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Background: Serotonin receptors, especially 5SHT: receptors, are important in vasoconstriction and platelet
aggregation and are involved in the chronic progression of endothelial dysfunction after percutaneous translumi-
nal coronary angioplasty (PTCA). Objective: To determine whether the 5HT:a receptor antagonist, sarpogrelate
hydrochloride, was more effective than aspirin in reducing the rate of restenosis after percutaneous old balloon
angioplasty (POBA). Methods: Between March 1996 and June 1997, 45 men and 11 women (average age of 63
years) underwent POBA for acute coronary syndromes. Of these, 26 received the 5HT:a receptor antagonist 50
mg three times a day and 30 received aspirin 81 mg daily in a randomized, open trial. Restenosis was defined as a
narrowing of the target vessel of at least 50% at follow-up, as measured by quantitative coronary angiography
(QCA). Results: The angiographic follow-up rate was 100%. The reference minimal lumen diameter (MLD) be-
fore and after POBA did not differ significantly between the two groups (post MLD: 2.67 (0.53) in the 5HT2a group
and 2.79 (0.56) in the aspirin group; p=042). The mean (SD) MLD at 6 months was significantly larger in the
5HT:a group than in the aspirin group (1.64 (0.69) mm vs 1.06 (0.91) mm; p=0.03). Angiographically identified
restenosis occurred in 7/26 (27%) of the patients in the 5HT2a group and in 13/30 (43%) of those in the aspirin
group. In the 5HT:a group, restenosis rate was likely to be less frequent in patients with right coronary artery
(RCA) stenosis on the initial diagnostic angiogram (p =0.040). No complications were observed during the follow-
up period. Conclusions: The 5HT:2a receptor antagonist, sarpogrelate hydrochloride, reduced the rate of resteno-
sis after POBA, especially in patients with RCA stenosis on the initial diagnostic angiogram. No adverse events
were reported in this series.
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Introduction

Serotonin, 5-hydroxytryptamine (5HT), is an im-
portant vasoconstrictor that is released from aggre-
gating platelets and acts through four 5HT receptor
subclasses. It dilates normal coronary arteries but
constricts the arteries of patients with coronary ar-
tery disease. The constrictor effects are mediated
mainly by 5HT:a receptors. In addition, 5HT, by ac-
tivating 5HT: receptors, stimulates the proliferation
and migration of endothelial cells, and inhibits the
induction of nitric oxide synthase by cytokines in

smooth muscle cells. Stimulating the 5HT, recep-
tors on platelets augments platelet aggregation,
which favors the formation of thrombi and the re-
lease of other vasoconstrictors and mitogens, in-
cluding 5HT itself. The intimal migration of smooth
muscle cells is activated by several platelet-derived
factors, which may impair the regeneration of endo-
thelial cells. These findings suggested that 5HT re-
leased from aggregating platelets is involved in the
progression of chronic endothelial dysfunction” ™,
Ketanserin was the first reported blocker of 5HT,
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receptors. However, it is not selective, as it also has
an affinity for ou-adrenergic receptors as well. Sar-
pogrelate hydrochloride (Anplag, Mitsubishi-Tokyo
Pharmaceuticals Inc., Tokyo, Japan) is a highly
selective SHT: receptor antagonist without ou-
adrenergic receptor blocking action.

Previous studies reported that the rate of
restenosis after percutaneous old balloon an-
gioplasty (POBA) was about 40% with low dose as-
pirin administration. But, there was no single
matched comparison study with low dose aspirin
and another antiplatelet agent on the rate of
restenosis after POBA.

In this study, we compared the results of quanti-
tative coronary angiography (QCA) performed im-
mediately and 6 months after POBA to investigate
the efficacy of sarpogrelate hydrochloride in de-
creasing the rate of restenosis after POBA and to
compare its effects to those of aspirin.

Subjects and Methods

Study population

To qualify for the study, patients had to have at
least one coronary vessel with at least 50% stenosis
and present to our clinic between March 1996 and
June 1997. Exclusion criteria were: @ a left main
coronary artery stenosis of more than 50% not pro-
tected by collateral vessels or bypass graft; @ con-
traindication to therapy with antiplatelet agents,
such as aspirin and dipyridamole or anticoagulants;
(3 a cerebrovascular accident within the previous 6
months; @ gastrointestinal bleeding or major sur-
gery within the previous 6 weeks; and & hyperten-
sion with a systolic blood pressure above 180
mmHg or a diastolic blood pressure above 100
mmHg.

