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Cardiovascular System -

Physiology and Pathology

Human body can be

comparedto a complex and

extremelyefficient machine,

composed of tissues and

organs fed by the blood

trough the

Cardiovascularsystem



Components of the 

Cardiovascular System

Â Heart

Â provides blood flow

Â generates blood pressure

Â Vascular system

Â provides pathway to and from 

the cells

Â controls distribution of blood 

to organs and cells

¶ Systemic circulation

¶ Pulmonary circulation



Cardiovascular System -

Physiology and Pathology
ÂThe main components of  the human 

cardiovascular system are the heartand the 

blood vessels. It includes: the pulmonary 

circulation, a "loop" through the lungswhere 

blood is oxygenated; and the systemic 

circulation, a "loop" through the rest of  the 

body to provide oxygenatedblood. 

http://en.wikipedia.org/wiki/Heart
http://en.wikipedia.org/wiki/Blood_vessel
http://en.wikipedia.org/wiki/Pulmonary_circulation
http://en.wikipedia.org/wiki/Lung
http://en.wikipedia.org/wiki/Systemic_circulation
http://en.wikipedia.org/wiki/Oxygenate


Cardiovascular System -

Physiology and Pathology

ÂBody cells need oxygen in order to burn energy 

and maintain the body alive

ÂCo2, water and other waste components are 

released by the cells as waste products of  

metabolism

ÂThe main player of  transportation of  those 

substances is blood

ÂBlood flows inside the cardiovascular system and 

transport nutrients and waste products from the 

tissues

The Heart is the pump that pumps blood inside 



Location of the heart: Mediastin

between the lungs in the middle of the chest. A double-layered 

membrane called pericardium, surrounds the heart like a sac.
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Cardiovascular System -

Physiology and Pathology 

The Heart is a pump made up of 
muscle tissue. It consists of four 
chambers:
1. Left and Right Atria
2. Left and Right Ventricles
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1. Diastole: Blood collects in the upper chambers (the right and left atria), the heart's natural 

pacemaker (the SA node) sends out an electrical signal that causes the atria to contract. This 

contraction pushes blood through the tricuspid and mitral valves into the resting lower chambers 

(the right and left ventricles). 

2. Systole: the second part of  the heart, the ventricles, are full of  blood. As the tricuspid and 

mitral valves shut tight to prevent a back flow of  blood, the pulmonary and aortic valves are 

pushed open. While blood is pushed from the right ventricle into the lungs to pick up oxygen, 

oxygen-rich blood flows from the left ventricle to the heart and other parts of  the body.

Cardiovascular System - Physiology and Pathology 



Systolic Phase :  Left Ventricle 

contraction with ejection of   70-

80 cm3 of  blood and artery 

dilatation.

Systolic pressure~120mmHg

Diastolic Phase: release and 

consequent filling of  the left 

ventricle and retraction of  the 

artery.

Diastolic Pressure ~80mmHg
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Contraction of  the heart is due to 

an electrical signal transmission 

trough the electrical tissues
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P Wave: Atrium 

Contraction

QRS Wave: Ventricles 

Contraction

T Wave: ventricle 

Depolarization

The Cardiac Cycle ECG
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Cardiovascular System - Physiology and Pathology 

ü The vascular system 
resembles to very long and 
skinny tunnels that are all 
through the body

ü VEINS
ü ARTERIES
ü CAPILLARIES



Blood Flow  in the Systemic Circulation

Â Oxygen rich blood leaves 

the heart and travels 

through arteries to the 

tissues

Â In the capillaries, oxygen 

and food are given to the 

cells

Â Blood finally travels back 

through the veins to the 

heart to pick up oxygen
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Left 

Coronary Artery

Right 

Coronary Artery

Coronary Arteries 

The Coronary Arteries continuosly supply 

oxygenated blood to the heart muscle. The 

Coronary Arteries start from the Aortic root

There are two main arteries: the Left and the 

Right Coronary Arteries. The Left Coronary 

Artery lies down the front of the heart as we 

look at it. The Right Coronary Artery comes 

down the rear part of the heart
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Lungs are an extremely efficient GAS exchanger composed of a

group of alveolus that creates a huge surface of GAS exchange (100-

140 m2).

