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1. TEORIE HD OPTIMALIZACE

« ZAKLADY FYZIOLOGIE KV SYSTEMU
« MOZNOSTI MONITORACE A VELICINY
« HD RIZIKA V PERIOPERACNIM OBDOBI

2. PRAXE HD OPTIMALIZACE

« OPTIMALIZACNI PROTOKOLY
« PRAKTICKE PROVEDENI




ProCc nam v téle proudi krev?

* Slouzi jako hlavni transportni sluzba v
organismu...
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ORGANOVA PERFUZE







PULS = SRDECNI FREKVENCE
(SF nebo HR = HEART RATE)

Cetnost stahti za minutu

Jednotka: /min
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ARTERIALNI (KREVNI) TLAK
BP — BLOOD PRESSURE

Neinvazivni manzetové méreni

Riva Rocci — Korotkoff
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ARTERIALNI (KREVNI) TLAK
(BP — BLOOD PRESSURE)

Neinvazivni manzetové méfreni

Riva Rocci — Korotkoff

Korotkoff sound
Cuff Pressure

Oscilometrie

~ Oscillation
in cuff pressure

Pulse
(Dopplr Sound)

{Source : ‘Measurement of B.P.” by L_A. Geddes)




J Clin Monit Comput
DOT 10.1007/310877-014-9586-2

ORIGINAL RESEARCH

Continuous non-invasive monitoring improves blood pressure
stability in upright position: randomized controlled trial

Absolute time (min) 2 [4-20]

Proportional time (%) 14 [7-20] %

Number of episodes per 2.5 [1.5-4]
patient

Duration of episode
(min)

Number of interventions

27 [16-34]

33.5
[17.5-53] %
3.5 [3-5.5]




Study group
B Continuous
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Correlation between NIBP and ABP

- Wl

- ”'iu | HHJHHHHIHHIHHHHIHH}]M]]mﬂmﬂ
: HHHH AN it ;

Wax et al.: Anetshesiology 2011






ARTERIALNI (KREVNI) TLAK
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ARTERIALNI (KREVNI) TLAK
(BP — BLOOD PRESSURE)

Invazivni méreni

Changes In Arterial Pressures
In A Supine Person
mmHg ~ kPa

kPa ~mmHg

100 ~13.3

Systolic 1 46~120
90 ~ 12 :{\l _\ 115~86/ | 3
80=1086] 8

Aorta ~ Abdominal

__ImAP | =
asce‘ndens aorta

—F;_noral artery A.tjbglis i s




Optimally Damped:

1.5 — 2 oscillations before
returning to tracing. Values
obtained are accurate.

Underdamped:

> 2 oscillations. Overestimated
systolic pressure, diastolic
pressures may be underestimated.

Overdamped:
< 1.5 oscillations. Underestimation
of systolic pressures, diastolic may
not be affected.




Arterial Catheters as a Source of Bloodstream
Infection: A Systematic Review and Meta-Analysis*

John C. O’Horo, MD*; Dennis G. Maki, MD, MS% Anna E. Krupp, RN? Nasia Safdar, MD, PhD***

(Crit Care Med 2014; 42:1334-1339)

Two hundred two cases of arterial CRBSI were reported in 30,841
arterial catheters. Pooled incidence of CRBSI using a random
effects model was 3.40/1,000 catheters (95% CI, 3.39-3.41/1,000

Clinical review: Complications and risk factors of peripheral
arterial catheters used for haemodynamic monitoring in

anaesthesia and intensive care medicine
Bernd Volker Scheer', Azriel Perel? and Ulrich J Pfeiffer®  cyitical care  June 2002 Vol 6 No 3

Complications following radial artery cannulation

Permanent Temporary Local
ischaemic occlusion Sepsis infection Pseudoaneurysm Haematoma Bleeding
Reference damage (n) (n) () () (n) (n) ()

Mean incidence (%) 0.09 19.7 0.13 0.72 0.09 14.40 0.53
(4/4217) (831/4217) (B/6245) (45/6245) (14/15,623)  (418/2003) (2/375)




ARTERIALNI (KREVNI) TLAK
(BP — BLOOD PRESSURE)

Kontinualni NEINVAZIVNI méfeni
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Technology, Computing, and Simulation

Section Editor: Maxime Cannesson

Continuous Noninvasive Arterial Pressure Monitoring in
Obese Patients During Bariatric Surgery: An Evaluation
of the Vascular Unloading Technique (Clearsight system)

Dorothea E. Rogge, MD,* Julia Y. Nicklas, MD,* Gerhard Schén, MSc,t Oliver Grothe, PhD,t
Sebastian A. Haas, MD,* Daniel A. Reuter, MD,* and Bernd Saugel, MD*
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Technology, Computing, and Simulation

Section Editor: Maxime Cannesson

Continuous Noninvasive Arterial Pressure Monitoring in
Obese Patients During Bariatric Surgery: An Evaluation
of the Vascular Unloading Technique (Clearsight system)

Dorothea E. Rogge, MD,* Julia Y. Nicklas, MD,* Gerhard Schén, MSc,t Oliver Grothe, PhD,t
Sebastian A. Haas, MD,* Daniel A. Reuter, MD,* and Bernd Saugel, MD*
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Accurate and Not Precise







