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Theoretical questions:

1. Features of blood circulation of the fetus

2. Features of blood circulation in newborn

3. Morphological changes of the cardiovascular system in the

early stages of ontogenesis

4. Features of blood flow in vessels of different age periods

5. Age-related changes in blood pressure

6. Speed of pulse wave propagation

7. Age features of blood circulation regulation

8. Gerontological changes

Questions for self-preparation
1. Age-related changes in venous pressure

2. Age-related features of the blood circulation system response

to physical activity
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BLOOD CIRCULATION OF THE FETUS

From 20-21 days of intrauterine development, in the fetus the
vitelline (yolk) blood circulation begins to function, in which the heart
throws blood into the vitelline vessels. Since the placenta formation (8-9
weeks) and until the birth of the fetus, placental circulation is
functioning.

Vascular beds of the fetus and the mother interact with each other
through the placenta, where the exchange of gases, nutrients and end
products of fetal metabolism.

From the placenta to the fetus, the umbilical vein is carried, carrying
the arterial blood, and from the fetus to the placenta, venous blood flows
through two umbilical arteries. These vessels are united into the
umbilical cord that extends from the umbilical appendix of the fetus to the
placenta.



Umbilical vein near the liver of the fetus is divided into two

branches: one falls into the portal vein, through which arterial

blood flows into the liver. The second branch of the umbilical

vein – venous (arancia) duct – falls into the inferior vena cava.

At the level of the inferior vena cava in the fetus, the first

mixing of arterial blood flowing from the placenta, with

venous blood, flowing from the legs and the trunk of the fetus.

ARTERIO-VENOUS BLOOD
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Arterio-venous blood flows through the inferior vena cava to the right atrium,

where venous blood flows from the superior vena cava.

Most of the blood from the IVC passes

through the oval window from the right

atrium to the left, then to the left ventricle

and the aorta, passing a small circle of

circulation.

Blood flows to the

vessels of the

head, heart and

arms through the

ascending branch

of the aorta

The smaller part of the blood in

the right atrium and right ventricle

is completely mixed with venous

blood from the SVC – the

second mixing of blood.

From the right ventricle the blood flows to the pulmonary

trunk and the descending branch of the aorta trough the

arterial duct – the third mixing of blood.

From the descending branch of the aorta, the blood flows

to the muscles, the organs of the trunk and the legs.
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As a result of that three mixing of blood:

Áthe fetus liver receives pure arterial blood

Áthe fetus brain, head, neck, heart and arms – practically blood

after the first mixing

Áthe fetus trunk and legs – blood after its third mixing.

This explains the relatively small size of the pelvis and

lower limbs of the newborn.
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At birth, there is a sharp transition from placental circulation

to pulmonary.

• At the first inspiration and stretching of the lung by air,

pulmonary vessels are greatly expanded and filled with blood.

• The arterial duct is decreased and during the first 8-10 days it is

obliterated, turning into arterial ligament.

•Umbilical arteries are overgrown during the first 2-3 days of life,

umbilical vein – in the course of 6-7 days.

• Flowing blood from the right atrium to the left through the oval

window stops immediately after birth, because the left atrium is

filled with blood coming from the lungs, and the difference in

blood pressure between the right and left atria is become

equal.
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Morphological changes of the vascular 
system in the early stages of ontogenesis

ÇIn the process of ontogenesis, the size and structure of

blood vessels are changed.

ÇThe rate of growth of the major vessels is slower than in

the heart.

ÇBlood vessels of newborn are thin-walled with insufficiently

developed muscle and elastic fibers.

ÇThe ratio of the lumen of the veins and arteries is about 1:1

ÇThe veins grow faster than the arteries, so to 16 years this

ratio becomes equal to 2:1.

ÇWith the growth of blood vessels, the muscle and

connective tissue elements develop in them.

ÇIn vessels of a small circle of blood circulation, the muscle

membrane becomes thinner, and their lumen grows.



Features of the blood flow through 
the blood vessels of young children

Çrelatively small systolic blood volume

Çarterial pressure is low

Çhigh blood flow rate due to small resistance of the peripheral

vessels

Çthe walls of vessels have low permeability, high tensile strength

and a small amount of muscle fibers

Çmuch of the pressure is lost while passing through the

capillaries

Blood transit time (seconds):

in newborns – 12

at 3 years – 15

at 14 years – 18,5

in adults – 22



BLOOD PRESSURE

Blood pressure (BP) is increased with age .

