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Objective: To assess whether local anesthetic infiltration could minimize the carotid 
baroreceptor reflex (CBR) which has an incidence after carotid artery stenting (CAS) 
that varies from 29% to 51%.

Methods: This retrospective single-center study included 51 patients (mean age, 
70.47 years) who underwent CAS for carotid stenosis. The groups included patients 
who underwent CAS for asymptomatic ischemic stroke (n=41) or symptomatic disease 
(n=10). Preprocedural percutaneous lidocaine injections (PPLIs) were administered 
to 70.6% and 5.9% of patients who underwent elective CAS and emergency CAS, 
respectively.

Results: Among patients who received PPLIs, the mean degree of stenosis was 
80.5% (95% confidence interval [CI]: ±10.74, 51–98%). The mean distance from the 
common carotid artery bifurcation to the most stenotic lesion (CSD) was 8.3 mm (95% 
CI: ±0.97, 6.3–10.2 mm); the mean angle between the internal carotid artery and 
common carotid artery (CCA) trunk (IAG) was 65.6° (95% CI: ±2.39, 61–70°). Among 
patients who did not receive PPLIs, the mean degree of stenosis was 84.0% (95% 
CI: ±8.96, 70–99%). The mean CSD was 5.9 mm (95% CI: ±1.83, 1.9–9.9 mm); the 
mean IAG was 60.4° (95% CI: ±4.41, 51–70°). The procedure time was longer in the 
PPLI group than in the no PPLI group (28.19 [n=39] vs. 18.88 [n=12] days) (P=0.057); 
the length of intensive care unit stay was shorter in the PPLI group (20.01 [n=36] vs. 
28.10 [n=5] days) (P=0.132).

Conclusions: Targeted PPLI administration to the carotid bulb decreased aberrant 
heart rates and blood pressure changes induced by carotid stent deployment and 
balloon inflation. As CBR sensitivity increases with decreasing distance to the 
stenotic lesion from the CCA bifurcation, PPLIs may help stabilize patients during 
procedures for stenotic lesions closer to the CCA. 

Keywords　‌�Ischemic stroke, Lidocaine, Endarterectomy, Carotid, Carotid arteries, Carotid 
stenosis
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CBR response is a complication of both CAS and CEA; 
therefore, many surgeons have attempted to address 
this issue. One such attempt involved direct infiltra-
tion of the carotid bulb with lidocaine before excision 
of the atheroma during CEA. Although this procedure 
is not consistently effective,2)21) some researchers have 
attempted to substantiate the effectiveness of intraoper-
ative infiltration of local anesthetic into the carotid bulb 
during CEA.3)

The aim of this study was to test the hypothesis 
positing that local anesthetic infiltration can effectively 
minimize the CBR during CAS. 

MATERIALS AND METHODS

We conducted a blinded, retrospective study on 51 
patients who underwent CAS for carotid stenosis in 
Jeju Island, Korea from 2017–2022. We retrospectively 
collected information for each patient, including demo-
graphic data such as age, sex, medical condition, or 
vascular risk factors and several clinical and procedural 
variables, including the location of the carotid artery and 
degree of stenosis (%).

This study was approved by the Ethics Committee of 
Institutional Review Board (approval number: 2023-
L11-01), which waived the requirement for informed 
consent due to the retrospective nature of the study. 

The patients were divided into two groups: (I) those 
who underwent CAS for asymptomatic ischemic stroke 
(n=41) and (II) those who underwent emergency CAS 
for symptomatic disease (n=10). Preprocedural percuta-
neous lidocaine injections (PPLIs) were administered to 
70.6% of the patients who underwent elective CAS and 
5.9% of the patients who underwent emergency CAS 
(Fig. 1).

