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Editorial on the Research Topic

Cardiovascular Physiology and Medical Assessments: Physics and Engineering Perspectives

Physics and Engineering perspective plays an important role in cardiovascular physiology and
medical assessments. It utilizes the theory of physics and engineering to carry out physiological
analysis, detect physiological dysfunction, diagnose disease, and guide remedial surgery. The medical
physics and engineering field has enabled a more in depth understanding of cardiovascular
physiology.

Let us start with ‘Neural Regulation of Cardiac function,’ which is carried out by the sympathetic
and parasympathetic divisions of the autonomic nervous system. The sympathetic nerves to the heart
are facilitatory, whereas the parasympathetic nerves are inhibitory; in certain regions of the heart,
such as the ventricular myocardium, the effects of the sympathetic division are more dominant. The
mechanisms of neural regulation of the heart can be investigated into, extending from regulation of
heart rate in regular activity and heart rate variability in athletic manoeuvres, to reperfusion of the
ischemic myocardial tissue.

Then in ‘Bioelectrical Process in the Heart’ the electrical activity is initiated in the SA node, and
the impulse spreads throughout the atria via specialized internodal pathways, to the atrial myocardial
contractile cells and the atrioventricular node. From the AV node, the electrical impulse spreads
through the bundle of His, bundle branches, and Purkinje fibres to myocardial contractile cells in the
ventricles, causing ventricular contractility for initiating left ventricular ejection. This bioelectrical
activity is characterized by electrocardiography (ECG), and its signal processing enables cardiac
diagnostics.

Now let us discuss ‘Cardiac Perfusion.’ For computing intra-myocardial blood flow velocity and
pressure patterns, we can carry out myocardial perfusion SPECT imaging, prescribe the
myocardial conductivity, and then do intra-myocardial flow analysis to determine the blood
pressure and velocity distributions in myocardial segments. In this way, we can quantify decreased
blood flow in the ischemic areas of the myocardium, which can lead to decreased ventricular
contractility.

Finally, let us enter the left ventricle. Therein, ‘assessment of subjects at risk of heart failure’ is
carried out by means of the governing equations of fluid flow, by which we can determine the flow
patterns of velocity and pressure distribution in the left ventricle (LV), and thereby show how if
adequate pressure is generated to open the aortic valve. For this purpose, we can use the vector flow
mapping technique to generate flow velocity vector fields, by post-processing the colour doppler echo
images. This information is then transferred to monitors in real time, in order to visualize abnormal
flow patterns and to guide cardiologists in their diagnosis [1].
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This special issue focuses on how breakthroughs in physics
and engineering have helped us to advance the understanding of
cardiovascular physiology, and to make it more quantitative for
the purpose of medical assessment [2]. Herein, we are providing a
quantitative format of cardiovascular physiology and its medical
assessment, based on physics and engineering perspective. This
issue has four research articles, and we will now present the
features of the papers.

In the first paper, ‘Carotid Stiffness Assessment with Ultrafast
Ultrasound Imaging in Case of Bicuspid Aortic Valve,’ Goudot
et al. have focused on the carotid stiffness assessment in the case
of bicuspid aortic valve (BAV) by using ultrafast ultrasound
imaging. Ultrasound imaging is the perfect follow-up
implement for BAV patients, because of its radiation free
technology, and its cost-effectiveness. Ultrafast ultrasound
imaging (UF) permits show of the fit tissue movement at high
time-related resolution, by utilizing plane wave transmitted with
different tendency and a testing rate over 1,000 frames/s [3].
Then, Ultrafast Doppler acquired by processed data precisely
evaluate the tissue velocities [4]. In this paper, they have
compared the carotid flow parameters and carotid stiffness
based on UF, in BAV patients and healthy subjects.
Meanwhile, the deformation of the carotid arterial breadth
during the cardiac cycle was described by UF-Doppler
imaging. They measured the arterial distensibility, the
maximal rate of systolic distension (MRSD), and wall shear
stress (WSS). The computation of WSS was based on analysing
the blood flow velocities near the carotid walls. A key point of
the arterial wall remodelling is hemodynamic assessment of
blood flow [5]. The absence of WSS alteration in the BAV
patients could also clarify the lack of stiffness variation of the
carotid wall. The specific morphology of the BAV could lead to
the WSS modifications in the ascending aorta, with increased
possibility of degenerative lesions observed in the aortic wall [6].
Compared with healthy subjects, it is remarkable that the
carotid flow parameters and carotid stiffness are not changed
in the case of BAV.

