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Objectives:

Discuss functions of the veins as blood reservoirs.

Describe measurement of central venous pressure (CVP) and
state its physiological and clinical significance.

Describe vascular and cardiac function curves under
physiological and pathophysiological conditions.

’@ State determinants of venous return and explain how they
" influence it.

’Z@ Explain the effect of gravity on venous pressure and explain
- pathophysiology of varicose veins.

° Recommended video by Alila Medical Media Notes J



https://youtu.be/FKJr5uqPv5s?si=02EjjjUyeW5j6gTX
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About veins

Female’s dr : the percentages is not important

Distribution of blood

Systemic
arterioles 2%

Veins hold most of blood in body (60-70%). (T

| Systemic veins |

I 60/64 - 70 % I

L T S ! Small veins and

venules
They are called capacitance vessels
They have thin walls & stretch easily to
accommodate more blood without increased pressure (= higher
compliance)
= Small veins and venules = Large veins

They have only 0-10 mm Hg pressure » Heart = Lungs

= Capillaries = Systemic arteries

= Pulmonary vessels = Systemic arterioles



Veins Are Blood Reservoirs

When the body is at rest many of the capillaries are
closed, the capacity of the venous reservoir increased as
extra blood bypasses the capillaries and enters the veins

When this extra volume of blood Stretches the veins »
increase their total cross sectional area » blood moves
forward through the veins more slowly. Therefore, blood
spends more time in the veins.

When the stored blood is needed, during exercise, extrinsic
factors reduce the capacity of the venous reservoir and drive
the extra blood from the veins to the heart so that it can be
pumped to the tissues.
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Vena cava

Large veins

small veins

Venules

small arteries

Arterioles

Made by : Lama



Structures of veins

Layers

Valves

In varicose veins, blood pools because valves fail causing
venous walls to expand.

to heart

Lumen <
N Valve

Endothelium
Basement
membrane Smooth

muscle

Adventitia

Venules


https://youtu.be/Ce2TjGY-r1o?si=XV1WmYClnLhOdh35
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Pressure variation in systemic blood vessels
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Summary and explanation for the first half of the lecture (9-20)

o

Very nice explanation By: Khalid Alohali
And THX to him for this amazing slide!!
11 s s i 3 iy 39350 £ A

Cardiac output

104

Cardiac function curve

Equilibrium point

Vascular function curve

T
10

Right atrial
pressure (mmHg)

Vascular function curve: confusion, clarification and new insights - PMC

Cardiac and vascular function curves
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(A) RAP

Intersection of curves = operating point of heart (ie, venous return and CO are equal, as circulatory system is a closed system).
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GRAPH EFFECT

EXAMPLES

(A) Inotropy

Changes in contractility = altered SV — altered

CO/VR and RA pressure (RAP)

(3 Venous return

Changes in circulating volume — altered RAP

- altered SV — change in CO

@ Total peripheral
resistance

Changes in TPR — altered CO
Change in RAP unpredictable

© Catecholamines, dobutamine, milrinone,
digoxin, exercise ®
@ HF with reduced EF, narcotic overdose,
sympathetic inhibition ©

@ Fluid infusion, sympathetic activity,
arteriovenous shunt @
O Acute hemorrhage, spinal anesthesia ©

(5] Vasopressors ®
O Exercise, arteriovenous shunt ©

Changes often occur in tandem, and may be reinforcing (eg, exercise t inotropy and $ TPR to maximize CO) or
compensatory (eg, HF } inotropy = fluid retention to t preload to maintain CO).



