Efficacy of Cilostazol in Prevention of Bradycardia during
Carotid Artery Stenting
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Background: Hypotension and bradycardia are known to occur frequently in carotid
artery stenting (CAS), which may lead to postprocedural complications. The
purpose of this retrospective study was to assess the efficacy of cilostazol, a phospho-
diesterase 3 inhibitor, for preventing bradycardia and hypotension in the periproce-
dural period. Methods: The study population comprised 53 patients (54 lesions) with
carotid artery stenosis who underwent CAS at our institution between 2004 and
2008. The patients were categorized by the use (group C, n = 26) or nonuse of cilos-
tazol (group N, n = 28). The incidences of intraprocedural and postprocedural
hypotension and bradycardia in each group were statistically assessed. Resulfs: In-
traprocedural hypotension and bradycardia occurred in 9 cases (34.6%) and 4 cases
(15.3%) in group C and in 5 cases (17.9%) and 15 cases (53.6%) in group N, respec-
tively. Postprocedural hypotension and bradycardia occurred in 4 cases (15.4%)
and 0 cases in group C and in 1 case (3.6%) and 3 cases (10.7%) in group N, respec-
tively. The incidence of intraprocedural bradycardia (IBc) was significantly lower
in group C (P =.0035). Logistic regression analysis revealed that the use of cilostazol
decreased the risk of IBc 99.5% (odds ratio [OR] = .01, 95% confidence interval [CI]:
5.46 X 1078 to .04, P = 001) and distance from carotid bifurcation to maximum
stenotic lesion was independently associated with IBc (OR = .46, 95% CI: .29~74,
P =.001). Conclusion: Use of cilostazol was associated with a lower incidence of IBc.
Cilostazol may be a useful drug for the prevention of this complication. Key Words:

Bradycardia—carotid artery stenting—cilostazol—hypotension.
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Introduction

Carotid artery stenting (CAS) is indicated as an alterna-
tive to carotid endarterectomy for symptomatic patients
at average or low risk of complications associated with
endovascular intervention.” It is well recognized that
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hemodynamic instability (hypertension, hypotension,
and bradycardia) often occurs after carotid endarterec-
tomy, which may lead to postprocedural complications
such as stroke or ischemic heart disease. Several risk fac-
tors, such as distance between bifurcation and maximum
stenotic lesion, calcification at carotid bifurcation, and his-
tory of myocardial infarction,> have been documented.
However, there are no reports regarding the relationship
between preprocedural medication and hemodynamic
instability in the periprocedural period for CAS. In this
retrospective study, the efficacy of cilostazol for prevent-
ing bradycardia and hypotension during and after CAS
was assessed.

Patients and Methods

Between January 2004 and March 2008, 53 patients
(54 lesions) with carotid artery stenosis underwent CAS.
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The average age was 72.3 (59-86), and 49 were men. All
patients received dual antiplatelet therapy (DAPT) before
the procedure, The combination of drugs for DAPT was
decided in the following manner; (1) for patients who
had already received DAPT before referral, their prescrip-
tion was continued (aspirin 100mg and cilostazol 200mg
daily: 14 cases, aspirin 100mg and ticlopidine 200mg: 17
cases, aspirin 100mg and clopidogrel 75mg: 2 cases), (2)
for patients who only received aspirin 100mg at the
time of referral, cilostazol 200mg (12 cases) was added un-
til 2006, and clopidogrel 75mg (5 cases) was used thereaf-
ter as an adjuvant, and (3) for patients who only received
ticlopidine 200mg (3 cases) or clopidogrel 75mg (1 case) at
the time of referral, aspirin 100mg was added before the
procedure. DAPT was continued for at least 3 months
postoperatively, followed by a single antiplatelet therapy
with aspirin for another 3 months in most case. In some
cases with prior coronary artery disease and/or periph-
eral artery disease, DAPT was continued if necessary.

For the assessment of carotid artery plaque, preopera-
tive carotid artery magnetic resonance imaging using
3-dimensional inversion-recovery-based Tl-weighted
imaging (magnetization-prepared rapid acquisition
gradient-echo [MPRAGE]®) was performed. The signal
intensity of the carotid artery plaque on MPRAGE se-
quences was classified as “high” when the intensity was
more than 200% that of the adjacent muscle.

Procedure

An 8F guiding catheter was introduced via the femoral
artery. During the procedure, heparin was intra-arterially
and intravenously administered to achieve an activated
clotting time of more than 250 seconds. In all, .25 mg of at-
ropine sulfate was administered before predilatation for
prophylaxis to prevent bradycardia and hypotension. Per-
cuSurge balloon catheter (Medtronic, Inc., Minneapolis,
MN) was used as a device to protect against distal embo-
lism. Predilatation was performed with a balloon catheter
(3.5-4.0 mm). A self-expandable stent with a small-cell de-
sign was used for the stenting. Stents used in this series
were PRECISE (Cordis Endovascular, Miami Lakes, FL)
in 29 patients, SMARTeR (Cordis Endovascular, Miami
Lakes, FL) in 15 patients, PROTEGE (ev3, Inc., Plymouth,
MN) in 5 patients, XPert (Abbott Vascular, Santa Clara,
CA) in 2 patients, Wallstent (Boston Scientific Corpora-
tion, Natick, MA) in 1 patient, PENTA (Abbott Vascular,
Santa Clara, CA) in 1 patient, and Multilink Zeta (Abbott
Vascular, Santa Clara, CA) in 1 patient. In cases in which
more than 50% remaining stenosis according to the North
American Symptomatic Carotid Endarterectomy Trial
(INASCET) criteria was observed after stenting, postdila-
tation was performed. If residual stenosis was less than
50% or the plaque was vulnerable, which was defined
as a high-intensity lesion detected by MPRAGE, postdila-
tation was not carried out. The definitions of bradycardia

and hypotension were 50 beats per minute and less than
90 mm Hg (systolic blood pressure), respectively. In cases
of intraprocedural bradycardia (IBc), .25-50 mg of atro-
pine sulfate was used, and in intraprocedural hypoten-
sion (IHo), 1-4 mg of etilefrine was administered.

