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Abstract
Introduction: The cardio-ankle vascular index (CAVI) is a 
well-known index to evaluate arterial stiffness and predict 
cardiovascular risk. Methods: We investigated whether CAVI 
can predict severity and extent of peripheral arterial disease. 
This study was a single-center, retrospective, observational 
study approved by the Ethics Committee of Yokohama Shin-
toshi Neurosurgical Hospital. A total of 96 patients (males, 
63) with an abnormal ankle-brachial blood pressure index 
(ABI) of <0.9 and who underwent extremity arteriography at 
our hospital from 2015 to 2018 were enrolled in this study. 
We defined that CAVI with a range of <8.0 was normal. Re-
sults: Coronary angiography and extremity arteriography 
were performed for patients who had intermittent claudica-
tion and abnormal ABI. We divided the affected limbs into 3 
categories: above-the-knee artery stenosis, above-the-knee 
artery chronic total occlusion, and only below-the-knee ar-
tery stenosis/occlusion groups. CAVI pseudonormalization 
was seen in 28, 76, and 19%, respectively. The above-the-

knee artery stenosis and the only below-the-knee artery ste-
nosis/occlusion groups had a high odds ratio of abnormal-
ization of CAVI (3.1, 95% confidence interval [CI]: 1.39–7.22; 
p = 0.05, 4.56, 95% CI: 1.64–14.7). Discussion/Conclusion: In 
the presence of the above-the-knee artery chronic total oc-
clusion, CAVI pseudonormalization was likely to be seen. The 
presence of CTO in the above-the-knee artery is one cause of 
pseudonormalized CAVI. In the range of ABI, in which ste-
notic lesions and obstructive lesions coexist, it may be pos-
sible to detect the existence of CTO by a combination of both 
ABI and CAVI. © 2021 S. Karger AG, Basel

Introduction

Atherosclerosis is a major contributor to the develop-
ment of cerebrocardiovascular diseases and is a major 
cause of mortality and morbidity [1]. It is well known that 
hypertension, diabetes mellitus, smoking, and dyslipid-
emia play a major role in the development of atheroscle-
rosis [2]. Many clinicians have attempted to assess the 
extent of atherosclerosis using some surrogate vascular 
measurements for patients with multiple risk factors. 
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Pulse wave velocity (PWV) is the gold standard measure-
ment of arterial stiffness [3], and the ankle-brachial blood 
pressure index (ABI) is a simple and widely used clinical 
test for the assessment of peripheral arterial disease (PAD) 
[4–7].

PAD is caused by atherosclerosis. Patients with PAD 
have a higher prevalence of atherosclerosis in the coro-
nary, carotid, and renal arteries than in patients without 
PAD [8]. PAD is widely known as a predictor of future 
cardiovascular and cerebrovascular morbidity and mor-
tality [9, 10]. A resting ABI is recommended to establish 
a diagnosis of PAD. PWV is the gold standard measure-
ment of arterial stiffness; however, there are several limi-
tations with this method, chiefly fluctuations in blood 
pressure [11], and abnormal values of ABI lead to the 
pseudonormalization of PWV. CAVI has been widely ac-
cepted since its introduction in 2004 and applied to a va-
riety of studies, specifically those involving the evaluation 
of arterial stiffness in patients with cardiovascular diseas-
es [12–19]. Although CAVI has been extensively studied 
and recognized as a tool to predict cardiovascular risk 
[20–22], there has been little research on the relation of 
ABI and CAVI for patients with PAD. In particular, pre-
vious studies did not examine differences in lesions (ste-
nosis or obstruction) due to differences in whether CAVI 
was normal or not when ABI decreased. The purpose of 
this study was to investigate whether CAVI can predict 
the severity and extent of PAD in the same manner as 
ABI.

Methods

Study Design and Patients
This was a single-center, retrospective, observational chart re-

view approved by the Ethics Committee of Yokohama Shintoshi 
Neurosurgical Hospital and conducted from 2015 to 2018. The 
study has therefore been performed in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki and its 
later amendments. Patients and their families were informed about 
the purpose and process of this study, and they agreed and signed 
informed consent. Patients with an abnormal ABI of <0.9 who un-
derwent extremity arteriography and visited the hospital from 
2015 to 2018 were included in this study. Patients with severe renal 
dysfunction were excluded because there is no medical equipment 
such as a dialysis apparatus to treat patients with chronic kidney 
disease.

Hypertension
Hypertension was defined as receiving antihypertensive medi-

cation or if the average systolic or diastolic blood pressure mea-
sured was >140 or 90 mm Hg, respectively, during at least 2 differ-
ent occasions.