In recent years, many investigations have combined separate
sensor sorts for pulse wave acquisition, such as pulse wave from
the left forefinger, wrist, and second toe arteries. Although all
these devices can detect and record arterial pulse waves, their
operating modes and sensitivities are different, resulting in
different shapes and timings of the pulse waves, leading to
changes in diagnostic efficiency [7]. In the second paper,
‘Quantitative Comparison of the Performance of Piezoresistive,
Piezoelectric, Acceleration, and Optical Pulse Wave Sensors,’
Wang et al. have compared and analyzed the radial, carotid,
arterial femoral and digital signals under a series of conditions
(three levels of contact force: light, medium, and heavy ) and they
used various pulse sensors to help make wise choices of the
appropriate type sensor signals for recording arterial pulse waves.
From the existing sensor types, they chose four: a piezoresistive
strain gauge sensor (PESG) and a piezoelectric Millar tonometer
(the first mentioned of two has the ability to scale contact force), a
rounded diaphragm acceleration sensor, and an light reflection
sensor. Thse four sensors were used to record the pulse wave
signals of the left radial artery, carotid artery, femoral artery and

digital artery of 60 subjects. In their studies, they found that the
impact of contact pressure, measurement location, and ambient
light on the pulse wave should be taken into account when
monitoring the patients. Secondly, by comparing the four
pulse wave sensors, it is found that the performance of the
tonometer is the best, followed by the accelerometer, followed
by PESG, and the optical sensor being the worst. Finally, there
was significant difference among the four sensors in their
waveform shapes and the timing of the arterial pulse wave and
amplitude parameters. So in practice, different sensor types could
be used, perhaps in combination according to the measurement
site and the nature of the required signal analysis and in this way,
the advantages of each can be better utilized.

The third paper is ‘Topologic and Hemodynamic
Characteristics of the Human Coronary Arterial Circulation,’
authored by Schwarz et al. A fitting perception of the complex
interplay of various factors contributing to coronary arterial flow
needs a quantitative method based on the characteristics of the
coronary network. Therefore, the purpose of their work is aimed
at contributing a comprehensive quantification of the partial
feature of the human coronary circulation. They employed a
high-resolution imaging cryomicrotome to alternately cut and
block-face the imaged frozen heart for 3D reconstruction of the
left coronary circulation, and then analysed the flow in geometric
topological, and topographic properties. Their model describes
the flow at bifurcations of the vessel diameter. They have
presented a method that dealt with the wide range of data on
the partial features, to comopute the hemodynamics. Their
findings set the stage for further research, containing
structural conversion, integration of vasomotor responsiveness,
and their effects on the supply to the left ventricle for its health
maintenance.

The incidence of aortic dissection markedly increases with
atherosclerosis and hypertension [8]. D-dimer, a specific
degradation product of cross-linked fibrin, represents the
coagulation and fibrinolytic system activation [9]. It is now
commonly used in the diagnosis of pulmonary embolism [10],
deep vein thrombosis [11], acute coronary syndrome [12], and
acute aortic dissection [9,13,14]. The fourth paper, ‘Association
Between D-dimer and Early Adverse Events in Patients With
Acute Type A Aortic Dissection Undergoing Arch Replacement
and the Frozen Elephant Trunk Implantation: A Retrospective
Cohort Study,’ authored by Liu et al. is aimed to investigate the
association between D-dimer levels and 90-day postoperative
adverse events in patients undergoing arch replacement and
frozen elephant trunk (FET), by using a multivariate Cox
regression model containing all known associated major
perioperative predictors. They have retrospectively analyzed
the data of patients with acute type A aortic dissection
undergoing aortic arch surgery and FET, from July 2017 to
December 2018 at Beijing Anzhen Hospital. The D-dimer
levels were evaluated within 24 h of admission. A total of 347
patients were included in the study. The median D-dimer level
was 1.95 μg/ml (interquartile range, 0.77–3.16 μg/ml). The
multivariable Cox regression analysis revealed that D-dimer
level was independently associated with 90-day postoperative
adverse events, after adjustment for confounding factors
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(hazard ratio � 1.19 per 10 μg/ml increase in D-dimer, 95%
confidence interval: 1.01–1.41; P � 0.039). The Kaplan–Meier
analysis revealed that the highest tertile (median 6.27 μg/ml) had
more 90-day postoperative adverse events, compared with the
median and lowest tertiles (P � 0.0014). Their results showed that
increased D-dimer levels at admission were associated with 90-
day postoperative adverse events in patients with type A aortic
dissection undergoing arch surgery with FET. This indicates that
such high-risk patients deserve close medical monitoring.

In summary, these four interesting papers have focused on
current state-of-the-art advances in physics and engineering
perspective in cardiovascular physiology and medical
assessment. Their results provide readers with valuable
information on the application of the theory of physics and
engineering in cardiovascular physiology and medical
assessments. We hope that this special issue will provide a

platform for researchers and clinical physicians to collaborate
on some research areas with the aim of promoting a more
scientific medical study of cardiovascular physiology.

AUTHOR CONTRIBUTIONS

KW collection, organizing, and review of the literature; DG and
GF preparing the manuscript, and manuscript review and
modification.

FUNDING

This work was funded by National Natural Science Foundation of
China (Grant No. 81771927).