TEPOVY OBJEM (SV = STROKE VOLUME)
OBJEM KRVE VYPUZENY SRDCEM JEDNIM STAHEM
Jednotka: mi

M4 vztah k EJEKCNI FRAKCI — mife kontraktility




SRDECNI VYDEJ (CO = CARDIAC OUTPUT)
OBJEM KRVE VYPUZENY SRDCEM ZA 1 MINUTU

Jednotka: L/min (litr za minutu)
Zakladn( parametr uréuijici

srde¢nl vykonnost
mnoZzstvi krve dodaného do tkani

vaashmezicoasv: SV X HR = CO



SRDECNI VYDEJ (CO = CARDIAC OUTPUT)
OBJEM KRVE VYPUZENY SRDCEM ZA 1 MINUTU

Jednotka: L/min (litr za minutu)

Zakladnl parametr uréuijici
srde&nl vykonnost
mnoZstvi krve dodaného do tkani




VZTAZENI NA POVRCH TELA
SRDECNI INDEX (Cl = CARDIAC INDEX)

Jednotka: L/min/m?2

Norma

Cl 2,5-4 |/min/m-

TEPOVY INDEX (SVI = STROKE VOLUME INDEX)
Jednotka: mi/m2

Norma

SVI 35-50 ml/m
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FRANK — STARLINGUV ZAKON SRDCE

)

PRELOAD

TEPOVY OBJEM

Parové Frank-Starlingovy kfivky
dle velikosti kontraktility a
afterloadu komory

END-DIASTOLICKY
OBJEM/TLAK




GUYTONOVY KRIVKY ZILNIHO NAVRATU

PRELOAD

)

ZILNi NAVRAT

Rodina navratovych krivek
dle velikosti PMS

END-DIASTOLICKY
OBJEM/TLAK




kombinace

1. VENODILATACE

2. NEGATIVNI INOTROPIE

3. ZTRATA OBJEMU + VENOKONSTRIKC
4. PODANI OBJEMU

5. PODANI INOTROPIKA

)

z

ZILNi NAVRAT

TEPOVY OBJEM =

END-DIASTOLICKY
OBJEM/TLAK




KONTRAKTILITA

EJEKCNI FRAKCE (EF LK)

Cést krve, kter4 je vypuzena z celkového nitrosrdeénfho
objemu na konci diastoly

Jednotka: %
Vztah : EF = SV/EDV




KONTRAKTILITA

EJEKCNI FRAKCE (EF LK)

Cast krve, ktera je vypuzena z celkového
nitrosrde¢niho objemu na konci diastoly

« 0
Jednotka: % Norma
EFLK > 55%
Vztah : EF = SV/IEDV
y A:\';(L,ango 8.92cm : . . A:\ll(tango 720 cm .
LV Flache 43.4 cm? ® LV Flache 27.2 cm? ®
LV Vol 73m L. LV Vol 86 ml A
s EF (A4K) 7 .
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(TERMO)DILUCE

SONOGRAFIE
A DOPPLER

ANALYZA
TEPOVE KRIVKY

FICKUV PRINCIP

ANALYZA
PROUDOVYCH
KOMPONENT




PAC

Ultrazvukova diluce

Cardio Q
USCOM

EV1000/VolumeView
PiCCO
LiDCO Plus

BioZ
CircMon
PhysioFlow
ECOM

NICOM

Vigileo/FloTrac
LiDCO Rapid
PulsioFlex
ModelFlow
MostCare
Nexfin

NICO



PLICNICOVY (SWAN-GANZUV) KATETR

Umoziiuje
monitoraci

e tlaku v plicnim
FeCisti a piniciho
tlaku levého srdce

e Srde¢niho vydeje
termodiluéni
metodou

 Stanoveni SvO,






PLICNICOVY (SWAN-GANZUV) KATETR
PRINCIP DILUCE

Koncentrace

(C)

Bolus
indikatoru

Recirkulace
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Umozniuji monitoraci

» Srde¢niho vydeje analyzou pulsove kfivky
(rizné matematické modely)

e Stanoveni variace tepového objemu nebo tlaku

 Rada novych parametra charakteristiky arterialni
kiivky




ANALYZA TEPOVE KRIVKY




wk | MONITORACE
W\WM JE JEN TAK PRESNA

V74

JAK KVALITNI
(@ validni)
JE VSTUPN{ SIGNAL

ININS



KLIBROVANA ANALYZA TEPOVE KRIVKY

| LiDCOPluS

Caedien

LDCO/ A
Lirsneercs D

Kombinuje stanoveni vydeje
diluénim principem (pfesné) a
analyzou tepove krivky (kontinualni)



KLIBROVANA ANALYZA TEPOVE KRIVKY

Umozriuji monitoraci
e Srde¢nfho vydeje
diluéni metodou (rizné indikatory) a
analyzou pulsové kfivky (rizné matematické modely)

o Stanovenl variace tepového objemu nebo tlaku

* Volumetrické parametry predtizenl

 Dalsl parametry (ScvO,, jaterni eliminace indikatoru atp.)



