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Meéne invazivni monitorace

hemodynamiky na ICU ?

up-to-date 2014...

....more questions than answers
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Jak monitorovat?
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Ramsingh D, Alexander B, Cannesson M. Clinical review: Does it matter which hemodynamic
monitoring system is used? Crit Care. 2013 Mar 5;17(2):208.



PAC (Swan-Ganz)

G

o katetrizace 1929 (Forssman), balonovy katetr 1970
e CVP, PAP, PAOP, CO a SvO, jednim vstupem
* invazivita, cena, slozitéjsi interpretace

e opakované neprokazany benefit ve studiich, nékteré
studie s Cetnéjsimi komplikacemi, ale

— eticky problém randomizace, pacienti skutecné potrebujici
PAC nerandomizovani = nezarazeni

— pro jinou monitoraci také benefit neprokazan
e v uziti 65% pokles mezir. 1993 a 2004
e stale reference k porovnani presnosti ostatnich metod

Pulmonary artery catheter monitoring in 2011. Richard C, Monnet X, Teboul JL. Curr Opin Crit Care. 2011 Jun;17(3):296-302.
The pulmonary artery catheter. Vincent JL. J Clin Monit Comput. 2012 Oct;26(5):341-5.



Transpulmo onalni termodiluce
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e PiCCO (Pulsion), novéji VolumeView (Edwards)

e centralni zilni a ,,centralni” arterialni katetr

e meéreny CO vcelku koreluje s PAC

e po zmeéreni CO schopny mérit kontinualné
analyzou pulsove krivky
e prinasi dalsi hodnoty:
— EVLWI: extra-vascular lung water index
3-7 ml/kg, cut-off 10 ml/kg?
pribyva studii na klinickou hodnotu u ARDS, sepse...
— GEDVI: global end-diastolic volume index
680-800 ml/m?
nesplnil o¢ekavani jako prediktor volume responsiveness

Clinical review: Does it matter which hemodynamic monitoring system is used? Ramsingh D, Alexander B, Cannesson M. Crit Care. 2013 Mar 5;17(2):208.
The PiCCO monitor: a review. Litton E, Morgan M. Anaesth Intensive Care. 2012 May;40(3):393-409.
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Transpulmon

e LiDCOplus
— specificky lithiovy sensor

— diluce lithium chloridu — ovlivnéni hyponatremii,
chron. medikaci Li a svalovymi relaxancii

— nevyzaduje CVK
— méri kontinualné

Clinical review: Does it matter which hemodynamic monitoring system is used? Ramsingh D, Alexander B, Cannesson M. Crit Care. 2013 Mar 5;17(2):208.
Clinical review: Update on hemodynamic monitoring--a consensus of 16. Vincent JL et al. Crit Care. 2011 Aug 18;15(4):229.
Monitoring cardiac function: Echocardiography, pulse contour analysis and beyond. Renner J, Scholz J. Best Pract. Res. Clin. Anaesthesiol. 2013 Jun;27(2):187.



e uzivatelsky snadné, kontinualni (,,beat-to-beat”)
 malo invazivni (arterialni linka)

e EBM — velké mnozstvi praci, protichudné vysledky
— PiCCO: pri Casté kalibraci spolehlivé i pfi zménach SVR
— Vigileo: selhava u zmeén SVR, nepresny na katecholaminech,
pri vasoplegii..., nepomohla treti generace software
— LiDCOplus: na ICU protichidné vysledky, spise spolehlivy,
limitovan mj. max. denni davkou lithia
— LiDCOrapid: nevalidovan proti PAC, selhava na vasoaktivni
medikaci
e nekalibrované malo presné — sledovani trendu ne
absolutnich hodnot, selzou pfi zménée SVR

Monitoring cardiac function: Echocardiography, pulse contour analysis and beyond. Renner J, Scholz J. Best Pract. Res. Clin. Anaesthesiol. 2013 Jun;27(2):187.
Clinical review: Does it matter which hemodynamic monitoring system is used? Ramsingh D, Alexander B, Cannesson M. Crit Care. 2013 Mar 5;17(2):208.
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Analyza p

e problémem prepocet tlaku na pritok, resp. objem/cas —
nutnost znalosti compliance

e Windkessel“ model - '

o ,elektricky“ model hg 0 ué F[aaﬁ
== LR 5 cL ¢R cL 2“
* nenizpetny tok L | L

* nejsou odrazy pulsové viny
e R (=SVR) se béehem srdecniho cyklu neméni

e behem jednoho cyklu je mnozstvi krve vtékajici do cévy
je stejné jako mnozstvi, které cévu opusti

