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Abstract: A 72-year-old man presented to our clinic with hypertension. Arterial stiffness evaluated by cardio ankle vascular index 
(CAVI) was markedly increased at 13.5. We treated him using 80 mg/day of valsartan for three months. CAVI was decreased from 13.5 
to 13.0. However, his BP fluctuations were still high. We changed the treatment to angiotensin receptor-neprilysin inhibitor (ARNI) 
with increasing doses up to 400 mg. Independent of the change in blood pressure at the time of measurement, CAVI improved with 
ARNI dose. Hypertension treatment with an awareness of the cardio-vascular interaction might be a possibility prevents future heart 
failure development effectively. 
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Introduction
Angiotensin receptor-neprilysin inhibitor (ARNI) is a dual-acting angiotensin II-receptor and neprilysin inhibitor in a single 
drug. Ruilope et al previously demonstrated significant reductions in blood pressure (BP) with ARNI compared with the 
angiotensin II receptor blocker valsartan.1 Moreover, Kario et al reported the effectiveness of ARNI in the treatment of Asian 
hypertensive patients in a randomized, double-blind, placebo-controlled study.2 ARNI is currently used worldwide for the 
treatment of chronic heart failure due to the evidence based on not only reduced ejection fraction3 but also preserved ejection 
fraction.4 To date, however, few countries have approved ARNI for the treatment of hypertension. The usual adult dosage for 
hypertension is 200 mg of ARNI once daily. And the maximum dosage is 400 mg. 200 mg tablet of ARNI contains 97.2 mg of 
sacubitril and 102.8 mg of valsartan. Left ventricular mass index (LVMI) and relative wall thickness (RWT) are closely related 
to the degree and history of hypertension, which becomes a potential risk for heart failure in cardiac remodeling. ARNI has 
shown to improve LVMI compared with Olmesartan.5 As for the mechanism and contribution factors for left ventricular 
geometry, it is mentioned that the degree and the duration of hypertension are very important factors, and the arterial stiffness 
is also supposed to be important as an afterload of the left ventricle.

Recently, the cardio-ankle vascular index (CAVI) was developed as an indicator of arterial stiffness from the origin of 
the aorta to the ankle.6 CAVI is a numerical index of arterial stiffness derived from the stiffness parameter beta theory 
and the application of the Bramwell–Hill equation for pulse wave velocity (PWV). The feature of CAVI is its 
independency from blood pressure at the time of measurement. As a marker of arterial diastolic-to-systolic stiffening, 
CAVI may be a suitable marker as arterial stiffness in the studies on the relationship between left ventricular geometrical 
remodeling and arterial stiffness as an afterload. This is the first case report on ARNI that explicitly states arterial 
stiffness without linking it to blood pressure at the time of measurement.
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Case Presentation
A 72-year-old man presented to our outpatient clinic with hypertension. He was not a current smoker, but his past 
smoking history was 20 cigarettes per day for about 50 years. Hyperuricemia and pulmonary emphysema were confirmed 
by blood tests and CT scan in our hospital. He was 173-cm tall and weighed 60 kg with a body mass index of 20.0 kg/m2. 
Using an automated BP monitor outside the examination room, his BP was 181/117 mmHg. An electrocardiogram 
showed no initial left ventricular hypertrophy. The following day, he underwent an echocardiogram and measurement of 
CAVI in our department of clinical physiology. After resting for 10 minutes in supine position on a bed, CAVI was 
measured using a VaSera VS-3000 (Fukuda Denshi Co., Ltd, Tokyo, Japan). Simultaneously, BP and heart rate were 
measured using the VaSera system.

His BP was 141/91 in left arm and CAVI was high at 13.5. Echocardiography showed that his left ventricular function 
was normal (Table 1). According to the classification of the American Society of Echocardiography,7,8 the geometry 
classification of his heart showed concentric remodeling. Left ventricular global longitudinal strain (LVGLS) was 
quantitated offline, using the EchoPAC PC system, version 113 (General Electric Healthcare, Chicago, IL, USA). 
Echocardiography was performed by trained sonographers at the same time of the day. LVGLS was calculated as 3 
cycles were recorded at a frame rate between 40 and 80 frames per second and the average negative peak of longitudinal 
strain in the 4-chamber, 2-chamber, and apical long-axis in 17 segments in accordance with current guidelines. His LVMI 
was 86.4 g/m2 and within normal range, but the RWT was increased at 0.61. We treated him using 80 mg/day of valsartan 
for three months. He had no other concomitant medications. On subsequent evaluation, CAVI was decreased from 13.5 to 
13.0. Urine protein was disappeared after administration of valsartan (Table 1). However, his BP fluctuations evaluated 
by automatic home sphygmomanometer were still high. BP was measured in his left arm before breakfast and dinner. BP 
was measured twice at each measurement, and the average was recorded in a notebook. Intensified BP treatment was 
thought to be necessary. We changed the treatment from 80mg of valsartan to ARNI with increasing doses up to 400 mg. 
About three months later, his CAVI was markedly improved from 13.0 to 10.8. Moreover, LVMI and RWT were also 
improved (Figure 1). ARNI was reduced from 400 mg to 200 mg based on the good BP control. However, CAVI 
increased from 10.8 to 12.1 despite controlled BP (Figure 1).