Procedure
All the endovascular treatments were performed under 

local anesthesia. For elective cases, preoperative assess-
ments were performed, and dual antiplatelet agents 
(aspirin 100 mg, clopidogrel 75 mg) were administered 

INTRODUCTION

Ischemic stroke is the most common cerebrovascular 
accident, with atherosclerotic carotid stenosis accounting 
for 15–20% of all cases.26)

Carotid endarterectomy (CEA) has been the treatment 
of choice for carotid stenosis for more than 60 years;10) 
however, carotid artery stenting (CAS) has advanced 
over the past 30 years and has been recognized as a valid 
alternative therapeutic option because as it is less inva-
sive and is associated with fewer surgical complications 
compared with CEA.8)

Atherosclerotic carotid stenosis commonly occurs 
in the carotid bulb or common carotid artery (CCA) 
bifurcation,14)27) and the nerve endings of carotid baro-
receptors are present in this area of the carotid arterial 
wall.14)16) Mechanical dilation of the carotid bulb by 
stent deployment or balloon inflation can induce serial 
neuronal responses, such as bradycardia and hypoten-
sion, and may lead to perioperative cardiopulmonary 
and neurological side effects.13)

Hemodynamic instability occurring during CAS has 
been reported to range from 29% to 51%.14) Addition-
ally, in one study, differences were observed depending 
on the location of the stenosis, with carotid barore-
ceptor reflex (CBR) occurring in 30% of apical lesions, 
as opposed to 70% of body lesions.30) The standard 
management of hemodynamic depression during 
CAS remains controversial. Although intravenous 
atropine infusion has been proposed, its indications 
remain debatable. Some physicians have reported that 
immediate atropine administration effectively reversed 
CAS-induced bradycardia in selected patients20) while 
others have suggested prophylactic atropine administra-
tion for all patients undergoing CAS.7)17)24) 

However, prophylactic atropine administration in 
these patients reportedly increases the risk of paradox-
ical postprocedural bradycardia28) and other adverse 
reactions to atropine, including tachycardia, confusion, 
urinary retention, and arrhythmia.19)29) In particular, 
atropine has been linked to adverse cardiac events in 
geriatric patients with coronary artery disease.20)
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for at least 7 days prior to the procedure to prevent 
ischemic complications. However, for emergency cases, 
administering antiplatelet agents for 7 days prior to CAS 
was impossible; therefore, patients were administered 
a loading dose of antiplatelet agents (aspirin 200 mg, 
clopidogrel 300 mg) before the procedure, as well as 
heparin (3,000 units), to prevent intra-procedural isch-
emic complications.7)23)26)32)

Carotid artery stenosis was estimated using computed 
tomography angiography or magnetic resonance angi-
ography, and the exact degree of stenosis was confirmed 
using transfemoral cerebral angiography. The degree 
of stenosis was assessed using the North American 
Symptomatic Carotid Endarterectomy trial (NASCET) 
criteria.11)25)

All procedures were performed according to a stan-
dardized CAS protocol1)4)26) using an embolic protec-
tion device (EPD) (Filter Wire EZ Embolic Protection 
System, Boston Scientific, Marlborough, MA, USA) 
and a self-expandable stent (Protege RX Tapered 
Carotid Stent System; ev3, Inc., Plymouth, MN, USA 
or the Carotid WALLSTENT closed cell self-expanding 
stent, Boston Scientific). Prior or subsequent dilatation 
using a balloon was also performed when necessary 
(Gateway PTA Balloon Catheter, Boston Scientific). 
After confirming that the carotid artery stenosis had 
adequately improved, the protective filter was removed. 

The procedure was concluded after confirming the 
patency of the stented carotid artery and absence of 
anomalies in the intracranial vasculature. 

A PPLI was administered prior to the CAS proce-
dure. First, a guiding catheter (8Fr guider softip XF, 
Boston Scientific or 8Fr FlowGate Balloon Guide 
Catheter, Stryker Neurovascular, Fremont, CA, USA) 
was introduced into the CCA, and images of the radi-
opaque-marked carotid bifurcation, including the 
carotid bulb, were obtained via a road-mapping angio-
gram (Fig. 2). Subsequently, a needle was introduced 
transdermally in the neck area under the guidance 
of real-time fluoroscopy, and 1% lidocaine (4-5 cc) 
was infiltrated. Before the injection, aspiration was 
performed to check for any regurgitation of blood to 
avoid injection of lidocaine into the bloodstream. After 
infiltrating the carotid apex and bulb with lidocaine, we 
conversated with the patient to check the hoarseness of 
their voice and determine the degree of infiltration. The 
CAS procedure was then performed. 

