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Abstract: The modern theory of stress, initially proposed by Hans Selye in 1956, signifies an impor-
tant development in our understanding of this phenomenon. Selye’s The Stress of Life serves as a
foundational book for subsequent scientific questions. In this article, we focus on a comprehensive
look at stress and use a literature review to explain its theoretical foundations as well as its clinical
equivalent. Our research focuses on the complex mechanisms of stress, with a particular emphasis on
the consequences of cardiac remodeling and adaptation processes. Myocardial remodeling might be
seen as a response to increased stress in acute or chronic situations. Stressed heart morphology (SHM)
is a very interesting description representing basal septal hypertrophy (BSH), which is detectable
in both acute emotional stress and chronic stress due to increased afterload in hypertension. Acute
stress cardiomyopathy (ASC) and hypertension in the same individuals could be clinically linked.
Also, in this report, we mention the geometric and functional similarity of the left ventricle (LV)
septal base in both acute and chronic clinical situations. Therefore, cardiac imaging methods are
crucial to assessing LV segmental aspects in ASC patients. We propose a new paradigm that ASC may
develop in hypertensive patients with SHM. We document the segmental progression of microscopic
LV remodeling using a third-generation microscopic ultrasound and note that BSH takes a longer
time to occur morphologically than an acutely developed syndrome. However, the majority of ASC
events have a predominant base, and the absence of segmental remodeling details, including BSH and
cardiac decompensation with apical ballooning, on echocardiographic reports may mask the possible
underlying hypertensive disease. In fact, beyond ASC cases, previously undiagnosed hypertension is
very common, even in developed countries, and is associated with masked target organ damage.

Keywords: acute stress cardiomyopathy; basal septal hypertrophy; hypertension; early imaging
biomarker; stressed heart morphology

1. Background of Stress Theory

The concept of stress originates from the Latin “estrictia”, which in the 17th century
denoted calamity, misfortune, affliction, trouble, sorrow, and grief. By the 18th and 19th
centuries, it had evolved to encompass meanings related to force, pressure, and difficulty
when applied to objects, individuals, organs, and mental structures [1].

The term “stress” is commonly used in contemporary culture to encompass both
psychological and physiological responses arising from our lifestyles, work environments,
and interactions within an increasingly intricate society. This understanding of stress, along
with its experiences, has its roots, at least in part, in the “general adaptation syndrome”
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initially introduced by Hans Selye over 85 years ago in his influential Nature publication.
Selye emerged as the pioneer in identifying “stress” as the underlying factor behind the
nonspecific indicators and symptoms of illness.

Selye found remarkable morphological changes related to stress in his animal studies,
during which gathered cow ovaries for analysis and injected various extracts into female
rats and observed their reactions. Surprisingly, autopsies revealed three key findings:
enlarged adrenal glands, lymphatic system atrophy (including the thymus), and peptic
ulcers in the stomach and duodenum. These outcomes were consistent across different
noxious agents [2].

Selye proposed that stress is a constant presence in an individual throughout their
exposure to a nonspecific demand. He made a distinction between acute stress and the
overall response to chronically applied stressors, labeling the latter as ‘general adaptation
syndrome’ or Selye’s syndrome. This syndrome breaks down the total response to stress
into three phases: the alarm reaction, the stage of resistance, and the stage of exhaustion.
Individuals, when confronted with a stressor, initially react with surprise, attempt to main-
tain homeostasis by resisting change, and eventually succumb to exhaustion in countering
the stressor.

Importantly, stress, according to Selye’s perspective, is a series of orchestrated events
and not merely a psychological term. It is experienced by all individuals during periods of
illness [3].

2. Stressors and Associated Cardiac Diseases

The role of stress in contributing to the sustained elevation of blood pressure remains
considerably less clear compared to the role of lifestyle factors, primarily owing to the
inherent complexities associated with defining, perceiving, and subsequently measuring
various aspects of stress, thereby posing significant challenges in elucidating its precise
impact on cardiovascular health [4].

