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Purpose: During carotid angioplasty and stenting (CAS), hemodynamic instability
(HDI) can occur, possibly causing post-procedural ischemic complications. The goal of
this study was to investigate the risk factors of HDI focusing on characteristics of
plaque. Materials and Methods: Thirty nine CAS patients were retrospectively evalu-
ated for HDI. Prolonged HDI that lasted over 30 minutes was analyzed in relation to
characteristics of calcified plaque. Results: Nineteen (48.7%) patients had HDI. Ten of
the 19 had both bradycardia and hypotension, and nine had only bradycardia. All bra-
dycardia was treated well with a transcutaneous temporary cardiac pacemaker. But
eight patients presented with prolonged hypotension in spite of recovery of bradycar-
dia. Calcified plaque was a related factor associated with HDI (odds ratio, 8.571; 95%
confidence interval, 1.321-55.62; p=0.024). Extensive and eccentric type calcified
plaques were associated with prolonged hypotension (p=0.04, and p=0.028, respective-
ly). Conclusion: The calcification of plaque is a predictable factor of HDI during CAS,
and its extensive and eccentric calcified plaques may be related to prolonged HDL
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INTRODUCTION

Carotid angioplasty and stenting (CAS) are a widely accepted procedure due to its
simplicity and noninvasiveness.* However, because of anatomical closeness of
the procedure to the carotid sinus, hemodynamic instability (HDI) can occur dur-
ing the procedure. Many studies have been performed to determine the risk factors
of HDI.*"2 Nevertheless, most of the studies failed to clearly show the relationship
between calcified plaques and hemodynamic instability.

The goal of this study was to investigate the risk factors of HDI focusing on
characteristics of plaque.

MATERIALS AND METHODS

Patients and sampling
This study was approved by the local ethical committee. This retrospective analy-

YONSEIMED J HTTP://WWW.EYMJ.ORG VOLUME 54 NUMBER 2 MARCH 2013 295



Jin Sue Jeon, et al.

sis was performed in patients who had CAS from January
2007 to April 2011 at a single center. A total of 48 patients
underwent CAS during this period. Seven procedures were
performed under emergent situations due to rapid progres-
sion of a stroke, one case was lost to follow-up after the
CAS, and one CAS was conducted in a patient with general
anesthesia due to irritability. These cases were excluded
from the study, and a total of 39 patients were included in
this analysis.

HDI was defined as systolic blood pressure <90 mm Hg
or heart rate <50 beats/min (bpm)."”* Prolonged HDI was
defined as HDI lasting over 30 min. Stenosis was calculat-
ed by the NASCET" method. Before the procedure, pa-
tient’s neurological conditions were recorded with a NIHSS
score, and fluid status, vital signs, and medical history, in-
cluding the presence of hyperlipidemia, hypertension (HTN),
diabetes mellitus (DM), systemic coagulopathy, and coro-

il
Fig. 1. The classification of plaque on distribution of longitudinal image. (a)
Extensive plague located from CCA to ICA within 5 mm from bifurcation (ar-
row) on bath sides. (b) Proximal plaque included ICA within 5 mm from bi-
furcation. (c) Distal plaque included ICA beyond 5 mm from bifurcation.
CCA, common carotid artery; ICA, internal carotid artery.

nary artery disease, were recorded. Preprocedural radiolog-
ic tests were conducted with carotid computed tomography
(CT), duplex ultrasound, angio-CT and magnetic resonance
angiography to evaluate the plaque characteristics and con-
firm the stenotic lesions.

Location of plaque and classification of calcified plaque
Plaques were categorized into three longitudinal groups;
extensive, proximal, and distal. Extensive plaque included
both sides of carotid bifurcation within 5 mm. Proximal
plaque and distal plaque included internal carotid artery
(ICA) within 5 mm and beyond 5 mm from the bifurcation,
respectively (Fig. 1)."5 A calcified plaque was defined as a
structure with a density exceeding 130 Hounsfield units
within the vessel wall that was hyperdense to the contrast-
enhanced lumen and surrounding parenchyma on axial ca-
rotid CT.'® Calcified plaques were divided into two groups,
based on symmetry (eccentric versus concentric) on axial
images (Fig. 2), and eccentric plaques were subdivided into
two categories, anterior wall versus posterior wall.'” Every
radiologic finding was recorded by two qualified endovas-
cular neurosurgeons and the discrepancies were reevaluated
by third reader.

