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A Discrepancy: Calcium Channel Blockers Are 
Effective for the Treatment of Hypertensive Left 
Ventricular Hypertrophy but Not as Effective for 
Prevention of Heart Failure
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Highlights of the Study

• Calcium channel blockers are the first-line antihypertensive drugs.
• Hypertension can lead to heart failure by causing hypertensive left ventricular hypertrophy.
• Calcium channel blockers are recommended for the treatment of hypertensive left ventricular hyper-

trophy.
• Calcium channel blockers protect from heart failure less effectively than other first-line antihyperten-

sive drugs.
• This discrepancy needs to be explored further to improve clinical practice.

DOI: 10.1159/000526792

Keywords
Calcium channel blockers · Arterial hypertension · Left 
ventricular hypertrophy · Heart failure · Renin-angiotensin-
aldosterone system

Abstract
Arterial hypertension (HTN) is important due to its high prev-
alence, morbidity, and mortality rates. Calcium channel 
blockers (CCBs) are the first-line antihypertensive drugs. HTN 
can lead to heart failure (HF) by causing hypertensive left 
ventricular hypertrophy (HTN LVH). CCBs are recommended 
for the treatment of HTN LVH. The aim of this study was to 

analyze the status of CCBs regarding (1) HTN LVH treatment 
and (2) capability to prevent HTN-induced HF in the guide-
lines. For this narrative review, the following databases were 
searched: Medline, Scopus, Science Direct, Springer, SAGE, 
Wiley, Oxford Journals, Cambridge, and Google Scholar. 
CCBs are effective antihypertensive drugs and a very good 
therapeutic option for HTN LVH as they can cause reverse 
LVH remodeling. Consequently, we may expect that CCBs 
would prevent HF. However, evidence suggests that CCBs 
confer less protection from HF than other first-line antihy-
pertensive drugs. A negative inotropic action of nondihydro-
pyridine CCBs may contribute to suboptimal protection 
against HF. This discrepancy is clinically relevant because 
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CCBs are in one of the two recommended (single pill) com-
binations for the initial treatment of HTN. LVH is a strong risk 
factor for HF in HTN patients. When LVH arises, the risk of HF 
increases dramatically. CCBs are inferior to renin-angioten-
sin-aldosterone system blockers but still very effective in 
bringing about regression of HTN LVH; consequently, CCBs 
are expected to protect from HF. On the contrary, CCBs pro-
tect from HF less effectively than other first-line antihyper-
tensive drugs. This discrepancy needs to be investigated fur-
ther to improve clinical practice. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Arterial hypertension (HTN) is an important public 
health challenge [1], due (among other reasons) to its high 
prevalence, estimated to be 1.13 billion patients worldwide 
[2]. Despite such importance, current HTN control is sub-
optimal [1]. Calcium channel blockers (CCBs) are among 
the first-line antihypertensive drugs [3]. Comprehensive 
initial treatment for the majority of HTN patients includes 
a combination of two antihypertensive drugs, for example, 
renin-angiotensin-aldosterone system (RAAS) blocker 
(angiotensin-converting enzyme [ACE] inhibitor and an-
giotensin receptor blocker [ARB]) with either CCB or di-
uretic [1, 4]. Moreover, for the treatment of hypertensive 
left ventricular hypertrophy (HTN LVH), CCBs are recom-
mended (i.e., adequately believed to improve prognosis) 
[1], but they offer less protection from heart failure (HF) 
(i.e., reasonably expected to worsen prognosis) [1]. The aim 
of the paper was to analyze this discrepancy because CCBs 
are the first-line treatment of HTN (the key cause of mor-
tality and morbidity in the world), and both HTN LVH and 
HF are prevalent and dangerous complications of HTN.

Literature Search

A narrative review is used for this study. The following data-
bases were searched: Medline, Scopus, Science Direct, Springer, 
SAGE, Wiley, Oxford Journals, and Cambridge (Fig.  1). The 
Google Scholar search engine was used in addition. Particular at-
tention was paid to guidelines related to systemic HTN.

Results

Hypertension Is a Crucial Risk Factor for HF
HTN is the main attributable risk factor for HF [5]. 

HTN precedes the development of HF in approximately 

90% of patients and increases the risk for HF by 2- to 
3-fold [6, 7]. Moreover, HTN is the crucial risk factor for 
coronary artery disease (CAD) [7, 8], which is responsible 
for a great number of HF patients [7, 9]. Therefore, HTN 
can lead to HF directly by causing HTN LVH and can 
subsequently lead to HF with preserved left ventricular 
ejection fraction (HFpEF) [10, 11], and this pathway is 
common in elderly women [12]. Moreover, HTN can 
cause HF indirectly through CAD (particularly myocar-
dial infarction) [11, 13]. This happens more often in men, 
and such patients usually have HF with reduced left ven-
tricular ejection fraction [13]. HF with reduced left ven-
tricular ejection fraction may arise from HFpEF when a 
“second hit” occurs (acute myocardial infarction, myo-
cardial toxins, such as alcohol, cocaine, medications, etc.) 
[7]. The main benefit of antihypertensive drugs is the pre-
vention of HF [5].

HTN LVH Is an Even More Direct and Important 
Precursor of HF
LVH is very prevalent in HTN (36–41% by echocar-

diography) [14, 15]. Among HTN patients, those with 
HTN LVH are at particularly high risk [16, 17]. The mor-
tality risk is more than twice increased in individuals with 
LVH [18]. The risk of atrial fibrillation (AF) is 39% high-

SCOPUS search
Subject area "Medicine",
Document type "Review",

English language,
Title Search items = "hypertension" and

"guideline" from 2000 to present

239 papers

10 guidelines

Total: 22 guidelines
on systemic arterial
hypertension

12 guidelines from
the other sources:

-PubMed
-Elsevier
-Springer Verlag
-Google Scholar

229 papers removed due to:

- children/adolescents
- duplicate papers
- pulmonary artery hypertension
- intracranial hypertension
- pregnancy hypertension
- portopulmonary hypertension
- comparison of various guidelines

Fig. 1. Depiction of search strategy.



