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Abstract
Hypertensive cardiomyopathy (HTN-CM) is a structural cardiac disorder generally accompanied by concentric left ventricular hypertrophy (LVH) associated with diastolic or systolic dysfunction in patients with persistent systemic hypertension. It occurs in the absence of other cardiac diseases capable of causing myocardial hypertrophy or cardiac dysfunction. Persistent systemic hypertension leads to structural and functional myocardial abnormalities resulting in myocardial ischemia, fibrosis, and hypertrophy. HTN-CM is predominantly a disease of impaired relaxation rather than impaired contractility, so patients are usually asymptomatic during resting conditions. However, their stiff left ventricles become incapable of handling increased blood volume and cannot produce appropriate cardiac output with the slight change of circulating volume that may occur during exercise. Importantly, the accompanying LVH is itself a risk factor for mortality and morbidity. Therefore, early detection of LVH development in patients with hypertension (referred to as HTN-CM) is critical for optimal treatment. In addition to pathological findings, echocardiography and cardiac magnetic resonance imaging are ideal tools for the diagnosis of HTN-CM. Timely diagnosis of this condition and utilization of appropriate treatment are required to improve morbidity and mortality in hypertensive patients. This review article presents an overview of the multidimensional impact of myocardial disorder in patients with hypertension. Relevant literature is highlighted and the effects of hypertension on cardiac hypertrophy and heart failure development are discussed, including possible therapeutic options. 
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Core tip: Hypertensive cardiomyopathy is a structural cardiac disorder generally accompanied by left ven​tricular hypertrophy associated with diastolic and/or systolic dysfunction in patients with persistent systemic hypertension, in the absence of other cardiac diseases. Because regression of myocardial hypertrophy is associated with a reduction in cardiovascular risk along with the improvement of cardiac function, timely diagnosis of the disease-specific pathophysiology and appropriate treatment strategy including maintaining optimal blood pressure control is very important in the care of patients with hypertension. In the present review manuscript, we have described the outline of hypertensive cardiomyopathy, pathophysiological feature of the disease, diagnosis and the treatment.
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INTRODUCTION 

Hypertensive cardiomyopathy (HTN-CM) is a structural cardiac disorder generally accompanied by concentric left ventricular hypertrophy (LVH) associated with diastolic or systolic dysfunction in patients with persistent systemic hypertension. HTN-CM is difficult to distinguish from other cardiac diseases that cause myocardial hypertrophy, such as hypertrophic cardiomyopathy, Fabry disease, or cardiac amyloidosis. However, when other causes are ruled out, leaving hypertension the only possible cause for LVH development, this is considered to be HTN-CM. 

Hypertension (HTN) is a major global health issue, accounting for approximately 50% cases of both stroke and ischemic heart disease, and approximately 13% of the total deaths worldwide[1]. Persistent hypertension can cause structural and functional myocardial ab​normalities. LVH and remodeling, frequently seen in patients with hypertension[2], is initially an adaptive response of a normal heart to an increased afterload. Hypertension leads to interstitial myocardial fibrosis[3], which has been linked to LVH development and diastolic dysfunction[4]. 

The renin-angiotensin-aldosterone system (RAAS) is also an important determinant of the hypertrophic response[5-7]. A relationship between angiotensin Ⅱ and development of myocardial fibrosis has been described as well[8]. Importantly, the Framingham Heart Study revealed that LVH is a risk factor for cardiovascular morbidity and mortality, independent of other cardiovascular risk factors, including elevated blood pressure itself[4,9,10]. In addition, patients with persistent hypertension and LVH are susceptible to sudden death[11]. These observations emphasize the importance of early diagnosis and effective treatment of hypertension to prevent cardiac complications[12]. 

In this review article, we summarize the patho​physiology, mechanism, diagnostic evaluation, and management options of HTN-CM. We have focused on human studies in order to emphasize the importance of early identification and optimization of treatment in patients with hypertension.

EPIDEMIOLOGY

The prevalence of LVH varies with the severity of hypertension, ranging from 20% in mild to almost 100% in severe or complicated hypertension[13]. Cuspidi et al[14], who performed a review of the echocardiographic data of 37700 individuals, reported that the prevalence rate of LVH was 19%-48% in untreated hypertensive cohorts and 58%-77% in high-risk hypertensive patients. 