The differentiation between acute and chronic stress is somewhat arbitrary, as certain
acute events can have enduring repercussions that extend beyond their initial occurrence.
For example, acute stressful incidents like natural disasters, such as earthquakes, can lead
to persistent effects that linger over time. Conversely, studies predominantly classified by
the presence of chronic stressors entail recurring and prolonged exposure to stress-inducing
factors, notably in occupational settings where individuals face repeated challenges and
demands [5]. The most frequently scrutinized stressors in adults encompass challenges
encountered in the workplace and social isolation, alongside supplementary factors such
as marital discord, caregiving responsibilities for an ailing family member, and the bereave-
ment associated with the loss of a close individual, all of which have been linked to an
increased risk of cardiovascular disease. Additionally, natural and man-made disasters,
such as earthquakes, terrorist attacks, and wars, have been correlated with clinical events
and cardiac abnormalities. The episodic stressors under examination encompass emotional
upheaval, participation in sporting events, and notable workplace transitions such as
layoffs [6].

The influence of stress on the development of cardiovascular disease manifests over
the long term. Childhood experiences such as physical abuse, household substance abuse,
mental illness, sexual abuse, and domestic violence can leave enduring impacts, height-
ening the susceptibility to various chronic conditions in adulthood [7]. A meta-analysis
demonstrated a higher risk of cardiovascular disease in individuals with at least four ad-
verse childhood experiences. In the general adult population, associations between chronic
stress and cardiovascular disease risk have been less pronounced. Studies have linked
social isolation, loneliness, and work-related stressors to increased risks of coronary heart
disease, stroke, and atrial fibrillation. Notably, long working hours and job strain have
been associated with elevated risks of stroke and atrial fibrillation [7,8]. The experience
of both physical and psychological stress has been associated with the development of
depression and coronary heart disease. Considering that similar stressful conditions have
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been shown to affect the physical properties of major arteries, such as the elasticity of aortic
segments, it is reasonable to infer that these changes may be connected to alterations in the
macromolecular composition of these arteries [9].

Stress has consistently emerged as a potential and significant contributor to hyper-
tension, in conjunction with other risk factors such as low potassium intake, inadequate
physical activity, and sleep disturbances. Although acute stress can induce temporary
spikes in blood pressure, it remains unclear whether this effect translates into sustained
hypertension over time [5]. The findings of the INTERHEART study, which highlighted
stress as an independent risk factor for myocardial infarction, have reignited interest in
stress as a risk factor for cardiovascular diseases. Stress is defined as a process wherein
environmental demands surpass an organism’s adaptive capacity, leading to psychological
and physiological changes that may predispose individuals to disease [10].

Hypertension impacts roughly one-third of adults in the USA and stands as one of the
most crucial cardiovascular risk factors that can be modified [11].

Extensive epidemiological investigations have provided compelling evidence regarding
the substantial role of psychosocial risk factors, encompassing hostility, chronic psychosocial
stress, nonadaptive coping, depression, work-related stress, and low socioeconomic status,
in the etiology of hypertension. Consequently, interventions focusing on addressing these
psychosocial determinants have emerged as a rational and imperative approach to optimizing
blood pressure management and ameliorating the adverse health consequences associated
with hypertension. By targeting these underlying psychosocial factors, healthcare practitioners
can effectively enhance the effectiveness of hypertension management strategies and facilitate
improved cardiovascular health outcomes for individuals afflicted by this condition [12].
Recent reviews indicate that psychosocial interventions employing multiple components of
stress or anger management, typically incorporating cognitive–behavioral approaches along
with meditative or other relaxation techniques, tend to be more effective in lowering blood
pressure compared to single-modality interventions [13,14].

A comprehensive systematic review of cohort studies highlights the complex interplay
between psychosocial factors and cardiovascular health in longitudinal analyses, high-
lighting a significant correlation between anxiety, depression, anger management, social
support, and the onset of hypertension [15].

Moreover, the association between physical and mental stress and heightened levels
of fatty acids and norepinephrine leads to an escalation in systemic vascular resistance,
consequently culminating in elevated diastolic blood pressure. Although both physical and
mental stress contribute to increased levels of fatty acids and norepinephrine, as well as
minor fluctuations in blood pressure, the basal metabolic rate remains unaltered [16].

In cases of chronic stress where coping mechanisms prove effective, the vagal system
is usually activated to reduce the secretion of stress mediators and restore autonomic
activity to normal levels. Additionally, the binding of α2-adrenergic receptors triggers a
negative feedback loop, leading to a decrease in norepinephrine levels [17]. Nevertheless,
chronic stress, sleep deprivation or apnea, sedentary lifestyles, substance abuse, abdominal
obesity, insulin resistance, hypertension, and depression can all induce chronic sympathetic
hyperactivity, leading to a disruption of autonomic homeostasis [18,19]. Prolonged or
excessive stress can disrupt coping mechanisms, leading to distress and hyperactivity
of the sympathetic–adrenal–medullary system (SAM) as the body attempts to manage
escalating demands. In such circumstances, neither the vagal system nor the negative
feedback mechanism of α2-adrenergic receptors will effectively reduce the release of nore-
pinephrine [17–19]. Elevated concentrations may escalate to norepinephrine overload,
reinforcing a hypervigilant defensive coping state. Research suggests that prolonged acti-
vation of the SAM system and/or norepinephrine overload can intensify vasoconstriction,
modify cardiovascular stress responses, and exacerbate the risk of hypertension, endothelial
dysfunction, and atherosclerosis [20,21].

