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Abstract

Systemic hypertension (HTN) is a syndrome and it can induce other diseases and biochemical abnormalities, including stroke, coronary artery disease, heart failure
(HF), obesity, kidney failure, glucose intolerance, dyslipidemia and even death. Epidemiological researches have established that HTN is a powerful contributor to major
cardiovascular diseases. Hypertension is the single most important preventable cause of premature death in the Western world estimating at 20% of adult population. The
quest to find effective treatment, both in terms of blood pressure control andprevention, such as heart attacks and strokes are still on-going. Although clinicians favor the
diagnosis and treatment of hypertension in terms of diastolic blood pressure elevation and categorical cut of points, epidemiological data show important influence of systolic
blood pressure and associated risk factors that contribute to atherosclerosis predicting clinical HF. Early detection of subclinical myocardial disease among hypertensive
population is a holy grail of all cardiologists, but difficult when using the conventional echocardiography (CE). By comparison to CE, speckle tracking echocardiography
(STE) is more specific obtaining longitudinal and circumferential strain, which are able to identify sub clinical myocardial abnormalities with a higher degree of accuracy. This
review described the epidemiology of hypertension relating it to cardiovascular events including preclinical detection of cardiac dysfunction in HTN explaining how this could
be detected by STE and other imaging modalities. These changes provide new targets for preclinical diagnosis monitoring responses to preventive strategies.
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diastolic is elevated at least to 90 mm Hg. Hypertensive crisis is when systolic
is elevated to over 180 mmHg and/or diastolic pressure is over 120 mmHg, with
patients needing prompt changes in medication if there are no other indications
of problems, orimmediate hospitalization if there are signs of organ damage [1].

Definition

High blood pressure or systemic hypertension (HTN) should be treated earlier
with lifestyle changes and in some patients with medication — at 130/80 mm
Hg rather than 140/90-based on new American College of Cardiology (ACC)
and American Heart Association (AHA) guidelines for the detection, prevention,
management and treatment of high blood pressure [1]. Blood pressure
categories in the new guideline are: Normal BP is less than 120/80 mm Hg with
elevated systolic pressure is between 120-129 mmHg and diastolic pressure
is less than 80 mmHg. Stage 1 hypertension is when systolic pressure is
between 130-139 mmHg and diastolic pressure is between 80-89 Hg. Stage
2 hypertension is when systolic pressure reaches at least 140 mmHg and

Epidemiology of arterial hypertension:

Systemic hypertension (HTN) is a serious medical condition that significantly
increases the risk of heart attack, stroke, kidney failure and blindness. It is one
of the leading causes of premature death worldwide. Of the estimated 1.13
billion people who have hypertension, less than 1 in 5 have is under effective
blood pressure control. The main contributors to the rise in hypertension are
unhealthy diets, physical inactivity, stress, age, ethnicity, pregnancy, kidney
failure and the consumption of alcohol and tobacco. To achieve the global
target to reduce the prevalence of hypertension by 25% by 2025, WHO and
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the United States Centers for Disease Control and Prevention [2] launched the
Global Hearts Initiative in 2016 with its five technical packages which include
the followings:-HEARTS (manage cardiovascular diseases), MPOWER (control
tobacco), Active (increase physical activity), SHAKE (reduce salt consumption)
and REPLACE (eliminate trans-fat) — the Initiative aims to improve heart health
worldwide. The HEARTS technical package itself gives guidance on more
effectively detecting and treating people with hypertension in primary health
care.
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Globally, an estimated 26% of the world’s population suffer from hypertension,
and the prevalence is expected to increase to 29% by 2025, driven largely
by increases in economically developing nations [2]. The high prevalence of
hypertension exacts a tremendous public health burden and it is the primary
contributor to heart disease and stroke which are the leading causes of death
worldwide [3,4].

High blood pressure and risk of cardiovascular events

The association between HTN and cardiovascular diseases (CVDs) is
unequivocally established. The risk of cardiovascular events in the general
population increases steadily with increases in arterial pressure. The
individuals at greatest risk of suffering a cardiovascular event because of
hypertension are those with the highest arterial pressures. However, mild to
moderate hypertension is more common than severe hypertension, and much
of the population burden of disease because of hypertension may be attributed
to moderate rather than severe hypertension. lllustrated the effect of systolic
pressure at entry to MRFIT (Multiple Risk Factor Intervention Trial) on the
relative risk of death because of coronary artery disease (CAD). The number of
excess deaths is calculated relative to the number of deaths because of CAD
that would be expected from the death rate in the baseline group. The findings
of MRFIT trial support recommendations, repeatedly made to the public by
expert groups, for improved dietary/lifestyle practices (plus pharmacological
treatment as needed) to prevent and control established major CAD/CVDs
risk factors (dyslipidemia, hypertension, diabetes, overweight/obesity, related
adverse eating practices, and smoking) [5].

