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ABSTRACT 
 
Questions regarding the optimal second best anti-ischemic drug in stable angina 
pectoris (AP) is still open. There are no long-term, double-blind and randomized 
clinical trials (RCT) that compares head-to-head long-acting nitrates (LAN) and 
amlodipine in stable AP, the most used and cited second anti-ischemic drugs. 
Therefore, the aim of this narrative review is to focus on patients with stable AP 
and arterial hypertension (AHT). One of the most common co-existing 
cardiovascular risk factor of SAP is AHT. Thus, when choosing the second anti-
ischemic drug for SAP it is reasonable to use AHT as an important parameter in 
favor of amlodipine. This drug, in contrast to LAN, prevents and treats to a certain 
degree, chronic hypertensive damage of various target organs and also prevents 
hypertensive crisis. Moreover, amlodipine can prevent new coronary events, but 
LAN can not. Finally, there are numerous valid reasons (20 of them listed) to 
consider amlodipine as the second best anti-ischemic drug, at least for patients 
with stable AP and AHT, until head-to-head comparison of second-line drugs for 
stable AP in a sufficiently-powered, long-term, double-blind RCT is done. 
 
Keywords: Amlodipine, long-acting nitrates, stable angina pectoris, arterial 
hypertension, drug to drug interactions. 

 
 
INTRODUCTION  
 
Presently, coronary artery disease (CAD) is the most 
important single disease in developed countries (as judged 
by the highest annual mortality) (Munzel et al., 2014). 
Stable angina pectoris (SAP) is the most common form of 
CAD, with the incidence of about 0.5% and 5% prevalence 
of the general population in the Western countries (Munzel 
et al., 2014; Zuchi et al., 2013; Andrikopoulos et al., 2014).  

In general, beta blocker (BB) was considered to be the 
anti-ischemic drug of choice for SAP (Andrikopoulos et al., 
2014; Montalescot et al., 2013; Finn et al., 2012; Belsey et 
al., 2015) and even more so in patients with arterial 
hypertension (AHT) (Mancia et al., 2013; Gayet et al., 2011). 
There is not a single head-to-head comparison of second-
line drugs for SAP [for example, calcium channel blocker 
(CCB) vs. long-acting nitrates (LAN)] in a sufficiently- 
powered, long-term, double-blind and randomized clinical 

trial (RCT) with endpoint in form of the main adverse 
cardiac and cerebrovascular events (MACCE), including 
death.   

Therefore, for the most important single disease (CAD) 
and -more precisely- for its most common form – SAP, we 
do not have the most appropriate recommendation for the 
second best anti-ischemic drug. It could be CCB (for 
example, dihidropyridine), LAN, trimetazidine nicorandil, 
ranolazine, ivabradine or fasudil (Belsey et al., 2015; Al 
Mobeirek et al., 2014;  McGillion et al.,  2012, Dasgupta et al., 
2014; Koracevic et al., 2015).  

As an illustration, in a flow chart for SAP treatment it is 
written that if symptoms persist despite the BB dose 
optimization, CCB or LAN are recommended (Gayetet al., 
2011) but AHT (although one of the most frequent 
comorbidity / etiological factor) was not mentioned as a 
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relevant criterion for the choice of the second best anti-
ischemic drug in SAP. 

To the contrary, AHT was considered important for the 
choice of anti-ischemic drug in the flow chart published in 
the paper by Parker and Parker (2012). Stable AP patients 
should have BP <140/90 mmHg and a target BP <130/80 
mmHg can be considered in some patients with previous 
stroke or transient ischemic attack, carotid artery disease, 
PAD and abdominal aortic aneurysm (Rosendorff et al., 
2015).  

