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Pressor response induced by central angiotensin Il is
mediated by activation of Rho/Rho-kinase pathway via

AT, receptors

Yoji Sagara, Yoshitaka Hirooka, Masatsugu Nozoe, Koji Ito, Yoshikuni Kimura

and Kenji Sunagawa

Objectives The brain renin-angiotensin system plays an
important role in cardiovascular regulation and the
pathogenesis of hypertension. Angiotensin Il activates the
Rho/Rho-kinase pathway in vascular smooth muscle cells
and cardiomyocytes in vitro. The aim of the present study
was to determine whether angiotensin Il in the brainstem
activates the Rho/Rho-kinase pathway, and, if so, whether
this mechanism is involved in the central pressor action of
angiotensin Il

Methods and results Angiotensin Il infused intracisternally
for 7 days in Wistar—Kyoto rats (WKY) increased systolic
blood pressure (SBP) and urinary norepinephrine excretion.
These responses were abolished by the co-infusion of
Y-27632, a specific Rho-kinase inhibitor, or valsartan. The
intracisternal infusion of Y-27632 or valsartan also reduced
SBP and norepinephrine excretion in spontaneously
hypertensive rats (SHR). Western blot analysis was
performed to examine the expression levels of
membranous RhoA and phosphorylated ezrin, radixin,

and moesin (p-ERM), which reflects Rho/Rho-kinase
activity. The expression levels of membranous RhoA and
p-ERM in the brainstem were significantly greater in

both angiotensin lI-treated WKY and SHR than in
vehicle-treated WKY. Valsartan reduced the

expression levels of membranous RhoA and p-ERM in
angiotansin ll-treated WKY and SHR. Y-27632 reduced the

Introduction

Angiotensin I is critical for the regulation of vascular
tone, blood pressure, and volume homeostasis. The
physiological actions of angiotensin Il occur through its
binding to two main cell surface receptors, AT and AT,
The cardiovascular effects of angiotensin II are widely
considered to result from AT receptor activation. The
brain renin—angiotensin system is also considered pivotal
in cardiovascular regulation and is important in the
pathogenesis of hypertension [1,2]. The specific mech-
anisms by which increased brain renin-angiotensin sys-
tem activity results in hypertension are not well under-
stood, but include increased sympathetic vasomotor tone
and impaired arterial baroreflex function.

The involvement of the small guanosine triphosphatase
Rho and its downstrcam effector Rho-kinase [3] is
implicated in various cellular functions, including actin

0263-6352 © 2007 Lippincott Willlams & Wilkins

expression levels of p-ERM in angiotensin ll-treated WKY
and SHR.

Conclusions These results suggest that the pressor
response induced by intracisternally infused angiotensin Il
is substantially mediated by the activation of the Rho/Rho-
kinase pathway via AT, receptors of the brainstem in WKY,
and that this pathway might be involved in the hypertensive
mechanisms of SHR. J Hypertens 25:399-406 © 2007
Lippincott Williams & Wilkins.
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cytoskeleton organization [4], cell adhesion and motility
[5,6], myosin light chain phosphorylation, and smooth
muscle contraction [7]. Y-27632, a specific Rho-kinase
inhibitor [8,9], dramarically reduces hypertension in rat
hypertension models [9]. In addition, Rho-kinase activity
is increased in hypertensive blood vessels [10], and the
inhibition of Rho-kinase induces preferential forearm
vasodilation in hypertensive patients [11]. Activation of
the Rho/Rho-kinase pathway thus contributes to the
pathophysiology of hypertension [9-11]. Recent results
indicate that the Rho/Rho-kinase pathway is involved in
AT, receptor signaling. The Rho/Rho-kinase pathway is
activated in angiotensin ll-induced hypertrophy of vas-
cular smooth muscle cells and cardiomyocytes [12,13].
RhoA and Rho-kinase are also found in the central
nervous system [14,15]. Rho/Rho-kinase is present in
the nucleus of the solitary tract (N'TS) in the brainstem,
and activation of the Rho/Rho-kinase pathway in the
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NTS contributes to the neural mechanisms of hyperten-
sion in spontaneously hypertensive rats (SHR) and in a
hypertensive rat model of chronic nitric oxide synthase
inhibition [16,17]. Furthermore, inhibition of this path-
way in the NTS augments baroreflex control of the heart
rate and enhances glutamate sensitivity in SHR [18,19]. It
remains to be determined, however, whether activation
of the Rho/Rho-kinase pathway also contributes to neu-
rogenic hypertensive mechanisms caused by angiotensin
II. The aim of the present study was to elucidate the role
of the Rho/Rho-kinase pathway in the brainstem on the
central effects of angiotensin II. For this purpose, we
infused angiotensin II intracisternally for 7 days with a
mini-osmotic pump in Wistar—Kyoto rats (WKY). Then,
Y-27632 or valsartan was infused intracisternally in angio-
tensin Il-treaced WKY or SHR. Systolic blood pressure
(SBP) and heart rate were measured using the tail-cuff
method. Urinary norepinephrine excretion was measured
as a marker of sympathetic nerve activity. Finally, we
evaluated RhoA and Rho-kinase activity in the brainstem
by western blot analysis.