Koracevic et al.Med Princ Pract 2022;31:454–462456
DOI: 10.1159/000526792

er in these patients [19], and AF is a well-recognized risk 
factor and trigger of HF [20]. HTN LVH often precedes 
HFpEF [10, 21]. The occurrence of ventricular tachycar-
dia/fibrillation is 2.8-fold greater in the presence of LVH 
[22]. The presence of LVH is also associated with a 4.5-
fold increased risk for sudden cardiac death [18].

CCBs Are Effective for Arterial Treatment of 
Hypertension
CCBs are effective antihypertensive medications [1, 3, 

23–27]. Moreover, in recommendations on how to start 
treatment of HTN patients without compelling indica-
tions for other antihypertensive drugs, CCBs are one of a 
few drug classes, together with diuretics and RAAS block-
ers [28] and, according to some guidelines, β-blockers 
(BBs) as well [1]. Older age favors the use of CCBs [29]. 
Compelling indications for CCBs are listed in Table  1. 
The favorable characteristics of CCBs are that these agents 
are more effective compared to most other antihyperten-
sive drugs in reducing proteinuria as well as in slowing 
the progression of carotid atherosclerosis [1]. CCBs are 
associated with improved results in preventing stroke 
[35–38]. In addition to this, CCBs are well tolerated by the 
general hypertensive population [1, 39].

CCBs Are Very Effective for Treating LVH
LVH as hypertension-mediated organ damage is a 

marker and/or mediator of ischemic heart disease, HF, 
arrhythmias, and sudden cardiac death [5]. The reversal 
of LVH by antihypertensive drugs significantly reduces 
the risk for cardiovascular events [40, 41]. The magnitude 
of reversal of LVH reversal is in direct correlation with 
reduction in blood pressure (BP) [1]. ACE inhibitors, 
ARBs, and CCBs are more effective than BBs and diuret-
ics in bringing about regression in LVH [42, 43]; interest-
ingly, the beneficial effects of RAAS blockers on cardiac 
and electrophysiological left ventricular remodeling seem 
to be independent of reduction in BP [44]. On the other 
hand, there are some inter-class differences between di-
uretics in the magnitude of reversal of HTN LVH [45]; 
some BBs can diminish the risk of ventricular arrhythmia 
in patients with LVH [46]. Mineralocorticosteroid recep-
tor antagonists, although not first-line antihypertensive 
drugs, have a similar beneficial effect on LVH as ACE in-
hibitors [47]. Also, angiotensin receptor neprilysin inhib-
itor as one of the four pillars of HF therapy has a great 
impact on LVH reversal [48, 49].

In addition to good results in the general hypertensive 
population, CCBs are also very good for a subset with 
HTN LVH therapy [1, 3, 15, 39, 50]. CCBs can cause re-
verse remodeling (i.e., decreasing wall thickness) of the 

Table 1. Compelling indications for CCBs (among other indications).

CCBs Indications References

(1) Dihydropyridine subclass Stable angina pectoris (chronic coronary syndrome) [26, 29–31]
Diabetes mellitus [28]
Previous stroke [28]
Vasospastic angina pectoris [32]
Hypertensive left ventricular hypertrophy [3]
HTN in elderly mostly (isolated) systolic HTN [26, 29]
HTN in pregnancy [28, 29]
Peripheral arterial disease [26, 29]
(Isolated) systolic hypertension [26]
Carotid atherosclerosis [26, 29]
Coronary atherosclerosis [26]
High coronary risk [6]

(2) Nondihydropyridine subclass Paroxysmal, persistent, or permanent AF [1]
Supraventricular tachycardia [26, 29, 33]
Effort, vasospastic, and unstable AP [3, 26, 29, 30]
Persistent proteinuria in diabetic kidney disease [34]
High coronary risk [6, 26, 29]
Carotid atherosclerosis [29]

CCBs, calcium channel blockers; HTN, arterial hypertension; AP, angina pectoris.
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LV; this is important because the reduction of LVH dur-
ing antihypertensive treatment is associated with a better 
prognosis [3, 51, 52]. One meta-analysis showed that 
CCBs are better than BBs and diuretics in LV reverse re-
modeling [42]. Thus, CCBs are recommended in relevant 
guidelines on HTN for HTN LVH [1]. Moreover, they 
can inhibit abnormal gene expression of contractile pro-
teins, atrial natriuretic polypeptide, and collagens and 
presumably prevent an increase in myocardial stiffness 
which results in cardiac dysfunction [53]. Table 2 sum-
marizes several relevant guidelines.

HTN LVH Is an Important Precursor of HF and an 
Indication for CCBs; CCBs Are Expected to Prevent 
HF, but CCBs Protect from HF Less than Other First-
Class Antihypertensive Drugs
A well-known indication for CCBs is HTN LVH [15], 

a well-known risk factor of HF [7]. Consequently, we may 
expect that CCBs would prevent HF by successful treat-
ment of HTN LVH; however, this is not the case. CCBs 
protect from HF less effectively than other first-class an-
tihypertensive drugs [35–37, 66, 67]. An explanation for 
this is still unclear. A negative inotropic action of nondi-
hydropyridine CCBs may contribute to suboptimal pro-
tection against HF (lesser than that of other first-line an-
tihypertensive drugs) [1]. This discrepancy is clinically 
relevant because CCBs are in one of the two recommend-
ed (single pill) combinations for the initial treatment of 
the majority of the HTN population (without a compel-
ling indication for a specific antihypertensive drug) [1].