Systolic pressure (SP, mm HG):

in newborns – 60-66,

at 1 year – 95,

at 3 years – 102,

at 5 years – 103,

at 7 years – 104,

at 10 years – 106,

at 14-17 years – 110,

in adults – 120

Approximate formula for SP values for children after a year :

SP = 100 + 0,5Ĭn, where n – age. 



Diastolic pressure (DP, mm Hg):

in newborns – 36-40

from 1 year to 10 years – 60

at 14-17 years – 70

in adults – 80

Pulse pressure (mm Hg):

in newborns – 24–36

next periods – 40–46

In girls, all BP rates are lower than that of boys by an average

of 5 mm Hg.

BLOOD PRESSURE

The central venous pressure in a child's first years of life – 105 mm of water, in

adolescents – 86 mm of water. The venous pressure has wide individual variations.



BLOOD PRESSURE CHART BY AGE
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üThe indicators of blood pressure in children are

inconstant. BP depends on the emotional state, mental

activity and physical fatigue of the child (marked

increasing of BP).

üIn the period of puberty, when the development of the

heart occurs more intensively than the vessels, there

may be an juvenile hypertension (SP – 130–140 mm

Hg.).

BLOOD PRESSURE



BLOOD PULSE WITH AGE



Speed of pulse wave propagation 
(SPWP)

üIn infants SPWP in vessels of elastic type (the aorta) and in

vessels of muscular type (the femoral artery) – 4-5 m/s.

üWith age due to an increase in the elastic elements in the

vessels (the elasticity of the walls of the vessels is increased),

SPWP is increased, especially in vessels of muscular type:

• in adults it reaches 6-10 m/s (femoral artery) and 5-8 m/s

(aorta).

• with ageing, the rigidity of the vascular wall increases, in

consequence of which the SPWP also increases. Therefore,

this indicator is used as one of the indicators of the biological

age of a person.



Age-related features of blood circulation 
regulation

In newborns, the blood vessels have sympathetic innervation,

the degree of influence of which on the vascular tone is

increased.

The formation of the centers of regulation of vascular tone is

associated with the development of locomotion (motor activity).

üBefore the first year redistributive mechanisms begin to be

formed, for example, strengthening of blood flow in skeletal

muscles at walking.

üIn adolescence, adequate regulation of the vascular tone is

disturbed, due to which the common phenomena of juvenile

hypertension or juvenile hypotension, peripheral blood flow
(the appearance of acrocyanosis) are violated.



GERONTOLOGICAL CHANGES

üWhen people get older, there are significant morphological

"atherosclerotic" changes in all blood vessels caused by

lipid deposits in the vessels endothelium.

üThere is atrophy of smooth muscles of vessels.

üIn the capillaries, pre- and post-capillaries, the phenomenon

of fibrosis and hyaline degeneration is developed, which can

lead to a complete obliteration of their lumen (the number of

active capillaries is decreased, zones deprived of capillary

networks are detected in the organs).

üWith ageing, the permeability of the capillaries and the

intensity of transcapillary exchange are decreased, the

organs hypoxia is developed and systemic blood pressure is

increased.



In the elderly, systolic pressure is predominantly

increased:

before the age of 60 – it rises to 140 mm Hg.

after 60 years – to 150 mm Hg.

Diastolic pressure varies less – even in long-livers

normally does not exceed 90 mm Hg.

Venous pressure is decreased with ageing, due to

the expansion of the venous channel (the elastic fibers

are destroyed) and the decrease in the tone of smooth

muscle of the veins. At the same time, the sclerotic

changes are developed in veins that contribute to

venous thrombosis, causing occlusion of venous blood

flow.
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With ageing the mechanisms of regulation of the vascular

system are changing:

üThe reflexes from the baroreceptors of the carotid sinus and

the arches of the aorta are weaken – this results in protracted

reactions of blood pressure and in the development of chronic

hypertension.

üThe sensitivity of the chemoreceptors of the vessels to hypoxia

is growing, the degree of influence of the sympathetic and

parasympathetic divisions of the ANS on the myocardium is

decreased.

üVascular reflexes in the elderly often have a paradoxical nature:

for example, vasoconstriction, but not vasodilatation, may be

observed as a result of thermal irritation (in young people –

vasodilatation). At physical activity (for example, 20 sit-ups for

30 s) in elderly people, as a rule, it is traced hypertonic type of

reaction, and HBR and BP are restored very slow.

GERONTOLOGICAL CHANGES



Thank you for attention!