Methods

This study was reviewed and approved by the Commit-
tee on Ethics of Animal Experiments, Kyushu University
Graduate School of Medical Sciences, and was conducted
according to the Guidelines for Animal Experiments
of Kyushu University. Male WKY or SHR (280-340g,
16-20 weeks old) were used in the present study. Rats
were obtained from an established colony at the Animal
Research Institute of Kyushu University Faculty of
Medicine (Fukuoka, Japan) [16,17].

Continuous infusion experiments with angiotensin I,
Y-27632, valsartan, and phenylephrine

Angiotensin II (0.1 mg/kg per day) or vehicle (artificial
cerebrospinal fluid) were infused intracisternally
(0.25 wl/h) for 7 days with a mini-osmotic pump (Alzet
model 1002; Durect Corporation, Cupertino, California,
USA) in WKY. Y-27632 (5 or 10 mmol/l) or valsartan
(0.5mg/kg per day) were infused intracisternally
(0.25 pl/h) in angiotensin [I-treated WKY or SHR. The
rats were anaesthetized with sodium pentobarbital
(50 mg/kg, intraperitoneally). The mini-osmotic pump,
filled with angiotensin II, vehicle, Y-27632, or valsartan
was implanted subcutancously in the back and connected
to a polyethylene tube (PE10). A small hole was then made
in the atlanto-occipital membrane, which covers the dorsal
surface of the medulla, and the tip of the tube was placed
intracisternally and fixed in place with tissue adhesive. At
the end of the infusion, we confirmed intracisternal deliv-
ery of drug in each rat by checking the connection of the
tube and the placement of its tip. Phenylephrine (1 mg/kg
per day) was infused subcutancously for 7 days using a
mini-osmotic pump (Alzet model 2001; Durect Corpor-
ation) in WKY. After full recovery from anaesthesia, the
rats were frec to move about in their cages.

Measurement of blood pressure, heart rate, and urinary
norepinephrine excretion

SBP and heart rate were mecasured using the rtail-cuff
method before and during treatment. We measured
SBP and heart rate blinded to the group membership
of the rats. We collected urine for 24 h using a meta-
bolic cage. We measured the urinary norepinephrine
concentration by high-performance liquid chromatog-
raphy before and at day 7, and calculated the urinary
norepinephrine excretion for 24h, as described pre-
viously [20].

Western blot analysis

We performed western blot analysis for phosphorylated
ezrin, radixin, and moesin (p-ERM) or total ezrin, radixin,
and moesin family members (ezrin, radixin, and moesin),
which are target proteins of Rho-kinase [21] and mem-
branous or total RhoA (1:1000; Santa Cruz Biotechnol-
ogy, Santa Cruz, California, USA), in the brainstem
(a coronal section; 3mm caudal o 2mm rostral to the
obex), as described previously [16].

Statistical analysis

All values are expressed as means +SEM. Two-way
analysis of variance was used to compare SBP and heart
rate between any two groups. Comparisons between any
two mean values were performed using Bonferroni’s
correction for multple comparisons. A paired /-test
was used to compare 24-h urinary norepinephrine
excretion before and at day 7 during treatment. Differ-
ences were considered to be statistically significant when
P < 0.05.

Resuits

Intracisternal infusion of angiotensin Il and co-infusion
of Y-27632 or valsartan in Wistar-Kyoto rats

Figure la shows the time course of SBP and heart rate
after the intracisternal infusion of angiotensin Il or
vehicle in WKY. SBP was significantly increased in
angiotensin [l-treated rats compared with vehicle-
treated rats. The co-infusion of Y-27632 (5 mmol/l) or
valsartan significantly attenuated the increase in SBP
induced by angiotensin II. There were no significant
differences in heart rate between any two groups. The
intracisternal infusion of angiotensin II significantly
increased urinary norepinephrine excretion. This
response was abolished by the co-infusion of Y-27632
or valsartan (Fig. 1b).

