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Abstract.  The differences in effect between azelnidipine and cilnidipine added on the general 

heart failure (HF) therapy is unclear. We enrolled thirty-four consecutive HF patients. Initially, 

cilnidipine was used, and then switched to azelnidipine. Switching from cilnidipine to azelnidipine 

significantly reduced B type natriuretic peptide and washout rate in 
123

I-metaiodobenzylguanidine 

cardiac-scintigraphy.  
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1.      Introduction   
 

Some previous studies revealed that cardio-protective medications, such as 

be-ta blocker (BB) and renin angiotensin aldosterone system inhibitor (RAAS-I) 

(angiotensin converting enzyme inhibitor (ACE-I) and renin angiotensin II type 1a 

receptor blocker (ARB)), improved the prognosis of heart failure (HF) [1, 2, 3], 

Majority of HF patients, who have been administered of these cardio-protective 

medications, have hypotension, though, some HF patients have hypertension. 

These HF patients with hypertension have been administered of antihypertensive 

medications, including calcium channel blockers (CCB). CCB are classified to L, 

N and T subtypes [4]. L-type CCB obtains strong anti-hypertensive effect and 

reflectivity on sympathetic nerve hyperactivity.  

Azelnidipine, a unique long acting L type CCB, cancel the reflectivity of 

sympathetic nerve hyperactivity, which suppress the sympathetic nerve activity of 

the central [5], through the rostral ventrolateral medulla (RVLM) [6]. In contrast, 

cilnidipine, an L and N type CCB, also improved this reflectivity of sympathetic 

nerve hyperactivity [7]. This effect is due to excessive release of noradrenaline 

from the sympathetic nerve ending [8].  

However, there are no comparative data on the difference of the inhibition 

in cardiac sympathetic nerve activity of cilnidipine and azelnidipine in HF 

patients with hypertension.  
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2.      Material and methods 

 

The present study is approved by the ethics committee of Toho University 

hospital (approval number: 24-213). All experiments were performed in 

accordance with the Declaration of Helsinki. The present study have prospective 

analysis study design.   

 

Study subjects 

The subjects were 34 consecutive stable chronic HF patients who received 

CCB and general HF therapy from April 2013 to March 2015. Initially, cilnidipine 

was administrated and then switched to azelnidipine. If patients had been 

administrated other CCB than cilnidipine, CCB was changed to cilnidipine and 

was administered for more than eight weeks. Then, cilnidipine was switched to 

azelnidipine. Moreover, all patients received ARB, which is RAAS-I as a general 

HF therapy. All patients have been receiving general HF therapy for more than 

three years and had a stable chronic HF condition. Then, the following findings at 

six months after administration of azelnidipine were compared with the findings 

of before administration. The findings of before administration were evaluated on 

the same days. Similarly, the findings of the post administration were evaluated 

on the same days. The exclusion criterias were 1) age under 30 or over 95, 2) past 

history of receiving cilnidipine and/or azelnidipine, 3) subjects undergoing 

hemodialysis, 4) subjects suspected of having Parkinson’s disease, 5) subjects 

with phaeochromocytoma or malignant neoplasma.  

 

Blood pressures and heart rates 

Blood pressures (BPs) were measured two times and the average was 

calculated. We used aneroid sphygmomanometer, after the participants had been 

comfortably seated for at least five minutes [9]. Moreover, pulse pressure (PP) 

and mean blood pressure (mBP) were calculated with the formula: PP = systolic 

blood pressure (sBP) - diastolic blood pressure (dBP) and mBP = dBP + PP/3, 

respectively. Heart rate (HR) was evaluated at the same time.  

 

Laboratory analysis 

We measured the parameters of lipid metabolism (total cholesterol (T-Cho), 

triglyceride (TG), high-density lipoprotein cholesterol (HDL), low-density 

lipoprotein cholesterol (LDL), and LDL/HDL ratio), glucose metabolism (fasting 

plasma glucose (FPG), hemoglobin A1C (HbA1C)), liver function (aspartate 

aminotransferase (AST), alanine aminotransferase (ALT) and lactate 

dehydrogenase (LDH)), renal function (blood urea uitrogen (BUN), creatinine 

(Cre) and estimated glomerular filtration rate (eGFR)) and brain natriuretic 

peptide (BNP). eGFR was calculated with Japanese Society of Nephrology 

criteria: eGFR = 194×Cr-1.094×age-0.287 (for men), 194×Cr-1.094×age-

0.287×0.739 (for women) [10]. We calculated LDL from the Friedewald formula: 