REFERENCES

1. Wong K, Fortino G, Abbott D. Deep learning-based cardiovascular image
diagnosis: a promising challenge. Future Gener Comput Syst (2020) 110:802–11.
doi:10.1016/j.future.2019.09.047

2. Piccialli F, Somma VD, Giampaolo F, Cuomo S, Fortino G. A survey on deep
learning in medicine: why, how and when? Information Fusion (2021) 66:
111–37. doi:10.1016/j.inffus.2020.09.006

3. TanterM, FinkM. Ultrafast imaging in biomedical ultrasound. IEEE Trans Ultrason
Ferroelectr Freq Control (2014) 61:102–19. doi:10.1109/TUFFC.2014.6689779

4. Bercoff J, Montaldo G, Loupas T, Savery D, Mézière F, Fink M, et al. Ultrafast
compound doppler imaging: providing full blood flow characterization. IEEE Trans
Ultrason Ferroelectr Freq Control (2011) 58:134–47. doi:10.1109/TUFFC.2011.1780

5. Yassine NM, Shahram JT, Body SC. Pathogenic mechanisms of bicuspid aortic
valve aortopathy. Front Physiol (2017) 8:687. doi:10.3389/fphys.2017.00687

6. Guzzardi DG, Barker AJ, Van Ooij P, Malaisrie SC, Puthumana JJ, Belke DD,
et al. Valve-related hemodynamics mediate human bicuspid aortopathy:
insights from wall shear stress mapping. J Am Coll Cardiol (2015) 66:
892–900. doi:10.1016/j.jacc.2015.06.1310

7. Zuo W, Wang P, Zhang D. Comparison of three different types of wrist pulse
signals by their physical meanings and diagnosis performance. IEEE J Biomed
Health Inform (2016) 20:119–27. doi:10.1109/JBHI.2014.2369821

8. Martens A, Beckmann E, Kaufeld T, Umminger J, Fleissner F, Koigeldiyev N,
et al. Total aortic arch repair: risk factor analysis and follow-up in 199 patients.
Eur J Cardio-Thorac (2016) 50:940–8. doi:10.1093/ejcts/ezw158

9. Suzuki T, Distante A, Zizza A, Trimarchi S, Villani M, Counselman F, et al.
Diagnosis of acute aortic dissection by D-Dimer. Circulation (2009) 119:2702–7.
doi:10.1161/CIRCULATIONAHA.108.833004

10. van der Hulle T, den Exter PL, Erkens PGM, van Es J, Mos ICM, Ten Cate H,
et al. Variable D-dimer thresholds for diagnosis of clinically suspected acute
pulmonary embolism. J Thromb Haemost (2013) 11:1986–92. doi:10.1111/jth.
12394

11. Faller N, Limacher A, Méan M, Righini M, Aschwanden M, Beer JH, et al.
Predictors and causes of long-term mortality in elderly patients with acute
venous thromboembolism: a prospective cohort study. Am J Med (2017) 130:
198–206. doi:10.1016/j.amjmed.2016.09.008

12. Bayes-Genis A,Mateo J, SantalóM,Oliver A, Guindo J, Badimon L, et al. D -Dimer
is an early diagnostic marker of coronary ischemia in patients with chest pain. Am
Heart J (2000) 140:379–84 doi:10.1067/mhj.2000.108823

13. Akutsu K, Sato N, Yamamoto T, Morita N, Takagi H, Fujita N., et al. A rapid
bedside D-dimer assay (cardiac D-dimer) for screening of clinically suspected
acute aortic dissection. Circ J (2005) 69:397–403. doi:10.1253/circj.69.397

14. Shao N, Xia S, Wang J, Zhou X, Huang Z, ZhuW, et al. The role of D-dimers in
the diagnosis of acute aortic dissection. Mol Biol Rep (2014) 41:6397–403.
doi:10.1007/s11033-014-3520-z

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Wong, Ghista and Fortino. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Physics | www.frontiersin.org January 2021 | Volume 8 | Article 6263023

Wong et al. Editorial: Physics and Engineering Perspective

https://doi.org/10.1016/j.future.2019.09.047
https://doi.org/10.1016/j.inffus.2020.09.006
https://doi.org/10.1109/TUFFC.2014.6689779
https://doi.org/10.1109/TUFFC.2011.1780
https://doi.org/10.3389/fphys.2017.00687
https://doi.org/10.1016/j.jacc.2015.06.1310
https://doi.org/10.1109/JBHI.2014.2369821
https://doi.org/10.1093/ejcts/ezw158
https://doi.org/10.1161/CIRCULATIONAHA.108.833004
https://doi.org/10.1111/jth.12394
https://doi.org/10.1111/jth.12394
https://doi.org/10.1016/j.amjmed.2016.09.008
https://doi.org/10.1067/mhj.2000.108823
https://doi.org/10.1253/circj.69.397
https://doi.org/10.1007/s11033-014-3520-z
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physics
www.frontiersin.org
https://www.frontiersin.org/journals/physics#articles

	Editorial: Cardiovascular Physiology and Medical Assessments: Physics and Engineering Perspectives
	Author Contributions
	FUNDING
	References


