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Cardiovascular disease is a leading cause of death and morbidity

and places a significant burden on healthcare systems through-

out the world. The papers selected for inclusion in this supple-

ment exemplify the research activity into the devices and surgi-

cal procedures used in the treatment of diseases of the circulatory

system that has appeared in Medical Engineering & Physics over

the past 25 years. These include studies that focus on the patho-

physiology of the cardiovascular system, congenital abnormalities

of the heart and circulation, and the devices used to treat pa-

tients with these conditions, for example, coronary stents, pros-

thetic heart valves, ventricular assist devices, vascular grafts and

prostheses. Advances in medical imaging, modelling and simula-

tion techniques, and laboratory and clinical measurement tech-

niques during this period has afforded researchers and clinicians

the means to visualise, model and predict the structures and be-

haviour of the cardiovascular system in health and disease in ever

increasing detail, including the pumping chambers of the heart and

the foetal circulation in utero . An overview of how these advances

are finding application in personalised medicine and clinical deci-

sion support is provided in the invited contribution that appears

elsewhere in this special issue (Hose et al.). 

Richard A. Black ∗

Gregor Houston

Department of Biomedical Engineering, University of Strathclyde,

Glasgow, Scotland, UK

∗Corresponding author.

E-mail address: richard.black@strath.ac.uk (R.A. Black)

Further reading 

Blanco PJ , Feijoo RA . A dimensionally-heterogeneous closed-loop model for the car-

diovascular system and its applications. Med Eng Phys 2013;35(5):652–67 . 

Corsini C , et al. Mathematical modelling of the maternal cardiovascular system in
the three stages of pregnancy. Med Eng Phys 2017;47:55–63 . 

De Beule M , et al. Virtual optimization of self-expandable braided wire stents. Med
Eng Phys 2009;31(4):448–53 . 

De Lazzari C , et al. The influence of left ventricle assist device and ven-
tilatory support on energy-related cardiovascular variables. Med Eng Phys

1998;20(2):83–91 . 

De Santis G , et al. Full-hexahedral structured meshing for image-based computa-
tional vascular modeling. Med Eng Phys 2011;33(10):1318–25 . 

Delazzari C , et al. A desk-top computer-model of the circulatory-system for heart
assistance simulation - effect of an lvad on energetic relationships inside the

left-ventricle. Med Eng Phys 1994;16(2):97–103 . 
https://doi.org/10.1016/j.medengphy.2019.09.004 

1350-4533/© 2019 IPEM. Published by Elsevier Ltd. All rights reserved. 
errari G , et al. A modular numerical-model of the cardiovascular-system for study-

ing and training in the field of cardiovascular physiopathology. J Biomed Eng
1992;14(2):91–107 . 

lamini V , et al. Imaging and finite element analysis: a methodology for non-inva-
sive characterization of aortic tissue. Med Eng Phys 2015;37(1):48–54 . 

raser KH , et al. The use of computational fluid dynamics in the development of
ventricular assist devices. Med Eng Phys 2011;33(3):263–80 . 

allo D , et al. Cardiovascular morphometry with high-resolution 3D magnetic res-

onance: first application to left ventricle diastolic dysfunction. Med Eng Phys
2017;47:64–71 . 

alliday I , et al. Multi-scale interaction of particulate flow and the artery wall. Med
Eng Phys 2011;33(7):840–8 . 

