National Journal of Physiology, Pharmacy and Pharmacology

RESEARCH ARTICLE

Comparative assessment of effects of calcium channel antagonists,
amlodipine, and cilnidipine, on QT interval in hypertensive patients - An
observational study

Sougata Sarkar, Vartika Srivastava, Manjushree Mohanty

Department of Pharmacology, Kalinga Institute of Medical Sciences, Bhubaneswar, Odisha, India

Correspondence to: Vartika Srivastava, E-mail: mscutesmile.1886@gmail.com

Received: September 22, 2017; Accepted: November 18, 2017

~

ABSTRACT

Background: The duration of the QT interval as measured by 12-lead electrocardiography is a measure of myocardial
repolarization and is widely used to describe cardiac abnormalities, to determine the presence of cardiac toxicity and to
evaluate drug safety. In hypertension, the QT interval is a predictor of the risk of both coronary events and cardiovascular
death, after adjusting for the effects of additional risk factors. According to AHA and JNC VIII calcium channel blockers
are first-line drug in the treatment of hypertension. The equipotent antihypertensive effect of cilnidipine and amlodipine
in their equivalent dose has been demonstrated in number of studies. Aims and Objectives: To compare and evaluate
the effects of calcium channel antagonists amlodipine and cilnidipine on QT interval among hypertensive patients.
Materials and Methods: A total of 258 patients were screened, examined, and enrolled as study participants during that
period. The enrolled patients were then divided as (1) hypertensive patient (n = 159) - selected patients received either
amlodipine (2.5-10 mg) or cilnidipine (5-20 mg) with or without angiotensin receptor blocker (ARB) and (2) hypertensive
with controlled diabetic patients (n = 99) - selected patients received either amlodipine (2.5-10 mg) or cilnidipine
(520 mg) with or without ARB along with antidiabetic medication. Calculated by Bazett’s formula (most commonly
used) = QT Interval/V (relative risk [RR] interval) where RR interval = 60/heart rate, normal QTc <440 ms. The QT interval
was measured at the baseline and after 12 months of treatment for hypertensive patients. Results: There was extremely
significant QTc reduction was seen with cilnidipine therapy and significant elevation seen by amlodipine treatment but
without any clinical relevance. While comparing the effect of amlodipine and cilnidipine, extremely significant as well as
clinically relevant difference between the two treatments was noted. Conclusions: From this study, it can be concluded that
cilnidipine reduces QTc interval, and hence is a better choice over amlodipine for patients suffering from long QT interval.
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INTRODUCTION

Systemic hypertension is one of the most common non-
communicable diseases of humankind affecting about
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20% of population globally.l"! All sections of population
in India suffer from the disease, with higher prevalence in
urban (30.9%) than the rural population (21.2%). Most of
the patients with early hypertension have no symptoms, but
a regular monitoring of blood pressure attributes to early
detection of hypertension.””’ As per 2007 AHA guidelines,
calcium channel blockers are one of the first-line drugs
in uncomplicated hypertension.’! According to JNC VIII
guidelines, calcium channel blockers are first line of
treatment in both general black or non-black population
(including those with diabetes).
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The duration of the QT interval as measured by 12-lead
electrocardiography is a measure of myocardial repolarization
and is widely used to describe cardiac abnormalities, to
determine the presence of cardiac toxicity and to evaluate
drug safety. In hypertension, the QT interval is a predictor
of the risk of both coronary events and cardiovascular death,
after adjusting for the effects of additional risk factors. The
mechanism of QT interval prolongation is multifactorial
and includes cardiomyocyte hypertrophy and increased left
ventricular mass (LVM), with accompanying changes in left
ventricular transmural dispersion of repolarization, as well as
changes in the tone of the autonomic nervous system of some
patients with hypertension and mechanoelectrical feedback,
although this mechanism is less likely.

Although blood pressure (BP) reduction is the primary goal of
antihypertensive drug therapy and the choice of antihypertensive
drug treatment regimens varies among different individuals,
the effect of different antihypertensives varies on QTc interval.
Hence, the rationale behind this study is to evaluate and compare
the effects of two most commonly used CCBs, i.e., amlodipine
and cilnidipine on QT interval of hypertensive patients.

Aims and Objectives

To compare and evaluate the effects of calcium channel
antagonists Amlodipine and Cilnidipine on QT interval
amongst hypertensive patients.