Discussion

The relationship between CCBs and suboptimal HF 
prevention is recognized by guidelines; the consequences 
(including costs) are named “astronomical” in one paper 
[68]. Hypertension has a major population-attributable 
risk for HF; it is as high as 59% in females and 39% in 
males [69]. LVH is a strong risk factor for HF in HTN 
patients [6]. When LVH arises, the risk of HF increases 
dramatically [7]. Therefore, what makes HTN LVH more 
severe, for example, uncontrolled HTN, also leads further 
to HF [68]. Likewise, what protects from HTN LVH or 
decreases (reverses) already present LVH is also expected 
to protect from HF, for example, good BP control [70]. 
Moreover, the Systolic Blood Pressure Intervention Trial 
(SPRINT) concluded that intensive BP control (target 
systolic BP <120 mm Hg) results in lower rates of devel-
opment of new LVH compared with standard BP control H
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(target systolic BP <140 mm Hg) [71]. Furthermore, re-
versal of LVH in those patients who had already devel-
oped LVH was more common in the intensive BP group 
compared with group that had BP <140 mm Hg for target 
[71]. In line with this, primary HF prevention depends 
strongly on decrease in BP [72]. CCBs diminish HTN 
LVH and are anticipated to protect from HF; unexpect-
edly, this is not demonstrated in trials. On the contrary, 
several trials demonstrated an increased risk of HF with 
use of CCB; for example, patients treated with verapamil 
had incident HF 30% more than with diuretic in the Con-
trolled Onset Verapamil Investigation of Cardiovascular 
End Points (CONVINCE) trial [73]. Moreover, there was 
37% less HF with valsartan versus amlodipine [74] and 
38% higher with amlodipine versus diuretic [75]. A recent 
meta-analysis encompassed 80,483 patients from 18 ran-
domized clinical trials (with an average follow-up of 51.4 
months) and demonstrated a 25% increased risk of HF 
with the use of intermediate-acting CCB from dihydro-
pyridine subgroup [36]. Consequently, HTN guidelines 
pay attention to this topic and warn that CCBs are less 
protective against HF in comparison with other first-line 
antihypertensive drugs [1]. Indeed, we ought to separate 
acute from chronic effects. Negative inotropic action of 
non-DHP CCBs is pronounced and can be the trigger of 
acute decompensation. For example, we reported a pa-
tient with normal LV systolic function who had new-on-
set (paroxysmal) AF with rapid ventricular rate, who was 
treated with verapamil i.v., and this finally resulted in 
acute cardiogenic pulmonary edema [76]. This negative 
inotropic effect seems to be responsible partially for the 
increased HF incidence in HTN patients on CCBs. It can 
be (even more) evident with the co-occurrence of other 
risk factors of acute HF, including excessive salt intake, 
use of nonsteroidal anti-inflammatory drugs, infection, 
or AF.

Finally, one should have in mind that the reduction of 
systolic BP for 10 mm Hg or diastolic BP for 5 mm Hg 
reduces the risk of HF for 40% [1]. The more important 
objective of HTN treatment is prevention of HF and oth-
er cardiovascular diseases/events rather than beneficial 
effect on LVH reverse remodeling.

Conclusion

CCBs are the mainstay of treatment of numerous dis-
eases, including the initial therapy of HTN (in combina-
tion with RAAS inhibitor). Moreover, RAAS inhibitors 
and CCBs can reverse LVH remodeling better than BBs 

and diuretics. As HTN LVH precipitates HF, RAAS 
blockers and CCBs are consequently expected to protect 
from HF. This is true for RAAS blockers; on the contrary, 
CCBs protect less from HF than other first-line antihy-
pertensive drugs. Further research is required to explain 
this discrepancy.

Statement of Ethics

All authors have adhered to institutional and generally accept-
ed ethical standards. The research was conducted ethically follow-
ing the guidelines of the World Medical Association Declaration 
of Helsinki.

Conflicts of Interest Statement

The authors have no conflicts of interest to declare. All co-au-
thors have seen and agree with the contents of the manuscript.

Funding Sources

The authors thank the Ministry of Education, Science and 
Technological Development of Republic of Serbia (Grant No: 451-
03-9/2021-14/200113) for financial support.

Author Contributions

Goran Koracevic and Zoran Perisic: study concept and design; 
Goran Koracevic, Zoran Perisic, and Maja Stanojkovic: drafting of 
the manuscript. All authors contributed to literature review, inter-
pretation of data, and critical revision of the manuscript. All au-
thors approved the final version of the manuscript.

Data Availability Statement

All data generated or analyzed during this study are included 
in this article. Further inquiries can be directed to the correspond-
ing author.

References  1 Williams B, Mancia G, Spiering W, Agabiti 
Rosei E, Azizi M, Burnier M, et al. 2018 ESC/
ESH guidelines for the management of arte-
rial hypertension. Eur Heart J. 2018; 39(33): 

3021–104.
 2 World Health Organization. Hypertension. 

2022. Available from:  https: //www.who.int/
news-room/fact-sheets/detail/hypertension 
(accessed January 4, 2022).

https://www.karger.com/Article/FullText/526792?ref=1#ref1


Koracevic et al.Med Princ Pract 2022;31:454–462460
DOI: 10.1159/000526792

 3 Umemura S, Arima H, Arima S, Asayama K, 
Dohi Y, Hirooka Y, et al. The Japanese society 
of hypertension guidelines for the manage-
ment of hypertension (JSH 2019). Hypertens 
Res. 2019; 42(9): 1235–481.