Moreover, BP-lowering drugs prevent a meaningful 
number of coronary events, down to the achieved BP 
<130/<80 mmHg (Weber et al., 2016). Indeed, LAN has not 
been used in the treatment of AHT (Rosendorff et al., 2015) 
and can not be recommended to achieve the 
aforementioned BP targets (Weber et al., 2016).  On the 
other hand, CCBs have been the most widely used anti-
hypertensives, particularly in Asia (Chiang et al., 2015). The 
rare available trials on the topic recently underwent a 
systematic review and meta-analysis. They supported the 
usual strategy to initially administer a combination of CCB 
and BB, which yielded benefit for most of the functional and 
symptomatic comparisons tested, while the evidence for 
LAN as an add-on was less straightforward (Belsey et al., 
2015). The mainstays of AP therapy are BBs, CCBs and 
LANs (Rosendorff et al., 2015).  

Nevertheless, the question about the optimal second best 
anti-ischemic drug is still open due to some of the available 
studies performed 20 years ago; they were short-term and 
women were underrepresented. A meta-analysis of the 
trials on SAP treatment shows that <20% of enrolled 
patients were women (Zuchi et al., 2013). Therefore, our 
narrative review follows, aiming to perform synthesis of 
evidences on the topic in light of the clinical experience and 
in order to make the choice of second best anti-ischemic 
drug in practice easier and better grounded.  

Amlodipine has been the most commonly used 
dihydropyridine (DHP) CCB (Kojima et al., 2011). 
Amlodipine has slow onset and offset of the action and a 
much longer half-life than other CCBs (Opie, 2000). The 
advantages of amlodipine in the large portion (and 
probably the majority) of patients with SAP and AHT 
partially result from amlodipine’s anti-hypertensive effects. 
The logical approach to systemize the differences between 
amlodipine and LAN as the potential second best anti-
ischemic drug in patients with SAP and AHT is to analyze 
myocardial ischemia –related and general differences.  
 
 
(A) Myocardial ischemia–related advantages of 
amlodipine over LAN for patients with SAP and AHT 
 
The most common co-existing cardiovascular risk factor of 
SAP is AHT and therefore, (DHP) CCBs have a role in a 
combined treatment with or as a substitute for BBs (Mancia 
et al., 2013; Gayet et al., 2011; Adamczak et al., 2015). The  

 
 
 
clear reason to add CCB to BB is an insufficient control of 
AHT or stable AP or both (Rosendorff et al., 2015). Other 
roles carried out by amlodipine are hereby outlined: 
 
- In contrast to LAN, amlodipine prevents (partially) 
pathoanatomical hypertensive complications such as 
progression of the atherosclerotic coronary lesions 
 
In the CAMELOT (the Comparison of Amlodipine versus 
Enalapril to Limit Occurrences of Thrombosis) study, which 
compared amlodipine or enalapril vs. placebo in 1997, 
patients with CAD but with normal BP and the trend 
towards a slowing of atherosclerosis progression was 
significant in those with higher systolic BP. Atheroma 
volume in coronary arteries in patients with BP 
>128,8/77.3 mmHg showed a slowdown of the 
atherosclerosis progression vs. baseline in amlodipine 
group (p=0.02) (Nissen et al., 2004; Brener et al., 2006; 
Owen and Reid, 2012). Actually, CAMELOT was the first 
study to demonstrate that diminishing BP can lead to 
atherosclerotic plaque stagnation and even regression 
(anti-atherosclerotic effect) (Sipahi et al., 2006). The 
comparison between coronary artery stenosis at the 
beginning and at the end of amlodipine treatment yielded 
statistically highly significant difference for each patient 
(p<0.001) (Nissen et al., 2004).  

In 825 patients with established CAD, the PREVENT study 
(Prospective Randomized Evaluation of the Vascular Effects 
of Norvasc Trial) analyzed amlodipine vs. placebo to 
determine the effect upon atherosclerotic progression. 
PREVENT study found no effect of amlodipine on 
angiographic progression of coronary atherosclerosis but 
noted a significant effect of amlodipine on carotid artery (a 
0.0126 mm IMT decrease, p=0.007) (Owen and Reid, 2012; 
Pitt et al., 2000). Putative pleiotropic effects distinct from 
BP decline might contribute to plaque regression. CCB have 
possible pleiotropic effects such as anti-inflammatory, anti-
oxidant, enhancement of endothelial nitric oxide (NO) 
synthesis and reduction of smooth muscle cell proliferation 
(Kojima et al., 2011).  
 
