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Abstract 

Ischemic cerebrovascular disease (ICVD) is a major cause of mortality and disability worldwide and is often caused by 
atherosclerosis. As a systemic disease, atherosclerosis usually affects multiple vascular beds, mainly including cerebral, 
coronary, and peripheral arteries. Therefore, ICVD is easily complicated by lower-extremity peripheral arterial disease 
(PAD). ICVD patients with PAD have more serious symptoms and a worse prognosis, however, neurologists might 
neglect the evaluation and management of the coexistent PAD, and there is still a lack of consensuses about the diag‑
nosis and treatment for such patients. By summarizing relevant research progresses, this review showed that duplex 
ultrasound had more advantages in the early screening and evaluation of PAD in ICVD patients among multiple meth‑
ods to diagnose PAD. Furthermore, the current evidence seems to support that single-drug antiplatelet can be used 
as the basic treatment, and new antithrombotic strategies, such as ticagrelor only or aspirin combined with low-dose 
rivaroxaban are expected to further reduce the incidence of stroke for ICVD patients with PAD. More effective treat‑
ments would be explored by large-scale trials to guide the clinical management to prevent secondary stroke for such 
patients.
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Background
Ischemic cerebrovascular disease (ICVD) does great 
harm to human health with a mortality rate of 20% and 
a disability rate of 55% [1, 2], and is often caused by cer-
ebral arteries atherosclerosis (AS). As a systemic disease, 
AS commonly affects multiple vascular beds, mainly 
including cerebral, coronary, and peripheral arteries [3]. 
Therefore, ICVD is easily complicated by lower-extrem-
ity peripheral arterial disease (PAD) [4]. PAD usually 

refers to atherosclerotic lesions involving iliac, femo-
ral, and lower-extremity arteries [5]. It is estimated that 
approximately 200 million people are suffering from 
PAD around the world, and its prevalence is still rising 
[6]. Clinical studies have clarified that about one-fifth of 
ICVD patients have PAD [7], and ICVD patients  with 
PAD have more serious symptoms and worse prognosis 
[3, 8, 9]. There will be problems in the systematic diagno-
sis and treatment of ICVD patients with PAD. However, 
neurologists tend to only focus on the treatment of ICVD 
and might neglect the coexisting PAD. Besides, although 
PAD diagnosis and treatment guidelines have been pub-
lished internationally, there is still a lack of consensuses 
in the systematic management of ICVD patients with 
PAD. The most reasonable method for early screening 
of PAD among ICVD patients is not clear, and the opti-
mal antithrombotic strategy remains controversial. We 
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reviewed and analyzed current literature and discussed 
the relevant diagnostic and therapeutic regimens for such 
patients to provide some reference for clinical practice.

Impact of the coexisting PAD on the severity 
and prognosis of ICVD patients
It seems that PAD is increasingly common [6]. Large-
scale studies among general population showed that 
the prevalence of PAD is about 2.9–4.1%, which is not 
significantly lower than the 3.9–6.7% of ICVD [10–12]. 
The coexistence rate of PAD and ICVD is also relatively 
higher because atherosclerotic diseases share similar risk 
factors, such as hypertension, diabetes, hyperlipidemia, 
and smoking [13]. The current research suggested that 
about 12.2–18% of ICVD patients were complicated 
by PAD [4, 7, 14], and about 20–23.3% of PAD patients 
also had ICVD [10, 15]. The prevalence of PAD in ICVD 
patients is much greater than that in the general popu-
lation, which needs full attention because such patients 
have a poor prognosis. The REduction of Atherosclero-
sis for Continued Health (REACH) registry was a mul-
ticenter cohort study involving 67,888 patients, and all 
patients had stable vascular diseases (coronary artery 
disease (CAD), ischemic stroke (IS), transient ischemic 
attack (TIA), or PAD), or multiple vascular risk factors. 
The results showed when patients had polyvascular dis-
eases, including ICVD coexisting with PAD, the 3-year 
rates of vascular death increased by 4%, and the primary 
endpoints (myocardial infarction (MI), stroke, or vascular 
death) increased by 7% when compared with single-bed 
disease [7]. ICVD patients with PAD having a higher inci-
dence of vascular events could be explained by the sever-
ity of cerebral artery AS. A cross-sectional study included 
106 IS patients found that the number of patients with 
moderate (50–69%) and severe (70–100%) intracranial 
artery stenosis (ICAS) in PAD group was significantly 
higher than that in PAD free group (35.7% vs 4.3%, 
P < 0.01), an only PAD was independently associated with 
increasing ICAS grades (OR: 4.32, 95% CI 1.35–13.80; 
P = 0.013) [16]. ICAS is a major cause of stroke occur-
rence and recurrence [17], so patients with more severe 
ICAS may have a higher probability of recurrent stroke. 
A meta-analysis addressed 11 studies with a total of 5374 
IS or TIA patients, and the results showed that PAD was 
associated with an increased risk of stroke recurrence 
(HR: 1.70, 95% CI 1.10–2.64) and vascular events or vas-
cular death (HR: 2.22, 95% CI 1.67–2.94) [18]. In addi-
tion, ICVD was positively correlated with the severity 
of PAD. The Examining Use of Ticagrelor in Peripheral 
Artery Disease (EUCLID) trial included 13,885 sympto-
matic PAD patients, and the ankle brachial index (ABI) 
was measured in all patients. ABI measurement is one 
of the screening methods for PAD, ABI less than 0.9 can 

establish the diagnosis and a lower ABI often means a 
more serious PAD [19]. It was found that patients with 
severe PAD (baseline ABI < 0.60, prior amputation, or 
critical limb ischemia) had a higher incidence of stroke 
than patients with ABI < 0.9 (P = 0.005), and lower ABI 
was independently associated with the occurrence of all-
cause stroke [20]. The conclusion may be explained by 
the risk factors leading to the PAD progression, such as 
age, smoking, diabetes, and dyslipidemia overlap with the 
risk factors of ICVD [21], but research is still needed to 
further explore the relevant mechanisms.