The development of LVH is a relatively early response to hypertension, particularly in children and adolescents[15]. Transient hypertension induced by mental stress as well as extensive elevation of blood pressure during exercise can also induce LVH[16,17]. The Framingham Heart Study showed that the left ventricular (LV) mass can be increased prior to the development of overt hypertension[18]. LVH in patients with hypertension predominantly results not only from a chronic increase in LV afterload but also a genetic component such as the DD genotype of the angiotensin-converting-enzyme (ACE) gene and B2 bradykinin receptor polymorphism[19-22].

Devereux et al[23] reported that the prevalence of LVH among hypertensive patients is influenced by gender, obesity, and possibly age. Sex-specific criteria for LV mass index identify LVH in more women than men with systemic hypertension[24]. 

MYOCARDIAL REMODELING AND PATTERNS OF LVH IN HTN-CM

Conventional echocardiography provides useful mor​phological information of LVH patterns. For example, patients with hypertrophic cardiomyopathy (HCM) frequently show asymmetrical septal hypertrophy of the LV; this is the most characteristic finding[25]. In contrast, LVH associated with hypertension or HTN-CM is characterized by symmetrical (concentric) LV hypertrophy. However, 13%-31% of patients with HCM show symmetrical hypertrophy[26,27], whereas 4%-47% of hypertensive patients manifest asymmetrical septal hypertrophy[27,28].

LV remodeling/hypertrophy in HTN-CM may represent an adaptive response to hemodynamic overload imposed by systemic hypertension[2]. This compensatory response can be explained by the Laplace law (Figure 1, reproduced from[2,29]). Sustained elevated blood pressure leads to an increase in LV wall stress, which is a major determinant of myocardial oxygen demand. In response to increased LV wall stress, the LV wall thickens and the LV mass increases, thereby resulting in the normalization of wall stress and development of a structural pattern known as concentric hypertrophy. Alternatively, an increase in blood volume could lead to an increase in the chamber radius, resulting in eccentric hypertrophy[2].

Ganau et al[24] investigated patterns of LVH and geometric remodeling in patients with essential hyper​tension. They reported that LV mass index and relative wall thickness were normal in 52% of the patients, whereas 13% had increased relative wall thickness with normal ventricular mass (concentric remodeling), 27% had increased mass with normal relative wall thickness (eccentric hypertrophy), and only 8% had “typical” hypertensive concentric hypertrophy (increase in both variables). Cuspidi et al[14] also reported that concentric LV hypertrophy is not the most frequent geometric pattern and is less commonly seen than is eccentric hypertrophy in the hypertensive subjects. Indeed, the geometric pattern of LVH affects the prognosis[30]. Patients without an increase in absolute mass, but with an increase in relative wall thickness or in the wall thickness-to-cavity diameter ratio (concentric remodeling) have the same adverse risk as those with an increase in both mass and relative wall thickness (concentric hypertrophy)[24]. Velagaleti recently reported that the data from the Framingham Heart Study revealed that heart failure risk varied by LV geometric pattern, with eccentric and concentric hypertrophy predisposing to heart failure with reduced and preserved ejection fraction, respectively, after a mean follow-up of 21 years[31].

Recent reports[32,33] have described that a transition from LV concentric hypertrophy to dilation and systolic dysfunction is not a common finding, especially in the absence of coronary heart disease[2]. Observation of over one thousand patients with concentric LV hypertrophy and normal ejection fraction by Milani et al[32] revealed only 13% who progressed to systolic dysfunction by three years follow-up and this transition occurred after myocardial infarction in 42.5% of the patients. The various pathways of LV remodeling progression among hypertensive subjects are well described by Nadruz (Figure 2, reproduced from[2])

Interestingly, Khouri et al[34] recently suggested that concentric or eccentric LVH can each be subclassified into two subgroups using cardiac magnetic resonance imaging. This yields four distinct geometric patterns: eccentric non-dilated, eccentric dilated, concentric non-dilated, and concentric dilated[34]. They found that dilated type LVH was more frequently associated with low ejection fraction and elevated troponin levels. Their findings were also supported by the investigation using echocardiography performed by Bang et al[35]. This newly suggested re-classification of hypertensive patients with LVH into four groups according to the LV dilatation and increased concentricity may provide new insights into the hemodynamic and LV functional alteration in this population. 