KLIBROVANA ANALYZA TEPOVE KRIVKY
VOLUMETRICKE PARAMETRY




Umozriuji monitoraci

e Tepového objemu
Dopplerovskou
analyzou rychlosti
proudéni krve

e Stanoveni variace
prutokoveé rychlosti






DOTIZENI / AFTERLOAD

SYSTEMOVY CEVNI ODPOR

(SVR = SYSTEMIC VASCULAR
REZISTANCE)

Event. SVRI — indexovana hodnota
Odpor systémového cévniho fedistd proudéni krve

Vztah: SVR = (MAP-CVP)/CO x 80
Jednotka: dyne-s/cm5 (/m?)

Norma
. SVRI 1970-2390
Zakladnl parametr urcujicf dyne-s/cm5 /m?
miru afterloadu
A ktery je ureny

mirou systémové vazikonstrikce a dilatace

Hlavni odporové cévy jsou arterioly
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< SHUNTING

ARTERIT©/AD)

ARTERIAL TONE

svRI = (MAP - cvp)/ co



TONE = ELASTANCE
GONE DYNAMIC
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BJ ﬁ British Journal of Anaesthesia, m (w): 1—7 (2018)

doi: 10.1016/j bja.2018.01.032
Advance Access Publication Date: xxx

Clinical Investigation

Indications of norepinephrine
treatment, n (%)
Cardiac postoperative
Dynamic arterial elastance measured by vasoplegic syndrome

CLINICAL INVESTIGATION

uncalibrated pulse contour analysis predicts arterial- Sepsis
Haemorrhage shock

pressure response to a decrease in norepinephrine
Polytrauma

S. Bar'*, F. Leviel’, O. Abou Arab’, L. Badoux’, Y. Mahjoubl'z, H. Dupontl'z,
E. Lorne'? and P.-G. Guinot®

PPV/SVV = 1.5

Pressure

> Volume

PPV/SWV = 1.03 !7"53 -

SVV < 18%  SVV « 18%







CENTRALNI ZILNI TLAK
(CVP = CENTRAL VENOUS PRESSURE)

Tlak v Zilach pfed pravou sinf =
= tlak v pravé sini =
= tlak v pravé komof'e na konci diastoly

Jednotka: mmHg

Nejsnaze Zzjistitelny parametr uréujicf
miru pfedtiZeni (plnénf srdce)
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2-6 (8) mmHg




TLAK V ZAKLINENI
(PCWP = PULMONARY CAPILLARY WEDGE PRESSURE)

Prekapilam( tlak v plicnim Fedisti po ,ucpan(” balonkem =
= tlak v Zilnim systému plicnfho fedisté =
=tlak v levé sini =
= tlak v levé komofe na konci diastoly

Jednotka: mmHg

Parametr ur&ujicl

miru pfedtiZen( levého srdce (pinéni srdce)
Nutné zavedenl plichicového katétru ... ®

Q
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8-15 mmHg PCWP
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Does Central Venous Pressure Predict
Fluid Responsiveness?*

A Systematic Review of the Literature and the Tale
of Seven Mares  (CHEST 2008; 134:172-178)

Paul E. Marik, MD. FCCP: Michael Baram, MD, FCCP: and Bobbak Vahid, MD

WOMNgEe ¢ o0 see %00
.




ZMENY CVP

1. VENODILATACE

2. NEGATIVNI INOTROPIE

3. ZTRATA OBJEMU + VENOKONSTRIKC
4. PODANI OBJEMU

5. PODANI INOTROPIKA

)

z

ZILNi NAVRAT

TEPOVY OBJEM =

END-DIASTOLICKY
OBJEM/TLAK




FUNKCNI TESTY

Variace tlaku
SPV.
PPV
dDown

VaniacelDoppleiiova

Siigmallu
NABIE

VA

Rlathysmegraiicke
Valilace

RV
AROP



Marik et al. Annals of Intensive Care 2011, 1:1 0 An naIS Of Intensive Care

http://www.annalsofintensivecare.com/content/1/1/1
a SpringerOpen Journal

REVIEW Open Access

Hemodynamic parameters to guide fluid therapy

Paul E Marik!”, Xavier Monnet?, Jean-Louis Teboul®

N RV stroke Bﬁ:ndpdmnmq_P[ 'HI.VP ] |

ml“m transit ime

ARV afterload

N LV afterload
[ Atranspulmonary H A LV stroke

pressure volume

7LV preload |
J |
v v

Pulse pressure Pulse pressure

MAXIM UM MINIMUM
at the end of inspiration during expiratory period

permission from Critical Care/Current Science Ltd [24].
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Zkratka Ndazev Z6na cut off Automatické
hodnoceni

SW Variace tepového 9-12% Nutné
objemu

PPV Variace pulznfho tlaku  9-13% MoiZné

SPV Variace systolického 10-13% Ne
tlaku

ADown Pokles STK oprotiend- 5 mmHg Ne
exspiriu

PVI Variace 9,5-15% MoiZné
pletysmografického
signalu

— variace VTI/ABF Ne
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Zkratka NAazev Zénacutoff Automatické
hodnocenf
ADown Pokles STK oproti end- 5 mmHg Ne
exspiriu




SPV = (SPmax — SI:)min) / SI:)mean

AUTOMaA' 1 [ b‘ ‘,

hodnocen

Variace systolického tlaku

variace Vmax (Doppler)