Overall, about one-fifth of ICVD patients suffer from 
PAD, and ICVD patients  with PAD have more serious 
symptoms and a worse prognosis. At present, PAD has 
been regarded as a risk-enhancing factor in the progres-
sion of atherosclerotic diseases [22], and neurologists 
should attach importance to the early screening and 
evaluation of PAD in ICVD patients. However, the most 
appropriate screening method is still controversial.

Early screening methods for PAD in ICVD patients
When ICVD patients come to a neurologist, some clini-
cal manifestations of PAD could be easily neglected 
because they are not related to their specialty. Neu-
rologists should be aware of the typical symptoms and 
physical examination manifestations of PAD, such as 
intermittent limb pain, claudication, chronic rest pain, or 
a weak lower-extremity arterial pulsation. ICVD Patients 
with such manifestations should be actively carried out 
relevant examinations to clarify the diagnosis of PAD 
[23].

There are multiple methods to diagnose PAD, includ-
ing ABI, duplex ultrasound (DUS), computed tomog-
raphy angiography (CTA), magnetic resonance 
angiography (MRA), and digital subtraction angiogra-
phy (DSA). Among them, ABI and DUS are two first-
line methods for noninvasive, cost-effective, and quickly 
screening for PAD in large-scale populations [24, 25]. 
Although CTA and MRA are indicated for further deter-
mining the anatomic location and the severity of steno-
sis when revascularization is considered [19], they lack 
functional and hemodynamic data, contrast agents of 
CTA present potential risks, and the costs are relatively 
higher, hence, they are not suitable for PAD screening 
[26]. Although DSA remains the gold standard for PAD 
diagnosis, it is no longer regarded as a first-line method 
to diagnose PAD for its invasiveness and risk of compli-
cations [19].

ABI is the ratio between systolic blood pressures (SBP) 
measured at the ankle and brachial artery of a patient in 
the supine position [19]. ABI less than 0.9 can establish 
the diagnosis of PAD [19]. It can preliminarily evaluate 
the ischemia of peripheral arteries to reflect its perfusion 
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status as an efficient, simple, and most economic screen-
ing test [27]. The main drawback is that ABI cannot 
accurately locate the vascular lesion and is unable to 
determine the morphological changes in vessels. Its sen-
sitivity will also be significantly reduced when patients 
suffer from diseases involving small vessels, such as dia-
betes because such diseases are more likely to co-exist 
with medial arterial calcification which can prevent com-
pression and pressure measurement [28, 29]. Therefore, a 
normal ABI does not exclude the presence of PAD [27]. 
Another study reviewed the efficiency of ABI in the diag-
nosis of PAD and found that its sensitivity was between 
61–96% and the specificity ranged from 56 to 90% [30].

DUS has been increasingly used in the diagnosis of 
PAD recently because of its noninvasive, high detection 
rate, and repeatability. When compared with ABI, DUS 
can further determine vascular anatomy, hemodynamics, 
lesion morphology, and the severity of stenosis [31], and 
the results in diagnosing PAD are not easily affected by 
blood pressure (BP) fluctuation, body position, or latent 
small vessel disease [26]. Retrospective studies compared 
the efficacy of ABI and DUS in the diagnosis of PAD and 
found that in patients with lower-extremity artery steno-
sis > 50% on DUS examination, about 40% had normal/
inconclusive resting ABI [32, 33], which means that ABI 
has limited sensitivity for the detection of PAD compared 
with DUS. Some reviews concluded that the sensitiv-
ity and specificity of DUS were 79.7–97% and 88.5–99% 
respectively, which were significantly higher than the 70% 
and 90% of ABI [30, 34]. From the perspective of treat-
ment, extended AS and an increased atherosclerotic bur-
den in PAD is one of the reasons that pharmacological 
prevention of vascular events is less effective [35]. DUS 
could early identify the extension of AS and therefore 
adopt a more targeted therapeutic regime. There is no 
unified DUS diagnostic standard for PAD so far. Most 
studies measure the peak systolic velocity (PSV) of lower-
extremity artery segments through the doppler spectrum, 
and PAD can be diagnosed when the PSV at the stenosis 
is ≥ 200  cm/s or the PSV ratio ≥ 2 at the stenosis to the 
proximal [36, 37]. A reduction of arterial lumen diame-
ter ≥ 50% measured by B-mode ultrasound could also be 
taken as a diagnostic standard [30].

At present, ABI is still the main screening method for 
PAD among large sample studies internationally [23], 
which is also in line with current US and European 
guidelines [19]. However, most PAD in ICVD patients is 
asymptomatic lower-extremity arterial stenosis with an 
inferior detection rate by ABI measurement. By contrast, 
DUS can directly identify arterial intimal thickening and 
lumen stenosis and has a higher sensitivity for asymp-
tomatic patients [38]. Therefore, DUS screening may be 
cost-effective in the early identification and intervention 

of ICVD patients with PAD because of its higher sensi-
tivity and specificity and the possibility of guiding treat-
ment. The latest Chinese guideline also regards DUS as a 
first-line method for PAD screening [39]. DUS could be 
more widely used for detecting PAD in ICVD patients 
in future, and more research should be carried out to 
compare the effectiveness of DUS and ABI in screening 
PAD among ICVD patients to clarify the best diagnostic 
scheme.

