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Circulatory System: 

Introductory notes



Circulatory system

ÅPurpose Blood supply 

throughout the body

ÅParts Heart

Blood vessels

Blood

ÅPrinciple The heart pressurizes the blood

The blood flows in the vessels

and circulates from the heart through organs to 

the heart

Ÿ

Ÿ

Ÿ
https://www.dreamstime.

com/stock-illustration-

human-bloodstream-

circulatory-system-

image71321048  

https://www.dreamstime.com/stock-illustration-human-bloodstream-circulatory-system-image71321048
https://www.dreamstime.com/stock-illustration-human-bloodstream-circulatory-system-image71321048
https://www.dreamstime.com/stock-illustration-human-bloodstream-circulatory-system-image71321048
https://www.dreamstime.com/stock-illustration-human-bloodstream-circulatory-system-image71321048
https://www.dreamstime.com/stock-illustration-human-bloodstream-circulatory-system-image71321048


Circulatory system

ÅPurpose Ÿ

ÅBlood is a transport medium for

Blood supply throughout the body

O2

Nutrients and metabolic waste

Immune system reaction

Regulatory molecules

Heat

https://fineartamerica.com/featured/elastic-artery-cross-section-sem-steve-gschmeissner.html 

Red blood cells and platelets in the lumen of the arteriole. Colored SEM.

https://fineartamerica.com/featured/elastic-artery-cross-section-sem-steve-gschmeissner.html


Circulatory system

ÅParts Heart

Blood vessels

Blood

Ÿ

https://www.britannica.com/science/heart 

https://pressbooks.bccampus.ca/nutr1100/chapter/th

e-cardiovascular-system/ 

https://www.britannica.com/science/heart
https://pressbooks.bccampus.ca/nutr1100/chapter/the-cardiovascular-system/
https://pressbooks.bccampus.ca/nutr1100/chapter/the-cardiovascular-system/


Circulatory system

ÅParts Heart

Blood 

vessels

Blood

Ÿ

https://www.dreamstime.com/blood-vessels-artery-vein-internal-structure-vector-

illustration-blood-vessels-artery-vein-internal-structure-image190053683  

https://www.dreamstime.com/blood-vessels-artery-vein-internal-structure-vector-illustration-blood-vessels-artery-vein-internal-structure-image190053683
https://www.dreamstime.com/blood-vessels-artery-vein-internal-structure-vector-illustration-blood-vessels-artery-vein-internal-structure-image190053683


Circulatory system

ÅParts Heart

Blood vessels

Blood

Ÿ

ÅSuspension of solid particles and blood plasma

Å Liquid phase (å55%): water (å90%) + 

plasma proteins (å7%) + hormones (å2%) + 

enzymes + glucose + minerals

ÅSolid particles: red and white blood cells and platelets 

https://commons.wikimedia.org/wiki/File:Kr

ew_Frakcjonowana.jpg 

https://commons.wikimedia.org/wiki/File:Krew_Frakcjonowana.jpg
https://commons.wikimedia.org/wiki/File:Krew_Frakcjonowana.jpg


Circulatory system

ÅTransportation phenomena

ÅContraction   

ÅControl of contraction Ÿ

Ÿ
Ÿ

Ÿ

Mechanics

Chemo-mechanical

Electro-mechanical

Forces and interactions      Blood supply throughout the body

https://en.wikipedia.org/wiki/Sliding_filament_

theory#/media/File:Sliding_Filament_Theory.s

vg 

https://en.wikipedia.org/wiki/Sliding_filament_theory#/media/File:Sliding_Filament_Theory.svg
https://en.wikipedia.org/wiki/Sliding_filament_theory#/media/File:Sliding_Filament_Theory.svg
https://en.wikipedia.org/wiki/Sliding_filament_theory#/media/File:Sliding_Filament_Theory.svg