 4 Shah SN, Munjal YP, Kamath SA, Wander 
GS, Mehta N, Mukherjee S, et al. Indian 
guidelines on hypertension-IV (2019). J Hum 
Hypertens. 2020; 34(11): 745–58.

 5 Mancia G, Fagard R, Narkiewicz K, Redon J, 
Zanchetti A, Böhm M, et al. 2013 ESH/ESC 
guidelines for the management of arterial hy-
pertension:  the task force for the management 
of arterial hypertension of the European soci-
ety of hypertension (ESH) and of the Euro-
pean society of cardiology (ESC). Eur Heart J. 
2013; 34(28): 2159–219.

 6 Chobanian AV, Bakris GL, Black HR, Cush-
man WC, Green LA, Izzo JL Jr, et al. Seventh 
report of the joint national committee on pre-
vention, detection, evaluation, and treatment 
of high blood pressure. Hypertension. 2003; 

42(6): 1206–52.
 7 Slivnick J, Lampert BC. Hypertension and 

heart failure. Heart Fail Clin. 2019; 15(4): 531–
41.

 8 Weber T, Lang I, Zweiker R, Horn S, Wenzel 
RR, Watschinger B, et al. Hypertension and 
coronary artery disease:  epidemiology, physi-
ology, effects of treatment, and recommenda-
tions:  a joint scientific statement from the 
Austrian society of cardiology and the Aus-
trian society of hypertension. Wien Klin-
Wochenschr. 2016; 128(13–14): 467–79.

 9 Pagliaro BR, Cannata F, Stefanini GG, Bolog-
nese L. Myocardial ischemia and coronary 
disease in heart failure. Heart Fail Rev. 2020; 

25(1): 53–65.
10 Tam MC, Lee R, Cascino TM, Konerman MC, 

Hummel SL. Current perspectives on system-
ic hypertension in heart failure with preserved 
ejection fraction. Curr Hypertens Rep. 2017; 

19(2): 12.
11 Aronow WS, Fleg JL, Pepine CJ, Artinian NT, 

Bakris G, Brown AS, et al. ACCF/AHA 2011 
expert consensus document on hypertension 
in the elderly:  a report of the American college 
of cardiology foundation task force on clinical 
expert consensus documents. Circulation. 
2011; 123(21): 2434–506.

12 Meta-analysis Global Group in Chronic 
Heart Failure (MAGGIC). The survival of pa-
tients with heart failure with preserved or re-
duced left ventricular ejection fraction:  an in-
dividual patient data meta-analysis. Eur Heart 
J 2012;  33:  1750–7.

13 Ho JE, Lyass A, Lee DS, Vasan RS, Kannel 
WB, Larson MG, et al. Predictors of new-on-
set heart failure:  differences in preserved ver-
sus reduced ejection fraction. Circ Heart Fail. 
2013; 6(2): 279–86.

14 Cuspidi C, Sala C, Negri F, Mancia G, Mor-
ganti A;  Italian Society of Hypertension. Prev-
alence of left-ventricular hypertrophy in hy-
pertension:  an updated review of echocardio-
graphic studies. J Hum Hypertension. 2012; 

26(6): 343–9.

15 Bourdillon MT, Vasan RS. A contemporary 
approach to hypertensive cardiomyopathy:  
reversing left ventricular hypertrophy. Curr 
Hypertens Rep. 2020; 22(10): 85.

16 Katholi RE, Couri DM. Left ventricular hy-
pertrophy:  major risk factor in patients with 
hypertension:  update and practical clinical 
applications. Int J Hypertens. 2011; 2011: 

495349.
17 Manickavasagam S, Merla R, Koerner MM, 

Fujise K, Kunapuli S, Rosanio S, et al. Man-
agement of hypertension in chronic heart fail-
ure. Expert Rev Cardiovasc Ther. 2009; 7(4): 

423–33.
18 Levy D, Garrison RJ, Savage DD, Kannel WB, 

Castelli WP. Prognostic implications of echo-
cardiographically determined left ventricular 
mass in the framingham heart study. N Engl J 
Med. 1990; 322(22): 1561–6.

19 Wachtell K, Kjeldsen S, Devereux R, Okin P. 
Relationship of incident atrial fibrillation to 
the electrocardiographic strain pattern in hy-
pertensive patients with electrocardiographic 
left ventricular hypertrophy. J Hypertens. 
2017; 35(Suppl 2): e68.

20 Ponikowski P, Voors AA, Anker SD, Bueno 
H, Cleland JGF, Coats AJS, et al. 2016 ESC 
guidelines for the diagnosis and treatment of 
acute and chronic heart failure:  the task force 
for the diagnosis and treatment of acute and 
chronic heart failure of the European society 
of cardiology (ESC) developed with the spe-
cial contribution of the heart failure associa-
tion (HFA) of the ESC. Eur Heart J. 2016; 

37(27): 2129–200.
21 Tsioufis C, Georgiopoulos G, Oikonomou D, 

Thomopoulos C, Katsiki N, Kasiakogias A, et 
al. Hypertension and heart failure with pre-
served ejection fraction:  connecting the dots. 
Curr Vasc Pharmacol. 2017; 16(1): 15–22.