Cardiovascular System - Physiology and Pathology



Â Oxygen taking and carbon dioxide (CO2) elimination from the 

lungs is known as external respiration. 

Â The oxygen introduced in the lungs, with the inspiration have to 

be delivered to the organism 

Â The oxygen exchange in the lungs at the alveolar level takes place 

under the diffusion principle

Cardiovascular System - Physiology and Pathology

Lungs



Cardiovascular System - Physiology and Pathology

Gas Exchange Principle

DIFFUSION PRINCIPLE

High concentration (high pressure)
Diffusion gradient

Semi permeable membrane

Low concentration (low pressure)
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Gas Exchange Principle

Gas Partial pressure = 
gas concentration x Tot gas mix. pressure

Atmospheric Pressure= 760 mmHg

Alveolar Air:

N2 = 74,9% = 596 mmHg
O2 = 13,6% = 104 mmHg
CO2 = 5,3% = 40 mmHg
H2O = 6,2% = 47 mmHg

Total 100 % = 760 mmHg



plasmaPCO2=46 mmHg PO2=40 mmHg

Blood with high O2 
and low CO2

erytrocite

Alveolar capillary

Blood with high CO2 
and low O2

PCO2=40 mmHg PO2=105  mmHg

Alveolar air
Gas Exchange Principle
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Gas Exchange Principle

Exchanging Force:

delta pO 2 = 100 -40 = 60 mmHg

Exchanging surface 100 -140 m 2.

The max pO2 in the blood is 100mmHg, but due to 

a not 100% exchange system the final pO2 in the 

blood is 95 mmHg
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In the ECC the exchanging surface of the 

extracorporeal device is much more lower. 

We can play acting on the delta pO2 in 

order to improve the exchanging efficiency 

Theoretically we can supply the artificial 

lung with O2(pO2 = 760 mmHg) obtaining 

a ǧpO2 =720 mmHg.
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Gas Exchange Principle

Hemoglobin

1 hemoglobin molecule is linked 

with

4 O2 molecules

1 gr of hemoglobin can transport  

1.34 gr of oxygen

O2 SATURATION % = 100%

FE

HEME

FE

HEME

FE

HEME

FE

HEME

a

ba

b



DPG 2,3-diphosphoglycerate : A 

highly anionic organic 

phosphate which is present in 

human red blood cells that 

controls the ability of oxy to 

move from the red cells

Cardiovascular System -

Physiology and Pathology 



Cardiovascular System- Physiology and 

Pathology

OXYGEN  CAPACITY

Total volume of  oxygen bound to a fully saturated 

hemoglobin

O2 capacity(mlO2/100mlblood)=1.34(mlO2/gm)xHb(gm/100mlblood)

OXYGEN CONTENT

Amount of  oxygen the blood is actually carrying
O2 content(mlO2/100mlblood)=O2capacityxO2saturation %

OXYGEN SATURATION
O2 saturation %=O2content·O2capacity



PHYSIOLOGICAL  VALUES

ARTERIAL VENOUS

pO2 95-100          40 mmHg

pCO2 40                 46 mmHg

O2 capacity  20.6            20.6 (mlO2/100mlblood) 

O2 content 20.3            15.5 (mlO2/100mlblood)

O2 saturation 97                65 %

O2 consumption 100 - 200 ml/min

PRINCIPLES OF GAS EXCHANGE
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ÂHematocrit

Â55% plasma

Â45% cells 

Â99% RBCs

Â< 1% WBCs 

and platelets

Components of  Blood



Â The transport functions include:
Â Carrying oxygen and nutrients to the cells

Â Transporting carbon dioxide and nitrogenous wastes from the tissues to the lungs and 
kidneys where these wastes can be removed from the body

Â Carrying hormones from the endocrine glands to the target tissues

Â The regulation functions include:
Â Helping regulate body temperature by removing heat from active areas, such as skeletal 

muscles, and transporting it to other regions or to the skin where it can be dissipated

