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The Beating Heart: Functional Anatomy

Purkinje FiberS Dr HN Mayrovitz
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The Beating Heart: Functional ACTIONS
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Vascular Circuit with Pressures and Flows Defined

CO =HR xSV -
. Diastolic (Pp) n
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Vascular Resistance Concept

R (singleVesse(;_ a AP=QxR
AP

no _AP
R [kl | = Q Q
Parallel vessels AP
AP Q= R

All Organs
in parallel

Q >R>SVWR=TPR

(Yo - (3

Rr=R;+R, R=AP/Q

—

AP

Organs or Vasculatures in SERIES
*Flow same in series-coupled parts
* Resistances sum directly

e Total R greater than individual R

SVR = Systemic Vascular Resistance
TPR = Total Peripheral Resistance

SVR = TPR = mmHg/(L/min) = Wood Unit
If mmHg/ml/min = PRU = Wood Unit/1000

“Normal” values 15-20 Wood units
- 0.015-0.020 PRU

AP

o
e g°

1/R, = 1/R, +1/R,

Organs or Vasculatures in PARALLEL
ePerfusion Pressures are the same

® Resistances sum reciprocally

e Total R is LESS than any individual R
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Circulation Pathways and Definitions

vR[l CVP
Right Atrium Left Atrium
(RA) (LA) LAP
TV & MV@

‘ PVR = (PAP-LAP)/CO

PAP

4£l_|

TV = Tricuspid Valve
PV = Pulmonic Valve

>
\ Ventricle
(RV)

MV = Mitral Valve
AV = Aortic Valve

Right

Left
Ventricle
(LV)

AV

PV

2 pumps
in series

MAP

VVenous

| ORGANS Return

TPR = (MAP-CVP)/CO
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Low Pressure Side

Cardiovascular Patterns and Arrangements

L N\ _Head

Brain < )
Veins Arteries

Arms and trunk

Muscle

Bronchial

95 mmHg

Wi, S

Intestines

AN glands

Endocrine

Tubules Glomerli

Muscle

Legs

s High Pressure Side

g} Rtig

Organs XY Z
are in parallel

e Organs are in parallel with other organs

e So, flow to each organ depends on its vascular
resistance since all have equal perfusion pressure

Within Organs

e Arterioles are in parallel with arterioles

e Capillaries are in parallel with capillaries

BUT

e Segments are in series with the other segments

* Since in series pressure is lost across each segment
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Cardiac Output & Stroke Volume: Absolute & Indices

Q is symbol for blood flow Q
(volume / time)

~ml/stroke=SV
CO=SVxHR
[liters/min]

Series of Flow Pulses

Lungs

Cl = CO/BSA SVI=SV/BSA
BSA = 0.0179 x [H x W]¥/2m?
with H in inches and W in |bs

BMI = 703W/H? Kg/m?

Organ blood flow through multiple parallel pathways

Summation and some take-homes

* SV - amount ejected / beat (ml)

e CO - flow output / time (ml/sec or |/min)
* Indices normalize among patients with BSA
* No need to memorize BMI or BSA formulas
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Resting Cardiac Output Distribution

Right Lungs
Heart

BRAIN

* Percentages are approximate; vary by person

* Absolute cardiac output (CO, L/min) varies by
age, gender, weight and other

 Cardiac Index (CO/BSA, L/min/m?) helps
minimize variance also (SVI = SV/BSA)

HEART

* For a fixed perfusion pressure, flow (Q)
distribution to organs depends on its vascular
resistance; Q = AP/R

Gl & LIVER

KIDNEYS
* The diagram below shows pressures in mmHg

and illustrates normal average values at the

SK MUSCLE different locations

5 15 _—_ 5 95 5
SKIN = 2
BONE ) : Lungs | Systemic Systt.emic
Systfemlc Right Pulmonary Pulm?nary Left Aorta Vasculature V&'MS
FAT + veins Heart  Artery Veins Heart
_ _ Perfusion pressure = AP = 95-5 = 90 mmHg
The above figure shows approximate If cardiac output were 6 L/min then
percentages of cardiac output distribution. TPR = 90/6 = 15 Wood units and
If CO were 6 L/min then absolute flow to PVR = 10/6 = 1.67 Wood units

the kidneys would be 1.2 L/min.
Dr. HN Mayrovitz
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Arterial Pressure Pulse

Summation and some take-homes

* Ejected blood raises aortic BP

* Systolic peak & Diastolic minimum

* Systolic-Diastolic = Pulse Pressure

* Forward and reflected pulse waves

* * Measured pressure depends on both

3 * Wave speed varies with vessel conditions

1

C, o°C

Pulses at any point in the
artery are the algebraic

sum of forward transmitted
pulses and reflected
backward pulses each moving
at a speed of C, m/sec

p = blood density
C = arterial compliance
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Aortic Pressure and Flow Pulse Patterns

Summation and some take-homes
P * Pressure and Flow are Pulsatile
* Closing aortic valve = Pressure Incisura
* Closing aortic valve = Flow reversal
* Flow rises before rise in pressure

* CO = average of aortic blood flow
A
80 140
T
£ 120
=
1(1(; - Insisura
= (dicrotig Aortic Valve
= notch ] Starting to
< 10 ) Aortic &
v | close
.‘a__g 05 Flow
—
00 =t
Reverse
<—> Flow
0.1 sec
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Cardiovascular Pressure Variations

