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Introduction 

Hypertension is a modifiable risk factor for cardiovascular diseas-
es, including stroke, coronary artery disease, and chronic renal failure 
[1]. Pharmacologic treatment with several classes of antihypertensive 
drugs has shown to efficiently reduce the incidence of cardiovascular 
complications [1]. Despite a clear benefit of treating hypertension, the 
recent WHO Global report indicated that only 54% of adults with hy-
pertension are diagnosed, 42% receive treatment, and a mere 21% 
have their hypertension controlled [2]. Low treatment adherence, due 
to safety profile of drugs and multiple daily prescriptions, certainly 
contribute to this unmet clinical need [1]. Accordingly, the use of 
fixed-dose combination therapy has been recommended by the Euro-
pean Society of Hypertension (ESH) Guidelines, also as starting treat-
ment for patients at high cardiovascular risk who are unlikely to be 
controlled with monotherapy [1].

Combination treatment has at least three potential advantages: 
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1)	 additive antihypertensive efficacy due to complementary mecha-
nism of action; 

2)	 lower incidence of side effects thanks to the lower doses of drugs 
administered; 

3)	 higher adherence because of easier therapeutic schedules. 
Among the various combinations available, CCBs and angioten-
sin-converting enzyme (ACE) inhibitors have proven effective and 
good tolerability [1]. 
The heart, kidney, brain, and arterial blood vessels are prime tar-

gets of uncontrolled hypertension that may result in eventual organ 
failure and cardiovascular death and disability [3]. Systemic arterial 
hypertension is the second most common cause of end-stage kidney 
disease (ESKD) after diabetic nephropathy, and in patients with type 
2 diabetes is a major contributor of the progression of kidney damage 

[4]. Pathophysiological studies suggest that kidney damage results 
from uncontrolled autoregulatory mechanisms aimed at preventing 
the transmission of elevated blood pressure (BP) to renal microvascu-
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ABSTRACT
Systemic arterial hypertension is the second most common cause of end-stage kidney disease (ESKD). Renal protection 
activity has been demonstrated for angiotensin converting enzyme (ACE) inhibitors or angiotensin receptor blockers 
(ARBs), gliflozins (dapagliflozin ed empagliflozin) and by the third-generation calcium channel blockers (CCB). 
Lercanidipine, a third-generation calcium channel blocker, has been shown to have a unique pharmacological and 
clinical profile, which translates into favorable renal hemodynamic changes. Here we summarized the pharmacological 
properties of lercanidipine and evaluate its ability to reduce proteinuria and preserve renal function when used as 
monotherapy or in combination with the angiotensin-converting enzyme (ACE) inhibitor enalapril. The fixed-dose 
combination lercanidipine/enalapril showed an excellent pharmacological profile with demonstrated clinical efficacy 
and tolerability in high-risk patients. Lercanidipine can be considered the preferred choice among calcium channel 
blocker drugs for the treatment of hypertensive patients at risk of renal impairment.
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lature [5, 6]. Indeed, the autoregulatory vasoconstriction of the affer-
ent arteriole prevents the transmission of systemic hypertension to 
glomerular microvasculature, thus maintaining constant renal blood 
flow and the intraglomerular pressure. This physiological mechanism 
preserves the glomerular filtration rate (GFR) and reduces the hyper-
tensive renal damage [7]. However, long-term hemodynamic stress 
leads to the development of atherosclerotic changes of intrarenal re-
sistance arteries and benign nephrosclerosis which interfere with pro-
tective mechanisms of renal protection. This pathological condition 
is frequently associated with a reduction in renal mass, both in diabet-
ic and nondiabetic patients affected by chronic kidney disease (CKD), 
that accounts for their increased susceptibility to progressive glomer-
ulosclerosis even with a moderate increase in systemic BP. Controlled 
BP, with target values depending to the risk profile of the patients, is 
essential for a proper cardiovascular and renal protection [8]. 