Patients were divided into 2 groups: those who were
prescribed cilostazol (group C, n = 26) and those who
were not (group N, n = 28). Changes of blood pressure
and heart rate were measured via an invasive arterial
catheter in the radial artery and an electrocardiogram
monitor during and after the procedure.

Statistical Analyses

All statistical analyses were performed using JMP ver-
sion 9.0 (SAS Institute, Cary, NC) and STATA version
11{STATA Corp, College Station, TX). Values are pre-
sented as the mean * SD. Categorical variables were com-
pared by Fisher exact probability test. Continuous
varjables with normal distributions were analyzed by
Student ¢ test and those with non-normal distributions
were analyzed by the Mann~Whitney U test. The inci-
dences of intraprocedural and postprocedural bradycar-
dia and hypotension were calculated, and statistical
analyses were performed among subgroups sorted by
the use or nonuse of cilostazol. Furthermore, IBc was
tested using age, sex, distance from carotid bifurcation
to maximum stenotic lesion, side of the lesion, history
of coronary artery disease, postdilatation, calcification at
the carotid bifurcation, and cilostazol using univariate
and multivariate analyses by logistic regression. Stepwise
logistic regression with backward elimination was used
to select the most significant predictors. Statistical signif-
icance was defined as a P value less than .05.

Results

Successful dilation of the carotid lesion was obtained in
all patients. Temporary transcutaneous pacing was not
used in this study. Also, we did not experience hazardous
complication, suchas cardiac failure, which was considered
to be the side effect of colostazol in this series. No hemor-
rhagic complications were observed in this series. Ischemic
complications occurred in 1 case in group Cand in 1 casein
group N. There was no significant difference in the inci-
dence of ischemic complications among the groups.

The characteristics of the patients in each group are
summarized in Table 1. Demographic data, risk factors,
population with symptomatic stenosis, degree of stenosis,
MPRAGE signal intensity, and calcification at the carotid
bifurcation were similar between the groups. There were
significant differences in side of lesion (61.5% versus
32.1%; P = .029), distance from carotid bifurcation to max-~

* imum stenotic lesion (4.5 *+ 3.9 versus 9.5 + 5.0; P <.001),

and application of postdilatation (23.1% versus 50.0%;
P = 038). There were no significant differences in
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Table 1. Baseline characteristics of the study patients
Cilostazol Noncilostazol
(group C,n = 26)  (groupN,n =28) P value

Demographic data

Mean age, y 709 = 6.9 73.6 1.7 18

Male sex 88.5% 96.4% 27
Risk factors

Hypertension 92.3% 75.0% 09

Diabetes mellitus 42.3% 42.9% .59

Dyslipidemia 61.5% 67.9% 42

Current smoking 29.2% 29.6% .61

Previous coronary artery disease 46.2% 64.3% 14
Carotid artery stenosis

Symptomatic stenosis 30.1% 42.9% 26

Mean degree of stenosis INASCET criteria) 76.6% * 8.5% 74.7% + 11.5% 61

Right side 61.5% 32.1% 029%*

Distance (from carotid bifurcation to maximum stenotic lesion), mm 45 +39 95 +50 <.001%

MPRAGE, high 58.3% 70.8% 27

Calcification at carotid bifurcation 73.1% 53.6% A1
Procedure

Postdilatation 23.1% 50.0% .038*
Antiplatelet drugs

Aspirin 96.2% 100% A8

Ticlopidine 3.8% 67.9% <.001*

Clopidogrel 3.8% 28.6% 016%
Preprocedural conditions

Systolic blood pressure, mm Hg 139.5 + 16.4 1356 £ 12.3 34

Heart rate, beats per min 785 + 16.7 70.5 = 145 06

Abbreviations: MPRAGE, magnetization-prepared rapid acquisition gradient-echo; NASCET, North American Symptomatic Carotid Endar-

terectomy Trial.
*Statistically significant.

preprocedural systolic blood pressure and heart rate be-
tween the 2 groups. In 12 cases in which cilostazol was
added preoperatively, their heart rates did not change
dramatically during the follow-up.

Table 2. Incidence of intra- and posiprocedural
hemodynamic instability among the groups with

or without cilostazol
Yes, No,
n(%) n(%) P
Intraprocedural bradycardia
Group C 4 (15.3) 22 (84.6) .0035%
Group N 15 (53.6) 13 (46.4)
Intraprocedural hypotension
Group C 9 (34.6) 17(65.4) .137
Group N 5(17.9) 23 (82.1)
Postprocedural bradycardia
Group C 0@) 2600y .132
Group N 3(10.7) 25 (89.3)
Postprocedural hypotension
Group C 4 (15.4) 22 (84.6) .153
Group N 1(3.6) 27(964)
*Statistically significant.

