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Abstract

Hemodynamic instability (HI) may impair the washout of debris during distal intracranial circulation
and increase the risk of clinically evident cerebral ischemia. However, the interaction between HI and
new ischemic brain lesions detected on diffusion-weighted imaging (DWI) has not been examined. This
study evaluated whether HI was significantly associated with the incidence of new ischemic brain
lesions on DWI. Data on 128 patients who underwent carotid artery stenting (CAS) with the same
devices and procedures between January 2005 and May 2010 were retrospectively analyzed. HI was
noted in 31 (24.2%) patients. New ischemic brain lesions were detected on DWI in 25 (19.5%) patients.
Ten of 31 (32.2%) patients with HI showed new ischemic brain lesions on DWI. Fifteen of 97 (15.5%)
patients without HI showed new lesions. Univariate analysis showed that patients with HI had a sig-
nificantly higher incidence of new ischemic brain lesions than patients without HI (p ＝ 0.04). A mul-
tivariable model showed that age and HI were significantly associated with the incidence of new
ischemic brain lesions. In patients with carotid artery stenosis, decreased blood pressure produced no
active vascular response, but reduced the cerebral blood volume and velocity due to impaired dynamic
cerebral autoregulation. The results of this study suggest that HI with CAS induces impaired clearance
of microembolisms and causes an increased number of new ischemic brain lesions detected on DWI.
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Introduction

Carotid artery stenting (CAS) has been more fre-
quently used for the treatment of selected patients
with extracranial carotid artery stenosis, because of
the perceived advantages of reduced invasiveness
and less procedure-related discomfort. However, a
recent randomized clinical trial showed that CAS is
associated with a higher risk of periprocedural
ischemic stroke compared to carotid endarterec-
tomy (CEA).5)

Periprocedural ischemic stroke is associated with
factors such as stent type, use of embolic protection
devices (EPDs), and morphological features of the
carotid plaque.4,17,21) Hemodynamic instability (HI),
such as hypotension or bradycardia, is often ob-

served with CAS. HI can occur in CAS as a result of
stretching of the carotid sinus baroreceptors by the
balloon and the stent. HI increases the risk of major
periprocedural adverse clinical events, defined as
myocardial infarction and cerebrovascular events.8)

However, the interaction between HI and new
ischemic brain lesions on diffusion-weighted imag-
ing (DWI) has not yet been examined.

CAS can be achieved using a variety of available
stents and EPDs. Furthermore, the procedure, espe-
cially in terms of the use of stents and EPDs, varies
among surgeons.12,18) This study involved a retro-
spective assessment of the association between HI
and new ischemic brain lesions detected on DWI.
We have consistently performed CAS without
postdilation using a closed-cell type self-expanding
stent. The findings add to our understanding of the
association between HI and new ischemic brain
lesions.
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Table 1 Magnetic resonance imaging scanners and axial diffusion-weighted imaging with echo planar methods used
in this study

TR/TE
(msec)

Slice
thickness

(mm)

Gap
thickness

(mm)
Matrix Field of

view (mm)
b-Value

(sec/mm2)

MAGNETOM Symphony 1.5T (Siemens AG,
M äunchen, Germany) 3600/98.0 5.0 1.5 256×256 220 1000

MAGNETOM Avanto 1.5T (Siemens AG) 3500/88.0 5.0 1.5 128×128 220 1000
Signa Excite 1.5T (GE Healthcare Japan

Corp., Hino, Tokyo) 5000/67.2 6.0 2.0 128×128 260 1000

Gyroscan ACS-NT 1.5T (Philips Medical
Systems, Best, the Netherlands) 3500/83.9 5.0 1.5 256×256 220 1000

TE: echo time, TR: repetition time.
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Patients and Methods