Effect of angiotensin Il on Rho/Rho-kinase activity in the
brainstem

To confirm the cffects of the intracisternal infusion of
angiotensin Il on Rho/Rho-kinase activity in the brain-
stem, we examined the expression levels of membranous
RhoA, which represent RhoA activity, and the expression
levels of p-ERM, which represent Rho-kinase activity.
The expression levels of membranous RhoA in the
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(a) Time course of systolic blood pressure (SBP) and heart rate (HR) before and during the intracisternal infusion of vehicle, angiotensin Il (Angll), co-
infusion of angiotensin Il and Y-27632, or co-infusion of angiotensin Il and valsartan (n = 10 for each). **P < 0.01 compared with the vehicle group;
""P < 0.01 compared with the angiotensin Il group. [] Vehicle; @ Angll; A Angll and Y-27632; 4 Angll and valsartan. {b) Urinary norepinephrine
excretion before and at day 7 during the intracisternal infusion of angiotensin |l, co-infusion of angiotensin Il and Y-27632, or co-infusion of
angiotensin Il and valsartan (n=6 per group). *P < 0.05 compared with pretreatment values. [] Before; W after.

brainstem were greater in angiotensin [I-treated rats than
in vehicle-treated rats (Fig. 2a). Furthermore, the expres-
sion levels of p-ERM in the brainstem were greater in
angiotensin Il-treated rats than in vehicle-treated rats
(Fig. 2b).

Fig. 2

Inhibitory effects of Y-27632 or valsartan on
Rho/Rho-kinase activation by angiotensin Il
Valsartan significantly reduced the expression levels of
membranous RhoA in angiotensin [l-treated rats (Fig. 2a).
In addition, Y-27632 or valsartan significantly reduced the
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(a) Expression levels of membranous RhoA and total RhoA evaluated by Western blot analysis during the intracisternal infusion of vehicle,

angiotensin Il (Angll), or co-infusion of angiotensin Il and valsartan (n = 5 for each). The graph shows the ratio of membranous RhoA to total RhoA.
(b) Expression levels of phosphorylated ezrin, radixin, and moesin (ERM) and total ERM evaluated by westem blot analysis during the intracisternal
infusion of vehicle, angiotensin Il {n = 10 for each), co-infusion of angiotensin Il and Y-27632, or co-infusion of angiotensin Il and valsartan (n =8 for
each). The graph shows the ratio of p-ERM to total ERM. Data are expressed as the relative ratio to vehicle, which was assigned a value of 1.
“*P < 0.01 compared with the vehicle group; ''"P < 0.01 compared with the angiotensin Il group.
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expression levels of p-ERM in angiotensin [I-treated racs
(Fig. 2b).

Effect of subcutaneous infusion of phenylephrine on
Rho/Rho-kinase activity

To examine whether activation of the Rho/Rho-kinase
pathway in the brainstem was caused by the pressure
response, phenylephrine was infused subcutaneously in
WKY. The subcutaneous infusion of phenylephrine
increased SBP to the same level as the intracisternal
infusion of angiotensin Il (Fig. 3a). The subcutaneous
infusion of phenylephrine, however, did not alter the
expression levels of membranous RhoA and p-ERM in
the brainstem (Fig. 3b).

Intracisternal infusion of Y-27632 or valsartan in
spontaneously hypertensive rats

The intracisternal infusion of Y-27632 (10 mmol/l) or val-
sartan significantly reduced SBP and heart rate in SHR
(Fig. 4a). Urinary norepinephrine excretion was signifi-
cantly higher in SHR than in WKY. Furthermore, the
intracisternal infusion of Y-27632 or valsartan significantly
reduced urinary norepinephrineexcretionin SHR (Fig. 4b).

Fig. 3

Rho/Rho-kinase activity in the brainstem of
spontaneously hypertensive rats

The expression levels of membranous RhoA in the
brainstem were greater in vehicle-treated SHR than in
vehicle-treated WKY. The intracisternal infusion of
valsartan reduced the expression levels of membranous
RhoA in SHR (Fig. 5a). Furthermore, the expression
levels of p-ERM in the brainstem were greater in
vehicle-treated SHR than in vehicle-treated WKY.
The intracisternal infusion of Y-27632 or valsartan
reduced the expression levels of p-ERM in SHR
(Fig. 5b).