In a study conducted in the USA, the prevalence of insomnia was determined as 14.7%.
The study also revealed that the largest group suffering from insomnia were working people
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and that women had more insomnia problems than men [22]. A recent meta-analysis study
clearly showed that insomnia is a risk factor that increases the risk ratio of hypertension by
approximately two times and revealed that it causes severe phenotypes [23]. Other research
has shown that this condition not only causes hypertension but also causes many conditions
such as atrial fibrillation, coronary artery disease, and heart failure [24]. Another study
showed that mental health problems such as major depression and attention deficit and
hyperactivity disorder, in addition to insomnia, increase the likelihood of cardiovascular
diseases, and showed a correlation between the use of antidepressants in patients with
these diseases and the development of various cardiovascular diseases [25].

3. Measurement of Stress

The impact of stress on health spans the entire lifespan, yet consensus regarding
the most pertinent types and dimensions of stress for human health and disease remains
elusive. This complexity arises from the nuanced nature of stress, which is not a singular
entity but rather a dynamic process shaped by various interactions among individual and
environmental factors, historical events, current circumstances, allostatic states, and psy-
chological as well as physiological responses. Moreover, the broad spectrum of processes
contributing to stress includes numerous factors that are individually labeled as stressors.
Advancing stress science necessitates the adoption of a unified conceptual framework
integrating epidemiological, affective, and psychophysiological perspectives, alongside the
implementation of precise terminology to describe stress measures accurately [26].

Numerous techniques are available for measuring stress, encompassing self-reporting,
external observation, and biomarkers. While traditional methods like self-completion
questionnaires and interviews persist, advancements in technology, such as mobile health
applications on smartphones and wearable devices, offer more accurate monitoring of
specific stress exposures. Biomarker measurement involves assessing stress on a moment-
to-moment basis, such as by evaluating salivary cortisol, or summarizing it over longer
periods, like a 3-month cortisol assay via hair sample analysis. Innovations like mobile
electrochemical sensors and biosensors facilitate the real-time, noninvasive monitoring of
electrolytes and metabolites in sweat or saliva [27].

4. Cardiac Manifests of Stress

Left ventricular hypertrophy (LVH) develops in an adaptation process to compensate
wall stress, but all LVH cases are not adaptive in the disease course and reflect a preclinical
heart disease [28]. Patients with mild and moderate hypertension could have abnormal
cardiac septum wall thickness, where the septal base is thicker than the mid-apical part.
Therefore, focal hypertrophy in hypertensive patients could signal the early stages of LV
remodeling [29]. Animal and human pathophysiological data investigations of geometric and
functional cardiac biomarkers highly demonstrate the recognition of the adaptive phase of
hypertensive remodeling. These findings could assist in effective time management during
the course of disease [30]. The current investigations point out the detected early imaging
biomarkers could be used for preventing the increasing incidence of cardiac pathologies with
LV remodeling and undiagnosed heart failure [31]. Histopathologic analysis of the septal
base has shown differences between no fiber disarray and hypertrophic cardiomyopathy [32].
Our previous real-time three-dimensional echocardiography findings mention a decrease in
LV basal cavity volume and point out the consequence of basal septal segment hypertrophy
in hypertensive LVH patients [33]. We have pointed out in other investigations that BSH
induces an increase in intracavitary gradients and basal hyperfunction in the adaptive phases
of hypertensive diseases.

