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Introduction
Both hypertrophic cardiomyopathy (HCM) and hypertensive 

heart disease (HHD) present left ventricular hypertrophy  

 
(LVH), but the prognosis varies. Nevertheless, the feasibility  
of distinguishing these two conditions is limited by the fact 

Abstract

Hypertensive Cardiomyopathy (HTN-CM) is a structural cardiac disorder generally accompanied by concentric or eccentric Left Ventricular 
Hypertrophy (LVH) associated with diastolic or/and 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. Long standing arterial hypertension 
(HTN) 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, although subtle myocardial systolic abnormalities could 
be detected recently by Global Longitudinal Systolic Strain (GLS) Speckle Tracking Echocardiography (STE). Importantly, the accompanying 
LVH is itself a risk factor for mortality and morbidity and is considered an independent predictor for Sudden Cardiac Death (SCD). Therefore, 
early detection of LVH development in patients with Hypertensive Hypertrophic Cardiomyopathy (HTN-CM) is crucial for optimal treatment. 
In addition to pathological findings, echocardiography and cardiac magnetic resonance imaging are ideal tools for the diagnosis of HTN-CM 
and can differentiate it from Hypertrophic Cardiomyopathy (HCM). Timely diagnosis of this condition and utilization of appropriate treatment 
are required to improve morbidity and mortality in hypertensive patients. This review presents an overview of utilization of multidisciplinary 
imaging modalities approach for proper diagnosis of HTN-CM and its differentiation from HCM. Relevant article highlighted key points in 
differentiation of HTN-CM from HCM and the effects of hypertension on cardiac hypertrophy and heart failure development are discussed in 
clinical case study.

Keywords: Hypertension; Cardiomyopathy; Heart Failure; Sudden Cardiac Death; Echocardiography; Strain and Speckle tracking 
Echocardiography; Cardiac Magnetic Resonance Imaging

Abbrevations: HCM: Hypertrophic Cardiomyopathy; HHD: Hypertensive Heart Disease; LVH: Left Ventricular Hypertrophy; CMR: Cardiac 
Magnetic Resonance; HTN-CM: Hypertensive Cardiomyopathy; Left Ventricular Outflow Tract; ACE: Angiotensin-Converting-Enzyme; 
RAAS: Renin Angiotensin Aldosterone System; ECG: Electrocardiography; Diastolic Dysfunction; TDI: Tissue Doppler Imaging; GLS: Global 
Longitudinal Systolic; LGE: Late Gadolinium Myocardial Enhancement; HOCM: Hypertrophic Obstructive Cardiomyopathy
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that overlapping LVH and diverse forms of HCM can often lead 
to diagnostic challenge when diagnosis is based on a single 
morphological index. Diagnosis is more difficult in a patient with 

a history of hypertension and with left ventricular wall thickness 
between 11 and 15 mm, (see Figures 1 & 2).

Figure 1: Typical female patient with HTN-CM 55 years old age presented to emergency department with acute heart failure symptoms. 
(A) showed the mechanism of dynamic LVOT obstruction in the apical 3 chamber long axis (3ch. LAX) echocardiographic view, with 
systolic anterior motion of the mitral valve (SAM) obstructing LVOT in systole. (B) Showed continuous Doppler estimating the maximum 
pressure gradient (PG) of 80mmHG at the sub aortic valve level (severe dynamic obstruction) which was responsible for the patient 
symptoms. (C) Color Doppler showed that flow acceleration started at LVOT (below the aortic valve) confirming the dynamic obstruction 
at LVOT. (D) Apical 4 chamber view estimating the left ventricular ejection fraction (LVEF) hyper dynamic systolic function of almost 75%. 
(E) M-Mode parasternal long axis view described the mechanism of LVOT obstruction by illustrating the SAM.

Meng Jiang and Lianming Wu et al. [1] have deduced an 
integrated formula based on cardiac magnetic resonance (CMR) 
imaging and established a differentiating flow-chart between 
HCM and hypertensive heart disease (HHD). In this study, the 
investigators aim to explore the applicability of the quantifying 
scheme for distinguishing HCM from HHD or recently known 
hypertensive cardiomyopathy (HTN-CM) in the multi-center trial 
[1].