Treatment strategies for ICVD patients with PAD
Management of risk factors
Traditional risk factors of PAD are similar to those of 
ICVD, mainly including hypertension, diabetes, chronic 
kidney disease, hyperlipidemia, and smoking [13]. How-
ever, although the pathophysiology underlying remains 
unclear, latest research has emphasized a differential pat-
tern between some risk factors and AS in different vascu-
lar beds [22]. Such discrepancy might lead to differences 
in BP and cholesterol management strategies between 
ICVD patients with and without PAD.

BP has an independent and continuous relationship 
with the incidence of vascular events, and hyperten-
sion is a major risk factor for ICVD and PAD [40]. A BP 
goal of < 130/80  mmHg is recommended for most neu-
rologically stable ICVD patients to reduce cardiovascu-
lar events and stroke recurrence [41]. For PAD patients, 
it is recommended to control BP at < 140/90  mmHg to 
reduce vascular events [19]. Although intensive con-
trol of SBP to 90–120  mmHg for ICVD patients does 
not increase stroke recurrence [41], reducing SBP 
to < 110–120  mmHg can lead to an increase of car-
diovascular events in PAD patients [42]. Therefore, an 
SBP > 130  mmHg or < 110  mmHg may not be appropri-
ate for most ICVD patients with PAD. To be emphasized, 
the BP goal of < 130/80 mmHg may not be applicable to 
patients with acute IS or severe large arterial stenosis 
[43], and the optimal BP target for ICVD patients with 
PAD still needs to be explored. As for drug selection in 
ICVD patients with hypertension, the latest guideline 
suggested that angiotensin-converting enzyme inhibi-
tors (ACEIs), angiotensin receptor blockers (ARBs), or 
diuretics had demonstrated benefit in randomized con-
trolled trials (RCTs) for secondary stroke prevention 
(IA) [41]. In PAD patients with hypertension, guidelines 
recommended that ACEIs or ARBs should be consid-
ered as first-line therapy because they are associated with 
decreased cardiovascular events (IIB) [24]. Hence, ACEIs 
or ARBs seem to be preferred for antihypertension in 
ICVD patients with PAD. However, there is still a lack 
of evidence from large-scale studies on the optimal BP 
target and medication management strategies for such 
patients.



Page 4 of 7Li and Ma ﻿European Journal of Medical Research           (2023) 28:93 

Cholesterol management is crucial for both ICVD and 
PAD patients. Serum low-density lipoprotein cholesterol 
(LDL-C) should be reduced to < 1.8 mmol/l (< 70 mg/dl) 
for all PAD or ICVD patients according to current guide-
lines [24, 41]. Several large RCTs including PAD subjects 
demonstrated that a further reduction of LDL-C based 
on the high-intensity statin therapy could significantly 
reduce cardiovascular or cerebrovascular events [44]. 
Proprotein convertase subtilisin/Kexin type 9 (PCSK9) 
inhibitors can further reduce LDL-C with a safety pro-
file and are associated with lower atherosclerotic vascu-
lar events in PAD patients [45]. An RCT involving 3642 
PAD patients showed that the addition of PCSK9 inhibi-
tors to high-intensity statin therapy reduced the relative 
risk of stroke by 22% (P < 0.01) [46]. Meanwhile, a recent 
meta-analysis showed that intensive cholesterol-lower-
ing therapy significantly reduced major adverse vascular 
events in patients with multivascular diseases compared 
with single vascular disease (6.5% vs 1.8%) [47]. Based on 
the research above and other evidence, the latest guide-
line for secondary stroke prevention for IS patients with 
symptomatic PAD, suggested that a PCSK9 inhibitor 
should be added if LDL-C is > 1.8  mmol/l when treated 
with high-intensity statin combined with ezetimibe [41]. 
Ezetimibe was recommended to be used before the addi-
tion of PCSK9 inhibitor to further lower LDL-C for such 
patients when LDL-C is > 1.8 mmol/l [41]. However, the 
evidence level of this recommendation is relatively low (II 
B-NR), and it is unclear whether further reducing LDL-C 
in ICVD patients with PAD can better for preventing cer-
ebrovascular events, optimal cholesterol management 
strategies for such patients still need further exploration.

Antithrombotic therapy
Increasingly evidence shows that the enhancement of 
platelet activity and atherosclerotic thrombosis have a 
significant effect on the PAD formation. Antithrombotic 
therapy has shown great benefits and plays an increas-
ingly important role in PAD management [48]. How-
ever, the plaque composition and arterial occlusion in 
the lower extremities are not equivalent to those of the 
cerebral circulation [35]. Most lesions in peripheral arter-
ies are predominantly fibroproliferative with a relatively 
small amount of lipids and inflammatory cells, which 
probably makes them more stable and less vulnerable to 
standard long-term single antiplatelet therapy (SAPT) 
[35]. Therefore, the antithrombotic strategy in PAD 
patients is still controversial, and the treatment schemes 
for symptomatic and asymptomatic patients are also 
different.

