patients were excluded as they had combined or
emergency surgery. Of the remaining 43 patients, 16 received
GA and 27 received RA (Fig. 1).

Demographic data were not different between the two
groups (Table 1). In the RA group, no patient required con-
version to GA and no local anesthetic-related adverse effects
were noted. Duration of surgery, anesthesia, and carotid artery
cross-clamping were longer, and a shunt was used more fre-
quently in GA group (Table 1). The frequency of intervention
for hypertension and tachycardia was similar between groups;
however, inotropic and vasopressor agents were more fre-
quently used in the GA group (p<0.0001, Table 2). In the
RA group, an antihypertensive drug was required in 51.9%
of patients at the time of administration of the loading dose
of dexmedetomidine. In the GA group, 50% of patients re-
quired an antihypertensive drug after intubation and at the
time of the skin incision. An infusion of inotropic or vasopre-
ssor agents was required in 75% of patients in the GA group.
In contrast, 18.5% of patients in the RA group required in-
otropic or vasopressor agents (Fig. 2). Intervention for hyper-

tension was more frequently required in the GA group at

Carotid endarterectomy
between June 2012 and July 2015
(n=48)

Excluded (n=5)
Combined surgery (n=1)
Emergency surgery (n=4)

Inclusion (n=43)

General anesthesia
(n=16)

Regional anesthesia
(n=27)

Fig. 1. Flow diagram of the patients.
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the time of skin incision (50% in the GA group vs. 3.7% in (31.3% in the GA group vs. 3.7% in the RA group, p=0.039).
the RA group, p=0.001) and at the completion of surgery Use of inotropic and vasopressor agents was significantly more
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Fig. 2. Frequency and timing of antihypertensive drugs (A) and inotropic or vasopressors (B) administrating during surgery. T1, during
administration of dexmedetomidine or after intubation; T2, at skin incision; T3, before carotid artery cross-clamping; T4, after carotid
artery cross-clamping; TS, at the end of the operation. ?p<0.005 compared with regional anesthesia group.

Table 1. Demographic data and intraoperative outcomes

Variable GA (n=16) RA (n=27) pvalue

ASA physical status (II/IIT) 12 (75)/4 (25) 21 (77.8)/6 (22.2) 1.000
Sex (male) 14 (87.5) 23 (85.2) 1.000
Age (year) 72.7+8.2 68.1+9.8 0.124
Weight (kg) 62.9+9.0 65.7+8.6 0.318
Height (cm) 164.9+8.0 164.7+5.4 0.919
Coexisting diseases

Diabetes 7 (43.8) 8 (29.6) 0.348

Hypertension 11 (68.8) 21 (77.8) 0.768

Ischemic heart disease 4 (25.0) 12 (44.4) 0.202

Hyperlipidemia 3(18.8) 4 (14.8) 0.929

TIA/stroke 3(18.9) 6(22.2) 0.906

COPD 3(18.8) 1(3.7) 0.291

Renal failure 1(6.3) 2(7.4) 0.635
Indication for surgery 0.878

Asymptomatic carotid stenosis 1(6.3) 4 (14.8)

TIA 9 (56.3) 16 (59.3)

Stoke 6(37.5) 7(25.9)
Location of surgery (rt) 8 (50.0) 17 (63.0) 0.303
Duration of surgery (min) 147.8+29.6 125.6%32.0 0.029
Duration of anesthesia (min) 191.6+30.0 164.1+29.4 0.005
Duration of clamping (min) 49.1+10.4 31.5+9.8 <0.0001
Shunt 15 (93.8) 5(18.5) <0.0001

Data are presented as mean=SD or number (%).
ASA, American Society of Anesthesiologists; GA, general anesthesia; RA, regional anesthesia; TIA, transient ischemic attack; COPD,
chronic obstructive pulmonary disease; Rt, right; SD, standard deviation.
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frequent in the GA group throughout the surgery (All p<0.01,
Fig. 2).

Postoperative hemodynamic stability was not different be-
tween groups. Only 6.2% of patients in the GA group and
18.5% of patients in the RA group required intervention for
hypotension, while 56.2% of patients in the GA group and
44.4% in the RA group received antihypertensive agents.
NRS during the first 24 hours postoperatively was significan-
tly higher (p<0.0001 between 0-6 h, p<0.004 between 6-12
h, and p<0.001 between 12-24 h), and the duration of hospi-
tal stay was significantly longer (13.3%4.6 vs. 8.5+2.4 days,
p<0.001) in the GA group. The incidence of major complica-
tions was similar in both the groups (Table 3).

DISCUSSION

In this study, we found that intraoperative hemodynamic
stability was better in the RA group compared to the GA group.
The NRS during the first 24 h postoperatively and the dura-
tion of hospital stay were higher in the GA group. However,

Table 2. Hemodynamic stability during surgery
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major postoperative complications within 1 year were not
significantly different between groups.