Recently, we described the phases of hypertensive heart disease in which a compen-
satory adaptive phase is associated with an increased rate–pressure product, showing an
increased workload and oxygen consumption prior to a sharp reduction in LV gradients
and maladaptation of tissue function. Because of these differences, we suggest that fo-
cal hypertrophy, rather than primary cardiomyopathy, has a secondary or strengthening
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effect on ventricular hyperfunctions. We previously observed a stress-induced dynamic
of LV outflow tract obstruction in hypertensive patients with BSH. In fact, alcohol septal
ablation had good results in dilating the obstruction caused by hypertensive BSH [34].
In hypertensive BSH patients with a mean age of 55, we also quantitatively confirmed a
hypercontractile septal base at stress by tissue Doppler imaging combined with dobutamine
stress [35,36]. Global hypertrophic patients generally have stress-induced hypercontraction,
which is similar to our BSH imaging findings. This may result in a failure to diagnose
coronary artery disease. It was demonstrated using microneurography and isotope dilution
methodology that increased sympathetic activity is directly related to the development
of hypertensive LVH. Stress-induced hypercontractility may be a reflection of preserved
LV function in hypertensive LVH. In fact, using real-time three-dimensional imaging, we
observed that complex mitral annulus geometry and dynamics that reflect systolic function
are preserved in hypertensive patients with global hypertrophy [37]. It was suggested that
hypercontractility with LV cavity obliteration may be associated with a good prognosis.
Hypercontractility of the LV base was also described in stress-induced cardiomyopathy.
Since this region is more predominant and hypercontractile in both hypertension and ASC,
we suggested that stressed heart morphology related to a predominant LV base may be
a conjunctive point of determination in clinical conditions with acute or chronic stress
exposure due to increased afterload [38–40]. It is known that global remodeling and LV
contractile abnormalities may occur with disease progression in elderly (older than 70)
patients with hypertension as a consequence of stress [41]. We mentioned the importance
of precise LV contractility evaluation and quantitative functional determination by cardiac
imaging in the follow-up of patients with hypertensive disease [42]. However, it is a chal-
lenge to document the evolution of LV geometry from segmental to global remodeling and
functional changes in pressure overload due to chronic hypertension in humans.

Recently, we performed a small animal study to precisely document early-stage LV
remodeling and progression of pressure overload using third-generation microscopic ul-
trasonography [43]. In this study, microimaging showed that BSH is an early imaging
biomarker in the evolution of cardiac remodeling and that in animals with transaortic
constriction, an early increment in systolic velocity is primarily related to compensatory
hyperfunction in the early time points (up to 4 weeks) before the development of LV
dysfunction. This early finding in animals confirmed the cross-sectional imaging data
found in humans regarding hypercontractility. In advanced hypertensive heart disease,
more predominant and severely dysfunctional septal wall compared to free wall could be
related to an earlier involvement of the septum in the progression of the disease [44]. Our
animal trials on cardiac remodeling found that in mice with transverse aortic constriction,
increased intracavitary left ventricular gradient is associated with a compensatory process
of the development of global left ventricular hypertrophy [45]. We called this stressed
heart morphology (SHM) and found it to be an early imaging biomarker of basal septal
hypertrophy in the adaptive phase. We believe this biomarker may be a specific aspect not
only in the hypertensive heart [33]. We mentioned the role of the basal septum in acute-
and chronic-stress-induced heart diseases. The focal findings of the basal septum could
be associated with increased mechanical and functional afterload conditions, including
hypertension, ASC, and aortic stenosis. SHM could be associated with both mechanical-
and functional-stress-induced clinical conditions due to the basal septum being the closest
part of the septum affected by increased afterload [46]. The process of BSH as the first
segment to undergo remodeling in response to different stress stimuli supports our SHM
paradigm, which stipulates that the cardiac septum has a high sensitivity to a variety
of stress stimuli, including functional and mechanical hemodynamic stressors and sym-
pathetic overdrive [47]. SHM seems to be more than pure hemodynamic stress due to
hypertension. Complex imaging findings have shown the irregular nature of human SHM
compared to regular remodeling in animals. This difference is possibly due to the emotional
and mental overdrive of the human cognitive system [48].
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5. Cardiac Imaging Methods in Hypertensive Patients

There are many methods used in the diagnosis and evaluation of patients with hyperten-
sion, but among these methods there are also methods that produce conflicting results.

Echocardiography is the method that forms the basis of heart imaging. It can show
mechanical cardiac alterations, encompassing 2D and 3D longitudinal, circumferential,
and radial strains as well as area strain, which serve as dependable indicators of left
ventricular systolic function. Among these parameters, global longitudinal strain appears
to exhibit higher reproducibility and a greater sensitivity to changes than left ventricular
ejection fraction [49]. The primary constraint of echocardiography lies in image quality.
While inaccuracies stemming from geometric assumptions, particularly concerning left
ventricular mass and volumes, can be addressed with 3D echocardiography, the challenge
of maintaining optimal image quality persists. Beyond impeding the measurement of
various parameters related to LV structure and function, a less widely acknowledged
consequence of suboptimal image quality is the underestimation of LV deformation [50].