LDL = T-Cho – HDL - TG/5 [11]. All serum samples were obtained in the fast 

state after resting in the supine position for at least five minutes.  
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Transthoracic echocardiography 

Transthoracic echocardiography (TTE) was investigated by two 

cardiologists who were blinded. Left atrial diameter (LAD) was evaluated with 

long and short axis of apical four-chamber view. Left ventricular diameter 

diastolic / systolic (LVDd / LVDs) and left ventricular (LV) wall thickness 

(interventricular septum thickness (IVST) and posterior LV wall thickness 

(PWT)) were evaluated from parasternal long-axis view. We evaluated LV 

systolic function by ejection fraction (EF) and % fractional shortning (%FS) from 

the Teichholz method
 
[12] by parasternal long-axis view or modified Simpson’s 

method [13] by apical two or four-chamber view. We evaluated peak velocities of 

early (E) and late (A) filling from the mitral valve doppler echocardiography. The 

E/A ratio was calculated, and LV diastolic function was also evaluated with E/A 

ratio. TEI index was also evaluated from the mitral and aortic valve doppler 

echocardiography.  

 

Cardiac-scintigraphy 

We investigated cardiac sympathetic nerve activity with cardiac-

scintigraphy. Cardiac-scintigraphy was performed with 
123

I-

metaiodobenzylguanidine (MIBG). Each subject was given 
123

I-MIBG 

intravenously. Anterior planar images were obtained 20 minutes (early images) 

and four hours (late images) after intravenous injection. The average of heart ROI 

(H) to average of mediastinum ROI (M) ratio (H/M ratio) in planar images were 

evaluated. In addition, washout rate (WR) was calculated with the formula: WR 

(%) = (early image (H-M) - late image (H-M)) / early image (H-M)×100 [14].  

 

Statistical analysis 

The evaluation of cardiac sympathetic nerve activity using MIBG was the 

primary endpoint in the present study. The difference and the standard deviation 

(S.D.) in BPs by switching from cilnidipine to azelnidipine were set at 10 and 

16.8, respectively. Moreover, the number of subjects required for valid statistical 

analysis was 23 under the conditions α = 0.05 and power = 0.8. Therefore, the 

number of subjects necessary in the present study was considered to be more than 

23 patients to give enough statistical power. Finally, 34 consecutive patients with 

HF who received CCB were enrolled. Continuous variables were expressed as 

mean ± S.D. We compared pre and post states using paired t-test. Analyses were 

performed with Microsoft Excel and the Stat View statistical package (Stat View 

4.0, SAS Institute Inc.). A probability (p) value of less than 0.05 was considered 

to indicate statistical significance.  

 

3.      Results 

 

Patient characteristics 

The subjects were 34 consecutive stable chronic HF patients. There were 25 

male patients (73.5%) and average age was 72.6±12.1 years (43 to 90 years). The 

baseline patient characteristics are shown in Table. 1. Various etiologies of HF 

were included in the present study. ARB and BB have been administered to 100% 
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and 91.7% of the patients, respectively. BB were unable to be used for three 

patients due to low heart late or bronchial asthma.  

 
Table 1a. Underlying heart disease 

 n, % 

Dilated cardiomyopathy 6, 17.6% 

Hypertrophic cardiomyopathy 1, 2.9% 

Ischemic cardiomyopathy 14, 41.2% 

Hypertensive heart disease 6, 17.6% 

Tachycardia induced cardiomyopathy 3, 8.8% 

Valvular heart disease 4, 11.8% 

 

Table 1b. Medications 

 n, % 

 Angiotensin converting enzyme inhibitor 0, 0% 

 Angiotensin II type 1a receptor blocker 34, 100% 

 β-blocker 31, 91.2% 

   Carvedilol 23, 67.6% 

   Bisoprolol 8, 23.5% 

 α-blocker 0, 0% 

 Diuretics 15, 44.1% 

 HMG-CoA reductase inhibitor 21, 61.8% 

HMG-CoA reductase inhibitor: Hydroxymethylglutaryl-CoA reductase inhibitor 

 

Blood pressures and heart rate between pre and post states 

Table. 2 shows changes in BPs and HR. Levels of BPs were slightly high in 

the post state and HR had the tendency to decrease in the post state. However, 

these results have no statistical differences.  
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Table 2. Changes in blood pressures and heart rates 

 
Pre-state Post-state P value 

sBP (mmHg) 142.0 ± 29.0 145.8 ± 23.8 0.815 

dBP (mmHg) 85.0 ± 17.5 84.9 ± 14.4 0.482 

PP (mmHg) 57.0 ± 17.3 60.9 ± 16.8 0.924 

mBP (mmHg) 104.0 ± 20.5 105.2 ± 16.3 0.653 

HR (bpm) 64.6 ± 11.3 61.1 ± 15.2 0.083 

sBP: systolic blood pressure, dBP: diastolic blood pressure, PP: pulse pressure, mBP: 

mean blood pressure, HR: heart rate. Continuous data are expressed as the mean ± 

standard deviation. P-values were determined using the paired t-test.  
 