Arterial waveform analysis for the anesthesiologist: past, present, and future concepts. Thiele RH, Durieux ME. Anesth Analg. 2011 Oct;113(4):766-76.
Cardiac output derived from arterial pressure waveform. Mayer J, Suttner S. Curr Opin Anaesthesiol. 2009 Dec;22(6): 804-8.
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Arterial waveform analysis for the anesthesiologist: past, present, and future concepts. Thiele RH, Durieux ME. Anesth Analg. 2011 Oct;113(4):766-76.
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PiCCO

analyza plochy pod
systolickou casti
arterialni krivky

nalvza p
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Vigileo/FloTrac
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analyza
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(sys i dia)
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compliance aorty dle
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krivky a dP/dt

potrebuje kalibraci

korekce dle BSA a
skewness and
curtosis 60
sekundového
zaznamu
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,pacientskym
faktorem*

nomogram pro
LiDCOrapid

{+} Positively Skewed
Distribution
(-} Negatively Skewed
Distribution

Noninvasive cardiac output monitors: a state-of the-art review. Marik PE. J Cardiothorac Vasc Anesth. 2013 Feb;27(1):121-34.

(+) Leptokurtic

{0} Mesokurtic
{Normal)

(-} Platykurtic

http://mvpprograms.com/help/mvpstats/distributions/SkewnessKurtosis

Arterial waveform analysis for the anesthesiologist: past, present, and future concepts. Thiele RH, Durieux ME. Anesth Analg. 2011 Oct;113(4):766-76.
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zmeny SVR

vyska/vdha pacienta ???
pretlumeni monitorem
misto snimani art. krivky

— odrazy pulsové viny
— selektivni redistribuce CO pri hemodynamické nestabilité
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vni analyza pulzové

* LiDCO CNAP

— pouziva PulseCO k vypoctu CO
— dosud malo dat

— cilen na perioperacni monitoraci

e ccNexfin/ClearSight (Edwards) @

_—

A
— validace na méfeni TK — dobré vysledky T?\\é

— pouziva Nexfin CO-trek algoritmus

— Nexfin-CO koreluje s termodiluci po kardiochirurgii

— ICU ???

— problematické pri KV nestabilité a vasoaktivnich latkach

Monitoring cardiac function: Echocardiography, pulse contour analysis and beyond. Renner J, Scholz J. Best Pract. Res. Clin. Anaesthesiol. 2013 Jun;27(2):187.
Noninvasive continuous cardiac output by the Nexfin before and after preload-modifying maneuvers: a comparison with intermittent thermodilution cardiac
output. Bubenek-Turconi Sl, Craciun M, Miclea |, Perel A. Anesth Analg. 2013 Aug;117(2):366-72.
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e vascular unloading
— Penazova metoda predpoklada potlaceni vlastni elasticity cévy

— kolem 1/3 max. poloméru tepny
— Physiocal algoritm (Nexfin), VERIFI algoritm (CNAP)

e prstovy TK nas nezajima
— rekonstrukce brachialniho arterialniho tlaku z prstového (Nexfin)
— prepocet prstové krivky dle korekce brachialni manzetou (CNAP)

* hydrostaticky tlak

— korekcni systém u Nexfin
— u CNAP kalibrace brachialni manzetou

Noninvasive continuous hemodynamic monitoring. Truijen J, van Lieshout JJ, Wesselink WA, Westerhof BE. J Clin Monit Comput. 2012 Aug;26(4):267-78.

Should we use early less invasive hemodynamic monitoring in unstable ICU patients? Cecconi M, Bennett D. Crit Care. 2011 Jul 28;15(4):173.

Early non-invasive cardiac output monitoring in hemodynamically unstable intensive care patients: a multi-center randomized controlled trial. Takala J et al. Crit
Care. 2011 Jun 15;15(3):R148.

