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Objective: Sarpogrelate is a selective serotonin/5-hydroxytryptamine 2A receptor antagonist used in themanagement of peripheral
artery disease (PAD). The drug has emerged as a promising choice for medical management post-endovascular therapy (EVT) due to
its anti-platelet aggregation, vasoconstriction, and anti-vascular smoothmuscle proliferation properties. The aim of themeta-analysis
is to evaluate the efficacy and safety of sarpogrelate-based APT following arterial EVTs in PAD.
Material and methods: PubMed, Google Scholar, Scopus, and the Cochrane were systematically searched from inception to
December 2023. Any randomized controlled trial studies in English that evaluated the efficacy and safety of sarpogrelate-based APT
after EVT in patients with PADwas included. Data on the restenosis rate, target lesion revascularization (TLR), and safety parameters
were extracted and studied. The pooled differences in efficacy and safety parameters between sarpogrelate-based APT and non-
sarpogrelate-based APT was calculated using the relative risk (RR) with a 95% CI.
Results: A total of three randomized controlled trials were included out of 354 articles obtained through a literature search. No
significant differences were observed in the risk of restenosis (RR=0.74, 95%CI= 0.55–1.00, P= 0.954) and TLR (RR=0.76, 95%
CI= 0.47–1.23 , P=0.476) among patients being treated with sarpogrelate and non-sarpogrelate-based APT. Likewise,
sarpogrelate-based APT had a similar safety profile as non-sarpogrelate-based APT.
Conclusion: Sarpogrelate-based APT can be considered an effective alternative to clopidogrel-based conventional APT after
EVTs. However, there is a huge need for a larger multicenter, multinational, and multiethnic global trial with sufficient participants in
order to produce generalizable findings.
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Introduction

Peripheral artery disease (PAD) is characterized by the narrowing
and/or blockade of arteries other than the coronary arteries. PAD

can present in different patterns with the involvement of various
upper and lower limb arteries, the aorta, carotid arteries, ver-
tebral arteries, celiac andmesenteric arteries, and renal arteries[1].
PAD affects more than 200 million people worldwide[2]. PAD is
also associated with coronary artery disease (CAD) and cere-
brovascular disease due to the sharing of risk factors such as
smoking, dyslipidemia, hypertension, hyperglycemia, etc[3]. As
the burden of risk factors increased, the number of patients with
PAD increased by up to 28.7% in low- and middle-income
countries. When present, PAD first manifests as intermittent

HIGHLIGHTS

• Sarpogrelate-based APT has a similar restenosis rate as
non-sarpogrelate-based APT after EVT in PAD.

• Sarpogrelate-based APT has a similar target lesion revas-
cularization as non-sarpogrelate-based APT after EVT
in PAD.

• The safety profile of sarpogrelate-based APT is comparable
to non-sarpogrelate-based APT in PAD following EVT.

• A larger multicenter, multinational, and multiethnic global
trial to demonstrate the efficacy and safety of sarpogrelate-
based therapy is warranted.
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claudication, which progresses to rest pain, tissue loss, gangrene,
and ultimately results in the amputation of extremities[3–6].

In order to prevent the loss of limbs and thus-arising disability
and minimize the risk of acute cardiovascular thrombotic events in
patients with PAD, various medical and surgical strategies are
employed. One of such broad categories of interventions in PAD is
endovascular therapy (EVT), which includes techniques such as
stent insertion and balloon angioplasty. Following EVT, anti-pla-
telet therapy (APT) is recommended to prevent early thrombosis,
maintain the patency of the vessels, and also avert major adverse
cardiovascular events in the future[1,7,8]. Commonly, aspirin- or
clopidogrel-based monotherapy or double APT with both com-
bined is commonly used for these purposes. According to the 2016
American Heart Association/American College of Cardiology
(ACC/AHA) and the 2017 European Society of Cardiology (ESC)/
European Society for Vascular Surgery (ESVS) guidelines, the use of
aspirin and clopidogrel for 1–12 months, with a minimum of
1 month after EVTs, is recommended[9,10]. Despite this, the use of
clopidogrel has produced some adverse events, such as the inability
to prevent restenosis of lesions, increased bleeding propensity when
combined with aspirin, and clopidogrel resistance[11,12]. Even with
the APT, the risks of limb and cardiovascular events after the EVT
remain considerable. Adverse limb events, including revascular-
ization and acute limb ischemia, are the common reasons behind
the hospitalization of PAD patients after EVT[13,14]. Therefore, the
optimal antithrombotic agent for arterial EVTs remains undiscov-
ered. A newer anti-platelet drug, sarpogrelate, a selective serotonin/
5-hydroxytryptamine (5-HT) 2A receptor antagonist, is being
increasingly used in the management of PAD. The drug has
emerged in medical management post-EVT due to its anti-platelet
aggregation, vasodilation, and anti-vascular smooth muscle pro-
liferation properties[15,16]. Newer studies have assessed the efficacy
and safety of sarpogrelate in improving the prognosis of PAD fol-
lowing EVT. Hence, we conducted a systematic review of the
currently available literature to evaluate the efficacy and safety of
sarpogrelate-based APT following arterial EVTs in PAD.