This study retrospectively analyzed data collected
by trained staff at our institution between January
2005 and May 2010 using a registry of 139 consecu-
tive patients who underwent CAS. Information re-
garding the following factors was collected for each
patient by reviewing their medical records: age, sex,
history of coronary artery disease (angina pectoris
or myocardial infarction), hypertension, diabetes
mellitus, hyperlipidemia, radiological imaging, and
reports of periprocedural complications. CAS was
indicated by the presence of angiographically
documented carotid artery stenosis of À70% in sym-
ptomatic patients and À60% in asymptomatic
patients, according to the North American Sympto-
matic Carotid Endarterectomy Trial criteria.3) Data
of 11 (8.6%) patients were excluded; these cases in-
cluded CAS with postdilation due to insufficient
predilation (n ＝ 6), CAS without predilation due to
floating thrombus (n ＝ 1), unsuccessful CAS due to
severe calcification (n ＝ 1), and lack of post-
procedural magnetic resonance imaging (MRI) due
to the presence of temporary pacemakers (n ＝ 3). HI
was defined as a fall of À20 mmHg in systolic blood
pressure from the baseline level (hypotension) and a
decrease of À10 beats/min in heart rate from the
baseline level (bradycardia). Atropine was not ad-
ministered prophylactically. Patients with º80
mmHg in systolic blood pressure who required con-
tinuous vasopressor infusion after the procedure
were considered to have persistent HI.

All patients underwent diagnostic angiography
before the intervention to document the length and
degree of the lesion, anatomical variations, stenosis
at the origin of the great vessels, severely diseased
aortic arches, intracranial pathology, and presence
of any posterior circulatory problems. Three days
before the procedure, all patients received antiplate-
let therapy with two of the following four drugs:

aspirin (100 mg/day), ticlopidine (200 mg/day),
clopidogrel (75 mg/day), or cilostazol (200 mg/day).
Patients with hypertension received their usual
medication before the procedure. Furthermore, all
patients received routine fluids throughout the
procedure under general anesthesia. CAS in all the
cases was initiated through transfemoral access.
After placement of an 8-F sheath, every patient
received intravenous heparin to achieve an activat-
ed coagulation time of 250–300 seconds. An 8-F in-
troducing catheter was then guided to the ipsilateral
common carotid artery proximal to the carotid ar-
tery stenosis. A distal EPD (PercuSurge GuardWire;
Medtronic, Minneapolis, Minnesota, USA) was
placed at the internal carotid artery distal to the ste-
nosis using roadmap technique. After temporary oc-
clusion of the internal carotid artery, the stenosis le-
sion was dilated for 20 seconds using an angioplasty
balloon with a size difference of 1 mm compared to
that of the internal carotid artery distal to the steno-
sis. Next, a closed-cell type self-expanding stent
(Wallstent RP; Stryker Neurovascular, Mahwah,
New Jersey, USA) was applied. The selected stent
was larger than the common carotid artery by 2–3
mm. In each case, 20 ml of blood was aspirated three
times through the catheter to collect debris. The tem-
porary occlusion was deflated after the aspiration.
Heparin effects were not reversed after the proce-
dure, and were allowed to spontaneously disappear.
Heart rate and oxygen saturation were continuously
monitored during the entire procedure. Blood pres-
sure was measured in the left upper arm by using au-
tomated cuff inflation at 2.5-minute intervals. After
the procedure, the patients were transferred to the
inpatient ward, and their heart rate, oxygen satura-
tion, and blood pressure were continuously moni-
tored for 24 hours.

MRI scanners and parameters, and axial DWI
with echo planar methods used in this study are list-
ed in Table 1. Postprocedural MRI was performed 1
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Table 2 Baseline characteristics of patients with and without hemodynamic instability

Hemodynamic instability
p Value

Yes (n ＝ 31) No (n ＝ 97)

Age (mean ± SD; median), years 69.2±8.6; 70 71.5±7.4; 73 0.146
Male 29 (93.5%) 83 (85.6%) 0.242
Symptomatic 15 (48.4%) 59 (60.8%) 0.296
Degree of stenosis (mean ± SD; median), % 77.6±10.8; 80 77.7±11.2; 80 0.862
Hypertension 18 (58.1%) 72 (74.2%) 0.114
Diabetes mellitus 9 (29.0%) 39 (40.2%) 0.294
Hyperlipidemia 5 (16.1%) 26 (26.8%) 0.335
Coronary artery disease 7 (22.6%) 24 (24.7%) 1.000

SD: standard deviation.
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day after CAS. The incidence of new ischemic brain
lesions on DWI was checked by two neurosurgeons
unaware of the clinical details. The inter-observer
reliability of new ischemic brain lesions on DWI was
excellent (k ＝ 0.92). Disagreement was resolved by
consensus. This study was approved by the Institu-
tional Ethics Committee at our institution.