Outline of content

ÅBasic anatomy of the blood circulation

ÅPhysiology   

ÅExperiments and simulations

ÅDiseases and treatment from an engineer's 

perspective



Basic Anatomy of the Blood 

Circulation



ÅSystem

ÅOrgans

ÅTissues

ÅCells and 

extracellular matrix 

and interstitial liquid

Å (Macro)molecular 

structure of a matter

https://study.com/learn/lesson/myoca

rdium-function-location-parts.html 

https://thumbs.dreamstime.com/z/capillary-

blood-medical-illusration-works-

35491042.jpg?w=768  

https://www.britannica

.com/science/blood-

biochemistry 

Anatomy of the circulation

https://jbiomedsci.biome

dcentral.com/articles/10.

1186/1423 -0127 -21-3 

https://www.mdpi.com/2072

-666X/13/2/326  

System

Organs

Tissue

Cells and macromolecules

https://study.com/learn/lesson/myocardium-function-location-parts.html
https://study.com/learn/lesson/myocardium-function-location-parts.html
https://thumbs.dreamstime.com/z/capillary-blood-medical-illusration-works-35491042.jpg?w=768
https://thumbs.dreamstime.com/z/capillary-blood-medical-illusration-works-35491042.jpg?w=768
https://thumbs.dreamstime.com/z/capillary-blood-medical-illusration-works-35491042.jpg?w=768
https://www.britannica.com/science/blood-biochemistry
https://www.britannica.com/science/blood-biochemistry
https://www.britannica.com/science/blood-biochemistry
https://jbiomedsci.biomedcentral.com/articles/10.1186/1423-0127-21-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/1423-0127-21-3
https://jbiomedsci.biomedcentral.com/articles/10.1186/1423-0127-21-3
https://www.mdpi.com/2072-666X/13/2/326
https://www.mdpi.com/2072-666X/13/2/326


ÅSystem

Circulation: Heart - organs ãheart

Arteries conduct blood from 

the heart to the organs

Higher blood pressure and 

thicker wall than veins

Anatomy          

https://en.wikipedia.org/wi

ki/Artery#/media/File:Arter

ial_System_en.svg 

https://en.wikipedia.org/wiki/Artery#/media/File:Arterial_System_en.svg
https://en.wikipedia.org/wiki/Artery#/media/File:Arterial_System_en.svg
https://en.wikipedia.org/wiki/Artery#/media/File:Arterial_System_en.svg


ÅSystem

Veins and arteries usually form pairs

This means that inflow channels 

and outflow channels usually run 

side by side

Anatomy          

https://en.wikipedia.org/

wiki/Vein#/media/File:Ve

nous_system_en.svg 

https://en.wikipedia.org/wiki/Vein#/media/File:Venous_system_en.svg
https://en.wikipedia.org/wiki/Vein#/media/File:Venous_system_en.svg
https://en.wikipedia.org/wiki/Vein#/media/File:Venous_system_en.svg


ÅThe system consists 

of two circulations

Å Systemic circulation
(body, major)

Å Pulmonary circulation
(minor)

Anatomy of the circulation

https://www.informedhealth.org/how-does-
the-blood-circulatory-system-work.html 

https://www.informedhealth.org/how-does-the-blood-circulatory-system-work.html
https://www.informedhealth.org/how-does-the-blood-circulatory-system-work.html


ÅMicrocirculation

The systemic circulation is often described as 

consisting of macrocirculationand microcirculation

Anatomy of the circulation

Microcirculation

Macrocirculation

Macrocirculation

Macrocirculation



Å Left (systemic) and 

Right (pulmonary) heart

Å Four chambers = 

L&R atrium + ventricle

Å Valves for one way flow

Anatomy of the heart

https://en.wikipedia.org/wiki/Heart#/media/File:Diagram_

of_the_human_heart_(cropped).svg

https://en.wikipedia.org/wiki/Heart#/media/File:Diagram_of_the_human_heart_(cropped).svg
https://en.wikipedia.org/wiki/Heart#/media/File:Diagram_of_the_human_heart_(cropped).svg