Methods

Registration of research, quality assessment and ethical
compliance

The current systematic review was performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA, Supplemental Digital Content 1, http://links.
lww.com/MS9/A584) guidelines[17]. This review was found to be
of moderate quality as per the Assessing the Methodological
Quality of Systematic Reviews 2 (AMSTAR2, Supplemental
Digital Content 2, http://links.lww.com/MS9/A585) critical
appraisal tool[18]. The review was registered in the PROSPERO
register. Ethical approval and informed consent were not neces-
sary because the study was a systematic review. However, all the
primary studies included in the review were checked for ethical
approval from the review committee and informed consent from
the study participants.

Search strategy

We performed a systematic literature search of the PubMed,
Google Scholar, Scopus, and Cochrane databases to identify
relevant articles for review. Studies published in English from the

inception to December 2023 were searched for using the follow-
ing MeSH terms and keywords: “sarpogrelate”, “endovascular
therapy”, “endovascular intervention”, “arterial intervention”,
“peripheral arterial disease”, “peripheral vascular disease”, “anti-
platelet therapy”, “atherosclerosis”, “aspirin”, and “clopido-
grel”. The last search was conducted on January 1, 2024. The
PubMed search and Embase search were conducted after the
identification of corresponding appropriate MeSH terms and
Emtree terms, respectively. Boolean operators “OR” and “AND”

were used as required between the MeSH and Emtree terms to
search for the articles in each database. The detailed search
strategy is provided in the Supplementary File, Supplemental
Digital Content 3, http://links.lww.com/MS9/A586. We also
sought the reference list of each of the included studies to identify
other potential articles of interest.

Study selection criteria

The selection process involved an assessment of the abstracts and
the content of the articles using the following inclusion criteria:
(1) randomized controlled trial studies in English that evaluated
the efficacy and safety of sarpogrelate-based APT after EVT in
patients with PAD; (2) reported on at least one parameter of
either efficacy or safety of sarpogrelate-based APT.

The exclusion criteria were: (1) studies of the use of sarpo-
grelate in patients with conditions other than PAD; (2) case series,
letters, commentaries, and review articles, and; (3) missing or
insufficient data on the outcomes, and full-text irretrievable
articles.

The selection of the studies for systematic review was per-
formed independently by two separate reviewers. Any disagree-
ments in the study selection were resolved through the discussion
among all the authors. Additionally, we used Endnote 20.0.1
Library to remove any duplicate articles.

Data extraction

A data extraction spreadsheet was created on Microsoft Excel
version 2016 (Microsoft Corp.) to extract the data under differ-
ent headings as follows: author, publication year, study country,
study design, age, sample size, comparator/control drug, rest-
enosis rate, target lesion revascularization (TLR), amputations,
bleeding complications, overall mortality rates, and mis-
cellaneous adverse drug reactions.

The parameters of the efficacy of sarpogrelate-based APT were
restenosis rate and TLR. Restenosis was defined as greater than
50% luminal reduction of the initially treated PAD lesion on
angiography or peak systolic velocity greater than 2.5 on duplex
ultrasound at follow-up. TLR was defined as the need for sub-
sequent intervention in the previously treated patient due to
restenosis. Other endpoints of sarpogrelate-based therapy dis-
cussed in our review included frequency of amputations, bleeding
complications, overall mortality rates, and miscellaneous adverse
drug reactions in patients after EVT.

Risk of bias assessment

We used the Cochrane risk of bias tool in order to assess the
quality of the RCTs included in our review. The tool comprises a
total of seven items: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
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reporting, and other biases. Each item was divided into low-risk,
unknown, and high-risk[19]. The assessment of the included stu-
dies was calculated independently by two separate reviewers. Any
dilemmas regarding the quality assessment were resolved with the
discussion among the authors.