CAS protocol

Before the procedure, all patients took oral aspirin (100
mg) and clopidogrel (75 mg) for more than 7 days. While
patients were in a fasting state, each procedure was con-
ducted under local anesthesia through a trans-femoral ap-
proach with an elective schedule. Each patient had a percu-
taneous cardiac pacing patch set at 50 bpm/20 mA to control
bradycardia.'” Electrocardiogram, blood pressure, and blood
oxygen saturation levels were continuously checked, and
intravenous fluids and dopamine were prepared to respond

Fig. 2. Carotid CT and Dyna-CT show the classification of calcified plaque on distribution of cross-sectional image. (A) Eccentric calcified
plaque. (B) Concentric calcified plaque.
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to HDI. Drugs, such as atropine, diazepam, nicardipine, and
pain relievers, were also prepared. During each step of the
procedure, neurological changes and respond to HDI were
evaluated.

After a 6-F guiding sheath was introduced, 3000-4000
units of heparin were administered intravenously. During
the procedure, the heparin-mixed fluid was injected (1000
units of heparin in 1L sodium chloride solution) continu-
ously to flush the catheter. After a roadmap was established,
a Spider FX cerebral protection device (ev3 Endovascular,
Inc., Plymouth, MN, USA) or FilterWire EZ device (Bos-
ton Scientific Corporation, Natick, MA, USA) was applied
distally to the stenotic lesion. An Amiia or Aviator balloon
catheter (Cordis Corporation, Miami, FL, USA) was used
for pre-stent dilatation at nominal atmosphere (ATM) in the
cases in which dilatation was needed. A PRECISE-RX (Cor-
dis Corporation, Miami, FL, USA) or PROTEGE (ev3 En-
dovascular, Inc., Plymouth, MN, USA) stent was applied at
the stenotic segment. Post-stent balloon dilatations were
used in only two patients. Every angiogram was conducted
with the Artis zee Biplane system (Siemens, Forchheim,
Germany). After the procedure, patients were closely ob-
served in the intensive care unit for 24 h.

Statistical analyses

Continuous data are presented as the mediantstandard de-
viation. A Fisher’s exact test was used to compare the dis-
crete variables, and a Mann-Whitney U test was conducted

to compare the unpaired continuous data. A binary logistic
regression model was used to determine the risk factors of
HDI induced by hypotension and bradycardia. The results
of the logistic regression model were presented as odds ra-
tios (OR), 95% confidence intervals (95% Cl), and p-val-
ues. p-values <0.05 were regarded as statistically signifi-
cant. Statistics were performed with SPSS version 12 (SPSS,
Chicago, IL, USA).

RESULTS

Thirty-nine patients (70.2+8.5 years) were examined. These
patients were mostly male (n=32, 82.1%), and the majority
had symptomatic lesions (n=25, 64.1%). Stenosis value
was 79.4+6.6. Nineteen of the 39 patients had HDI due to
hypotension or bradycardia during and after CAS. Pro-
longed HDI lasting over 30 min occurred in eight patients.
The vital signs of transient HDI were normalized in an av-
erage of 7.8 min after development (range, 0.5-24 min).
Bradycardia occurred in 19 patients, hypotension occurred
in 10 patients, and both occurred in 10 patients. All brady-
cardia recovered well within 30 min with the use of a trans-
cutaneous temporary cardiac pacemaker.'” All patients with
hypotension were treated by intravenous fluid replacement,
and eight patients received dopamine which was started at a
dosage of 5 pg/kg/min. Among them, systolic pressure nor-
malized in two patients 24 h after onset. The demographic

Table 1. Demographic and Clinical Characteristics of 39 Patients with and without HDI during CAS

