
North American Journal of Medical Sciences | January 2013 | Volume 5 | Issue 1 | 47

Introduction
Ankle edema is a common adverse effect of amlodipine, 
a widely used L-type calcium channel blocker (CCB), 
seen in up to 15% of patients receiving the drug.[1] 
Although it is a self-limited and relatively minor adverse 
effect in the most affected patients, amlodipine-induced 
edema can occasionally be severe, even progressing to 
anasarca.[2] Moreover, even mild edema can be perceived 
as disfiguring by some patients and lead to reduced drug 
compliance or complete discontinuation of therapy. 

This is unfortunate, as amlodipine is otherwise a highly 
effective antihypertensive.

The usual approach to patients with amlodipine-induced 
edema involves cessation of amlodipine therapy and 
substitution with an alternative antihypertensive. 
Although the incidence of edema is relatively lower with 
other CCBs when compared to amlodipine [Table 1], 
replacement antihypertensives in these patients are 
typically drawn from a different class such as a thiazide 
diuretic or angiotensin converting enzyme inhibitor, 
in an attempt to avoid recurrence of edema. Although 
these alternative drug classes are effective at resolving 
edema, they possess a relatively weaker antihypertensive 
effect in Asian Indians.[13] Satisfactory resolution of 
edema is therefore gained at the cost of poorer control of 
hypertension. Substitution of amlodipine with another 
CCB could potentially provide similar control of blood 
pressure, and therefore, be a better strategy, provided 
there was adequate resolution of edema.
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Cilnidipine is a third generation L/N-type CCB[14] and 
is approved for the therapy of essential hypertension. 
A recent meta‑analysis on the efficacy and safety of 
cilnidipine has demonstrated good tolerability and an 
antihypertensive efficacy equivalent to amlodipine.[15] 
There is however, no available data on the tolerability 
of cilnidipine in patients with amlodipine-induced 
edema. This study was, therefore, planned to determine 
whether cilnidipine therapy can produce resolution of 
amlodipine-induced edema while maintaining adequate 
control of blood pressure.

Materials and Methods
Institutional ethical committee clearance was obtained 
prior to initiation of the study. Informed consent for 
participation was taken from all the patients included 
in the study. Kasturba Hospital, Manipal, is a major 
tertiary care center in Southwestern India, catering 
to nearly 4.36 million individuals across the three 
surrounding districts of Udupi, Uttara Kannada, and 
Dakshina Kannada.

A prospective longitudinal study was planned to 
determine the effect of substitution of amlodipine 
with cilnidipine in hypertensive patients with 
amlodipine-induced ankle edema. Concomitant 
causes for edema including nephropathy, cardiac 
failure, hepatic cirrhosis, and hypoalbuminemia 
due to any other cause, were excluded by renal and 
liver function tests, thyroid profile, and baseline 
echocardiography. Varicose veins were ruled out by 
clinical examination.

Secondary causes for hypertension were evaluated 
beyond the aforementioned investigations only when 
the clinical suspicion was high or blood pressure 
was uncontrolled. The included patients typically 
maintained control of hypertension with less than 
three anti-hypertensive drugs. Ten patients were on 
monotherapy with amlodipine. Nine patients were 
receiving amlodipine and a RAS inhibitor. Four 
patients each were on a combination of amlodipine 
with a beta-blocker, and amlodipine with a thiazide 
diuretic.

Baseline parameters including clinical evidence of 
ankle edema, pulse rate, blood pressure, bilateral ankle 
circumference, and body weight were recorded for all 
patients. Presence of edema was assessed clinically by 
applying sustained pressure with the ball of the thumb 
over the medial malleolus for 30 seconds. Pulse rate was 
measured by palpating the radial artery at the wrist, with 
the patient supine, after 15 min of rest. Blood pressure was 
measured by a mercury sphygmomanometer in the right 
arm, with the patient supine, after 15 min of rest. Ankle 
circumference was determined with a tape measure, 1 cm 
above the medial malleolus, with the patient standing. 
Weight (to the nearest 0.1 kg) was measured with an 
electronic weighing scale, while the subjects were fasting 
and wearing only their undergarments.

All patients were then initiated on an efficacy‑equivalent 
dose of cilnidipine (5 mg of amlodipine is equivalent to 
10 mg of cilnidipine). Amlodipine therapy was stopped 
on the day of initiating cilnidipine. The patients were 
followed-up for four weeks. Relevant parameters were 
then recorded again for all the patients.