Noninvasive hemodynamic monitoring in the emergency department. Middleton PM, Davies SR. Curr Opin Crit Care. 2011Aug;17(4):342-50



Ultrazvukové techniky

* Transesofagealni Doppler
— pouzitelné od 70.-tych let
— narocné, zavislé na uzivateli

— zjednodusené systémy (CardioQ)
— kontinualni (ale problém polohy sondy)
— validace v perioperacni mediciné u vysoce rizikovych vykon(

e Suprasternalni Doppler (USCOM) r-~\ ‘
— jen intermitentni méreni ==
— zavislé na uzivateli, chybi validace

Clinical review: Does it matter which hemodynamic monitoring system is used? Ramsingh D, Alexander B, Cannesson M. Crit Care. 2013 Mar 5;17(2):208.
Clinical review: Update on hemodynamic monitoring--a consensus of 16. Vincent JL et al. Crit Care. 2011 Aug 18;15(4):229.



Bioimpedancni techni

 Impedancni kardiografie (napfr. BioZ)
— zmeny impedance hrudniku korelované dle EKG
(ventricular ejection time): odhad SV
— nejstarsi neinvazivni technika méreni SV

— velmi nespolehliva na ICU (pohyb, ruseni, poloha
elektrod, plicni voda....)

e Bioreaktance: NICOM (Cheetah)

— bioreaktance = fazovy posun
— daleko presnéjsi nez bioimpedancni techniky
(jen pulsatilni tok vyvola fazovy posun)

— meéne citliva na polohu téla a elektrod i arytmie

— neni validace pro intenzivni péci

— ojedinélé prace slibné

— v perioperaéni koreluje s termodiluci i SV =Cx VET x 8Z,/6t,,,
Dopplerem SV=CxVET x 6d/6t

)¢

max

Noninvasive cardiac output monitoring (NICOM): a clinical validation. Squara P et al. Intensive Care Med. 2007 Jul;33(7):1191-4.
Cardiac output measurements using the bioreactance technique in critically ill patients. Fagnoul D, Vincent JL, Backer DD. Crit Care. 2012 Nov 9;16(6):460.
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Pulse wave

* Nihon Kohden Vismo
— opozdéni pulsové viny proti QRS
— zcela neinvazivni
— self-kalibrace podle demografickych dat, PWTT a NIBP
— SV=Kx (ax PWTT + B)
— konstanty ziskané z demografickych studii (Evropa??)
— skutecné dobra korelace jen u zdravych dobrovolnik(
— na ICU malo dat, nepovzbudivych

A novel continuous cardiac output monitor based on pulse wave transit time. Sugo Y, Ukawa T, Takeda S, Ishihara H, Kazama T, Takeda J. Conf Proc IEEE Eng Med Biol Soc. 2010;2010:2853-6
Comparison of esCCO and transthoracic echocardiography for non-invasive measurement of cardiac output intensive care. B. Bataille, M. Bertuit, M. Mora, M. Mazerolles, P. Cocquet, B. Masson, P. E.
Moussot, J. Ginot,S. Silva and J. Larche. British Journal of Anaesthesia 109 (6): 879—86 (2012)
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e obtizny prukaz vlivu na mortalitu
— monitorace je nastrojem protokolu

— ,low mortality problem® a ,,control group problem*
e co je to spolehlivost monitorace ?
— presnost PAC 5-15%...je 10% vzestup CO uspéch intervence?

— percentage error 30% nebo 45%, concordance 92 nebo 88%

e perioperacni péce neni ICU
perioperacni péce

— >

fyziologicky hemodynamicka
stav odezva
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Take home

e vSechny metody pouzivaji presumpce a aproximace

* meéné invazivni kalibrované metody maji celkem
prijatelnou shodu s PAC

* nekalibrované metody vyrazné ztraci spolehlivost u
menicich se vlastnosti obéhu (vaskularniho tonu)

o

e pro radu monitoru velmi malo studii na ,general ICU
* neni zcela jasné, kde lezi hranice presnosti

e co je vhodné pro perioperacni medicinu muze byt
zcela insuficientni pro ICU

e spise ,gray zones” nez ,,cutoffs”
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Nechtéjme po hemodynamickych monitorech vic, nez
ze sve fyzikalni a fyziologické podstaty dokazi
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Dékuji za pozornost