Effect of central AT, receptor blockade in Wistar-Kyoto
and spontaneously hypertensive rats

The intracisternal infusion of wvalsartan reduced
SBP in WKY. The magnitude of the decrease, however,
was significantly higher in SHR (21042 o
182+ SmmHg) than in WKY (122+6 tw 110+
3mmHg). The intracisternal infusion of wvalsartan
significantly reduced heart rate in SHR (346 +10
to 316+ 14bpm), but not in WKY (317+16 to
310+ 10 bpm; Fig. 6).
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{a) Time course of systolic blood pressure (SBP) and heart rate (HR) before and during the intracisternal infusion of vehicle, angiotensin |I, or
subcutaneous infusion of phenylephrine (n = 10 for each). [] Vehicle; @ angiotensin Il; A phenylephrine. (b) Expression levels of membranous RhoA
and total RhoA evaluated by Western blot analysis during the intracisternal infusion of vehicle, angiotensin Il, or subcutaneous infusion of
phenylephrine (n =5 for each). The graph shows the ratio of membranous RhoA to total RhoA. Data are expressed as the relative ratio to vehicle,
which was assigned a value of 1. (c) Expression levels of phosphorylated ezrin, radixin, and moesin (ERM) and total ERM evaluated by westem blot
analysis during the intracisternal infusion of vehicle, angiotensin Il, or subcutaneous infusion of phenylephrine (n = 10 for each). The graph shows the
ratio of p-ERM to total ERM. Data are expressed as the relative ratio to vehicle, which was assigned a value of 1. The results of vehicle and
angiotensin ll infusion are obtained from Fig. 1 and Fig. 2 for comparison. **P < 0.01 compared with the vehicle group; ''P < 0.01 compared with the
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(a) Time course of systolic blood pressure (SBP) and heart rate (HR) before and during the intracisternal infusion of vehicle, Y-27632, or valsartan in
SHR (n=5 for each). *P < 0.05; **P < 0.01 compared with the vehicle group, respectively. [] Vehicle; A Y-27632; 4 valsartan. {b) Urinary
norepinephrine excretion in Wistar—Kyoto rats (WKY) and spontaneously hypertensive rats (SHR) (n =5 for each; left), and before and at day 7
during the intracisternal infusion of Y-27632 or valsartan in SHR (n=5 per group; right). 'P < 0.05 compared with the values of WKY; *P < 0.05
compared with pretreatment values. [[] Before; l after.

Discussion tensin [1 were abolished by the co-infusion of Y-27632 in
In the present study, pressor and sympathoexcitatory WKY. The effects of angiotensin Il on these responses
responses evoked by the intracisternal infusion of angio- were mediated by AT, receptors, because valsartan
Fig. §
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(a) Expression levels of membranous RhoA and total RhoA evaluated by western blot analysis in Wistar-Kyoto rats (WKY; vehicle) and
spontaneously hypertensive rats (SHR; during the intracisternal infusion of vehicle or valsartan; n =5 for each). The graph shows the ratio of
membranous RhoA to total RhoA. (b) Expression levels of p-ERM and total ERM evaluated by western blot analysis in WKY (vehicle) and SHR
(during the intracisternal infusion of vehicle, Y-27632, or valsartan; n =5 for each). The graph shows the ratio of p-ERM to total ERM. Data are
expressed as the relative ratio to WKY, which was assigned a value of 1. **P < 0.01 compared with the WKY group; 'P<0.05; '"P<0.01 compared
with the vehicle-treated SHR group, respectively.
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Fig. 6
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Changes in systolic blood pressure (SBP) and heart rate (H R) at day 7 during the intracisternal infusion of valsartan in Wistar-Kyoto rats (WKY) and
spontaneously hypertensive rats (SHR; n =5 for each). Data are expressed as the relative ratio to day 0, which was assigned a value of 100%.

*P < 0.05 compared with the WKY group.

blocked the responses. The expression level of membra-
nous RhoA represents RhoA activity [22]. The expression
was significantly increased by the intracisternal infusion
of angiotensin Il and blocked by the co-infusion of
valsartan in WKY. The expression level of p-ERM
represents Rho-kinase activity and was also significantly
increased by the intracisternal infusion of angiotensin 11
in WKY. This response was blocked by the co-infusion of
either valsartan or Y-27632. Furthermore, the intracister-
nal infusion of Y-27632 reduced SBP and urinary norepi-
nephrine excretion in SHR. Y-27632 reduced the expres-
sion levels of p-ERM in the brainstem of SHR. Valsartan
reduced the expression levels of both membranous RhoA
and p-ERM. Taken together, these results suggest that
exogenous angiotensin Il applied to the brainstem acti-
vates the brain Rho/Rho-kinase pathway, as in the aorta
and heart [12,13], and thereby increases SBP through the
sympathetic nervous system via AT, receptors in WKY.
Morcover, the inhibition of endogenous ATy receptors in
the brainstem reduces increased RhoA and Rho-kinase
activity in SHR, thereby at least partly inhibiting SBP
in SHR.