The renal effects, determined as antiproteinuric action, has been 
determined to be more potent with ACE inhibitors or angiotensin 
receptor blockers (ARBs), and more recently by gliflozins [9, 10], 
compared with first- or second-generation CCBs, likely because these 
latter agents cause a preferential dilation of the glomerular afferent 
arteriole, with only modest action on the efferent arteriole [11, 12]. 
Differently, the third generation CCB seems to act more effectively on 
both post- and pre-glomerular vessels [13, 14]. Among these, lercani
dipine has been shown to protect smaller renal vessels from hypertensive 
damage by dilating afferent and efferent renal glomerular arteries [11].

To provide optimal blood perfusion to the kidney, the ideal drug 
should effectively lower systemic BP and positively impact glomerular 
hemodynamics [15]. The complementary mechanisms of action of 
CCB and ACE inhibitors provides an effective antihypertensive action 
with a low rate of side effects. Results from the ACCOMPLISH trial 
have demonstrated the advantage of the CCB-ACE inhibitor 
combination in managing cardiovascular (CV) risk in obese and 
hypertensive patients [16]. 

The fixed-dose combinations of lercanidipine 10 mg and enalapril 
10 or 20 mg have been available in some European countries since 
2006 [17]. 

This review will focus on the pharmacological and clinical profiles 
of lercanidipine and lercanidipine/enalapril combination and their 
renal effects on arterial hypertension. 

Pharmacological properties of Lercanidipine
Lercanidipine is a third generation dihydropyridine CCB (DHP-

CCB) with elevated lipophilicity having a positive value of repartition 
coefficient (LogP) equal to 6.42 and significantly higher than other 
CCBs. The lercanidipine has one chiral carbon atom and similarly to 
other asymmetric DHP the antihypertensive action mainly derives 
from its (S)-enantiomer (Figure 1).

Lercanidipine, like the other CCBs, acts from the inner side of the 
cell membrane and bind more effectively to L-type calcium channels 
in depolarized membranes. Binding of the drug reduces the frequency 
of opening in response to depolarization resulting in a marked 
decrease in transmembrane calcium current, and thus long-lasting 
smooth muscle cell relaxation. This vascular effect is responsible for 
antihypertensive effect of the drug. More in details, the high 
lipophilicity of lercanidipine facilitate its binding to the membranes 
phospholipids prolonging its interaction with the L-type calcium 
channel and the duration of action compared to other DHPs [18, 19]. 
The high vascular selectivity of lercanidipine determine a minor 
cardiac negative inotropic effect compared to amlodipine and 
nifedipine [19]. A second layer of differentiation between lercanidipine 
and other DHP-CCBs is represented by its blocking activity on both the 

L-type and T-type calcium channels, with the first mainly expressed in 
the afferent arterioles and the second on both afferent and efferent 
arterioles (Figure 2). This dual action determines the dilation of both 
the afferent and the efferent glomerular arteries, with no changes in 
intraglomerular capillary pressure [20, 21]. 

Similar to lercanidipine, amlodipine has been shown to inhibit 
T-type calcium channels in efferent glomerular arteries [22, 23], while 
lacidipine is more selective on L-type and mibefradil (not more 
available for clinical use) is a specific T-type blocker (Figure 3)[24]. 

Pharmacokinetic properties
Absorption

Lercanidipine, after oral administration, is completely absorbed 
by the gastrointestinal tract although its absolute bioavailability is 
relatively low (10%) due to an extensive first-pass metabolism in the 
liver. Under fasting condition its oral absorption is reduced to 1/3, 
thus lercanidipine should be administered in the presence of high-fat 
meals. The peak of plasma concentration is reached 1.5-3 hours after 
oral administration at doses of 10-20 mg (Tmax, Table 1). A similar 
pharmacokinetic profile has been shown for the two enantiomers, 
although the Cmax and AUC (area under the curve) are, on average, 
1.2-fold higher for the (S) enantiomer [25].

Distribution
Lercanidipine is highly bound to serum proteins (>98%), and the 

free fraction is rapidly and extensively distributed from plasma to 
peripheral tissues. In patients with severe renal or hepatic dysfunction 
it is expected to have a significantly higher concentration of free 
lercanidipine due to lower plasma protein concentration [26].