PPV = (Ppmax - I:)Pmin) / I:)F)mean

J dr H , ‘ N {",4 4’ b na Cl u 7 \U I r DIMATIC
noanoceni

PPV Variace pulzniho tlaku

PVI Variace pletysmografického 9,5-15% MoiZné

signélu

rr.
—




SVV = (Svmax - SVmin) / SVmean

Automaticke

Dcen

Nutné

variace VTI/ABF Ne




Review Article

Crit Care Med 2009 Vol. 37, No. 9
Dynamic changes in arterial waveform derived variables and fluid
responsiveness in mechanically ventilated patients: A systematic
review of the literature*

Paul E. Marik, MD, FCCM; Rodrigo Cavallazzi, MD; Tajender Vasu, MD; Amyn Hirani, MD

29 studies = 685 patients
AUC (PPV) = 0,94 (0,92-0,96) ...12,5%
AUC (SvV) =0,84 (0,81-0,87) ... 11,6%

J Anesth (2011) 25:904-916
DOI 10.1007/500540-011-1217-1 Setting [no. of

studies (data sets)]

REVIEW ARTICLE
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Sensitivity

Sensitivity
(95% CI)

Specificity
(95% CI)

1
0.5
Specificity

DOR
(95% CI)

AUC-ROC
(95% CI*

Accuracy of stroke volume variation in predicting fluid

. . . . Across all settings (12 [15])
responsiveness: a systematic review and meta-analysis

In OR under general anesthesia
(8 [10D
In ICU (4 [S5])

Zhongheng Zhang - Baolong Lu -
Xiaoyan Sheng - Ni Jin

Patients ventilated with
TV = 8 ml/kg (10 [13])
Hemodynamic monitoring
with PiCCO system (6 [6])
Hemodynamic monitoring
with Vigileo system (7 [9])

23 studies — 568 patients
AUC (all) = 0,93 (0,91-0,95)

0.81
(0.77-0.85)

0.80
(0.75-0.84)

0.86
(0.78-0.92)

0.81
(0.77-0.85)

0.80
(0.72-0.85)

0.85
(0.78-0.90)

0.80
(0.70-0.88)

0.78
(0.61-0.89)

0.84
(0.74-0.91)

0.80
(0.68-0.89)

0.84
(0.75-0.91)

0.78
(0.58-0.91)

18.4
(9.52-35.5)

14.1
(5.84-34.3)
28.3
(12.3-65.1)
17.5
(8.44-36.5)
21.0
(10.7-41.5)
20.8
(6.09-71.2)

0.93
(0.907-0.945)

0.94
(0.92-0.96)

0.85
(0.79-0.91)

0.85
(0.82-0.88)

0.85
(0.81-0.89)

0.96
(0.94-0.98)
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False
positive
Low HR/RR ratio

[ Extreme bradycardia oo
hagh frequency ventilation)

Irregular heart beats

Mechanical ventilation
with low tidal volume

Increased abdominal
Pressiure (Pneumopertoneum)

Thoraxopen

Spontaneous breathing

False
negative




PROTEKTIVNI VENTILACE PREDIKCE ODPOVEDI

6-8-10

VENTILACE S UZITIM
ml/kg IDEALNI HMOTNOSTI
UMOZNI( JAK PROTERTIVND VENTILAC] TAK
L3020 D IEIUIDIRESRONSIVENESS




Stroke Volume Variation (SVV) Facts

THE DREADED




Assessing the Diagnostic Accuracy of Pulse Pressure
Variations for the Prediction of Fluid Responsiveness

A “Gray Zone” Approach

Maxime Cannesson, M.D., Ph.D.,” Yannick Le Manach, M.D., Ph.D.,T Christoph K. Hofer, M.D., T

Jean Pierre Goarin, M.D.,§ Jean-Jacques Lehot, M.D., Ph.D.,|| Benoit Vallet, M.D., Ph.D.,#
Benoit Tavernier, M.D., Ph.D.#

What This Article Tells Us That Is New

P Pl QO oo - D0~

B ot » Despite a strong predictive value, the gray zone approach

W7 ' applied to pulse pressure variation may be inconclusive in
9 % 1 3 approximately 25% of patients for prediction of fluid respon-
T siveness in mechanically ventilated patients during general
&) \N anesthesia
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Test scale




—THE-DREABED—
VYSOKA SENSITIVITA "GRA Y Z ON E ," VYSOKA SPECIFICITA

NI'ZKE.RIZII(O

RIZIKO

PREHLEDNUT( et ooy PREHLEDNUT(
RESPONZIVNIHO 9 = 1 RESPONZIVNIHO
NEMOCNEHO ,,. NEMOCNEHO
— VYSOKE RIZIKO \\;’1‘ . — NIZKE RIZIKO
PRETIZEN( . PRETIZEN(
TEKUTINOU TEKUTINOU

Test scale



VELMI SENSITIVNI VICE SPECIFICKE
LIBERALNI RESTRIKTIVNI

POMOCI K INDIVIDUALIZAC]

CEBNYCH ClLU




Pro¢c nam v téle proudi krev?

DODAVKA

L~y
N /I
KYSLIKU

» Slouzi jako hlavni transportni sluzba v organismu...