MATERIALS AND METHODS

This is a comparative, non-blinded, single-centered,
prospective, and parallel groups; observational study was
conducted in medicine outpatient department clinic of Kalinga
Institute of Medical Sciences over a period of 24 months. The
study was approved by the Institutional Ethical Committee,
Kalinga Institute of Medical Sciences, BBSR. Written
informed consent of all patients participating in the study was
obtained. Hypertensive patients on the basis of inclusion and
exclusion criteria were selected for the study.

Inclusion Criteria

o Age: >40 years <60 years; body mass index (BMI) >18.5
<30 kg/m? (normal and preobese).

*  Sex: Both sexes.

*  Patients with essential hypertension of mild-to-moderate
cases (Stage I and Stage II) according to JNC 7 (those
systolic BP (SBP) <180 and diastolic BP (DBP) <110).

e Phase of microalbuminuria spot urinary albumin-
creatinine ratio (ACR), ACR <300 mg/g.

*  Hypertensive patients on amlodipine (2.5-10 mg) and
cilnidipine (5-20 mg) or combination with angiotensin
receptor blocker (ARB) (in a dose equivalent to 40 mg

e Controlled diabetic Alc

[HBAlc] <7).

patient  (hemoglobin

Exclusion Criteria

*  Age:<40 years>60 years, BMI<18.5t0>29.99 kg/sq. mt.

e All cases of hypertension with SBP >180 and DBP >110.

e Patients of secondary hypertension or taking
antihypertensive medicine other than additional ACEl/
ARB.

e Uncontrolled diabetes (HBA1c >7).

e Serum creatinine >1.2.

* Patient with liver disease.

* ACR>300 mg/gm (spot urine).

*  Patients on pioglitazone.

e Patients with heart failure, heart block, and aortic
stenosis.

*  OnNSAID for long-term; corticosteroid and sex steroids.

* Any other chronic illness (rheumatoid arthritis,
tuberculosis, and protein-energy malnutrition).

e Alcoholic (consume more than moderate amount),
hypothyroid, and varicose vein.

Patient Recruitment

Patients with hypertension meeting the above criteria,
reporting in the department of medicine between December
14 and November 15 for their treatment, were enrolled in
study. A total of 258 patients were screened examined and
were selected as study participants during that period. The
study was explained to them in local language and written
informed consent was obtained. The enrolled patients were
then divided as (1) hypertensive patient (n = 159) - selected
patients received either amlodipine (2.5-10mg) or
cilnidipine (5-20 mg) with or without ARB, (2) hypertensive
with controlled diabetic patients (n = 99) - selected patients
received either amlodipine (2.5-10mg) or cilnidipine
(520 mg) with or without ARB along with antidiabetic
medication.

The QT interval was recorded at the baseline and after
12 months. QTc is corrected QT interval. Calculated by
Bazett’s formula (most commonly used) = QT interval/\
(relative risk [RR] interval) where RR Interval = 60/heart rate
(HR), normal QTc <440 ms. A longer QTc puts the patient at
increased risk for torsade de pointes.

RESULTS

Table 1 show analysis of QTc (corrected QT interval), on
comparison between amlodipine and cilnidipine treatment,
on hypertensive (non-diabetic and diabetic) patients. Figure 1
shows comparative analysis of change in QTc with amlodipine
and cilnidipine treatment after 12 months. This figure depicts

of telmisartan). that Amlodipine caused increase in QTc and cilnidipine
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caused decrease in QTc. Figure 2 shows comparative analysis
of change in QTc with amlodipine and cilnidipine treatment
after 12 months. This figure depicts that amlodipine caused
increase in QTc and cilnidipine caused decrease in QTec.
Scattered diagram in Figure 3 shows extremely significant
positive correlation between change in heart rate (HR) and
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Figure 1: Comparative analysis of change in QTc with amlodipine
and cilnidipine treatment after 12 months. This figure depicts that
amlodipine caused increase in QTc and cilnidipine caused decrease
in QTc
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Figure 2: Comparative analysis of change in QTc with amlodipine
and cilnidipine treatment after 12 months. This figure depicts that
amlodipine caused increase in QTc and cilnidipine caused decrease
in QTc

change in QTc (corrected QT interval) with amlodipine
treatment in non-diabetic hypertensive patients. Scattered
diagram in Figure 4 shows extremely significant positive
correlation between change in HR and change in QTc
(corrected QT interval) with amlodipine treatment in diabetic
hypertensive patients.