RA has the advantage of ease of assessment of neurological
status during carotid cross-clamping. RA has been in use for
CEA for over 15 years. The GALA [1] and the other studies
[7,8] have not identified a statistically significant difference
in the incidence of major perioperative outcomes, such as stroke,
M, or death between RA and GA. However, if major peri-
operative outcomes were similar between GA and RA, hemo-
dynamic stability, postoperative pain, minor complications,
and duration of hospital stay may be appropriate outcomes
to determine the better anesthetic technique for CEA. Thus,
well-standardized RA with advanced techniques needs to be
compared with GA to evaluate perioperative outcomes.

Despite the ease of perioperative neurological assessment
with RA, this technique has several risks. Systemic toxicity
from local anesthetics can be a life-threatening complication
resulting from intravascular injection or overdose [9]. Punc-
ture-related complications include vertebral artery injection,

subarachnoid or epidural injection, Horner’s syndrome, phre-

Variable GA (n=16) RA (n=27) pvalue
Intervention for hypertension and tachycardia (n) 0.828
None 7 (43.8) 14 (51.9)
Mild 6 (37.5) 11 (40.7)
Severe 3(18.8) 2(7.4)
Intervention for hypotension and bradycardia (n) <0.0001
None 1(6.2) 22 (81.5)
Mild 3(18.8) 4 (14.8)
Severe 12 (75.0 1(3.7)
Drugs to treat hypertension and tachycardia
Diltiazem (31.3) 16 (59.3)
Esmolol (31.3) 1(3.7)
Nicardipine (6.3) 5(18.5)
Labetalol (0) 3(11.1)
Drugs to treat hypotension and bradycardia
Ephedrine (56.3) 2(7.4)
Atropine (0) 2(7.4)
Dopamine (56.3) 1(3.7)
Dobutamine (6.3) 0 (0)
Norepinephrine (6.3) 0(0)
Phenylephrine (18.8) 0(0)

Data are presented as number (%0).

GA, general anesthesia; RA, regional anesthesia; n, number; None, no intervention; Mild, 1 or 2 injections of drugs; Severe, 3 injections

of drugs or infusion.
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nic nerve block, and local hematomas [10]. Advantages of
ultrasound-guided block over the landmark-based technique
include the ability to control the depth of needle insertion
and avoid inadvertent puncture of neighboring structures [11].
Ultrasonography is now commonly used for the visualization
of real-time images when performing nerve blocks. The ad-
vantages of the ultrasound-guided technique over the land-
mark technique are the direct visualization of nerves and adja-
cent anatomical structures, observation of the needle and lo-
cal anesthetic spread during injection, detection of anatomical
abnormalities, and reduced volume of local anesthetic [12],
leading to a lower incidence of RA-related complications and
increased safety. In our study, superficial cervical plexus block
was performed with 8-10 mL of ropivacaine (0.375-0.5%),
which is less than the 20-30 mL volume recommended with
the landmark technique [13-15]. In the GALA study, 4.4%
of patients in the RA group had complications that led to
the cancellation of surgery or conversion to GA [1]. The rea-
sons for cancellation of surgery or conversion to GA were
patient preference, problems with positioning the patient, de-

terioration of clinical condition after local-anesthetic block,

Table 3. Postoperative outcomes

pain at the operative site, general anxiety, physiological in-
stability, difficult surgery, and neurological deterioration on
cross-clamping [1]. In our study, however, no patient required
conversion to GA. Precise identification of the superficial cer-
vical plexus by ultrasonography results in the use of a smaller
volume of local anesthetic compared to the landmark techni-
que to provide an adequate nerve block for CEA.
Hemodynamic instability is very common during CEA due
to impaired autoregulation of arterial pressure after a stroke
and reduced baroreceptor sensitivity because of carotid athe-
rosclerosis; besides, the effects of carotid surgery, anesthesia,
age, diabetes, and antihypertensive medications may also lead
to hemodynamic instability [16]. With the use of GA, patients
are more likely to be hypotensive and generally require vaso-
pressor support [17-19]. In the postoperative period, patients
who undergo GA are likely to be hypertensive, due to emer-
gence from anesthesia and possibly, pain. The perioperative
course was similar in patients who underwent GA in our study.
On the other hand, patients receiving RA are often hyper-
tensive during surgery, particularly during the cross-clamp

period; however, they become hypotensive after surgery [20].

Variable GA (n=16) RA (n=27) p-value

Hemodynamic profiles
Intervention for hypertension and tachycardia (n) 0.697

None 7 (43.8) 15 (55.6)
Mild 4(25.0) 8 (29.6)
Severe 5(1.2) 4 (14.8)
Intervention for hypotension and bradycardia (n) 0.539
None 15 (93.8) 22 (81,5)
Mild 0) 4(14.8
Severe 1(6.2) 13.7)

NRS 0.007
0-6 hr 6 (5-8) 4 (2-5) <0.0001%
6-12 hr 5(3-5) 2(0.5-3.5) 0.004”
1224 hr 3 (2-3) 2(0.5-2) 0.001?

