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Hemodynamics =
The principles that govern blood flow
in the cardiovascular system.
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Is this patient hemodynamically stable?
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Q: What makes blood flow
through the circulatory system?
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Q: What makes blood flow
through the circulatory system?

A: PRESSURE GRADIENTS
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It’s not just fluids in the
circulatory system that follow
pressure gradients....




Hemodynamics Seminar Outline

1. Pattern of normal blood flow

2. Blood Flow Equation: Flow Rate, Pressure Gradient
& Resistance

4, Distribution of Blood in Systemic Vasculature
5. Flow Velocity

6. Laminar vs Turbulent Flow

7. Systemic vs Pulmonary Circulation

8. Practice questions (Wooclap!)
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Blood Flow Equation: Q = AP / R

R P,
P-P — = Flow (mL/min)
Volume Q = I 2 i = Pressure difference (mm Hg)
Flowrate / = Resistance (mm Hg/mL/min)
j Resistance 877L
to flow ——7r R = Resistance
7[%‘ n = Viscosity of blood
| = Length of blood vessel
| 4 -

‘ power

most important!

Blood (or any fluid) flows from high to low pressure!

What provides a pressure gradient AP in the circulatory system?

The pumping action of the heart provides AP

r* = Radius of blood vessel raised to the fourth
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A drug constricts a blood vessel to half of its original radius,
what is the effect on resistance in this particular vessel?

a) Increase by a factor of 4 Pressure
b) No change P Drop P,
c) Increase by a factor of 16 P - P —
e | 2
d) Decrease by a factor of 16 f\ ::/lolume Q = T II
owrate
e) None of the above f e —oome L.
Resistance 8nL
to flow :R, =z
e /78
fe—L N —
most important!
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But why does blood pressure eventually drop?

SERIES RESISTANCES

R(otm = H] + Rz + R3 + R4 + RS

Blood flow through an organ is arranged in series

Ry R2 R R4 Rs
Artery Arteriole Capillary Venule Vein A PhYSIOIOQICGI Consequence Of th's 's:
Largest progressive reduction of blood pressure from major
artery supplying the organ = major vein draining the
120 organ
100
2 s * The biggest contributors to series resistance are.....
E
§ 60 —
g .| Arterioles!
20 —
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Distribution of blood in the systemic
vasculature

=1 Area
[ Blood volume

2500 —
“unstressed volume”  ~—100

1 s (low pressure)
E | 80 -
S i /eins can hold a large volume of blood at low pressure
()] § o °
£ 300 e s | because they have high compliance
S “stressed volume” -
S (high pressure) S
200~ 40 3 high compliance = high ability to expand
2 5
o
© 1004 t —20

Aorta Arteries Arterioles Capillaries Veins* Vena cava

Number 1 10° 107 1010 1012 1

Vessels containing the highest % of total blood volume in the cardiovascular system?
> Veins

Vessels having the largest total cross sectional area in the cardiovascular system
> Capillaries S'|'Udg




If we were to line up ALL of our blood
vessels one after the other, what
distance\would be covered?
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Laminar
flow

Turbulent
flow

Zero velocity

Laminar vs Turbulent Flow

_~Highest
velocity

|deally, blood flow should be laminar (i.e. streamlined)

Laminar flow: velocity of blood flow is highest at the
center of a blood vessel and lowest near the vessel

wall

Turbulent blood flow is characterized physiologically
by presence of an audible murmur

Nb: some pathologies (thrombi, valve disorders, anemia)
can cause blood flow to become turbulent in the affected

vessel =
Q
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Laminar vs Turbulent Flow

Zero velocity

_—~Highest

Laminar velocity

flow

— 4 ;
Turbulent < —
flow - ‘

. A Y

Reynold’s number (Ng) is a dimensionless index to

predict whether blood flow will be laminar or
turbulent:

where

Nr = Reynolds number
p = Density of blood
d = Diameter of blood vessel
v = Velocity of blood flow
n = Viscosity of blood

Np>3000 - alwaysturbulent
N <2000 - always laminar

study




Hemodynamics Seminar Outline

1. Pattern-oef normal blood flow
2. Blood Flow Equation: Flow Rate, Pressure Gradient
—& Resistance

7. Systemic vs Pulmonary Circulation

8. Practice questions (Wooclap!)




Pulmonary Circulation vs Systemic

Circulation

Location Mean Pressure (mm Hg)

Systemic

Aorta 100 4mm

Large arteries 100 (systolic, 120; diastolic, 80)
Arterioles 50

Capillaries 20

Vena cava 4

Right atrium 0-2

Pulmonary

15 (systolic, 25; diastolic, 8) 4mm
Capillaries 10

Pulmonary artery

Pulmonary vein 8

2-5 4um

Left atrium*

pulmonary artery pressure << large systemic arteries
pressure

pulmonary
circulation

Pulmonary
Pulmonary Vein

Artery

Bicuspid Valve

Tricuspid Valve
Aorta

Vena Cava

RA=Right atrium
RV=Right Ventricle
LA=Left Atrium
LvV=Left Ventricle

http://labspace.open.ac.uk

organs and tissues of the body

Pulmonary circulation is coupled in series

with the systemic circulation
stu dg QIo $



Pulmonary Circulation vs Systemic

circulati

Pulmonary circulation Systemic circulation
Pressure Low High
Pressure gradient ) small’ ) Large’
Resistance Low High
Flow? B 5L/min B 5 L/min
110 mmHg
293 mmHg
370 kg male -

Blood flow rate (Q) is the same in the pulmonary and systemic
circulations since the cardiac output (CO) of the left and right heart is iy
equal! A

Pulmonary
Vein

Bicuspid Valve

Tricuspid Valve

Equal blood flow (Q) can be achieved in pulmonary & systemic circulations, because Vena Cava
while the pressure gradient in pulmonary circulation is lower, the resistance is also
lower*

| Aorta

RA=Right atrium
RV=Right Ventricle

LA=Left Atrium
Q —_— A P R LV=Left Ventricle
—
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organs and tissues of the body
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Clinical correlation: Septic shock

i Case:
e . _52M with AIDS
- CAP dx 5 days ago
- temp: 40C
- confusion
- RR: 30
- HR: 130
-BP: 78 /52

Explain these vitals?
Treatment?
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You can participate
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