22 Chatterjee S, Bavishi C, Sardar P, Agarwal V, 
Krishnamoorthy P, Grodzicki T, et al. Meta-
analysis of left ventricular hypertrophy and 
sustained arrhythmias. Am J Cardiol. 2014; 

114(7): 1049–52.
23 Wolf SJ, Lo B, Shih RD, Smith MD, Fesmire 

FM;  American College of Emergency Physi-
cians Clinical Policies Committee. Clinical 
policy:  critical issues in the evaluation and 
management of adult patients in the emer-
gency department with asymptomatic elevat-
ed blood pressure. Ann Emerg Med. 2013; 

62(1): 59–68.
24 James PA, Oparil S, Carter BL, Cushman WC, 

Dennison-Himmelfarb C, Handler J, et al. 
2014 evidence-based guideline for the man-
agement of high blood pressure in adults:  re-
port from the panel members appointed to 
the eighth joint national committee (JNC 8). 
JAMA. 2014; 311(5): 507–20.

25 Whelton PK, Carey RM, Aronow WS, Casey 
DE Jr, Collins KJ, Dennison Himmelfarb C, et 
al. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA guide-
line for the prevention, detection, evaluation, 
and management of high blood pressure in 
adults:  executive summary:  a report of the 
American college of cardiology/American 
heart association task force on clinical prac-
tice guidelines. Circulation. 2018; 138(17): 

e426–83.
26 Joint Committee for Guideline Revision. 2018 

Chinese guidelines for prevention and treat-
ment of hypertension-A report of the revision 
committee of Chinese guidelines for preven-
tion and treatment of hypertension. J Geriatr 
Cardiol. 2019; 16(3): 182–241.

27 Nerenberg KA, Zarnke KB, Leung AA, Das-
gupta K, Butalia S, McBrien K, et al. Hyper-
tension Canada’s 2018 guidelines for diagno-
sis, risk assessment, prevention, and treat-
ment of hypertension in adults and children. 
Can J Cardiol. 2018; 34(5): 506–25.

28 Unger T, Borghi C, Charchar F, Khan NA, 
Poulter NR, Prabhakaran D, et al. 2020 inter-
national society of hypertension global hyper-
tension practice guidelines. Hypertension. 
2020; 75(6): 1334–57.

29 Seedat YK, Rayner BL;  Southern African Hy-
pertension Society. South African hyperten-
sion guideline 2011. S Afr Med J. 2011; 102(1 
Pt 2): 57–83.

30 Knuuti J, Wijns W, Saraste A, Capodanno D, 
Barbato E, Funck-Brentano C, et al. 2019 ESC 
guidelines for the diagnosis and management 
of chronic coronary syndromes. Eur Heart J. 
2020; 41(3): 407–77.

31 Koraćević GP, Dakić SS, Veličković-
Radovanović RM, Apostolović SR, Krstić NH, 
Tasić IS, et al. Amlodipine as an antiischemic 
drug is superior to long-acting nitrates. Open 
Med (Wars). 2015; 10(1): 50–6.

32 JCS Joint Working Group. Guidelines for di-
agnosis and treatment of patients with vaso-
spastic angina (Coronary Spastic Angina) 
(JCS 2013). Circ J. 2014; 78(11): 2779–801.

33 Page RL, Joglar JA, Caldwell MA, Calkins H, 
Conti JB, Deal BJ, et al. 2015 ACC/AHA/HRS 
guideline for the management of adult pa-
tients with supraventricular tachycardia:  ex-
ecutive summary:  a report of the American 
college of cardiology/American heart associa-
tion task force on clinical practice guidelines 
and the heart rhythm society. Circulation. 
2016; 133(14): e471–505.

34 Steuber TD, Lee J, Holloway A, Andrus MR. 
Nondihydropyridine calcium channel block-
ers for the treatment of proteinuria:  a review 
of the literature. Ann Pharmacother. 2019; 

53(10): 1050–9.
35 Ettehad D, Emdin CA, Kiran A, Anderson SG, 

Callender T, Emberson J, et al. Blood pressure 
lowering for prevention of cardiovascular dis-
ease and death:  a systematic review and meta-
analysis. Lancet. 2016; 387(10022): 957–67.

https://www.karger.com/Article/FullText/526792?ref=3#ref3
https://www.karger.com/Article/FullText/526792?ref=3#ref3
https://www.karger.com/Article/FullText/526792?ref=4#ref4
https://www.karger.com/Article/FullText/526792?ref=4#ref4
https://www.karger.com/Article/FullText/526792?ref=5#ref5
https://www.karger.com/Article/FullText/526792?ref=6#ref6
https://www.karger.com/Article/FullText/526792?ref=7#ref7
https://www.karger.com/Article/FullText/526792?ref=8#ref8
https://www.karger.com/Article/FullText/526792?ref=8#ref8
https://www.karger.com/Article/FullText/526792?ref=9#ref9
https://www.karger.com/Article/FullText/526792?ref=10#ref10
https://www.karger.com/Article/FullText/526792?ref=11#ref11
https://www.karger.com/Article/FullText/526792?ref=12#ref12
https://www.karger.com/Article/FullText/526792?ref=12#ref12
https://www.karger.com/Article/FullText/526792?ref=13#ref13
https://www.karger.com/Article/FullText/526792?ref=14#ref14
https://www.karger.com/Article/FullText/526792?ref=15#ref15
https://www.karger.com/Article/FullText/526792?ref=15#ref15
https://www.karger.com/Article/FullText/526792?ref=16#ref16
https://www.karger.com/Article/FullText/526792?ref=17#ref17
https://www.karger.com/Article/FullText/526792?ref=18#ref18
https://www.karger.com/Article/FullText/526792?ref=18#ref18
https://www.karger.com/Article/FullText/526792?ref=19#ref19
https://www.karger.com/Article/FullText/526792?ref=20#ref20
https://www.karger.com/Article/FullText/526792?ref=21#ref21
https://www.karger.com/Article/FullText/526792?ref=22#ref22
https://www.karger.com/Article/FullText/526792?ref=23#ref23
https://www.karger.com/Article/FullText/526792?ref=24#ref24
https://www.karger.com/Article/FullText/526792?ref=25#ref25
https://www.karger.com/Article/FullText/526792?ref=26#ref26
https://www.karger.com/Article/FullText/526792?ref=26#ref26
https://www.karger.com/Article/FullText/526792?ref=27#ref27
https://www.karger.com/Article/FullText/526792?ref=28#ref28
https://www.karger.com/Article/FullText/526792?ref=29#ref29
https://www.karger.com/Article/FullText/526792?ref=30#ref30
https://www.karger.com/Article/FullText/526792?ref=31#ref31
https://www.karger.com/Article/FullText/526792?ref=31#ref31
https://www.karger.com/Article/FullText/526792?ref=32#ref32
https://www.karger.com/Article/FullText/526792?ref=33#ref33
https://www.karger.com/Article/FullText/526792?ref=34#ref34
https://www.karger.com/Article/FullText/526792?ref=35#ref35