ÅStructure of the heart muscle

Anatomy of the heart

https://www.wikiskripta.eu/w/Srdce#/media/Soubor:Heart_my

ocardium_diagram.jpg

Endocardium

Myocardium

https://en.wikipedia.org/wiki/Heart

#/media/File:2004_Heart_Wall.jpg

Pericardium

fibrous layer

serous layer

Epicardium

https://www.wikiskripta.eu/w/Srdce#/media/Soubor:Heart_myocardium_diagram.jpg
https://www.wikiskripta.eu/w/Srdce#/media/Soubor:Heart_myocardium_diagram.jpg
https://en.wikipedia.org/wiki/Heart#/media/File:2004_Heart_Wall.jpg
https://en.wikipedia.org/wiki/Heart#/media/File:2004_Heart_Wall.jpg


ÅStructure of the heart muscle

Anatomy of the heart



ÅStructure of the heart muscle

Anatomy of the heart

https://www.mayoclinic.org/-

/media/kcms/gbs/patient-

consumer/images/2014/09/22

/12/43/mcdc7_theheart.jpg  

https://www.heartvascularcentre.com/

wp-content/uploads/2018/12/aortic -

valve-stenosis.jpg 

https://www.mayoclinic.org/-/media/kcms/gbs/patient-consumer/images/2014/09/22/12/43/mcdc7_theheart.jpg
https://www.mayoclinic.org/-/media/kcms/gbs/patient-consumer/images/2014/09/22/12/43/mcdc7_theheart.jpg
https://www.mayoclinic.org/-/media/kcms/gbs/patient-consumer/images/2014/09/22/12/43/mcdc7_theheart.jpg
https://www.mayoclinic.org/-/media/kcms/gbs/patient-consumer/images/2014/09/22/12/43/mcdc7_theheart.jpg
https://www.heartvascularcentre.com/wp-content/uploads/2018/12/aortic-valve-stenosis.jpg
https://www.heartvascularcentre.com/wp-content/uploads/2018/12/aortic-valve-stenosis.jpg
https://www.heartvascularcentre.com/wp-content/uploads/2018/12/aortic-valve-stenosis.jpg


ÅHeart vasculature

Anatomy of the heart

https://en.wikipedia.org/wiki/File:Coronary_arteries.svg 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fww

w.daviddarling.info%2Fencyclopedia%2FC%2Fcoronary_vein.

html&psig=AOvVaw2cMjH6eYx7PgjR5ccZvYAu&ust=169727

5027764000&source=images&cd=vfe&opi=89978449&ved

=0CBEQjRxqFwoTCJjT-qrY8oEDFQAAAAAdAAAAABB1 

https://en.wikipedia.org/wiki/File:Coronary_arteries.svg
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.daviddarling.info%2Fencyclopedia%2FC%2Fcoronary_vein.html&psig=AOvVaw2cMjH6eYx7PgjR5ccZvYAu&ust=1697275027764000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCJjT-qrY8oEDFQAAAAAdAAAAABB1
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.daviddarling.info%2Fencyclopedia%2FC%2Fcoronary_vein.html&psig=AOvVaw2cMjH6eYx7PgjR5ccZvYAu&ust=1697275027764000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCJjT-qrY8oEDFQAAAAAdAAAAABB1
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.daviddarling.info%2Fencyclopedia%2FC%2Fcoronary_vein.html&psig=AOvVaw2cMjH6eYx7PgjR5ccZvYAu&ust=1697275027764000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCJjT-qrY8oEDFQAAAAAdAAAAABB1
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.daviddarling.info%2Fencyclopedia%2FC%2Fcoronary_vein.html&psig=AOvVaw2cMjH6eYx7PgjR5ccZvYAu&ust=1697275027764000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCJjT-qrY8oEDFQAAAAAdAAAAABB1
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.daviddarling.info%2Fencyclopedia%2FC%2Fcoronary_vein.html&psig=AOvVaw2cMjH6eYx7PgjR5ccZvYAu&ust=1697275027764000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCJjT-qrY8oEDFQAAAAAdAAAAABB1