During the procedure, the patient’s echocardiogram, 
arterial blood pressure, pulse, and oxygen saturation 
were continuously monitored, and after the procedure, 
patients were closely monitored in the intensive care 
unit (ICU) until their vital signs stabilized. 

Statistical analysis
The CBR response was computed based on the 

patient’s vital signs, such as heart rate (HR), systolic 
blood pressure (SBP), and diastolic blood pressure 
(DBP) before and after carotid stent deployment or 
balloon inflation, and the largest differences were used 
in the analysis. The duration of the CAS procedure was 
measured from the point at which the EPD was intro-
duced to the point at which it was removed. During this 
period, changes in the patient’s vital signs after carotid 
stent deployment or ballooning were computed and 
compared with the baseline values (ΔHR, ΔSBP, ΔDBP). 
The greatest changes were defined as the carotid reflex 
for each patient. 

To assess the effect of the CBR response and that of the 
PPLI, normally distributed (confirmed by Kolmogorov–

Fig. 1. Schematic diagram of the study design and number of 
included patients. M, male; F, female; n, number of patients; PPLI, 
percutaneous preprocedural lidocaine injection

Total carotid artery stent
(n=51, M:F=2.6:1)

(Mean age 70.47±1.58)

Emergent, symptomatic
(n=10(19.6%) M:F=7:3)

PPLI
(n=3(5.9%) M:F=3:0)

PPLI
(n=36(70.6%) M:F=3:1)

No PPLI
(n=7(13.7%) M:F=4:3)

No PPLI
(n=5(9.8%) M:F=3:2)

Elective, asymptomatic
(n=41(80.4%) M:F=3.1:1)
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Smirnov and Shapiro–Wilk tests) continuous variables 
(ΔHR, ΔSBP, ΔDBP) were examined, and the means 
between the PPLI and no PPLI groups were compared 
using independent t-tests. Further, continuous vari-
ables that were not normally distributed (procedure 
time, length of ICU stay) were compared between the 
PPLI and no PPLI groups using the Mann–Whitney U 
test. The effects of the PPLI on the CBR response and 
other non-parametric variables were analyzed using 
these methods. However, given that other variables may 
have influenced the length of ICU stay in symptom-
atic patients undergoing emergency CAS, such as the 
patient’s general condition and mental status, statistical 
analyses were performed only for elective, asymptomatic 
cases. 

To identify other independent variables that could 
affect the CBR response, we performed simple linear 
regression and multiple regression analyses using the 
following independent variables: age, degree of stenosis, 

distance from the CCA bifurcation to the most stenotic 
lesion (CSD), mean angle between the internal carotid 
artery (ICA) and the CCA trunk (IAG), number of 
balloon inflations, and number of stents deployed. The 
associations between the CBR response and the other 
independent variables were examined using Spearman 
and Pearson correlation analyses. The CSD was defined 
as the distance from the CCA trunk to the most stenotic 
point on the ICA, and we used the shortest distance 
from the CCA bifurcation apex, from which the external 
carotid artery (ECA) and ICA branch out to the most 
stenotic area on the stenotic segment (Fig. 3). The IAG 
was defined as the angle at which the ICA branched off 
from the CCA trunk. We measured the angle with refer-
ence to the midpoint of the horizontal extension from 
the apex of the CCA bifurcation and the midpoint of the 
perpendicular extension and from the two-dimensional 
anterior and posterior margins of the ICA (Fig. 4).