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9490163/
https://youtu.be/lX5EMX1NqEA?si=XF8zJUE-58UdxH3u
https://drive.google.com/file/d/1gTiYBJ9xoMfygkgJE-l9aOscdI-L-7qu/view?usp=drive_link

Venous return

Venous return (VR) is the flow of blood form the periphery
to the heart (Rt atrium)

1

1

1

1

|

From Right :

From the ventricle to i

lungs to left the lungs i

atrium i

Normally VR must equal CO when averaged over time d

because the CVS is essentially a closed loop. Otherwise, Rt . A :

From Iefti

. . ventricle 1

pulmonary circulations. t0 the |
From body

from the

body to
right
atrium

Venous return is determined by the difference between
the venous pressure nearest to the tissues (mean systemic
filling pressure (Psf) , mean circulatory pressure(MCP))
and the central venous pressure nearest to the heart
(CVP).

blood would accumulate in either the systemic or Ly

_________________________________________________________



CVP & MCP

Venous Return

|

Central Venous Pressure

(CVP) ]

(
| CVP: is the pressure in the right atrium and the big veins

I\ of thorax {right atrial pressure (RAP)= JVP}. |
_____________________________ <
_|( I
|
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( _____________________________ ~N
_: increased with hypervolemia , decreased with I
\_________ hypovolemia _ __________ P

( _____________________________ ~N

; . . . |

—: It is the force responsible for cardiac filling. I
______________________________ )

( _____________________________ ~N

CVP is used clinically to assess hypovolemia and during :

I\ IV transfusion to avoid volume overloading. |
_____________________________ -

( _____________________________ ~N

. . L0 : . |

— CVP is raised in right-sided heart failure. I
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Mean Circulatory Pressure (
MCP)

[ MCP: Ttis the pressure nearest to the }

| tissues, and is aboul7 mmllg. |

——— e BRI
( The value for right atrial pressure at |
| which venous return I
—— s zero is called the mean systemic :

|

( filling pressure.
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Very Important slide

The Venous Return Curve

( The Vascular Function Curve )

The curve depends on the
difference between

MCP and CVP
. . L el |
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The Venous Return Curve

( The Vascular Function Curve )
*xkPogsible SAQ!

There is an inverse relationship between venous
return and right atrial pressure (RAP).

Venous return back to the heart, like all blood flow, is driven by a
pressure gradient. The lower the pressure in the right atrium, the
higher the pressure gradient the greater the venous return.

Thus as RAP increases, this pressure gradient
decreases and venous return also decreases.

The knee (flat portion) of the vascular function curve occurs
at negative values of RAP. At such negative values, the veins
collapse & impedes VR in spite of high pressure gradient.

Very Important slide

Male’s slide

—————————————————————————————

venous return (liters/min)

0 2 4 6 8 10
central venous pressure (mm Hg)



Very Important slide

Cardiac Function Curve

Enhanced

Normal

The curve relates CO (pumping of blood by the
heart) To Right Atrial Pressure (RAP).

Depressed ~

When the mean RAP is about o mmHg, the CO
in an adult is about 5L./min.

Normally, Rt atrial pressure (RAP) fluctuates with
atrial contraction and respiration. i 0 10

\L pl?etglallre PRA (mmHg)

__________________________________________

—_——_——— e ——

Increased

right atrial
pressure




Effect of RAP Changes On Function Curve
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Cardiac Function Curve & Vascular Curve

Cardiac Function

Figure 4.26,

Vascular Curve

Figure 4.20,

Important slide
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Fig. 4.26 Cardiac and vascular function curves. The cardiac
function curve is cardiac output as a function of right atrial pres-
sure. The vascular function curve is venous return as a function
of right atrial pressure. The curves intersect at the steady state
operating point (filled circle) where cardiac output and venous
return are equal.



Important slide

Combining cardiac and vascular function curves Male's slide

Effects of changes in blood volume

Increases in blood volume as a result of transfusion of a large fluid volume into the
circulation increase the amount of blood in the stressed volume and, therefore,
increase the mean systemic pressure.

This results in shifting of the vascular function curve to the right and up

=2 0 2 4 6 8 10
Central venous pressure (mm Hg)

1
T i |
| L ol :
The cardiac function is not altered with changes in blood pressure) volume. | ..o | g :
) . |
_______ 155 -
f |2 i
I I (=3 1
] 1@ A 1
S |8 :
In the new steady state, the cardiac and vascular function curves intersect = !
at a new point at which venous return and | } 1O —7 Control ,
the cardiac output are increased. The RAP is increased. . I |
_______ 1
0 1 1 I I I :
1
1
1
1
1