Data analysis and synthesis

We used STATA version 16.0 (StataCorp) for statistical analysis.
We calculated the pooled difference in restenosis rate, TLR, rate
of amputations, bleeding events, adverse drug reactions, and
mortality between sarpogrelate-based APT and non-sarpo-
grelate-based APT using the relative risk (RR) with a 95%CI.We
pooled data using either a random-effects or fixed-effects model.
We evaluated the statistical heterogeneity across the selected
studies using the I2 index (0–40%: not important; 30–60%:
moderate heterogeneity; 50–90%: substantial heterogeneity;
75–100%: considerable heterogeneity)[20]. When I2 index was
50% or less, meta-analysis was performed using a fixed-effect
model. We applied DerSimonian and Laird’s random-effects
model to conduct the analysis when I2 was greater than 50%.We
generated forest plots with 95% CIs to illustrate the overall
weighted mean estimations. Additionally, we performed a sensi-
tivity analysis by omitting each individual study sequentially to
check the stability and robustness of the pooled outcomes.

Results

Study characteristics

Our literature search identified 354 articles, of which three[21–23]

(569 participants) met the eligibility criteria andwere included in the
systematic review and meta-analysis. The results of the study selec-
tion are shown in Figure 1. Chen et al.[21] and Han et al.[22]

compared the safety and efficacy of sarpogrelate-basedAPTwith the
conventional clopidogrel-based APT whereas Soga et al.[23] com-
pared the sarpogrelate-based therapy with the non-sarpogrelate-
based APT in PAD patients. All of the included studies consisted of
subjects who underwent femoropopliteal EVT. All three studies
were conducted in Asian population from South Korea, China, and
Japan. The follow-up period of the study ranged from 6months to a
year. The characteristics of the included studies are briefly provided
in Table 1.

Efficacy of sarpogrelate in PAD following EVT

All three studies included in this review measured the efficacy of
sarpogrelate in PAD after EVT in terms of restenosis rate/patency
rate, target lesion revascularization (TVR), and amputation
events post-EVT. Primary patency was defined as the state of a
treated vessel with no restenosis or repeat vascularization at fol-
low-up. The frequency of restenosis in both groups was deter-
mined by subtracting the number of primary patent cases from
the total number of cases.

Restenosis rate

All of the included studies have reported the restenosis rate as a
parameter of the efficacy of the use of sarpogrelate after EVT.
Two RCTs, each by Han et al.[22] and Chen et al.[21], compared
the restenosis rate between sarpogrelate-based APT and con-
ventional clopidogrel-based APT. On the other hand, an open-

label RCT by Soga et al.[23] reported the primary patency as a
primary measure of the efficacy of sarpogrelate-based APTs and
compared it with the non-sarpogrelate-based APTs. The meta-
analysis showed no significant differences in the risk of restenosis
among patients being treated with sarpogrelate and non-sarpo-
grelate-based APT (RR= 0.74, 95% CI= 0.55–1.00 I2= 0%,
P= 0.954) (Fig. 2).

Target lesion revascularization (TLR)

TLR is the next common parameter utilized by the studies to
compare the efficacy of sarpogrelate-based APT with conven-
tional APT. The incidence of TLR in femoropopliteal lesions was
not statistically different between the experimental group and the
control group, according to all three RCTs[21–23]. The meta-
analysis showed no significant differences in the risk of TLR
among patients being treated with sarpogrelate and non-sarpo-
grelate-based APT (RR= 0.76, 95% CI= 0.47–1.23 I2= 0%,
P= 0.476) (Fig. 3).

Amputation and amputation-free survival

Three RCTs included in our review have also compared the
occurrence of amputations between the experimental (sarpo-
grelate) group and the control (clopidogrel) group. None of the
RCTs showed statistically significant differences in the rates of
amputation between the two groups. Overall, the risk of ampu-
tation in patients taking sarpogrelate-based APT after EVT is
minimal and comparable to that in patients taking clopidogrel-
based APT (RR= 0.62, 95% CI= 0.10–3.77, I2= 24.9%,
P= 0.249).

Safety of sarpogrelate in PAD following EVT

The safety of sarpogrelate-based APT has been assessed by all
studies selected in this review. Studies have reported the safety of
sarpogrelate in terms of bleeding, all-cause mortality, and mis-
cellaneous serious adverse events.

Risk of bleeding

The risk of bleeding with the use of sarpogrelate is inconsistent in
the literature. The first RCT by Soga et al.[23] observed a sig-
nificantly higher incidence of serious bleeding in the sarpogrelate
group compared to the clopidogrel group. The study recom-
mended against using sarpogrelate as a first-line anti-platelet drug
after EVT due to its potential to cause life-threatening bleeding.
On the other hand, two subsequent RCTs by Chen et al.[21] and
Han et al.[22], demonstrated that the risk of bleeding in sarpo-
grelate users is not different from the clopidogrel users. The
pooled analysis also confirmed that there is no statistically sig-
nificant differences in the risk of bleeding between sarpogrelate
users and non-sarpogrelate users (RR=0.64, 95% CI=
0.05–8.97, I2= 58%, P= 0.098). The forest plot of the pooled
analysis is provided in the Supplementary File, Supplemental
Digital Content 3, http://links.lww.com/MS9/A586.