All P values were calculated using two-tailed tests. A 

Fig. 2. An illustration of PPLI procedure. Digital subtraction angiography in the lateral view. With Roadmap on, 
the needle is approached to the baroreceptor of the carotid bulb for lidocaine infiltration. A: Common carotid 
artery, B: external carotid artery, C: internal carotid artery, D: carotid bifurcation, marked on the skin with a radi-
opaque marker (mosquito forceps), E: the needle, and F: contrast showing the surgeon’s hand. With Roadmap 
(including the radiopaque marker) on, the needle is approached using a real-time fluoroscopy guide, G: glosso-
pharyngeal nerve, H: carotid sinus nerve connected to the carotid bulb, and I: baroreceptors in the carotid bulb. 
PPLI, percutaneous preprocedural lidocaine injection
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P value of < 0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS software, 
version 19.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Fifty-one patients who underwent CAS (39 who 
received a PPLI, 12 who did not receive a PPLI) were 
included in the final analyses. The mean age of the 
patients was 70.47 (range: 67.3–73.6) years. Forty-one 
patients (male:female ratio=3.1:1, 80.4%) underwent 
elective CAS for asymptomatic ischemic stroke and 10 
(male:female=7:3, 19.6%) underwent emergency CAS 
for symptomatic disease.

Of the 51 patients who underwent CAS, 39 (male:female= 
3.3:1, 76.5%) received a PPLI, whereas 12 (male:female= 
1.4:1, 23.5%) did not. Of the patients who received a 
PPLI, the right:left ratio of the stenotic lesions was 1.1:1, 
and the mean degree of stenosis was 80.5%. The mean 
CSD was 8.3 mm, and the mean IAG was 65.6°. 

Of the patients who did not receive a PPLI, the right: 
left ratio of the lesions was 2:1, and the mean degree of 
stenosis was 84.0%. The mean CSD was 5.9 mm, and the 
mean IAG was 60.4° (Table 1).

First, we examined the effects of the PPLI on the CBR 
response. The PPLI group consisted of 39 patients. For 
the no PPLI group (n=12), the ΔHR, ΔSBP, and ΔDBP 
were normally distributed (P value=0.200), and were 
therefore compared using Student’s t-tests. The mean 
ΔHR, ΔSBP, and ΔDBP in the PPLI group (mean± 
standard deviation) were 8.85±1.61, 23.13±2.51, and 
13.41±1.86, respectively, which were 74.60%, 64.34%, 
and 64.07% less than that of the no PPLI group, respec-
tively (Table 2). Although the ΔDBP, and not the ΔHR 
and ΔSBP, passed the Levene’s test for equality of vari-
ances, statistical analyses were performed with corrected 
degrees of freedom, and the differences of the means 
of all three variables were statistically significant with 
P values of 0.000 (Table 2).

Next, variables other than the CBR response that may 
have been influenced by the PPLI, that is, procedure 

Fig. 3. An illustration showing how to measure the distance from 
the carotid apex to the most stenotic lesion on the stenotic 
segment. A: common carotid artery, B: external carotid artery, C: 
internal carotid artery, and D: distance to be measured (mm).

Fig. 4. An illustration showing how to measure the angle at which 
the internal carotid artery branches off from the common carotid 
artery. A: common carotid artery, B: external carotid artery, C: internal 
carotid artery, and D: angle to be measured (degree).
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time (mins) and length of ICU stay (days), were tested. 
These two variables were not normally distributed; 
therefore, the means of rank sums were compared using 
the Mann–Whitney U test to examine the effects of the 
PPLI. The procedure time was longer in the PPLI group 

than in the no PPLI group (28.19 [n=39] vs. 18.88 [n=12] 
minutes) (P=0.057), while the length of ICU stay was 
shorter in the PPLI group (20.01 [n=36] vs. 28.10 [n=5] 
days) (P=0.132). However, the Mann–Whitney U test 
compares the rank sums between the two groups; there-
fore, the actual size difference between the two groups 
cannot be stated. The differences in procedure time 
(P=0.057) and length of ICU stay (P=0.132) were not 
statistically significant (Table 3).