Biotransformation
Lercanidipine is mainly metabolized by CYP3A4 to inactive 

metabolites, and no parent drug is found in the urine or the feces. 
Approximately 50% of the dose is found in the urine [26].

Elimination
Lercanidipine undergoes to a biphasic elimination phase with the 

first with a half-life of 3-5 hours and the second of 10.5 hours. 
Elimination occurs essentially by biotransformation, and the mean 
terminal elimination half-life has been calculated to be 8-10 hours. 
Differently, the therapeutical activity lasts for 24 hours due to its high 
lipophilicity and binding to the cell membrane. No accumulation has 
been observed after repeated administration [26]. The elimination 

Figure 1 | Chemical structure of lercanidipine.

https://en.wikipedia.org/wiki/Lipophilicity
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half-lives are superimposable, and no in vivo interconversion of 
enantiomers has been observed.

After oral administration, the plasma levels of lercanidipine are 
not directly proportional to the dose with a Cmax ratio equal to 1:3:8 at 
the doses of 10, 20, or 40 mg, respectively. Even more pronounced 
saturation of first-pass metabolism was observed on AUC ratios, equal 
to 1, 4 and 18 for doses of 10, 20 and 40 mg of lercanidipine. Accordingly, 
the bioavailability increases with the dose (Table 1) [26]. 

Drug-Drug interactions
Preliminary in vitro data indicated that lercanidipine may inhibit 

both CYP3A4 and CYP2D6 activities. However, this effect has been 
observed at concentrations more than 40-fold higher than those 
reached in the plasma after administration of 20 mg of the drug. 

Figure 3 | Ratio of the inhibitory potencies of CCBs on L-type vs. 
T-type channels. High and low drug concentrations were: 1 or 10 μM 
for amlodipine and lercanidipine; 0.1 or 1 μM for lacidipine; 3 or 10 
μM for mibefradil. Value above 1 (right side of the plot) means that 
the drug is more selective for T-type than L-type channel. A ratio be-
low1 (left side) indicates selectivity for than L-type channel. Source: 
Cerbai et al. 2018 [24].

Table 1 | Pharmacokinetic parameters of lercanidipine. 

Parameters Assessment

Bioavailability 10% (due to first-pass effect)

Gastrointestinal absorption 100%

Tmax 1.5-3 hours

Protein binding >98%

Volume distribution >2 L/kg

Metabolism Mainly CYP3A4

Elimination half-life 8-10 hours

Duration of action >24 hours

Excretion In the urine, 50%

Source: Barchielli et al. [26].

Figure 2 | Schematic representa-
tion of the localization of calcium 
channels (L and T) on afferent 
and efferent glomerular arterioles. 
Lercanidipine has shown to block 
L-type channel expressed on affer-
ent arteriole and T-type channel 
present on both afferent and effer-
ent arterioles. Source: Marbach et 
al. 2019 [40].

Indeed, pharmacokinetic studies in humans demonstrated that 
lercanidipine did not modify the plasma levels of midazolam, a typical 
substrate of CYP3A4, or metoprolol, a substrate of CYP2D6 [27]. 
Thus, lercanidipine is not predicted to alter the pharmacokinetics of 
drugs metabolized by CYP3A4 and CYP2D6. 

On the other hand, lercanidipine is extensively metabolized by 
CYP3A4, such that ketoconazole (strong CYP3A4 inhibitor) 
increased the Cmax of lercanidipine by eight folds and the AUC by 15 
folds [27]. Similarly, ciclosporin, another strong CYP3A4 inhibitor, 
increased lercanidipine plasma levels by 3-fold when given 
concomitantly [27]. Thus, other inhibitors of this enzyme, such as 
itraconazole, erythromycin, and grapefruit juice, are expected to 
increase plasma concentrations of lercanidipine and thus amplify 
the antihypertensive effect [27]. Conversely, CYP3A4 inducers, such 
as carbamazepine, rifampicin, and St John’s wort, are expected to 
lower the exposure and the effectiveness of lercanidipine. Thus, 
lercanidipine should be avoided with strong CYP3A4 inhibitors and 
inducers.