The brain renin—angiotensin system is closely associated
with blood pressure regulation via the sympathetic ner-
vous system, although it is also related to other physio-
logical responses, such as drinking behaviour via the
vasopressin system [23]. Although vasopressin might
be involved in the pressor response to the intracisternal
infusion of angiotensin II [24], resetting of the arterial
baroreflex towards higher pressures occurs with the long-
term infusion of angiotensin II, and this resetting permits
high sympathetic nerve activity [25]. Our results are
consistent with these previously reported findings, indi-
cating that centrally administered angiotensin II clicits
pressor and sympathoexcitatory responses via activation
of the Rho/Rho-kinase pathway in WKY. Furthermore,
activation of the brain renin—angiotensin system is one of
the hypertensive mechanisms in animal models of hy-
pertension [26,27]. Angiotensin immunoreactivity (28]
and AT, receptor expression levels [29] are greater in

the brainstem of SHR than WKY. Whereas there is some
evidence that the brain renin—angiotensin system is not
an important factor in causing hypertension [30,31], we
demonstrated that the intracisternal infusion of valsartan
teduced SBP and heart rate to a greater extent in SHR
than in WKY. This result suggests that the endogenous
brain renin—angiotensin system is activated in SHR.

The sites of action of the intracisternal infusion of angio-
tensin Il are not clear from the results of the present
study. AT, receptors appear to dominate in cardiovas-
cular control regions [32], however, and many nuclei in
these regions are activated by the central infusion of
angiotensin 11, as evaluated by c-fos expression, which
is 2 marker of neuronal excitation [33]. The NTS and
rostral ventrolateral medulla are possible candidates. The
microinjection of angiotensin II into the NTS [34] or
rostral ventrolateral medulla [35] elicits pressor and sym-
pathoexcitatory responses. This is particularly apparent
in animal models of hypertension [36,37]. Although some
studies have indicated that the microinjection of angio-
tensin Il into the NTS produces a depressor effect [38],
the response to the microinjection of angiotensin Il into
the N'TS exhibits a complicated dose—response relation-
ship [39]. We previously reported that the microinjection
of Y-27632 into the NTS decreases blood pressure in
SHR and nitro-L-arginine methyl ester-treated rats
[16,17], in which the endogenous renin—angiotensin
system is activated. Although we did not specifically
examine the NTS in the present study, activation of
the Rho/Rho-kinase pathway in the N'T'S by angiotensin
II might contribute, at least partly, to the increase in
blood pressure.

Activation of the Rho/Rho-kinase pathway in the brain-
stem is not caused by the pressor response per se, because
the subcutaneous infusion of phenylephrine does not
activate this pathway. It is possible that the pressor
response was centrally elicited by other substances, such
as N-methyl-p-aspartate or an a; antagonist, which are
not considered to be related to the Rho/Rho-kinase



pathway, but might also activate this pathway. Further
studies are needed to clarify chis issue.

Activation of AT, receptors also alters signaling pathways
other than the Rho/Rho-kinase pathway, such as the
mitogen-activated protein kinase and nicotinamide ade-
nine dinucleotide phosphate, reduced form oxidase path-
ways [40,41]. Nicotinamide adenine dinucleotide phos-
phate, reduced form oxidase pathways stimulates another
Rho family member, racl [42], which enhances super-
oxide anion generation [43]. Interaction between Rho
and other Rho family members such as rac1 or cde42 have
been reported in virro [44). The type of physiological
response involved in their interaction iz vive, however,
remains unknown. There are some studies that do not
support an antihypertensive effect of Y-27632. Y-
27632 (3 mg/kg per day) did not affect SBP in Dahl
salt-sensitive hypertensive rats [45]. In nitro-L-arginine
methyl ester-treated rats, however, Y-27632 (30 mg/kg
per day) reduces blood pressure, whereas lower doses
of Y-27632 (10 mg/kg per day) do not affect blood pres-
sure [46]. Therefore, Y-27632 appears to have a dose-
dependent antihypertensive effect, although we cannot
exclude the possibility that activation of the Rho/Rho-
kinase pathway differs among the hypertensive models.

The precise mechanism(s) by which angiotensin 11 aci-
vates RhoA and Rho-kinase is unknown, particularly in
the brain. Rho-kinase plays an important role in angio-
tensin [[-induced messenger RNA expression of mono-
cyte chemoattractan® protein 1, transforming growth
factor I, and plasminogen activator inhibitor 1 [46-48].
In cultured human coronary vascular smooth muscle
cells, the expression of Rho-kinase is enhanced by
inflammarory sumuli, such as angiotensin II and [L-1
[49]. Complex signal transduction pathways might
thus be involved in producing the final physiological
responses.

