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To investigate the combination of beraprost sodium (BPS) and aspirin in the treatment of acute ischemic stroke
(AIS).

308 patients with acute cerebral infarction were randomly divided into two groups: experimental group (n=154),
treated with BPS (40 pg, tid) and aspirin (100 mg, qd); control group (n=154), treated with 100 mg of aspirin,
qd). The antiplatelet therapy remained unchangeable until six months after hospital discharge.

Initially, no significant differences were found between the two groups. After six months, the relapse-free sur-
vival rate was similar between the treatment group (98.1%) and the control group (97.4%). One patient died
from AIS in the control group. However, glomerular filtration rate was significantly higher; neurological function
and functional ability of patients were better in patients treated with BPS plus aspirin (experimental group)
than that in aspirin alone group. No significant difference was found in the function of the coagulation system,
suggesting that BPS plus aspirin treatment did not increase the risk of bleeding. Serious adverse events did
not occur in both groups. Facial flushing (one case) and mild gastrointestinal reaction (one case) were found
in the treatment group without influencing treatment.

In our trial involving patients with acute cerebral infarction, BPS plus aspirin was not found to be superior to
aspirin in reducing the recurrence of cerebral infarction or death. However, BPS plus aspirin treatment could
improve renal function and neurological function without increasing the risk of bleeding.
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Background

Acute ischemic stroke (AIS) causes high morbidity and mor-
tality, and also has a high recurrence rate. Secondary preven-
tion in patients with first onset ischemic stroke is extremely
important. The initiation of antiplatelet therapy immediately
after AlS is widely applied to prevent the recurrence and pro-
gression of the disease and also reduce the incidence of oth-
er vascular events [1]. Besides the hemorrhagic complications
associated with antiplatelet therapy, aspirin monotherapy dose
not significantly reduce stroke progression [2]. Even though the
combination antiplatelet therapy might reduce the recurrence
and stroke progression in large artery disease [3,4], increased
bleeding complications minimize the benefit from antithrom-
botic therapy and poses a great challenge. The pathophysiol-
ogy of AIS is very complex, and patients with AIS often suf-
fer from other vascular diseases such as renal diseases and
myocardial disease. Thus, it is especially important to devel-
op new treatment combinations which can also improve neu-
rological function and protect other organic functions, beyond
preventing ischemic stroke recurrence.

Beraprost sodium (BPS), a stable synthetic and orally active pros-
tacyclin (PGI2) analogue, can inhibit platelet aggregation mediat-
ed by cAMP, and can also inhibit vasoconstriction and leukocyte
chemotaxis [5,6]. BPS has been reported to prevent microcir-
culatory derangement in the acute stage of ischemic stroke in
rat [7], and also has renal and neurological protective roles [8—
10]. Considering the comprehensive role of BPS in inhibition of
platelet aggregation and protective roles in renal and neurologi-
cal function, we hypothesized that the combination of BPS with
aspirin may exert potent anti-platelet effects and improve renal
and neurological function in patients with acute ischemic stroke.

In the present study, we recruited 308 patients with acute isch-
emic stroke; these patients were randomly treated with BPS
plus aspirin or aspirin alone. The therapeutic efficacy, adverse
effects, and renal and neurological outcomes were reported.

Material and Methods

Patients

In all, 308 patients with acute ischemic stroke were recruited
for a double-blind trial of antiplatelet therapy using combina-
tion of beraprost sodium (BPS) and aspirin versus aspirin alone.
Patients were included based on the following criteria: 1) pa-
tients suffered from large-artery atherosclerosis (LA) and small-
artery occlusion lacunar (SA) according to the TOAST classifica-
tion for ischemic stroke; 2) first onset of stroke and admitted
to our hospital; and 3) treated within 72 hours after the onset
of cerebral infarction. We excluded patients with coagulation
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disorder, patients with hemorrhage in digestive tract or other
parts of the body, patients with severe liver and renal insuffi-
ciency, and patients with malignant tumor, trauma, or surgery.
The inclusion and exclusion criteria are listed in Table 1. The
study was approved by the Institutional Ethics Committee, and
informed consent was obtained from all patients.