The hypertrophic cardiomyopathy was diagnosed by left 
ventricular hypertrophy via echocardiography (wall thickness 
>15 mm) with either genetic determination of a pathogenic 
mutation or left ventricular hypertrophy (LVH) (end-diastolic 

wall thickness >15 mm) with resting left ventricular outflow 
tract obstruction or hypertrophy in a recognizable pattern, 
i.e., ventricular bulge in apical-variant HCM. And then patients 
with hypertrophic cardiomyopathy were evaluated by the 
predetermined differentiating formula. On the other hand, the 
diagnosis of hypertensive heart disease was based on medical 
history and conventional echocardiography. Long durations of 
uncontrolled hypertension for at least 5 years with systolic blood 
pressure [BP] ≥140 mm Hg or diastolic BP ≥90 mm Hg or both in 
the absence of other cardiac or systemic diseases were used as 
criteria. And then patients with hypertensive heart disease were 
evaluated by the predetermined differentiating formula [1].
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Diagnostic Test: evaluated by the predetermined 
differentiating formula

After recruiting patients, collecting the baseline data, a 
CMR scan carried out and post-processed, a predetermined 
differentiating formula (including left ventricular morphology, 
ejection fraction, presence of late gadolinium enhancement, T1 
value and strain data) will be used to produce a cardiac values , 
which is to be input into differentiating flow.

Criteria

Hypertrophic cardiomyopathy: Genetic determination 
of a pathogenic mutation or LVH (end-diastolic wall thickness 
>15 mm) with resting left ventricular outflow tract obstruction 
or hypertrophy in a recognizable pattern, i.e., ventricular bulge 

in apical-variant HCM. Of note, patients with documented HCM 
were divided into subgroups based on whether concomitant with 
hypertension or left ventricular outflow tract (LVOT) obstruction.

Hypertensive Heart Disease: Diagnosis depends on 
history of long durations of uncontrolled hypertension (systolic 
blood pressure≥140 mm Hg or diastolic blood pressure ≥90 mm 
Hg); Echocardiography: left ventricular wall thickness in diastolic 
>11mm; Absence of other cardiac or systemic diseases; left 
ventricular mass/body surface area >81 g/m2 (Male) or >61 g/
m2 (Female).

After 4 weeks of Full dose of Beta blockers therapy Metoprolol 
200mg daily, the patient become a symptomatic and PG at LVOT 
returned back to normal values, see (Figure 2).

Figure 2: Showing the beta blocker effects in same patients after 4 weeks of therapy, (A) M-Mode showing dis appearance of SAM and 
EF returned back to normal values (66%), (B) Parasternal long axis view of 2 dimensional echocardiography showed that LVOT dynamic 
obstruction by anterior mitral leaflet disappeared completely , (C) Continuous wave Doppler at Apical3ch. LAX view, revealed that PG 
returned back to almost normal values (18mmHG) after full Metoprolol dose therapy, and (D) Apical 4 chamber view showed normal LVEF 
(66%) and disappearance of hyper dynamic state estimated by biplane Simpsons technique.

Overview in Hypertensive Cardiomyopathy
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 [2].

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 
[2]. Persistent hypertension can cause structural and functional 

myocardial abnormalities such as LVH and remodeling, which are 
frequently seen in patients with hypertension [3].

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 [4,5]. In addition, patients with 
persistent hypertension and LVH are susceptible to sudden death 
[6].

In this review article, we summarize the diagnostic evaluation 
and differentiation of LVH and management options of HTN-CM 
on clinical background. We have focused on human studies in 
order to emphasize the importance of early identification and 
optimization of treatment in patients with hypertension and 
cardiac hypertrophy.
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Epidemiology
The prevalence of LVH varies with the severity of hypertension, 

ranging from 20% in mild to almost 100% in severe or complicated 
hypertension [6].

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 [7-9].

Furthermore, 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 [10].

Myocardial Remodeling and Patterns of LVH in HTN-CM 
in Comparison to HCM

Conventional echocardiography provides useful 
morphological 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 [11]. In contrast, LVH associated 
with hypertension or HTN-CM is characterized by symmetrical 
(concentric) LVH. However, 13%-31% of patients with HCM show 
symmetrical hypertrophy [12], whereas 4%-47% of hypertensive 
patients manifest asymmetrical septal hypertrophy [13].

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 [14].

Clinical Manifestation in Patients With HTN-CM: Case 
Study 

See (Figures 1 and 2) A thorough history and physical 
should be performed. All patients should be asked about family 
history of HOCM and of sudden cardiac death. A majority of 
hypertensive and HCM patients are asymptomatic. Dyspnea is the 
most common complaint among symptomatic patients. Patients 
may also complain of pre syncope, syncope, angina, palpitations 
(secondary to arrhythmia), or dizziness. Symptoms will 
frequently be exacerbated by exertion. Severe cases will present 
like congestive heart failure with paroxysmal nocturnal dyspnea, 
leg edema, and orthopnea. The most devastating presentation is 
sudden cardiac death [15].

Physical Exam will not provide a definitive diagnosis, but it 
should provide clues to increase clinical suspicion. Patients may 
present with a jugular venous pulse with prominent A wave, S4 
heart sound, split second heart sound (may paradoxically split in 
severe outflow tract obstruction), double carotid pulse, systolic 
ejection crescendo-decrescendo murmur, laterally displaced 
apical precordial impulse that may be abnormal forceful or 

enlarged, and/or a pan systolic murmur at the apex and axilla of 
mitral regurgitation with systolic anterior wall motion. Lung exam 
should be normal [15].