All-cause mortality

The all-cause mortality rate in patients taking sarpogrelate after
EVT is minimal and comparable to that in patients taking con-
ventional APT. Overall, pooled analysis demonstrated that all-
cause mortality was similar between the experimental group and
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the control group in all three RCTs included in this review
(RR=1.52, 95% CI= 0.55–4.24, I2= 0%, P= 0.476). The
forest plot of the pooled analysis is provided in the
Supplementary File, Supplemental Digital Content 3, http://links.
lww.com/MS9/A586.

Miscellaneous adverse drug reactions to sarpogrelate

The data regarding adverse drug reactions to sarpogrelate in PAD
patients after EVTs is trifling in the published literature.
According to two trials that assessed adverse drug reactions to
sarpogrelate-based APT, such reactions are rare[21,22]. Most of
the adverse drug reactions were mild and did not require mod-
ification or discontinuation of the treatment. Chen et al.[21]

reported a single case of severe gastrointestinal discomfort in the
sarpogrelate group for which the drug had to be discontinued.

Even though the rate of discontinuation of medication due to
adverse reactions was lower in the sarpogrelate group than in the
clopidogrel group, the difference was not significant. Another
trial also reported a few instances of constipation, gastritis, and
ileus in sarpogrelate users[22].

Risk of bias and sensitivity analysis

The selection bias was variable throughout the studies. The RCTS
had low, high or unknown risk of selection bias. The risk of
performance bias was found to be high in all three RCTS.
However, the studies had relatively low detection and attrition
bias. However, an unknown risk of reporting bias and other
study biases existed in all included studies. The details of the risk
of bias assessment are given in Appendix 2 of Supplementary File,
Supplemental Digital Content 3, http://links.lww.com/MS9/

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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A586. The sensitivity analysis showed that the recalculated
relative risk after removing each study by the leave-one-out
method was similar, which indicates the stability of the analysis.
The details of the sensitivity analysis are given in Appendix 3 of
Supplementary File, Supplemental Digital Content 3, http://
links.lww.com/MS9/A586.

Discussion

To the best of our knowledge, this is the first systematic review
and meta-analysis to evaluate the efficacy and safety of sarpo-
grelate-based APT in PAD after EVTs. The analysis showed that
there are no statistically significant differences in all three major
efficacy parameters; restenosis, TLR, and amputation events. In
addition to this, the safety profile of sarpogrelate-based APT is
comparable to that of non-sarpogrelate-based APT.

Sarpogrelate (Fig. 4) is a selective 5-hydroxytryptamine
receptor subtype 2A (5-HT2A) antagonist drug that was
first described in 1990[15,24]. At higher concentrations, sarpo-
grelate can bind to 5-HT1, alpha-, and beta-adrenergic receptors.
5-HT-mediated actions are prominent in platelet aggregation,
vasoconstriction of arteries, and proliferation of aortic and
coronary vascular smooth muscles in the body. Owing to its
positive effect on platelet aggregation and vasoconstriction of
collateral vessels, 5-HT is believed to play a role in the patho-
genesis of PAD[15,25,26].

Platelets store serotonin, or 5-HT, which gets released upon
their disruption. As a result, the released 5-HT acts on the pla-
telets’ 5-HT2A receptors to induce platelet aggregation.
Sarpogrelate selectively antagonizes the receptor, which leads to
inhibition of platelet aggregation. The anti-aggregation effect of
the drug is complemented by simultaneous inhibition of the
release of p-selectin from the platelets[15,16]. However, sarpo-
grelate has no effect on platelet adhesion, cAMP levels, or the
production of thromboxane A2. On the other hand, 5-HT2A

receptor-mediated vasoconstriction of vascular smoothmuscle is
an important step in thrombosis. Sarpogrelate, being a 5-HT2A

antagonist, is believed to have a role in PAD, owing to inhibition
of both of these responses[15,27]. In experimental arterial
thrombosis created in studies, sarpogrelate reduced thrombus
formation and even prolonged the time required for occlusion of
the arteries[28].