Treatment

The 308 patients with acute cerebral infarction were random-
ly divided into two groups: the experimental group (n=154),
treated with BPS (40 pg, tid) and aspirin (100 mg, qd); and
the control group (n=154), treated with 100 mg of aspirin,
qd). All patients were treated with aspirin within 72 hours af-
ter the onset of cerebral infarction. The antiplatelet therapy
remained unchanged till six months after hospital discharge.
Besides the antiplatelet treatment, patients received regular
treatments such as lipid regulation, free radical scavenging (30
mg of edaravone, intravenously, bid) and regulation of blood
pressure and blood glucose. The average hospitalization days
for each group were 14.2+3.5 days.

Study design and biochemical analysis

The levels of serum creatinine (Cr), prothrombin time (PT), ac-
tivated partial thromboplastin time (APTT), and fibrinogen (Fib)
were measured at admission, and at two weeks, one month,
and six months of treatment. The National Institute of Health
Stroke Scale (NIHSS) was used to evaluate neurological func-
tion after anterior circulation infarction (ACI). Functional abil-
ities of stroke patients were recorded using the Barthel index
(BI) at admission and during follow-up. The adverse effects
were also recorded. Glomerular filtration rate was calculated
using the simplified MDRD equation:

GFR (mL/min/1.73m?)=186x(Scr)1%*x(age)°2%x(0.742 female)
Statistical analysis

Statistical analysis is processed by SPSS 18.0, and quantitative
data are presented by mean + standard deviation (mean +SD).
Repeated measures analysis of variance was used to compare
the differences between the two groups. Relapse-free survival
rate was compared by Kaplan-Meier test. Probability value of
p<0.05 was considered to be significantly different.

Results

Initial patient characteristics

At onset of the study, no significant difference existed in pa-
tient characteristics such as age, gender distribution, and
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Table 1. Characteristics of participants at the onset of ACI.

Parameter Treatment group (n=154)
Age (years) 66.6+12.1
CGender
”””” male o
”””” Female e
ew 2534386
HWypertension s
Diabetes 55
CBlood lpids
o sisian
”””” o 33:00
”””” WL 123020
CSmoking 4
AMcoholuse v
Coronarydisease - 5
| TOAST dlassification
”””” w
”””” A &
"""" Embolic stoke 35
~ Thrombotic stroke 1o
NIHSS score 4.66+3.58
e 820211672
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Control group (n=154) t/y? p Value
67.1+11.5 0.37 0.71
w0 012 073
64 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
""""""""" 2468392 016 087
"""""""""""" s 129 026
s 094 033
 samzs 165 009
C zesis 148 03
""""""""" 112:041 240 013
""""""""""""" % o1 069
""""""""""""" 2 oo o087
""""""""""""" 2 o1 06
w 047 049
89 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,, 2 8
"""""""""""" 2w
4.99+3.47 0.82 0.41
"""""""" 8039r1676 0243 062

LA — large-artery atherosclerosis; SA — small-artery occlusion lacunar.

body mass index (BMI) as shown in Table 1. The treatment
group includes 154 patients (male, 94), with the average age
of 66.6+12.1 years (range: 40-80 years). The control group
also contains 154 patients (male, 90), with the average age
of 66.6+12.167.1+11.5 years (range: 40-85 years). The distri-
bution of patients with hypertension, diabetes, and coronary
disease was similar when comparing the two groups (Table 1).
Moreover, the neurological function and functional abilities
were without significant differences according to NIHSS and
Barthel index (BI) at admission.

Recurrence and death

After six-month follow-up, cerebral infarction recurrence was
reported in three cases in the treatment group and four cases
recurrence in the control group. No significant difference was
found in the relapse-free survival rate between the treatment

group (98.1%) and the control group (97.4%) (Table 2, Figure 1).
One patient died from AIS in the control group.