KYSLIKOVY METABOLISMUS

DODAVKA KYSLIKU
(DO, = OXYGEN DELIVERY)

Event. Index dodéavky kysliku : DO,
MnoZstvi kysliku dodané do celého organismu za minutu

Jednotka: ml/min (event. ml/min/m?2)

Kalkulace: CO x (SaO, x Hb x 1,36 + 0,03 x PaO,)

Zednodusens: DO, = CO X Hb x Sa0,

Norma

DO,l 500-600 ml/min/m?




KYSLIKOVY METABOLISMUS

SPOTREBA KYSLIKU
(VO, = OXYGEN CONSUMPTION)

Event. Index dodévky kysliku : VO,I

MnozZstvi kysliku spotfebované celym organismem za
minutu

Jednotka: mli/min (event. ml/min/m?2)

Kalkulace: CO x (SaO, x Hb x 1,36 + 0,03 x PaO,) —
- CO x(SvO, x Hb x 1,36 + 0,03 x PvO,)

Zjednodusens: VO, ~ CO x Hb x (Sa0, - SVO,)



KYSLIKOVY METABOLISMUS

EXTRAKCE KYSLIKU (O,ER)
VENOZNI SATURACE (ScvO,/SvO,)

Mira toho, kolik z dodaného kysliku se
spotfebuje/zlstane.

ZjednoduZens: VO, / DO,

Norma
ScvO, 65-80 %

= ZUSTATEK
NA UETU




KYSLIKOVY METABOLISMUS

DO, = CO x Hb x Sa0,
CO = SF x SV
SV = EF x EDV 11
DO, gSFXIEFXEDVXbeSaOZ

o

!!i : ; EIE Mg - « Ld! b




Spotieba kysliku

(vo_

.

Dodavka kysliku
(DO,l)



KYSLIKOVY METABOLISMUS

CO =SF x SV
SV BEXEON il
DO, = SF x EF x EDV X besa02

ZLvetsenl @xitlrak@@
-iu»fﬁ_gf “"‘% | ! di & i
= \ I - o




Spotieba kysliku Kriticka DO,

(VOLV

.

Dodavka kysliku
(DO,l)



KYSLIKOVY METABOLISMUS

LAKTAT

Laktat vznika v disledku anaerobnf glykolyzy
Marker dostate&nosti dodavky kysliku do tkani

Norma do 2 mmol/l

h
anaerobic (), N S
(without oxyge \ Vg \\
X J
¢ tochondrion




KYSLIKOVY METABOLISMUS

DO, = CO x Hb x Sa0,
CO =SF x SV
SV = EF x EDV ,
DO, = SF x EF x EDV x Hb x Sa0, :
Zvetsen( extrakce
Prc@duk@@ llakitéitu




KYSLIKOVY METABOLISMUS

l

DO, = CO x Hb x Sa0,

CO = SF x SV
SV = EF x EDV

e ﬁ' DO, = SF x EF x EDV x Hb x Sa0,

lp ‘

ZvElSeni extrakce
Produkee laktatu

\ ¢



PROBLEM &.1
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BACK
O THE

Postoperative deaths may be due to anatomic prob-
lems including surgical technical errors, judgment er-
rors and the severity of the patients’ illness as well as
inadequate physiologic compensations. It follows that

“therapeutic goals include surgical correction of the an-
atomic problems, followed by supplementation of those

physiologic compensations that are determinants of
survival. Thus, the phystiologic goals of therapy are not
the normal values of unstressed, healthy volunteer sub-
jects, but rather the values of survivors of a life-threat-
ening surgical illness.'’




0090-3493/85/1302-0085%02.00/0
CRITICAL. CARE MEDICINE Vol 13, No. 2
Copyright © 1985 by The Williams & Wilkins Co. Pringed in U5 A

Hemodynamic and oxygen transport patterns in
surviving and nonsurviving postoperative patients

RICHARD D. BLAND, MD; WILLIAM C. SHOEMAKER, MD: EDWARD ABRAHAM, MD:
JUAN CARLOS COBO, MD

SYSTEMIC HEMODYNAMICS
Ool::?c:;u Postoperative Period {(hours) OXYGEN TRANSPORT

Oper-
Preop 1 2 4 ¢ 12 24 36 48 Preop u?lon - Pgsloperzaﬁve 2I:;eriod (hours)
4 1 36 48

L/minM2
4-%' Cordioc Index
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J/{\{,/%\\“ ml/min-M? e ‘Oxygen Delivery
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.
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o---0 Nongurvivors
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400 -
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150 1
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100~ ' Oxygen Extraction
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crmical CARE MEDICINE
Copyright © 1988 by The Williams & Wilkins Co.

Vol. 16, No. 11
Printed in U.S.A.

Tissue oxygen debt as a determinant of lethal and
nonlethal postoperative organ failure

WILLIAM C. SHOEMAKER, MD; PAUL L. APPEL, MPA; HARRY B. KRAM, MD

Pre- Hours Postoperolive
operotive| Intra-

aperative | 2 4 12
1 1 L 1

—

Liters/mée
&0 1

SURVIVORS
wiTHOUT
ORGAN

FAILURE

SURVIVORS |WiTH
ORGAN FAILURE .-~

NONSURVIVORS —__







Prospective Trial of Supranormal Values of
Survivors as Therapeutic Goals in High-
Risk Surgical Patients*

William C. Shoemaker, M.D.; Paul L. Appel, M.PA.;
Harry B. Kram, M.D.; Kenneth Waxman, M.D.; and

Tai-Shion Lee, M.D., F.C.C.P. (Che’t 1988; 94;]1?6-86)

HOURS INTRAQPERATIVE
4 ] L

1 ®00) mlmin/m?
] 4.5 Vmfn/m?
1 170 mlfmin/m?