Whether antithrombotic therapy is needed in asymp-
tomatic PAD patients has not yet reached a consensus, 
and such patients are often neglected in clinical practice 

[25, 49]. One RCT included 3350 asymptomatic PAD 
patients with ABI < 0.99, and results showed that aspirin 
did not significantly reduce the incidence of cardiovas-
cular or cerebrovascular events compared with placebo 
[50]. Another study compared aspirin against placebo 
on 1,276 asymptomatic PAD patients with ABI < 1.0 and 
showed that there was no significant difference in the pri-
mary endpoint (stroke or MI or amputation) (HR 0.98, 
95% CI 0.76–1.26) [51]. However, both studies did not 
use standard ABI (< 0.9) to diagnose PAD, so a part of 
the normal population may be mixed [52]. Because most 
ICVD patients have already taken aspirin SAPT for sec-
ondary stroke prevention, there is no evidence to support 
the additional use of other antiplatelet drugs in ICVD 
patients with asymptomatic PAD. Aspirin SAPT seems 
to be reasonable, and more clinical studies are needed to 
confirm this conclusion.

Previous studies suggested that the antithrombotic 
drug  selection of symptomatic PAD patients includes 
antiplatelets and anticoagulants [53]. Antiplatelet drugs 
were shown to delay the progression of lower-extremity 
symptoms because PAD is related to abnormal platelet 
activity, excessive aggregation, and enhanced adhesion 
[54]. Antiplatelet drugs also present a protective effect 
on cardiovascular and cerebrovascular events for both 
ICVD and symptomatic PAD patients [55]. The recent 
guidelines suggest that long-term SAPT should be used 
in symptomatic PAD patients to prevent stroke (IA), 
and antiplatelet therapy could also reduce limb ischemia 
in such patients [19]. In most cases, aspirin is the first 
choice for long-term SAPT in ICVD patients [41], but 
the optimum selection for symptomatic PAD patients 
remains controversial. Previous studies found no dif-
ference in IS events between clopidogrel and aspirin 
SAPT in PAD patients, but total events (IS, MI, or vas-
cular death) in the clopidogrel group was lower (3.71% 
VS 4.86%, P < 0.01) [56]. Ticagrelor SAPT was associ-
ated with a lower adjusted rate of ischemic (HR 0.78; 95% 
CI 0.62–0.98; P = 0.032) and all-cause stroke (HR 0.80; 
95% CI 0.64–0.99; P = 0.038) than clopidogrel, although 
the primary endpoint (cardiovascular death, MI, or IS) 
was not significantly different (10.6% versus 10.8%) [57]. 
Hence, ticagrelor SAPT seems to be more effective than 
aspirin in the prevention of ICVD in patients with symp-
tomatic PAD. However, no study directly compared the 
effects of ticagrelor and aspirin in PAD patients, and 
the role of ticagrelor for secondary stroke prevention 
in ICVD patients is not well established [41], so further 
explorations are still needed.

Studies have shown that the short-term application 
of dual antiplatelet therapy (DAPT) can further reduce 
stroke recurrence compared with SAPT in mild IS or 
TIA patients. The current stroke prevention guideline 
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recommended starting short-term DAPT for such 
patients as soon as possible (IA) [41]. However, DAPT 
shows no obvious advantages over SAPT when long-
term used in ICVD patients [58]. For symptomatic PAD 
patients, two trials showed that there was no significant 
difference between aspirin combined with clopidogrel 
and aspirin alone to prevent stroke or other vascu-
lar events [59, 60]. The addition of ticagrelor to aspirin 
resulted in a significant reduction in cardiovascular mor-
tality for symptomatic PAD patients (HR 0.47; 95% CI 
0.25–0.86; P = 0.014) but did not reduce the risk of stroke 
(HR 0.49; 95% CI 0.21–1.14; P = 0.097) [61]. Hence, the 
long-term application of DPAT to prevent stroke still 
lacks evidence, and it seems preferable to use aspirin or 
clopidogrel SAPT to treat and prevent cerebrovascular 
events in ICVD patients with symptomatic PAD. Large-
scale clinical trials should be conducted for such patients 
to determine the most reasonable antiplatelet treatment 
scheme.

Cilostazol is another antiplatelet option for ICVD 
patients. Studies on ICVD patients have shown that it 
might be superior to aspirin for secondary stroke pre-
vention with fewer bleeding episodes [62], and adding 
cilostazol to aspirin or clopidogrel could further reduce 
stroke recurrence in high-risk ICVD patients [63]. Mean-
while, cilostazol has been used to improve symptoms in 
PAD patients for decades because it can dilate vessels and 
enhance blood supply. Its effectiveness in the treatment 
of intermittent claudication has been fully confirmed 
and written into guidelines [25]. However, there is no 
study comparing the therapeutic effects of cilostazol and 
other antiplatelet drugs on PAD patients, so it has not 
been widely accepted as an antiplatelet option to prevent 
stroke in patients with PAD, and further comparative 
RCTs may be needed to provide evidence for expanding 
its indications.

Single-drug anticoagulants were not recommended in 
guidelines for symptomatic PAD patients because pre-
vious trials have shown that the addition of warfarin or 
edoxaban could not reduce stroke compared with aspirin 
[64]. However, the Cardiovascular Outcomes for Peo-
ple Using Anticoagulation Strategies (COMPASS) trial 
recently revealed that aspirin combined with low-dose 
rivaroxaban has a preferable therapeutic effect on symp-
tomatic PAD patients, which provides a new idea for the 
antithrombotic treatment of ICVD patients with PAD. 
Rivaroxaban is a highly selective direct FXa inhibitor. In 
addition to inhibiting thrombin formation and throm-
bus development [65], it can effectively inhibit platelet 
aggregation induced by tissue factor, which may be help-
ful to prevent arterial thrombosis [66]. COMPASS trial 
included 27,395 randomly assigned participants with sta-
ble CAD or PAD, and patients were randomly arranged to 