As shown in Table 2, IBc and THo took place in 4
cases (15.3%) and 9 cases (34.6%) in group C, whereas
in 15 cases (53.6%) and 5 cases (17.9%) in group N, re-
spectively. Postprocedural bradycardia and hypotension
took place in 0 case and 4 cases (154%) in group C,
whereas in 3 cases (10.7%) and 1 case (3.6%) in group
N, respectively (Table 2). The incidence of IBc was sig-
nificantly lower in group C (P = .0035) (Table 2). There
were no significant differences in the incidences of THo,
postprocedural bradycardia, and hypotension between
the groups.

As to the timing, IBc occurred in all cases at predilata-
tion in group C, whereas in 8 cases (53.3%) at predilata-
tion, 4 cases (26.7%) at stenting, and 3 cases (20.0%) at
postdilatation in group N (Table 3). IHo occurred in 5
cases (55.6%) at predilatation, 3 cases (33.3%) at stenting,
and 1 case (11.1%) at postdilatation in group C, whereas it
occurred in 2 cases (40.0%) at predilatation and 3 cases
(60.0%) at stenting in group N (Table 3).

Univariate regression analysis was used to examine the
relationships between IBc and age, sex, distance from ca-
rotid bifurcation to maximum stenotic lesion, side of the
lesion, history of coronary artery disease, postdilatation, cil-
ostazol, and calcification. Distance from carotid bifurcation
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Table 3. Timing of intraprocedural bradycardia and hypotension
Intraprocedural bradycardia Intraprocedural hypotension
Timing Group C, n (%) Group N, n (%) Group C, n (%) Group N, n (%)
Predilatation 4 (100) 8(53.3) 5(55.6) 2 (40.0)
Stenting 0 4 (26.7) 3(333) 3 (60.0)
Postdilatation 0 3(20.0) 1(1LY 0

to maximum stenotic lesion (P = .019), postdilatation (P =
.020), and cilostazol (P = .003) were significantly associated
with the IBc (Table 4). In multivariate logistic regression
analysis using all these factors, distance from carotid bifur-
cation to maximum stenotic lesion (P = .005), side of the le-
sion (P = .024), and cilostazol (P = .007) were found to be
independent factors for the IBc (Table 4). After the stepwise
selection, distance and cilostazol were selected as significant
predictors (Table 5). The risk of IBc decreased 54% with ev-
ery 1 mm further from carotid bifurcation under the use of
cilostazol (P = .001) and cilostazol decreased the risk of
IBc 99% (P = .001). Furthermore, IBc did not occur when
the distance was more than 10 mm in this series. Excluding
these cases, only cilostazol had a high predictive power, and
distance was not significantly associated with IBc.

Discussion

The incidences of bradycardia and hypotension in the
periprocedural period of CAS were reported to range
from 10% to 42% and 27% to 37%,* respectively. The
risk factors that have been found to be independently as-
sociated with a higher risk of bradycardia and hypoten-
sion during or after CAS are as follows: distance
between bifurcation and maximum stenotic lesion, type
of stenosis (eccentric), fibrous plaque, calcification at ca-
rotid bifurcation,® history of myocardial infarction, em-
ployment of Nitino! stent® or balloon-expandable stent,”

degree of stenosis, bilateral stenting, balloon dilatation
pressure greater than 8 atm,® and CAS of the right side.’

In this series, the incidence of IBc was significantly lower
in group C. Cilostazol, a phosphodiesterase (PDE3) inhibi-
tor, has antiplatelet activity, vasodilatory effects, causes vas-
cular endothelial function improvement, and suppresses
vascular smooth muscle cell proliferation.’® The Cilostazol
for Prevention of Secondary Stroke II study demonstrated
the superiority of cilostazol compared with aspirin in pre-
venting cerebral infarction and hemorrhagic events." Previ-
ous studies reported that cilostazol reduced the incidence of
restenosis of carotid artery after CAS.%**13 Furthermore,
the inhibition of PDE3 by cilostazol causes an increase in
cyclic adenosine monophosphate (cAMP), resulting in
increased contractility of the myocardium and accelerated
heart rate.* A possible mechanism of prevention of brady-
cardia in this study is that heart rate acceleration because of
the positive effect of this agent might compensate for the
bradycardia caused by carotid sinus reflex.

Unfortunately, the baseline of this retrospective study
was not well balanced between the 2 groups in terms of
the side of the lesion, distance from carotid bifurcation
to maximum stenotic lesion, and application of postdila-
tation. The proportion on which postdilatation was per-
formed differed between the 2 groups (23.1% in group
C and 50.0% in group N); postdilatations were not per-
formed when the remaining stenoses less than 50% after
stenting or vulnerable plaques were suggested by

Table 4. Factors associated with intraprocedural bradycardia

95% CI
Univariate analysis Multivariate analysis
Variable OR Lower  Upper P value OR Lower Upper P value
Age 1.01 91 1.06 714 1.07 .81 1.40 641
Sex 1.69 .20 35.50 649 2172.00 .06 7.34 X 107 .149
Distance .87 1.02 1.33 019%* 23 08 .64 005*
Side .86 27 2.66 799 110.98 1.84 6676.35 024*
Coronary disease  3.15 .84 1542 090 19 01 6.02 344
Postdilatation 397 1.24 13.55 .020% 5.34 .29 98.44 260
Cilostazol .16 04 54 003*  407x 1077 907 x 1072 02 007*
Calcification 1.01 32 332 983 61.55 95 3989.40 053

Abbreviations: CI, confidence interval; OR, odds ratio.
*Statistically significant.
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Table 5. Determinants of intraprocedural bradycardia
derived from multiple logistic regression analysis

95% Cl
OR Lower  Upper P value

Variable

Cilostazol 01 5.46% 1079 04 .001%

Distance 46 29 .74 .001*
Variable (<10 mm)

Cilostazol .04 0 25 .004%

Distance 15 51 2.67 841

Abbreviations: CI, confidence interval; OR, odds ratio.
*Statistically significant.

