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Roadmap

Basics

Hemodynamic parameters for monitoring and management

A sensible approach to choosing the right monitoring

Algorithms for hemodynamic management

Take home messages

What this lecture is not about:

The various techniques and modalities of hemodynamic monitoring

The scientific evidence for specific treatment protocols; e.g. GDT
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What really matters and where it's happening

High
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Microcirculation and tissue oxygenation
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Basics... P
|

SvO, =0,75

g Q Lunge Kérpergewebe
Getting The Full Hemodynamic Picture

Sa0,=1,0 %

Sauerstoffextraktion

Sauerstoff-
verbrauch:
ca. 25% des

e e i N Angebols
(MAP) )
I—T Sauerstoffangebot
Ou(i:::i(a((::O) | —— ., Volitr:\c;k(eSV) J
i S MAP = CO x SVR
E‘:slzi Heart Rate Preload Contractility = Afterload
{TFQ) (HR) _ (SVV,FTg  (ICON,STR) = (SVR)
LN A . DO, = CO x Hb x 1,34 x SaO,
Diuretics Chrono- Vascular |+°r_ | Vascular =~
N~ “_tropy “Volume- ngtitzpe -~ . Tone -
VO,=CO x (C,0, - C,0,)
c,0,=C.,0,-VO,/ CO
/'—\ Vor allem Gesundheit AMEOS Gruppe | 4

./ Oliver Herden-Kirchhof. 11-in BputaHo-YkpaiHcbkuu Cumno3siym. Kuis, 2019

wi=a



Blood Pressure

Period-dependent Associations between Hypotension Caveat:
during and for Four Days after Noncardiac Surgery and )
a Composite of Myocardial Infarction and Death

A Substudy of the POISE-2 Trial MAP = CO x SVR

Daniel I. Sessler, M.D., Christian S. Meyhoff, M.D., Ph.D., Nicole M. Zimmerman, M.S.,

Guangmei Mao, M.PH., Kate Leslie, M.B.B.S., Skarlet M. Vasquez, M.Sc., ’ N 4 H

Packianathaswamy Balaji, M.D., Jests Alvarez-Garcia, M.D., Ph.D., Alexandre B. Cavalcanti, M.D., Ph.D., N O rm a I MA P d u e tO h I g h SV R
Joel L. Parlow, M.D., Prashant V. Rahate, M.D., Manfred D. Seeberger, M.D., Bruno Gossetti, M.D.,

S. A. Waker, MB.Ch.B., Rajendra K. Premchand, M.D., Rikke M. Dahl, M.D., Emmanuele Duceppe, M.D., des p ite low CO and DO 2 1

Reitze Rodseth, M.B.Ch.B., Femando Botto, M.D., P. J. Devereaux, M.D., Ph.D.

Table 4. The Association of Clinically Important Hypotension to Component of the 30-day Composite Outcome

Period Outcome Incidence (%) OR (99.2% CIjt P Valuet
10-min increase in hypotension
Intraoperative MI 590 (6.0%) 1.03 (0.97, 1.10) 0.162
Mortality 116 (1.2%) 1.12 (1.05, 1.20) <0.001§
Remaining day of surgery Mi 418 (4.4%) 1.03 (1.00, 1.05) 0.002§
Mortality 105 (1.1%) 1.03 (1.01, 1.06) <0.001§
Hypotension vs. nonhypoten- MI 29 (0.3%) 2.95(0.84,10.4) 0.023
sion: PODs 110 4 Mortalit 63 (0.7% 2.72 (1.07,6.93 0.004
J 0.7%) ( ) 3 Anesthesiology 2018; 128:317-27
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Fluids stoke

volume
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/ ventricular systolic function
Significant response //——-—_
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Poor perfusion ‘
Poor oxygenation / :
/ e Cardiac preload
/ Tissue edema
v , Passive Leg Raise
Poor oxygenation
Fabio Cavallaro D' t' f 1 | ¥ .
Fabio Cavallaro iagnostic accuracy of passive leg raising C“" 45
> Crisina Marano for prediction of fluid responsiveness in adults: =>
siuseppe La Torre . . . .
Alice Mannocci systematic review and meta-analysis of clinical
Chiara De Waure .
Giuseppe Bello StUdIes
Riccardo Maviglia
Massimo Antonelli
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The Evidence-Practice-Gap

Cannesson et al. Critical Care 2011, 15:R197
http://ccforum.com/content/15/4/R197
@ CRITICAL CARE

RESEARCH Open Access

Hemodynamic monitoring and management in
patients undergoing high risk surgery: a survey
among North American and European
anesthesiologists

Maxime Cannesson’, Gunther Pestel”, Cameron Ricks', Andreas Hoeft® and Azriel Perel’
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Table 1 Hemodynamic monitoring used for the
management of high-risk surgery patients?.

ASA ESA
respondents respondents

Table 3 What are your indicators for volume expansion

(n = 237) (n = 195) in this setting (diagnostic tools)?
Answer options Response Response ASA ESA
percent percent Respondents Respondents

. . (n=209) (n=165)
Invasive arterial pressure 95.4% 89.7%
Central venous pressure 72 6% 83 6% Answer Options Response Response