Changes in laboratory and transthoracic echocardiographic findings 

Changes in laboratory findings are shown in Table. 3. There were no 

significant differences in the liver and renal functions, and metabolic findings. 

Only BNP was significantly reduced (P=0.034) in the post state, indicating 

amelioration of the severity of HF. In TTE, there were also no significant 

differences in left atrial/ventricular diameter and LV wall thickness. On the other 

hand, LV systolic functions in the post state were higher than the pre state, though 

there were no statistical differences between the two groups (Table. 4). In 

addition, LV diastolic functions were significantly improved (E/A ratio; pre-state: 

0.97±0.62 and post-state: 0.78±0.24, P=0.030). TEI index was also significantly 

improved (pre-state: 0.477±0.149 and post-state: 0.417±0.109, P=0.007).  

 
Table 3. Changes in laboratory findings 

 
Pre-state Post-state P value 

AST (IU/L) 28.5 ± 12.7 27.1 ± 12.3 0.292 

ALT (IU/L) 22.1 ± 13.3 21.3 ± 14.5 0.381 

LDH (IU/L) 216.4 ± 38.6 219.3 ± 39.6 0.704 

BUN (mg/dL) 21.2 ± 7.6 20.8 ± 8.1 0.364 

Creatinine (mg/dL) 1.14 ± 0.41 1.12 ± 0.40 0.331 

eGFR (mL/min/1.73m
2
) 51.9 ± 18.8 52.4 ± 18.4 0.629 

T-Cho (mg/dL) 184.3 ± 42.9 184.9 ± 39.2 0.535 

TG (mg/dL) 132.4 ± 111.1 123.0 ± 50.2 0.287 
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HDL (mg/dL) 54.1 ± 13.7 57.1 ± 16.6 0.974 

LDL (mg/dL) 103.7 ± 36.2 103.2 ± 33.2 0.470 

LDL/HDL ratio 2.003 ± 0.812 1.923 ± 0.785 0.304 

FPG (g/dL) 118.6 ± 33.8 128.3 ± 39.9 0.936 

HbA1C (%) 6.14 ± 0.92 6.10 ± 0.82 0.326 

BNP (pg/mL) 248.2 ± 384.7 156.8 ± 162.0 0.034 

AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lactate 

dehydrogenase, BUN: blood urea nitrogen, eGFR: estimated glomerular filtration rate, 

T-Cho: total cholesterol, TG: triglyceride, HDL: high-density lipoprotein cholesterol, 

LDL: low-density lipoprotein cholesterol, FPG: fasting plasma glucose, HbA1C: 

hemoglobin A1C, BNP: brain natriuretic peptide. Continuous data are expressed as the 

mean ± standard deviation. P-values were determined using paired t-test. 

 
Table 4. Changes in Transthoracic echocardiography 

 Pre-state Post-state P value 

LAD (long axis: mm) 50.0 ± 13.1 51.9 ± 12.5 0.740 

LAD (short axis: mm) 45.6 ± 11.8 46.8 ± 9.9 0.821 

LVDd (mm) 52.9 ± 11.1 55.2 ± 10.6 0.963 

LVDs (mm) 36.2 ± 10.7 35.2 ± 10.5 0.235 

IVST (mm) 9.5 ± 2.8 9.3 ± 2.2 0.324 

PWT (mm) 9.7 ± 2.1 9.5 ± 1.4 0.279 

EF (%) 59.4 ± 14.4 65.0 ± 10.8 0.988 

%FS (%) 32.8 ± 9.6 36.4 ± 7.8 0.975 

E/A 0.97 ± 0.62 0.78 ± 0.24 0.030 

TEI index 0.477 ± 0.149 0.417 ± 0.109 0.007 

LAD: left atrial diameter, LVDd: left ventricular diameter diastolic, LVDs: left 

ventricular diameter systolic, IVST: interventricular septum thickness, PWT: posterior 

LV wall thickness, EF: ejection fraction, %FS: %fractional shortning, E/A: E wave / A 

wave ratio. Continuous data are expressed as the mean ± standard deviation. P-values 

were determined using the paired t-test.  
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Changes in cardiac sympathetic nerve activity with cardiac-scintigraphy 

Figure. 1 shows the changes in H/M ratio (early and late images) and WR 

with 
123

I-MIBG cardiac-scintigraphy. There were no changes in H/M ratios in 

early and late images. WR in the post state significantly decreased compared with 

the pre state (P=0.015).  

