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O cem bychom si meli rict

» Krivka arterialniho tlaku
* Prevod z tlaku na objem
» Odvozene parametry
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Zdroj krivky

Stephan Hales, cca 1710
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Snimani krivky

blood pressure at

transducer MAP: 65 mmHg| ~_ oric root level

.real* MAP in the radial artery:
65 mmHg + 7.5 mmHg = 72.5 mmHg

leveled and zeroed to leveled and zeroed to leveled and zeroed
meatus acusticus ext. aortic root level to radial artery
----------- traNSAUCEN |-
20 cm
---------------- transducer |-
40 cm
............................. = transducer
MAP displayed on monitor (mmHg): MAP: 65 MAP: 65 MAP: 65
MAP in circle of Willis (mmHg): MAP: 65 MAP: 50 MAP: 20

Saugel B et al. Crit Care 2020;24:172



Fast-flush test

y 1 4 Y 4 \V4
S n I m a n I k rl V ky Underdamped arterial blood pressure waveform

b
SAP overestimation

" ?g;:?gn;'a}ﬁu:ﬁ PP.
SPATNE NASTAVENI FILTRU [ V]

TUHE HADICKY DAP underestimaton 3. 7~ A1 W
VADNY PREVODNIK \;\
Non-physiological oscillations

Deep dicrotic noteh  gyring the diastolic phase

Normal, non-distorted waveform _]
(adequate dynamic response of the pressure transducer)

Overdamped arterial blood pressure waveform

SNIZEN{ TLAKU V MANZETE

VZDUCH V HADICKACH T A } AP unresimation
SRAZENINY V HADICKACH CP.<PP) o, [pp/ ‘\ / V\
PROBLEM NA KANYLE E T T4 one ovnstmatr
VOLNA SPOJENI \

Absent dicrotic notch




Tvar krivky

Changes In Arterial Pressures
In A Supine Person

mmHg ~ kPa I

Systolic 16~120

100 ~13.3
90 ~ 12
80~10.6

MAP
93 ~70

sapnydwe as|ng

Aorta Abdominal

ascendens aorta Femoral artery  Atibialis

Circulation
Central
Aortic root
Subclavian artery
Axillary artery
Brachial artery
Radial artery
-

Peripheral



Tvar krivky

-
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Poackward (refiected)  F forvard N

Recorded aortic
pressure wave

Recorded peripheral
pressure wave at
reflection sites

Tsh
The time interval of pressure Forward and backward Pulse viave B Bifss i
waveto . . pressures SBP
and back from reflection sites are in phase: no time interval

SBP

DBP DBP

Systole Diastole Systole Diastole

» —_—
e
Forward wave Forward wave
Backward wave Backward wave



Tvar krivky

NIZK:

~ nizky @povy obje!

Stroke volume 4,

t Systole  Diastole

. Dicrotic
notch

A < 4©mmH

~ nizky tonus



Krivka arterialniho tlaku — oko

* [nvazivné vs. neinvazivne

» Fyzikalni vliv
* Mista nulovani
* Filtr ttumeni krivky

 Pato/fyziologicky vliv
» Mista monitorace
e Odrazenych vin
« Poddajnosti aorty/velkych cév
e Arterialniho tonu
* Tepoveho objemu



Prevod z tlaku na prutok

First Shoulder
T4

Second Shoulder
To
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/\A—»sv x heartrate = CO

Continuous real-time beat-to-beat stroke volume / cardiac output



Stroke volume N

t Systole  Diastole

fecicnnea . ——————————— - ——

Pulse Compliance 4
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Windkessel
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Cardiac output estimation using pulse wave analysis—physiology,
algorithms, and technologies: a narrative review

Bernd Saugel»”*!, Karim Kouz"', Thomas W. L. Scheeren®, Gillis Greiwe’, Phillip Hoppe",
Stefano Romagnoli*® and Daniel de Backer®

Hemodynamic Presentation Electrical Presentation
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Heart &+ =

Windkessel model S
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Analyza dlouhych intervalu = statisticka rekonstrukce idealni kfivky

Pulse power analyza = prevod tlaku na silu

Pressure Recording Analytical Method = odstranéni interferenci
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CLINICAL FOCUS REVIEW

Jerrold H. Levy, M.D., FA.H.A,, F.C.C.M., Editor

Pulse Wave Analysis to Estimate Cardiac Output

Karim Kouz, M.D., Thomas W. L. Scheeren, M.D., Daniel de Backer, M.D., Bernd Saugel, M.D.