ÅThe aorta

Blood vessels

https://my.clevelandclinic.org/-/scassets/images/org/health/articles/17058-aorta-anatomy 

Diaphragma

Thoracic segment

Abdominal segment

https://my.clevelandclinic.org/-/scassets/images/org/health/articles/17058-aorta-anatomy


ÅBlood supply to the brain

https://doctorlib.info/anatomy/textbook-clinical-neuroanatomy/15.html https://commons.wikimedia.org/wiki/File:Aorta_branches.jpg 

https://www.mayoclinic.org/-/media/kcms/gbs/patient-

consumer/images/2017/11/07/19/55/mcdc7_carotidar

tery-8col.jpg 

Blood vessels

https://doctorlib.info/anatomy/textbook-clinical-neuroanatomy/15.html
https://commons.wikimedia.org/wiki/File:Aorta_branches.jpg
https://www.mayoclinic.org/-/media/kcms/gbs/patient-consumer/images/2017/11/07/19/55/mcdc7_carotidartery-8col.jpg
https://www.mayoclinic.org/-/media/kcms/gbs/patient-consumer/images/2017/11/07/19/55/mcdc7_carotidartery-8col.jpg
https://www.mayoclinic.org/-/media/kcms/gbs/patient-consumer/images/2017/11/07/19/55/mcdc7_carotidartery-8col.jpg


ÅPulmonary circulation

https://upload.wikimedia.org/wikipedia/commons/3/36/2119_Pulmonary_Circuit.jpg 

Blood vessels

https://upload.wikimedia.org/wikipedia/commons/3/36/2119_Pulmonary_Circuit.jpg


Å (Hepatic) Portal circulation
The portal vein does not carry blood from the organs towards the heart but to 

the next organ, which is the liver.

https://pubs.asahq.org/anesthesiology/article/100/2/434/7011/Catecholamine-induced-Changes-in-the-Splanchnic 

Blood vessels

https://pubs.asahq.org/anesthesiology/article/100/2/434/7011/Catecholamine-induced-Changes-in-the-Splanchnic


Blood vessels

Å Internal structure
3-layered design

The Heart Arteries/Veins

Endocardium   Tunica intima

Myocardium     Tunica media

Epicardium      Tunica adventitia

https://www.google.com/url?sa=i&url=https%3A%2F%2Fw

ww.vrogue.co%2Fpost%2Flabel-the-blood-vessel-human-

bio-blood-vessels-biology-i-all&psig=AOvVaw1TAXDbH-

YzsyEWpLSPKg4b&ust=1697368391985000&source=ima

ges&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCND5u

ZK09YEDFQAAAAAdAAAAABAJ  



Å Internal 

structure

3-layered tube

-tunica intima

-tunica media

-tunica adventitia

Blood vessels

https://doi.org/10.1098/rsif.2005.0073  

https://doi.org/10.1098/rsif.2005.0073


Blood vessels

ÅHistology
section stained by orcein - elastica and by Weigert - van Gieson

 Section of the huma abdominal aorta (out-of-plane dir = circumferential)

Section of the huma abdominal aorta 

(out-of-plane dir = circumferential)

 Section of the huma abdominal aorta (out-of-plane dir = radial)

Section of the huma abdominal aorta 

(out-of-plane dir = radial)

IntimaMediaAdventitia

Smooth muscle 

cells 

Approx. helically 

arranged bundles 

of collagen fibrils

(Fenestrated) 

Concentric 

elastic 

lamellas

http://commons.wikimedia.org/wiki/File:Glanzstreifen.jpg
http://commons.wikimedia.org/wiki/File:Glanzstreifen.jpg