(610J0) 4,5 100%
v

DO,l = 1,34 x Cl x Hb x Sa0,
100

Cl=SF x EF x EDV

INOTROPIKUM INFUZE



PROBLEM &.2



Lowell et al.: Postoperative fluid overload:
not a benign problem. Crit Care Med
1990

Pacienti s nartistem hmotnosti o vice nez
10% méli vyssi mortalitu 31.6 vs. 10.3%.

Ti s ndristem nad 20% méli mortalitu 100%



British Jowrnal of Anaesthesia 97 (6): 755-7 (2006)
doi:10.1093/bja/ael290

Editorial
PRETIZENI
Wet, dry or something else? TEKUTINAMI

HEMODILUCE A
DILUCE SRAZECICH
FAKTORU

> ROZVOJ OTOKU
PORUCHA HOJENI

PORUCHA HOJEN|

PORUCHA FCE
(GIT, LEDVIN etc.) PORUCHA FCE
INDUKOVANE (PLICE, SRDCE etc.)

KOMPLIKACE

VOLEMIE >




ORIGINAL ARTICLE

Perioperative Fluid Utilization Variability and Association
With Outcomes

Considerations for Enhanced Recovery Efforts in Sample US Surgical Populations

Julie K. M. Thacker, MD,” William K. Mountford, PhD,i Frank R. Ernst, PharmD, MS,7
Michelle R. Krukas, MA,t and Michael (Monty) G. Mythen, MBBS, MD, FRCA, FFICM, FCAI (Hon)§

Colon Surgery

3)

Length of Stay Total Cost

- L

< 1
= Ny

~

Low Vol (Q1) Ref Vol (Q2+Q3)  High Vol (Q4) Low Vol (Q1) Ref Vol (Q2+Q3) High Vol (Q4)

Hip/Knee Surgery

Length of Stay

N

Low Vol (Q1) Ref Vol (Q2+Q3) = High Vol (Q4)

Total Cost

1,3L 2

>'4

Low Vol (Q1) Ref Vol (Q2+Q3) High Vol (Q4)

84 722 pts

Post-op lleus

Low Vol (Q1) Ref Vol (Q2+Q3) High Vol (Q4)

248 526 pts

Post-op lleus

L

N

Low Vol (Q1) Ref Vol (Q2+Q3) High Vpl (Q4)




British Journal of Anaesthesia 114 (5): 767-76 (2015)
Advance Access publication 13 January 2015 - doi:10.1093/bja/oeu452
CLINICAL PRACTICE

Variability in practice and factors predictive of total crystalloid
administration during abdominal surgery: retrospective
two-centre analysis'

M. Lilot12, J. M. Ehrenfeld?, C. Leel, B. Harrington?, M. Cannesson? and J. Rinehart!*

University

l UCI
VU

(mlkg='h™"

5
w
3

E

B

=]

™

W
o
G

o
@
o
@
E
o

Q

-~ () L pt
-6 ml/kg
I I I T — I I I
Prostatectomy Pancreatectomy Hysterectomy Collectomy Mephrectomy Cholecystectomy Appendectomy
Procedure




REVIEW ARTICLE

Perioperative goal-directed therapy with uncalibrated
pulse contour methods: impact on fluid management
and postoperative outcome

F. Michard™, M. T. Giglio® and N. Brienza?

Experimental Caontrol Mean difference Mean difference
Study or subgroup Mean so Total Mean so Total Weight : IV, Random, 95
Benes 3.586 0826 51 3.444 148! 54 : )
Cecconi 6.032 1. 20 2.0 36 20
Colantonio 812 1.244 38 A5 42
Correa—Gallego 2 . 69 : 66
Funk 2 785 . 20 3.008 3: 20
Hand . 2 47  B8.319 . 47
Lai .36 7109 4532 15256 111
Mayer 4. 2317 30 4494 30
Pearse 4.184 387 4022 362
Peng B85 0189 40 2 40
Ramsingh 4.082 2.044 18 ' 20
Salzwedel 3.854 1.05 79 : 81
Zang 30 3 0346 30
Zhang .Ji 30 “ 3 30
Zheng 30 395 0.2 30

0.84 (0.33,
0.03 (-0.97,

(]

—0.40 (~0.53, -0.27)
% —1.30 (—1.39, —1.21)

e e R Ll N N R N .