. Pulse pressure variation
Mean arterial P

pressure

'
P p— -
H

v
Stroke volume variation

Stroke volume x Heart rate = Cardiac output

Pulse wave analysis

v

Invasive

l

Externally calibrated Intemnally calibrated

v

Minimally-invasive

I
v v

Uncalibrated

v

Non-invasive

l

Internally calibrated

Cardiac output ~

Transpulmonary
indicator dilution

A ST ey

iy
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REVIEW ARTICLE

Accuracy and precision of non-invasive cardiac output
monitoring devices in perioperative medicine: a

systematic review and meta-analysis’

A.Joosten™*, O. Desebbe?, K. Suehiro?, L. S.-L. Murphy*, M. Essiet?,
B. Alexander®, M.-O. Fischer’?, L. Barvais®, L. Van Obbergh’,
D. Maucort-Boulch® and M. Cannesson'®

niPCA :

Wagner (201 5% 50 | . i —0.20[-1.95, 1.55]
Hofhuizen (2014 19 I -1 { —0.26 [-2.33, 1.81]
Gerhardt (2000} A6 : . i -2.10 [-5.23, 1.03]
Fischer EED‘IS] 37 I - J —0.20 [-2.33, 1.93
Fischer (2012) A4 | & | 0.00 [-2.12, 2.12]
Bubeneck-Turconi (2013) 28 I i 0.00 |-1.96, 1.96]
Broch (2012 40 | i 0.10 [-1.44, 1.64]
Bogert azm ) oF | — i 0.39 [-1.38, 2.16]
Ameloot (2014) A5 I - i —0.40 [-2.55, 1.75]

Heterogeneity: Q=46.0 (P<0.001),12=82.6% e —— —0.20 [-2.32, 1.92]



British Journal of Anaesthesia 112 (&4): 626-37 (2014) B A
Advance Access publication 14 January 2014 - doi:10.1093/bjo/aet429

REVIEW ARTICLES

Systematic review of uncalibrated arterial pressure waveform
analysis to determine cardiac output and stroke volume variation

C. Slagt™, I. Malagon? and A. B. J. Groeneveld?

Weighted average for third generation

Patients 5.7
95% confidence interval 5.4-6.0
Data 5.6

95% confidence interval 5.4-57

Weighted average for third generation

Patients 4.7
95% confidence interval 4.6-48
Data 4.7

95% confidence interval 4.7-4.7

Weighted average for third generation

Patients 6.4 -0.12
95% confidence interval 6.3-6.5 —~0.22to 0.02
Data 6.5 —-0.70

95% confidence interval 6.5-6.5 —~0.71to —0.68

—0.50
~0.59to - 0.41
—0.46
~0.50to - 0.42
- 0.02
- 0.02to -0.01
- 0.01
- 0.01to - 0.01

1.71
1.65-1.77
2.19
2.18-2.21

51
49-53
66
66-67

0.77
0.70-0.83
0.81
0.78-0.83

0.58
0.57-0.59
0.58
0.58-0.55

28
25-31
30
29-32

25
24-26
25
25-25




Prevod z tlaku na prutok...

 VVyzaduje maximalne ,opecovanou” krivku
« Kalibrované a nekalibrované
» Ctyfi modely nekalibrovanych

« Windkessel

* Pulse power analyza

« Analyza dlouhych intervalU/statisticka rekonstrukce
* Pressure recording analytical method

* Pfesnost klesa s mnozstvim vlivu na krivku



Odvozene parametry

o SIS

Aortic compliance Stroke volume Vascular tone U

o b | ——

Afterload Full cardiac cycle Contractility
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ZILNI NAVRAT
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Marik et al. Annals of Intensive Care 2011, 1:1

http//www .annalsofintensivecare.com/content/1/1/1 O A n n a I S Of I n te n S i Ve Ca re

a SpringerOpen Journal

REVIEW Open Access

Hemodynamic parameters to guide fluid therapy

Paul E Marik'*, Xavier Monnetz, Jean-Louis Teboul?

N RV preload
H RV ﬂmke Blood pulmonary I I "'.‘l v Stl'oh'

/ volume } transit time *[ T > volume
A pleural Z1RV afterload I
pressure :
/ r 1 I
\ LV afterload '
[ Atranspulmonary - 4 A A LV stroke I
pressure volume I
T ) [
’ ALV preload ' I

\ J |

|

v v

Pulse pressure Pulse pressure
MAXIMUM MINIMUM
at the end of inspiration during expiratory period

Figure 2 Heart-lung interactions. Hemodynamic effects of mechanical ventilation. The cyclic changes in left ventricular (LV) stroke volume are
mainly related to the expiratory decrease in LV preload due to the inspiratory decrease in right ventricular (RV) filling. Reproduced with
permission from Critical Care/Current Science Ltd [24].

