International Journal of Cardiology Cardiovascular Risk and Prevention 11 (2021) 200115

Contents lists available at ScienceDirect

International Journal of Cardiology
Cardiovascular Risk and Prevention

journal homepage: www.journals.elsevier.com/international-journal-of-cardiology-
cardiovascular-risk-and-prevention

CARDIOVASCULAR RisK
AND PREVENTION

\

ELSEVIER

L)

Check for

Hemodynamic stress and microscopic remodeling™ e

Fatih Yalcin , Hulya Yalcin, Roselle Abraham, Theodore P. Abraham

UCSF HEALTH, Department of Cardiology, University of California San Francisco, San Francisco, CA, USA

ARTICLE INFO ABSTRACT

Keywords:
Hemodynamic stress
Adaptive phase

Backgroud: Heart responds to physiologic and pathologic conditions and sympathetic drive plays an important
role. It has been documented that LV base is more dominantly affected by sympathetic drive compared to the
other regions. LV base is more dominantly exposed to wall stress in the initial period of remodeling due to

Remodeling pressure-overload, since LV cavity is the largest at base. Basal septal hypertrophy (BSH) in cross-sectional data is
Basal septal hypertrophy . . f . ) . . .
Hypertension associated with the early phase of hypertensive heart disease. BSH was confirmed by 3rd generation microscopic

ultrasound in small animals. BSH as the closest location to increased afterload could be detected in variety of
stress stimuli and result in a huge septal hypertrophy in advance cases possibly related to earlier exposure of
hemodynamic stress to septal wall.

Conclusion: Effective geometric and functional evaluation of initial remodeling due to hemodynamic stress is
important according to both human and animal data. These findings possibly contribute to early recognition of

adaptive phase of hypertensive remodeling and more effective management in a timely fashion.

1. Hemodynamic stress and heart

Physiologic and pathologic stimuli leads to cardiac remodeling and
sympathetic drive is an important part of this longstanding course [1].
Dynamic blood pressure fluctuations is one of the most important
stimuli leading to cardiac tissue remodeling [2]. Although types of stress
induction could be different in secondary cardiomyopathy, myocardial
response to acute or chronic conditions may represent some specific
aspects [2-4]. Hypertension is the most important factor for heart fail-
ure [1] and associated with multiple end-organ involvement that in-
cludes an important subclinical cardiac damage, left ventricular
hypertrophy (LVH) which is approximately 12 % among patients with
borderline hypertension and 20 % among patients with relatively mild
hypertension [5]. LVH is a detectable target organ damage in population
with previously undiagnosed hypertension [6]. LVH may not always be
an adaptive process and its prevalence has ranged from 36 % to 41 % in
the pooled population [7]. Therefore, it is crucial to use specific imaging
findings representing early adaptive phase to hemodynamic stress with
increased afterload prior to LV dysfunction and maladaptation.

2. Regional geometry and sympathetic drive

Original heart geometry is associated with the largest region at base,
while the distance decreases towards apex [8]. Because of larger volume
at the LV base than midapical segment, LV basal wall stress is the
greatest compared to other segments. Secondary LVH to hypertension is
associated with a diminished basal volume detected by the real-time 3
dimensional echocardiography (3 DE), [9]. Sympathetic innervation
was found relatively predominant in LV base compared to the other
regions by histopathologic data long ago [10]. Regional stress-induced
predominant morphology and related basal cavity narrowing in 3DE
possibly related to sympathetic overdrive which was clearly docu-
mented in the precisely designed studies [11]. Additionally, distribution
of circulating norepinephrine levels and sympathetic nerves are well
correlated in the body parts, especially in the heart [12]. I-meta--
iodobenzylguanidine (I-mIBG) is a norepinephrine analog and acts as
same as norepinephrine in uptake, storage and releasing stages. Further
studies reported the increased sympathetic activity in basal septum via
I-meta-iodobenzylguanidine (I-mIBG) scintigraphy [13]. Shimizu et al.‘s
study supports our paper in which they addressed that hypertension can
lead to an asymmetric septal hypertrophy and basal hypertrophy, and
increased I-mIBG activity (norepinephrine analog) in patients with
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Fig. 1. a: Real-time 3 dimensional imaging from apical 4 chamber view shows the predominant regional LV septal base during end-diastole in a patient with systemic
hypertension. b: Increased prominency of LV septal base during early-systole from apical 4 chamber view of real-time 3 dimensional imaging in the same patient. c:
LV basal cavity obliteration by septal base during end-systole from the same echocardiographic window in the same patient.
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Fig. 2. Cardiac images of a mice using 3rd generation microscopic ultrasound show normal cardiac geometry, relatively prominent LV septal base at 4 week after
stress induction due to pressure-overload (TAC: transverse aortic construction) and global remodeling at 8 week, respectively.

