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Conservation of Mass/Flow

Blood Flow Velocity

Christian Andreas Doppler » - -
1803 - 1853 Positive Frequency Shift

Emitted Frequency (fo)
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Reflected Frequency (fr)

(fr-fo) = 2fo v (cos@)/c

C= average speed of sound in tissue (1540m/sec)

Quantifying Blood Flow

Time ¢
X

nstantaneous
velocity at tx

Ayoojop

Flow = velocity x cross sectional area




Quantification of Blood Flow

Time

Ayoojop

Volume Calculation

mr2 = Area = Area (cm?)

Vel (cmisec) _ = stroke distance (cm)
time (sec)

Area (cm)? x Distance (cm) = volume (cm)?

Volume Calculation

mr2 = Area = Area (cm?)

Vel (cm/sec) _ = stroke distance (cm)
time (sec)

Area (cm)? x Distance (cm) = volume (cm)3?




Stroke Volume

b

Stroke Volume = CSA x TVI
=.785( )*x
=72 cm? or ml

Hemodynamics

Pressure (mmHg)

Flow (volume/ ¢ 5hservation of Energy

Resistance (WU)




Daniel Bernoulli
1700-1782

Bernoulli Equation
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P1-P2 = 1/ 2p(V22-V12) Convective acceleration
+

p [ (dv/dt) * ds  Flow acceleration
+

R(u) Viscous Friction

P1&V1= proximal to obstruction
P28V2= distal to obstruction
p=mass density of blood
R=viscous resistance

1 = viscosity

Bernoulli Equation

AP = 1/ 2p(V22-V12) Convective acceleration
+

V, <<< VP f{ﬁ@f_@f*oi‘é ighoreNttion

Viscous Friction

()
AP = 4V,2




What Is The RV Systolic Pressure?
TR CW Doppler

e
© 2.6m/sec

RVSP=4(26)2 + 5
= 32mmHg

Echocardiography
PA Catheter in a qu

Echocardiography as a
Noninvasive Swan-Ganz
Catheter
Jae K. Oh, MD

Circulation 2005;111;3192-3194




Hepatic Tricuspid
veins annular
motion

Tricuspid Inflow




Tricuspid Inflow

DTI - Tricuspid Annulus

AV AV

DTI - Tricuspid annulus
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Normal Values *| ‘

S$’>9.5cm/s
e’>7.8cmls
a’>8cmls
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E/e’ = 45/10

A £l ratlo >§

15% speciilclyy
1z MAP=Usirle

Nageh MF et al: Am J Cardiol 584:1448, 1999

Right Atrial Pressure

TVI HVs

SFF = VTRV + TVI Hvd o

Nageuh et al Circulation 1996;93:1160-69




Right Atrial Pressure

Inferior Vena Cava

*| Eustacian Valve

Right Atrial Pressure

Inferior Vena Cava

“IVC > 12mm had no predictive value for right atrial pressure”

Jue et al JAm Soc Echocardiogr 1992;5:613-19
Jup | 2
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Assessment
ng Doppler

Noninvasive Assessment of Right Atrial
Pressure Using Doppler Tissue Imaging

e

ip

Right Atrial Pressure

Regional Right Ventricular Isovolumic Relaxation Time

rIVRT >59ms; RAP<8mmHg

-

Abbas et al J Am Soc Echocardiogr 2004;17:1155-60

RV rlVRT

Right Atrial Pressure

Regional Right Ventricular Isovolumic Relaxation Time

RV riVRT = 113 msec RV riVRT = 33 msec

RV rIVRT = 113 msec RV rIVRT = 33 msec
RAP =2 mmHg RAP =20 mmHg
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Right Ventricle

Systolic Pressure

53.0mmHg
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Pulmonary Artery

Systolic Pressure**

Estimate of RVSP / PASP
Assumptions

1.Velocity is only dependent on
pressure.

Doppqgffﬁ)éqafﬂ\g)lgfﬁﬂ)éa uation
[ ]

* If V1 is significant ( >1.5 m/sec)

» Presence of anemia (viscous friction)

Estimate of RVSP / PASP
Assumptions

1.Velocity is only dependent
on pressure.

l;Iov\vl=x Velocity

Contractility
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Estimate of RVSP / PASP
Assumptions
1.Velocity is only dependent
on pressure.

2.You can accurately estimate
right atrial pressure.

- Non simultaneous
- Peak systole

I MAYO CLINIC HOSPITAL

JStore in progress|
HR= 85bpm
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Estimate of RVSP / PASP
Assumptions

1.Velocity is only dependent
on pressure.

2.You can accurately estimate
right atrial pressure.