MPRAGE as mentioned earlier in this series, and univar-
iate analysis showed a significant difference in execution
of this procedure. However, there were no case in group C
and only 3 cases in group N in which IBc occurred at the
time of postdilatation (Table 3). Furthermore, multiple
logistic regression analysis indicated that postdilatation
was not an independent factor for IBc. Therefore, the
application of postdilatation itself was not considered to
be significantly associated with the occurrence of IBc in
this series.

CAS on the right side” and distance from carotid bifurca-
tion to maximum stenotic lesion® were reported to be the
risk factors for bradycardia in the periprocedural period
for CAS. The former was because of the sidedness of the au-
tonomic neural input,'® and the latter influenced the
strength of mechanical stress to the carotid sinus barorecep-
tors.* The distance from the carotid bifurcation to maxi-
mum stenotic lesion was significantly shorter in group C,
which is a risk factor for the occurrence of hemodynamic in-
stability such as hypotension and bradycardia, and the
right-sided predominance wasnoted in group C. Neverthe-
less, the incidence of IBc was significantly lower in group C.

Stepwise logistic regression analyses, as shown in
Table 5, indicated that the distance reduced the risk of
IBc, and IBc did not occur when the distance was more
than 10 mm regardless of the cilostazol use. However,
when the distance was less than 10 mum, cilostazol dramat-
ically reduced the risk of IBc by 96% regardless of the dis-
tance from bifurcation. This result suggested the efficacy of
cilostazol in preventing IBc during CAS.

Our data indicated that cilostazol could reduce the in-
cidence of bradycardia during CAS. Together with the
low incidence of postprocedural ischemic complications
in this series, the use of cilostazol might be beneficial
for patients undergoing CAS when the distance from
bifurcation was less than 10 mm.

This study was limited in that it was a nonrandomized,
retrospective study in a single center with a rather small
sample size. For further evaluation, a prospective ran-
domized study involving a greater number of patients
may be needed for confirmation of these initial results.

D. ISHII ET AL.

Nevertheless, our study showed that cilostazol might be
an effective drug for the prevention of periprocedural
bradycardia in CAS.

Conclusion

In this retrospective study, cilostazol seems to be effec-
tive in preventing bradycardia during CAS. The use of cil-
ostazol might be considered for patients who are at risk
for the occurrence of bradycardia on performing CAS.
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Case Report

Fatal Multiple Systemic Emboli after Intravenous Thrombolysis
for Cardioembolic Stroke

Koji Tanaka, Mp,* Tomoyuki Ohara, Mp,* Akiko Ishigami, MD,*
Yoshihiko Ikeda, Mp,t Toshinori Matsushige, Mp,{ Tetsu Satow, MD,}
Hatsue Ishibashi-Ueda, Mp,t Koji lihara, Mp,{ and Kazunori Toyoda, Mp*

Our objective is to present a case of fatal multiple systemic emboli after intravenous
thrombolysis for cardioembolic stroke. A 64-year-old woman with atrial fibrillation
was admitted for evaluation of sudden consciousness disturbance, right hemiplegia,
and aphasia. Diffusion-weighted imaging showed no early ischemic changes of the
brain, and magnetic resonance angiography (MRA) showed occlusion of the left
middle cerebral artery (MCA). One hour after initiation of 0.6 mg/kg of intravenous
alteplase, the MCA was partially recanalized. Her symptoms disappeared the fol-
lowing day. We began intravenous heparin for secondary prevention of cardioem-
bolic stroke. However, on the third day (52 hours after thrombolysis), she
suddenly developed a coma and left hemiplegia. MRA showed acute occlusion of
the right internal carotid artery (ICA). She developed acute kidney injury and sud-
den shock and then died of fatal cardiorespiratory arrest on the fourth day.
Autopsy revealed occlusion of the mitral valve orifice by a spherical fresh red throm-
bus that led from the left atrial appendage. Acute embolic infarcts were identified in
the spleen and right kidney, the latter secondary to occlusion of the right renal artery
with fresh red thrombus.