Calcium Channel Blockers 461Med Princ Pract 2022;31:454–462
DOI: 10.1159/000526792

36 Chaugai S, Sherpa LY, Sepehry AA, Kerman 
SRJ, Arima H. Effects of long- and intermedi-
ate-acting dihydropyridine calcium channel 
blockers in hypertension:  a systematic review 
and meta-analysis of 18 prospective, random-
ized, actively controlled trials. J Cardiovasc 
Pharmacol Ther. 2018; 23(5): 433–45.

37 Thomopoulos C, Parati G, Zanchetti A. Ef-
fects of blood pressure-lowering on outcome 
incidence in hypertension:  5. Head-to-head 
comparisons of various classes of antihyper-
tensive drugs – overview and meta-analyses. J 
Hypertens. 2015; 33(7): 1321–41.

38 Weber MA, Schiffrin EL, White WB, Mann S, 
Lindholm LH, Kenerson JG, et al. Clinical 
practice guidelines for the management of hy-
pertension in the community a statement by 
the American society of hypertension and the 
international society of hypertension. J Hy-
pertens. 2014; 32(1): 3–15.

39 Lee HY, Shin J, Kim GH, Park S, Ihm SH, Kim 
HC, et al. 2018 Korean society of hyperten-
sion guidelines for the management of hyper-
tension:  part II-diagnosis and treatment of 
hypertension. Clin Hypertens. 2018; 25: 20.

40 Pierdomenico SD, Cuccurullo F. Risk reduc-
tion after regression of echocardiographic left 
ventricular hypertrophy in hypertension:  a 
meta-analysis. Am J Hypertens. 2010; 23(8): 

876–81.
41 Verdecchia P, Schillaci G, Borgioni C, Ciucci 

A, Gattobigio R, Zampi I, et al. Prognostic sig-
nificance of serial changes in left ventricular 
mass in essential hypertension. Circulation. 
1998; 97(1): 48–54.

42 Fagard RH, Celis H, Thijs L, Wouters S. Re-
gression of left ventricular mass by antihyper-
tensive treatment:  a meta-analysis of random-
ized comparative studies. Hypertension. 
2009; 54(5): 1084–91.

43 Klingbeil AU, Schneider M, Martus P, Mes-
serli FH, Schmieder RE. A meta-analysis of 
the effects of treatment on left ventricular 
mass in essential hypertension. Am J Med. 
2003; 115(1): 41–6.

44 Jekell A, Nilsson PM, Kahan T. Treatment of 
hypertensive left ventricular hypertrophy. 
Curr Pharm Des. 2018; 24(37): 4391–6.

45 Roush GC, Abdelfattah R, Song S, Ernst ME, 
Sica DA, Kostis JB. Hydrochlorothiazide vs 
chlorthalidone, indapamide, and potassium-
sparing/hydrochlorothiazide diuretics for re-
ducing left ventricular hypertrophy:  a system-
atic review and meta-analysis. J Clin Hyper-
tens. 2018; 20(10): 1507–15.

46 Koracevic G, Stojanovic M, Lovic D, 
Zdravkovic M, Sakac D. Certain beta blockers 
(e.g., bisoprolol) may be reevaluated in hyper-
tension guidelines for patients with left ven-
tricular hypertrophy to diminish the ventric-
ular arrhythmic risk. J Hum Hypertens. 2021; 

35(7): 564–76.

47 Pitt B, Reichek N, Willenbrock R, Zannad F, 
Phillips RA, Roniker B, et al. Effects of eplere-
none, enalapril, and eplerenone/enalapril in 
patients with essential hypertension and left 
ventricular hypertrophy:  the 4E-left ventricu-
lar hypertrophy study. Circulation. 2003; 

108(15): 1831–8.
48 Schmieder RE, Wagner F, Mayr M, Delles C, 

Ott C, Keicher C, et al. The effect of sacubitril/
valsartan compared to olmesartan on cardio-
vascular remodelling in subjects with essen-
tial hypertension:  the results of a randomized, 
double-blind, active-controlled study. Eur 
Heart J. 2017; 38(44): 3308–17.

49 Williams B, Cockcroft JR, Kario K, Zappe 
DH, Brunel PC, Wang Q, et al. Effects of Sa-
cubitril/valsartan versus olmesartan on cen-
tral hemodynamics in the elderly with systol-
ic hypertension:  the PARAMETER study. 
Hypertension. 2017; 69(3): 411–20.

50 Leung AA, Nerenberg K, Daskalopoulou SS, 
McBrien K, Zarnke KB, Dasgupta K, et al. Hy-
pertension Canada’s 2016 Canadian hyper-
tension education program guidelines for 
blood pressure measurement, diagnosis, as-
sessment of risk, prevention, and treatment of 
hypertension. Can J Cardiol. 2016; 32(5): 569–
88.