Linear regression analysis revealed that CSD (mm) 
was significantly associated only with the ΔDBP (Fig. 5) 
and not with the other parameters of the CBR response 
(P=0.027), and that these two variables were negatively 
correlated with a coefficient correlation of -0.893. The 
regression coefficient was approximately 17% (R2=0.166). 
The analysis of variance results indicated that the CBR 
response may be weaker with increasing distance from 
the CCA to the stenotic lesion, although the results were 
not significant (P=0.216). This was confirmed in the 
multiple regression analysis with a marginal statistical 
significance (P=0.056). The Durbin–Watson statistic 
was 1.279, indicating an absence of autocorrelation, and 
the variance inflation factor was 1.000, indicating the 
absence of multicollinearity (Table 4). 

The correlations of patient and procedural variables 
with the carotid reflex response were analyzed with 
Spearman’s rank-order correlation and Pearson’s correla-
tion analyses. Spearman’s rank-order correlation analysis 
showed that the CSD (mm) was negatively correlated 
with all the CBR response parameters (ΔHR, ΔSBP, 
ΔDBP), and that these correlations were statistically 
significant (ΔHR [P=0.012], ΔSBP [P=0.034], and ΔDBP 
[P=0.036]). These parameters were negatively correlated 
in the Pearson’s correlation analysis as well, although in 
terms of statistical significance, only the correlation with 
the ΔDBP was marginally significant (P=0.056) (Table 5).

Although these results are insufficient to determine 
a complete linear relationship, subsequent studies with 
larger study populations could produce statistically 
significant results.

Table 1. Demographic characteristics of the patients

PPLI
(n=39, 76.5%) 

No PPLI
(n=12, 23.5%)

Age (years)

　Mean (± SD) 70.6 (±11.12) 70.0 (±12.29)

　Median 72.0 73.5 

　Range [95% CI] 31−89  52−87

Sex (n)

　Male (%) 30 (76.9) 7 (58.3) 

　Female (%) 9 (23.1) 5 (41.7)

Medical condition (n)

　Hypertension (%) 27 (69.2) 6 (50.0)

　Diabetes mellitus (%) 16 (41.0) 0  

　Dyslipidemia (%) 18 (46.2) 6 (50.0)

　Cardiac disease (%) 3 (7.7)  2 (16.7)  

　Chronic renal disease (%) 2 (5.1)  0 

　Previous stroke (%) 1 (2.6) 1 (8.3)

Current smoker (n) 13 (33.3) 3 (25)

Consumes alcohol (n) 16 (41.0) 6 (50)

Carotid stenosis 

　Right 20 (51.3) 8 (66.7)

　Left   19 (48.7) 4 (33.3) 

Degree of stenosis (%, percent)

　Mean (± SD) 80.5 (±10.74) 84.0 (±8.96)

　Median 82.0 86.5 

　Range [95% CI] 51−98 70−99 

Distance of stenosis (from CCA 
bifurcation, mm)

　Mean (± SD) 8.3 (±0.97) 5.9 (±1.83)   

　Median 8.88 5.18 

　Range [95% CI] 6.3-10.2 1.9−9.9 

Angle of ICA (°)

　Mean (± SD) 65.6 (±2.39) 60.4 (±4.41)   

　Median 70.0 65.6 

　Range [95% CI] 61−70 51−70 

PPLI, preprocedural percutaneous lidocaine injection; n, number of patients; 
SD, standard deviation; CI, confidence interval; CCA, common carotid 
artery; ICA, internal carotid artery
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Table 2. ‌�Association between percutaneous preprocedural lidocaine injection and carotid baroreflex (ΔHR, ΔSBP, ΔDBP) (Student’s t-test)

PPLI No PPLI
Levene†

(P value)

t-test‡

(P value)

Carotid reflex N Shapiro–Wilk test
(P  value) Mean Standard 

deviation N Shapiro–Wilk test
(P value) Mean Standard 

deviation

ΔHR (bpm) 39 0.011
(0.029)*

8.85 1.61 12 0.158
(0.200)*

34.67 30.25 0.000 0.000

ΔSBP 
(mmHg)