Patients who declined to take sarpogrelate hydro-
chloride were also excluded. All patients gave writ-
ten informed consent. The study protocol was ap-
proved by the institutional review board of the To-
kyo Metropolitan Fuchu Hospital.

Study protocol

Eligible patients were randomly assigned to re-
ceive either sarpogrelate hydrochloride 50 mg
three times a day or aspirin 81 mg once a day begin-
ning before POBA. Given the angiographic end-
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points, blinding was not employed. Twenty-six out
of 56 patients without contraindications received
5HT.a receptor antagonist and 30 patients received
Aspirin. Eligible patients in the 5HT:x group who
had single-vessel disease received sarpogrelate
alone, whereas those who had multivessel disease
received both sarpogrelate and an anti-angina
agent, such as isosorbide dinitrate (ISDN), a cal-
cium antagonist, or a p-blocker.

Patients in the aspirin group who had single-
vessel disease received aspirin alone; those who had
multivessel disease received both aspirin and an
anti-angina agent but no other antiplatelet or antico-
agulant agents. If POBA was successful, the medi-
cation was continued until the follow-up angio-
graphic examination 6 months later. Success was
defined as an immediate post-POBA diameter
stenosis of no more than 50% and thrombolysis in
myocardial infarction (TIMI) grade III flow on the
cineangiogram. In case of acute and subacute vessel
occlusion, repeat POBA was performed for salvage.
(Stent inplantation for bailing out was not per-
formed.)

Coronary angiography and POBA

Cardiac catheterization and PTCA were per-
formed according to standard techniques. Only con-
ventional balloon angioplasty was allowed for this
study. The technical aspects of the procedure, in-
cluding the choice of balloon, inflation time, and
pressure, were determined by the five operators.
Coronary angiograms were obtained before and af-
ter POBA and at follow-up angiography 6 months
later, using digital equipment from Toshiba Medical
Systems (Tokyo, Japan). Images were obtained in
multiple projections after intracoronary injection of
25 mg of ISDN. All projections of the initial angi-
ograms were repeated at follow-up. The optimal
views of the target lesions from all technically suit-
able angiograms were analyzed by QCA according
to the hand caliper method with the guiding cathe-
ter as the reference dimension. The absolute values
for the minimal lumen diameter (MLD) as well as
the reference vessel diameter were measured. Cal-
cification was assessed by visual estimation on cinE
angiograms. Intravascular ultrasound was not per-
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formed.

Follow-up evaluation

Patients returned for outpatient evaluation every
month. The evaluation included blood analysis, car-
diac status, and electrocardiographs, as well as an
assessment of adherence to drug therapy and any
drug-related side effects. Follow-up angiography
was performed during the first 6 months if ischemic
symptoms recurred and in all patients at 6 months.
If a recurrent symptom necessitated repeat POBA
at an earlier time, the angiogram obtained before
angioplasty was used for the analysis.

Endpoints

Each patient was evaluated for cardiac events
(target vessel revascularization [TVR], acute myo-
cardial infarction [AMI], and death) and for clinical
events, such as drug-related hemorrhage or gastro-
intestinal symptoms. The primary endpoint was the
restenosis rate at follow-up angiography. Restenosis
was defined as recurrent lumen diameter stenosis
of 50% or more as determined by QCA. The secon-
dary endpoint was a change in MLD as assessed by
QCA. The POBA-related endpoints were residual
stenosis of 50% or greater and the occurrence of
any major cardiac event. Myocardial infarction was
defined as the occurrence of typical symptoms, elec-
trocardiographic changes, and creatine kinase MB
isoenzyme elevation to twice the upper limit of nor-
mal. |

Statistical methods

All data were recorded on standardized forms
and were entered in a database. The data are ex-
pressed as the mean value = SD. Differences in cate-
gorical variables between the 5HT. and aspirin
groups were analyzed using the chi-square test or
Fisher’s exact test. Continuous variables were ana-
lyzed using Student’s t-test. We used two-tailed p
values for all statistical testing. For multivariate
analysis, at first, stepwise logistic regression was
used to identify independent predictors of resteno-
sis, second logistic regression was used to deter-
mine which factors were independently related to
restenosis. Differences with a p value of less than
0.05 were considered statistically significant. All
analyses were performed with the Stat view 5.0 sta-

Table 1 Baseline clinical and angiographic
characteristics of 56 patients (mean age 63
years) undergoing percutaneous old balloon
angioplasty with 5HT2a or aspirin to prevent

restenosis
Characteristic n (%)