CLINICAL MANIFESTATION IN PATIENTS WITH HTN-CM

Persistent systemic hypertension induces LVH, fibrosis, diastolic dysfunction, and an increase in the activation of the RAAS, which leads to congestive heart failure[36,37]. One of the mechanisms of heart failure in patients with hypertension is LV diastolic dysfunction. LV diastolic dysfunction associated with hypertension is morphologically characterized by LV wall thickening and increased left atrial (LA) volume. In particular, LA volume is related to LV filling pressure or LA pressure, and is a prognostic marker of various cardiac diseases[38,39]. In advanced stages, hypertension induces eccentric LVH and LV systolic dysfunction[40]. Data from the Framingham Heart Study revealed that LVH is consistently identified as an independent risk factor for cardiovascular morbidity and mortality[4,9,10]. Further, hypertensive LVH or HTN-CM is associated with atrial fibrillation: the incidence increases by 40%-50% in the presence of hypertension[41]. Messerli et al[42] documented a strong correlation between hypertensive LVH or HTN-CM and an increased frequency of ventricular arrhythmias. This emphasizes the importance of understanding of the clinical manifestations of HTN-CM. 

LVH

The pathophysiological mechanism by which LVH develops in patients with persistent systemic hypertension has been described in the previous sections. Both hypertension and LVH are affected by the same factors, such as angiotensin II, norepinephrine and epinephrine, and an increased peripheral and cardiac sympathetic drive[43,44]. LVH is a significant predictor for heart failure development and is associated with increased mortality[4,9,10]. Notably, patients with persistent hypertension causing HTN-CM often concomitantly have other atherosclerotic risk factors, such as obesity and diabetes. Although hypertension is the leading risk factor for LVH development, substantial evidence indicates that diabetes can also trigger this pathological remodeling response[45]. Obesity is associated with an increased risk of concentric LVH independent of elevated blood pressures[23]. Hypertensive LVH can lead to ventricular diastolic dysfunction; it is also a risk factor for myocardial infarction, which is a principal cause of LV systolic dysfunction[46,47]. 

Diastolic dysfunction

In addition to LVH, diastolic dysfunction is a major factor contributing to hypertensive heart disease and the progression to “symptomatic” congestive heart failure[48]. Approximately 40% of patients with hypertensive heart disease have normal systolic function but abnormal diastolic function[48,49]. In fact, LV diastolic dysfunction is the main cause of symptomatic heart failure development in patients with hypertension[50]. LV diastolic dysfunction in HTN-CM is morphologically characterized by LV wall thickening and a persistent elevation of LV end-diastolic pressure, causing increased LA volume. The increased LA volume is the result of elevated LV filling pressure or LA pressure, which presents as exercise intolerance in patients with HTN-CM. 

Ischemia is also an important factor leading to diastolic impairment in HTN-CM. Hypertension itself acce​lerates arteriosclerosis in both systemic and coronary arteries[11,51]. Furthermore, a long-standing increase in LV wall stress and workload causes LVH, and is associated with an increase in the diameter of myocardial cells without a proportional proliferation of the capillary vasculature[11]. Therefore, myocardial tissues in patients with persistent hypertension suffer from ischemia, the so-called mismatch between coronary circulation and oxygen requirement of the myocardium. This underlying myocardial ischemia and hypertrophy leads to the association of HTN-CM rather predominantly with relaxation abnormalities. The impairment of LV pressure/volume reserve means that patients with HTN-CM who have impaired relaxation are usually asymptomatic during resting conditions, but a slight change in circulating volume or an elevation of systemic vascular resistance, such as occurs during exercise, renders their stiff LV incapable of handling the increased blood volume and it cannot produce appropriate cardiac output. This can lead to a progressive decline in ventricular function and ultimately congestive heart failure. Phillips et al[48] described the mechanisms underlying LV diastolic dysfunction and the clinical consequences of this dysfunction in patients with hypertensive LVH or HTN-CM (Figure 3, reproduced from[50]). 

Systolic dysfunction

The Framingham Heart Study reported that severe LV systolic dysfunction occurs in 3%-6% of hypertensive patients[40]. An eccentric pattern of hypertrophy is a particularly strong risk factor for LV systolic dysfunction, as shown by the Cardiovascular Health Study[52]. Severe LV systolic dysfunction [ejection fraction (EF) < 30%] occurred in 6% in the Framingham Heart Study[52]; however, hypertensive LV remodeling/hypertrophy is certainly followed by chamber dilation and heart failure if not treated appropriately. Although LV function may be initially compensatory, it is followed by pro​gressive worsening of symptoms that ends with cardiac death[2,53]. This phenomenon was consistently reproduced in animal models of pressure overload due to aortic banding, as well as in humans with aortic stenosis and hypertrophic cardiomyopathy[53]. 