39 0.966
(0.200)*

23.13 2.51 12 0.733
(0.200)*

66.75 23.09 0.002 0.000

ΔDBP 
(mmHg)

39 0.960
(0.200)*

13.41 1.86 12 0.960
(0.200)*

37.33 15.19 0.234 0.000

* Kolmogorov-Smirnov; † Levene’s test for equality of variances; ‡ t-test for equality of means
HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PPLI, percutaneous preprocedural lidocaine injection; N, number of patients; 
bpm, beats per minute

Table 3. Other variables that may be affected by PPLI besides the carotid baroreflex (Mann–Whitney test)

PPLI No PPLI P value  
(two-tail)N Mean rank Sum of ranks N Mean rank Sum of ranks

Procedure time (min) 39 28.19 1099.50 12 18.88 226.50 0.057

ICU time (days) 36 20.01 720.50  5 28.10 140.50 0.132

Only elective patients were included in the statistical analysis because the ICU stay of emergent patients might be lengthened due to other factors.
PPLI, percutaneous preprocedural lidocaine injection; N, number of patients; ICU, intensive care unit

Fig. 5. Normal P-P plot and scatter plot of the residuals of multiple regression. In the normal P-P plot (A), the distance from the CCA 
bifurcation to the most stenotic lesion (mm) is normally distributed, as it increases almost in line with the observed probability. In the 
scatter plot (B), the residuals are scattered randomly without a regular pattern, thus satisfying the independence and homoscedasticity. 
Although statistically insignificant, a marginal significance was observed (P value=0.056; dependent variable=diastolic blood pressure).  
a: expected cumulative probability, b: observed cumulative probability, c: regression standardized residuals, and d: standardized estimates. 
CCA, common carotid artery
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DISCUSSION

Atherosclerotic carotid artery stenosis causes 15–20% 
of all ischemic stroke cases, and CEA has been the treat-
ment of choice for carotid artery stenosis for more than 
60 years.

CAS was introduced approximately 30 years ago as 
an alternative to CEA due to its less-invasive nature 

and association with fewer surgical complications.8) 
Since 2000, large clinical studies have compared CEA 
and CAS, including the Stenting and Angioplasty with 
Protection in Patients at High Risk for Endarterectomy 
(SAPPHIRE) study, Endarterectomy versus Angioplasty 
in Patients with Symptomatic Severe Carotid Stenosis 
(EVA-3S), Stent-Protected Angioplasty versus Carotid 
Endarterectomy (SPACE), International Carotid Stenting 

Table 4. ‌�Association between carotid baroreflex (ΔHR, ΔSBP, ΔDBP) and variables besides PPLI (linear and multiple regression analyses)

Linear regression analysis
Multiple regression analysisCarotid reflex 

(ΔHR)
Carotid reflex 

(ΔSBP)
Carotid reflex 

(ΔDBP)

Coefficient P value Coefficient P value Coefficient P value Durbin–
Watson Coefficient P value VIF

Age (years) -0.314 0.228 0.170 0.638 -0.126 0.556 0.575

Stenosis  
distance (mm)

-0.835 0.082 -1.240 0.066 -0.893 0.027 1.279 -0.726 0.056 1.000

Stenosis (%) 0.447 0.115 0.397 0.314 0.356 0.130 0.145

ICA angle  
(degree)

0.048 0.805 0.000 0.999 0.009 0.956 0.657

Balloon number 1.367 0.851 19.331 0.063 -35.892 0.145 0.385

Stent number -15.955 0.648 -78.579 0.113 8.901 0.220 0.982

R2 0.129 0.141 0.166 0.072

ANOVA 
(P value)

0.387 0.321 0.216 0.056

Constant 18.66±39.66 55.77±55.53 31.23±32.93 24.649±3.65

HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PPLI, preprocedural percutaneous lidocaine injection; VIF, variance inflation factor; 
ICA, internal carotid artery; ANOVA, analysis of variance 
Balloon number: number of balloon inflations
Stent number: number of deployed stents

