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*  Méfeni srdeéniho vydeje (CO)

 Cardiac output = objem krve vypuzeny z LK/PK do Ao/plicnice za cas (4-8 |/min)

- Cardiac index = CO/BSA (2.5-4 |/min/m?) DO, HR preload
+ V dg,, difdg, efekt léby i | X oo
 Volba metody mereni CO je individualni e SV‘/ afterload
- stav pacienta, klinicky priibéh - 1.34 x [Hb] x SpO,
- vyhody a nevyhody/limitace Cao{l 0.003.:-Pa02
- dostupnost

« Spravna monitorace - interpretace - odpovéd’

Alhashemi, Jamal A., Critical Care 15.2 (2011): 214.
https://rk.md/2017/oxygen-delivery-equation/




Moznosti méreni srdecniho vydeje
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Pulse pressure analysi Doppler

.

invasive

minimally invasive

Bioimpedance

Bioreactance Applied Fick principle

Alhashemi, Jamal A., Critical Care 15.2 (2011): 214.



* Integrativni pristup k mereni CO
/

Calibrated pulse
pressure analysis

Uncalibrated pulse pressure analysis

; j
» :
§ Transesophageal Doppler
S A Applied Fick
E Non-invasive pulse pressure analysis principle

Transthoracic Doppler Endotracheal
‘ bioimpedance

Thoracic & whole body bioimpedance / bioreactance

I
i

i
i

Ward ED OR ICU
Alhashemi, Jamal A., Critical Care 15.2 (2011): 214.



+ Doppler, echokardiografie
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Doppler Method

Step 1 Calculate the LVOT area LVOT Area = 1t x (LVOT Diameter/2)? LVOT Area = . cm?
Step2 Calculate Stroke Volume SV (mL) = LVOT area (cm?) x VTl (cm) SV= _ mL
Step3 Calculate Cardiac Output  CO (mL/min) = SV (mL/cycle) x HR (bpm) CO = mL/min

LVOT =2.1cm

VTl =21cm

SV = (LVOT/2)2 x VTl =72 ml
Svi =45 ml/m?

SV = LVOT AREA XLV

CO = (LVOT AREA X LVOT VTI) X HR

* Dobra korelace s termodiluci — SD (0,24 |/min/m?2)
* Alternativa mereni RVOT, 2D, 3D (mene presné)
* TEE (perioperacni monitorace, descendentni Ao)

Patel, H. N., et al. (2021). Journal of the American Society of Echocardiography, 34(10), 1077-1085..
https://www.pocus101l.com/measuring-cardiac-output-with-echocardiography-made-easy/



Neinvazivni
Opakovatelné — vyvoj/trend

Reprodukovatelné

Odpoved na tekutiny (PLR)

Komplexni hodnoceni funkce

Pouzitelné na VA ECMO

Nevyhody / Limitace

Vysetritelnost

Mereni LVOT

Incidencni uhel (podhodnoceni)
Regurgitace

Obstrukce LVOT (i dynamicka)

Fibrilace sini, Cetné extrasystoly

Impella (Ize uzit RVOT)

Blanco, Pablo. The ultrasound journal 12 (2020): 1-9.



*+  Analyza arterialni tlakové krivky
Pulse wave/contour/pressure analysis

* Princip — SV muze byt kalkulovan dle tvaru systolicke faze tlakove krivky
a je umerny amplitude

* Nejen SV - compliance, Ao impedance a periférni arterialni rezistence

Stroke VOIV

Compliance N

Systemic vascular N
resistance

Alhashemi, Jamal A., Critical Care 15.2 (2011): 214.
Neinvazivni a invazivni monitorace hemodynamiky: na jednotce
intenzivni péce, Petr Ostadal, Richard Rokyta et al.




*  Pohled na monitor

AAAAAAAA

131/72

(96)




Noninvasive

(Minimally-)invasive

(noninvasive sensors)

(arterial catheter)
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ANV

Pulse wave

analysis

Calibrated systems Uncalibrated systems

Externally calibrated: Internally calibrated:
- indicator dilution method - biometric data
- any other external CO value - demographic data
- haemodynamic data
- waveform characteristics

Alhashemi, Jamal A., Critical Care 15.2 (2011): 214.



*  Nekalibrované systémy
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o 24.05.2023 -
BO d of “ogszee @ IS

* Nutny pouze arterialni katetr ‘ —
* Jednodussi | (91)

Nepresné (odhad compliance a impendance)
Pozor u AoS, AoR

* Lehci pacienti (trend nikoli hodnota)

Flotrac, LIDCO rapid, Pulsioflex, MostCare

Alhashemi, Jamal A., Critical Care 15.2 (2011): 214.
Neinvazivni a invazivni monitorace hemodynamiky: na jednotce intenzivni péce, Petr Ostadal, Richard Rokyta et al.
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Kalibrovaneé systémy

» Transpulmonalni diluce
(termodiluce/lithium)

» Zména teploty CZK - femoralni tepna
* Presngjsi nez nekalibrované
 Presnost klesa s dobou od kalibrace
* V pripade nestability caste kalibrace

« PICCO a VolumeView (presné validacni
studie)

* LIDCO plus (lithium — cross reakce s
rocuroniem a atracuriem)

Alhashemi, Jamal A., Critical Care 15.2 (2011): 214.
Andreas Kruger in Neinvazivni a invazivni monitorace hemodynamiky:
na jednotce intenzivni péce, Petr Ostadal, Richard Rokyta et al.
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Nevyhody / Limitace

Semiinvazivni Nepresné (absolutni hodnoty) u
velmi nizkého CO < 2 I/min
Kontinualni - trend Artefakty, damping

Odpoved na tekutiny/intervence Aortalni regurgitace

Dalsi parametry (SVV, EVLW, Arytmie
GEDV, GEF)

Mechanické srdecni podpory
Rychlé zmeny stavu/tonu

Cena

Monnet, X., et al. British journal of anaesthesia 114.2 (2015): 235-243.