DIAGNOSIS OF HTN-CM

Pathological findings of HTN-CM
Pathological evaluation is important in the differential diagnosis of HTN-CM. Invasive endomyocardial biopsy (EMB) remains a powerful tool for obtaining a specific diagnosis in HTN-CM patients. A histopathological study revealed myocyte hypertrophy and moderate interstitial fibrosis, which was consistent with HTN-CM[54,55]. Cardiomyocyte hypertrophy in HTN-CM occurs as a result of structural remodeling of the myocardium. It is a consequence of a number of pathologic processes that are mediated by mechanical, neurohormonal, and cytokine routes and take place in the cardiomyocyte and noncardiomyocyte compartments of the heart[54]. An exaggerated accumulation of fibers within the myocardial interstitium and surrounding intramural coronary arteries and arterioles has been consistently found in postmortem human hearts and biopsy samples from patients with HTN-CM[55-57]. 

The collagen volume fraction is significantly increased in the hearts of patients with HTN-CM when compared with normotensive patients (Figures 4 and 5, reproduced from[54,56]). Several clinical observations support the possibility that fibrosis occurs by mechanical stress. Tanaka et al[58] reported that the collagen volume fraction of the LV free wall probably reflects transmural gradients of wall stress. Rossi found that the extent and severity of ventricular fibrosis paralleled the enlargement of cardiomyocytes[59]. Querejeta et al[60] reported that the collagen volume fraction correlated with systolic blood pressure and pulse pressure in the myocardium of patients with hypertension. 

The RAAS and ACE activity may be an important determinant of the hypertrophic response[5-7]. The effect of angiotensin Ⅱ may be a factor in the promotion of myocardial fibrosis[61]. Myocardial disarray (defined as bundles of myocytes oriented perpendicularly or obliquely to each other or interspersed in different directions), which is generally seen in patients with HCM, may also appear in patients in HTN-CM, although the distribution of myocardial disarray is relatively smaller in HTN-CM than in HCM. A previous study by Kato et al[62] classified patients as HCM if they showed > 33% myocyte disarray in at least one of the cross sections examined. Patients with no or < 5% myocyte disarray in all cross sections examined were classified as HTN-CM (Figure 6, reproduced from[62]). 

HTN-CM arises as the result of an increase in the quantity of myocardium but it also emerges due to alterations in myocardial quality (i.e., fibrosis)[54]. Mechanical stress and hormones such as RAAS lead to fibrosis, which in turn leads to chronic heart failure. 

Echocardiography

Echocardiography is a powerful tool that provides morphological information about the LVH pattern in patients with hypertension. LVH can be detected with both electrocardiography and echocardiography[63]. The sensitivity of electrocardiography for LVH diagnosis is relatively low; therefore, echocardiography should be performed to evaluate LV morphology in patients with persistent hypertension. Levy et al[64] reviewed electrocardiographic criteria for LVH in 4684 subjects of the Framingham Heart Study and detected echocardiographic LVH in 290 men (14.2%) and 465 women (17.6%), although they found electrocardiographic features of LVH in only 2.9% of men and 1.5% of women[64]. Indeed, a prevalence of echocardiographic LVH was reported in 40% of patients with hypertension[4,65]. 

LV mass (LVM), LV mass index, and relative wall thickness (RWT) are the most common measurements employed in evaluation of LVH in hypertensive patients[66]. LV geometry is classified into 4 groups based on LVM and RWT: concentric LVH (increased mass and increased RWT), eccentric LVH (increased mass and normal RWT), concentric remodeling (normal mass and increased RWT), and normal geometry (normal mass and normal RWT)[4,65,66]. 

Several formulas are used to estimate LV mass. The original calculations from Troy were the first to be recommended as a standard for estimating LVM from M-mode measurements (Formula 1)[67].

Formula 1: LV mass = 1.05 [(LVIDD + PWTD + IVSTD)3 - (LVIDD)3] g.