Combining cardiac and vascular function curves
Blood volume effects

Increase blood volume

Decrease blood volume

E.g. transfusion, shifts the venous
function curve up and to the right
+ cardiac output

PN
PN

RAP
Mean systemic pressure

E.g. hemorrhage , shifts the venous
function curve down and to the left
ycardiac output

YRAP

¥Mean systemic pressure

Cardiac output or venous retum (Limin)

>

Increased blood volume

Right atrial pressure (mm Hg)

Cardiac output or venous retum (Limin)

v}

Decreased blood volume

Right atrial pressure (mm Hg)




Mean circulatory pressure; MCP

MCP is determined by blood volume and venous capacity

Stresed Volume

Normal

J VOLUME

Hemorrhage
E 4 Mmcp

)
= =
£
E
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1 2 3 4
BLOOD VOLUME (L)




Important slide

Combining cardiac and vascular function curves '
Inotropic effects Male’s slide

Inotropic effects

Positive Inotropic effects Negative Inotropic effects
Positive inotropic agents produce an increase in - the opposite is true with negative inotropic agents.

contractility, an increase in stroke volume, and an
increase in cardiac output for any level of RAP. Thus, the
cardiac function curve shifts upward
(counter-clockwise), but the vascular function curve is
unaffected.

Thus, there will be substantial increases in the cardiac
output and venous return , while the RAP is decreased..

B Negative inotropic effect

| AT A _
| Vascular function | g ______
| curve unchanged | H f Cardiac function )
——————— é | curve shifted |
—————————————————— downward |
; 3 b ( 3 '
Function curves Cardiac function . . ;| ATl -
| intersects atanew | | curve shifted | | Increaseinright | H
N atrial pressure 3
poinl | | upward | | | $
_____________________ ]

Decrease inright | Right atrial pressure (mm Hg)
I atrial Pressure I

Right atrial pressure (mm Hg)




Combining cardiac and vascular function curves Effects of
changes in TPR (Total peripheral resistance)

Important slide

Male’s slide

Changes in TPR alter both curves. The cardiac function curve changes because of a change in afterload (arterial
blood pressure), and the vascular function curve changes because of a change in venous return.

With increased TPR, there is a
substantial decrease in the

Increased TPR

Increase TPR cardiac output and venous H ——
I.e. construction of the arterioles return With the § _____ S /’/
S almost no change in the RAP H T
A Right atrial pressure (mm Hg)
The opposite is true when the Decreasea TER
TPR is decreased g ———
Decrease TPR N

[.e. dilation of the arterioles

™ Cardiac oulputor venous returm (Limin)

Right atrial pressure (mm Hg)




Female’s slide

Basic Principles

Flow of any fluid (blood) through a
tube (vessel) depends on :

The pressure difference between the two
ends (Pressure gradient), Blood flows from
high pressure to low pressure

The resistance to blood flow through the
vessel, Controlled by the diameter of the
Vessel, and blood viscosity.



Determinants of venous return:
Summary for the last half of the lecture (23-34) M °

Pressure gradient

Blood volume

Venous capacity

Sympathetic activity

Total peripheral resistance

Nice summary
by Jood Aljufan

Skeletal muscles activity

Venous valves

Respiratory activity
(respiratory or thoracic pump)

Effect of gravity


https://youtu.be/tgkB2B3oGV8?si=Gn8qZJRQJaQwtoIg
https://drive.google.com/file/d/14Ekt7gzIDTOQtZ0QUYYhgocyHzVHn_fY/view?usp=drivesdk

Determinants of venous return

Pressure gradient

1.VR back to the heart like all blood flow is driven by a
pressure gradient. VR= MCP - RAP (CVP)

2.There is an inverse relationship between VR and RAP (CVP).

3.The lower the RAP, the higher the pressure gradient and the
greater the VR.

4.Thus as RAP #, pressure gradient ¥ and VR also v.
5. When the RAP falls more below zero (at highly negative values of RAP,

no further increase in VR and a plateau (the knee, flat portion) of the
vascular function curve is reached.

6.At such negative values cause: collapse of the veins entering the chest.
This impedes VR in spite of high pressure gradient.