Certain maneuvers can affect murmurs auscultated in HOCM 
and HTN-CM with LVOT dynamic obstruction; hand grip will 
increase ventricular volume decreasing LV outflow gradient 
and decrease murmur intensity and valsalva maneuver which 
decrease ventricular volume increasing LV outflow gradient and 
increase murmur intensity [15].

Persistent systemic hypertension induces LVH, fibrosis, 
diastolic dysfunction, and an increase in the activation of the renin 
angiotensin aldosterone system (RAAS), which leads to congestive 
heart failure [16]. 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 advanced stages, hypertension induces eccentric LVH 
and LV systolic dysfunction, see Figure (1) [17].

Role of Cardiac Imaging in Diagnosis of HTN-CM
Echocardiography and Speckle Tracking 

Echocardiography, see Figure (3):

Echocardiography is a powerful tool that provides 
morphological information about the LVH pattern in patients with 
hypertension. LVH can be detected with both electrocardiography 
(ECG) and echocardiography, although echocardiography is more 
sensitive and accurate in LVH detection than ECG [18].

Assessment of diastolic dysfunction by echocardiography 
is also important in the management of patients with HTN-CM. 
Diastolic dysfunction (DD) is seen in approximately 50% of 
patients with hypertension [19]. 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 pseudo normalization of E/A ratio (Stage II Moderate DD) and 
restrictive filling physiology pattern (stage III-IV severe DD).

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 and elevated filling pressure of left ventricle and 
LA pressure in patients with HTN-CM [19]. Kasner et al. [20] 
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 
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can aid in discriminating patients with HTN-CM from those with 
other causes of LVH [21]. The abnormalities in strain parameters 
may occur in a stage of subclinical diastolic dysfunction as well as 
systolic dysfunction in hypertensive patients [22,23] making this 

a useful strategy for disease prevention and prognosis of high risk 
patients susceptible for heart failure and acute pulmonary edema, 
see Figure 3, [24].

Figure 3: Show Two dimensional LGS speckle tracking echocardiography of one patients with hypertension with LVH (HTN-CM), his 
global longitudinal strain by STE is depressed (-14%) in the absence of any other cardiovascular disease. Note that his LVEF is normal.

The early clinical abnormalities in global longitudinal systolic 
(GLS) strain STE (systolic dysfunction) and diminished E annular 
velocity (diastolic dysfunction) with Tissue Doppler study (TDE) 
can be demonstrated in apparently a symptomatic hypertensive 
patient [24,25]. Diabetes and hypertension, which are often 
associated with the impairment of GLS, are also common findings 
in patients with heart failure with preserved ejection fraction 
(HFpEF), and it is well known that LVH is the key structural 
change of this disease. Probably, repetitive ischemic insults due to 
macro vascular and micro vascular abnormalities and interstitial 
fibrosis cause an early intrinsic depression of subendocardial 
longitudinal fiber contractility in these patients, especially 
in more hypertrophic hearts. For this reason, longitudinal 
myocardial performance is early impaired, whereas in the first 
stage of the disease the sparing of circumferential fibers results 
in EF remaining within the normal range [26]. So, GLS provides 
additional information in the evaluation of LVH, and regional 
changes in longitudinal strain seem to identify specific myocardial 
deformation patterns for some forms of myocardial hypertrophy 
[27]. It is clear nowadays that myocardial fiber mechanical 
dysfunction precedes histopathological changes such as fibrosis 
and hypertrophy in essential hypertension which can be detected 
in the preclinical stage of the disease, through a reduced tissue 
Doppler –derived systolic and diastolic velocities and depressed 
GLS either before or even without the development of LVH [24-
27].

Furthermore, Thor Edvardsen and his colleagues revealed an 
early systolic dysfunction criteria of the LV evidenced by STE in 
heart failure with preserved ejection fraction (HFpEF) [28].

Generally, global longitudinal systolic strain STE and TDI are 
of crucial importance in the subclinical diagnosis of myocardial 

diseases specifically in HCM (+) genotype, diabetes- induced 
cardiomyopathy and in hypertensive heart disease.

In summary, myocardial strain is an important clinical tool 
for the quantification of Left Ventricular (LV) function which is 
now feasible with STE. The best evaluated strain parameter is 
Global Longitudinal Strain (GLS) which is more sensitive than 
LVEF as a measure of systolic function and can be used to identify 
sub-clinical LV dysfunction in different forms of hypertrophic 
cardiomyopathies.