Renal function, neurological function, and functional
abilities during follow-up

Glomerular filtration rate was calculated using the simplified
MDRD equation, and was used to evaluate renal function. In
our study, we found that the GFR in the BPS-aspirin group was
significantly higher than the aspirin group (p<0.05) (Table 3,
Figure 2). Neurological function was evaluated by NIHSS. As
shown in Table 4 and Figure 3, NIHSS score was significant-
ly reduced after BPS-aspirin treatment compared with aspi-
rin alone (p<0.001). Moreover, we used the Barthel index (BI)
to measure the functional abilities of stroke patients. Our re-
sults showed that after the six-month treatment, the Barthel
index was significantly elevated in the treatment group using
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Table 2. Patients with recurrence of cerebral infarction.
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Patients with recurrence of ischemic stroke

Two weeks (n)

One month (n) Six month (n) Total (n)

Treatment group = 0

Control group = 1

Beraprost sodium + Aspirin

I

Aspirin

I o 4
~ o 1)
H 7 1

o
[N}
h

Proportion free of recurrent ischemic stroke

P>0.05

=3
o

2.0 3.0 4.0 5.0 6.0

Time (months)

g
o
o

77.50

75.001 Beraprost sodium -+ Aspirin
£
E 72501 Aspirin
S

70.00

67.50 P<0.05

0 0.5 2.0 1 6

Time since hospitalized (months)

Figure 1. Patients with recurrence of cerebral infarction.

Figure 2. GFR for treatment group (beraprost sodium (BPS) plus
aspirin) and control group (aspirin).

Table 3. GFR for treatment group (BPS-aspirin) and control group (aspirin).

GFR Treatment group

66.40+20.86

At admission

Control group F p
67.52+21.96

**p<0.01 vs. control group.

BPS plus aspirin, compared with the control group treated with
aspirin (p<0.001) (Table 5, Figure 4).

Blood coagulation and adverse events

After six-months of treatment, the function of the coagulation
system was assessed using aPTT (activated partial thrombo-
plastin time), PT (prothrombin time, also used to determine
INR) and fibrinogen testing. Our results showed that no signif-
icant difference was found in patients treated with BPS plus
aspirin compared with aspirin alone in the function of the co-
agulation system (Table 6), suggesting that BPS plus aspirin
treatment did not increase the risk of bleeding. Serious adverse
events did not occur in either group. Facial flushing (one case)

and mild gastrointestinal reaction (one case) were found in the
treatment group without influencing treatment.

Discussion

In the present study, patients with ischemic stroke who un-
derwent randomization within 48 hours after symptom onset
were treated with either a combination of beraprost sodium
(BPS) and aspirin or aspirin alone during the hospitalized pe-
riod and the six-month follow-up. We found that the combi-
nation of BPS and aspirin was not superior to aspirin alone
in reducing the recurrence of cerebral infarction or death.
However, BPS plus aspirin treatment could improve renal and
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Table 4. NIHSS score for treatment group (BPS-aspirin) and control group (aspirin).

NIHSS score Treatment group

Control group

At admission 4.97+3.55 4.66+3.58

2 weeks 2.97+2.51* 3.64+2.27

1 month 1.55+1.87*** 3.12+1.83

6 months 1.0541.52*** 2.79+1.76

25.828 <0.001
*p<0.05, *** p<0.001 vs. control group
2 5 100
E _
£ ¢ = 9% rost sodium + Aspirin
2 = Aspirin %
sg 2
22 3 = 90
= Beraprost sodium + Aspirin = -
é P P &S Aspirin
g 2 £ &
2 P<0.05
= : P<0.05
B . . . : 80+ ' '
0 0.5 1 6 0 6
Time since hospitalized (months) Time since hospitalized (months)

Figure 3. NIHSS score for treatment group (beraprost sodium
(BPS) plus aspirin) and control group (aspirin).

Figure 4. Barthel index (BI) for treatment group (beraprost
sodium (BPS) plus aspirin) and control group (aspirin).

Table 5. Bl for treatment group (BPS-aspirin) and control group (aspirin).

Bl Treatment group
At admission 82.05+16.68
6 months 80.45+16.61***

Control group F p
98.08+5.34
"""""" 90.26:883
"""""""""""""""""""""""""""" 18581 <0001

Kk

p<0.001 vs. control group.

neurological function without increasing the risk of bleeding
and other adverse events.