receive aspirin (100 mg once daily) or rivaroxaban (5 mg 
twice daily) or low-dose rivaroxaban (2.5 mg twice daily) 
with aspirin (100 mg once daily). The results showed that 
rivaroxaban 2.5 mg twice daily combined with aspirin sig-
nificantly reduced strokes when compared with aspirin 
only (HR 0.58; 95% CI 0.44–0.76; P < 0.0001) [67]. Sub-
group analysis showed that low-dose rivaroxaban plus 
aspirin reduced primary outcomes (cardiovascular death, 
MI, and stroke) compared with aspirin alone in patients 
with symptomatic PAD (HR 0.72, 95% CI 0.57–0.90, 
P = 0.0047), and fatal or critical organ bleeding did not 
increase [68], so the efficacy and safety of aspirin com-
bined with low-dose rivaroxaban have been confirmed in 
symptomatic PAD patients. However, there is no study 
to explore the safety and efficacy of rivaroxaban in ICVD 
patients, and the addition of rivaroxaban to aspirin might 
increase the incidence of major bleeding. The efficacy 
of rivaroxaban combined with aspirin in ICVD patients 
with PAD needs to be further confirmed.

At present, the antithrombotic drug selection of most 
ICVD patients is long-term aspirin or clopidogrel SAPT, 
which is also applicable to PAD patients, so it can be used 
as the basic strategy for ICVD patients with PAD. Tica-
grelor SAPT or aspirin combined with low-dose rivar-
oxaban might be suitable for symptomatic PAD patients, 
however, reliable evidence for these novel antithrombotic 
therapies seems insufficient. In addition, more effec-
tive treatments would be explored by large-scale trials 
to guide the clinical management to prevent secondary 
stroke for ICVD patients with PAD and other patients 
with polyvascular atherosclerotic diseases.

Conclusion
About one-fifth of ICVD patients suffer from PAD, and 
ICVD patients  with PAD  have more serious symptoms 
and a worse prognosis. DUS provides more valuable 
information with higher sensitivity and specificity for 
screening PAD in ICVD patients than ABI measurement. 
Current evidence seems to support that single-drug 
antiplatelet can be used as the basic treatment, and new 
antithrombotic strategies such as ticagrelor only or aspi-
rin combined with low-dose rivaroxaban are expected to 
further reduce the incidence of stroke for ICVD patients 
with PAD. More effective treatments should be explored 
and confirmed by large-scale trials to guide more inten-
sive management for such patients.

Abbreviations
ACEIs	� Angiotensin-converting enzyme inhibitors
ABI	� Ankle brachial index
ARBs	� Angiotensin receptor blockers
AS	� Atherosclerosis
BP	� Blood pressure
CAD	� Coronary artery disease



Page 6 of 7Li and Ma ﻿European Journal of Medical Research           (2023) 28:93 

COMPASS	� Cardiovascular outcomes for people using anticoagulation 
strategies

CI	� Confidence interval
CTA​	� Computed tomography angiography
DAPT	� Dual antiplatelet therapy
DUS	� Duplex ultrasound
DSA	� Digital subtraction angiography
EUCILD	� Examining Use of Ticagrelor in Peripheral Artery Disease
HR	� Hazard ratio
ICAS	� Intracranial artery stenosis
ICVD	� Ischemic cerebrovascular disease
IS	� Ischemic stroke
LDL-C	� Low-density lipoprotein cholesterol
MI	� Myocardial infarction
MRA	� Magnetic resonance angiography
OR	� Odds ratio
PAD	� Peripheral arterial disease
PCSK9	� Proprotein convertase subtilisin/Kexin type 9
PSA	� Peak systolic velocity
REACH	� REduction of Atherosclerosis for Continued Health
SAPT	� Single antiplatelet therapy
SBP	� Systolic blood pressure
TIA	� Transient ischemic attack

Acknowledgements
Not applicable.

Author contributions
XM gave the idea and revise the manuscript, LL performed the literature 
search and draft the manuscript. All authors read and approved the final 
manuscript.

Funding
Not applicable.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 14 June 2022   Accepted: 7 February 2023

References
	1.	 Zhou J, Shan Y, Hu P. A systematic review and meta-analysis on transcra‑

nial Doppler in diagnosing ischemic cerebrovascular disease. Ann Pall 
Med. 2021;10(8):8963–71.

	2.	 Katan M, Luft A. Global burden of stroke. Semin Neurol. 
2018;38(2):208–11.

	3.	 Hoshino T, Sissani L, Labreuche J, Ducrocq G, Lavallée PC, Meseguer 
E, et al. Prevalence of systemic atherosclerosis burdens and overlap‑
ping stroke etiologies and their associations with long-term vascular 
prognosis in stroke with intracranial atherosclerotic disease. JAMA Neurol. 
2018;75(2):203–11.

	4.	 Naito H, Naka H, Kobayashi M, Kanaya Y, Naito K, Kurashige T, et al. 
Prevalences of peripheral arterial disease diagnosed by computed 

tomography angiography in patients with acute ischemic stroke. J Stroke 
Cerebrovasc Dis. 2016;25(5):1128–34.

	5.	 Campia U, Gerhard-Herman M, Piazza G, Goldhaber SZ. Peripheral artery 
disease: past, present, and future. Am J Med. 2019;132(10):1133–41.

	6.	 Fowkes FG, Aboyans V, Fowkes FJ, McDermott MM, Sampson UK, Criqui 
MH. Peripheral artery disease: epidemiology and global perspectives. Nat 
Rev Cardiol. 2017;14(3):156–70.