%,




FUNKCNI TESTY — FRANK STARLINGOVA
KRIVKA

ODPOVIDAIJICIi ZMENA

TEPOVEHO OBJEMU

Normal systolic function

<10%
10-20%

>20%

.
Poor systolic function

)

ZMENA PRELOADU

Pre-load
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Zkratka N3azev Zéna cut off Automatické
hodnoceni

Variace tepového 9-12%
objemu

Variace pulznfho tlaku  9-13%

Variace systolického 10-13%
tlaku

Pokles STK oprotiend- 5 mmHg
exspiriu

Variace 9,5-15%
pletysmografického
signalu

variace VTI/ABF




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

Accuracy of stroke volume variation in predicting fluid
responsiveness: a systematic review and meta-analysis

Zhongheng Zhang - Baol
Xiaoyan Sheng + Ni Jin

g Lu-

23 studies — 568 patients

AUC (all) = 0,93 (0,91-0,95)

410" W
K
L
=
3 0.5
e
[
w
0.0 T
1.0 0.5
Specificity
Setting [no. of Sensitivity Specificity DOR AUC-ROC
studies (data sets)] (95% CI) (95% CI) (95% CI) (95% CI)*
Across all settings (12 [15]) 0.81 0.80 18.4 0.93
(0.77-0.85)  (0.70-0.88)  (9.52-35.5)  (0.907-0.945)
In OR under general anesthesia (.80 0.78 14.1 0.94
(8 [10]) (0.75-0.84)  (0.61-0.89)  (5.84-34.3)  (0.92-0.96)
In ICU (4 [5]) 0.86 0.84 28.3 0.85
(0.78-0.92)  (0.74-091)  (12.3-65.1)  (0.79-0.91)
Patients ventilated with 0.81 0.80 17.5 0.85
TV > 8 ml/kg (10 [13]) (0.77-0.85)  (0.68-0.89)  (8.44-36.5)  (0.82-0.88)
Hemodynamic monitoring 0.80 0.84 21.0 0.85
with PiCCO system (6 [6]) (0.72-0.85)  (0.75-091)  (10.7-41.5)  (0.81-0.89)
Hemodynamic monitoring 0.85 0.78 20.8 0.96
with Vigileo system (7 [9]) (0.78-0.90)  (0.58-091)  (6.09-71.2)  (0.94-0.98)



False
positive

Low HR/RR ratio
[ Extreme bradycardia oo
hagh frequency ventilation)

Irregular heart beats o

Mechanical ventilation
with low tidal volume

Increased abdominal
Pressure {Pneumopertoneum)

Thorax open

Spontaneous breathing o

S

False
negative

¢ O
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Anacrotic limb

ARTERIAL TONE

VENOUS TONE

' Systole " Diastole

sVRl = (MIAP = cvp) / co



ElASTANCE

(PULSE) PRESSURE
VARIATION

(STROKE) VOLUME
VARIATION




BJA British Journal of Anaesthesia, w (w): 1=7 (2018)

doi: 10,1016 bja. 2018.01.032
Advance Access Publication Date: xex
Clinica) Investigati

DyNAMIC

E MSTANCE CLINICAL INVESTIGATION
Dynamic arterial elastance measured by

uncalibrated pulse contour analysis predicts arterial-
pressure response to a decrease in norepinephrine

S. Bar™’, F. Leviel’, 0. Abou Arab’, L. Badoux', Y. Mahjoub"“, H. Dupont™?,
E. Lorne'” and P.-G. Guinot”

Ea dyn .
| R
5
g Indications of norepinephrine
a ; treatment, n (%)
- Cardiac postoperative 14 (40)
. St & @p@ vasoplegic syndrome
7 Sepsis 14 (40)
/ Haemorrhage shock 5 (14)
! > Volume Polytrauma 2 (6)

PPV/SVV = 1.03 %'.Ea - ‘

SVV <« 18% SVV - 18%
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CARDIOVASCULAR

Dynamic arterial elastance measured by
uncalibrated pulse contour analysis predicts arterial-
pressure response to a decrease in norepinephrine

S. Bar™, F. Leviel’, O. Abou Arab”, L. Badoux', Y. Mahjoub™?, H. Dupont’?,
E. Lorne™? and P.-G. Guinot®

Pressure non-responders Pressure responders

1,71 a

1.3

1,301

1.4

Pad MAP po
snizeni davky NA

154

Dynamic anerial elastance (ml mmHgl )

Bl

1.7

LRy

501

1A

Fig 2. Dynamic arterial elastance distribution according to the
response of arterial pressure with norepinephrine decrease.

Intensive Care Med
DOI 10.1007/500134-016-4666-z

ORIGINAL

Monitoring dynamic arterial elastance @
as a means of decreasing the duration

of norepinephrine treatment in vasoplegic
syndrome following cardiac surgery: a
prospective, randomized trial

Pierre-Grégoire Guinot'<’, Osama Abou-Arab', Mathieu Guilbart', Stéphane Bar', Elie Zogheib', Mona Daher’,
Patricia Besserve', Joseph Nader®?, Thierry Caus®?, Said Kamel?, Hervé Dupont'? and Emmanuel Lorne'

.