No. of target vessels 58
No. of patients 56
Unstable angina pectoris (%) 22 (39)
AMI (Q-wave) 31 (53)
AMI (non-Q-wave) ) 3(5)
No. of target vessels

One 31 (55)

Two 16 (29)

Three 9 (16)
LMT 0 (0
Target vessel

LAD 25 (43)

LCX 9 (16)

RCA 22 (38)

LMT 0

Diagonat 2 (3
Infarct-related artery 33 (57)
ACC/AHA classification (%)

Type A 1(2)

TypeB1 39 (67)

Type B2 10 (17)

Type C 8 (14)
Calcification 35 (60)
Thrombus 26 (45)
De novo 47 (81D
Previous PTCA 11 (19)

tistical software package.
Results

Between March 1996 and June 1997, 56 patients
(58 regions) who underwent elective or urgent
POBA for acute coronary syndrome in our hospital
qualified for inclusion. Of these, 34 had AMI and 22
had unstable angina pectoris. Their mean (SD) age
was 63 (10) years, and 46 patients were men (Ta-
ble 1). The two groups were similar at baseline (Ta-
ble 2), although hypertension and non-Q wave in-
farction were slightly more common in the aspirin
group and previous myocardial infarction was more
common in the 5HT,s group. Also, the number of
patients with Canadian Cardiac Society (CCS) grade
111 disease was higher in the 5HT.a group. The le-
sion characteristics were also similar in the two
groups. There were no significant differences in the
location of the index lesion, although type B2 lesions
(modified American Heart Association/American
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Table 2 Clinical background of 56 patients undergo-
ing percutaneous old balloon angioplasty with
5HT2x or aspirin to prevent restenosis, by treatment
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Table 3 Baseline characteristics for 58 lesions from
56 patients undergoing percutaneous old balloon
angioplasty with 5HT2a or aspirin to prevent

group restenosis, by treatment group
5HT2a Group Aspirin Group 5HT2a Group Aspirin Group
(n = 26) (n = 30) (n = 26) (n =32
n (%) n (%) n (%) n (%)
Age (y) 63 = 11 62+ 9 LAD 11 (42) 14 (44)
Male 23 (88) 23 (77) LCX 5 (19) 4 (13)
Previous MI 8 (31 4 (13) RCA 9 (35) 13 (4D
Risk factors Side branch 1 (4) 1(3)
Hypertension 11 (42) 26 (87) IRA 12 (46) 21 (66)
Hyperlipidemia 12 (46) 11 (37) Modified AHA/ACC lesion type (%)
Diabetes mellitus 6 (23) 14 (47 A 0 1 (3
Hyperuricemia 1 (4) 3 (10) Bl 17 (65) 22 (69)
Smoking 10 (38) 13 (43) B2 8 (31) 2 (6)
CCs C 1 (4 7 (22)
il 9 (35) 8 27 Calcification 19 (73) 16 (50)
i 4 (15) 1(3) Thrombus 8 (31 18 (56)
AMI (Q-wave) 13 (50) 18 (60) TIMI grade
Anterior 5 (38) 8 (44) 0 4 (15) 12 (38)
Inferior 7 (54) 8 (44) I 0 3(9
Lateral 1(8) 1(6) I 7 (27) 10 (31
Posterior 0 1 (6) 1 15 (58) 7 (22)
AMI (non-Q-wave) 0 3 (10) Previous PTCA lesions 7 (27) 4 (13)
No. of diseased vessels De novo 19 (73) 28 (88)
One 16 (62) 15 (50) ICT before PTCA 8 (31) 11 (34)
Two 6 (23) 10 (33) Treatment group vs control group.
Three 4 (15) 5 (7) TRA: infarct-related artery, TIML thrombolysis in myocar-
Previous PTCA 7 27 4 (13)

CCS: Canadian Cardiac Society classification.

College of Cardiology type” were more frequent in
the 5HT.s group, whereas type C lesions (except for
chronic total occlusion) were more common in the
aspirin group (Table 3). The POBA was successful
in all 56 patients, and all of them underwent follow-
up angiography at 6 months. There were no differ-
ences in the angiographic results in the two groups,
except that postprocedural distal emboli occurred
more frequently in the aspirin group (Table 4). The
mean reference diameter and MLD before and im-
mediately after POBA were not significantly differ-
ent (post MLD:2.67 (053) mm in the 5HT:a group
vs 279 (0.56) mm in the aspirin group and 0.34 (0.30)
mm vs 0.28 (0.29) mm and 2.18 (0.43) mm vs 2.10
(0.73) mm, respectively). At 6 months, the mean
MLD was significantly larger in the 5HT: group
than in the aspirin group (1.64 (0.69) mm vs 1.06
(0.91) mm; p=0.03). The percent diameter stenosis
at 6 months was significantly smaller in the 5HTzs
group (37 (24) % vs57 (36) % ;p=004). The late

dial infarction, ICT: intracoronary thrombolysis.
Chronic tota! occlusion was excluded from type C lesion.