Prostacyclin (PGI2), released from vascular endothelial cells, could
inhibit platelet aggregation, vasoconstriction, and smooth mus-
cle cell proliferation. BPS is a stable and orally available PGI2 an-
alogue. Tanaka et al. reported that BPS could prevent microcir-
culatory derangement in cerebral ischemia in rats [7]. BPS has
been reported to prevent the development of arterial stiffness in
elderly patients with cerebral infarction [11]. However, the role
of BPS in the anti-platelet therapy in acute ischemic stroke (AIS)
has been less reported. Considering the anti-aggregating effects
of aspirin are relatively weak, the effect of the combination of
BPS and aspirin was evaluated in this study. This combination
is considered to be relatively safe because BPS and aspirin do

not cause synergistic reactions. In this study, although BPS plus
aspirin did not significantly reduce the recurrence of cerebral
infarction or death compared with aspirin alone, the incidence
of patients with hemorrhagic complications was similar in both
groups. This result suggests that the combination of BPS and
aspirin did not increase the risk of bleeding.

In our study, we found that the GFR after BPS plus aspirin treat-
ment was significantly higher than the GFR after treatment with
aspirin alone. It is an important consideration that patients with
AIS often suffer from hypertension and diabetes, conditions
which increase the risk of cerebrovascular disease. Moreover,
hypertension and diabetes also increase the risk of secondary
renal function damage. It has reported that PGI2 could improve
renal function through antiplatelet and blood vessel dilation to
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Table 6. Function of the coagulation system.

Treatment group

PT (s)
© Atadmission 1is0
""""""" Jweeks 11413
""""""" Tmonth  112¢13
~ emonths 112:13
""""" PTG
~ Atadmission 288:43
""""""" Jweeks 28533
""""""" Tmonth  285:32
~ 6months 84832
""""" Foigl)
© Atadmission 3309
""""""" Jweeks 3310
""""""" tmonth 3209
© emonths 33:09
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Control group F p

APTT — activated partial thromboplastin time; PT — prothrombin time; Fbi — fibrinogen.

increase the blood perfusion of renal tubular capillary. This could
alleviate tubule interstitial hypoxia-ischemia and improve re-
nal function [12,13]. However, aspirin could cause a reduction
of prostaglandin, which may then reduce glomerular filtration.
Therefore, the combination of BPS and aspirin could compen-
sate for the aspirin-induced reduction of endogenous PGl and
alleviate the adverse effects of aspirin in renal function.

The neuro protective role of BPS has been mainly reported
in animal studies; the underlining mechanisms include BPS-
induced dilation of blood vessels, anti-platelet aggregation,
reduction of oxidative stress injury, and protection of reper-
fusion injury [10,14]. A double-blind, randomized clinical trial
carried out by Rasmussen et al. in 2015 aimed to investigate
whether prostacyclin could prevent cerebral vasospasm [15],
but no positive results have been obtained yet. In our study,
we found that the NIHSS score was reduced after treatment
in both groups. The combination of BPS and aspirin signifi-
cantly improved the neurological function compared to aspi-
rin alone. Moreover, the functional abilities of stroke patients
in daily life were significantly improved by BPS plus aspirin
compared with aspirin alone after six-months of treatment.
This may be related to the promotion of neural functional re-
covery by BPS. However, we found no significant difference in
the recurrence rate of ischemic stroke between the two groups,
which may be associated with the relative short follow-up pe-
riod or the relative small number of patients involved. Thus,
this study cannot provide valid evidence for whether BPS can

be used for secondary prevention of ischemic cerebrovascu-
lar diseases. Further study with more participants and longer
follow-up is needed to validate the role of BPS in the preven-
tion of secondary ischemic stroke.

In our study, among the 154 patients in the BPS plus aspirin
group, only one patient had slight facial blushing, and one pa-
tient had mild gastrointestinal reaction. These side effects did
not influence treatment. Bleeding and other severe adverse ef-
fects were not found in any patients during the six-month fol-
low up period, and no significant difference was observed in
the coagulation function between the two groups. These results
further suggest that the use of BPS in acute phase and conva-
lescence does not increase the risk of bleeding. The safety of
long-term use of BPS needs further long-term follow-up study.

Conclusions

In our trial involving patients with acute cerebral infarction,
BPS plus aspirin was not found to be superior to aspirin in re-
ducing the recurrence of cerebral infarction or death. However,
BPS plus aspirin treatment could improve renal function and
neurological function without increasing the risk of bleeding.
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