Table 5. Monotonic and linear relationship between carotid baroreflex (ΔHR, ΔSBP, ΔDBP) and variables besides PPLI

Carotid  
reflex

Spearman correlation coefficient (P value) Pearson correlation coefficient (P value)

Age  
(years)

Stenosis
(%)

Stenosis 
distance

(mm)

ICA angle
(degree)

Balloon 
number

Stent 
number

Age 
(years)

Stenosis
(%)

Stenosis 
distance

(mm)

ICA angle
(degree)

Balloon 
number

Stent 
number

ΔHR (bpm) -0.192
(0.176)

0.036
(0.804)

-0.351
(0.012)

0.067
(0.642)

0.116
(0.418)

0.067
(0.639)

-0.173
(0.226)

0.160
(0.262)

-0.205
(0.149)

0.109
(0.448)

0.000
(0.998)

-0.014
(0.922)

ΔSBP 
(mmHg)

-0.041
(0.777)

0.085
(0.554)

-0.298
(0.034)

0.049
(0.733)

0.211
(0.136)

0.096
(0.502)

0.052
(0.716)

0.093
(0.519)

-0.216
(0.129)

0.008
(0.955)

0.158
(0.268)

0.024
(0.867)

ΔDBP 
(mmHg)

-0.097
(0.498)

0.125
(0.381)

-0.295
(0.036)

0.081
(0.571)

0.218
(0.125)

0.082
(0.569)

-0.095
(0.508)

0.135
(0.345)

-0.269
(0.056)

0.069
(0.632)

0.149
(0.297)

0.052
(0.719)

HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; PPLI, preprocedural percutaneous lidocaine injection; ICA, internal carotid artery; 
bpm, beats per minute 
Spearman correlation coefficient: monotonic relationship
Pearson correlation coefficient: linear relationship
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Study (ICSS), and Carotid Revascularization Endarter-
ectomy versus Stenting Trial (CREST).12)15) Although 
the findings of the these large-scale trials demonstrated 
that CEA was more favorable than CAS,9)22) these trials 
had several limitations, such as low proficiency of the 
physicians in the CAS group and a lack of routine use of 
EPDs. The CREST trial, the largest clinical trial in which 
highly proficient interventionists performed 95% of the 
surgeries and EPDs were used routinely, shed light on 
the utility of CAS, with comparable clinical outcomes to 
those of CEA, and recognized CAS as a useful tool for 
stroke prevention.5) 

The carotid bulb is a dilation in the vasculature 
immediately distal to the CCA bifurcation, and is one 
of the major areas involved in atherosclerotic carotid 
stenosis.14)27) The mechanosensitive nerve terminals of 
the carotid baroreceptors are located bilaterally in the 
adventitial layer of the carotid artery bifurcations.14)16) 
The arterial baroreceptors sense changes in blood pres-
sure or dilated blood vessels, leading to stretch-induced 
elevated uniaxial cytosolic Ca2+ levels and resulting in 
pressure-dependent action potential firing in the baro-
receptor neurons. These neuronal signals are relayed to 
the cardiovascular control center in the brainstem for 
baroreflex regulation of blood pressure.14)18) Such baro-
receptor stimulation is related to hemodynamic depres-
sion, that is hypotension, bradycardia, or asystole, which 
occurs during CEA or CAS and is considered a barore-
ceptor reaction.6)14)16)

Prior to the introduction of CAS, the baroreceptor 
reflex during CEA was reported, and researchers have 
attempted to minimize the CBR response through direct 
lidocaine infiltration into the carotid bulb. However, 
many studies reported that lidocaine infiltration had 
minimal effects on CEA, presumably because barore-
ceptor sensitivity is weakened by the removal of athero-
matous plaques; therefore, lidocaine infiltration had little 
impact on the already weakened baroreflex response.2)21)24) 
Indeed, some researchers who conducted in vivo tests 
showed that the baroreceptor reflex is weakened by 
local anesthetic infiltration,3)24) which was explained as 
local anesthetic infiltration causing extramural neural 

blockage of the carotid sinus nerve.3)31) 
In our study, we observed the CBR response—reduced 

HR and BP—in response to stent deployment or balloon 
inflation during CAS in patients with carotid artery 
stenosis and investigated whether local anesthesia could 
attenuate the CBR response through a PPLI targeting 
the adventitia of the carotid bulb. 