loss was not significantly different in the two
groups—0.95 (0.75) mm vs 1.25 (0.98) mm (p=
022) —but was smaller change in the 5HT:x group.
Angiographically identified restenosis occurred in
27% (7/26) of the 5HTs group and in 43% (13/30)
of the aspirin group. In the 5HT2x group, restenosis
rate was likely to be less frequent in patients with
RCA stenosis on the initial diagnostic angiogram (p
=0.0440) (Table 5). Target vessel revascularization
was required by 7.7% (2/26) and 16.7% (5/30) of
the patients in the 5HT21 and aspirin groups, re-
spectively (Table 6). Total occlusion was observed
in 20% (6/30) of the patients in the aspirin group
at 6-month follow-up, but these patients were ex-
cluded from TVR. No adverse events were re-
ported in this series.
Discussion

Angiographically identified restenosis occurred
in 27% of the 5HT2 group and in 43% of the aspirin
group. On release from aggregating platelets, 5SHT
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Table 4 Procedural outcome and early clinical events among 56 patients undergoing
percutaneous old balloon angioplasty with 5HT2a or aspirin to prevent restenosis, by
treatment group

5HT2a Group Aspirin Group
(n = 26) (n = 30 p value
n (%) n (%)
Angiographic success (%DS <50%) 26 (100) 30 (100)
Procedural success 26 (100) 30 (100)
Complication (%)
Death 0 0
AMI (Q or non-Q) 0 0
Recoil 0 103 0.11
Dissection 1( 4 3(9 0.30
Distal emboli 0 5 ( 16) 0.0006
Local thrombus 0 3(9 0.008
Acute/subacute occlusion 0 0
CVA 0 0
Transfusion 0 0
% DS: percent diameter stenosis, CVA: cerebrovascular accident.
Table 5 Related factor to restenosis (multivariate regression)
5HT2A% ():roup Asplré& Group b value
TIMI grade I flow on the initial angiogram 57 23 0.0197
Side branch stenosis on the initial angiogram 14 Q 0.0451
RCA stenosis on the initial angiogram 29 62 0.0440

Table 6 Quantitative angiographic and procedural results from 56 patients undergoing
percutaneous old balloon angioplasty with 5HT2a or aspirin to prevent restenosis, by
treatment group

Variable SH(};Z/; G2r6(3up ASI();!H: (333) up p value

Balloon size (mm) 293 = 051 297 = 062 0.26
Inflation pressure (atm) 77+ 12 76 % 12 0.76
Inflation time {(sec) 170 + 23 256 + 191 0.03
Reference (mm) 267 = 0.53 279 = 0.56 042
MLD (mm)

Before POBA 034 = 0.30 0.28 = 0.29 0.46

After POBA 2.18 = 043 210 = 073 0.47

6 month f/u 1.64 = 0.69 1.06 £ 091 0.03
%DS

Before POBA 88 = 9 90 £ 10 0.44

After POBA 18 = 12 24 £ 23 0.26

6 month f/u 37+ 24 57 = 36 0.04
Acute gain (mm) 169 + 060 1.76 = 0.73 0.70
Late loss (mm) 095 = 0.75 1.25 £ 098 0.22
Restenosis ratio at 6 month £/u (%) 27 43
Total occlusion at 6 month f/u (%) 0 20
TVR at 6 month f/u (%) 7.7 16.7

Data are presented as the mean value =SD.
MLD: minimal lumen diameter, % DS: percent diameter stenosis, TVR: target vessel revascularization,

activates bHT. receptors in the vascular smooth also binds to pertussis toxin-sensitive G proteins
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studies showed that the endothelial cells regener-
ated after balloon denudation of the porcine coro-
nary artery selectively lose G protein-coupled re-
sponses” Y. This loss impairs the protective role of
the endothelium against the action of vasoconstric-
tors released by platelets. 5SHT dilates normal coro-
nary arteries but constricts the arteries of patients
with coronary artery disease” . In addition, 5HT,
by activating 5HT: receptors, stimulates the prolif-
eration and migration of endothelial cells. It also in-
hibits the induction of nitric oxide synthase in
smooth muscle cells by cytokines. Stimulating their
receptors augments platelet aggregation, which fa-
vors the formation of thrombi, the release of other
vasoconstrictors, and mitogens. Recent studies have
reported that 5HT is released into the coronary cir-
culation during angioplasty'® and may contribute to
vasoconstriction distal to the dilated site™. This
vasoconstrictor effect of 5HT is attenuated by 5HT,
antagonists””. Ketanserin, a well known 5HT: re-
ceptor antagonist, did not reduce restenosis rates
after PTCA™',