- Amlodipine it prevents pathophysiological complications 
of AHT such as new coronary events, but LAN does not 
 
Amlodipine prevents new coronary events (Thaulow, 2003). 
A double-blind CAPARES (the Coronary AngioPlasty 
Amlodipine Restenosis Study) amlodipine vs. placebo 
(intention-to-treat analysis) on 635 patients showed a 
statistically significant 4.2% absolute reduction in the 
repeat PCI and a 5.1% reduction in the incidence of the 
main adverse cardiac events (MACE) (Adamczk et al., 2015; 
Thaulow, 2003). Such data do not exist for beta-blockers 
(Adamczk et al., 2015) and LAN. LANs are traditional anti-
anginal drugs that provide no survival benefit 
(Giannopoulos et al., 2016). In the (NORMALISE) trial 
(Norvasc for Regression of Manifest Atherosclerotic Lesions  
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by Intravascular Sonographic Evaluation) in 431 patients, 
amlodipine vs. placebo treatment resulted in fewer 
ischemic events after 18 months (Berner et al., 2006). 
Amlodipine was shown to be associated with a reduced risk 
of adverse cardiovascular events in the aforementioned 
(CAMELOT) study (Owen and Reid, 2012).  

In the (PREVENT) trial (The Prospective Randomized 
Evaluation of the Vascular Effects of Norvasc Trial) 
approximately, 2/3 of 822 patients had a history of AP. 
Hospitalizations for unstable AP were significantly reduced 
in amlodipine vs. placebo arm (HR: 0.67, 95% CI: 0.48 to 
0.93) (Owen and Reid, 2012; Pitt et al., 2000). In the ALPS-J 
study (Azelnidipine and Amlodipine Anti-Coronary 
Atherosclerosis Trial in Hypertensive Patients Undergoing 
Coronary Intervention by Serial Volumetric Intravascular 
Ultrasound Analysis in Juntendo University), both 
azelnidipine and amlodipine improved the coronary plaque 
volume independent of BP change in 115 hypertensive 
patients that underwent elective PCI (Kojima et al., 2011). 

Findings from ACCOMPLISH study (the Avoiding 
Cardiovascular events through Combination Therapy in 
Patients Living with Systolic Hypertension) in 11,506 
patients indicated that the benazepril–amlodipine 
combination afforded significantly greater protection 
against cardiovascular events than the benazepril–
hydrochlorothiazide combination (RR: 0.80, 95% CI: 0.72 to 
0.90; p=0.001) (Owen and Reid, 2012; Jamerson et al., 
2008; Bakris et al., 2013). The superiority of benazepril–
amlodipine combination could not be explained by relieving 
AP and coronary revascularization but rather, by 
amlodipine’s favorable effect on the plaque progression or 
rupture (Bakris et al., 2013). BP reduction as measured by 
24 h ABPM was similar in both arms, suggesting that better 
outcomes in benazepril–amlodipine group are not the 
result of BP decrease (Byrd et al., 2014). 

The VALUE study (The Valsartan Antihypertensive Long-
term Use Evaluation) randomized 15,245 hypertensive 
patients to valsartan or amlodipine. The result was that 
amlodipine was able to reduce the risk of MI (Rosendorff et 
al., 2015). Some of MACEs (for example, ACS) may suggest 
anti-atherothrombotic amlodipine’s action. The ASCOT-
BPLA (Anglo-Scandinavian Cardiac Outcomes Trial-Blood 
Pressure Lowering Arm) (19,257 patients) was 
prematurely stopped due to amlodipine-based regimen that 
had significantly lower rates of cardiovascular mortality 
(HR: 0.76, 95% CI: 0.66 to 0.89; p=0.001), unstable AP (HR: 
0.68, 95% CI: 0.51 to 0.92; p=0.0115) and total coronary 
events and procedures (HR: 0.84, 95% CI: 0.78 to 0.90; 
p<0.0001) in comparison with the atenolol-based arm 
(Owen and Reid, 2012; Poulter et al., 2005). Amlodipine 
may have pleiotropic effects beyond BP lowering favor 
atherosclerotic plaque stabilization (Rosendorff et al., 
2015). 
 