hypertension [14].
3. Microimaging and regional remodeling

Cross-sectional data have shown a regional remodeling of LV base
(Fig. 1a, b, ¢) named basal septal hypertrophy (BSH) could be detected in
hypertensive patients [15,16]. We and the others previously speculated
that this finding could be related to increased cardiac dynamics since
BSH is developed in the location which is the closest myocardial part to
increased afterload and is associated with a high rate-pressure product
in hypertension [17,18]. However, none of these observations had
prospective value, since they all were cross-sectional human studies.
Quantitative echocardiographic follow-up could be beneficial for
monitoring cardiac remodeling due to pressure-overload and preventing
the progressive process using effective medical management [19].
Recently, we have planned a study to document evolution of the LV
segmental remodeling prospectively using 3rd generation microscopic
ultrasonography. We have confirmed this early segmental tissue torsion
at LV base in this small animal study and noted that BSH is the early
imaging biomarker in pressure-overload model for the first time, while
hypertrophy progresses to midapical portion later on (Fig. 2), [20].
Microimaging in this animal experiment has provided an opportunity for
regional geometric and functional analysis during LV remodeling.
Furthermore, this cardiac imaging biomarker during the early period of
hypertensive heart disease may be used in clinical evaluation to avoid
more untreated patients with target organ damage, since LV remodeling
is not rare in this group [5,6].

Cardiac morphology and function in mice can be assessed non-
invasively using a high-frequency, high-resolution in vivo micro-
imaging echocardiography system designed especially for small animal
imaging research. High-resolution images can be obtained in the para-
sternal and apical orientations. Standard B-mode 2 dimensional images
of the heart, pulsed Doppler images of the mitral valve in flow and pulse
wave tissue Doppler imaging of the myocardial tissue velocities can be

determined quantitatively. Animal model and microscopic ultrasonog-
raphy is a perfect opportunity for scientists to validate their findings in
cross-sectional human studies using segmental tissue details in disease
course prospectively.

4. Regional dynamics and pressure-overload

Recently, we have validated functional evolution of pressure-
overload by determination of intracavitary gradients using 3rd genera-
tion microscopic ultrasonography and noted that the early imaging
biomarker, BSH is associated with compensatory hyperfunction prior to
maladaptation to increased stress [21]. In this study, incremental LV
intracavitary blood velocity in adaptive phase of remodeling has become
blunted sharply after global remodeling. Cross-sectional human studies
were consistent with the validated quantitative animal data showing
that stress-mediated LV hyperfunction as a component of the clinical
spectrum in early stage hypertension [22-24]. Regular microscopic
evolution of LV remodeling in mice [20,21] supports that variety of
stress stimuli could be combined in human data, because of quite
heterogenous morphology [3,4,17-19,25,26].

Enhanced ventricular contractility in mild hypertension was docu-
mented by quantitative functional parameters [27]. LV hyperfunction
was also determined in borderline blood pressure elevations and higher
blood pressures in holter monitoring that was associated with a greater
myofibriller shortening [28]. In patients with chest pain and normal
coronary arteries, hyperdynamic LV was determined by wall motion
analysis [29]. In this study, hyperdynamic LV was more common in
hypertensive patients than the others. In the early adaptive phase, BSH is
associated with hyperfunction under stress that we previously detected
using combined stress echocardiography and tissue Doppler imaging
quantitatively [30]. Basal septal involvement during hypertensive pro-
cess could be huge in advance cases that presumably related to early
stress exposure of septal base and alcohol septal ablation could become a
solution for advance hypertensive cases [4,19,25]. Quantitative imaging
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techniques are able to depict regional motion including tissue velocity or
displacement and sensitive quantitative markers of myocardial tissue
function in both animal models and humans [31,32]. In addition to LV
hyperfunction at stress on tissue level that could be determined by
quantitative tissue imaging, increased cardiac index and ejection frac-
tion determination at stress test could also be determined by nuclear
studies.

5. Myocardial dynamics in hypertension and radyonuclid
studies

Hyperdynamic tissue response to stress are not rare in patients with
high blood pressure and high rate-pressure product, respectively [29,
30]. In fact, radionuclide myocardial perfusion imaging showed hy-
perfunctional myocardial response to stress induction associated with
diastolic dysfunction and speculated that dyspnea may be related to
diastolic dysfunction [33]. Moreover, we found this conclusion sceptical
and emphasized the importance of possible exercise hypertension for
mechanism of hyperdynamic LV function [34]. First-pass radionuclide
angiography is associated with LV hyperfunction and exercise hyper-
tension, while those individuals were normotensive at rest [35].
Nevertheless, if diagnosis of adaptive phase of hypertensive disease is
missed [6], LVH leads to LV dysfunction which is detectable by variety
of modalities as echocardiography, magnetic resonance and nuclear
imaging [36-39].

6. Conclusion

Basal septal hypertrophy and hyperdynamic tissue response to he-
modynamic stress could improve the clinical assessment of individuals
with adaptive phase of remodeling according to both human and animal
data.
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