Continuous data are expressed as mean ± stan-
dard deviation, and discrete data are presented as
counts and percentages. Differences between
groups were assessed using the Pearson's chi-square
and Fisher exact tests for discrete data, and the
Mann-Whitney U test for continuous data. Binomi-
nal logistic regression analysis was used to calculate
the risk factors for new ischemic brain lesions on
DWI. The inter-observer reliability was determined
with the k statistic. SPSS statistics software version
17.0 (SPSS Inc., Chicago, Illinois, USA) was used for
all analyses. A p value of º0.05 was considered as
the threshold for significance.

Results

Of the 128 patients studied, 112 (87.5%) patients
were men and 16 (12.5%) were women. The mean
age of the patient population was 70.9 ± 7.7 years
(median 72 years). Seventy-four (57.8%) patients
showed symptomatic stenosis, and 54 (42.2%)
patients were asymptomatic. Among the sympto-
matic patients, 8 (10.8%) patients presented with
hemispherical transient ischemic attack, 58 (78.4%)
with minor stroke, 4 (5.4%) with moderate stroke,
and 4 (5.4%) with amaurosis fugax. Mean degree of
stenosis was 77.7 ± 11.1% (median 80%). Mean
degree of stenosis after stent placement was 18.2 ±
12.6% (median 16.2%). Concomitant disease states
were recorded in many patients, including in 90
(70.3%) patients with hypertension, 48 (37.5%) with
diabetes mellitus, 31 (24.2%) with hyperlipidemia,

and 31 (24.2%) with coronary artery disease.
HI was noted in 31 (24.2%) patients. Bradycardia

occurred in 23 (18.0%) patients, and hypotension in
23 (18.0%) patients. Bradycardia without hypoten-
sion occurred in eight (6.3%) patients. Hypotension
without bradycardia occurred in eight (6.3%)
patients. Persistent HI was noted in nine (7.0%)
patients and was detected during the procedure in
six patients and after the procedure in three
patients. The baseline characteristics of patients
with and without HI and the results of the univariate
analyses are summarized in Table 2. None of the
clinical baseline characteristics were associated
with HI. None of the patients developed cardiovas-
cular diseases.

New ischemic brain lesions were detected on DWI
in 25 of 128 (19.5%) patients. Two (1.6%) patients
showed symptomatic minor cerebral infarction, and
neither had HI. The baseline characteristics of
patients with and without new ischemic brain le-
sions and the results of the univariate analyses are
summarized in Table 3. Patients with new ischemic
brain lesions were older than patients without these
lesions (74.4 ± 7.3 vs. 70.1 ± 7.6 years, p ＝ 0.004).
Ten 31 (32.2%) patients with HI showed new
ischemic brain lesions on DWI. Fifteen of 97 (15.5%)
patients without HI showed new lesions. Univariate
analysis showed that patients with HI had a sig-
nificantly higher incidence of new ischemic brain
lesions than patients without HI (p ＝ 0.04). Mul-
tivariable modeling showed that age and HI were
significantly associated with the incidence of new
ischemic brain lesions (Table 4). Three of 9 (33.3%)
patients with persistent HI showed new ischemic
brain lesions on DWI. Twenty-two of 119 (18.5%)
patients without persistent HI showed new lesions.
Univariate analysis showed no significant differ-
ence.

The frequency of new ischemic brain lesions on
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Table 3 Baseline characteristics of patients with and without new ischemic brain lesions

New ischemic brain lesions on diffusion-weighted imaging
p Value

Yes (n ＝ 25) No (n ＝ 103)

Age (mean ± SD; median), years 74.4±7.3; 77 70.1±7.6; 71 0.004
Male 24 (96.0%) 88 (85.4%) 0.152
Symptomatic 13 (52.0%) 61 (59.2%) 0.652
Degree of stenosis (mean ± SD; median), % 77.2±12.6; 82 77.8±10.8; 80 0.827
Hypertension 17 (68.0%) 73 (70.9%) 0.809
Diabetes mellitus 6 (24.0%) 42 (40.8%) 0.167
Hyperlipidemia 5 (20.0%) 26 (25.2%) 0.795
Coronary artery disease 5 (20.0%) 26 (25.2%) 0.795

SD: standard deviation.