In conclusion, the results of the present study suggest
that centrally administered angiotensin Il acuvates the
Rho/Rho-kinase pathway in the brainstem nuclei,
thereby increasing central sympathetic outflow and blood
pressure. In addition, it is possible that inhibition of
endogenous Rho-kinase in the brainstem decreases cen-

tral sympathetic outflow, thereby decreasing blood pres-
sure in SHR.
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Percutaneous Coronary Arterial Thrombectomy for
Acute Myocardial Infarction Reduces No-Reflow
Phenomenon and Protects Against Left Ventricular
Remodeling Related to the Proximal Left Anterior
Descending and Right Coronary Artery

Takuya KisHi,' MD, Akira YAMADA,? MD, Shuuichi OKAMATSU,* MD,
and Kenji SUNAGAWA,' MD

SUMMARY

The no-reflow phenomenon during percutaneous coronary intervention (PCI) for acute
myocardial infarction (AMI) causes impaired myocardial reperfusion. The aim of the
present study was to evaluate the impact of thrombectomy on the prevention for no-reflow
phenomenon and for LV remodeling. We performed a retrospective study comparing 116
patients treated for AMI with conventional angioplasty and 89 patients treated for AMI
with the combination of angioplasty and thrombectomy. We performed manual aspirating
thrombectomy using Thrombuster |1. Baseline clinical and lesion characteristics were sim-
ilar in the 2 groups. No-reflow phenomenon was significantly reduced in the thrombec-
tomy group compared to the controls (8% versus 18%, P < 0.05). Maximum group mean
CK was not significantly different between the two groups. During 6 months of follow-
up. the mean LV ejection fractions of the 2 groups were not significantly difterent. How-
ever, in the cases involving the proximal left anterior descending (LAD) and right coro-
nary arterics, changes in LV end-diastolic volume index (LVEDVI), LV end-systolic
volume index, maximum CK and the incidence of L.V remodeling, defined as an increase
in LVEDVI of > 20%, were significantly lower in the thrombectomy group than in the
control group. Multiple logistic regression analysis indicated that thrombectomy with
Thrombuster 11 significantly reduced the no-reflow phenomenon and LV remodeling.
These results suggest that adjunctive pretreatment with a manual aspirating thrombectomy
by Thrombuster Il reduces the no-reflow phenomenon, and in cases involving the LAD

and right coronary arteries, protects against LV remodeling in AMIL.  (Int Heart J 2007
48: 287-302)

Key words: Acute myocardial infarction, Thrombectomy, Thrombus

PREVIOUS studies have shown that direct coronary angioplasty to improve
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blood flow in infarction-related coronary artery reduces the mortality and mor-
bidity of acute myocardial infarction (AMI),"* however, this strategy has its lim-
itations, namely, no-reflow phenomenon including slow flow, no flow, and distal
embolism.™ The no-reflow phenomenon was reported to be a predictive factor
for poor prognosis in AMI*'" and is defined as a reduction of coronary flow due
to the embolism of thrombus and plaque without mechanical obstruction.” %119
No-reflow causes progressive left ventricular (LV) dysfunction and remodel-
ing,'”'" resulting in a significantly worse prognosis and quality of life after
AML{')—]I‘U)

Recent advances in percutaneous techniques and devices have improved the
acute outcome of percutaneous coronary intervention (PCI). One such device is a
thrombectomy system for thrombus in a coronary artery. A previous study dem-
onstrated that primary angioplasty with adjunctive percutancous thrombectomy
therapy using the Rescue catheter (Boston Scientific Scimed Inc., Minneapolis,
USA), which is widely used as a thrombectomy catheter, is safe and achieves
prompt flow restoration and suppresses LV remodeling through reduction of the
no-reflow phenomenon.'® It was also reported that thrombectomy using a TVAC
system (NIPRO, Tokyo) is feasible, safe, and may have the potential to enhance
ST segment resolution in patients with anterior AML'” Moreover, primary
implantation of a stent with distal protection using a PercuSurge GuardWire
(Medtronic, Santa Rosa, CA, USA) can restore epicardial coronary flow and
myocardial perfusion and also preserve LV function in AML."' Since April
2003, we have been using Thrombuster Il as a catheter for percutaneous throm-
bectomy therapy (KANEKA Medix Corporation, Osaka, Japan) in our hospital.
This system is widely used for thrombectomy therapy because it is simple and
easy to use for manual aspiration of thrombus in the coronary artery without the
use of mechanical devices. However, the effect of this device on the prevention
of the no-reflow phenomenon in the acute phase and LV remodeling in the fol-
low-up phase has not been evaluated. Moreover, the effects of thrombectomy on
the no-reflow phenomenon and LV remodeling and the differences between dif-
ferent coronary arteries have not been evaluated.