One of the methods of echocardiography is exercise echocardiography. Exercise
electrocardiography is a method with low specificity, especially in patients with electro-
cardiographic abnormalities at rest [51]. Dobutamine stress echocardiography is a highly
specific method that can be used in the diagnosis and follow-up of patients with hyper-
tension and is better suited to these patients compared to many other methods (especially
exercise electrocardiography and myocardial perfusion imaging) [52,53]. At the same time,
it has been noted that dobutamine stress echocardiography has similar accuracy rates to
single-photon emission computed tomography [54]. The factors associated with producing
inaccurate and false-positive outcomes in exercise echocardiography in coronary disease
diagnosis have undergone comprehensive research. It has been proposed that the factors
predictive of false-positive results in exercise echocardiography to diagnose coronary dis-
ease encompass the female gender, elevated blood pressure at the peak of physical activity,
a lower risk assessment according to the Duke score, as well as a diminished count of
irregular segments and a reduced wall motion score index post exercise. Women seem to
display a vulnerability to wall motion irregularities triggered by heightened blood pressure
during physical exertion [55]. An interesting study suggests that concave-shaped chest wall
deformities such as pectus excavatum (Modified States Index > 2.5) may give false-positive
results in exercise echocardiography where the left circumflex artery lies [56,57].

Another method of cardiac imaging for hypertensive patients is cardiac magnetic
resonance (CMR). In the context of hypertensive heart disease, aside from concerns related
to cost and accessibility, a drawback of using cardiovascular magnetic resonance lies in
the comparatively less robust evidence base for CMR-derived strains. Additionally, there
is a limitation in CMR’s ability to assess diastolic function, focusing primarily on the
evaluation of left atrial phasic function [56]. The primary advantage of cardiovascular
magnetic resonance lies in its capability to perform tissue characterization. It proves
beneficial when LVH appears disproportionate to the level of blood pressure and/or the
duration of hypertension, aiding in the exclusion of cardiomyopathies like hypertrophic
cardiomyopathy or infiltrative disorders. Nevertheless, access to CMR remains challenging
in numerous jurisdictions, and the procedure itself is time-consuming, demanding highly
trained personnel [58].

6. Acute Stress Cardiomyopathy

Takotsubo or acute stress cardiomyopathy is a transient phenomenon that occurs
during severe emotional stress and might be associated with BSH [59]. In this report and in
previous reports, dynamic left ventricular (LV) outflow tract or LV intracavitary obstruction
have been emphasized in ASC [59,60]. ASC is a well-described clinical presentation and is
more frequently seen in women than in men [61]. In clinical practice, hypertension and ASC
could be detected together with basal cavity narrowing due to combined basal segmental
remodeling and a hypercontractile LV base [59]. Similarly, we previously documented basal
cavity narrowing due to dominant BSH in hypertensive hypertrophy using real-time three-
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dimensional echocardiography [62]. Therefore, the heart with ASC seems to have a more
severely developed apical enlargement due to microvascular crash compared to the hyper-
tensive heart, which also has a narrow neck and a relatively larger midapical cavity [59–62].
Hypertension is a very common health problem which can easily be missed in clinical
practice. A considerable number of previously undiagnosed hypertension cases are associ-
ated with target organ damage [63]. We emphasized the similarity of LV geometry in both
hypertension and ASC and called this conjunctive point of determination “stressed heart
morphology” [38]. BSH can be detected by cardiac imaging independent from whether
it presents with acute or chronic stress [38,39,59–63]. Furthermore, basal septal distortion
has been linked to combined chronic hypertension and ASC [59,60], which is completely
consistent with the paradigm of SHM and supports the occurrence of chronic stressful
episodes prior to ASC (Figure 1) [38,39,59]. The severity of hypertensive LV hypertrophy
is related to norepinephrine release [64] and a predominant LV base could possibly be
related to intensive LV basal innervation, which has been confirmed histologically [65,66].
Consistently, ASC is associated with a predominant LV septal base and excessive emotional
stimulation as well as increased catecholamine levels in circulation [67]. Nevertheless,
despite the limited number of hypertension histories in ASC cases, we recently discussed
the possible underestimation of both previously undiagnosed hypertension records and
segmental remodeling data in echocardiographic reports [31,68,69].