Importantly, metoprolol, by reducing the hepatic blood flow, 
reduced the bioavailability of lercanidipine by 50% [26, 28]. Conse
quently, lercanidipine may be safely administered with β-adrenoceptor 

https://en.wikipedia.org/wiki/Ketoconazole
https://en.wikipedia.org/wiki/Itraconazole
https://en.wikipedia.org/wiki/Grapefruit_juice
https://en.wikipedia.org/wiki/Carbamazepine
https://en.wikipedia.org/wiki/Rifampicin
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blocking drugs, but dose adjustment may be required. On the other 
hand, lercanidipine does not interact with diuretics and ACE 
inhibitors.

Differently from other DHP-CCBs, lercanidipine increased the 
AUC of simvastatin and its active metabolite β-hydroxyacid increased 
by 56% and 28%, respectively. However, these changes are considered 
not clinically relevant. 

Special Populations
In elderly subjects and patients with mild to moderate renal and 

hepatic impairment, the pharmacokinetic profile of lercanidipine was 
similar to that of healthy controls. In patients with severe hepatic 
impairment, the systemic exposure of lercanidipine is expected to be 
increased [26]. Patients with severe renal dysfunction or dialysis-
dependent patients showed higher levels (about 70%) of the drug, and 
the dosage should be reduced to avoid high plasma concentrations [26]. 

Importantly, lercanidipine pharmacokinetics is unaffected by 
carvedilol in hypertensive patients with estimated glomerular 
filtration rate [eGFR] categories G3b to G5 ranging from 12 to 38 
mL/min/1.73 m2 (mean 26.5), thus supporting the rationale for its 
renal protection use [26].

Pharmacodynamic properties

Lercanidipine has a prolonged antihypertensive activity and is 
devoid of negative inotropic effects due to its high vascular selectivity 
[19]. The high lipophilicity of lercanidipine provides a slow onset of 
action, long-lasting smooth muscle relaxation, and peripheral 
vasodilation [19]. These findings show that lercanidipine is a long-
acting CCB allowing for once-daily administration. 

Due to the gradual vasodilatation induced by lercanidipine, acute 
hypotension with reflex tachycardia has rarely been observed in 
hypertensive patients. In addition, differently from verapamil and 
diltiazem, lercanidipine, like the other DHP-CCB, does not act on 
calcium channels in the atrioventricular node, and therefore, does 
not decrease heart rate [29]. 

Renal protection of lercanidipine: experimental 
evidence

In a preclinical model of hypertensive rats, the treatment with 
lercanidipine induced a vasodilation of both afferent and efferent 
arterioles of the renal microvessels (Table 2)[20]. Lercanidipine 

Table 2 | Measures of afferent and efferent arterioles in Wistar-Kyoto normotensive and spontaneously hypertensive rats upon different treatments.

Arteriole WKY untreated SHR untreated SHR lercanidipine

Afferent arteriole

Lumen area, µm2 79.2±5.7 63.6±2.3* 79.1±3.4†

Wall area, µm2 91.6±4.5 96.6±5.1 91.1±5.2

Wall/lumen ratio 1.18±0.04 1.51±0.03* 1.16±0.07†

Efferent arteriole

Lumen area, µm2 60.2±2.8 50.5±3.1* 60.0±3.3†

Wall area, µm2 121.4±5.1 146.2±6.7* 140.2±5.3*

Wall/lumen ratio 2.03±0.06 2.93±0.08* 2.37±0.12*†

Lumen and wall areas in afferent and efferent glomerular arterioles of Wistar-Kyoto normotensive (WKY) and spontaneously hypertensive 
(SHR) rats, measured by quantitative image analysis, either exposed to antihypertensive drugs or not exposed. 
*p<0.05 vs. WKY, †p<0.05 vs. SHR. Source: Sabbatini et al. [20].