The highest risk of death is seen in patients with systolic arterial pressures
of greater than 180 mm Hg. However, those with systolic arterial pressures
between 140 and 149 mm Hg are more common and are still at high risk
of major cardiovascular events (MCVE). Hence, medical guidelines for the
treatment of hypertension emphasize the treatment of mild to moderate
hypertension.

Hypertension is quantitatively the most important risk factor for premature
CVDs [6] and it is more common than cigarette smoking, dyslipidemia, and
diabetes, which are the other major risk factors. Hypertension accounts for
an estimated 54 percent of all strokes and 47 percent of all ischemic heart
disease events globally [7]. This clustering is attributed to an insulin resistance
syndrome promoted by abdominal obesity. Furthermore, the amount of risk
factor clustering accompanying elevated blood pressure was observed to
increase with weight gain. Based on the Framingham Study, data on the
prevalence of insulin resistance syndrome (IRS) in the general population
could be as high as 22% in men and 27% in women. In addition, the risk of
CAD, the most common and most lethal sequel to hypertension, increased
stepwise with the extent of risk factor clustering [8]. Moreover, hypertension
increases the risk for a variety of CVDs [9, 10], including stroke, CAD, heart
failure (HF), atrial fibrillation [11], and peripheral vascular disease (PVD).

The risk for both CAD and stroke increases progressively with incremental
increases in blood pressure above 115/75 mmHg, as shown in numerous
epidemiologic studies [7,12]. However, these observations do not prove
a causal relationship, since increasing blood pressure could be a marker
for other risk factors such as increasing body weight, which is associated
with dyslipidemia, glucose intolerance, and the metabolic syndrome. So,
management of HTN should be in a multidisciplinary approach focused
not only in lowering blood pressure but should include a reduction in stress
level, body weight control, dietary measures such as salt and carbohydrates
restriction, and also avoiding saturated fat and promotion of daily exercise
[1,13].

Syndrome of hypertension: The role of risk factor
clustering

Framingham Study data indicate that elevated blood pressure tends to
cluster with other major risk factors such as stress, obesity, dyslipidemia,
glucose intolerance, and left ventricular hypertrophy (LVH). Less than 20%
of hypertension occurs in the absence of one or more of the following risk
factors including high triglyceride (TG) and low density lipoprotein (LDL)
cholesterol levels, reduced high density lipoprotein (HDL) cholesterol levels,
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glucose intolerance, hyperinsulinemia, obesity, and LVH. The average number
of risk factors also increased with the body mass index (BMI). Each of the
risk factors found to cluster with hypertension was also found to predispose
to its occurrence. Obesity, particularly abdominal adiposity, has been
found to promote insulin resistance. Insulin resistance and compensatory
hyperinsulinemia are related to hypertension in a graded fashion [14]. It has
been estimated that about half of hypertensive persons have insulin resistance
[15]. Obesity-induced insulin resistance is associated with lipoprotein lipase
abnormality leading to increased triglyceride levels, reduced HDL cholesterol
levels, and accumulation of very low-density LDL (vLDL). Hyperinsulinemia
is also associated with glucose intolerance and hypertension which in turn
also accelerate atherogenesis. Reaven and Chen [15] have postulated that
hyperinsulinemia produced by insulin resistance stimulates the sympathetic
nervous system (SNS) contributing to development of hypertension[16].
Among persons with an HTN in the Framingham Study, about 30% of coronary
events in men and 70% in women were attributable to clusters of two or more
additional risk factors [16].