Hanson BM , et al. Hardware-in-the-loop-simulation of the cardiovascular
system, with assist device testing application. Med Eng Phys

2007;29(3):367–74 . 

e DN , et al. A new mathematical model of wrist pulse waveforms characterizes pa-
tients with cardiovascular disease - a pilot study. Med Eng Phys 2017;48:142–9 .

orakianitis T , Shi YB . A concentrated parameter model for the human cardiovascu-
lar system including heart valve dynamics and atrioventricular interaction. Med

Eng Phys 2006;28(7):613–28 . 
anzarone E , et al. Model of arterial tree and peripheral control for the study of

physiological and assisted circulation. Med Eng Phys 2007;29(5):542–55 . 

i SH , et al. Design of wearable and wireless multi-parameter monitoring
system for evaluating cardiopulmonary function. Med Eng Phys 2017;47:144–50 .

i ZH , Kleinstreuer C . Blood flow and structure interactions in a stented abdominal
aortic aneurysm model. Med Eng Phys 2005;27(5):369–82 . 

ongest PW , Kleinstreuer C . Particle-hemodynamics modeling of the distal end-to–
side femoral bypass: effects of graft caliber and graft-end cut. Med Eng Phys

2003;25(10):843–58 . 

ow HT , Chew YT , Lee CN . Flow studies on atriopulmonary and cavopulmonary con-
nections of the fontan operations for congenital heart-defects. J Biomed Eng

1993;15(4):303–7 . 
aksuti E , Bjallmark A , Broome M . Modelling the heart with the atrioventricular

plane as a piston unit. Med Eng Phys 2015;37(1):87–92 . 
antero S , Pietrabissa R , Fumero R . The coronary bed and its role in the cardiovas-

cular-system - a review and an introductory single-branch model. J Biomed Eng

1992;14(2):109–16 . 
igliavacca F , et al. Computational fluid dynamic simulations of cavopul-

monary connections with an extracardiac lateral conduit. Med Eng Phys
1999;21(3):187–93 . 

Migliavacca F , et al. A predictive study of the mechanical behaviour of coronary
stents by computer modelling. Med Eng Phys 2005;27(1):13–18 . 

igliori S , et al. A framework for computational fluid dynamic analyses of patien-
t-specific stented coronary arteries from optical coherence tomography images.

Med Eng Phys 2017;47:105–16 . 

Miller SF , et al. A pulsatile blood vessel system for a femoral arterial access clinical
simulation model. Med Eng Phys 2013;35(10):1518–24 . 

Mohammadi H , Mequanint K . Prosthetic aortic heart valves: modeling and design.
Med Eng Phys 2011;33(2):131–47 . 

Morlacchi S , et al. Patient-specific simulations of stenting procedures in coronary
bifurcations: two clinical cases. Med Eng Phys 2013;35(9):1272–81 . 

Nguyen YN , et al. Post-operative ventricular flow dynamics following atrioventricu-

lar valve surgical and device therapies: a review. Med Eng Phys 2018;54:1–13 . 
Pennati G , Bellotti M , Fumero R . Mathematical modelling of the human foetal

cardiovascular system based on Doppler ultrasound data. Med Eng Phys
1997;19(4):327–35 . 

https://doi.org/10.1016/j.medengphy.2019.09.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/medengphy
http://crossmark.crossref.org/dialog/?doi=10.1016/j.medengphy.2019.09.004&domain=pdf
mailto:richard.black@strath.ac.uk
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0001
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0001
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0001
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0002
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0002
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0002
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0003
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0003
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0003
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0004
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0004
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0004
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0005
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0005
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0005
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0006
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0006
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0006
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0007
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0007
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0007
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0008
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0008
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0008
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0009
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0009
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0009
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0010
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0010
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0010
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0011
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0011
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0011
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0012
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0012
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0012
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0013
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0013
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0013
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0014
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0014
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0014
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0015
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0015
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0015
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0016
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0016
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0016
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0017
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0017
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0017
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0018
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0018
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0018
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0019
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0019
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0019
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0019
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0020
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0020
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0020
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0020
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0021
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0021
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0021
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0021
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0022
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0022
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0022
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0023
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0023
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0023
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0024
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0024
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0024
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0025
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0025
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0025
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0026
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0026
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0026
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0027
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0027
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0027
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0028
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0028
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0028
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0029
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0029
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0029
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0029
https://doi.org/10.1016/j.medengphy.2019.09.004