Cad Cad 00
Laon

Total (25% CI) 1004 1009 100.0% -0.22 (-0.59, 0.15)
geneity: ©°=0.47; y*=550.26, di=15 (P<0.00001); °=97%
Test for overall effect: z=1.15 (P=0.25) —4 -2 0 2 4
Favours {control) Fawvours (experimental)







PROBLEM &.3



120/65









13 minutes of MAP < 65 mmHg

(Anesth Analg 2018;127:424-31)




PERIOPERATIVE MEDICINE

Relationship between Intraoperative Mean ~ ¢ A ik -
Arterial Pressure and Clinical Outcomes after 33330 P atients
Noncardiac Surgery

Toward an Empirical Definition of Hypotension n 0 n- C a rd ia C S u rge ry

Michael Walsh, M.D.,* Philip J. Devereaux, M.D., Ph.D.,T Amit X. Garg, M.D., Ph.D.,F
Andrea Kurz, M.D.,§ Alparslan Turan, M.D., || Reitze N. Rodseth, M.D. # Jacek Cywinski, M.D.,**
Lehana Thabane, Ph.D.,t1 Daniel |. Sessler, M.D.1%

0 minutes

1 to 5 minutes

6 to 10 minutes

11 to 20 minutes

>20 minutes

¢

1.5 2
Adjusted Odds Ratio

@ Acute Kidney Injury ‘ Cardiac Complication [l Myocardial Injury




CARDIOVASCULAR

789 8006 pts

postoperative adverse outcomes: a systematic review 42 std

E. M. Wesselink™*, T. H. Kappen?', H. M. Torn', A. J. C. Slooter” and
W. A. van Klei!

Intraoperative hypotension and the risk of

Riziko AKI
1 5 —10 20
6
5 . .
Riziko Ml
4
1 5 —10 20
3 5
4.5
2
/ 4
1 3.5
0 3
80 75 70 65 2.5
)
1.5
1
0.5
0
80 75 70 65 60 55 0] 45 40




CARDIOVASCULAR

789 8006 pts

postoperative adverse outcomes: a systematic review 42 std

E. M. Wesselink™*, T. H. Kappen?', H. M. Torn', A. J. C. Slooter” and
W. A. van Klei!

Intraoperative hypotension and the risk of

Riziko mortality

1 5 —10 20

2.5

1.5

0.5

80 75 70 65 60 55 50 45

40




PROBLEM ¢&.1 -
KYSLIKOVY DLUH

PROBLEM &.2 -
KUMULACE TEKUTIN

PROBLEM &.3 -
HYPOTENZE






2.

PRAXE HD OPTIMALIZAC

« OPTIMALIZACNI PROTOKOLY
« PRAKTICKE PROVEDENI

E



co viastné mam optimalizovat?

I'm the most

AWESOME

person I know




Pfiznejme si, Ze takto
toho moc nezoptimalizujeme...




... a ma to viastne cenu ?

Eur J Anaesthesiol 2018: 35:1-15

Does goal-directed haemodynamic and fluid therapy
improve peri-operative outcomes?

A systematic review and meta-analysis

Matthew A. Chong, Yongjun Wang, Nicolas M. Berbenetz and lan McConachie









JenZe jak to v praxi udélat ?
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ENERGIE / KYSLIK

VODA
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PLAN CESTY
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ZHODNOCENI(

RIZIKA




ZHODNOCENI

RIZIKA

IDENTIFIKOVAT PACIENTA



Perioperative haemodynamic therapy

Mikhail Y. Kirov®P, Vsevolod V. Kuzkov® and Zsolt Molnar®
- _____________________________________________________ Current Opinion in Critical Care 2010,

| 16:384-392




Mortality after surgery in Europe: a 7 day cohort study

Rupert M Pearse, Rui P Moreno, Peter Bauer, Paolo Pelosi, Philipp Metnitz, Claudia Spies, Benoit Vallet, Jean-Louis Vincent, Andreas Hoeft,
Andrew Rhodes, for the European Surgical Outcomes Study (EuSOS) group for the Trials groups of the European Society of Intensive Care Medicine

and the European Society of Anaesthesiology* Lancet 2012; 380: 1059-65

All patients Died in Survived to Odds ratio (95% Cl) pvaluve
(n=46539) hospital hospital
(n=1864) discharge

(n=44657)

ASA score

11642
21582

362
H32

Age (years) 56-7(185)  61.0(187) 56-6(18-5) 1-01(1.01-1-02)  <0-0001
Men 22607 968 21629 1-15 (1:05-1-26) 0-003
Present smoker 9872 363 9503 0-90 (0-80--1-01) 0-07

11280
20044

Reference

.94 (0-83_1.07) .36

Grade of surgery

Minor

Intermediate

35-61(23-23-54-59) =<0-0001

Reference

0-92 (0-82-1-05)

1129

33908

Reference




Perioperative haemodynamic therapy

Mikhail Y. Kirov®P, Vsevolod V. Kuzkov® and Zsolt Molnar®
- _________________________________________________ Current Opinion in Critical Care 2

_ r

1 mortal

Yy _ B =y
Procedure relg




Mortality after surgery in Europe: a 7 day cohort study

Rupert M Pearse, Rui P Moreno, Peter Bauer, Paolo Pelosi, Philipp Metnitz, Claudia Spies, Benoit Vallet, Jean-Louis Vincent, Andreas Hoeft,
Andrew Rhodes, for the European Surgical Outcomes Study (EuSOS) group for the Trials groups of the European Society of Intensive Care Medicine

and the European Society of Anaesthesiology* Lancet 2012; 380: 1059-65

All patients Died in Survived to Odds ratio (95% Cl) pvaluve
(n=46539) hospital hospital
(n=1864) discharge

(n=44657)

ASA score

11642
21582
11574

362

633
539

11280

20944
11025

Reference
0-94 (0-83-1-07)
1.61 (1.32-1.73)