The term of syndrome of hypertension, firstly described since 2004 during the
annual meeting of world hypertension league, was attributed to clustering of
risk factors in association with arterial hypertension in almost 92% of patients.
These included obesity in 37%, smoking in 37.7%, type 2 diabetes mellitus
(T2DM) and pre diabetes in 26%, dyslipidemia in 36% and family history of CAD
in 46% [17]. In this study, myocardial perfusion imaging (MPI) single photon
emission computed tomography (SPECT) imaging and echocardiography were
performed for 214 high risk hypertensive patients (two or more cardiovascular
risk factors for CAD) complaining of chest pain. lllustrated MPI of hypertensive
patients presented at our chest pain unit with acute retrosternal chest pain,
[A] SPECT perfusion study revealed large degree of tracer redistribution
affecting the left anterior descending and right coronary artery territories and
[B] MPI depicting apical, mid anterior and anterior septal reversible perfusion
myocardial defects. Interestingly, the reversible myocardial perfusion defects
(ischemic myocardial segments) were documented in 46 % of patients enrolled
in our study. The sensitivity, specificity and diagnostic accuracy of treadmill
exercise stress test were 77%, 38% and 56%, respectively in hypertensive
patients with LVH when compared to MPI and coronary angiography [17].

The influence of hypertension on the full clinical spectrum of CVDs including
sudden death, silent and overt myocardial infarction, heart failure and clinical
and silent strokes is well established nowadays. Consequently, control of
hypertension and its cardiovascular consequences required the correction of
many clinical misconceptions about hypertensive vascular disease (HVD) such
as the significance of left ventricular hypertrophy, proteinuria and the role of
obesity, and weight gain [1,13,18].

Preclinical detection of cardiovascular disease in
hypertensive population

MPI is considered as the non- invasive technique of choice for quantitative
assessment of CAD in a subset of high risk population presenting with chest
pain and multiple risk factors for CAD. On the other hand, exercise stress
treadmill test tesnds to lack the sensitivity, specificity and diagnostic accuracy
among hypertensive patients who are presented with retrosternal chest pain.

Echocardiography at rest and during stress

The accuracy of stress echocardiography (SE) for detection of significant
coronary stenosis ranges from 80-90%, exceeding that of the exercise ECG
(especially in women and patients with LVH and being comparable to that of
SPECT. SE is a powerful prognostic tool in chronic CAD, after myocardial
infarction and in evaluation of patients before major non-cardiac surgery [19,
20].

Furthermore, myocardial ischemia at dobutamine SE represents an
independent predictor of risk of cardiac death even when angiographic
anatomy is known, as prescribed by Marwick since 2002 [19,20]. illustrated
time course graphs for the use of stress echocardiography to predict mortality
in patients with diabetes and known or suspected CAD.

So, we learnt from Marwick study that functional significance of CAD is more
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important and accurate in predicting the mortality, rather than the anatomical
significance of the diseased coronary artery.

Tissue Doppler (TDE) and strain by speckle tracking echocardiography
(STE):Detection of early subclinical myocardial disease is difficult when using
resting conventional two dimensional echocardiographic (2DE) techniques that
can evaluate either only the chamber systolic left ventricular ejection fraction
(LVEF) or diastolic function. However, more specific parameters can be
obtained by either TDI or STE methods, such as longitudinal, circumferential
and radial myocardial velocities, strain and strain rate and if these investigations
are used in combination with SE, myocardial abnormalities, as a response to
the stress, can be identified with a higher degree of accuracy [21].

LVEF is load-dependent and therefore it is less sensitive than deformation
imaging (strain and strain rate imaging) for accurate evaluation of global or
regional myocardial function indices. For assessing the systolic function,
peak systolic myocardial velocities are measured and the functional systolic
reserve is calculated as the absolute or percentage increase of the velocities'
values from baseline (resting) to peak stress. Similarly, for diastolic function
peak early diastolic myocardial velocities are measured (e') and the diastolic
functional reserve is calculated as the absolute or percentage increase of the
velocities from baseline to peak stress. In the absence of cardiac disease,
e' increases to a similar extent to the increase in trans mitral early (E) flow
velocity so that, normally, the E/e' ratio (known as a good marker for estimating
the LV filling pressures) remains unchanged at stress test. On the other hand,
when diastolic dysfunction exists, the increased left atrial pressure determines
an increase in mitral E flow velocity, while myocardial €' remains reduced,
given the limited preload effect on it, and the E/e' ratio increases [22].

Strain (measuring the percentage of myocardial shortening or lengthening)
and strain rate (the rate at which the myocardium changes its length) provide
a more sensitive assessment of myocardial contraction and relaxation than
displacement or tissue velocities. Recently introduced 2DE methods for
assessment of strain and strain rate STE, eliminate the angle dependency
of these Doppler-based techniques [23]. Accordingly, a better preventive and
therapeutic strategies could be established by detecting a reduced global
systolic strain (GLS) and functional reserve in this category of hypertensive
patients at high risk of heart failure (HF) development, with important public-
health implications [24].