Cardiac output
or

venous return (L/min)

Cardiac output

Mean systemic

/ pressure

Right atrial pressure (mm Hg)
or
end-diastolic volume (L)




Determinants of venous return

Pressure gradient (cont):

1.The greater the difference between the mean circulatory filling

£

£

d
pressure (psf) and the RAP, the greater becomes the VR g Psf=7
2.The greater the Psf the greater the “tightness” with which the g Pt =14
circulatory system is filled with blood), the more the VR curve -
shifts upward and to the right. g \

L)
. > —~

3.The lower the Psf, the more the curve shifts downward 8 D

and to the left.(blue line)

Right atrial pressure (mm Hg)

4.When the RAP =Psf, there is no longer any pressure difference
between the
peripheral vessels & the Rt atrium. Resulting in?
More explanation



Determinants of venous return

Blood volume

e At constant venous capacity: (on
the curve)

A. Normal

B. # blood volume » + MCP » 2 VR,
The intersection point of the
vascular function curve shifts
upwards and to the right.

C. ¥ blood volume » ¥ MCP » ¥ VR,
The intersection point of the
vascular function curve shifts
downwards and to the left.

Cardiac output or venous return (L/min)

|

N
Decreased

N

» Increased
* blood

N, Vvolume

blood .
volume

N
I, (N |-

1

2 3 4 5 6 7
Right atrial pressure (mm Hg)




Determinants of venous return

Venous capacily

—— Venoconstriction
. — |
° the volume of the blood that the — —a
. & Venodilatation
veins can accommodate. = B
e At a constant blood volume : (on the curve) 9 2
3
A. Normal 2 1
()
>
B. ¥ venous capacity
shifts upwards and to —
the right. (Blue line) Right Atrial Pressure
C. 2 venous capacity (venodilation) » ¥ MCP » 1588 il b Gl LIS )

¥ VR,
shifts downwards and to the

left. (Red line)




Determinants of venous return

Sympathetic activity

—  Sympatheticstimulation

e Control

A. Venous smooth muscle is profusely supplied

with sympathetic fibers. Sympatheticblockade

B. » Sympathetic nervous system (SNS)
activity » venoconstriction »¥ venous
capacity » modest 2 MCP » = VR. (Blue line)

Venous Return

R

C..The veins normally have such a large Right Atrial Pressure

diameter that the moderate
vasoconstriction accompanying
sympathetic stimulation has little effect
on resistance to flow. (Red line)




Determinants of venous return

Total peripheral resistance (TPR)

A&B. ¢ TPR » + VR, decreased
resistance of the

arterioles makes it easier for blood
to flow from the arterial to the
venous side of the circulation and
back to the heart.

C.» TPR » ¢ VR, increased
resistance of the arterioles makes
it more difficult for blood to flow
from the arterial to the venous side
of the circulation and back to the
heart.

e For a given RAP : i vasoconstriction » 2 TPR » ¥ VR

Veins

Venous return (L/min)

Normal resistance
— 2 x resistance

1/2 resistance

— /3 resistance

Psf=105

T
+8

By : Omar Albagami

Arlerioles

Right atrial pressure (mm Hg)
~arteriole constrict . leading to :
increase resistance to blood flow.
decrease Venous return.
Artery
(TPR) primarily occurs in arterioles



Determinants of venous return

Skeletal muscle activity

Proximal

e This is known as skeletal muscle pump.

Relaxed
skeletal
muscles

e Skeletal muscle contraction » external
Venous compression» ¥ venous capacity
» 2 VR

(a) Contracted skeletal muscles (b) Relaxed skeletal muscles

e Skeletal muscle activity also counter the
effects of gravity on the venous system.

Like Calf muscle pump (2nd heart) promotes
venous return from the lower extremity




Determinants of venous return

_____________________________________________

Venous valves : T

Vein

e These valves play a role in counteracting the
gravitational effects of the upright posture.

Open venous valve
permits flow of

: blood toward heart
e These valves permit blood to move forward towards : f f
the heart but prevent it from moving back toward the : Contracted _

X 1 skeletal muscle

tissues. i |

: Closed venous valve

| prevents backflow

l of blood

e permitting unidirectional flow enhances venous
return

e Chronically raised pressure in the veins leads to pathological
distention of the veins (varicose veins) s2ll .