Nevertheless, we investigated the effectiveness
of sarpogrelate hydrochloride because the target
vessel differences for restenosis after POBA was
defined and there are some important pharma-
cological differences between the two agents. First,
sarpogrelate has antagonistic effects at 5HT:a re-
ceptor sites on platelet membranes and vascular
smooth muscle cells. Second, the drug is a highly
selective 5HT.s receptor antagonist without ou-
adrenergic receptor blocking action. Third, it is
more effective in inhibiting the proliferation and mi-
gration of endothelial cells. Finally, sarpogrelate
moderately inhibits collagen-induced, ADP-induced,
and arachidonic acid-induced platelet aggrega-
tion®™2, All of these properties suggested that sar-
pogrelate would be more effective than ketanserin
in reducing the rate of restenosis in coronary arter-
ies.

Limitations of the study

Our study has some limitations. Only conven-
tional balloon angioplasty was allowed for this
study. Our sample was small and the follow-up pe-
riod was only 6 months. A larger sample size and
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longer follow-up evaluation will be required. Quanti-
tative coronary angiography was performed by the
hand caliper method because an automated QCA
system was not available at our hospital. However,
hand caliper results are highly consistent with
those prodﬁced by computer assisted-methods™.
Conclusions

Our results suggest that sarpogrelate is useful
regimen for reducing the rate of restenosis after
POBA, especially in patients with RCA stenosis on
the initial diagnostic angiogram. No adverse events
were reported in this series. However, longer
follow-up and a trial with a larger sample size are
required to obtain conclusive results. Moreover,
stent investigation will be required.
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RRRFEMNKRE B9 ERGARE (B R RER

/7;\’\ va sy AR F oy
O E i
(B#&) ko b BH, 912 SHT, ZAME MBS X VMR ICKRWICES L, $72, BREE)

iSA % (PTCA) &@[ﬂl"é‘lj\}ﬁ%%ﬁ‘é]‘m EQHEITICOEE L RITL TS,

(B S5HT: SRR EBRY VRS LI — 1) BBEENIE OV — VEIRIEEM (POBA) HoOFEHARE
OBVICERTHLPENPT ALY ¥ e URETS 5.

(FiE) 1996 4E 3 A & 0 1997 4E 6 A  TICAMEEBRBOZH CAB L % ) POBA % MifT L7z 56 B (B 45
B, 21180 5 FHER 63 %) | OW’C’fﬁﬁﬂ‘L?’: 56 B VR B LT L7z 26 FIICKT L SHT 20 AR ILE
150mg (4r3) %S5 L, BOO30FNIHLTUETAEY ¥ 8lmg (1) ##HF5 L7 7, QCAHICXYE
HL6» A (followup ) OEBEIREE L CRENIME I 50% ML EORELZ RO IGEEBIkREER L.

(k&) 56 B4 Ti2BWT follow up 1T 72. POBA HFif: COMEEH 3BT 2 W BRI H /M &R (MLD)
WCHEEIEDO LD o7 GHTw B vs TAE ) VB 1 267=053mm vs 2.79+0.56mm; p=042). POBA# 6 » H
#% (follow up ) @ MLD 1Z 5SHTa O FNT7T A VEHIDVERICKZIWHRTH -7 GHTwfEvs TAE Y
v # 11.64+069mm vs 1.06 = 0.91mm~ p =00%) e AeEIL 5HT 8 7/26 (27%) , T A VB 13/30 (43%)
Tholz. 72, 5SHTm BB WT, BWER LATERICE BRAE % RO ES T POBA BOBREND v
E % 7z, REFICHL2RE %ﬂimy)tcﬁ‘o 7z,

(#538) SHTon ZAMKKEHIE CGEBRY VEZ L 5 — b) Id POBA #OBERELORICER»OH S 2 R E&HHE
ZRDOBRVRELREHTH Y, BIHEE LAETEIR iﬁ%éje«z%a O TAEBNC BV TR ICH A ERTH D &
BEbhb.
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