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Big Picture Hemodynamic Review

Q
CO = avg Q
CO = SV x HR 

MAP = avg ABP

80

120 mmHgABP

TPR = (MAP-CVP)/CO

Organ Flow
Q = P/R

(MAP – CVP)/RX

PVR = (PAP-LAP)/CO
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Polycythemia

Severe
Anemia

Hematocrit 

H2O

Plasma

Proteins + other
constituents

Male:      ~ 42-52
Female: ~ 37-47

Relative
Viscosity
/H2O

Resistance depends on Diameter (D) & Viscosity ()

= f(Hct)
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Summation and some take-homes
• R increases linearly with viscosity
• Viscosity increases non-linearly with Hct. 
• Anemia → Lower viscosity
• Polycythemia → Higher viscosity
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Average Shear Rate (s-1) ~ U / D

Blood Viscosity Depends on Shear Rate  


 i

n
 c

P

D U

Average Shear Rate = U/D

Lower shear rates → Higher viscosity
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Summation and some take-homes
• Shear rate () greatest at wall
• Average shear rate = U/D
•  increases with decreasing  
• Wall w = Q/D3

• Wall shear stress =  = w
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Combined Shear Rate and Viscosity Effects 

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Increasing HCT

Average Shear Rate (s-1) ~ U / D

Not necessarily in smallest D
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Arterial
Stenosis

P

Velocity
Increase

Disturbed and
Turbulent FlowA1 A2U1

Sound
(Bruits)

LARGER NR ~ TURBULENT flow more likely
Critical threshold NRC = 2000

Q

Pressure
Loss  

Flow
Separation

Arterial Stenosis: Increased Velocity - Turbulence

NR ~ Q /  x   ()  A
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LV Aorta

Normally valve presents very
little resistance to flow from

LV to Aorta

Normal Stenotic Valve

High flow combined with 
small orifice causes high 
velocity and turbulence 

P small P LARGE

Flow through valve nearly same with or without  
stenosis until LV can no longer maintain CO

Q Q

Valve Stenosis: Turbulence & Increased Resistance
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Two vessels of the same radius experience blood flow
with differing velocity profiles as shown in red and blue.
Considering the points A and B on the profiles:
 
1. Which vessel has a greater shear rate at A?
2. Which vessel has a greater shear rate at B?

Vessel X

Vessel Y

du/dr = velocity gradient = shear rate

Vessel Y

Same = 0

Velocity Profile Considerations 

Smaller arteriolar vessels

Larger arteriolar vessels
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CO

100
 ml/sec

20 cm/s
UAA

Summed cross-sectional
area of different levels

Mean 
Velocity

Uc=(CO/nAcapillary)

U=CO/nAvessel

2.5 cm

5um

C
ap

ill
ar

ie
s

Blood Velocity Variations

Aorta Capillaries
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Small artery

Arterioles

Capillaries

Venules

Small vein

PA= MAP = 95

PV = 5 mmHg

PC = MAP - QRA

MAP=PA

95 mmHg

CVP=PV

RA

RV5 mmHg

Q =

Resistance, Blood Flow & Capillary Pressure
One organ, a vascular bed or total vasculature

MAP - PV

RA + RV

PC = PV + QRV

PC = PV (RA/RT) + PA (RV /RT)

PC ~ PV + PA (RV/RA)

RT

Approximate for predicting

relative amount and direction

of changes in capillary pressure

Vascular Partitioning: Blood Flow & Capillary Pressure

P = MAP - CVP

PC = P (               ) + PV

RV

RA + RV

50

10

= 95 - 5
60

= 1.5

= 95 – 1.5 x 50 = 20

= 5 + 1.5 x 10 = 20

PC = 90 (               ) + 5 = 20
10

60
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Interactive Question

150 mmHg

0 mmHg

40

10

Pc 

What is value of organ flow (q1)?

Organ 1
of many

q1

pru

pru

What is value of capillary pressure?