Determinants of venous return °

Respiratory activity (respiratory or thoracic pump): | RESPIRATORY N ;

| PUMP ;;S?::Z'i/" ' ':fﬁ\g;; i

1.As the venous system returns blood to the heart from the lower g ,. ‘ '

regions of the body, it travels through the chest cavity | A |

i ¢ Pressure decreases in ‘ Low i

| thoracic caviy. i F prswe

! | ; !

2.The pressure in the chest cavity is smmHg less than | | | |

atmospheric pressure. | s | ] !

! abdom]_ml cavty, \ /] High |

| i || e

3.The venous system in the limbs and abdomen is subjected to L \ .f |

normal atmospheric pressure. ; ' 5

| il ] !
4.Thus, an externally applied pressure gradient exists between the Oiaphragm
lower veins and the chest veins, promoting VR (respiratory i Paa — P, |
pump). N AN Ve te | o i
4l 1.


https://youtu.be/PHCe7JAcM5Y?si=Osak65piJLq1_P6m

Determinants of venous return

Effect of gravity

2.
this is

termed orthostatic or postural
hypotension » ¥ cerebral blood flow to
the brain and person might experience

syncope (fainting)

3.0n the transition from sitting to standing, blood is
pooled in the lower extremities as a result of gravitational
forces.

Thorax

Vena Cava

Standing



https://youtu.be/YvYzybJKxag?si=n1wBv_7_5bX4Td8W

The effect of Valsalva Maneuver on VR

Valsalva maneuver nhate —y ST
Glottis Closes /( L

It is forceful expiration against a closed glottis

a &
D|aphragm/k 17 1 Pressure Supports

Contracts Lumbar Spine
: L 2R N
iaphragm
the effect on VR Puushes Bigmwan —
Intra-abdominal Pressure
(persistent

increase in thoracic cavity) » ¥ VR.



Summary




Check here for our summary

7

Sorry but if you will not cheack it ¢ silall dlule @l


https://drive.google.com/file/d/1S9BmIHzAUcYCcQ9S3Hcez3BrSn0giwh4/view?usp=drivesdk

MCQS: @ Answers

For more question check our summary file!

1 Y
~Venous return (VR) is the flow of blood from the periphery to the heart , at what location?
[ A | Leftventricle B | Right ventricle. G | Right atrium. D | Left atrium }
2 ________________________________________________________________________________________________________________ \:
- What of the following causes an increase in RAP in cardiac & vascular function curve ? :
[A -ve inotropic B |+ve inotropic. C | Increase TPR. D | Decrease TPR 1
| ERR T T R ~:
~ What is the function of venous valves ? :

__________________________________________________________________________________________________________________

volume B force while lying C | directing blood toward | D force

[A Maintains blood Counteract gravitational Aid skeletal muscle in Promotes gravitatiojal
heart




. /- Answers

For more question check our summary file!

I

What type of blood vessels are known as resistance vessels?
[ A Arterioles Veins Capillaries Venules }
Ny St P e S AT R S )
Chronically raised pressure in the veins leads to pathological distention of the veins named as: :
[A Venous Ulcers. Venous Edema. Varicose Veins Isalva maneuver 1
6 e U TR B )
T'he highest blood distribution is found in: ;

[A Systemic arterioles.

Systemic veins

Pulmonary vessels.

Systemic arteries 1
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SAQ
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= = = = TaFacTuut of venous retim (Omi]
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________

What does the curve “A” represent and identify the point D ?

Slide 15
What is the causes that can shift the curve “A” to point B, C ? ’

Slide 24

What it’s the effect of decrease TPR?

Use curve B to answer this question

Slide 20



Finally you have arrived , we have been waiting for you !!

Meet our team !

Team leaders

Rimaz Alhammad Noreen Almaraba
Rayan Alshehri Omar Albagami
Aljoharah Alyahya

Heroes of the lecture :
Rayan Almutairi Ritaj Alsubaie

Did you like the lecture ? we mean our work :)