Where: LVIDD = LV Internal Diameter in Diastole

PWTD = Posterior Wall Thickness in Diastole

IVSTD = Interventricular Septum Thickness in Diastole

Devereux added a slight modification by using the Penn convention as the border definition criteria (Formula 2)[68].

Formula 2: LV mass = 1.04 [(LVIDD + PWTD + IVSTD)3 - (LVIDD)3] - 13.6 g.

Subsequently, Devereux proposed a new, ad​justed equation (validated on necropsy findings of 52 individuals)[69] that used the ASE convention and accounted for this discrepancy (Formula 3).

Formula 3: LV mass = 0.8 {1.04 [(LVIDD + PWTD + IVSTD)3 - (LVIDD)3]} + 0.6 g.

Relative wall thickness (RWT) is measured in clinical studies as:

RWT = (IVST + PWTD)/LVIDD

The usual reference cutoff value for increased RWT, derived from upper limits of normal samples, is 0.45[4]. The RWT provides information regarding LV geometry independent of other calculations[70], thereby precluding a requirement for most corrections. Nevertheless, significant LVH can occur without major changes in RWT, particularly when simultaneous pressure and volume overload are present; these conditions can be seen in patients with hypertension. 

The American Society of Echocardiography with the European Association of Echocardiography has issued the following criteria for LVH using the modified Simpson’s rule[71]: Estimated LVM of 201-227 g (103-116 g/m2) for men and 151-171 g (89-100 g/m2) for women is mildly abnormal; Estimated LVM of 228-254 g (117-130 g/m2) for men and 172-182 g (101-112 g/m2) for women is moderately abnormal; Estimated LV mass of > 255 g (> 131 g/m2) for men and > 193 g (> 113 g/m2) for women is severely abnormal.

Assessment of diastolic dysfunction by echocar​diography is also important in the management of patients with HTN-CM. Diastolic dysfunction is seen in approximately 50% of patients with hypertension[72]. The changes in conventional Doppler echocardiographic parameters, such as peak early filling velocity (E), late diastolic filling velocity (A) and its ratio, as well as deceleration time, should be monitored. Patients with long-standing hypertension and advanced stage of HTN-CM may show a pseudonormalization of E/A ratio, known as restrictive physiology.

Tissue Doppler imaging (TDI) allows quantitative assessment of ventricular function and early diastolic mitral annular velocity (E′); the ratio of E/E′, which is a parameter with correction of preload. This is a useful tool to assess the severity of diastolic dysfunction in patients with HTN-CM[73]. Kasner et al[73] performed both invasive and noninvasive assessment of diastolic dysfunction and identified the LV filling index of E/E′ (lateral) as the best index for detection of diastolic dysfunction in patients with heart failure with normal ejection fraction.

Strain and strain rate parameters derived from TDI, as well as speckle tracking echocardiography have also been reported as useful tools for detection of diastolic dysfunction, and these can aid in discriminating patients with HTN-CM from those with other causes of LVH[62,74]. The abnormalities in strain parameters may occur in a stage of subclinical diastolic dysfunction in hypertensive patients[75,76] making this a useful strategy for disease prevention[4].

Cardiac magnetic resonance

Cardiac magnetic resonance imaging (CMR) offers a unique opportunity for noninvasive quantitation of both LVH with high reproducibility and myocardial fibrosis with high spatial and contrast resolution[77]. Takeda et al[78] described the power of CMR for distinguishing among cardiac amyloidosis, hypertrophic cardiomyopathy, and hypertensive heart disease, all of which present with LVH and heart failure. 

Advances in CMR provide the potential to address all these important issues in a single scan setting, thereby complementing other noninvasive tools and genetic testing[79]. CMR can provide three-dimensional data on cardiac anatomy, function, tissue characterization, coronary and microvascular perfusion and valvular disease without the use of ionizing radiation. Myocardial fibrosis or infiltration can be assessed following admini​stration of gadolinium, an extracellular agent that accumulates in areas of interstitial expansion (i.e., due to myocardial fibrosis, edema, or infiltration). Late gadolinium enhancement (LGE) imaging detects accumulation of contrast in areas of infarction or fibrosis due to the slower contrast kinetics and greater volume of distribution in the extracellular matrix. The extent and pattern of LGE establish the correct diagnosis between HCM and HTN-CM (Figure 7, reproduced from[80]). 