- In contrast to LAN, amlodipine can treat endothelial 
dysfunction   

 
 
 
The endothelium-dependent vasodilation of the resistance 
and epicardial coronary arteries are more impaired (which 
may represent a reduction in NO bioavailability and an 
increase in wall shear stress) and epicardial coronary 
arteries are more vulnerable to acetyl-choline (Ach) -
induced coronary spasm in patients that underwent long-
term treatment with LAN vs. CCB (Carmori et al., 1998; 
Parker and Gori, 2001; Ninomiya et al., 2008). Isosorbide-5-
mononitrate (ISMN) is still the most commonly used oral 
nitrate worldwide (Oelze et al., 2013).  

Chronic ISMN therapy leads to endothelial dysfunction 
and oxidative stress, mainly by an endothelin -dependent 
activation of the vascular and phagocytic NADPH oxidase 
activity and NO-synthase (NOS) uncoupling (Oelze et al., 
2013). NO generated from exogenous LAN therapy may 
suppress Ach-induced synthesis of NO (Ninomyia et al., 
2008).  

A decrease in NO bioavailability is associated with 
accelerated atherogenesis and increased monocyte–
endothelial cell adhesion, which may result in local 
inflammation of the vascular wall and promote plaque 
rupture. Further, absence of an appropriate increase in 
blood flow secondary to endothelial cell dysfunction may 
lead to relative myocardial ischemia even in the absence of 
CAD (Ninomiya et al., 2008). According to the report of 
Ninomiya et al. (2008) endothelium was considered 
atheroprotective and the loss of endothelial cell function 
may contribute to atherosclerosis progression. A long-term 
treatment with LAN significantly increased cardiac events 
and mortality in patients with previous MI (Ninomiya et al., 
2008; Oelze et al., 2013; Nakamura et al., 1999; Rassaf and 
Kelm, 2013). 
 
- Single-pill combination of amlodipine and another anti-
ischemic drug is available, but LAN has no such 
combination 
 
Amlodipine was added to bisoprolol in a single pill to form 
a rational and a potent combination of the first and second-
line anti-ischemic drug (Hostalek et al., 2015). Moreover, 
this combination can be used once daily, which is promising 
in terms of patients’ adherence and persistence. 
Additionally, amlodipine and bisoprolol create an effective 
anti-hypertensive combination.  
 
 
(B) General advantages of Amlodipine over LAN for 
patients with SAP and AHT 
 
- In contrast to LAN, amlodipine prevents AHT TOD, such as 
left ventricular hypertrophy (LVH), chronic kidney disease 
(CKD) and carotid atherosclerotic disease 
 
Amlodipine, being an efficient anti-hypertensive drug can 
prevent hypertensive TOD to a certain degree.  Amlodipine 
can also reverse TOD (albeit partially) (Koracevic et al.,  
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2015). Prevalence of plaques in coronary and carotid 
arteries are highly correlated (Johnsen et al., 2007). A 
patient with CAD is at a much higher risk of having carotid 
artery atherosclerosis in comparison with individuals 
without CAD. A patient with a carotid plaque has a 
diagnostic odds ratio for significant CAD 5.75 (4.47 to 7.39) 
as found in a meta-analysis (Inaba et al., 2012).  

Amlodipine prevents atherosclerosis of the cerebral 
arteries and resulting stroke better than most other anti-
hypertensives. According to a meta-analysis of 147 trials, 
(DHP) CCB is the most effective drug class to decrease 
stroke (Chem-En et al., 2015). Therefore, amlodipine is 
particularly better in preventing carotid atherosclerotic 
disease and stroke in comparison with LAN, which does not 
have favorable evidence regarding this topic.  
 