Figure 4 | Effect of lercanidipine on 
glomerular arterioles morphology 
in Cohen-Rosenthal Diabetic-Hyper-
tensive Rats. CRDH = Cohen-Rosen-
thal diabetic-hypertensive rats; LER 
= lercanidipine. *p<0.05 vs CRDH. 
Source: Rosenthal et al. 2007 [30].
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administration prevented wall thickening and luminal narrowing in 
small-sized arteries and glomerular arterioles of Cohen-Rosenthal 
diabetic hypertensive rats (Figure 4) [30]. 

These results could have relevant clinical implications. It is well 
established that traditional DHP-CCBs, including amlodipine, act 
predominantly on L-type calcium channels. The vasodilator response 
to L-type CCBs is observed only in afferent preglomerular microvessels 
with no effect on efferent arterioles in the renal vasculature. This 
determines an increase in glomerular capillary and intraglomerular 
pressure, proteinuria, and renal damage. Conversely, lercanidipine, 
by vasodilating both the afferent and the efferent arterioles of the 
renal microvessels [11], may correct glomerular hypertension and 
could therefore exert protective actions on the progression of renal 
injury. 

In nephrectomized spontaneously hypertensive rats (SHR), 
lercanidipine has been shown to reduce BP, prevent renal injury 
progression, and ameliorate histopathological changes and serum 
creatinine levels with a significantly reduced significantly proteinuria 
[23]. A similar renal protection effect by lercanidipine was observed 
in a double-transgenic rat model overexpressing human renin and 
angiotensinogen genes associated to a reduction in mortality induced 
by angiotensin II [31]. 

Renal Protection with Lercanidipine and 
Lercanidipine/Enalapril Combination: Clinical 
Studies

The third generation of CCB decreased glomerular pressure, 
the filtration fraction and proteinuria, with a nephroprotective 
effect similar to that exerted by inhibitors of the renin angiotensin-
aldosterone system (RAAS) [12]. The combination of these agents 
should provide complementary effects since CCBs and RAAS 
inhibitors do not share the same mode of action. 

CCBs are potent vasodilators that induce an autonomous 
activation of the sympathetic system and the RAAS system that can 
be dampened by ACE inhibitors. Further, CCBs promote a negative 
sodium balance and an increase in angiotensin II levels, and for this 
reason, the inhibition of ACE may reinforce the antihypertensive 
effect. The concomitance of both treatments may reduce the 
incidence of adverse events, particularly peripheral edema, indeed 
ACE inhibitors reduce the lower extremity edema caused by CCBs, 
likely because of their ability to dilate both the arterial vascular bed 
and the venous capacitance vessels [32]. Thus, lercanidipine in 

fixed combination with enalapril has a strong rationale for 
controlling hypertension and hypertension-associated renal 
damage.

Several clinical studies have investigated the renal protective 
effect of lercanidipine or lercanidipine/enalapril (Table 3). In the 
DIAL study, patients with type 2 diabetes, mild to moderate 
hypertension, and persistent microalbuminuria were randomized to 
receive either lercanidipine (10-20 mg/day) or ramipril (5-10 mg/
day) [33]. After a follow-up of 9-12-months, lercanidipine reduced 
urine albumin excretion rate to the same extent as ramipril 
(-17.4±65 µg/min, p<0.05 and -19.7±52.5 µg/min, p<0.05) [33]. The 
effect of lercanidipine as monotherapy or in combination with 
RAAS inhibitors has also been investigated in patients with CKD 
and/or albuminuria [34-36]. Robles et al. investigated the renal 
protective effect of lercanidipine (10 mg/day) in patients with CKD 
and uncontrolled BP levels already in treatment with either ACE 
inhibitors or ARB [35]. Overall, 175 patients with CKD and higher 
than recommended BP were evaluated (63% on ACE inhibitors and 
37% on ARB). Over a 6-month follow-up period, lercanidipine 
further reducing BP (systolic BP from 162 to 132 mm Hg, diastolic 
BP from 93 to 78 mm Hg) alongside proteinuria (from 3.5 to 2.8 g/

Table 3 | Clinical studies on the renal effects of lercanidipine as monotherapy or as an add-on on ACE inhibitors/ARBs.