DISCUSSION

In the present study, it was observed that there is statistically
extremely significant as well as clinically relevant reduction
in QTc interval with cilnidipine treated arm [Table 1,
Figures 1 and 2] in both DM (—) (P < 0.0001; 95% confident
interval (CI); =10 <—8.77 <—7.45) and DM (+) (P < 0.0001;
95% CI; —10.58 <—9.17 <—7.76) patients. On the other hand,
amlodipine treated arm [Table 1, Figures 1 and 2] showed
statistically extremely significant elevation of QTc in DM
(-) (P <0.0001; CI 95%; 1.47 < 2.79 < 4.11) and in DM
(+) (P =10.0409; CI 95%; 0.10 <2.28 <4.45) patients, but this
increase in QT interval was not found to be clinically relevant.
While comparing the effect of amlodipine and cilnidipine on
QTc, it was observed that there was statistically extremely
significant and clinically relevant difference between the
two treated arms both in non-diabetic (P < 0.0001; 95% CI;
8.32 <13.94 <19.55) and diabetic (P < 0.0001; 95% CI; 7.26
<13.91 <20.56) patients. In this present study, the total mean
change in QTc with the treatment of cilnidipine arm (—8.77
+ 5.87 DM [—] and —9.17 + 5.06 DM [+]) was much higher
than amlodipine treated arm (2.79 £ 5.95 DM [—] and 2.28 +
7.42 DM [+]). Hence, the change in amlodipine group is very
less in this study.

Mozos and Serban concluded that hypertension and LVH
are associated with an increased prevalence of prolonged
QT intervals.®! Kang also observed that “although
hypertrophy can normalize wall tension, it is a risk factor for
QT-prolongation and cardiac sudden death.”™ Klimas ef al.
stated that “progressive increase in duration of QT interval
associated with the development of cardiac hypertrophy

Table 1: Analysis of QTc (corrected QT interval), on comparison between amlodipine and cilnidipine treatment, on

hypertensive (non-diabetic and diabetic) patients

Data Hypertensive patients n=159 Hypertensive diabetic patients n=99

analyzed Amlodipine  Cilnidipine n=78 P (95% CI) Amlodipine Cilnidipine n=52 P (95% CI)

at n=81 n=47

mean+SD

Base line 400.53+18.96 398.15+18.7 0.4273 NS 395.77+18.37 393.31+16.61 0.4861 NS

12 months** 403.32*£17.93 389.38%17.89 0.0001 398.04*+19.21 384.13%13.94 0.0001
(8.32<13.94<19.55) (7.26<13.91<20.56)

P (95% CI) 0.0001 0.0001 0.0409 0.0001

(1.47<2.79<4.11) (~10<-8.77 <—7.45)

(-0.10<2.28 <4.45) (~10.58<-9.17<~7.76)

SD: Standard deviation, NS: Not significant; CI: Confident interval at 95%. Statics applied. Unpaired #-test and paired #-test. Predetermined

clinically relevant margin is change in 10 ms*7 of QTec. Statistically extremely significant (P<0.0001) without clinical relevance elevation in
QTc seen when compared with baseline. Statistically extremely significant (P<0.0001) without clinical relevance decrease in QTc seen when
compared with baseline. **Statistically extremely significant (P<0.0001) with high clinical relevance difference in QTc seen while comparing
amlodipine with cilnidipine treatment
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and hypertension not directly related to the increased left
ventricular weight which has been documented in spontaneous
hypertensive rats.”'”! Baumert ef al. showed that elevated
repolarization ability is directly associated with sympathetic
cardiac activation in patients with essential hypertension.!'!
According to Magnano et al., autonomic conditions directly
affect the ventricular myocardium of healthy subjects, causing
differences in QT, that are independent of HR.I'” Darbar
et al. showed that sympathetic activation by a low-salt diet
increases sensitivity to drug-induced QT prolongation.!'*! Tt
is generally recognized that most, but not all, patients with
long QT syndrome (LQTS) experience cardiac events during
increased sympathetic activation induced or mimicked by
pharmacological agents, physical exercise, stress, or emotion.
The role of the ANS in LQTS is furthered by the potential
role of the left cardiac sympathectomy in treating these
patients.['*161 According to Klimas et al., antihypertensive
drugs vary in their effect on QT interval duration. The
mechanisms underlying their effect depend on (a) changes
in LVM (b) autonomic nervous system tone, as well as (c¢)
changes in the activity of cardiac ion channels. Although
BP reduction is the primary goal of antihypertensive drug
therapy and the choice of antihypertensive drug treatment
regimens varies among different individuals, the data
regarding the disparate effects of antihypertensive drugs
on the duration of the QT interval warrant consideration
while implementing long-term pharmacotherapy for
hypertension. Porthan ef al. showed “amlodipine seems to
have no repolarization effects” which coincides with our
study.'”? The study of Milovanovi¢ et al. showed amlodipine
reduces QTc interval (426.94 +=25.3 vs. 424.08 + 33.7 ms)
without statistical significance,!'® contradict present study
(amlodipine elevate QTc, 400.53 + 18.96 vs. 403.32 + 17.93
in DM(-); 395.77 £ 18.37 vs. 398.04 £ 19.21 in DM(+)
patients). Ashizawa et al. showed prolonged QT interval
was shortened (from 441.9 + 25.2 to 427.6 £ 29.8, P < 0.05)
by cilnidipine in hypertensive patients through attenuation
of sympathetic activity,'” and QTc interval shortening was
correlated with HR reduction (» = 0.3184, P = 0.04) in their
study that partially contradict our study. The present study
showed no correlation between total mean change of HR
and QTc in the cilnidipine treated arm, on the other hand,
amlodipine treated arm showed highly positive correlation
(r=0.942; * = 0.89; P < 0.0001 in DM(—) and r = 0.945;
2 =0.89; P<0.0001 in DM(+) patients) [Figures 3 and 4]. It
is an indication that there may another mechanism by which
cilnidipine reduces QTc. In a previous study by Takahara
et al. demonstrated that ventricular repolarization process
was little affected by acutely administered cilnidipine in this
animal model, indicating that it cannot be simply explained
by its immediate effects on sympathetic N-type and vascular
L-type Ca*" channels, goes with our results.*”