	7.	 Alberts MJ, Bhatt DL, Mas JL, Ohman EM, Hirsch AT, Röther J, et al. 
Three-year follow-up and event rates in the international REduc‑
tion of Atherothrombosis for Continued Health Registry. Eur Heart J. 
2009;30(19):2318–26.

	8.	 Pan Z, Wang R, Li L, Zhang H. Correlation between significant asympto‑
matic carotid artery stenosis and severity of peripheral arterial occlusive 
disease in the lower limb: a retrospective study on 200 patients. BMC 
Neurol. 2019;19(1):259.

	9.	 Shin YY, Ha SH, Woo HG, Heo SH, Chang DI, Kim BJ. Subclinical peripheral 
arterial disease in patients with acute ischemic stroke: a study with ultra‑
sonography. J Stroke Cerebrovasc Dis. 2019;28(11): 104370.

	10.	 Razzouk L, Rockman CB, Patel MR, Guo Y, Adelman MA, Riles TS, et al. 
Co-existence of vascular disease in different arterial beds: peripheral 
artery disease and carotid artery stenosis–data from life line screening(®). 
Atherosclerosis. 2015;241(2):687–91.

	11.	 Song P, Rudan D, Wang M, Chang X, Rudan I. National and subnational 
estimation of the prevalence of peripheral artery disease (PAD) in China: a 
systematic review and meta-analysis. J Glob Health. 2019;9(1): 010601.

	12.	 Zhang K, Lin Q, Zhang T, Guo D, Cao L. Contemporary Prevalence and risk 
factors of carotid artery stenosis in asymptomatic low-income Chinese 
individuals: a population-based study. Postgrad Med. 2020;132(7):650–6.

	13.	 Eraso LH, Fukaya E, Mohler ER 3rd, Xie D, Sha D, Berger JS. Peripheral arte‑
rial disease, prevalence and cumulative risk factor profile analysis. Eur J 
Prev Cardiol. 2014;21(6):704–11.

	14.	 Rahman AS, Akhtar SW, Jamal Q, Sultana N, Siddiqui MA, Hassan Z. 
Ischaemic stroke and peripheral artery disease. J Pak Med Assoc. 
2017;67(8):1138–44.

	15.	 Jung HJ, Lee SS, Kim HY, Park BS, Kim DI, Nam KJ, et al. Association 
between carotid artery stenosis and peripheral artery disease: evaluation 
by screening carotid ultrasonography (cross-sectional study). Medicine 
(Baltimore). 2019;98(6): e14163.

	16.	 Barreto-Neto N, Barros AD, Jesus PA, Reis CC, Jesus ML, Ferreira IL, et al. 
Low ankle-brachial index is a simple physical exam sign predicting 
intracranial atherosclerotic stenosis in ischemic stroke patients. J Stroke 
Cerebrovasc Dis. 2016;25(6):1417–20.

	17.	 Holmstedt CA, Turan TN, Chimowitz MI. Atherosclerotic intracranial 
arterial stenosis: risk factors, diagnosis, and treatment. Lancet Neurol. 
2013;12(11):1106–14.

	18.	 Hong JB, Leonards CO, Endres M, Siegerink B, Liman TG. Ankle-brachial 
index and recurrent stroke risk: meta-analysis. Stroke. 2016;47(2):317–22.

	19.	 Kithcart AP, Beckman JA. ACC/AHA versus ESC guidelines for diagnosis 
and management of peripheral artery disease: JACC guideline compari‑
son. J Am Coll Cardiol. 2018;72(22):2789–801.

	20.	 Kolls BJ, Sapp S, Rockhold FW, Jordan JD, Dombrowski KE, Fowkes 
FGR, et al. Stroke in patients with peripheral artery disease. Stroke. 
2019;50(6):1356–63.

	21.	 Criqui MH, Aboyans V. Epidemiology of peripheral artery disease. Circ Res. 
2015;116(9):1509–26.

	22.	 Aday AW, Matsushita K. Epidemiology of peripheral artery disease and 
polyvascular disease. Circ Res. 2021;128(12):1818–32.

	23.	 Kieback AG, Gähwiler R, Thalhammer C. PAD screening: why? whom? 
when? how?—a systematic review. Vasa. 2021;50(2):85–91.

	24.	 Aboyans V, Ricco JB, Bartelink MEL, Björck M, Brodmann M, Cohnert T, 
et al. 2017 esc guidelines on the diagnosis and treatment of peripheral 
arterial diseases, in collaboration with the european society for vascular 
surgery (ESVS): document covering atherosclerotic disease of extracra‑
nial carotid and vertebral, mesenteric, renal, upper and lower extremity 
arteries endorsed by: the European Stroke Organization (ESO)The Task 
Force for the Diagnosis and Treatment of Peripheral Arterial Diseases of 
the European Society of Cardiology (ESC) and of the European Society for 
Vascular Surgery (ESVS). Eur Heart J. 2018;39(9):763–816.

	25.	 Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA, Drach‑
man DE, et al. 2016 AHA/ACC guideline on the management of patients 



Page 7 of 7Li and Ma ﻿European Journal of Medical Research           (2023) 28:93 	

with lower extremity peripheral artery disease: executive summary. Vasc 
Med (London, England). 2017;22(3):np43.

	26.	 Olin JW, Sealove BA. Peripheral artery disease: current insight into the dis‑
ease and its diagnosis and management. Mayo Clin Proc. 2010;85(7):678–92.

