USG jako pomocnik
v rozhodovani o
tekutinové terapii
(vE. Vexus)

CSARIM 23

Marty St&pan
KARIM FN Plzen



* U pacientu s cirkulacnim selhanim
potrebujeme rychlé a objektivni méreni
cirkulujiciho objemu

* Fluid management ovlivhuje vysledek lécby

* POCUS ziskava silnéjsi pozici ©



POCUS

Point-of-care ultrasonografie (POCUS) je cilenée
ultrasonografické vysetreni pacienta s akutnim

zdravotnim problémem provadené a
interpretované osetrujicim zdravotnikem na miste

osetreni s cilem zodpovedeéet specifickou
diagnostickou a/nebo terapeutickou otazku ¢i
usnadnit terapeutickou proceduru.



Critical care

ultrasonography
(CCUS)




Dusny s hypotenzi

DF 24
Sp02 94
(02 6l/min)
Tk 70/40
TF 120
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Hypoxémie

Hyper a hypokalémie Toxické poskozeni
Hypotermie

...ha kurzu ALS kandidat zjisti, ze se mu hodi
potencialné reverzibilni priciny zastavy obéehu i
na hypotenzi....



Rapid Ultrasound in Shock

PUMPA NADRZ TRUBKY

The RUSH Exam: Rapid Ultrasound in SHock in the Evaluation of the Critically llI

Phillips Perera, mp, RoMS, FACEP, Thomas Mailhot, mp, Roms, David Riley, mb, ms, Roms, Diku Mandavia, MD, FACEP, FRCPC
(od r.2006)



Ruzna doporuceni a protokoly POCUS

Rapid Ultrasound in SHock in the Evaluation of the
Critically lll

Sonography in hypotension and cardiac arrest (SHoC)

Sequential Echographic Scanning Assessing
Mechanism or Origin of Sever Shock of Indistinct Cause

Abdominal and Cardiac Evaluation with Sonography in
Shock



ECHO & LUS for SHOCK

e

Y N

)

FALLS Protocol — Lichtenstein, 2012.



[ POC ECHO } — Tamponada nebo EAP

. Wws ~ Pneumothorax

[ Obstrukcéni sok

FALLS Protocol — Lichtenstein, 2012



— Tamponada nebo EAP

———

[ POC ECHO

—> Pneumothorax

BLUE protokol

\4

Obstrukém’ sok ]

B profil

Kardiogenni sok ]

FALLS Protocol — Lichtenstein, 2012



[ POC ECHO } — Tamponada nebo EAP

. ws ~ Pneumothorax

BLUE protokol l !
[ Obstrukcni sok ]

B profil

Kardiogenni ok
{ Tekutinova létba }\ ardiogenni Sok |

Klinické zlepseni

I—»[ Hypovolemicky sok ]

FALLS Protocol — Lichtenstein, 2012



[ POC ECHO }

. Wws - ~ Pneumothorax

BLUE protokol

B profil [

 Tekutinovdlétba  ~_ Lo
Klinické zlepseni

\ Nelepsi se L"

— Tamponada nebo EAP

l ,

Obstrukcéni sok

]

Kardiogenni sok

J

Hypovolemicky sok

vznikd B profil ——w_

FALLS Protocol — Lichtenstein, 2012

Septicky sok
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Y je Intravaskularni objem ¢




o

<y’ je Intravaskularni objem ¢

Viarplicn

Ano/ne







Velikost komor a kontraktilita LK? ':












Odhad CVP u spontanné ventilujicich

2,4cm <1.5 cm
1,5-2,5 cm
1,5-2,5 cm

>2.5cm

»presnost” 43 %

0-5 mmHg

5-10 mmHg

10-15 mmHg

15-20 mmHg

Reappraisal of the use of inferior
vena cava for estimating right
atrial pressure

J Matthew Brennan



https://pubmed.ncbi.nlm.nih.gov/?term=Brennan+JM&cauthor_id=17617312

Odhad CVP u spontanné ventilujicich

2,4cm <1.5 cm
1,5-2,5 cm

>2.5cm

ypresnost” 43 %

> 50% 0-5 mmHg
> 50% 5-10 mmHg

< 50% 15-20 mmHg

Reappraisal of the use of inferior
vena cava for estimating right
atrial pressure

J Matthew Brennan



https://pubmed.ncbi.nlm.nih.gov/?term=Brennan+JM&cauthor_id=17617312

Dusny s hypotenzi

DF 28
Sp02 94
(02 6l/min)
Tk 80/40
TF 120




Frank-Starling

Normalni

Tepovy
objem
SV

End-diastolicky tlak LK
EDLVP



ACS po PCI

UPV DF 14

FiO2 40%/PEEP 8
Sp02 96

Tk 90/60

TF 90

NA 4mg/20 ml na
14 ml/hod

Laktat 4,5
CRP/PCT roste



Frank-Starling

Tepovy Normalni

SV
Spatna
LVSF

End-diastolicky tlak LK
EDLVP



Stroke Volume SV

Spektralni
doplerometrie

PW do LVOT

paralelné s proudem



- 0,5

0 m/s

- 0,5

t Variace tepového objemu






Kardiogenni sok - stav nizkého srdecniho
vydeje se znamkami tkanové hypoperfuze pri
dostatecné intravaskularni naplni

low cardiac index (< 2.2 L/min/m?)