51 Almazov VA, Shlyakhto EV, Konrady AO, 
Macsimova TA, Zaharov DV, Rudomanov 
OG. Correction of hypertensive cardiac re-
modelling:  comparison of different antihy-
pertensive therapies. Med Sci Monit. 2000; 

6(2): 309–13.
52 Schmieder RE, Schlaich MP, Klingbeil AU, 

Martus P. Update on reversal of left ventricu-
lar hypertrophy in essential hypertension (a 
meta-analysis of all randomized double-blind 
studies until December 1996). Nephrol Dial 
Transplant. 1998; 13(3): 564–9.

53 Shimada T, Yoshiyama M, Takeuchi K, Omu-
ra T, Takemoto Y, Kim S, et al. Long-acting 
calcium antagonist amlodipine prevents left 
ventricular remodeling after myocardial in-
farction in rats. Cardiovasc Res. 1998; 37(3): 

618–26.
54 Sanchez RA, Ayala M, Baglivo H, Velazquez 

C, Burlando G, Kohlmann O, et al. Latin 
American guidelines on hypertension. Latin 
American expert group. Latin American Ex-
pert Group. J Hypertens. 2009; 27(5): 905–22.

55 van den Born BJH, Beutler JJ, Gaillard CAJM, 
de Gooijer A, van den Meiracker AH, Kroon 
AA. Dutch guideline for the management of 
hypertensive crisis:  2010 revision. Neth J 
Med. 2011; 69(5): 248–55.

56 Gabb GM, Mangoni AA, Anderson CS, Cow-
ley D, Dowden JS, Golledge J, et al. Guideline 
for the diagnosis and management of hyper-
tension in adults:  2016. Med J Aust. 2016; 

205(2): 85–9.
57 Malachias MVB, Barbosa ECD, Martim JFV, 

Rosito GBA, Toledo JY, Passarelli O Jr. 7th 
Brazilian guideline of arterial hypertension:  
chapter 14:  Hypertensive crisis. Arq Bras Car-
diol. 2016; 107(3 Suppl 3): 79–83.

58 Kenya national guidelines for cardiovascular 
diseases management. 2018. Developed by 
the Division of Non-Communicable Diseases 
- Ministry of Health. Available from:  www.
health.go.ke (accessed February 21, 2022).

59 SESLHD Hypertension Policy Development 
Working Party. Management of hypertension 
in the SESLHD ward settings. South eastern 
Sydney local health district guideline. SESLH-
DGL/068. 2018. Available from:  https: //www.
seslhd.health.nsw.gov.au/sites/default/files/
documents/SESLHDGL068.pdf (accessed 
February 21, 2022).

60 Academy of Medicine of Malaysia. The clini-
cal practise guidelines (CPGs);  management 
of hypertension (5th edition) 2018. 2018. 
Available from:  http: //www.acadmed.org.
my/index.cfm?menuid=67 (accessed Febru-
ary 21, 2022).

61 van den Born BJH, Lip GYH, Brguljan-Hitij J, 
Cremer A, Segura J, Morales E, et al. ESC 
Council on hypertension position document 
on the management of hypertensive emer-
gencies. Eur Heart J Cardiovasc Pharmaco-
ther. 2019; 5(1): 37–46.

62 Hua Q, Fan L, Li J, Joint Committee for 
Guideline Revision. 2019 Chinese guideline 
for the management of hypertension in the el-
derly. J Geriatr Cardiol. 2019; 16(2): 67–99.

63 Vilela-Martin JF, Yugar-Toledo JC, Ro-
drigues Md C, Barroso WKS, Carvalho LCBS, 
González FJT, et al. Luso-Brazilian position 
statement on hypertensive emergencies:  
2020. Arq Bras Cardiol. 2020; 114(4): 736–51.

64 Rabi DM, McBrien KA, Sapir-Pichhadze R, 
Nakhla M, Ahmed SB, Dumanski SM, et al. 
Hypertension Canada’s 2020 comprehensive 
guidelines for the prevention, diagnosis, risk 
assessment, and treatment of hypertension in 
adults and children. Can J Cardiol. 2020; 

36(5): 596–624.
65 Tschanz CMP, Cushman WC, Harrell CTE, 

Berlowitz DR, Sall JL. Synopsis of the 2020 
U.S. department of veterans affairs/US. de-
partment of defense clinical practice guide-
line:  the diagnosis and management of hyper-
tension in the primary care setting. Ann In-
tern Med. 2020; 173(11): 904–13.

66 Chen YJ, Li LJ, Tang WL, Song JY, Qiu R, Li 
Q, et al. First-line drugs inhibiting the renin 
angiotensin system versus other first-line an-
tihypertensive drug classes for hypertension. 
Cochrane Database Syst Rev. 2018; 11: 

CD008170.
67 Sciarretta S, Palano F, Tocci G, Baldini R, Vol-

pe M. Antihypertensive treatment and devel-
opment of heart failure in hypertension:  a 
bayesian network meta-analysis of studies in 
patients with hypertension and high cardio-
vascular risk. Arch Intern Med. 2011; 171(5): 

384–94.
68 Shields DL. Calcium channel blockers as ini-

tial therapeutic agents in hypertension:  rela-
tionship to incident heart failure. Biol Res 
Nurs. 2014; 16(3): 266–77.

