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uvod

v hemodynamicky monitoring je zaklad Uspésné
leCby nemocnych na ICU, OR

v Ulohou je detekce kardiovaskularni instability,
a sledovani reakce na terapi

v Idealni:
Siroce pouzitelny, bedside, neinvazivni, beat-
to-beat informace, spolehlivy, levny

Anno 2012 - neexistuje.....



Co monitorovat



zaklad monitorace

v klinicky stav
- barva, teplota a vlhkost klize, kapilarni
navrat, stav vedomi, dychani, diuréeza...

v pfimé mereni BP, HR, CVP
v pulsni oxymetrie

v ekg




parametry

cardiac
output
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\ ’ tlakové parametry ]

’ objemove parametry ]

| dynamicke parametry ]



tlakové parametry

v CVP (central venous presure)
v MAD (mean arterial presure)

v PAOP (pulmonary a. occlusion presure)

mala korelace s kardialnimi pIlnicimi objemy



objemoveé parametry

v I'TBI1 (intrathoracal blood volume index)
v GEDV (global enddiastolic volume)

v RVEDV (right ventricle enddiastolic volume)

vyrazne lepsi korelace s plnicimi objemy



dynamické parametry

v SVV (stroke volume variation)

v PPV (presure pulse variation)

umozni predikovat odpoveéd’ na volumoterapii
,fluid responsiveness*



cil monitorace:

potrebuje pacient:

e Inotropii?

e vasopresory?
e volumoterapii?
e diuretika?

. ..?



Cim monitorovat



cim monitorovat

v metoda
7 pristroj konsensus
v frekvence . .

_ neeX|stu1e
v finance



prehled metod

v invazivni
- Swan-Ganz katetr

v semiinvazivni (miniinvazivni)
- pulse-contour analyza

v neinvazivni
- ultrazvukovée metody
- Impedancni kardiografie
- systém zpéetneho vdechovani CO,

..... others



Swan-Ganz katéetr



Swan-Ganz katétr

v pulmonary artery catheter (PAC)

v Kklasicky invazivni monitoring
v poprve pouzit v r.1970
v nekolik desetileti zlaty standard

v pouzivani klesa (kardiochirurgie)



Swan-Ganz katétr

Swan HJ, GanzW «t al:

Catheterization of the heart in man with use of a flow-directed
balloon-tipped catheter.

N Engl JMed. 1970 Aug 27;283(9): 447-51.

Jeremy Swan, 1922-2005 William Ganz, 1919-2009



princip metody

v transkardialni termodiluce
v sleduje zmenu teploty krve v Case

v studeny bolus
vs. kratkodobé zahrati
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vyhody

v exaktni méreni intrakardialnich tlaku

v moznost méreni tlaku v a.pulmonalis PAP
v moznost méreni tlaku v zaklinéni PAOP

v moznost méreni centralni teploty BT

v-moznost méreni S O, (fibroopticky)



nevyhody

With the advent

v Invazivita of less invasive
o and noninvasive
v riziko: devices, the base
- katetrove infekce of clinicians that
- trombdza can initiate cardiac
- arytmie oulput moniloring
- poraneéni srdce Ci plicni tkane has increased
exponentially.

v ¢asové omezeni

v cena
..... hledani jinych metod



semiinvazivni metody




semiinvazivni metody

v Clil:
- podat podobné presné informace jako PAC
- S nizsimi riziky

v 0znacovany jako:
- malo, méné, minimalné invazivni

v nekolik metod, lisi se:
- principem, invazivitou
- spolehlivosti, vypovedni hodnotou
- naroky na personal
- financnimi naklady



semiinvazivni metody

princip pulse-contour
analyzy
s intermitentni kalibraci

e studeny NaCl (termodiluce)
e lithium (lithiova diluce)

bez kalibrace

e software



pulse-contour analyza

Pulse Contour Analysis

—

vpulse-contour analyza
hodnoti kontinualné plochu
pod arterialni krivkou

vplocha je umérna tepovému
objemu

v SV vypocitan jako integral
zmeny tlaku na konci Sa D

vCO =SV X HR



pulse-contour analyza a
termodiluce (kalibrace)



Central venous catheter

-\ ¥ sensor housing
3 W i

Injectate temperature

1-d|

PULSIOCATH

Arterial thermodilution catheter
(femoral, axillary, brachial)




termodiluce

Injection

~ Vv

(Tp- Ti) x VixK
[ T,xdt

COTD a -

Cardiac output is calculated by analysis of the thermodilution curve
using the modified Stewart-Hamilton algorithm



pulse-contour analyza

pulse-contour analyza hodnoti kontinualné plochu pod
arterialnf kfivkou a z duvodu validity je intermitentné
kalibrovana pomoci transpulmonalni termodiluce

Transpulmonary Thermodilution Pulse Contour Analysis

Injection
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area under the thermodilution curve
IS inversely proportional to the CO.