Intravenous thrombolysis and subsequent anticoagulation therapy may destabilize
pre-existing intracardiac thrombus, potentially leading to recurrent stroke, multiple
systemic embolisms, and the fatal “hole-in-one” effect. Key Words: Acute stroke—
autopsy—cardioembolism—ischemic stroke—systemic embolism—thrombolysis.
© 2014 by National Stroke Association
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Case Report

A 64-year-old woman with atrial fibrillation (AF)
was admitted for evaluation of sudden consciousness
disturbance, right hemiplegia, and aphasia. She was tak-
ing warfarin and her international normalized ratio on
admission was 1.10. Diffusion-weighted imaging showed
no early ischemic changes of the brain, and magnetic res-
onance angiography (MRA) showed occlusion of the left
middle cerebral artery (MCA) (Fig 1A). Transthoracic
echocardiography showed no visible thrombus in the
left atrium. One hour after initiation of 0.6 mg/kg of intra-
venous alteplase, the MCA was partially recanalized. Her
symptoms disappeared on the following day. We began
intravenous heparin (10,000 U daily) for secondary pre-
vention of cardioembolic stroke. However, on the third
day (52 hours after thrombolysis), she suddenly devel-
oped a coma and left hemiplegia. MRA showed acute oc-
clusion of the right internal carotid artery (ICA) (Fig 1B).
Her activated partial thromboplastin time was 36 seconds
(29 seconds at baseline). Because of recent intravenous
thrombolysis, emergent endovascular thrombectomy us-
ing Merci Retrieval System was performed for ICA occlu-
sion. Although a fresh red thrombus was retrieved by
the procedure, complete recanalization was not achieved
(Fig 1C, D). She developed acute kidney injury and sud-
den shock and then died of fatal cardiorespiratory arrest
on the fourth day.

Autopsy revealed occlusion of the mitral valve orifice
by a spherical fresh red thrombus that led from the left
atrial appendage (Fig 1E), showing pathological find-
ings similar to those of the thrombus retrieved from
the right ICA. Acute embolic infarcts were identified
in the spleen and right kidney, the latter secondary to
occlusion of the right renal artery with fresh red throm-
bus (Fig 1F). Ischemic changes were also identified in
the small intestine.

K. TANAKA ET AL.

Figure1. MRA, CT,and pathological findings.
(A) MRA on admission showed left MCA occlu-
sion. (B) MRA on day 3 showed right ICA occlu-
sion and left MCA recanalization. (C) CT on day
4 showed large infarcts in the right MCA terri-
tory (arrows). (D) Fresh red thrombus retrieved
fram the right ICA by mechanical thrombectomy
(Masson's trichrome staining). (E) “Hole-in-one”
effect; mitral valve (MV) occluded by a spherical
fresh red thrombus (T) with a stalk (arrows) ad-
hered to the LAA. (F): Fresh red thrombus (*) in
the occluded right renal artery (Masson's tri-
chrome staining). Abbreviations: CT, computed
tomography; ICA, internal carotid artery;
MCA, middle cerebral artery; MRA, magnetic
resonance angiography; MV, mitral valve; LAA,
left atrial appendage.

Discussion

Early recurrent ischemic stroke after intravenous
thrombolysis is an uncommon complication of thrombol-
ysis. Early recurrent ischemic stroke was associated with
AF and has been presumed to occur mainly because of the
disintegration of pre-existing intracardiac thrombus by
thrombolysis." Early embolism to other vascular beds af-
ter thrombolysis, including coronary arteries and periph-
eral arteries, has also been reported.>™ This is the first
report to demonstrate fatal multiple systemic emboli
after thrombolysis in autopsy.

Although thrombus was not shown in the left atrium by
transthoracic echocardiography on admission in this case,
intravenous thrombolysis and subsequent anticoagula-
tion therapy may destabilize pre-existing intracardiac
thrombus, leading to recurrent stroke, multiple systemic
embolisms, and the fatal “hole-in-one” effect.” A previous
study reported that the presence of intracardiac thrombus
was not associated with a high risk of recurrent embolism
in acute stroke patients treated with intravenous throm-
bolysis.® Therefore, thrombolysis should not be with-
drawn simply because of the risk of recurrent embolism
in patients with AF who have a high potential for intracar-
diac thrombus. However, clinicians should pay attention
to early embolic events after thrombolysis, especially in
patients with AF.
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Abstract

The present study retrospectively analyzed the database of the Japanese Registry of Neuroendovascu-
lar Therapy 1 and 2 (JR-NET1&2) to determine annual trends, including adverse events and clinical
outcomes at 30 days after undergoing neurcendovascular therapy. JR-NET1&2 are surveys that tar-
geted all patients in Japan who underwent neuroendovascular therapy delivered by physicians certi-
fied by the Japanese Society of Neuroendovascular Therapy (JSNET) between 2005 and 2009. Medi-
cal information about the patients was anonymized and retrospectively registered via a website. Data
from 32,608 patients were analyzed. The number of treated patients constantly increased from 5,040
in 2005 to 7,406 in 2009 and the rate of octogenarians increased from 7.0% in 2005 to 10.4% in 2009.
The proportion of procedures remained relatively constant, but ratios of angioplasty slightly increased
from 32.8% in 2005 to 33.7% in 2009. Procedural complications were associated more frequently with
acute stroke (9.6%), ruptured aneurysms (7.4%), intracranial artery disease (ICAD) (5.4%), and arterio-
venous malformation (AVM, 5.2%). The number of patients requiring neuroendovascular treatment in
Japan is increasing and the outcomes of such therapy are clinically acceptable. Details of each type of
treatment will be investigated in sub-analyses of the database.