The use of CMR in HTN-CM diagnosis allows repro​ducible assessment of wall thickness and LV mass with greater accuracy when compared to echocardiography. This is particularly important for assessing small LV mass changes over time as a consequence of treatment. In addition, this capability is also of prognostic value as it represents an independent predictor of cardiac mortality[81,82]. Up to 50% of hypertensive patients display LGE[77,83]. Although no typical pattern of LGE has been described, focal nonsubendocardial distribution predominates. No correlation was found between presence of LGE and LVEF or LV end-diastolic dimensions; however, patients displaying LGE had, in general, a greater LV mass[81]. The LGE patterns in HTN-CM offer new insights into risk stratification. This modality can identify patients with HTN-CM who are at risk of diastolic heart failure as a known relationship exists between myocardial fibrosis and diastolic heart failure. This clearly can be of use in therapeutic decision making[84].

TREATMENT OF HTN-CM

Hypertensive cardiomyopathy (HTN-CM) is a result of a complex interaction of genetic and hemodynamic factors inducing structural and functional adaptations[85]. LVH in HTN-CM is a recognized risk factor for congestive heart failure, dysrhythmia, and sudden death[4,9,10]. Better elucidation of the mechanisms producing cardiovascular end-organ damage should lead to treatment targeted at reducing the effects of hypertension on the heart and vascular system. Most antihypertensive treatments promote regression of LVH and reversal of diastolic dysfunction, which may decrease symptoms of cong​estive heart failure and improve survival rates[85]. LV mass regression improves survival rates in hypertensive patients[86] and is associated with reduced rate of complications of essential hypertension[87].

The RAAS is implicated in the development of cardiac hypertrophy associated with pressure overload[5-7,32,35,88]. Brilla et al[57] indicated ACE inhibition with lisinopril can regress myocardial fibrosis, regardless of LVH regression, and is accompanied by improved LV diastolic function. The Losartan Intervention for Endpoint Reduction (LIFE) study showed that the angiotensin Ⅱ type 1 (AT1) receptor antagonist, Losartan, reduced LV mass and improved systolic performance, despite only a small drop in blood pressure[89]. Furthermore, in their animal study, Nagata et al[90] revealed the beneficial cardiac effects of eplerenone, which attenuates myocardial oxidative stress and coronary vascular inflammation induced by glucocorticoid-activated mineralocorticoid receptors. Gottdiener et al[91] showed that hydrochlorothiazide administration was associated with greater overall reduction of LA size when compared with other drugs used for the treatment of hypertension. In this study, an ACE inhibitor was nearly as beneficial as hydrochlorothiazide therapy (Figure 8, reproduced from[85,91]). Past studies indicated treatment with statins also reduces ACE activity in the cardiac tissue of rats. 

The 3-hydroxy-3-methylgutaryl-CoA (HMG-CoA) reductase inhibitors, commonly referred to as statins, are well-known and potent lipid-lowering agents that reduce the incidence of myocardial infarction and ischemic stroke. In addition to their primary effects, the statins have pleiotropic effects on the cardiovascular system[92], including anti-inflammatory, anti-oxidative, and endothelial protective effects, and thus have been tested as therapeutic agents in heart failure[93]. Chang et al[93] showed that Rosuvastatin therapy attenuated myocardial fibrosis and LV stiffness. Saka et al[94] suggested that the effects of pitavastatin on load-induced cardiac hypertrophy and fibrosis are independent of its cholesterol lowering action and may be mediated, at least in part, through inhibition of RhoA-ERK-SRF signaling, which activates stretch-induced hypertrophy.

Considering these drug therapies, the most important issues in the treatment of HTN-CM are appropriate blood pressure control, weight loss, and dietary sodium restriction[12,13,95]. Regression of LVH and, more impor​tantly, the prognosis of patients with HTN-CM, are both highly related to the antihypertensive response as well as the therapy used[13]. Regression of LVH continues gradually over time and may be associated with complete reversal of LVH and other abnormalities induced by hypertension, such as LA enlargement and diastolic dysfunction[96].

A meta-analysis published in 2003 evaluated the relative efficacy of different antihypertensive drugs for their ability to reverse LVH in patients with hypertension (Figure 9, reproduced from[97]). Notably, after statistical adjustments for duration of therapy and degree of blood pressure lowering, angiotensin Ⅱ receptor blockers, calcium channel blockers, and ACE inhibitors showed more significant regression of LVH than did beta-blockers. Note that regression of LVH is associated with improvement in both systolic and diastolic function[85], as well as with a reduction in cardiovascular risk[95]. 