- Unlike LAN, amlodipine, being an anti-hypertensive drug, 
prevents AHT complications (“clinical CV events” (8) –such 
as heart failure, including HFpSF and peripheral artery 
disease (8) 
 
In patients with AHT and stable CAD, the later is itself a 
compelling indication for Amlodipine as an anti-
hypertensive drug, even more if there is also for example, 
peripheral artery disease (8). This advantage includes 
probably aortic aneurism (Koracevic and Lovic, 2012). It 
seems important that Amlodipine decreases central (aortic, 
coronary and carotid) BP, as seen in - ASCOT BPLA and 
ASCOT-CAFÉ (the Conduit Artery Function Evaluation) 
(Koracevic and Lovic, 2012; Williams et al., 2006). Patients 
with SAP and AHT should be treated with RAS blockers, BBs 
and/or CCBs (Athanosis et al., 2016). 

 
- In contrast to LAN, Amlodipine can prevent not only 
chronic but also acute complications of AHT, such as 
hypertensive crisis (for example, urgency)   

 
In the Cleveland Clinic Healthcare system from 2008 to 
2014 out of 2,199,019 unique patients office visits 4.6% 
had hypertensive urgency (Patel et al., 2016). Amlodipine 
decreases BP efficaciously, with long half-life and very good 
through-to peak ratio and smoothness index (Parati et al., 
2010). Therefore, by improving BP regulation, Amlodipine 
can prevent hypertensive crises.  

 
In contrast to LAN, Amlodipine has no limitations regarding 
heart rate 

 
LAN usually increase HR (Koracevic et al., 2015), but may 
sometimes provoke bradycardia (Khan and Carleton, 1981; 
Buckley and Roberts, 1993). LAN should be avoided in 
patients with tachycardia >150 beats per minutes (bpm) 
(LAN induces reflex sympathetic activation, which worsens 
tachycardia). LAN are to be avoided in patients with 
bradycardia <50 bpm, because LAN decrease preload, 
which, together with a very low heart rate of for example, 

 
  

 
45 bpm can cause excessive decrease in a minute volume.  
 

- Amlodipine is hemodynamically better than LAN for 
patients with hypertensive LVH (in addition to SAP and 
AHT)  
 

The prevalence of LVH in a mild-to moderate hypertensive 
population is estimated at 20 to 30% or even 50% (Cohuet 
and Struijker-Boudier, 2006). According to Finizola et al. 
(2016) the prevalence LVH in patients with AHT is between 
16 and 77% respectively. From the hemodynamic 
standpoint of view, LAN is not the ideal drug for patients 
with (AHT) LVH, particularly if severe. LAN reduces the 
preload and consequently the entrance of blood into a stiff 
LVH. Therefore, the reduction of cardiac output is ensued 
(Griffiths et al., 2011).  According to the report by Koracevic 
et al. (2015) LAN cannot reverse LVH.  

The combination of BBs and dihydropyridine CCBs, such 
as amlodipine is now considered a first-line treatment 
option, although often underused in clinical practice 
(Ambrosio et al., 2016). 

Drug to drug interactions may seem a drawback of 
amlodipine since it is metabolized in part by cytochrome 
P450 3A4 just as bisoprolol, enalapril and atorvastatin, etc 
(Wang et al., 2009). It is likely not a problem since the co-
administration of 10 mg of amlodipine and 80 mg of 
atorvastatin failed to change the pharmacokinetics of 
amlodipine (Zhou et al., 2014).  
 
 

CONCLUSION 
 

One of the most common co-existing cardiovascular risk 
factor of SAP is AHT, found in more than 50% of patients. 
Therefore, when choosing the second anti-ischemic drug 
for SAP it is reasonable to use AHT as an important 
parameter in favor of amlodipine. This drug, in contrast to 
LAN, prevents and treats to a certain degree chronic 
hypertensive damage of various target organs and also 
prevents hypertensive crisis. Moreover, amlodipine can 
prevent new coronary events, but LAN can not. Finally, 
there are numerous valid reasons (20 of them listed) to 
consider amlodipine as the second best anti-ischemic drug, 
at least for patients with SAP and AHT, until head-to-head 
comparison of second-line drugs for SAP in a sufficiently-
powered, long-term and double-blind RCT is done.  
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