 

 
 
Figure 1. Comparison of 

123
I-MIBG cardiac-scintigraphy findings between the pre- and post-states 

In MIBG, there was no change in H/M ratios (A) in early and late images. However, washout 

rate (B) was significantly reduced. Continuous data are expressed as the mean ± standard 

deviation. P-values were determined using the paired t-test. 

 

 

4.      Discussion 

 

Main findings 

In the present study, patients had been administered general HF therapy. 

There were no statistical differences in the findings between before switching to 

azelnidipine and after, however BPs showed a tendency to increase by 

azelnidipine treatment. On the other hand, HR tended to decrease by azelnidipine 

treatment. Previous study also revealed that HR for the patients with type 2 

diabetes mellitus treated with azelnidipine had a tendency to decrease compared 

with cilnidipine treated group [14]. Moreover, WR in MIBG was significantly 

decreased by azelnidipine treatment, compared with cilnidipine. These results 
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suggest that azelnidipine ameliorate cardiac sympathetic nerve activity, compared 

with cilnidipine. In addition, switch to azelnidipine improved cardiac diastolic 

dysfunction.  

 

HF and cardiac sympathetic nerve activity 

The cardiac sympathetic afferent reflex (CSAR) is enhanced in HF. CSAR 

in HF enhance the electrical activity of the sympathetic central neurons of the 

RVLM [16]. L type CCB also have reflectivity sympathetic nerve hyperactivity, 

through the RVLM [6]. Therefore, HF and L-type CCB enhance the sympathetic 

hyperactivity in the same central mechanism. Azelnidipine inhibits the activity of 

the RVLM, leading to amelioration of sympathetic nerve hyperactivity in the 

central. On the other hand, cilnidipine have inhibitory effect of sympathetic nerve 

activity in the peripheral. In the present study, azelnidipine improved cardiac 

sympathetic hyperactivity, compared with cilnidipine. This result indicates that 

the central suppression is better for the suppression of cardiac sympathetic 

hyperactivity in HF patients compared with peripheral suppression. This result 

was caused by the direct inhibitory effect of azelnidipine to the RVLM enhanced 

with HF and L type CCB. Additionally, it has been reported that enhanced WR 

increase the risk of sudden cardiac death in HF patients [17]. In contrary, HR 

tended to decrease in azelnidipine treated group, even though HR is known to be 

associated with sympathetic nerve activity. Elevated HR were associated with the 

worsening prognosis of HF in CHART-2 study [18].  

 

Azelnidipine and cardiac-scintigraphy 
123

I-MIBG, an analog of norepinephrine (NE), is associated to myocardial 

NE in HF patients [19]. Therefore, cardiac sympathetic hyperactivity, evaluated 

with 
123

I-MIBG cardiac-scintigraphy, is useful for the evaluation of severity and 

prognosis for HF [20, 21]. It has been reported that WR was superior superior 

than delayed H/M ratio for the prediction of the prognosis of HF [22], yet WR and 

delayed H/M ratio are both useful [23]. Moreover, WR was associated with 

sudden cardiac death in HF patients [24]. In the present study, azelnidipine 

significantly reduced WR. This result reveals that administration of azelnidipine 

possibly lead to amelioration of the prognosis of HF.  

 

Study limitations  

The present study was a prospective study. However, it was performed in a 

single center, single arm and the study protocol was not cross over and/or 

randomized control trial (RCT). These are important limitations, since there is a 

possibility that HF may improved by natural cause. Moreover, WR in 
123

I-MIBG 

cardiac-scintigraphy was the only variable with the significant differences in the 

present study. H/M ratio of late images in 
123

I-MIBG cardiac-scintigraphy has 

been reported to be associated with the worsening prognosis of HF [25]. It is 

necessary to verify the results with a large scale prospective study with cross over 

protocol.  
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5.      Conclusions 

 

This small-scale study demonstrated that administration of azelnidipine 

improved cardiac sympathetic nerve activity compared with cilnidipine in HF 

patients with essential hypertension. Amelioration of cardiac sympathetic nerve 

activity may lead to the improvement in prognosis of heart failure. Large-scale 

clinical studies are necessary to confirm these results.  
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