	27.	 Caruana MF, Bradbury AW, Adam DJ. The validity, reliability, reproducibility 
and extended utility of ankle to brachial pressure index in current vascular 
surgical practice. Eur J Vasc Endovasc Surg. 2005;29(5):443–51.

	28.	 Crawford F, Welch K, Andras A, Chappell FM. Ankle brachial index for the 
diagnosis of lower limb peripheral arterial disease. Cochrane Database Syst 
Rev. 2016;9(9):Cd010680.

	29.	 Casey SL, Lanting SM, Chuter VH. The ankle brachial index in people with 
and without diabetes: intra-tester reliability. J Foot Ankle Res. 2020;13(1):21.

	30.	 Shabani Varaki E, Gargiulo GD, Penkala S, Breen PP. Peripheral vascular 
disease assessment in the lower limb: a review of current and emerging 
non-invasive diagnostic methods. Biomed Eng Online. 2018;17(1):61.

	31.	 Martinelli O, Alunno A, Jabbour J, Cuozzo S, Gattuso R. Duplex ultrasound as 
a reliable alternative to CT angiography for treatment planning of peripheral 
artery disease. Int Angiol. 2021;40(4):306–14.

	32.	 AbuRahma AF, Adams E, AbuRahma J, Mata LA, Dean LS, Caron C, et al. Criti‑
cal analysis and limitations of resting ankle-brachial index in the diagnosis 
of symptomatic peripheral arterial disease patients and the role of diabetes 
mellitus and chronic kidney disease. J Vasc Surg. 2020;71(3):937–45.

	33.	 Ugwu E, Anyanwu A, Olamoyegun M. Ankle brachial index as a surrogate to 
vascular imaging in evaluation of peripheral artery disease in patients with 
type 2 diabetes. BMC Cardiovasc Disord. 2021;21(1):10.

	34.	 Guo X, Li J, Pang W, Zhao M, Luo Y, Sun Y, et al. Sensitivity and specificity of 
ankle-brachial index for detecting angiographic stenosis of peripheral arter‑
ies. Circ J. 2008;72(4):605–10.

	35.	 Poredoš P, Cevc M, Blinc A. Characteristics of atherosclerosis in femoro‑
popliteal artery and its clinical relevance. Atherosclerosis. 2021;335:31–40.

	36.	 Eiberg JP, Grønvall Rasmussen JB, Hansen MA, Schroeder TV. Duplex ultra‑
sound scanning of peripheral arterial disease of the lower limb. Eur J Vasc 
Endovasc Surg. 2010;40(4):507–12.

	37.	 García-Rivera E, Cenizo-Revuelta N, Ibáñez-Maraña MA, Fidalgo-Domingos 
L, Estévez-Fernández I, Flota-Ruiz C, et al. Doppler ultrasound as a unique 
diagnosis test in peripheral arterial disease. Ann Vasc Surg. 2021;73:205–10.

	38.	 Flanigan DP, Ballard JL, Robinson D, Galliano M, Blecker G, Harward TR. 
Duplex ultrasound of the superficial femoral artery is a better screening tool 
than ankle-brachial index to identify at risk patients with lower extremity 
atherosclerosis. J Vasc Surg. 2008;47(4):789–92 (discussion 92–3).

	39.	 Chinese Medical Association. Guidelines for diagnosis and treatment of arte‑
riosclerosis obliterans of lower limbs. Chin Arch Gen Surg. 2016;10(1):1–18 
(in Chinese).

	40.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, et al. 
2018 ESC/ESH guidelines for the management of arterial hypertension. Eur 
Heart J. 2018;39(33):3021–104.

	41.	 Kleindorfer DO, Towfighi A, Chaturvedi S, Cockroft KM, Gutierrez J, 
Lombardi-Hill D, et al. 2021 guideline for the prevention of stroke in patients 
with stroke and transient ischemic attack: a guideline from the american 
heart association/american stroke association. Stroke. 2021;52(7):e364–467.

	42.	 Cushman WC, Whelton PK, Fine LJ, Wright JT Jr, Reboussin DM, Johnson KC, 
et al. SPRINT trial results: latest news in hypertension management. Hyper‑
tension. 2016;67(2):263–5.

	43.	 Gąsecki D, Kwarciany M, Kowalczyk K, Narkiewicz K, Karaszewski B. Blood 
pressure management in acute ischemic stroke. Curr Hypertens Rep. 
2020;23(1):3.

	44.	 Gebauer K, Reinecke H. PCSK9 inhibition for LDL lowering and 
beyond—implications for patients with peripheral artery disease. Vasa. 
2018;47(3):165–76.

	45.	 Rosenson RS, Hegele RA, Fazio S, Cannon CP. The evolving future of PCSK9 
inhibitors. J Am Coll Cardiol. 2018;72(3):314–29.

	46.	 Bonaca MP, Nault P, Giugliano RP, Keech AC, Pineda AL, Kanevsky E, et al. 
Low-density lipoprotein cholesterol lowering with evolocumab and out‑
comes in patients with peripheral artery disease: insights from the FOURIER 
trial (further cardiovascular outcomes research with PCSK9 inhibition in 
subjects with elevated risk). Circulation. 2018;137(4):338–50.

	47.	 Alkhalil M, Kuzemczak M, Whitehead N, Kavvouras C, Džavík V. Meta-analysis 
of intensive lipid-lowering therapy in patients with polyvascular disease. J 
Am Heart Assoc. 2021;10(5): e017948.

	48.	 Bonaca MP, Hamburg NM, Creager MA. Contemporary medical manage‑
ment of peripheral artery disease. Circ Res. 2021;128(12):1868–84.