Figure 1. Schematic representation of the effect of multiple superposed stressors on cardiac remodeling.

LV basal hypercontractility is one of the diagnostic components in the clinical presenta-
tion of midapical systolic dysfunction in ASC [62]. Similar to LV basal hypercontractility in
ASC, we previously quantitatively described the hyperfunction of the basal septum at stress
using tissue Doppler imaging in hypertensive patients with BSH [35]. Focal hypertrophy
was speculated to develop due to increased LV myocardial dynamics [70]. If ASC cases
have a background of chronic hypertension due to repetitive stress, basal hypercontractility
could be the case during daily life, since we quantitatively detected increased basal tissue
dynamics in BSH using combined dobutamine stress and tissue Doppler imaging. In fact,
recent reports have mentioned that beyond LV remodeling towards a concentric geometry,
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blood pressure fluctuations are also a risk for both cerebrovascular and cardiovascular
events [71].

We documented that BSH is the early imaging biomarker of stress induction due to
pressure overload in small animals using third-generation microscopic ultrasonography [43].
In our study, BSH presented with increased LV intracavitary gradients due to compensatory
hyperfunction in the early adaptive phase before maladaptation at the global remodeling
stage [45]. These very recently documented geometric and functional validations of BSH are
completely consistent with cross-sectional human data in the early phases of hypertension
before myocardial dysfunction [36,70,72]. After myocardial dysfunction, however, the sep-
tal wall is more predominant and severely dysfunctional compared to the free wall, which
could be related to the early involvement of the septal wall according to our previous ob-
servations [44]. Interestingly, despite the determination of BSH in cross-sectional human
data, in some cases, the degree of regional hypertrophy on the septal base could be enor-
mous [36,42,44,73–75] without any global progression compared to the regular progression of
remodeling in animals [43,45]. This discrepancy could be caused by the emotional component
of stress stimuli in humans compared to animals.

Basal hypercontractility results in increased velocity through the LV outflow tract
and leads to dynamic obstruction in ASC. Abuarqoub A, et al. [59] also mentioned that
stress-induced LV outflow tract obliteration may lead to hemodynamic instability and car-
diogenic shock and lead to basal cavity narrowing like LV basal obliteration in hypertensive
patients with BSH [35,70,72]. Hypercontractility is not an uncommon functional feature
at stress induction in nuclear studies as well, and it could be related to the hypertension
that we mentioned [73], since it is rapidly gaining clinical importance as it may help avoid
undiagnosed hypertensive cases [63]. In hypertensive hypertrophy, we investigated a po-
tential relationship between tissue hyperkinesis and dynamic LV outflow tract obstruction
and found a meaningful relationship between these parameters [74]. Moreover, differen-
tial diagnosis gains importance since dynamic LV outflow tract obstruction can result in
devastating hemodynamic instability that may need intensive care [59].

Finally, some patients with hypertension could have no reasonable LV basal tissue
response to stress, which could be related to early involvement of septal tissue during
increased wall stress due to chronic hypertension [44]. Interestingly, advanced basal septal
dysfunction and even basal akinesia have been reported in ASC cases [59]. We know
that basal hypercontractility is one of the diagnostic criteria of ASC and suggest that, in
confusing cases, the quantitative analysis of tissue function for the differential diagnosis
of ASC, beyond a comprehensive geometric evaluation, could be beneficial [42,75]. We
strongly believe that the relationship between early LV remodeling and blood pressure
fluctuations is extremely important. It will not be a surprise if, in the near future, ASC cases
are documented to be associated with previous LV basal tissue predominancy as an early
imaging biomarker under chronic stress exposure, as we quantitatively validated both
BSH and basal hypercontractility under stress in animal validation studies using combined
third-generation microscopic ultrasonography and tissue Doppler imaging.

As we mentioned above, echocardiography reports mostly include global LV remodeling
data, like in cases of LVH. However, BSH is not a widely documented imaging finding in
echocardiography reports [31,68]. This leads to the absence of certainty about the underlying
chronic base in ASC cases [47,48]. On the other hand, some ASC case reports include precise
hemodynamic records [31], while most case reports of hemodynamic instability do not [30].

As a result, ASC is already understood as a form of acute decompensation, and
we strongly believe that, in the near future, segmental data will allow us to explore its
underlying chronic-stress-mediated background and confirm the relationship between ASC
and chronic hypertension. Adequate segmental analysis of the left ventricular myocardium
will be conducted to determine the prevalence of hypertensive BSH [76].
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