Interestingly, there is growing evidence that the functional systolic and
diastolic reserve is decreased even in the early, subclinical stages of cardiac
dysfunction that exists in hypertensive disease and that the decrease seems
to be related to the number of associated cardiovascular risk factors. These
changes provide new targets for preclinical diagnosis and for monitoring
responses to preventive strategies [24,25].

Recent advances in cardiac imaging techniques as STE, computed
tomography and Cardiac Magnetic Resonance Imaging (CMR) can help in
the preclinical detection of patients at risk of MCVE and SCD. According to
the available worldwide data of increasing incidence of HF and SCD among
hypertensive population who are presumably considered at low risk of cardiac
death, certain emerging imaging modalities are crucial to identify such group
of patients. Currently, STE is very helpful in identifying certain categories of
patients presumably considered at low risk of MCVE. The clinical use of STE
in cardiac assessment is widespread, with demonstrated benefit in various
cardiac conditions, including assessment of coronary ischemia, assessment
and prognostication of cardiomyopathies (ischemic and non-ischemic) and
differentiation of hypertrophy. Two-dimensional GLS is a powerful predictor
of cardiac mortality and morbidity in various cardiac conditions, with 2-D GLS
and 2-D global circumferential strain (GCS) providing additional prognostic
information over LVEF assessment alone [26]. Interestingly, GLS speckle
tracking echocardiography could identify early abnormalities in left ventricle
function in HTN in the presence of LVH and during family screening of different
forms of hypertrophic cardiomyopathies . Furthermore, certain hypertensive
and hypertrophic cardiomyopathy cases did not show either any ECG
abnormalities or LVH by conventional 2-DE. However, they showed depressed
GLS by STE [27-29]. how to obtain the bulls eye technique of automated
function imaging which can be generated from apical 2,3 and 4 chamber views
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which illustrated an impaired GLS of -13% in hypertensive patient , although
LVEF was still in the normal range (51%), (A) Showed 2DE an apical 4 chamber
view in the presence of moderate mitral incompetence , (B) Depressed GLS
(-13%) , (C)showed normal LVEF by 2-DE and (D)Showed depressed maximal
rate of pressure rise during ventricular contraction (Peak dP/dt =645 mmHg/s),
with positive correlation to GLS but not with LVEF.

The early clinical abnormalities in global longitudinal peak systolic strain STE
(systolic dysfunction) and diminished E annular velocity (diastolic dysfunction)
by TDE can be demonstrated in apparently a symptomatic hypertensive
patients [26-29]. Diabetes and hypertension, which are often associated with
the impairment of longitudinal function, 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 LVEF remaining within the normal range [29]. 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. 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, [26-29]. Similarly, Heling Wen
etal., demonstrated the feasibility of detecting early left ventricular systolic
dysfunction using global area strain derived from three-dimensional STE
[30]. These investigators found a high sensitivity of area strain (integrating
longitudinal and circumferential deformation) in detecting early and subtle left
ventricular (LV) dysfunction in patients with risk factors of HF [30].

Furthermore, Thor Edvardsen and his colleagues revealed an early systolic
dysfunction criteria of the LV evidenced by STE in heart failure with normal
ejection fraction (HFpEF) [31].

Generally, global longitudinal systolic strain STE and TDI are of crucial
importance in the preclinical diagnosis of myocardial diseases specifically
in hypertensive heart disease, hypertrophic cardiomyopathy (HCM) and
diabetes- induced cardiomyopathy. Recently, STE is used as an important
tool in the diagnosis of acute coronary syndromes (ACS) in critical care
departments, which can add greatly to the triage of diagnosis of ACS although,
the technology is not sufficiently standardized to be recommended as a general
tool for this purpose [32].

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 cardiovascular diseases.