https://www.karger.com/Article/FullText/526792?ref=36#ref36
https://www.karger.com/Article/FullText/526792?ref=36#ref36
https://www.karger.com/Article/FullText/526792?ref=37#ref37
https://www.karger.com/Article/FullText/526792?ref=37#ref37
https://www.karger.com/Article/FullText/526792?ref=38#ref38
https://www.karger.com/Article/FullText/526792?ref=38#ref38
https://www.karger.com/Article/FullText/526792?ref=39#ref39
https://www.karger.com/Article/FullText/526792?ref=40#ref40
https://www.karger.com/Article/FullText/526792?ref=41#ref41
https://www.karger.com/Article/FullText/526792?ref=42#ref42
https://www.karger.com/Article/FullText/526792?ref=43#ref43
https://www.karger.com/Article/FullText/526792?ref=44#ref44
https://www.karger.com/Article/FullText/526792?ref=45#ref45
https://www.karger.com/Article/FullText/526792?ref=45#ref45
https://www.karger.com/Article/FullText/526792?ref=46#ref46
https://www.karger.com/Article/FullText/526792?ref=47#ref47
https://www.karger.com/Article/FullText/526792?ref=48#ref48
https://www.karger.com/Article/FullText/526792?ref=48#ref48
https://www.karger.com/Article/FullText/526792?ref=49#ref49
https://www.karger.com/Article/FullText/526792?ref=50#ref50
https://www.karger.com/Article/FullText/526792?ref=51#ref51
https://www.karger.com/Article/FullText/526792?ref=52#ref52
https://www.karger.com/Article/FullText/526792?ref=52#ref52
https://www.karger.com/Article/FullText/526792?ref=53#ref53
https://www.karger.com/Article/FullText/526792?ref=54#ref54
https://www.karger.com/Article/FullText/526792?ref=54#ref54
https://www.karger.com/Article/FullText/526792?ref=55#ref55
https://www.karger.com/Article/FullText/526792?ref=55#ref55
https://www.karger.com/Article/FullText/526792?ref=56#ref56
https://www.karger.com/Article/FullText/526792?ref=57#ref57
https://www.karger.com/Article/FullText/526792?ref=57#ref57
https://www.karger.com/Article/FullText/526792?ref=61#ref61
https://www.karger.com/Article/FullText/526792?ref=61#ref61
https://www.karger.com/Article/FullText/526792?ref=62#ref62
https://www.karger.com/Article/FullText/526792?ref=63#ref63
https://www.karger.com/Article/FullText/526792?ref=64#ref64
https://www.karger.com/Article/FullText/526792?ref=65#ref65
https://www.karger.com/Article/FullText/526792?ref=65#ref65
https://www.karger.com/Article/FullText/526792?ref=66#ref66
https://www.karger.com/Article/FullText/526792?ref=67#ref67
https://www.karger.com/Article/FullText/526792?ref=68#ref68
https://www.karger.com/Article/FullText/526792?ref=68#ref68


Koracevic et al.Med Princ Pract 2022;31:454–462462
DOI: 10.1159/000526792

69 Messerli FH, Rimoldi SF, Bangalore S. The 
transition from hypertension to heart failure:  
contemporary update. JACC Heart Fail. 2017; 

5(8): 543–51.
70 Iyer AS, Ahmed MI, Filippatos GS, Ekundayo 

OJ, Aban IB, Love TE, et al. Uncontrolled hy-
pertension and increased risk for incident 
heart failure in older adults with hyperten-
sion:  findings from a propensity-matched 
prospective population study. J Am Soc Hy-
pertens. 2010; 4(1): 22–31.

71 Soliman EZ, Ambrosius WT, Cushman WC, 
Zhang ZM, Bates JT, Neyra JA, et al. Effect of 
intensive blood pressure lowering on left ven-

tricular hypertrophy in patients with hyper-
tension:  SPRINT (systolic blood pressure in-
tervention trial). Circulation. 2017; 136(5): 

440–50.
72 Bangalore S, Wild D, Parkar S, Kukin M, Mes-

serli FH. Beta-blockers for primary preven-
tion of heart failure in patients with hyperten-
sion insights from a meta-analysis. J Am Coll 
Cardiol. 2008; 52(13): 1062–72.

73 Black HR, Elliott WJ, Grandits G, Grambsch 
P, Lucente T, White WB, et al. Principal re-
sults of the controlled onset verapamil inves-
tigation of cardiovascular end points (CON-
VINCE) trial. JAMA. 2003; 289(16): 2073–82.

74 Julius S, Weber MA, Kjeldsen SE, McInnes 
GT, Zanchetti A, Brunner HR, et al. The val-
sartan antihypertensive long-term use evalu-
ation (VALUE) trial:  outcomes in patients re-
ceiving monotherapy. Hypertension. 2006; 

48(3): 385–91.
75 Williams B. Drug treatment of hypertension:  

implications of ALLHAT. Heart. 2003; 89(6): 

589–90.
76 Cvetkovic E, Koracevic G. A case report of a pa-

tient with preserved heart pump function, whose 
pulmonary edema was precipitated by atrial fi-
brillation and antiarrhythmics with a negative 
inotropic effect. Kardiologija. 2000; 21: 112.

https://www.karger.com/Article/FullText/526792?ref=69#ref69
https://www.karger.com/Article/FullText/526792?ref=70#ref70
https://www.karger.com/Article/FullText/526792?ref=70#ref70
https://www.karger.com/Article/FullText/526792?ref=71#ref71
https://www.karger.com/Article/FullText/526792?ref=72#ref72
https://www.karger.com/Article/FullText/526792?ref=72#ref72
https://www.karger.com/Article/FullText/526792?ref=73#ref73
https://www.karger.com/Article/FullText/526792?ref=74#ref74
https://www.karger.com/Article/FullText/526792?ref=75#ref75
https://www.karger.com/Article/FullText/526792?ref=76#ref76

	startTableBody
	startTableBody