Cardiac magnetic resonance imaging (CRM)
CMR offers a unique opportunity for noninvasive quantitation 

of both LVH with high reproducibility and myocardial fibrosis 
with high spatial and contrast resolution [29].

CRM can identify the pathophysiology of hypertension 
disease process and provides accurate and reproducible 
measures of ventricular volumes, mass, function, geometry 
of LV and hemodynamics as well as uniquely allowing tissue 
characterization of diffuse and focal fibrosis [30]. CRM can 
detect as well an increased type I pro collagen synthesis by Late 
Gadolinium Myocardial Enhancement (LGE). In addition, CRM 
has been proposed as preclinical marker of those patients with 
cardiac hypertrophy at risk of ventricular arrhythmias and SCD 
[31].

Advances in CMR have made it possible to evaluate both 
the structure and function of the heart. Extensive LGE by CMR 
can identify high-risk patients with LVH and HCM as well. This 
is an independent predictor of SCD, a quantitative assessment 
of myocardial fibrosis by LGE and as such, it can thus be a 
clinically useful tool in order to help risk stratify patients with 
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cardiac hypertrophy whether he/she has inherited disease as 
hypertrophic obstructive cardiomyopathy (HOCM), idiopathic 
LVH or acquired disease (hypertensive heart disease) [32-33].

In summary, CRM is the diagnostic imaging technique of 
choice to differentiate HCM (cardiac myocite disarray) from HTN-
CM noninvasively and can be able to define susceptible patients at 
risk of SCD and major cardiac arrhythmias.

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 [34]. LVH in HTN-CM is a 
recognized risk factor for congestive heart failure, dysrhythmia, 
and sudden death [35]. Better elucidation of the mechanisms 
producing cardiovascular abnormalities 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 congestive heart failure and improve 
survival rates [36].

The RAAS is implicated in the development of cardiac 
hypertrophy associated with pressure overload [37]. Brilla 
et al. [38] 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 (ARBS), Losartan, 
reduced LV mass and improved systolic performance, despite only 
a small drop in blood pressure [39].

Although ACE inhibitors and ARBS are effective therapies in 
HTN, HTN-CM and heart failure. It should not be prescribed for 
those patients who have dynamic LVOT obstruction. Alternatively, 
beta blockers are drug of choice in such patients.

Interestingly, Chang et al. [40] showed that Rosuvastatin 
therapy attenuated myocardial fibrosis and LV stiffness.

The most important issues in the treatment of HTN-CM are 
appropriate blood pressure control, weight loss, and dietary 
sodium restriction. Regression of LVH and, more importantly, the 
prognosis of patients with HTN-CM, are both highly related to the 
antihypertensive response as well as the therapy used [41].

Importantly, negative inotropic therapy of beta blockers 
represent a beneficial therapeutic approach in selected patients 
with dynamic left ventricular outflow tract obstruction in HHD 
with LVH [42]. Similarly, in population-based HOCM cohorts heart 
failure is a dominant cause of death and on multivariate analysis 
beta-blocker therapy was associated with a dose-dependent 
cardioprotective effect on total, disease-related as well as heart 
failure-related mortality [43].

Key points 

Chronic blood pressure elevation induces a number of cardiac 
adaptive and detrimental changes in three main territories: left 
ventricle, coronary arteries, and left atrium. Consequently, a 
comprehensive definition of hypertensive heart disease should 
include the most important alterations documented in these three 
territories. The VIA classification includes cardiac involvement 
secondary to chronic hypertension in the three main territories 
ranked by increasing degree of severity: V (left ventricle) (0: none; 
1: hypertrophy; 2: diastolic dysfunction; 3: systolic dysfunction); 
I (myocardial ischaemia) (0: none; 1: microvascular ischaemia; 
2: macrovascular ischaemia; 3: myocardial infarction); A (atrial 
fibrillation) (0: none; 1: paroxysmal; 2: permanent; 3: embolic).

Conclusion
HTN-CM is characterized by LVH and LVH-induced diastolic 

dysfunction more frequently 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 is the best screening and an ideal tool for 
detection of LVH and LV myocardial dysfunction in its early stage, 
along with advanced measurements such as TDE and strain 
parameters (STE). CMR represents another powerful tool for 
detection and discrimination of patients with HTN-CM from those 
with other LVH diseases (HCM, amyloidosis and Fabrys disease). 
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, ARBS, and aldosterone 
receptor antagonists or even calcium antagonists), which can be 
effective for reverse remodeling of the myocardium, unless LVOT 
dynamic obstruction is present.

Beta Blockers are the best option in management of HTN-CM 
in the presence of significant LVOT obstruction as well as in HOCM.

These observations emphasize the importance of early 
diagnosis and effective treatment of hypertensive heart disease 
with LVH (HTN-CM) to prevent cardiac complications.
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