Age (years) 56-7(185)  61.0(187) 56-6(18-5) 1-01(1.01-1-02)  <0-0001
Men 22607 968 21629 1-15 (1:05-1-26) 0-003
Present smoker 9872 363 9503 0-90 (0-80--1-01) 0-07

036
=0.0001

Minor Reference

Intermediate 22231 741 21483 0-93(0-82-1-05) 0-22

Major 12170 685 11476 1-59 (1-40-1-80) =0-0001
Urgency of surgery

Elective 35049 1129 33908 Reference




2t Aot ~Arecy
D) L AN CEC \
Y2 B Y] = ‘

NAPLANOVAT CESTU



RACE

JAKA JE CETNOST

KOMPLIKACI
KOMPLIKAC

JAK CASTO NEKDO UMRE

A JAK DLOUHO TRVA

HOSPITALIZACE
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Review
Clinical review: Goal-directed therapy in hlgh risk surglcal

patients
Nicholas Lees, Mark Hamilton and Andrew Rhodes

1. Vyhledat OPTIMALNI INTRAVASKULARNI
OBJEM !

2. Zajistit dostateénou globalni DODAVKU
KYSLIKU !

3. Sledovat a reagovat na znamky poruchy
ORGANOVE PERFUZE !



OPTIMALIZAC

NESNAZIT SE

vv —
=

MAXIMALIZOVAT
TERPOVY OBJEM .

vv

E BEZ

EXC

ESU
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OPTIMALIZACE BEZ

MR. WOODBRIDGE

EXC




INTERVENCE




OPTIMALIZACE BEz

EXC

ESU

AETERLOAD

5
4.5

Riziko Mi

1 5 —10 20

80 75 70 65 60

55

50 45 40

svRI = (MAP -cvp)/co




OPTIMALIZACE BEZ

EXC

=S

W‘".;.so

IANANANN]; o8 .

DO, = SF x EF x EDV x Hb x Sa0,



OPTIMALIZACE BEZ EXCESU

RREIOAD

o V’g.."“’.‘
YL
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Inspiration

e ——

(&)
2 Flow Time

Bilic
DVS

DO, = SF x EF x EDV x Hb x Sa0,



Optimalni cil tekutinové lécby

KOMPLIKACE KOMPKIKACE
INDUKOVANE INDUKOVANE
HYPOVOLEMI| HYPERVOLEMII

|| ZNAMKY > | KOMPLIKACE >

D

7

A

TEPOVY OBJEM

END-DIASTOLICKY OBJEM >




Cardio0-00M casophageal
doppher monitar

200ml Colloid Challenge
over 5 minutes

SV/SD SV/ISD
Increase Decrease
>10% >10%

Monitor SV/SD & FTc




NO Increase in
stroke volume
after volume
challenge

i {e
B




ZILNI NAPLN
ZILNI TONUS

D

* ZILNi NAVRAT

TEPOVY OBJEM =

N N

END-DIASTOLICKY TLAK >




200ml Colloid Challenge
over 5 minutes

SV/SD
Increase
>10%

Monitor SV/SD & FTc

SVI/SD
Decrease
>10%

OPRAVDU JE
KAZDA ZMENA SV
PODMINENA

JEN ZMENOU
PRELOADU???



Optimalni cil tekutinové lécby

)

KOMPLIKACE

KOMPLIKACE KOMPKIKACE
INDUKOVANE INDUKOVANE
HYPOVOLEMI| HYPERVOLEMII

|| ZNAMKY >

i

i

g P
CIRKULUJICi OBJEM

D

TEPOVY OBJEM

END-DIASTOLICKY OBJEM >










MAP 65-90 | DVs= 15%
- [l 300-330ums

‘Hb x Sa0,



Benes et al. BMC Anesthesiology (2015) 15:148
DOl 10.1186/512871-015-0131-8

BMC
Anesthesiology
RESEARCH ARTICLE Open Access

Fluid management guided by a continuous @
non-invasive arterial pressure device is

associated with decreased postoperative
morbidity after total knee and hip replacement

Jan Benes, Lenka Haidingerova, Jiri Pouska, Jan Stepanik, Alena Stenglova, Jan Zatloukal, Richard Pradl,
van Chytra and Eduard Kasa

Crystalloid maintenance IPPV:
infusion 5ml/kg/hr Vt 8ml/kg
PEEP 0-6cmH,0
RR to normocapnia

APP > 13%
HR above 100/min
MAP bellow 20%

Gam Z Prolonged capillary refill

Other clinical sign of

Restrictive maintanance Colloid hipadientle

V < 13 @/@ 3?::2; YES NO

YES | Ephedrine5-10mg
i.v. —
Norepinephrine

Volumeloaded and
hypotensive

HER Transfusion
Bleedingand Hb < 90g/I Hb > 100 g/I B
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Stroke volume

|
; 2'
ADEKVATNOST??

'
Poor systolic function

- e N

No increase in
stroke volume
after volume
challenge

EUVOLEMIE

>
Volume challenge: A—— B Pre-load
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EXCESU

VAZOPRESOR
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OPTIMALIZACE BEZ EXCESU

\ Peak Velocity Area

Strok
Mean Acceleration
- ,‘ e}

dPdt / dPmax

DO, = SF x EF x EDV x Hb x Sa0,
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Molnar, Benes, Saugel - submitted
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