Apart from anti-platelet action, sarpogrelate has been shown
to inhibit 5-HT-induced proliferation of aortic and coronary
artery smooth muscle cells in animal studies. However, no effect
on proliferative action mediated by platelet-derived growth
factor, endothelin, or angiotensin-II was observed in the
studies[26,29,30]. 5-HT also plays a role as a mitogen in stimu-
lating the growth of collaterals following an acute thrombo-
occlusive event. Other smooth muscle cells, like cardiomyocytes
and mesangial cells, also showed a reduction in mitogenesis
when sarpogrelate was used in cultured rat cells[31,32].

A gradual and progressive occlusion of major arteries in the
lower extremities due to atherosclerosis entails the pathogenesis
of PAD. The use of sarpogrelate as a part of medical therapy in
PAD has been shown to improve peripheral perfusion and reduce
the levels of IL-6 and hs-CRP, which are the molecular markers of
atherosclerosis[33]. Sarpogrelate has shown a reduction in the
progression of induced PAD lesions as well as suppression of
thrombotic infarction in rat models[34]. Likewise, cholesterol-rich
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diet-induced atherosclerosis was reduced by treatment with a
combination of vitamin E and sarpogrelate in rabbit models.
Restenosis of lesions of PAD following EVT intervention in ani-
mal models was also reduced by the drug, and the reduction was
greater in cholesterol-fed animal models[24,35].

The trials included in the systematic review were able to
demonstrate sarpogrelate-based APT as a non-inferior alternative
regimen to conventional APT in PAD after EVTs. In addition to
this, Han et al.[22] undertook subgroup analysis to understand the
effect of various sociodemographic, lifestyle, severity of PAD, and
treatment factors on the restenosis rate. Most of the factors, such
as sex, smoking, diabetes mellitus, use of statins and other APs,
use of hemodialysis, diameter and length of stent, Rutherford
classification of lesions, etc., had no influence on the occurrence
of restenosis in the participants. However, patients with con-
comitant CAD had significantly higher restenosis rates when kept
on sarpogrelate-based APT as compared to clopidogrel-based
APT. The exact reason behind this intriguing outcome of this
study is obscure, but a large-scale study is warranted to further
explore this concept. The rates of primary patency of PAD
patients on sarpogrelate-based APTs were higher than other

APTs, but the difference was not statistically significant. This trial
shows that the sarpogrelate-based APT is comparable in efficacy
with conventionally used APT for patients who have undergone
EVT. Guo et al.[36] also reported no significant differences in the
restenosis rates between the patients treated with sarpogrelate
and non-sarpogrelate-based APT for carotid stenosis after EVT.

Amputation of extremities is a life-saving therapeutic strategy
for severe PAD, but it is also a marker of poor cardiovascular
outcomes. Takahara et al.[37] are the first to study the risk of
amputations and rates of amputation-free survival in patients
taking sarpogrelate post-EVT for limb-threatening ischemia. The
study demonstrated a significantly higher amputation-free sur-
vival rate in the sarpogrelate group than their matched controls.

Only Soga et al.[23] reported a higher risk of bleeding in the
sarpogrelate-based APT group as compared to controls receiving
conventional APT. The higher risk observed in their trial could be
attributed to “too small” sample sizes that increase type II error.
Additionally, Guo et al.[36] reported no cases of severe bleeding in
patients taking sarpogrelate after EVT for carotid stenosis. The
same study reported a few cases of general bleeding, which were
numerically lower than the clopidogrel group but not statistically

Figure 2. Meta-analysis of restenosis.

Figure 3. Meta-analysis of target lesion revascularization.
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different. Hence, it is safe to say from these studies that the risk of
general or major bleeding in sarpogrelate users is either less or
equal to that of clopidogrel users.

A newer sustained-release formulation of 300 mg sarpogrelate
for once-daily usage can improve convenience and enhance
medication adherence in patients. Additionally, the cost of sar-
pogrelate is lower in comparison to clopidogrel (USD 0.92 vs.
USD 1.02 per tablet) in countries like Korea, where the FDA has
approved its usage[38]. However, the data regarding the efficacy
and safety of sarpogrelate is still limited. There are a few limita-
tions to the current systematic review and meta-analysis. The
major limitation is the limited availability of data to evaluate the
efficacy and safety of sarpogrelate-based APT. The limited data
also barred subgroup analysis and publication bias assessment of
the data. The pooled results may not be generalizable and reliable
since only three RCTs have been conducted on a small sample size
in a specific population from three Asian countries.

Conclusion

Our review has shown that sarpogrelate-based APT is as effica-
cious and safe as conventional APT after EVTs in patients with
PAD. However, there is a need for a larger multicenter, multi-
national, and multiethnic global trial with sufficient participants
in order to produce generalizable findings.
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