The mechanism of QT interval prolongation is multifactorial
and includes cardiomyocyte hypertrophy and increased
LVM, with accompanying changes in the left ventricular
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Figure 3: Scattered diagram shows extremely significant positive
correlation between change in heart rate and change in QTc
(corrected QT interval) with amlodipine treatment in non-diabetic
hypertensive patients
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Figure 4: Scattered diagram shows extremely significant positive
correlation between change in heart rate and change in QTc
(corrected QT interval) with amlodipine treatment in diabetic
hypertensive patients

transmural dispersion of repolarization, as well as changes
in the tone of the autonomic nervous system of some patients
with hypertension and mechanoelectrical feedback, although
this mechanism is less likely. A few studies have already
demonstrated that LVH results in prolonged and non-uniform
ventricular repolarization, increased action potential duration,
and delayed ventricular conduction.?'"»! The prolonged QT
interval may be attributed to the increased thickness of the
left ventricle wall and to intramural fibrosis, which distorts
and prolongs transmural impulse propagation which may
be a manifestation of the intraventricular or interventricular
conduction delay or block, or it may be due to the
downregulation of several potassium currents responsible for
repolarization.?**! Study of Takahara ef al. concluded that
the QT interval and monophasic action potential durations
were shortened only in the cilnidipine group, but such effects
were not observed in the amlodipine group, using heart of
canine chronic atrioventricular block model®® (cardiac
sudden death model) is known to have a ventricular electrical
remodeling, which mimics the pathophysiology of LQTS.
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The effect of cilnidipine on QTc depression is more than
amlodipine and was clearly analyzed in the present study.
The cellular mechanism(s) by which cilnidipine shortens the
ventricular repolarization has not been fully elucidated at
present. Previous in vitro electrophysiological studies have
demonstrated that angiotensin Il decreases IKr, transient
outward K+ currents (Ito) and inward rectifier K+ currents
(IK1) of the cardiomyocytes®? > and that aldosterone
decreases Ito.*% Based on the differences in the effects on the
neurohumoral factors between cilnidipine and other drugs,
it can be speculate that the inhibitory effect of cilnidipine
on the renin-angiotensin-aldosterone system by its N-type
calcium channel blocking action®** may have decreased
the suppression of the K+ channels. It is well known that
angiotensin Il and aldosterone have direct proarrhythmic
effects which by several BP-independent mechanisms
such as an increase in sympathetic activation, increases in
extracellular Ca*’entry and Ca?" release from intracellular
stores and modulation of voltage-dependent potassium
channels stated above.

Hence, the present study throws some light on the availability
of better CCB in hypertensive patients with prolong QT
interval as because QT interval is a predictor of the risk of both
coronary events and cardiovascular death, after adjusting for
the effects of additional risk factors. As this study was done
just for 24 months, much bigger studies are required with
more number of participants for better clinical implications.
Furthermore, other antihypertensive group of drugs like ACE
inhibitors should be analyzed for similar effect.

CONCLUSIONS

From this study, it can be concluded that cilnidipine reduces
QTc interval and hence is a better choice over amlodipine for
patients suffering from long QT interval.
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