Key words: nationwide survey, endovascular treatment, cerebral aneurysm, angioplasty, clinical outcome

Introduction

Neuroendovascular therapy is a less invasive method
of treating various cerebrovascular diseases such
as cerebral aneurysm, supra-aortic artery stenosis/
occlusion, arteriovenous shunts, and acute stroke*®
that has become increasingly popular. However, the
current status of this therapy including numbers of
procedures, clinical outcomes, and adverse events
remain unknown.®%

The Japanese Society of Neuroendovascular
Therapy (JSNET) established a board certifica-
tion system in 2000 that certified physicians
with 2200 primary operator experiences, 210
presentations at medical meetings, and 23 publi-
cations as primary author as senior trainers and
specialists through a board examination. The
JSNET produced an expert consensus document
in 2009 when a systematic review revealed a
scarcity of high-quality clinical evidence in this
field, especially in Japan. Thus, the society imple-
mented retrospective studies (Japanese Registry of
Neuroendovascular Therapy 1 and 2; JR-NET1&2)
to clarify the general status of neuroendovascular
therapy delivered by JSNET-certified physicians.
Clinical and procedural data were retrospectively
collected from January 2005 through December
2007 (JR-NET1)} and from January 2008 through
December 2009 (JR-NET2).

These studies aimed to determine annual changes
in neuroendovascular treatment modalities and in
major adverse events within 30 days thereafter.

Methods

1. Study design
JR-NET1 (2005-2006): This was the first nationwide
survey of neuroendovascular treatments in Japan. The
registry targeted all patients treated by JSNET board-
certified physicians between January 2005 and December
2006, except for those whom their physicians judged
unsuitable for this registry. Medical information about
the patients was anonymized and retrospectively regis-
tered via a website (https://jr-net.tri-kobe.net/jr-net/).
JR-NET2 (2007-2009): This second nationwide
survey of neuroendovascular treatment in Japan
targeted all patients treated by JSNET board-certified
physicians between January 2007 and December
2009. Medical information of the patients was
anonymized and registered as described above.
Data were collected at the Translational Research
Informatics Center (TRI, http://www.tri-kobe.org/).
The study protocol, which is summmarized briefly
here, is available on line with the full text of
this article (https://jr-net.tri-kobe.net/jr-net/}. All
members of the writing committee assumed respon-
sibility for the accuracy and completeness of the
data and for the fidelity of the study with regard
to the protocol.

II. Patients

All patients treated by neuroendovascular treat-
ment at participating centers during the study
period were basically enrolled in the study. The
local institutional review boards at each institution
approved the study protocol before the investigators
proceeded with the study.
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III, Primary and secondary endpoints

The primary endpoint was activities of daily life
(ADL) determined according to modified Rankin scale
(mRS) scores. The secondary endpoints comprised
the technical success of procedures and major
adverse events (MAEs) that occurred within and
at 30 days after procedures.

A score of 0 on the mRS indicates no disability,
whereas scores of 1 or 2 indicate slight disability (some
help required with ADL but basically independent),
scores of 3 to 5 indicate moderate disability (some belp
required with ADL) to severe disability (bedridden or
constant specific care required), and a score of 6
indicates death.

Adverse events were classified as minor and

Table 1 Annual trends of JR-NET data

major when mRS scores deteriorated by 1 and 22
points, respectively.

IV. Statistical analysis

Data were statistically analyzed using JMP 7
software (SAS Institute, Cary, North Carolina, USA).
The statistical significance of intergroup differ-
ences was assessed using the f-test for quantitative
scales, Pearson’s y? test; p < 0.05 was considered
significant.

Results

I. Backgrounds and characteristics of patients
A total of 32,068 patients (mean age, 63.5 = 13.9

Senior trainer, board
certified

2005 2006 2007 2008 2009 Total
Total number n = 5,040 n=6,174 n=6,690 n=6,758 n = 7,406 u= 32,068
Age 64.0+/-13.8 63.4+/-12.9 64.1+/~13.7 64.6+/-13.3 64.4+/-13.8 63.5+/-13.9
Female 2,341 (46.4%) 2,921 (47.3%) 3,109 (46.5%) 3,131 (46.3%) 3,495 (47.2%) 14,997 (46.8%)
mRS before treatment 0.7 0.7 0.7 0.6 0.6 0.7
Procedures n = 4,500 n= 5,457 n = 6,466 n=6,503 n=7,232 n = 30,158
Aneurysm treatment 1,777 (39.5%) 2,396 (43.9%) 2,725 (42.1%) 2,668 (41.0%) 3,112 (43.0%) 12,678 (40.5%)
Dome embolization,
ruptured 751 {16.7%) 963 (17.7%) 1,073 (16.6%) 1,091 (16.8%) 1,254 (17.3%) 5,132 (17.0%)
Dome embolization, )
unruptured 883 (19.6%) 1,105 (20.3%) 1,373 (21.2%) 1,302 (20.0%) 1,597 (22.1%) 6,260 (20.8%)
Dissection/parent
artery occlusion 143 (3.2%) 328 (6.0%) 279 (4.3%) 275 (4.2%) 261 (3.6%) 1,439 (4.8%)
Angioplasty/stenting 1,476 (32.8%) 1,734 (31.2%) 2,275 (35.2%) 2,363 (36.3%) 2,438 (33.7%) 10,286 (34.1%)
Carotid artery 1,042 (23.2%) 1,281 (23.5%) 1,717 (26.6%) 1,855 (28.5%) 1,926 (26.6%) 7,821 (25.9%)
Vertebral/subclavian
artery 203 (4.5%) 230 (4.2%) 281 (4.4%) 282 (4.3%) 254 (3.5%) 1,250 (4.1%)
Intracranial artery 231 (5.1%]) 223 (4.1%) 277 (4.3%) 226 (3.5%) 258 (3.6%) 1,215 (4.0%)
Brain & spinal AVM
embolization 217 (4.8%) 281 (5.1%) 204 (3.2%) 213 (3.3%) 259 (3.6%) 1,174 (3.9%)
DAVF embolization 317 (7.0%) 424 (7.8%) 468 (7.2%) 464 (7.1%) 525 (7.3%) 2,198 (7.3%)
Tumor embolization 347 (7.7%) 373 (6.8%) 317 (4.9%) 319 (4.9%) 382 (5.3%) 1,738 (5.8%)
Acute stroke
treatment 366 (8.1%) 249 (4.6%) 277 (4.3%) 266 (4.1%) 281 (3.9%) 1,439 (4.8%)
Physicians in charge n = 4,935 n=5,988 n = 6,690 n=6,758 n = 7,406 n=31,777