Value of Cardiac Magnetic Resonance imaging (CRM)in
the assessment of hypertensive heart disease (HHD)

Hypertensive heart disease is characterized by LVH, left atrial dilatation,
myocardial fibrosis, diastolic prior to systolic dysfunction, and increased
incidence of CAD. Hypertensive vascular disease manifests as aortic wall
pathology such as increased prevalence of atheromatous plaques and higher
risk of aneurysm, dissection, penetrating ulcer, intramural hematoma or PAD
[33]. 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 [34]. CRM can detect as
well an increased type | pro collagen synthesis by late gadolinium myocardial
enhancement (LGE). CRM has been proposed as preclinical marker of those
patients with cardiac hypertrophy at risk of ventricular arrhythmias and SCD
[34]. Furthermore, LGE has been used to identify areas of myocardial fibrosis,
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which is arrhythmogenic in cardiomyopathy and some cases of mitral valve
prolapsed syndrome as well [35]. 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 cardiac hypertrophy whether he/she has inherited disease
as HCM, idiopathic LVH or in association with HHD [33-35]. Furthermore, a
meta-analysis by Green et al. [35] showed significant associations between
the presence of LGE and cardiovascular mortality, HF death, and all-cause
mortality .

Imaging of atherosclerosis: Who are at risk of acute
coronary syndromes (ACS) and SCD?

Pathophysiology

Atherosclerosis is the primary cause of heart disease and stroke. In
Westernized societies, it is the underlying cause of about 50% of all deaths.
Epidemiological studies have revealed several important environmental and
genetic risk factors associated with atherosclerosis. Over the past decade, the
availability of new investigative tools has resulted in a clearer understanding
of the molecular mechanisms that connect altered cholesterol metabolism and
other risk factors in the development of atherosclerotic plaque. It is now clear
that atherosclerosis is a chronic inflammatory condition that can be converted
into an acute clinical event by plaque rupture and thrombosis [36, 37].

Multimodality approach to atherosclerosis imaging is in great progress to
identify vulnerable atherosclerotic plaque liable to rupture. This is the leading
cause of death in 50% or more of patients who died suddenly. Each modality
offers unique measurements of disease severity. Together, this information
can be used to determine anatomic and hemodynamic consequences of
atherosclerosis, complimented by detail on plaque composition, overall disease
burden, and current metabolic activity acting within an individual patient [38].

Computed tomographic (CT) angiography can show the component of the
plaque (non- calcified or calcified) in the relevant coronary artery with positive
remodelling. It can also assess as well calcium scoring, atherosclerotic plaque
vulnerability and predict patients who are at high risk of developing plaque
rupture and ACS [38].

Moreover, optical coherence tomography (OCT) image of a coronary plaque
can display lipid rich lesion liable to rupture, characterized as signal-poor
regions with poorly demarcated borders. A lipid-rich coronary plaque,
displaying thin overlying fibrous cap indicative of thin-cap fibro atheroma, is
an important sign of vulnerable plaque [38]. In addition, Fused **F-NaFpositron
emission tomography (PET)-CT image is able to show high coronary artery
tracer uptake revealing an active plaque micro calcification [38].

Although risk stratification and a great progress in multimodality imaging
are useful to identify hypertensive individuals at risk for MCVE (ACS, HF
and SCD), current techniques to identify high-risk individuals lack sufficient
predictive value to have clinical utility because of the relatively low event rates
or absolute risk. Accordingly,carotid artery ultrasound, which measures carotid
intima media thickness (cIMT) can detects early atherosclerosis and advanced
atheromatous plaques. This is a strong indicator of overall vascular health.
¢IMT is well recognized and also an accepted marker to predict cardiovascular
disease and stroke in particular [39].

In comparison to CT scan which carries radiations hazards of stochastic effect,
carotid ultrasounds and myocardial contrast echocardiography (MCE) are
safe and promising non-invasive tools for risk stratification of CAD in high risk
population.

Conclusion

An important disclosure in epidemiologic hypertension research revealed
that hypertension is a syndrome usually presenting in conjunction with
other metabolically linked risk factors. As such, control of hypertension and
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its cardiovascular consequences required the correction of many clinical
misconceptions about HHD such as the significance of LVH, proteinuria,
dyslipidemia and the role of obesity, and insulin resistance syndrome.
Preclinical detection of myocardial dysfunction in HTN could be detected by
STE and other emerging imaging modalities with high accuracy. These changes
provide new targets for preclinical diagnosis and for monitoring responses to
preventive strategies. Moreover, a better preventive and therapeutic strategy
could be established by detecting a reduced GLS and functional reserve in
this category of hypertensive patients at high risk of heart failure development,
with important public-health implications. Finally, a multidisciplinary approach
is crucial for assessment of early atherosclerosis and assessment of major risk
factors associated with arterial hypertension for proper selection of treatment
strategy.
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