Complications
Neurologic 6(37.5) 7(25.9) 0.649
Cardiac 1(6.2) 2(7.4) 0.635
Respiratory 1(6.2) 0(0) 0.788

Hospital stay (day) 13.3+4.6 8.5+2.4 0.001

Data are presented as mean=SD, median (interquartile range) or number (%).
GA, general anesthesia; RA, regional anesthesia; NRS, n, number; numeric rating scale; SD, standard deviation; None, no intervention;
Mild, 1 or 2 injections of drugs; Severe, 3 injections of drugs or infusion.

¥The significance level after Bonferroni correction is 0.0083.
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These observations may be explained by preserved cerebral
autoregulation when the patient is awake [21]. Local anesthe-
sia inhibits carotid sinus nerve fibers beneath the carotid bifur-
cation and decreases baroreceptor sensitivity, leading to in-
creased intraoperative sympathetic activity [22]. Additionally,
the stressful, awake state and absence of GA-related cardio-
vascular depression might increase the incidence of hyperten-
sion and tachycardia [23]. However, except at T1, only 25.9%
of patients who underwent RA required intervention for hy-
pertension and tachycardia in our study. This is likely due
to dexmedetomidine infusion, which is associated with fewer
interventions for the treatment for hypertension and tachy-
cardia, and less postoperative pain compared with other seda-
tives [5,6]. In a previous study, 40% patients who received
dexmedetomidine required treatment for hypertension and
tachycardia, compared with 72% of patients who received
fentanyl and midazolam sedation [6]. A concern in the RA
group of our study was the hypertension observed during
administration of the loading dose of dexmedetomidine, with
50% of patients requiring a vasodilator. Dexmedetomidine
produces vasoconstriction by acting on peripheral az,-adreno-
receptors while simultaneously exerting sympatholytic effects
by binding to central ay-adrenoreceptors [24]. In anesthetized
subjects or subjects with reduced sympathetic nervous system
tone, increasing doses of dexmedetomidine have a more pro-
minent vasoconstrictor effect [25]. However, this can be easily
managed with low doses of vasodilators, such as diltiazem (10
mg) or nicardipine (1 mg).

The greatest advantage of RA during CEA is the continuous
and direct feedback of brain function that it provides to the
surgeon. During carotid clamping, assessment of brain func-
tion in the awake patient reliably alerts the surgeon to the
need for a shunt. Since assessment of brain function could
not be done in patients under GA, a shunt was placed more
frequently, and intraoperative monitoring of brain function
was done more often in patients in the GA group. The GALA
trial demonstrated a 29% reduction in the use of a shunt with
RA compared to GA[1]. In our study, shunts were used in
93.8% patients receiving GA and 18.5% in patients with RA.
Although the use of a shunt is common practice and should
protect the brain from stroke [26,27], intraoperative shunt
placement is a strong predictor of perioperative strokes [28].

Postoperative pain was significantly lower in the RA group
in our study. The difference within the first 6 hours could be

Anesthetic techniques for carotid endarterectomy

the combined effect of RA and dexmedetomidine. Additio-
nally, patients in the GA group received a remifentanil infu-
sion, which causes postoperative hyperalgesia [29]. Overall,
postoperative complications occurred more frequently in pa-
tients who underwent GA, and major complications, includ-
ing MI and acute asthma, occurred in the GA group. The
duration of hospital stay was significantly longer in the GA
(13.3+4.6 days) than in the RA group (8.5+2.4 days). Our
results are similar to those of a recently published study [30],
in which patients who underwent GA had a significantly hig-
her odds ratio for postoperative MI, acute congestive heart
failure, and hemodynamic instability compared to RA. Addi-
tionally, the GA group showed extended duration of hospital
stay for more than one day in their study.

There are several limitations in this study. First, we included
only 43 patients according to the post hoc power analysis
with comparison of the occurrence of intraoperative hypoten-
sion between the GA and the RA groups as one of the primary
outcomes [31]. However, our results should be interpreted
cautiously. In particular, considering the low incidence of
major complications after CEA, no definitive conclusions can
be drawn. Second, the reason for the choice of anesthetic
technique was not specified in the medical records, which
might be a potential source of bias. The anesthetic technique
was chosen according to the physical status and patient cha-
racteristics, preference of the surgeon and the anesthesiolo-
gist, which may have influenced the results of our study.

This retrospective pilot study suggests that for CEA, UGSCPB
with dexmedetomidine sedation provides better intraope-
rative hemodynamic stability and more favorable postopera-
tive outcomes compared to GA. Large prospective studies are
needed in the future before conclusions can be drawn about
the validity of our findings. In addition, a prospective rando-
mized controlled trial should compare outcomes between
well-standardized RA and GA.
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