Statistical analysis
Based on the assumption that there would be 80% 
reduction of amlodipine-induced ankle edema with 
cilnidipine, calculation showed that a sample size 
of 16 was required (power = 80%, α =0.05). Data 
analysis was done with Statistical Product and Service 
Solutions (SPSS) Statistics version 17.0 (Chicago IL, USA). 
Continuous variables were presented as median with 
interquartile range (IQR) or mean ± standard deviation. 
Wilcoxon signed-rank test was used to compare the 
means of variables before and after administration 
of cilnidipine. P <0.05 were considered indicative of 
statistical significance.

Results
Of the 27 patients included in the study, 15 (55.6%) 
were male. The median age was 60 years (IQR 54-66). 
Median duration of therapy with amlodipine at the 
time of inclusion in the study was 12 months (IQR 3-60). 
Twenty patients (74.1%) were receiving the median dose, 
i.e., 5 mg of amlodipine daily (Range 2.5-10). Baseline 
hemodynamic data, ankle circumferences, and body 
weight are detailed in Table 2.

Reassessment after 1 month showed complete clinical 
resolution of ankle edema in all 27 patients. There was 
a significant decrease in ankle circumference and body 
weight. Comparison of hemodynamic parameters 
revealed a non‑significant rise in mean arterial blood 
pressure, and no significant change in pulse rate. These 
findings are detailed in Table 2.

Table 1: Incidence of ankle edema with various 
calcium channel blockers
Nifedipine[3] 6 Lacidipine[6,7] 4-4.44
Nifedipine (extended release)[3] 10-30 Lercandipine[7,8] 1.2-9
Diltiazem[3] 6-10 Nicardipine[4] 3
Diltiazem (extended release)[3] 2-3 Nisoldipine[9] 6-19
Felodipine[3] 14 Manidipine[10,11] 4.9-6
Isradipine[4,5] 6 Mibefradil[12] 7
Amlodipine[1] 6-15
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Discussion
A number of mechanisms have been postulated for 
CCB-induced edema. The principal mechanism involves 
interference of normal auto-regulatory postural 
vasoconstrictor reflexes.[16] In healthy individuals, reflex 
pre-capillary vasoconstriction in response to venous 
congestion protects the capillary bed from increased 
blood pressure, thereby restricting hydrostatic filtration 
of fluid into the interstitium. L‑type CCBs like amlodipine 
directly inhibit pre-capillary vasoconstriction through 
arteriolar dilatation, thus promoting interstitial 
edema. Other contributory mechanisms include 
capillary hypertension and increased microvascular 
permeability. Preferential dilatation of pre-capillary 
resistance vessels by L-type CCBs with relative 
sparing of the post-capillary vascular tone results in 
significant capillary hypertension and promotes fluid 
hyperfiltration into the interstitium; this phenomenon 
has been validated with felodipine.[17] Increased 
microvascular permeability has also been demonstrated 
by interstitial extravasation of plasma protein-bound 
Evans-blue dye following administration of nifedipine 
and lacidipine.[18,19]

In contrast to amlodipine which acts primarily 
through b lockade  of  L- type  Ca 2+ channels , 
cilnidipine acts through dual blockade of L-type and 
N-type Ca2+ channels.[20] Whereas L-type Ca2+ channel 
blockade produces vasodilation of peripheral resistance 
vessels akin to amlodipine, inhibition of neuronal 
N-type Ca2+ channels disrupts sympathetic nervous 
outflow, lowering plasma catecholamine levels, 
and thereby producing further vasodilatation. This 
unique mechanism of action results in vasodilation 
of both pre- and post-capillary resistance vessels 
reducing capillary hypertension and consequent 
hyperfiltration of fluid into the interstitium. The superior 
renoprotection of cilnidipine over other CCBs[21-25] 
through attenuation of glomerular hyperfiltration 
has been attributed to sympathetic blockade[26] and 

inhibition of N-type Ca2+ channels.[27] Reduction of 
capillary hyperfiltration in the peripheral systemic 
circulation would appear to be an extension of the same 
phenomenon.

The dual mechanisms of cilnidipine can therefore explain 
both the low incidence of ankle edema and the excellent 
antihypertensive action that it possesses. Reduced 
inhibition of the local vasoconstrictor reflexes that 
normally prevent excessive fluid filtration in dependent 
regions could also contribute to the lack of edema with 
cilnidipine therapy; further studies are required to 
elucidate this possibility.

Conclusion
Cilnidipine is an effective and well-tolerated alternative 
antihypertensive in patients with amlodipine-induced 
edema. Further studies are required to elucidate the 
various pharmacodynamic properties of cilnidipine 
that are responsible for the absence of associated edema.
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