Dyslipidemia
Dyslipidemia was defined as an LDL-cholesterol of >140 mg/

dL or an HDL-cholesterol of <40 mg/dL or triglyceride levels >150 
mg/dL or documented hypercholesterolemia requiring lipid-low-
ering drug therapy.

Hyperuricemia
Hyperuricemia was defined as urate concentrations exceeding 

about 7 mg/dL or therapeutic drug administration.

Diabetes Mellitus
Diabetes mellitus was defined as present if the patient had a 

history of diabetes, diabetic therapeutic drug administration, or if 
fasting plasma glucose exceeded 126 or 200 mg/dL at any time.

Vascular Screening
CAVI was determined by using a small-sized vascular screening 

system (VS1500AE; Fukuda Denshi Co., Ltd., Tokyo Japan), which 
is available in most clinics in Japan [23, 24]. A CAVI value <8 was 
interpreted as a mild risk of arteriosclerosis, that between 8 and 9 
was interpreted as a moderate risk of arteriosclerosis, and that >9 
was interpreted as a high risk of arteriosclerosis [25]. In this study, 
CAVI ≥ 9.0 was defined as abnormal. ABI was simultaneously mea-
sured using the same equipment (VS1500AE). ABI was used to 
screen for PAD, and subjects were divided into 4 groups according 
to ABI (high ankle pressure group, >1.40; normal group, ≤1.00 but 
≤1.40; normal but borderline group, <0.90 but <1.00; and suspect-
ed ASO group, ≤0.90) [20]. Coronary angiography and extremity 

Table 1. Baseline characteristics

Variables Overall
95 (190 limbs)

Age, years 73±8
Female sex 32 (34)
ABI < 0.9 132 limbs
Coronary angiography

0-vessel disease 21 (22)
1-vessel disease 31 (32)
2-vessel disease 22 (23)
3-vessel disease 21 (22)

Past medical history
Hypertension 81 (85)
Dyslipidemia 60 (63)
Hyperuricemia 14 (14)
Diabetes mellitus 36 (37)
Atrial fibrillation 23 (24)
Cardiovascular disease 24 (25)
Cerebral vascular disease 71 (74)

Medication
Antiplatelet agents 95 (100)
ACEI/ARB 51 (53)
β-Blocker 31 (32)
Ca-Blocker 62 (65)
Statin 51 (53)
Insulin 9 (9)
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arteriography were performed within a month for patients who had 
intermittent claudication and abnormal ABI. The relation among 
coronary artery diseases and peripheral artery disease and the pa-
tients’ background (risk factors, CAVI, and ABI) were investigated.

Statistical Analysis
Statistical analyses were performed using EZR, which is a 

graphical user interface for R based on R commander. More pre-
cisely, it is a modified version of R commander designed to add 
statistical functions frequently used in biostatistics [26]. Fisher’s 
exact test and Mann-Whitney U test were performed to determine 
whether intragroup differences were statistically significant. Logis-
tic regression analysis was used to identify the predictors of abnor-
mal CAVI and expressed as odds ratio with 95% confidence inter-
val. Data are presented as mean ± standard deviation or number 
or percentage. In all statistical procedures, 2-sided p values <0.05 
were considered statistically significant.

Result

Characteristics of the Study Population
The baseline characteristics of our study are shown in 

Table 1. The median age was 73 years, and 32% of the pa-
tients included in the study were female. Seventy-seven per-
cent of patients had a history of acute stroke and were scru-
tinized during the chronic phase after treatment. The others 

were admitted in our hospital by screening for cardiovascu-
lar disease. Ninety-five patients (132 limbs) had a low ABI. 
All patients had been prescribed antiplatelet agents. Angio-
tensin-converting enzyme inhibitors or angiotensin recep-
tor blockers, β-blockers, calcium channel blockers, and 
statins were prescribed for 53, 32, 65, and 53% of patients, 
respectively. Coronary artery disease was evaluated by cor-
onary angiography: 22, 32, 23, and 22% of patients were 0 
vessel disease (0VD), 1VD, 2VD, and 3VD, respectively.