The aim of this study was to determine the effects of percutaneous throm-
bectomy therapy using a manual aspirating thrombectomy system (Thrombuster
[1) on the no-reflow phenomenon in the acute phase and for LV remodeling,
major adverse cardiac events (MACE), and the incidence of heart failure in the
follow-up phase, and to determine whether the effects were different between the
proximal left anterior descending (LAD), distal LAD, left circumflex (LCX),
proximal right coronary artery (RCA), and distal RCA.
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METHODS

Thrombectomy catheter system: Thrombuster Il is a short-monorail catheter
with a lumen for aspiration. It is available in 2 sizes compatible with 6Fr and 7Fr
guiding catheters. The distal end of the aspiration catheter is cut diagonally to
facilitate aspiration. At the proximal end, continuous negative pressure is applied
by a syringe, which is fixed at a negative pressure position. The aspirated throm-
bus is collected into the syringe. [n our hospital, we have used 6Fr Thrombuster
[

Patient population: The patient population was a nonrandomized retrospective
cohort comprising consecutive patients presenting to the Aso-lizuka Hospital for
AMI. The enrollment criteria included 1) patients aged 18 years of age or older
with AMI presentation more than 30 minutes but less than 6 hours after symptom
onset, 2) 2 mm or more ST-segment elevation in 2 or more contiguous leads or
with presumably new left bundle-branch block, and 3) LV asynergy detected by
echocardiogram. Patients whose baseline angiography demonstrated Thromboly-
sis In Myocardial Infarction (TIMI) grades 0 to 2 were included. A patient was
considered to have thrombus if TIMI thrombus grades 2 to 5 were present.””
Patients with cardiogenic shock and left main coronary artery disease were
excluded. Between January 2004 and June 2005, 158 patients met the above cri-
teria, and 123 patients underwent thrombectomy using Thrombuster II. The
remaining 35 patients were excluded due to small caliber, tortuous culprit vessels,
failure to wire-cross, or failure to aspirate a visible thrombus. After wire-cross, in
all the cases in which the TIMI thrombus grade was 0 or 1, visible thrombi were
not aspirated. Among the 123 treated patients, 89 were followed for 6 months
after PCI and follow-up coronary angiography was performed at 6 months after
PCI even if they did not have any symptoms. These 89 patients were defined as
the thrombectomy group. Between January 2002 and June 2003, we did not per-
form thrombectomy prior to the coronary angioplasty because the equipment
used for thrombectomy was not available at our hospital. In this period, 165
patients met the above criteria, and of these the 139 patients who underwent tra-
ditional coronary angioplasty were considered the control group. The remaining
26 patients were excluded due to small caliber, tortuous culprit vessels, failure to
wire-cross, and TIMI thrombus grade 0 or 1. Among the 139 treated patients, 116
were followed for 6 months after PCI and follow-up coronary angiography was
performed at 6 months after PCI even if they did not have any symptoms. These
116 patients were defined as the control group.