Specialist, board
certified

Non-specialist 438 (8.9%) 617 (10.3%)

3,139 (63.6%) 3,573(58.7%) 3,097 (46.3%) 3,277 (48.5%) 3,624 (48.9%) 16,710 (52.6%)

1,355 (27.5%) 1,801 (30.1%) 3,103 (46.4%) 3,044 (45.0%) 3,358 (45.3%) 12,661 (39.8%)
462 (6.9%)

375 (5.5%) 405 (5.5%) 2,297 (7.2%)

AVM: arteriovenous malformation, DAVF: dural arteriovenous fistula, mRS: modified Rankin Scale.
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years; female, 46.8%) were registered in this study
(Table 1), which involved 200 and 256 board-certified
physicians at 122 and 150 centers in JR-NET
and in JR-NET2, respectively (Appendix). Figure 1
shows the proportions of treated patients within
various age groups. Although patients aged between
40 years and 70 years were the main recipients
of treatment, the rate of octogenarians increased
annually from 7.0% in 2005 to 10.4% in 2009
{p < 0.001). In contrast, the ratio of younger patients
{< 40 years) remained constant (p = 0.361; Fig. 1).

1I. Procedures .

Among a total of 32,068 neuroendovascular procedures
implemented between 2005 and 2009, angioplasty
and treatment for aneurysms accounted for 34.1%
and 40.5%, respectively. Embolization of brain and
spinal arteriovenous malformations (AVMs), dural
arteriovenous fistulae (dAVF), tumors, and treatment
for acute stroke accounted for 3.9%, 7.3%, 5.8%,
and 4.8% of procedures, respectively. Carotid artery
stenting (CAS) accounted for 25.9% of all procedures
(Table 1). The proportions of treatments remained
relatively constant, except for CAS, which slightly
increased from 23.2% in 2005 to 26.6% in 2009
(p < 0.001; Fig. 2).

Elective or emergency procedures: The total numbers
of elective and emergency procedures increased
annually, but the rate of emergency treatment
remained relatively constant between 28% and
30% throughout the study period (Fig. 3).

Physicians in charge: Senior trainers certified by JSNET
were in charge of 63.6% and 48.9% of procedures

100%
90%
80%

70%
@80
B60-79
£140-59
20-39
0-19

60%
50% |-
40%
30%
20%

10% |
0% °

2005 2006 2007 2008 2003

Fig.1 Annual changes in patients’ age during JR-NET1&2.
Rates of octogenarians increased annually from 7.0%
in 2005 to 10.4% in 2009 (p < 0.001), whereas the ratio
of younger patients (< 40 years) remained constant (p
= 0.361). JR-NET1&2: Japanese Registry of Neurcendo-
vascular Therapy 1 and 2.

during 2005 and in 2009 (Table 1), respectively. The
total number of treatment procedures with JSNET
senior trainers and specialists in charge increased
annually, but the rate of procedures supervised by
JSNET senior trainers gradually decreased, although
the difference did not reach significance. However,
treatment delivered with JSNET non-specialist in
charge decreased from 8.9% in 2005 to 5.5% in
2009 (p = 0.029).

mRS scores before and after treatment: Figure 4A and 4B
shows the overall proportions of mRS scores before and
after treatment. Before treatment, 290% of patients were
in relatively good condition, with mRS scores of 0-2
(Fig. 4A). At 30 days after undergoing procedures, >80%
of patients maintained mRS scores of 0-2 (Fig. 4B).
mRS scores after each type of procedure: Figure
5 shows the outcomes of each type of treatment

O0thers

£1Acute stroke

B Tumor

OAVM/AVF

8 Angioplasty, others
& Angioplasty, carotid
8 Aneurysm

2005 2006 2007 2008 2009 Total

Fig. 2 Amnnual changes in the types of procedures. The
proportion of freatments remained relatively constant,
but caretid artery stenting {CAS) slightly increased from
23.2% in 2005 to 26.6% in 2008 (p < 0.001).