elevated filling pressures LV (pulmonary capillary
wedge pressure [PCWP] >15 mmHg)

right (central venous pressure [CVP] >10 mmHg)
decreased mixed venous oxygen saturation



Stroke Volume SV

Spektralni
doplerometrie

PW do LVOT

paralelné s proudem



AVDAAL

Vmis2am |
VTl 13,2 cm

Vmax 72,6 cm/s
PG 2,11 mmHg

- 0,5

0 m/s

- 0,5




ECHO kalkulace tepového objemu SV
LVOT CSA x LVOT VTI =

>V SV=41,4 mi

Correlates with measures of cardiac output obtained by thermodilution
(r=0.95) with a tendency to underestimate it by about 0.24 |/min.



Srdecni vydej je jen jeden parametr...

Marino ICU Book



Kardiogenni sok ?

 low cardiac index (< 2.2

R, Ciminim
CO =37 /min * elevated filling pressures LV
BSA=’3958 (pulmonary capillary wedge
pressure [PCWP] >15 mmHQ)
CO/BSA=C| * right (central venous pressure
o [CVP] >10 mmHg)
1167 I/mln/m2 » decreased mixed venous oxygen

saturation



Kardiogenni Sok ?

* low cardiac index (< 2.2
L/min/m?)

volemii elevated filling pressures LV

e’ septdlni < 7 a laterdiné < 10 (pulmonary capillary wedge

porucha relaxace pressure [PCWP] >15 mmHg)

* right (central venous pressure
[CVP] >10 mmHQ)

» decreased mixed venous oxygen
saturation

E/e’ je relativné nezdvislé na




Kardiogenni sok ?

*E/e’> 14 — vysoké plnici
tlaky LK (PCWP)




E/e’ > 14(15) — vysoké plnici tlaky LK
PCWP >20 mmHg

E/e’ <8 normalni plnici tlaky
E
LA ALAL s
TV YR
\ ‘f LYY ,vf\; /,V"P\ﬁ,
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Pressure (mm Hg)

!
I
!
é

Vena Cava

Aorta

Capillaries

L Ventricle
Arterioles

Large Arteries
Small Arteries

CC: Clinical applications of the venous excess ultrasound (VExUS) score: conceptual review and case series



https://theultrasoundjournal.springeropen.com/articles/10.1186/s13089-021-00232-8

Beaubien-Souligny et al. Ultrasound J (2020) 12:16
https://doi.org/10.1186/s13089-020-00163-w

ORIGINAL ARTICLE Open Access

C . : : ®
Quantifying systemic congestion i

with Point-Of-Care ultrasound: development
of the venous excess ultrasound grading system

William Beaubien-Souligny'*'®, Philippe Rola®, Korbin Haycock*, Josée Bouchard®, Yoan Lamarche®,
Rory Spiegel” and André Y. Denault'®



The VExUS protocol 1. 1vc diameter

2. Hepatic Vein Doppler
3. Hepatic Portal Vein Doppler

S\
/’i\ 4. Intrarenal Vein Doppler
|

Normalni

Lehka kongesce

Stredné vyznamna kongesce
Tezka kongesce

O

h

D



1. IVC diameter >2 cm - step 2.

AN

Y



2. Hepatic Vein Doppler

i’i \

O




2. Hepatickeé zily PW doppler \

AN

O




3. Portal Vein Doppler R

Pulzace <30%

AVAVA

Pulzace 30-50%

,_ 4qu
" /\N.\
| WA Sy o st
[emis]
Y -

%\

Pulzace >50%



4. Renalni cevni doppler \ARTERAL
D

VENOUS




Stupen 0: IVC<2 (zadné
meéstnani)

Stupen 1: IVC>2 +
kombinace normalni
nebo lehce abnormalni
krivky

Stupen 2: stredni
mestnani IVC>2 +
alespon jedna zavazna
krivka

Stupen 3: tezka
kongesce IVC>2 +
alespon 2 zavazné krivka

Jaterni zily

A

FAY
v\

Portalni zily

N

Pulsatility <30%

AVAVA

Pulsatility 30%-50%

AVAYA

Pulsatility >50%

Renalni zily

[\ARTERIAL
ks D

VENOUS

N

NIAY

A
g






* Using VExUS to know when to stop volume resuscitation
may help us to avoid congestion-related organ dysfunction.

* Improvements in outcomes with the use of VExXUS are at
this point theoretical and many similar ideas (such as
ultrasound estimation of CVP) have later failed to provide
clinically useful information




 IVC méreni a odhad CVP



 IVC méreni a odhad CVP

* Koncept ,fluid — responsive?
versus liberalni bolusy
tekutin



 [VC meéereni a odhad CVP

* Koncept ,fluid — responsive”
versus liberalni bolusy
tekutin

* Obavy ze systémoveé
kongesce
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