* Plicnicovy S-G katetr a mereni CO

e Robustni klinicka evidence

* Princip registrace zmeén teploty po vstriknuti
definovaneho objemu tekutiny

* Intermitentni bolus (roztok 10 ml o urcené teplote)
* Kontinualni méreni (termofilamentum)

» Rezervované pro kombinované soky a Spatnou
odpoved na inicialni terapii

Thiele, Robert H., Critical care medicine 43.1 (2015): 177-185.



LEADS FAIL
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Kobe, Jeff, et al. Annals of cardiac anaesthesia 22.1 (2019): 6.
Braunwald's Heart Disease: A Textbook of Cardiovascular Medicine.
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Nezavislé na aplikaci bolusu
10 cm termofilamentum v PK
Teplotni pulzy 30-60s

Vysoka frekvence vzorkovani
Infuze-1TalCO

Kontinualni mereni CO

/
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Modeling & t-estimation
modeling

RVEF CEDV calculation

RVEF = 1-exp[-60/(t*HR)]
CEDV = (CCO/HR)/RVEF

Bootsma, I. T, et al. Journal of clinical monitoring and computing (2021): 1-15.




AAAAAAAA

Vyhody Nevyhody / Limitace

Zlaty standard, evidence Invazivni, komplikace

Chyby v mereni (teplota, objem,
poloha katetru)

Komplexni HD profil (PCW) Zkraty (L—P nadhodnoceni)

Kontinualni - trend

Impella Trikuspidalni reg. (typicky
podhodnoceni)

VA ECMO
Hypotermie
Arytmie

Monnet, X., et al. British journal of anaesthesia 114.2 (2015): 235-243.



+ Méreni CO na VA ECMO

VFN PRAHA

 Vlastni a extrakorporalni pratok
« Zavedeni plicnicoveho katetru pred / poté pod skiaskopickou kontrolou
« Zasadni echokardiografie, termodiluce zkreslena, analyza arterialni krivky nepouzitelna

Table 1. Validity of monitoring during extracorporeal membrane oxygenation

VV ECMO VA ECMO Comment
Venous Potentially valid Valid Depends on the site of the venous cannula and how much
oxyhemoglobin recirculation is present. Note the arteriovenous saturation
saturation difference for those with arterial hypoxemia
Pulse oximetry Usually valid Lacks validity During VA ECMO, lack of pulsatility and differential hypoxia
make pulse oximetry invalid
Indicator dilution Lacks validity Lacks validity May be valid during VV ECMO at low blood-flow rates
NIRS Valid Valid May also be useful to monitor extremity perfusion during VA
ECMO
LVOT VTI Valid Lacks validity Can confirm the presence of LV ejection during VA ECMO
Pulse contour stroke Valid Lacks validity
volume
POCUS Valid Valid But does not allow assessment of global perfusion during VA
ECMO, and may not reflect LV function accurately when the
ECMO circuit has unloaded the heart
PPV/SVV to predict Lacks validity Lacks validity Value compromised by small tidal volume, reduced lung
fluid response compliance, and ventricular dysfunction

ECMO, extracorporeal membrane oxygenation; LVOT VTI, left ventricular outflow tract velocity-time integral; NIRS, near-infrared spectroscopy; POCUS, pointofcare
ultrasound; PPV, pulse pressure variation; SVV, stroke volume variation; VA, venoarterial; VV, venovenous.

Krishnan, Sundar, and Gregory A. Schmidt. Current opinion in critical care 25.3 (2019): 285-291.



*  Méreni CO na Impella
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« S-G katetr, teoreticky mereni Doppler RVOT, nelze analyzu art. krivky

Enter Cardiac Output

CARDIAC OQuTPUT METRICS
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 Volba metody méreni CO je individualni dle stavu pacienta s vedomim

vyhod a nevyhod/limitaci metody.
« Méreni Doppler TTE je zakladem (u vsech pacientu vstupné).
« Méreni pomoci plicnicoveho katetru zustava zlatym standardem.
» Hodnoceni v kontextu situace a ostatnich (HD, lab) parametru.

* Monitorace - interpretace - odpoveéd muze ovlivnit progndzu pacienta.



*  Dékuji za pozornost
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Extremes of mechanlcal support

Porizka, M., Rulisek, J., Flaksa, M., Otahal, M., Lips, M., Belohlavek, J., & Balik, M. (2022). Dual veno-arterial extra-corporeal
membrane oxygenation support in a patient with refractory hyperdynamic septic shock: a case report. Perfusion, 37(3), 306-310.
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*  Fickav princip

Fickuv princip
« Zakon zachovani hmoty

* Prijem a vydej substance z organu = LUNGS
krevni pruatok x AV rozdil koncentrace
+ CO = VO2 / ([Ca02-CvO2] x 100) °"9°|"”|”°°|: 2°°| |
o,l. 5000 miimn o'.
 Modifikace - spotfeba O2 podle Ko fions e
normogramu/rovnice (nepresné) L L

© Elsevier. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentconsult.com

Thiele, Robert H., Critical care medicine 43.1 (2015): 177-185.