Comparison of Extremity Arteriography Findings 
according to the CAVI
In total, 95 patients (132 limbs) had a low ABI. The af-

fected limbs were stratified into 2 groups as follows: 59 
limbs in the normal CAVI group (CAVI < 9), while 73 
limbs in the abnormal CAVI group (CAVI ≥ 9) (Table 2). 
The normal CAVI group had significantly lower ABI, and 
therefore the prevalence of common iliac artery stenosis 
and superficial femoral artery stenosis was significantly 
higher in the normal CAVI group (p = 0.031 and 0.005, 
respectively) Next, we divided the affected limbs into 3 
categories: the above-the-knee artery stenosis, above-the-
knee artery chronic total occlusion, and only below-the-
knee artery stenosis/occlusion groups (Tables 3–5). CAVI 
pseudonormalization was seen in 28, 76, and 19%, respec-
tively (Table 3). The above-the-knee artery stenosis and 
only below-the-knee artery stenosis/occlusion had a high 
odds ratio (OR) with an abnormal CAVI (3.1, 95% CI: 
1.39–7.22; p = 0.05, 4.56, 95% CI: 1.64–14.7) (Tables 4, 5). 
CAVI pseudonormalization was likely to be seen in the 
group with above-the-knee artery chronic total occlu-
sion. CAVI showed differences in the group with above-
the-knee artery chronic total occlusion when ABI was be-
tween 0.7 and 0.9 (p = 0.02) (Table 6). The group with 
above-the-knee artery chronic total occlusion had a high-
er OR of CAVI pseudonormalization (5.22, 95% CI: 1.26–
21.6; p = 0.02) (Table 7).

CAVI <9 CAVI ≥9 p value

N 59 73
ABI 0.61±0.15 0.77±0.10 <0.01
Site of the lesion

Common iliac artery stenosis 18 (30) 10 (13) 0.031
External iliac artery stenosis 13 (22) 10 (13) 0.252
Femoral artery stenosis 6 (10) 2 (2) 0.139
Superficial femoral artery stenosis 40 (67) 31 (42) 0.005
Popliteal artery stenosis 3 (5) 1 (1) 0.324
Only below-the-knee artery stenosis 6 (10) 25 (34) 0.004

Table 3. The comparison of CAVI and ABI in 3 groups (above-
knee artery stenosis, above-knee artery chronic complete occlusion, 
and above-knee artery stenosis/occlusion only groups)

Above-the-knee 
artery stenosis 
group

Above-the-knee 
artery chronic total 
occlusion group

Only below- 
the-knee artery 
stenosis group

N 50 51 31
ABI 0.77±0.09 0.59±0.11 0.82±0.11
CAVI <9 14 (28) 39 (76) 6 (19)
CAVI ≥9 36 (72) 12 (24) 25 (81)

Table 2. The comparison of extremity 
arteriography findings according to the 
CAVI
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Discussion

PWV is the gold standard measurement of arterial 
stiffness; however, there are several limitations of this 
method, chiefly fluctuations in blood pressure [11]. Since 
CAVI is less susceptible to fluctuations in blood pressure 
than PWV, it has attracted attention as the most reliable 
indicator of arteriosclerosis. A recent study on acute cor-
onary syndrome patients reported high MACE in the 
high CAVI group (CAVI ≥ 8.35) [27]. CAVI has been 
extensively studied and recognized as a tool to predict 
cardiovascular risk [11, 19–21, 28], but it is known that 
abnormal values of ABI lead to pseudonormalization of 
PWV; there is a similar report for CAVI. In the previous 
studies, patients with ABI <0.9 were excluded because of 
a possibility of falsely low CAVI and PWV. Therefore, 
almost no studies have been conducted in patients with a 
high risk of cerebral cardiovascular events, such as poly-
vascular disease patients in this study [29] (Table 1). In 

PAD patients, ABI decreases and CAVI pseudonormal-
izes as the lesion progresses. In this study, the ABI was 
significantly lower in the normal CAVI group than in the 
abnormal CAVI group. Further, the prevalence of com-
mon iliac artery stenosis and superficial femoral artery 
stenosis was significantly higher in the normal CAVI 
group than in the abnormal CAVI group (Table  2). In 
case CAVI was falsely pseudonormalized, the abnormal 
CAVI group may not have significantly higher rates of 
major cerebral cardiovascular events than the normal 
CAVI group. Thus, care should be taken while interpret-
ing CAVI values in PAD patients.