3.Right ventricular systolic
pressure = Pulmonary artery

systolic pressure

Pulmonary Artery

Diastolic Pressure

Pulmonary Pressure = 33 /16
Cath PADP =
Echo PADP = 4(0.8)2 + 12 =

e M ET

of Mean Pul
Artery Pressure
Schiller, Mo

Echocardiographic Determination of
Mean Pulmonary Artery Pressure

o
e o
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ph of Mean
Artery Pressure

Ame E. Abbas, D, F. David Fortuin, w0, Nelson B. Schiller, o,
Christopher P. Appleton, ¥, Carlos A. Moreno, 85, and Steven ). Lester, uo

Pulmonary Artery

Mean Pressure

Pulmonary Pressure = 33/16/23
| r

Hemodynamics

Flow (volume/time) Pressure (mmHg)

Resistance (wu)
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Case

*65 y/o women

* Chronic kidney disease status
post renal transplant.

e Left arm AV fistula

*Cirrhosis felt secondary to
alcohol abuse and NASH
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Right Ventricular Systolic Pressure

o
RVSP= 4 (4.1+RAP ** |
=67+10 FaE
=77mmHg

Pressure is the Product of
Flow Resistance

Calculation of Pulmonary
Vascular Resistance

PVR = Transpulmonary pressure (Ap)
Transpulmonary flow (Qp)

= PAM-PCWP
(o0)
PAM = Mean pulmonary artery pressure
PCWP = Mean pulmonary capillary wedge

pressure
CO = Cardiac output
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Pulmonary Hypertension

A Simple Method for Noninvasive
Estimation of Pulmonary Vascular Resistance
Amr E. Abbas, MD,* F. David Fortuin, MD,* N I
C t er P. t ), FACC,* Carlo

MD, FACC;
teve Lester, MD, FACC*

We soush ¢ ratio of pesk ricunid reqursitant »

A Simple Method for Noninvasive‘Estimation
Of Pulmonary Vascular Resistance

by, TRV/TVl gy comelated well r = 0.929, 95%

x {J Am Coll Cardiol 2003;41:1021-7

luble, nonimvasive method o determine
2003 by the Am g

Pulinonary Hypertension

A Simple Method for Noninvasive
Estimation of Pulmonary Vascular Resistance

Amr E. Abbas, MD,* F. David Fortuin, MD,* Nelson B. Schi
Christopher P. Appleton, MD, FACC,* Carlos A. Mo
S e -

Pulmonary Vascular Resistance

TRV = 4.1m/sec
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PVR = RV.CJTTV,=25<;r‘ = 0'1 64

~

.
-

-
.
.
.
.
.
ey

s,

3
0
O




Pulmonary Vascular

Resistance
Echo PVR Cath
PASP = 77mmHg PASP = 72mmHg

PVR = (TRV/RVOT,, ) 10 + 0.16 PVR = 2.0 Wu

=1.64 +0.16

=1.76 WU

Simplified formula

PVR = 10 x TRV/TVI gy

PULMONARY HEMODYNAMICS

Noninvasive Assessment of Pulmonary Vascular
Resistance by Doppler Echocardiography

Noninvasive Assessment of Pulmonary Vascular
Resistance by Doppler Echocardiography

meato of PYR. The role of TRV/TVlayor was also compared with that of a new
with markedly evated PVR (>6 WU).

T T
of the TRV/TVlayor rato asa cor
ratio, TRV*/Vlaycr, in patents
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Non Invasive Estimation of PVR
TRV / TVlgyor

Yes
Normal PVR Elevated PVR
>2W

=TRV/ TVlgyor

PVR=TRV? TVI

The Noninvasive Evaluation of
Exercise-induced Changes in Pulmonary
Artery Pressure and Pulmonary
Vascular Resistance

Chad M. Bidart, MD), #
P

Background During exercise, pulmonary artery Results: During exercise, PASP increased in both
systolic pressure (PASP) may increase. The pur-  groups with higher values achieved by patients with
pose of this study was to examine the responses of  pulmonary conditions (54.8 vs 70.6 mm Hg, P =
PASP and pulmonary vascular resistance by Dopp- .009). At baseline the ratio TRV/right ventricular
ler echocardiography during exercise in condi-  oueflow tract time-velocity integral was 0.2 or less in
tioned athletes and in patients with pulmonary  both the athlete and pulmonary groups. During
iscase. icular outflow
Metbods: Fiftcen parti less than 0.2 in
evaluated using Doppl n 0.2 in the
and during recumbeat
calculated using 4 ti " hy can be used
wvelocity squared (TRV)* and a surrogate for pulmo- istance-mediated
- — - = in PASP.
[ 0 m Soc Echocardiogs 2007:20:270 |

right ventricular outflow tract time-velocity integral.

The Noninvasive Evaluation of
Exercise-induced Changes in Pulmonary

Pressure is the Product of

C, Jamee M_Parich MD)_FCCP_FACP.

<~ Resistance

right ventricular outflow tract time-velociey integral.
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Tricuspid Regurgitant Velocities (m/s)

ral (TVIgyot) (cm)

Time Velocity Inte;

Tricuspid Regurgitant Velocities (TRV)

Athletes Pulmonary Patients

12345678 9101112131415 1 2 3 4 56 7 8 9 1011121314 15
Athletes Patients

Bidart CM et al J Am Soc Echocardiogr 2007;20:270-5

Time Velocity Integral (TVigyo7)

Athletes Pulmonary Patients

-0
- Exercise

12345678 911112131415 1 23 4 56 7 8 91011121314 15
Athletes Patients

Bidart CM et al J Am Soc Echocardiogr 2007;20:270-5

Hemodynamics

FLOW (YOLUME/TIME) PRESSURE (MMHG)

RESISTANCE (WU)
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Conclusion
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