We examined statistically significant differences in 
the carotid reflex between the PPLI and no PPLI groups 
based on changes in HR and BP (ΔHR, ΔSBP, ΔDBP). 
We found that the changes in HR, SBP, and DBP were 
74.60%, 64.34%, and 64.07% less, respectively, in the 
PPLI versus no PPLI group, suggesting that a PPLI 
significantly suppresses the CBR response (Table 2). 

Furthermore, although not statistically significant, a 
PPLI was also associated with a shorter ICU stay and 
longer procedure times. However, we included a compli-
cated case of a patient who had a seizure during PPLI 
administration, a case of severe carotid artery stenosis 
that required five rounds of ballooning, and a case 
that required additional procedures because the filter 
was obstructed by the stent and could not be removed. 
Hence, further data is needed to draw the conclusion 
that a PPLI lengthens the procedure time. 

In addition, we examined factors other than if the 
PPLI could affect the CBR response, and observed that 
the degree of the CBR response declined with increasing 
CSD (mm). Further, these results are also in line with 
the finding of Suh et al.,30) that “the frequency of the 
carotid reflex differs according to the location of the 
atheromatous plaque.” Although statistically signifi-
cant, these results were also marginally significant in 
the linear and multiple regression analyses. Therefore, 
the carotid reflex responded more sensitively when 
treating lesions closer to the CCA bifurcation.30) Hence, 
we hypothesized that the infiltration of local anesthetic 
into the carotid bulb could enervate the carotid reflex 
response and could therefore more effectively minimize 
the carotid reflex during CAS procedures for proximal 
lesions from the CCA bifurcation. 

Our study has some limitations. First, although we 
found statistically significant results showing that a 



Hyung Kyu Lee et al.

139  

Journal of Cerebrovascular and  
Endovascular Neurosurgery

Volume 26 · Number 2   |   June 2024

PPLI reduced changes in vital signs caused by the CBR 
response, we did not investigate the specific aspects 
of the CAS procedure that could be enhanced by the 
suppression of the CBR response through the PPLI. 
Thus, studies with larger sample sizes are needed to 
focus on these aspects. Second, we examined factors 
other than the effect of a PPLI on the CBR response, 
although further research is needed to produce supple-
mental findings on more diverse factors that may 
influence the patients and procedures because carotid 
artery stenosis is an acquired lesion. In addition to being 
associated with various factors that could induce and 
exacerbate atherosclerosis, such as underlying diseases 
and lifestyle, it may be associated with the structural 
causes of carotid artery stenosis other than the CSD 
and IAG that were evaluated in this study. Third, as this 
was a retrospective study, the PPLI and no PPLI groups 
were not homogeneous. The sample size for each group 
differed, and the proportion of patients who underwent 
elective and emergency CAS also differed between the 
two groups. Hence, well-designed prospective studies, 
with larger study populations, homogeneous study 
groups, and double blinding, could potentially produce 
more statistically significant results. 

CONCLUSIONS

The CBR may cause hemodynamic instability in 
patients being treated for carotid artery stenosis and 
thus complicate the procedure. Furthermore, the carotid 
baroreflex is a greater burden during CAS in which 
the anatomical structures are not damaged during the 
procedure. PPLI targeting the adventitia of the carotid 
bulb appears to help decrease the changes in HR and 
BP caused by carotid stent deployment and balloon 
inflation. Moreover, considering that carotid baroreflex 
sensitivity increases with decreasing distance to the 
stenotic lesion from the CCA bifurcation, a PPLI could 
help stabilize patients during procedures for stenotic 
lesions closer to the CCA. 
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