Dr. HN Mayrovitz 11 of 20



Interactive Question

A 59-year-old male has a MAP and CVP as shown. His 
precapillary vascular resistance is 15 Wood units and 
his post-capillary vascular resistance is 4 Wood units. 

He is given a vasoactive drug that causes the vascular 
resistance changes shown in part B of the figure. 
Average capillary pressure is denoted as Pc. 

If his perfusion pressure does not change, which 
statements best describes the drug’s action?
 
A. increases blood flow
B. decreases capillary pressure
C. causes venous smooth muscle to contract
D. causes arteriolar smooth muscle to contract
E. increases total vascular resistance
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  6

PC
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PC
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PC

 1                 2                 3                 4                5

0 mmHg

100 mmHgAorta

Flow

Vein

9                 8                  7                 6                  5

2                  2                 2                  2                  2

100 mmHg

0 mmHg
A                 B                  C                 D                 E

Which organ has the greatest blood flow?

Which organ has the least capillary pressure? 

What is the value of blood flow in organ B?

5 organs in parallel from artery to vein

Interactive Question
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Pu PdP1 P2Q

Pe

Increase P1 – P2 but hold P1 – Pe constant 

1. Fix P1 - Pe & lower P2 (~cvp decrease with + CO) 

2. Fix P2 & raise P1 & Pe equally (~ forced expiration)

Same result: Q increases as P1 - P2

increases until PTM becomes critical 

and buckling starts. Now Q depends 

on P1 – Pe not on P1 – P2. 

Rigid

Closed chamber 

with external pressure

Collapsible tube in chamber. Connected 

to upstream and downstream reservoirs
Rigid

Pi

If Pi < Pe at any point, then Q = (P1- Pe)/Rx

Rx

Blood Flow in Collapsible Vessels

Flow Limiter
“Check Valve”

Pi = Pe

Closed Chamber

Blood 

Blood 
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Interactive: LCX Stenosis: Pre & Post Angioplasty

What change in
Distal Pressure?
Increase or
Decrease?

Dr. HN Mayrovitz
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The figure shows an artery with 5 arteriole branches 

A through E. Blood flows into a collecting vein. 

Which Branch has the least perfusion pressure?

Artery

Collecting Vein

A        B      C       D      E

Fig 7

A. A

B. B

C. C

D. D

E. E

Common
Pressure 

P at E highest
Vein pressure

So … P is least!

Solution

Interactive Question
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A

B

1                   2                      3                  4 5

QA

QB

1

2

3

4
5

Q is blood flow

A              B               C             D               E

Fig 6. Blood flow in this small artery is from A → E

The figure shows a longitudinal section of a stenotic artery.
At which site would you measure the greatest transmural pressure?

A. A

B. B

C. C

D. D

E.  E

Q

30s

Interactive Question
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A growing tumor is compressing 

one of Mary’s veins as shown. 

What happens to pressures at  X?

A) Goes up
B) Goes down
C) Is little changed

What is your diagnosis?

XY

Change in 
venous pressure?

Tumor
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Charles, a 23-year-old laborer, 

presents with swelling in his left 

forearm and hand. Ultrasound 

reveals a clot in his left axillary 

vein. What happens to pressures at  

X and Y?

A) Goes up
B) Goes down
C) Is little changed

What is your diagnosis?

X

Y

Change in 
venous pressure?

Change in 
venous pressure?

A) Goes up
B) Goes down
C) Is little changed

@X

@Y
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What is your diagnosis?
Andrew is a 66-year-old former 

heavy alcohol drinker who has 

been diagnosed with a cirrhotic 

liver. This condition is associated 

with an increase in liver vascular 

resistance among other things. 

Because of this condition, which 

best describes the pressure(s) that  

is (are) elevated? 

A) Just C
B) C and B
C) C and A
D) B and A
E) A, B and C

Liver

Portal Vein

A B

C
Spleen
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End Lecture 19
or if time more

Interactive Questions
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