Â Playing a significant role in fluid and electrolyte balance because the salts and plasma 
proteins contribute to the osmotic pressure

Â Functioning in pH regulation through the action of  buffers in the blood

Â The protection functions include:
Â Preventing fluid loss through hemorrhage when blood vessels are damaged due to its 

clotting mechanisms

Â Helping (phagocytic white-blood cells) to protect the body against microorganisms that 
cause disease by engulfing and destroying the agent

Â Protecting antibodies in the plasma against disease by their reactions with offending agents

Cardiovascular System - Physiology and Pathology

Blood 

Cardiovascular System - Physiology and Pathology

Blood  
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Pediatric (7%)

Coronary  (70%)

Valves  (30%)
Cardiovascular

Pathologies

Adults (93%)
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Adult cardiopathies  
ÅCoronary stenosis
ÅValvular pathologies
ÅAneurism /Main vassels stenosis

Paediatric cardiopathies  
(Congenital defects )

ÅAtrial and ventricular septal   
defects
ÅPulmonary valve stenosis
ÅPatent Ductus Arteriosus
ÅVarious vassels defect 

PATHOLOGIES 
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Coronary Stenosis

The coronary arteries could occlude.

This leads to a lack of oxygen to the heart 

muscle  (ischemia) and brings to Angina 

Pectoris or finally to the death of tissues 

after the occlusion (heart attack). 

It is necessary to create a by-pass between 

aorta and the obstructed vessel in order to 

reperfuse the area after the stenosis

Cardiovascular System - Physiology and Pathology-

Adult pathologies
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Adult pathologies
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Adult pathologies



Coronary Artery Bypass Graft
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V.Aortic

V.Mitral

Valve pathology affects mainly the 

left part of the heart where 

pressure is very high.

The reduced functionality of the 

valves can be divided into two 

main causes:

1.Valvular Stenosis: The valve 

does not open correctly (i. e. 

calcification)

2.Valvular insufficiency

(regurgitation), or "leaky valve", 

this occurs when a valve does not 

close tightly. In this case some 

blood will leak backwards across 

the valve. The valve operation can 

be:

Å Valve replacement

Å Valve reconstruction

Cardiovascular System - Physiology and Pathology

Adult Pathologies



Mitral      
Insufficiency 

Aortic Stenosis
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Valve

Reconstruction

Cardiovascular System - Physiology and Pathology 



Cardiovascular System - Physiology and Pathology

Ring for the valve reconstruction



Biological Valve

Mechanical Valve

Valve Substitution

Cardiovascular System - Physiology and Pathology 



Â Aneurysm is a general definition for any vessel 

dilatation, usually representing an underlying 

weakness in the wall of  the vessel. While the 

stretched vessel may occasionally cause 

discomfort, a greater may leads to a rupture, 

with severe pain, massive internal hemorrhage

and, without prompt treatment, to a quick death.

Cardiovascular System - Physiology and Pathology

Aneurysm 

http://en.wikipedia.org/wiki/Hemorrhage


There are many different types of  congenital heart defects. More 

than one defect may be present at the same time. 

Â Atrial septal defect (ASD)

Â Atrioventricular canal defect

Â Coarctation of  the aorta

Â Coronary artery anomalies

Â Double outlet right ventricle (DORV)

Â Ebstein's anomaly

Â Hypoplastic left heart syndrome

Â Patent ductus arteriosus

Â Patent foramen ovale (PFO)

Â Pulmonary atresia

Â Pulmonary stenosis

Â Tetralogy of  Fallot

Â Total anomalous pulmonary venous connection

Â Transposition of  the great arteries

Â Tricuspid atresia

Cardiovascular System - Physiology and Pathology

Congenital Defects

http://texasheart.org/HIC/Topics/Cond/aseptal.cfm
http://texasheart.org/HIC/Topics/Cond/canal.cfm
http://texasheart.org/HIC/Topics/Cond/coarct.cfm
http://texasheart.org/HIC/Topics/Cond/caa.cfm
http://texasheart.org/HIC/Topics/Cond/dorv.cfm
http://texasheart.org/HIC/Topics/Cond/ebstein.cfm