	49.	 Olinic DM, Tataru DA, Homorodean C, Spinu M, Olinic M. Antithrombotic 
treatment in peripheral artery disease. Vasa. 2018;47(2):99–108.

	50.	 Fowkes FG, Price JF, Stewart MC, Butcher I, Leng GC, Pell AC, et al. Aspirin 
for prevention of cardiovascular events in a general population screened 
for a low ankle brachial index: a randomized controlled trial. JAMA. 
2010;303(9):841–8.

	51.	 Belch J, MacCuish A, Campbell I, Cobbe S, Taylor R, Prescott R, et al. The 
prevention of progression of arterial disease and diabetes (POPADAD) trial: 
factorial randomised placebo controlled trial of aspirin and antioxidants in 
patients with diabetes and asymptomatic peripheral arterial disease. BMJ. 
2008;337: a1840.

	52.	 Behroozian AA, Beckman JA. Asymptomatic peripheral artery disease: silent 
but deadly. Prog Cardiovasc Dis. 2021;65:2–8.

	53.	 Hardung D, Behne A, Boral M, Giesche C, Langhoff R. Antithrombotic 
treatment for peripheral arterial occlusive disease. Dtsch Arztebl Int. 
2021;118(31–32):528–35.

	54.	 Bevan GH, White Solaru KT. Evidence-based medical management of 
peripheral artery disease. Arterioscler Thromb Vasc Biol. 2020;40(3):541–53.

	55.	 AT Collaborative. Collaborative meta-analysis of randomised trials of anti‑
platelet therapy for prevention of death, myocardial infarction, and stroke in 
high risk patients. BMJ. 2002;324(7329):71–86.

	56.	 Dennis M, CAPRIE Steering Committee. A randomised, blinded, trial of clopi‑
dogrel versus aspirin in patients at risk of ischaemic events (CAPRIE). CAPRIE 
Steering Committee. Lancet. 1996;348(9038):1329–39.

	57.	 Hiatt WR, Fowkes FG, Heizer G, Berger JS, Baumgartner I, Held P, et al. Tica‑
grelor versus clopidogrel in symptomatic peripheral artery disease. N Engl J 
Med. 2017;376(1):32–40.

	58.	 Brown DL, Levine DA, Albright K, Kapral MK, Leung LY, Reeves MJ, et al. Ben‑
efits and risks of dual versus single antiplatelet therapy for secondary stroke 
prevention: a systematic review for the 2021 guideline for the prevention 
of stroke in patients with stroke and transient ischemic attack. Stroke. 
2021;52(7):e468–79.

	59.	 Cacoub PP, Bhatt DL, Steg PG, Topol EJ, Creager MA. Patients with peripheral 
arterial disease in the CHARISMA trial. Eur Heart J. 2009;30(2):192–201.

	60.	 Belch JJ, Dormandy J, Biasi GM, Cairols M, Diehm C, Eikelboom B, et al. 
Results of the randomized, placebo-controlled clopidogrel and acetylsali‑
cylic acid in bypass surgery for peripheral arterial disease (CASPAR) trial. J 
Vasc Surg. 2010;52(4):825–33.

	61.	 Bonaca MP, Bhatt DL, Storey RF, Steg PG, Cohen M, Kuder J, et al. Ticagrelor 
for prevention of ischemic events after myocardial infarction in patients 
with peripheral artery disease. J Am Coll Cardiol. 2016;67(23):2719–28.

	62.	 Tan CH, Wu AG, Sia CH, Leow AS, Chan BP, Sharma VK, et al. Cilostazol for 
secondary stroke prevention: systematic review and meta-analysis. Stroke 
Vasc Neurol. 2021;6(3):410–23.

	63.	 Toyoda K, Uchiyama S, Yamaguchi T, Easton JD, Kimura K, Hoshino H, et al. 
Dual antiplatelet therapy using cilostazol for secondary prevention in 
patients with high-risk ischaemic stroke in Japan: a multicentre, open-label, 
randomised controlled trial. Lancet Neurol. 2019;18(6):539–48.

	64.	 Essa H, Torella F, Lip GYH. Current and emerging drug treatment 
strategies for peripheral arterial disease. Expert Opin Pharmacother. 
2020;21(13):1603–16.

	65.	 Scott LJ. Rivaroxaban: a review for secondary CV prevention in CAD and 
PAD. Drugs. 2020;80(14):1465–75.

	66.	 Perzborn E, Roehrig S, Straub A, Kubitza D, Mueck W, Laux V. Rivar‑
oxaban: a new oral factor Xa inhibitor. Arterioscler Thromb Vasc Biol. 
2010;30(3):376–81.

	67.	 Sharma M, Hart RG, Connolly SJ, Bosch J, Shestakovska O, Ng KKH, et al. 
Stroke outcomes in the COMPASS trial. Circulation. 2019;139(9):1134–45.

	68.	 Anand SS, Bosch J, Eikelboom JW, Connolly SJ, Diaz R, Widimsky P, et al. 
Rivaroxaban with or without aspirin in patients with stable peripheral or 
carotid artery disease: an international, randomised, double-blind, placebo-
controlled trial. Lancet. 2018;391(10117):219–29.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Early identification and treatment for peripheral arterial disease in patients with ischemic cerebrovascular disease
	Abstract 
	Background
	Impact of the coexisting PAD on the severity and prognosis of ICVD patients
	Early screening methods for PAD in ICVD patients
	Treatment strategies for ICVD patients with PAD
	Management of risk factors
	Antithrombotic therapy


	Conclusion
	Acknowledgements
	References