Author (Ref.) Study Patients (n) Treatments Follow-up Outcome

Dalla Vestra 
(2004)[34] DIAL 277 Lercanidipine 10/20 mg  

vs. ramipril 5/10mg
9-12 

months AER: -17.4 vs. -19.7 μg/min

Robles 
(2005)[36] ZAFRA 203 Lercanidipine 10mg + ACE-inhibitor  

or ARB
6  

months
SBP/DBP: -30.4/-15 mmHg
Prot: -0.7 g/die (-20%)

Robles 
(2010)[37] 68 Lercanidipine 20 mg + ACE-inhibitor  

or ARB
6  

months
SBP/DBP: -17/-9 mmHg
Prot: -0.54 g/day (-33%)

Robles 
(2016)[35]

RED 
LEVELS 35 Lercanidipine 10-20 mg + ACE-inhibitor 

vs Amlodipine 5 mg + ACE- inhibitor
12  

months

Greater albuminuria reduction  
-329.0 mg/24 h at 12 months  
follow-up with Lercanidipine/
enalapril vs. amlodipine/enalapril 
combo (p=0.0011)

Prot = changes in proteinuria (g/24h); AER = changes in albumin excretion rate (μg/min). ACE, Angiotensin-converting enzyme; ARB, 
Angiotensin II receptor blocker; AT-II, angiotensin-II. SBP, systolic blood pressure; DBP, diastolic blood pressure (mm/Hg). 

Figure 5 | Percentage reduction in proteinuria after 1, 3 and 6 months 
of treatment with lercanidipine 20 mg/day, in addition to ACE-inhib-
itors or ARB, in previously uncontrolled hypertensive patients with 
CKD. P<0.001 for all values. Source: Robles et al. 2010 [36].
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day) [35]. Plasma creatinine levels were not affected by the 
treatment while its clearance increased (41.8±16 at baseline vs. 
45.8±18 mL/min after 6 months, p=0.019)[35]. The same group 
reported a similar open label study in 68 hypertensive patients with 
CKD [36]. Patients already receiving an ARB or an ACE inhibitor 
without attaining target BP levels were further treated with 
lercanidipine (20 mg/day) as add-on therapy and followed-up for 6 
months. Although systolic and diastolic BP were reduced (from 
152/86 mmHg at baseline to 135/77 mmHg after 6 months, with a 
mean reduction -16.8/-9.3 mmHg) to a lesser extent than in the 
ZAFRA study [35, 36], proteinuria was reduced by lercanidipine 
almost twofold, with a dose-response effect, which seems partially to 
be independent of BP changes [34]. Basal proteinuria was 1.63±1.34 
g/day, and it was reduced by 23% in the first month, 37% at 3 
months, and 33% at 6 months (p<0.001 at all-time points) (Figure 
5). In addition, creatinine clearance did not significantly change 
after lercanidipine treatment (43.5±10.6 vs 44.0±1.0 mL/min) [36]. 
This renoprotective, anti albuminuric could be due to the activity of 
lercanidipine on glomerular hemodynamics and to other effects, 
such as inhibition of mesangial cell proliferation and effects 
mediated by endothelin, antioxidant effects linked to increased 
nitric oxide synthase activity [36].

Finally, the effects of lercanidipine/enalapril and amlodipine/
enalapril combinations were directly compared in a 12-month, 
prospective, multi-center, randomized, open-label, blinded-
endpoint study conducted on hypertensive patients with 
albuminuria (RED LEVEL and PROBE study) [34, 37]. Over time, 
albuminuria was significantly reduced, compared with baseline 
values, only in the lercanidipine/enalapril treated arm [changes 
from baseline were: -162.5 (p=0.04), -425.8 (p=0.001), -329.0 
(p=0.001) mg/24 h, at months 3, 6 and 12, respectively]. However, 
it was not significantly changed in patients treated with an 
amlodipine/enalapril combination. Changes in blood 
hypertension values were significant for both therapy regimens, 
without differences [34, 37]. Thus, while ACE inhibitors and ARBs 
remain first-line antihypertensive drugs in CKD patients, as stated 
by 2021 KDIGO guidelines [38]. We believe that the above-
mentioned studies suggest a potential for further renal protection 
by lercanidipine especially in combination treatment.