Table 4 Binominal logistic regression analysis to
predict new ischemic brain lesions on diffusion-weight-
ed imaging

Odds
ratio 95% CI p Value

Age 1.113 1.037–1.189 0.006
Hemodynamic instability 3.510 2.499–4.521 0.015

CI: confidence interval.
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DWI was not significantly different between the
various scanners used (p ＝ 0.63): MAGNETOM
Symphony, 8 of 51 (15.7%); MAGNETOM Avanto, 5
of 30 (16.7%); Signa Excite, 7 of 27 (25.9%); and Gy-
roscan ACS-NT, 5 of 20 (25.0%).

Discussion

HI with CAS increases the risk of major
periprocedural adverse clinical events, such as my-
ocardial infarction, stroke, and death.8) Hypotension
may impair the washout of debris in distal in-
tracranial circulation and increase the risk of clini-
cally evident cerebral ischemia.6) Low blood flow ve-
locity in the middle cerebral artery is correlated with
the development of DWI-characterized postopera-
tive ischemic brain lesions associated with
microembolization during CEA.14) However, to the
best of our knowledge, no study has indicated that
HI with CAS is associated with the development of
new ischemic brain lesions detected on DWI.

After CAS, age is reported to be one of the major
risk factors of new ischemic brain lesions detected
on DWI.7) This study assessed the association of age
and HI with new ischemic brain lesions using a
binominal logistic regression analysis, and showed
that both age and HI were significantly associated
with the development of new ischemic brain lesions.

Previous reports have shown that almost all patients
with CAS showed microembolic signals on tran-
scranial Doppler sonography. However, there is no
established relationship between the number of
microembolic signals and the incidence of new
ischemic brain lesions detected on DWI.15) Almost
all microembolisms produced during CAS are
thought to be washed out, as previously proposed.6)

In patients with carotid artery stenosis of more than
50%, a decrease in blood pressure would not
produce an active vascular response, but would
reduce cerebral blood volume and velocity due to
impairment of dynamic cerebral autoregulation.20)

Therefore, in patients with carotid artery stenosis,
HI may impair clearance of microembolisms and
cause an increase in the number of new ischemic
brain lesions detected on DWI.

Reported frequencies of bradycardia, hypoten-
sion, and persistent hypotension in previous studies
of CAS were 13–27%, 14–27%, and 11–17%, respec-
tively; however, the definitions of bradycardia and
hypotension and the prophylactic use of atropine va-
ried in each study.10,13,16) The results of our study are
not significantly different from those of the previous
studies. Both diameter and length of the balloon and
stent were shown to affect HI.19) Balloons are gener-
ally selected to be 3–4 mm in diameter and 15–40
mm in length at predilation, and 4.5–6 mm in di-
ameter and 15–30 mm in length at postdilation.1) The
main difference between our study and others may
be that a large predilation balloon was used for dila-
tion in our institute.

The frequency of new ischemic brain lesions de-
tected on DWI was 19.5% in this study, which was
less than the 39.4–55.0% cited in previous reports.2,9)

This difference may be due to the procedure em-
ployed in this study. Previous studies on microem-
bolic signals using transcranial Doppler sonography
showed that stent deployment and postdilation were



379379

Neurol Med Chir (Tokyo) 53, June, 2013

HI With CAS Increases Microembolisms

associated with higher embolization risk.11) In our
institute, patients undergo CAS without postdila-
tion, as using a closed-cell type self-expanding stent
can provide scaffolding and lead the fractured
plaque and thrombogenic material away from the
circulation.4,12) This stent also allows easy removal
of the EPD because it does not have the fine split of a
stent strut. Therefore, postdilation may have been
prevented by the use of the closed-cell type self-ex-
panding stent in the procedure. CAS without postdi-
lation may be one of the reasons reducing the inci-
dence of new ischemic brain lesions detected on
DWI.

None of the patients with carotid artery stenosis
underwent CEA at our institute. In this study, CAS
was performed using the same devices and proce-
dures in all patients. Previous reports have shown
that the frequencies of HI and new ischemic brain
lesions detected on DWI differ depending on the
type of EPD and stent employed.12,18,19) The proce-
dure, especially the use of stents and EPDs, varies
among surgeons.12,18) This study is highly credible
because both devices and procedures were constant.
One limitation of this study was the use of a different
matrix in the multi-MRI instrument. Therefore, the
imaging protocol was unified. Every MRI scanner
was 1.5 Tesla, and DWI was acquired with the echo
planar methods and b-values 1000 sec/mm2 in this
study.
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