This study examined the relation of CAVI and stenosis 
or occlusion of the lower limb arteriography in patients 
with low ABI (Tables 4, 5). One explanation for the mech-
anism of CAVI pseudonormalization might be as follows: 
as atherosclerosis progresses, the PWV propagating the 
blood vessels will be faster. CAVI also will be higher as 
stenosis progresses. However, when the stenotic lesion 

CAVI <9 CAVI ≥9 p value

n 59 73
ABI 0.61±0.15 0.77±0.10 <0.01
Extremity arteriography

Above-the-knee artery stenosis 14 (23) 36 (49) <0.01
Above-the-knee artery chronic total occlusion 39 (66) 12 (16) <0.01
Only below-the-knee artery stenosis 6 (10) 25 (34) <0.01

Abnormalized CAVI Odds ratio 95% confidence 
interval

p value

Above-the-knee artery stenosis 3.1 1.39–7.22 0.005
Above-the-knee artery chronic total occlusion 0.1 0.040–0.25 <0.001
Only below-the-knee artery stenosis 4.56 1.64–14.7 0.002

CAVI <9 CAVI ≥9 p value

N 31 48
Extremity arteriography

Above-the-knee artery chronic total occlusion 8 (25.8) 3 (6.3) 0.02

Pseudonormalized CAVI Odds ratio 95% confidence 
interval

p value

Above-the-knee artery chronic total occlusion 5.22 1.26–21.56 <0.02

Table 4. The comparison of extremity 
arteriography findings according to the 
CAVI

Table 5. The lesion characteristic to 
predict the abnormalized CAVI

Table 6. The prevalence of chronic total 
occlusion when ABI was between 0.7 and 
0.9 (N = 79)

Table 7. Pseudonormalized CAVI predicts 
CTO when ABI was between 0.7 and 0.9
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further progresses to obstruction, the blood flow will pass 
through the formed collateral circulation and the flow ve-
locity will be slow, so that it may be that the CAVI will be 
falsely normalized. This is only a hypothesis because the 
process from stenosis to occlusion and collateral circula-
tion formation cannot be directly observed in lower limb 
lesions, and the influence of stenosis or occlusion of the 
below-knee lesions has not been investigated because it is 
difficult to perform detailed examination due to poor an-
giography. This point was considered to be the limitation 
of this study.

Previous research showed that if the ABI is <0.90, oc-
clusive arterial disease may be present. If a value of <0.80 
is noted, it is highly likely that vascular disease will be 
found. ABIs between 0.50 and 0.80 are likely to be found 
in patients with single-segment occlusions, while ABIs 
<0.50 are commonly found in patients with multisegment 
disease [30, 31]. It is conceivable that the lower the ABI, 
the higher the prevalence of CTO in the lower limbs. 
However, there is no report that the presence of CTO in 
the above-knee artery can be diagnosed only from the 
ABI value. The present study showed that CAVI tended 
to be abnormal in stenotic lesions and pseudonormalized 
in obstructive lesions in patients with PAD (Table 5). Par-
ticularly, in the range of ABI, where stenotic lesions and 
obstructive lesions may coexist, the above-the-knee ar-
tery chronic total occlusion group had a higher OR of 
pseudonormalization of CAVI (5.22, 95% CI: 1.26–21.6; 
p = 0.02) (Tables 6, 7). It is noteworthy and useful that it 
may be possible to detect the existence of CTO by a com-
bination of both ABI and pseudonormalized CAVI be-

cause we can simultaneously measure ABI and CAVI, 
which are noninvasive methods (Fig. 1).

Study Limitation
There are several limitations to this study. First, it was 

single-center, retrospective study with a small sample 
size. Second, since patients with renal dysfunction have 
been excluded, maintenance dialysis patients and CKD 
patients who are more likely to have severe calcification 
lesions have not been studied. Also, many patients in this 
study were polyvascular disease patients with advanced 
arteriosclerosis, and it may be difficult to generalize re-
sults to a wider population. Third, since patients with crit-
ical limb ischemia were not included, angiography for the 
below-the-knee artery was not examined in detail. This 
might influence our results.

Conclusion

CAVI may be used to detect the existence of CTO and 
to predict the severity and extent of PAD.

Statement of Ethics

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the institu-
tional and/or national research committee and 1964 Helsinki Dec-
laration and its later amendments or comparable ethical standards. 
All participating patients provided written informed consent. The 
study protocol was reviewed and approved by institutional review 
boards and ethics committee of our hospital.

ABI < 0.9

CAVI < 9 CAVI ≥ 9

Above-the-knee artery
chronic total occlusion

Above-the-knee artery
chronic total occlusion

Above-the-knee artery stenosis Above-the-knee artery stenosis

As the ABI decreases, the lesions spread to multiple
segments and mixed stenotic and obstructive lesions,
care should be taken in interpretation Fig. 1. Differentiation method of stenotic/

occluded lesions using CAVI when ABI is 
low.
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