CONCLUSION

To summarize, HTN-CM is characterized by LVH and LVH-induced diastolic dysfunction rather than systolic dysfunction. This is associated with increased risk of heart failure, arrhythmias, and death. LVH itself is a risk factor for mortality and morbidity, independent of other cardiovascular risk factors, including high blood pressure. Therefore, early detection of LVH development in patients with hypertension is important in order to start effective treatment when the myocardial damage is still reversible. Echocardiography, rather than electrocardiography alone, would be an ideal tool for detection of LVH in its early stage, along with advanced measurements such as tissue Doppler and strain parameters. CMR represents another powerful tool for detection and discrimination of patients with HTN-CM from those with other LVH diseases. Because the regression of LVH is associated with a reduction in cardiovascular risk and improved cardiac function, achieving good blood pressure control is very important in the treatment of patients with HTN-CM. This can be achieved with the use of antihypertensive agents (ACE inhibitors, angiotensin receptor blockers, and aldosterone receptor antagonists), which can be effective for reverse remodeling of the myocardium, weight loss, and sodium restriction.
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Figure 1  The Laplace law and how it may explain the development of concentric and eccentric left ventricular hypertrophy in response to pressure and volume overload, respectively. Reproduced from Nadruz and Hum[2], 2015; Frolich and Susic[29], 2012. T: Tension or stress in the LV wall; P: LV pressure; r: Radius of the chamber; h: LV wall thickness.
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Figure 2  Pathways of left ventricular remodeling progression secondary to systemic hypertension. Reproduced from Nadruz and Hum[2], 2015. EF: Ejection fraction; MI: Myocardial infarction.
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Figure 3  Causes of left ventricular diastolic dysfunction and its clinical consequences. Reproduced from Phillips and Diamond[48], 2001. ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide; LA: Left atrial; LVH: Left ventricular hypertrophy.
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Figure 4  Comparison of collagen fibers in endomyocardial tissue. A: Specimen from a normotensive person; B: Specimen from a patient with hypertensive heart disease. The sections were stained with picrosirius red. Collagen fibers are stained red. Reproduced from Deiz et al[54], 2005.
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Figure 5  Endomyocardial tissue from a hypertensive patient with left ventricular hypertrophy. A: Perivascular fibrosis; B: Microscopic scarring; C: Interstitial fibrosis. Sections were stained with picrosirius red. Collagen tissue is stained red. Reproduced from Diez[56] 2007.
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Figure 6  Representative cross sections of myocardial biopsy specimens. A: Hypertrophic cardiomyopathy showing disorganized arrangement of hypertrophic myocytes; B: Hypertensive cardiomyopathy patients showing parallel alignment of hypertrophic myocytes. Sections were stained with hematoxylin-eosin. (Reproduced from Kato et al[62], 2004).
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Figure 7  Diagnostic patterns of late gadolinium enhancement distribution pattern and location of late gadolinium enhancement. These features contribute to the differential diagnosis of hypertensive cardiomyopathy (HCM) and non-ischemic cardio​myopathy. (A) sub-epicardial fibrosis following myocarditis, (B) circumferential diffuse enhancement in amyloidosis, (C) patchy fibrosis in affected hypertrophied segments in HCM and a typical ischemic sub-endocardial enhancement (D). (Reproduced from Parsai et al[80], 2012).
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Figure 8  Effect of randomized treatments with single-drug therapy on left ventricular mass. In this group of 493 hypertensive patients, the 1-year change in left ventricular (LV) mass from baseline is shown for each of three baseline mass tertiles. The highest baseline tertile shows significant reductions with hydrochlorothiazide (HCTZ), captopril, and atenolol (P < 0.05). (Reproduced from Diamond et al[85], 2003; Gottdiener et al[91], 2007).
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Figure 9  Change in left ventricular mass index (as percentage from baseline) with antihypertensive treatment by drug class. Data represent the mean values and 95% confidence intervals, adjusted for change in diastolic blood pressure and treatment duration. The aP < 0.05 vs beta-blockers, and bP < 0.01 vs beta-blocker (after Bonferroni correction). ACE: Angiotensin-converting-enzyme. (Reproduced from Klingbeil et al[97], 2003).
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