Expert Opinion

Beyond BP reduction efficacy of different classes of 
antihypertensive drugs, their effect on end-organ protective 
properties (both cardiovascular and renal) can be distinguished. 
CCBs have traditionally been considered as powerful antihypertensive 
agents but less effective than RAAS inhibitors and gliflozins in long-
term kidney function preservation. Lercanidipine is a third 
generation CCB that shows a unique pharmacological profile, 
different from first- and second-generation. This drug shows a 
prolonged antihypertensive activity and is devoid of negative 
inotropic effects due to its high vascular selectivity [19]. It is an 
effective and safe antihypertensive drug and can be used in special 
populations including elderly, diabetics, and patients at renal 
damage risk [26]. Lercanidipine is highly lipophilic and inhibits 
both L and T types of calcium channels eliciting a direct dilation on 
both afferent and efferent glomerular arteries, preserving the 
intraglomerular pressure. This activity translates into favourable 
renal hemodynamic changes, also in monotherapy, and may provide 
a clinical benefit superior to other CCBs which showed protective 
effect only when administered in combination with an ACE inhibitor 
or an ARB.

The effect of lercanidipine on proteinuria seemed to be dose-
dependent and was not correlated with the antihypertensive activity 
[32, 33]. Renal protection with a significant decrease of micro
albuminuria and improvement of creatinine clearance was 
demonstrated in patients with diabetes and CKD, representing a 
population at high risk of organ damage. Alone or in combination 
with ACE inhibitors, lercanidipine has been shown to provide renal 
vascular protective effects in the experimental setting and reduce 
proteinuria in clinical studies. The reno-protective and anti-
albuminuric effect of lercanidipine could be due to its specific 
action on glomerular hemodynamics and others, such as the 
inhibition of mesangial cell proliferation, inhibition of endothelin-
mediated renal effects, and increased nitric oxide synthase activity, 
which has been shown to lead to antioxidant effects [34, 36]. The 
reduction of oxidative stress obtained by administration of 
lercanidipine was associated to inhibition of vascular neointimal and 
smooth muscle cell proliferation and cholesterol accumulation 
[39]. As lercanidipine is well tolerated and is associated with a low 
risk of ankle edema, it may be considered a safe tool for hypertension 
control in subjects with a high risk of kidney damage.

Conclusions

Lercanidipine is an effective and safe antihypertensive treatment 
and can be used in patients at renal damage risk. Studies in 
hypertensive patients with diabetes or CKD demonstrated protective 
effects on the kidneys due to the capability of lercanidipine to dilate 
the afferent and efferent glomerular arteries and preserving the 
intraglomerular pressure. Notably, lercanidipine has been shown to 
reduce proteinuria, a peculiar effect in the CCBs class and a 
recognized risk factor for CV events in hypertensive patients. This 
peculiarity was confirmed by a direct comparison trial where 
proteinuria was reduced by the combination lercanidipine/enalapril 
but not by amlodipine/enalapril [34]. Indeed, it is possible that the 
vasodilatory effect of lercanidipine of afferent arteriole may avoid 
the reduction of filtration fraction due to RAAS blockers because of 
efferent arteriole vasodilation. However, RED LEVEL represents the 
only head-to-head comparison study among different CCBs in terms 
of renal protection [34]. Thus, one should exert great caution when 
drawing conclusions on long-term renal safety with different CCBs. 
Nonetheless, based on data discussed in the present manuscript, 
lercanidipine because of its peculiar intrarenal mechanisms of 
action, as well as its proven ability to reduce albuminuria, could be 
the ideal CCB to be used in hypertensive patients at renal risk.
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