Blood vessels

Å Internal architecture
theoretical model simplifies complex arrangement

z

t

b



Blood vessels

ÅVein valves

The veins are thin 

and highly compliant so 

that they can collapse 

under the external 

pressure of the muscles 

in the pump mechanism.

https://classnotes123.com/wp-

content/uploads/2023/03/chroni

c-venous-insufficiency-.jpg 

https://classnotes123.com/wp-content/uploads/2023/03/chronic-venous-insufficiency-.jpg
https://classnotes123.com/wp-content/uploads/2023/03/chronic-venous-insufficiency-.jpg
https://classnotes123.com/wp-content/uploads/2023/03/chronic-venous-insufficiency-.jpg


Cells

ÅCardiomyocyte
- contractile cell

mechanical work

Sarcomere Cardiomyocyte

https://link.springer.com/book/10.1007/978 -3-319 -46407 -7 

https://link.springer.com/book/10.1007/978-3-319-46407-7


Cells

ÅCardiomyocyte
- pacemaker

(conductor) cell

signal transfer



Cells

ÅSmooth muscle cell 
- in the tunica media

- contractile

- ECM synthesis



Cells

ÅFibroblast
- in the tunica adventitia

- synthesis of extracellular 

matrix (building proteins)

collagens

elastic fibers

https://thumbs.dreamstime.com/z/structure-fibroblast-cells-

cell-vital-to-skin-s-strength-elasticity-fibroblast-cell-

structure-connective-213432389.jpg?w=768  

https://thumbs.dreamstime.com/z/structure-fibroblast-cells-cell-vital-to-skin-s-strength-elasticity-fibroblast-cell-structure-connective-213432389.jpg?w=768
https://thumbs.dreamstime.com/z/structure-fibroblast-cells-cell-vital-to-skin-s-strength-elasticity-fibroblast-cell-structure-connective-213432389.jpg?w=768
https://thumbs.dreamstime.com/z/structure-fibroblast-cells-cell-vital-to-skin-s-strength-elasticity-fibroblast-cell-structure-connective-213432389.jpg?w=768


Cells

ÅEndothelial cell
- mechano-sensitive element

converts mechanical signal 

to chemical signal

- communication element

controls passage of substances 

from bloodstream into the wall

https://www.sciencedirect.co

m/science/article/pii/S0002

944010632099  

https://www.sciencedirect.com/science/article/pii/S0002944010632099
https://www.sciencedirect.com/science/article/pii/S0002944010632099
https://www.sciencedirect.com/science/article/pii/S0002944010632099


Extracellular matrix

ÅNetworks of collagen fibers

ÅElastic fibers and membranes

ÅLaminins and integrins

ÅGround substance
gel-like mixture of various glycosaminoglycans, proteoglycans and glycoproteins

+ water



Collagen

ÅForms Networks of fibers

ÅCollagen macromolecule = 

tropocollagen 
3-helix chain of amino acids

https://www.hinda

wi.com/journals/ts

wj/2013/812718/  

https://www.hindawi.com/journals/tswj/2013/812718/
https://www.hindawi.com/journals/tswj/2013/812718/
https://www.hindawi.com/journals/tswj/2013/812718/


Collagen

ÅApprox 30 isomers

collagen 

molecular mass 

å300 000 g/mole

Chained amino acids

Alpha chains 

forming 

(macro)molecule

(Macro)Molecules 

forming a fibril



Collagen

ÅComplex hierarchical arrangement into fibril

tendon as 

an example

Tendon Fascicle
Coll fibrils 

connected by 

proteoglycans

Coll molecules 

within a fibril

https://doi.org/10.1016/S

1359 -0294(03)00011 -6 

https://doi.org/10.1016/S1359-0294(03)00011-6
https://doi.org/10.1016/S1359-0294(03)00011-6


S

y

n

t

h

e

s

i

s

Collagen

https://doi.org/10.159

0/1806 -9126 -RBEF-

2020 -0438  

Cell nucleus: transcription of DNA to RNA 