Temperature
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/\ normal CO: 5,5 I/min
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Tlme:
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high CO: 9.0 I/min

Tlme'




rozdil mezi PICCO a PAC

Pulmonary ||
Circulation ]

central venous
bolus injection

| PULSIOCATH

arterial thermo-
dilution catheter

Body Circulation

Transpulmonary TD (PICCO)

Pulmonary Artery TD (PAC)




S Intermitentni kalibraci

v umoznuje kalibraci v' vyZaduje CVK

v meéreni ITBI, GEDVI v' vyZaduje specialni
arterialni kanylu

v méreni SVV, PPV
v méreni EVLW, PVPI




bez intermitentni kalibrace

v' cardiac output je kalkulovan na zéakladé pulse-
contour analyzy

v algoritmus srovnavajici tvar kfivky s databazi
ulozenych krivek

v rlzné verze softwaru

P A




bez intermitentni kalibrace

v méné invazivni v neumoznuje kalibraci
v méreni SVV, PPV v’ chybi EVLW, PVPI
v nevyzaduje CVK v’ nepresné u nizkych

. P CO a nizké SVR
v’ nevyzZaduje specialni |

arterialni kanylu e S
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neinvazivni metody




neinvazivni metody

v  ultrazvukové metody
- TED — CardioQ, Hemosonic100™

v’ zpétné vdechovani CO,
- NICO™

Bioreactance: The Concept

v bioimpedance, bioreaktance
- BioZ, ECOM™, NICOM
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transesofagealni doppler



princip metody




princip metody
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limitace metody

v nutnost plné sedace (ev. relaxace) pacienta
v casové omezeni ponechani sondy v jicnu

v patologie jicnu

v OP: vykony v celkove anestézii

v ICU: marginalnée




Hodnoty nejcasteji
pouzivane Vv klinické praxi



PCCl  :4.52.... Flow
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Cardiac output
GEDI® 815 Cl x PCCI
VY- 9 Stroke volume index
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dpmx 847 mmHg/s




PCCI
Rl

SVRI
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Preload volume

Global enddiastolic

volume
GEDI

Intrathoracal blood
volume index

I TBI

Volume responsiveness
SV




SVV

v'stroke volume variation

v'hodnoti variaci SV v
zavislosti na UPV (30s)

v'dynamicky parametr

v'udava
~volume responsiveness*

v'norma < 10%

SVmax o SVmin

SVV =

mean



PCCl  24.52.... Afterload

I/ein/me SV[ ‘47 mil/m*

= Systemic vascular
@EDUO 0 1| D) resistance index
SVV 9§ SVR]

SVRI 1735

dyn*s*«cm—m’




SVRI

v'systemic vascular

resistance index

(MAP - CVP) x 80 v'kalkulovany parametr
CO afterloadu

SVR =

v'nasazeni a davkovani

vasopresoru
v'norma 1700 — 2400

dyn*s*cm->*m?



PCCI  84.52 Contractility

vmini SVI 47 mum
Global ejection fraction
GEDI® 815mwm GEF

SVWW 9 Left heart contractility
dPmx

SVRI 1735

dyn*s*«cm—m’




dPmax

P [mmHg] A

.
t [s]

udava maxim. rychlost vzestupu tlaku v levé komore




PCCI .4, 52
Rl

min/m¢ ‘47 mt/m*
SVWW 9

SVRI 1735 GEF O®

dyn*s*«cm—m’

dpmx 847 mmHg/s

Organ function

Extravascular lung water
Index

ELWI

Pulmonary vascular
permeability index

PVPI
Cardiac power index
CPI



| | G Lungs
/ = N
,u"’lr "-.__‘
..'jr TR H.,
[ A J!I |I‘ I
Pulmonary
circulation
Left Heart
Right Heart
Body circulation

ELWI

v'extravascular lung
water index

v'obsah vody v plicich
mMimo cevni reciste

v"hodnoceni
volumoterapie

v’kvantifikace plicniho
edemu

vnorma3,0-7,0
ml/kg IBW



ELWI 21 ml/kg IBW

ELWI 11 ml/kg IBW

ELWI 5 ml/kg IB
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note:

"Prognosis cannot be improved by catheter
insertion per se; it can only be worsened.

.. @ monitoring technique can only be as
good as the interpretation of the data it
provides and the clinical application of this
interpretation”.

J.L.Vincent in Crit Care Med 1998 26:1283-7
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