Editorial / Medical Engineering and Physics 72 (2019) 74–75 75 

P  

 

P  

 

P  

P  

Q  

Q  

R  

 

S  

S  

S  

S  

 

S  

T  

T  

W  

W  

Y  

 

Y  
ennati G , et al. A mathematical model of circulation in the presence of the bidirec-
tional cavopulmonary anastomosis in children with a univentricular heart. Med

Eng Phys 1997;19(3):223–34 . 
ericevic I , et al. The influence of plaque composition on underlying arterial wall

stress during stent expansion: the case for lesion-specific stents. Med Eng Phys
2009;31(4):428–33 . 

ietrabissa R , et al. A lumped parameter model to evaluate the fluid dynamics of
different coronary bypasses. Med Eng Phys 1996;18(6):477–84 . 

ironet A , et al. Structural identifiability analysis of a cardiovascular system model.

Med Eng Phys 2016;38(5):433–41 . 
iao AK , et al. Numerical study of nonlinear pulsatile flow in S-shaped curved ar-

teries. Med Eng Phys 2004;26(7):545–52 . 
iao AK , Liu YJ , Guo ZH . Wall shear stresses in small and large two-way bypass

grafts. Med Eng Phys 2006;28(3):251–8 . 
eymond P , et al. Physiological simulation of blood flow in the aorta: comparison of

hemodynamic indices as predicted by 3-D FSI, 3-D rigid wall and 1-D models.

Med Eng Phys 2013;35(6):784–91 . 
calise L , Morbiducci U . Non-contact cardiac monitoring from carotid artery using

optical vibrocardiography. Med Eng Phys 2008;30(4):490–7 . 
chreiner W , et al. Optimized arterial trees supplying hollow organs. Med Eng Phys

2006;28(5):416–29 . 
heidaei A , et al. Simulation of abdominal aortic aneurysm growth with updating

hemodynamic loads using a realistic geometry. Med Eng Phys 2011;33(1):80–8 . 
hen H , Zhu Y , Qin KR . A theoretical computerized study for the electrical conduc-
tivity of arterial pulsatile blood flow by an elastic tube model. Med Eng Phys

2016;38(12):1439–48 . 
mith BW , et al. Minimal haemodynamic system model including ventricular inter-

action and valve dynamics. Med Eng Phys 2004;26(2):131–9 . 
imms D . A review of clinical ventricular assist devices. Med Eng Phys

2011;33(9):1041–7 . 
oledo E , et al. Does synchronization reflect a true interaction in the cardiorespira-

tory system? Med Eng Phys 2002;24(1):45–52 . 

olters B , et al. A patient-specific computational model of fluid-structure interac-
tion in abdominal aortic aneurysms. Med Eng Phys 2005;27(10):871–83 . 

ong KKL , et al. Cardiac flow component analysis. Med Eng Phys
2010;32(2):174–88 . 

oung A , et al. Computational modelling of the hybrid procedure in hypoplastic left
heart syndrome: a comparison of zero-dimensional and three-dimensional ap-

proach. Med Eng Phys 2014;36(11):1549–53 . 

u SCM , et al. The flow patterns within the impeller passages of a centrifugal blood
pump model. Med Eng Phys 20 0 0;22(6):381–93 . 

http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0030
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0030
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0030
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0031
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0031
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0031
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0032
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0032
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0032
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0033
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0033
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0033
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0034
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0034
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0034
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0035
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0035
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0035
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0035
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0036
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0036
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0036
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0037
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0037
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0037
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0038
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0038
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0038
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0039
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0039
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0039
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0040
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0040
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0040
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0040
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0041
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0041
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0041
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0042
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0042
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0043
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0043
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0043
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0044
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0044
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0044
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0045
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0045
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0045
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0046
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0046
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0046
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0047
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0047
http://refhub.elsevier.com/S1350-4533(19)30170-5/sbref0047