Variables HDI (n=19) None (n=20) p value
Sex (male) 16 16 0.732
Age, yrs 70.3£7.2 70.1£9.8 0.938
HTN 13 13 0.821
DM 7 5 0.423
Calcification 12 2 0.001*
Ulceration 5 4 0.64
Extensive plaque 9 4 0.006*
Contralateral occlusion 2 4 0.412
Coronary a. Dz 4 8 0.2
Symptomatic 12 13 0.905
Stenosis (%) 80.6+6.1 78.4+7.1 0.3
Maximal ATM (mm Hg) 1242.4 11.3+2.4 0.363
Balloon time (sec) 32.5+174 26.3+14.9 0.242
Balloon size (mm) 4.7+0.48 4.7£0.5 0.826
Balloon length (mm) 27.9+4.2 28+4.1 0.937
Stent diameter (mm) 8.5+1.2 8.2+0.8 0.321
Stent length (mm) 43.749 44.1+9.7 0.89

ATM, atmosphere; HTN, hypertension; DM, diabetes mellitus; HDI, hemodynamic instability; CAS, carotid angioplasty and stenting.

*p<0.05 is significant.
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and clinical characteristics of the 39 patients are shown in
Table 1. The results revealed that calcified plaques and ex-
tensive plaque from carotid bulb to common carotid artery
(CCA) were associated with HDI due to hypotension and
bradycardia (p=0.001 and p=0.006, respectively). Other risk
factors including age, coronary artery disease, HTN, ulcer-
ation of the plaque, maximal ATM used for ballooning, de-
gree of diameter, and length of the stent and balloon did not
differ significantly. A binary logistic regression model was
used to determine the risk factors of HDI (Table 2). The
presence of calcified plaque was an only significant predict-
able factor of HDI (OR, 8.571; 95% CI, 1.321-55.62;
p=0.024)

Prolonged HDI was found in eight patients. Each pro-
longed HDI was caused by hypotension, despite recovery
of heart beats to over 60 bpm. A calcified plaque was found
in eight patients with prolonged HDI and four patients with
transient HDI (p=0.005). Eccentric calcified plaques were
found in eight patients with prolonged HDI and two pa-
tients with transient HDI (p=0.028) (Table 3), and most
(n=8) were posterior. There were no neurological and he-
modynamic complications after CAS at this institution due
to proper treatment without delay.

DISCUSSION

HDI can occur during CAS due to its close location to baro-

receptors. When stretch receptors located in carotid sinus
are activated during inflation of balloon or deployment of
stent, activation of nerve fibers to the nucleus tracts solitar-
ies through the glossopharyngeal nerve can occur, which
causes the vague nerve to stimulate the parasympathetic
pathway to the cardiac nodes. The results can be lowered
heart rate and reduced peripheral resistance.'®!® HDI can
lead to permanent or transient adverse effects. Minor neuro-
logical problems such as transient ischemic attacks and se-
rious complications such as acute renal failure, myocardial
infarctions (MI), intra-cerebral hemorrhages, and cerebral
ischemia have been reported.?**!

Many studies have been performed to reveal risk factors
that contribute to the development of HDI. These HDI risk
factors have been grouped into three sectors by their radio-
logical findings, combined underlying diseases, and demo-
graphic characteristics. Radiological findings included le-
sions involving the carotid bulb, isolated ICA lesion near the
carotid bulb, the right side of CAS, ulceration or calcifica-
tion of the plaque, eccentric posterior carotid plaque, and the
presence of a contra-lateral occlusion.”? Combined underly-
ing diseases included coronary artery disease,” major or mi-
nor strokes, DM, HTN, hyperlipidemia, and a previous histo-
ry of carotid endarterectomy. Demographic characteristics
involved male or female gender,' old age,’ and the presence
of symptoms.***>% General anesthesia is also related to the
development of HDI.?

Most studies have focused on finding contributory risk

Table 2. Logistic Regression Model Assessing the Risk of HDI with 39 Patients during CAS

Variables Odds ratio 95% Confidence interval p value
Calcification 8.571 1.321-55.62 0.024*
Extensive plaque 2.509 0.707-8.908 0.155

HDI, hemodynamic instability; CAS, carotid angioplasty and stenting.