Summation and some take-homes

MAP decreases little in large arteries

P decreases most across arterioles

Most pulsations reduced toward capillaries
140 - * Plowest 2 CVP ~ RAP

mmHg SVSt0|iC * LV pulse pressure ~ 5x RV pulse pressure
el Large pressure loss
across arterioles
il ‘ ‘ ‘ ‘ is due to their high Central
! ' ‘ ’ vascular resistance Venous
Pressure
80 - 5 (CVP ~ RAP)
eo L Diastolic ,‘
Mean I\ Diaphragm A
: '\ l
O smallmean A
pressure loss Ab ~ 50 Y
201 in large arteries mmHg } J
°£r 48 j)l‘ o PR | B § o2 | S R | T | | S

aorta arteries  arterioles caps vnls veins RA RV PULM LA LV
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Pressures

AP = Perfusion Pressure

Pressure = Force/Area = Energy/Volume
[dynes/cm? or mmHg]

*Perfusion Pressure =P -P,= AP’
*Transmural Pressure =P; - P, = 6P

eResistance R = (128/7) x n x (L/D%)
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Blood Flow vs. Blood Velocity

Shear Stress = T = Max at wall ~ nQ/D3

| Up
Down /¢ N\eeceeees L stream
stream u(r)

— Flow

000000000000000000000000000000000

A=7i.D2/4 Velocity=U =avgu(r) Q=UXA
cm? cm/sec cm?/sec

For a given Flow, Velocity is inverse to Area U = %—

shear stress = viscosity x shear Rate = | x du/dr

du/dr = velocity gradient = shear rate

Dr. HN Mayrovitz



Laminar vs. Turbulent Blood Flow

Laminar Flow Turbulent Flow
?}X? .
| pd
r/ ’z____.V
/
velocity velocity
Critical N = 2000
Blood Laminar //’
Flow "~ Flow P~
~ AP
(Q) Q ‘_Turbulent_’
|:> Flow
Q "~ (AP)Y/2

Perfusion Pressure (AP)

(7 Osborne

N Laminar
]

Transitional

x___ Turbulent

FZITT

Long straight circular tubes

* Laminar flow has steady streamlines with no crossover
and flow (Q) vs. perfusion pressure (AP) is linear

* Turbulent flow has chaotic stream lines that cross each
other causing additional energy loss

* Added energy loss increases resistance to flow requiring
more perfusion pressure so Q not ~ AP as in laminar flow
but is Q ~ (AP)Y/2 for turbulent flow

* Transition from laminar to turbulent occurs at a critical
value of Reynolds number (N;) that depends on blood’s
density (p) , viscosity (n) and velocity (U) and vessel
diameter (D) as: N;=U x D x (p/n)

* The critical Reynolds number (Ng.) has a value of 2000
* An alternate form, useful when Q is known is
N: = (4/pi) x Q/D? x (p/m)

* Turbulence: more likely at high blood flow or velocity and
reduced blood viscosity

 For fixed blood flow, turbulence is more likely at areas of
diameter reduction (vascular or valvular stenoses).

* If turbulence occurs sounds it generates are murmurs
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Determining Pulmonary Artery Wedge Pressure

PVR = (MPAP - LAP)/CO
PVR = (MPAP - PAWP)/CO

Swan-Ganz
Catheter
Inserted

IVC

TV

Pressure Sensor

Measures
Inflated Pulmonary

Balloon Artery
Pulmonary Wedge

Artery Pressure

| (PAWP)

|

Estimate
LV of LAP

MPAP = Mean Pulmonary Artery Pressure
PVR = Pulmonary Vascular Resistance
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Right Sided Pressures
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Determining Cardiac Output (CO): Fick

~ 20 mlO,/dl
c302= 1.34 X SAT X [Hb]

Systemic
Artery

7 .
g V02 F‘ kl E 0
RA g T CO= Ca " Cv iIck’s Equation
2 Lv 02 02
g Q=CO .
Q=CO é | V02 = Oxygen Utilization
= %
%
RV -9
1 LA
? Example
/ 250 mlO,/min
CO=

Pulmonary
Artery

Cvot— ~(20 - 15) ml0,/100ml = 0.05 mlO,/ml blood

Mixed Pulmonary
Venous

Blood 0,/dl I
~ 15 mlO, /I

CO = 5000 ml/min
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Determining CO via Thermodilution Method

Thermodilution
Swan-Ganz catheter
with thermistor placed
into pulmonary artery
via peripheral vein
insertion

* Cold saline injected
into right atrium at
end of expiration

* Temperature changes
at thermistor sensed
and recorded

* Blood flow (cardiac
output, CO) is
determined from
temperature profile

Proximal

hﬁ\ When balloon inflated measure
Pulmonary artery wedge pressure

(PAWP) as estimate of LAP
Balloon

Pulmonary
Vein

Infusion Distal Infusion
Line (RA) - Line (PA) -
ulmonary
Balloon
Inflation AR
Thermistor Port
Temp Measured
To CO RA Port
Computer

\Injectate (AV) at 1 Blood at
| temperature temperature
T

T I
I
I
I
|
|
|
:
I
! AV = volume injected
: Area under the K - calibration constant
: extrapolated curve T

Time (t)
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End Lecture 18
or If time
Interactive Questions
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