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Kromě̌ŕıž, červen 2018



Srdečńı výdej

Mě̌reńı srdečńıho výdeje



Srdečńı výdej – Cardiac output (CO)
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Mě̌reńı srdečńıho výdeje
Swan-Ganz̊uv plicnicový katetr

Stewart–Hamiltonova rovnice

Qt1,t2 =

∫ t2

t1

F (t)C (t)dt

F =
Q∫∞

0 C (t)dt

Q . . . množstv́ı indikátoru, F . . . pr̊utok, C . . . koncentrace

indikátory

indocyaninová zeleň
teplo(ta)
Lithium
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Windkessel model

Mě̌reńı krevńıho tlaku
Windkessel model
Systola



Mě̌reńı krevńıho tlaku

botanik a fyziolog

 prvńı mě̌reńı krevńıho tlaku

p̌ŕımé mě̌reńı
(sloupec krve)

TK neńı konstantńı

oscilace se srdečńım
rytmem
vztah k elasticitě
velkých cév

Stephen Hales  – 
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Mě̌reńı krevńıho tlaku

Windkessel model Mě̌reńı krevńıho tlaku 5 / 21



Windkessel model

1899 – Otto Frank

tekutina je vsťŕıknuta do uzav̌rené, vzduchem naplněné
komory (compliance)

dále odteče p̌res otvor ven (rezistence)

analogie s hasičskou sťŕıkačkou

1

1Sagawa et al. 1990.
Windkessel model Windkessel model 6 / 21



Windkessel model

2

2Westerhof et al. 2009.
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Windkessel model
Analýza diastolické části

Předpoklady

Compliance je konstantńı:
dV

dP
= C

Tok se ř́ıd́ı podle Hagen-Poiseuillova zákona:

Q̇ =
dV

dt
= P · π

8
· 1

η
· R4

L

dP

dV
=

1

C

dV

dt
= −P

ω

1

P
· dP = − 1

Cω
· dt
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Windkessel model
Analýza diastolické části – obecný p̌ŕıpad

Compliance i tok jsou obecnou funkćı tlaku:

dP

dV
= f (P)

dV

dt
= −ϕ(P)

dV =
dP

f (P)

1

f(P)
· dP

dt
= −ϕ(P)
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Windkessel model
Analýza systolické části

Předpoklady

Tok do sytému za časový interval dt: dV = i · dt

Compliance je funkćı tlaku:

dP

dV
= f (P) → dVC =

dP

f (P)

Tok je funkćı tlaku:

dV

dt
= ϕ(P) → dVF = ϕ(P) · dt

dV = dVC + dVF
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Tok do sytému za časový interval dt: dV = i · dt

Compliance je funkćı tlaku:
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Windkessel model
Analýza systolické části

dV = i · dt dVC =
dP

f (P)
dVF = ϕ(P) · dt

dV = dVC + dVF

i · dt =
dP

f (P)
+ ϕ(P) · dt

i =
1

f (P)
· dP

dt
+ ϕ(P)
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Otto Frank ( – )



Windkessel model

Systola

i =
1

f (P)
· dP

dt
+ ϕ(P)

Diastola

1

f (P)
· dP

dt
= −ϕ(P)

i =
1

f (P)

[(
dP

dt

)
S

−
(

dP

dt

)
D

]

SV ∼
∫

stroke
i · dt
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Windkessel model
Shrnut́ı

dob̌re popisuje jen diastolickou část

dikrotický zá̌rez v̊ubec něreš́ı

p̌redpokládá pulz jako p̌rechodný fenomén na systému, který
je jinak v klidu

i velké cévy maj́ı rezistenci a i arterioly maj́ı compliance →
nelze zcela oddělit kompártmenty

problém š́ı̌reńı pulzu na cévńım systému
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Windkessel model
Souvislost s RLC obvody

formálně stejný popis, jako
jednoduchý obvod s
kondenzátorem a rezistorem

Kirchhoffovy zákony (1847)

1 Součet proudů do uzlu vstupuj́ıćıch je
roven součtu proudů vystupuj́ıćıch.

2 Součet úbytk̊u napět́ı na rezistorech ve
smyčce se rovná součtu napět́ı zdroj̊u.

G. R. Kirchhoff
( – )
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Windkessel model
Souvislost s RLC obvody

R odpor rezistence I proud pr̊utok krve
C kapacita poddajnost U napět́ı tlak krve
L indukčnost setrvačnost
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Windkessel model
Souvislost s RLC obvody

3

3Westerhof et al. 2009.
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Závěr

Plocha pod ǩrivkou a tepový objem
Kalibračńı konstanta



Plocha pod ǩrivkou a SV

SV =

∫
Ts

i dt

SV = K ·
∫

Ts

P dt

CO = TF · SV
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Plocha pod ǩrivkou a SV

Kde vezmeme K?
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Kalibračńı konstanta

K integruje charakteristiky řečǐstě a proces š́ı̌reńı vlny po
cévńım systému

tyto podḿınky se v dané situaci a u daného pacienta p̌ŕılǐs
neměńı

je rozumně konstantńı

populačńı charakteristiky

LiDCO rapid

transpulmonálńı Lithiová diluce

LiDCO

transpulmonálńı termodiluce

PiCCO
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