8000

! [}
7000 Emergency

C: Elective

“lazes [T
(72%) i

2005 2006 2007 2008 2009

Fig. 3 Number of elective and emergency procedures.
The total numbers of elective and emergency proce-
dures increased annually, although the overall rate of
emergency treatment remained between 28% and 30%
throughout the period.
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Fig. 4 Proportions of modified Rankin scale (mRS)
scores before and after procedures. Ratio of patients with

mRS 0-2 was 290% before therapeutic procedures (A),
decreased at 30 days thereafter (B}, but remained >80%.

according to mRS scores. Qutcomes were favorable
for 61.7% and 96.3% of patients with ruptured and
unruptured aneurysms, respectively, (mRS 0-2) and for
290% those after CAS, VA/SCA, dAVF, and tumors.
On the other hand, 82.0%, 81.9%, and 37.2% of
those treated for intracranial artery disease (ICAD),
in AVM, and acute stroke had favorable outcomes.
Procedural complications of each treatment: Figure
6 shows the frequency of procedural complications
after each type of treatment. Death, major and minor
procedural complications occurred in 7.4% and 2.8%
of patients treated for ruptured and unruptured aneu-
rysms, respectively. Among angioplasties, procedural
complications occurred in 3.4%, 1.5%, and 5.4%
in the carotid artery, the VA/SCA and in ICAD,
respectively. Among arteriovenous shunt diseases,
complications developed in 5.2% and 3.0% of those
treated for AVM and dAVF, respectively. The rate
of complications of tumor embolization was 1.5%,
and none of the patients died of procedure-related

Neurol Med Chir (Tokyo) 54, January, 2014
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Fig. 5 Proportions of medified Rankin scale (mRS) scores
at 30 days after various procedures. Ouicomes were
favorable (mRS 0-2) for 61.7% and 96.3% of patients
with ruptured and unruptured aneurysms respectively.
Ratios of favorable outcomes of carotid artery stenting
(CAS), vertebral artery (VA)/SCA (subclavian artery),
dural arteriovenous fistula (dAVF), and tumor embo-
lization were >90%. On the other hand, the ratios of
favorable outcomes were 82.0%, 81.9%, and only 37.2%
in intracranial artery disease (ICAD), arteriovenous
malformation (AVM) and acute stroke, respectively.

& Death
B Major
C Minor

Fig. 6 Complications associated with each procedure.
Complication rates were higher after procedures for
ruptured aneurysm (7.4%) and acute stroke (9.5%), but
less frequent for those that treated unruptured aneurysms
(2.8%), VA/SCA (1.5%), and tumor embolization (1.5%).

complications. On the other hand, complications
developed at a rate of 9.6% in patients treated for
acute stroke, including 2.8% who died.
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Discussion

The present study investigated recent trends in
neuroendovascular therapy through analyses of 32,608
patients registered in the nationwide JR-NET1&2
surveys. The number of procedures constantly
increased from 5,040 in 2005 to 7,406 in 2009,
and the rate of octogenarians increased annually
from 7.0% in 2005 to 10.4% in 2009. The propor-
tion of treatments remained relatively constant, but
angioplasty/stenting for carotid diseases slightly
increased from 23.2% in 2005 to 26.6% in 2009.
More procedural complications were associated with
acute stroke (9.5%), ruptured aneurysm (7.4%),
ICAD (5.4%), and AVM (5.2%).

The number of annual neuroendovascular proce-
dures increased by 46.9% (from 5,040 to 7,406).
The annual numbers of procedures required to treat
intracranial aneurysms and angioplasty/stenting
for atherosclerotic disease between 2005 and 2009
increased by 75.1% (from 1,777 to 3,112} and 65.2%
(1,476 to 2,438), respectively. The mRS scores after
procedures remained favorable in >80% of the
patients each year. Clinical outcomes and complica-
tion rates significantly differed among procedures.
Rates of favorable outcomes of procedures to treat
ruptured aneurysms and acute stroke were around
60% and < 40%, respectively, and more procedural
complications were also associated with these
conditions. However, whether complications were
major or minor was sometimes difficult to judge
in emergency patients under general anesthesia or
sedation, and in patients with poor neurological
status. Thus, procedural complications in these two
groups might have been over- or underestimated.

Several reports have described nationwide trends
in neuroendovascular therapies.’*?® Some of them
are analyses of a national healthcare database in
the United States.'?-%%720 For example, Huang
et al. reported trends in the management of unrup-
tured cerebral aneurysms in the United States.’®
They analyzed the length of hospital stay, in-hospital
morttality rates, the number of hospitalizations, and
total national charges related to inpatient treatment.
Their findings provide valuable information regarding
trends, but obtaining clinical data about neurological
status, neuroendovascular procedures, and follow-up
results might be difficult. Detailed evaluations and
analyses could be achieved if areas or centers were
selected. Higashida et al. described endovascular treat-
ment for unruptured intracranial aneurysms in 18 of
47 states in the United Staes during 2007.2Y Qureshi
et al. described how class I evidence (ISAT) from a
nationwide impact survey impacted clinical practice.
Their database was derived from stratified sampling at

20% of US hospitals.?® In that regard, data from the
nationwide JR-NET1&2 surveys are valuable because
the study collected precise information regarding not
only patient’s characteristics, but also neurological
status, types of treatment, devices, complications,
and follow-up at 30 days after procedures.

This study has some limitations. Although JR-NET
1&2 provided a robust amount of patient information
including clinical details, particularly information
related to neurcendovascular therapies, it covered
only about 35% of all procedures performed in Japan,
which was calculated according to annual reports of
training facilities of the Japan neurosurgical society
(unpublished). This was a significant drawback in terms
of avoiding selection bias. This shortcoming might
be improved in a new nationwide survey (JR-NET
3), which is collecting information between 2010
and 2013 in a similar setting to that of JR-NET 1&2.

Conclusion

Data from this study suggest an increasing trend
towards neuroendovascular treatment in Japan. The
rate of neuroendovascular intervention is increasing
annually and clinical outcomes seem acceptable.
Details about each treatment or disease will be
assessed in sub-analyses of this database.
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