Coronary angioplasty and interventions: Coronary angiography and left ventric-
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ulography were performed using standard techniques after oral administration of
200 mg of aspirin and intravenous administration of 3,000 U of heparin. All of the
patients in this study were treated with nicorandil. To facilitate angioplasty, addi-
tional heparin (7,000 U) was administered and a 6Fr or 7Fr guiding catheter was
inserted. A standard 0.014-inch guidewire was used to cross the lesion. A Throm-
buster [1 catheter was advanced over the wire to the distal vessel and slowly with-
drawn under negative suction, and then the clot was aspirated into the guiding
catheter. This process was repeated several times. After thrombectomy therapy,
the lesion was dilated with a balloon and/or stent. The aspirated thrombi were
fixed in formalin buffer solution and pathology samples were prepared. These
materials were stained with hematoxylin and eosin. Each sample was observed
under a light microscope, and the platelet, erythrocyte, and atherosclerosis com-
ponents were evaluated. A platelet-rich thrombus was defined as that in which the
platelet component was at least twice that of the erythrocyte component, an eryth-
rocyte-rich thrombus was defined as that in which the erythrocyte component was
at lease twice that of the platelet component, and all others were defined as a
mixed thrombus.?" A thrombus size under 4 mm was defined as small, and a
thrombus size equal to or greater than 4 mm was defined as large.”” Among the
205 patients, 187 patients received ticlopidine (200 mg/day) and aspirin (100-200
mg/day) for 3 months after the procedure. The remaining 18 patients showed
adverse reactions to ticlopidine, and all of them were switched from ticlopidine to
cilostazol (200 mg/day). Clinical events were monitored throughout the hospital-
ization period and patients were followed-up for 6 months after discharge. Coro-
nary angiography was performed if a patient had chest symptoms. Six months
after the PCI, we performed follow-up coronary angiography and left ventricu-
lography in patients without symptoms, whenever possible. In our hospital, we
attempt to perform follow-up coronary angiography and left ventriculography 6
months following PCI. Heart failure was diagnosed according to the Framingham
criteria.?? The diagnosis of heart failure according to the criteria required that two
major or one major and two minor criteria be present concurrently. Minor criteria
were acceptable only if they could not be attributed to another medical condition.
Major criteria were paroxysmal nocturnal dyspnea, neck vein distention, rales,
radiographic cardiomegaly, acute pulmonary edema, S3 gallop, increased central
venous pressure > 16 cm H,O, circulation time > 25 seconds, hepatojugular
reflux, pulmonary edema, visceral congestion, or cardiomegaly at autopsy, and
weight loss > 4.5 kg in 5 days in response to treatment for heart failure. Minor cri-
teria were bilateral ankle edema, nocturnal cough, dyspnea on ordinary exertion,
hepatomegaly, pleural effusion, decrease in vital capacity by one-third from the
maximal value recorded, and tachycardia (rate > 120 beats/min).”?
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Quantitative analysis: Blood flow in the infarct-related artery was evaluated pre-
and postoperatively by TIMI grade in the coronary angiography. Patients were
diagnosed as having angiographic no-reflow phenomenon if they showed an
incomplete flow restoration (TIMI grade 0 to 1) after intervention. Distal embo-
lism was diagnosed as a transient or sustained cut-off of a small branch after
intervention. Side branch loss was diagnosed as the manifestation of embolism in
a side branch after intervention. The proximal LAD was defined as the vessel
between the LCX take off and the first major septal or diagonal branch. Proximal
RCA was defined as the vessel before the first major right ventricular branch. The
LV end-diastolic volume index (LVEDVI), end-systolic volume index (LVESVI),
and left ventricular ejection fraction (LVEF) were obtained from LV ventriculog-
raphy using the area-length method after angiography and PCI. LV remodeling
was defined as a greater than 20% increase in the LVEDVI in the follow-up
phase, as described in a previous study.'® Coronary angiography and left ventric-
ulography results were interpreted by at least 3 independent cardiovascular spe-
cialists.

Table I. Patient Characteristics
Thrombectomy (n =89)  Controls (n=116) P
Age (years) 66t 11 647 NS
Male/female 66/23 84/32 NS
Diabetes mellitus 24 (27%) 36 (31%) NS
Systemic hypertension 62 (70%) 72 (62%) NS
Hyperlipidemia 47 (53%) 56 (48%) NS
Current smoking 51 (57%) 55(47%) NS
Symptom onset to balloon time (hours) 6.9+44 6:T+5.3 NS
Infarct-related coronary artery
Proximal/Distal LAD 23 (26%)/20 (22%) 29 (25%)/24 (21%) NSNS
Proximal/Distal RCA 21 (24%y11L (12%) 26(22%)/15 (13%) NSNS
LCX 14 (16%) 22 (19%) NS
Initial TIMI grade 0 61 (68%) 109 (71%) NS
Killip class > | 13 (15%) 19 (14%) NS
Forrester subset /11 56 (63%)25 (28%) TI(61%)/37 (32%) NS/NS
v 5(6% )3 (3%) 5(4%)(3 (3%) NS/NS
Use of [ABP 5(6%) 8(7%) NS
Discharge medications
ACE-l or ARB 84 (94%) 111 (96%) NS
Beta-blocker 74 (83%) 94 (81%) NS

Continuous data presented as the mean + SD and are compared using the Wilcoxon rank sum test;
categorical data are presented as frequency values and are compared using the Fisher exact test.
LAD indicates left anterior descending coronary artery; RCA, right coronary artery; LCX, left cir-
cumflex coronary artery; TIMI, thrombolysis in myocardial infarction; IABP, intra-arterial balloon
pumping; ACE-l, angiotensin converting enzyme inhibitor; and ARB, angiotensin Il receptor

blocker.