Discussion
Hypertension is a major cause of heart failure through cardiac remodeling. BP fluctuations have traditionally been a major 
problem due to the difficulty of assessment. To overcome this obstacle, multiple BP measurements are taken in the 
examination room, and home BP measurements are often used in Japan. Arterial stiffness has developed as an indicator 

Table 1 Parameters Analyzed in the Follow-Up Period

Sep. 2021 Dec. 2021 Apr. 2022 Oct. 2022

EF (%) 67 69 73 64

e’ (cm/s) 8.0 8.2 8.4 7.4

E/e’ 8.5 6.34 7.5 7.97

GLS (%) −20 −18.2 −18.2 −20.8

Tapse (mm) 15.6 15.9 16 17

Creatine (mg/dl) 0.85 0.81 0.78 0.89

eGFR 68 71 74 64

Urine protein (2+) (-) (-) (-)

BNP (pg/dl) 8.4 12.6 7.2 12.7

Abbreviations: EF, ejection fraction; E/e’, peak early diastolic filling velocity (E-wave)/spectral 
Doppler tissue velocities of the septal mitral annulus (e’); GLS, global longitudinal strain; eGFR, 
estimated glomerular filtration rate; BNP, brain natriuretic peptide.
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that reflects the pathophysiology of atherosclerosis. As for a method of quantitative assessment of arterial stiffness, PWV 
has been used for several decades; it had been thought to be a kind of surrogate marker of arteriosclerosis. However, PWV 
depends inherently on BP changes at the time of measurement. CAVI, which was newly developed as an arterial stiffness 
index, was derived from the stiffness parameter beta theory with the application of Bramwell Hill’s equation.6,9 CAVI is 
measured automatically and with high measurement reproducibility. The coefficient of variation was reported to be 3.8%.6 

CAVI increases with stress and smoking.9 Fortunately, this case was not in such a situation at measurement time.
In the present case, initially, the patient’s systolic BP fluctuated widely from about 140 mmHg to 180 mmHg. 

Especially in these cases, it is difficult to accurately assess the pathophysiology with indices that are affected by the blood 
pressure at the time of measurement.

Recently, the concept of cardiovascular interaction was proposed using CAVI.10–12 CAVI reflects smooth muscle cell 
contraction and relaxation. As for the effects on BP and CAVI, in the present case, when the sacubitril/valsartan dose was 
tapered from 400 mg to 200 mg, CAVI increased without any changes in cardiac function, such as global longitudinal 
strain (Table 1). Notably, when the ARNI dose was subsequently reduced from 400 mg to 200 mg, blood pressure at the 
time of measurement decreased, but CAVI increased (Figure 1). Based on these results, ARNI showed the possibility of 
a powerful effect on the improvement of arterial stiffness. As for the mechanism of the stabilization of BP, it was thought 
that ARNI relaxed vascular smooth muscle cells and reduced peripheral vascular resistance.

Figure 1 Clinical course of the patient. Effects on BP, CAVI, LVMI, and RWT by valsartan or dose changes of ARNI. 
Abbreviations: BP, blood pressure; CAVI, cardio-ankle vascular index; LVMI, left ventricular mass index; RWT, relative wall thickness; ARNI, angiotensin receptor-neprilysin 
inhibitor.
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The established evidence of ARNI in large clinical trials of heart failure patients with standard medical therapy might 
be a result of strong vasoactive properties such as cardiovascular interaction (Figure 2). It has been reported that 
improvement in left ventricular ejection fraction after chronic heart failure treatment correlates with a decrease in 
CAVI.13 This phenomenon may lead to one of the keys to the ameliorative effect of ARNI on heart failure. Observational 
studies of multiple cases are needed to confirm this fact. In conclusion, hypertension treatment with an awareness of the 
cardiovascular interaction might be a possibility to prevent future heart failure development effectively.
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