*p<0.05 is significant.

Table 3. Differentiation of Hemodynamic Instability

Prolonged HDI (n=8) Transient HDI (n=11) p value

Sex (male) 5 11 0.027*
Age, yrs 71.6£3.5 69.4+9.1 0.518
HTN 5 8 0.636
Calcification 8 4 0.005*
Eccentric 8 2 0.028*
Ulceration 1 4 0.243
Extensive plaque 6 3 0.04*
Coronary a. Dz 4 0 0.008
Symptomatic 5 7 0.96
Stenosis (%) 78.6£6.4 82+5.8 0.246

HDI, hemodynamic instability; HTN, hypertension.
*p<0.05 is significant.
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factors to HDI. Transient HDI can be treated well without
complications. Thus, more emphasis has to be put on pro-
longed HDI due to its greater chance of causing complica-
tions such as cerebral infarction, renal failure, and MI. Intra-
procedural hypotension has been suggested as a predictor of
persistent hypotension.!'?* Nonaka, et al.'? reported that dis-
tance from carotid bifurcation to maximal stenotic lesion
and eccentric type stenois on angiogram and fibrous plaque
and combined calcification on ultrasonogram are related to
prolonged hypotension lasting more than 3 h. However, ul-
trasonography is not always an exact means of revealing
characteristics of plaques. Furthermore, echogenicity of
plaque and calcification of plaque with ultrasonogram may
be overlapped.'

The present study is different from previous studies in
two aspects. First, location of plaque was categorized by in-
cluding the CCA near to carotid bifurcation or only carotid
bulb longitudinally. Many studies reported that lesion with
carotid bulb is a risk factor for HDI. Although, a high den-
sity of baroreceptors is found in the wall of ICA just above
the carotid bifurcation, baroreceptors are also located in
CCA near to the carotid bifurcation.”>?¢ This may imply
that more extensive plaque that is located from carotid bulb
to CCA is vulnerable to the development of HDI. Second,
calcification of plaque was described in detail by the eccen-
tricity of the plaque. Baroreceptors are stretch receptors and
their activation is affected by the rate of increasing pressure
and degree of pressure. Thus, uneven pressure may be
transmitted to baroreceptors and its increasing inflation rate
may be different in the presence of eccentric calcified
plaque during arterial distension.

The development of hypotension can be explained by de-
creased cardiac output due to bradycardia and venous return
due to decrease in peripheral resistance. Among patients
with prolonged hypotension, some characteristics of plaque
were related. Eccentric calcified plaque was associated to
prolonged hypotension (p=0.028) and extensive plaque that
covered from CCA to carotid sinus was also related to the
development of prolonged hypotension (p=0.04).

Reducing sudden and high activation of baroreceptors is
a key factor in lowering the incidence of HDI and its com-
plications. Therefore, when extensive plaque is found with
eccentric calcified plaque, another strategy is needed, such
as suboptimal expansion at a slow rate and preventive mea-
sures to increase venous return. Suboptimal distension of
stenotic lesion was suggested in some studies. Setacci, et
al.”” reported the benefit of cutting-balloon angioplasty for

the treatment of highly calcified de novo stenotic lesions,
and Jin, et al.?® reported good results for suboptimal pre-
stent balloon angioplasty without post-stent balloon dilata-
tion. The preventive measures for increasing venous return
may be done with enough intravenous fluid administration
before and during the procedure and apply of compression
stocking in high risk patients.

In conclusion, HDI can occur during and after CAS, and
transient HDI can be treated well with transcutaneous tem-
porary cardiac pacemaker, fluid replacement and inotrophic
agents without complication. When extensive plaque com-
bined with eccentric calcification is found, however, more
caution is required and another treatment plan is needed to
prevent prolonged HDIL.

Limitation of the study
This study was not a randomized controlled trial. A pro-
spective large trial is needed to confirm our results.
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