Kaplan-Meier for each group

NA weaning by
Eadyn=0,9

Sample size (proportion)

NA weaning by
MAP =70 mmHg

T
100 300
Cumulative duration of noradrenaline (hours)
Fig. 2 Duration of norepinephrine treatment in each study group




KONTRAKTILITA

INOTROPIE

Contractility

dP/dt Calculation

Velocity 1 (V) /f

Velocity 2(V5)

> 1200 mmHg/s
Time 1(T,) Time 2 (T,) 800-1200 mmHg/s

dPIdt = ((4V,2) - (4V,2))(T,-T,) < 800 mmHg/s



KONTRAKTILITA

= dPmax = dP/dT

INOTROPIE
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RESEARCH

Continual measurement of arterial dP/dt,,,, m@

acute heart failure

>

LV dPidt,, ,, (mmHgls)

1500 -

1000+

500 -

Open Access

for

enables minimally invasive monitoring of -
left ventricular contractility in patients with
Petr Ostadal'®, Dagmar Vondrakova, Andreas Kriiger, Marek Janotka and Jan Naar
- e
= L)
I. L ] . - L
LA T ]
. Spearman r 0.61
25% CI 0.31-0.80
P valua 0.0004
500 1000 1500
Artarial dP/dt,, ., (mmHa/ls)
0.91
0.78-0.97
= 0.0001

LV dPidt,, 5, (mmHg/s)

500 1000

Arterial dP/dt,, ,, (mmHgis)

A

1500+
»
o
£
£ 1000+

=
%F 500 - Spearman r 0.81
a 95% ClI 0.60-0.91
; P value <0.0001
a
1000 1500
Arterial dP/dt,, ,, (mmHg/s)

B

2000+
w
z
£ 1500+
E o

% 10004 3o
g Spearman r 0.29
e 500+ 95% CI -0.16-0.64
- P value 0.18
3
0 L L) 1
0 500 1000 1500

Arterial dP/dt, ;. (mmHg/s)




Pouska ], Kletecka ], Zatloukal J, Cerveny V, Benes ]. A protocol based on Hypotension
probability indicator vs. standard care to prevent intraoperative hypotension during

supratentorial brain surgery: a prospective randomized pilot trial. Minerva Anestesiol
2023 May 09. DOI: 10.23736/50375-9393.23.17197-5

54 it i i DYNAMIC ELASTANCE (Eadyn)
INDUCTION i—| ég:;gg;:’t‘ljpp

MAINTAINANCG PrasE STROKE VOLUME VARIATION
INDUCTION —/ clg‘:"lggr:;:

30 min 1hr 2hr

HPI > 85%

or

MAP < 65mmHg

CLINICAL EVALUATION
+

MONITORING SUPPORT

Eadyn <0.8

NOREPINEPHRINE
0.01 ug/kg/min
increase

SVV>12 %

FLUID BOLUS
Ringerfundin 5 mi/kg

Cl <2 L/min/m?

DOBUTAMINE
1 ug/kg/min increase

EVALUATE
HEMODYNAMIC STATUS

ANAESTHESIA
TCI Propofol (Schnider) 2,5-5
TCI Remifentanil (Minto) 3 — 12

VENTILATION
Vt 8ml/kg IBW
PEEP = 4-8 cm H,O
RR to normocapnia

INFUSION MAINTANANCE
Ringerfundin 2 ml/kg/hour

TRANSFUSION TRIGGER
Hb = 9.0 g/dL

—

CON group

MAP < 65mmHg

CLINICAL EVALUATION

HYPOVOLEMIA

FLUID BOLUS
Ringerfundin 5 ml’kg

VASOPLEGIA
NOREPINEPHRINE

0.01 ug/kg/min
increase

LCOS

DOBUTAMINE
1 ug/kg/min increase

NIZSI EXPOZICE HYPOTENZI PRI
EKVIVALNETNIM MNOZSTVi PODANYCH

TEKUTIN A NIZS| KUMULATIVNI DAVCE
NORADRENALINU
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Odvozené parametry ...

* Variace v Case ,
— vyznamny indikator tekutinove reaktivity ZA PODMINKY ...
,LIMITS"

* Dynamicka elastance
- zajimavy novy parametr

 Tlakova akcelerace (dP/dt)
- mozna ,trendy”



Kazdopadne krivka
arterialniho tlaku v sobe
skyta netusené rozmery ...

DEKUJI ZA
POZORNOST

benesj@fnplzen.cz