Percent Percent

Non-invasive arterial pressure 51.% 53.8%

_ Blood pressure 88.5% 77.6%
Cardiac output 354% 34.%% _

_ Urine output 83.3% 77.0%

Pulmonary capillary wedge 30.8% 14.4%
Dressure Clinical experience 77.5% 64.8%
Transesophageal 78.3% 19.0% Central venous pressure 70.8% 64.2%
echacardiography Cardiac output 49.3% 533%
Systolic pressure variation 20.3% 236% Pulse Pressure Variation or Systolic 450% 55.8%
Plethysmographic waveform 17.3% 17.%% Pressure Variation
variation Transesophageal echocardiography 435% 285%
Pulse pressure variation 15.2% 256% Pulmonary capillary wedge pressure 38.8% 24.2%
Mixed venous saturation (ScvO2) 14.3% 15.9% Plethysmographic Waveform Variation 254% 255%
Central venous saturation (5vO2) 12.7% 333% Stroke Volume Variation 19.1% 364%
Oxygen delivery (DO2) 6.3% 144% Mixed venous saturation (Scv02) 18.7% 218%
Stroke volume variation 6.3% 21.5% Global end diastolic volume 10.5% 17.0%
Near infrared spectroscopy 46% 51% Central venous saturation (Sv02) 10.0% 34.5%
Global end diastolic volume 21% 8.2%

ASA, American society of anesthesiology respondents; ESA, European society

ASA, American society of anesthesiology respondents; ESA, European society of anaesthesiology respondents.
of anaesthesiology respondents,
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Table 4 How do you routinely assess the hemodynamic r w

effects of volume expansion? Does your institution or group have a written protocol, care
ASA ESA guide, or statement concerning hemodynamic management
respondents respondents (n . . .
(n = 203) = 162) in this setting?
Answer options Response Response
percent percent
Increase in blood pressure 92.1% 753%
Increase in urine output 84.7% 73.5%
Decrease in heart rate 74.4% 753%
Increase in cardiac output 59.1% 54 3%
Decrease in pulse pressure variation 56.7% 54 %%
or systolic pressure variation
Decrease in plethysmographic 28.6% 259%
waveform variation
Increase in mixed venous saturation 22.2% 18.5% ASA Respondents ESA Respondents
(5v02)
Decrease in stroke volume variation 21.7% 35.2%
Increase in central venous saturation 19.2% 278% ‘ No ‘ Yes whsire of
(5v02) " don't know
ASA, American society of anesthesiology respondents; ESA, European society \ Figure 2 Incidence of institutional guidelines concerning hemodynamic management in this setting? )
of anaesthesiology respondents.
A Vor allem Gesundheit AMEOS Gruppe |9
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All respondents agree that oxygen delivery is of major importance for patients undergoing high-risk
surgery, with more than 90% exhibiting the knowledge that CO is a major determinant of oxygen delivery:

Table 2| If you do not monitor cardiac output routinely in these patients, what are the main

reasons for not monitoring it? (Please, mark all that apply)

ASA Respondents ESA Respondents
(n=157) (n=142)

Answer Options Response Percent Response Percent

I use dynamic parameters of fluid responsiveness (Pulse Pressure Variations,
Systolic Pressure Variations, Plethysmographic Waveform Variations) as 54.1% 60.6%
surrogates for cardiac output monitoring

Available cardiac output monitoring solutions are too invasive 48.4% 26.8%
Cardiac output monitoring does not provide any additional clinically relevant 24,26 14.1%
information in this setting - .

I use SvO2 and/or ScVO2 as surrogates for cardiac output monitoring 13.4% 26.1%
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Monitoring options — Mix and Match

* Arterial pressure — estimation of tissue perfusion pressure

* Flow based monitoring — cardiac output: calibrated / uncalibrated

 Static parameters of preload — pressure: CVP; PAOP / volumetric: GEDV; ITBV
 Dynamic parameters of preload — fluid responsivness: PLR; SVV; PPV

 Tissue perfusion markers — oxygen-supply-and-demand balance: SvO,, Lactate, APCO,

* Echocardiography — evaluation of contractility

A
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Oxygen supply and demand balance

44 150 mL min"m” VO,
,.2""'60% 80% . S () v,
< 2mmol L ... Lactate
w |/ I
, >
DO, < 550 mL min"'m’

Figure 5. The relationship between oxygen delivery and lactate level
and SvO,
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Vincent et al. Critical Care (2016) 20:257

DOI 10.1186/513054-016-1403-5 Cﬂtlcal Care
RESEARCH Open Access
The value of blood lactate kinetics in L

critically ill patients: a systematic review

Jean-Louis Vincent’, Amanda Quintairos e Silva', Licio Couto Jr' and Fabio S. Taccone

Research

Multicentre study on peri- and postoperative central venous

oxygen saturation in high-risk surgical patients
Collaborative Study Group on Perioperative ScvO2 Monitoring

Received: 5 Jul 2006 Revisions requested: 27 Jul 2006 Revisions received: 30 Aug 2006 Accepted: 13 Nov 2006 Published: 13 Nov 2006

Critical Care 2006, 10:R158 (doi:10.1186/ccb094)
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The new kid on the Block I

Robin et al. Critical Care (2015) 19:227

DO 10.1186/513054-0150917-6 ‘c: CRITICAL CARE

RESEARCH Open Access

VCOz increasing

P (v-a) COz mmHg

Central venous-to-arterial carbon dioxide ~ &= e
difference as a prognostic tool in high-risk R
Surg|ca| patlents Cardiac output (L/min)

Emmanuel Robin"", Emmanuel Futier’, Oscar Pires', Maher Fleyfel’, Benoit Tavernier', Gilles Lebuffe’ Figure 3 Relationship between the mixed venous-to-arterial PCO: difference
and Benoit Vallet' P (v-a) CO: and cardiac output. For a constant total CO: production (VCO:),
changes in cardiac output result in large changes in P (v-a) CO: in the low values
of cardiac output, whereas changes in cardiac output will not result in significant

Futier et al. Critical Care 2010, 14:R193 . . . . .
httpy/ccforum.com/content/14/5/R193 changes in P (v-a) COz in the high values of cardiac output.
CRITICAL CARE

APCO, is inversely correlated with both:

, - systemic perfusion and_

Central venous O, saturation and venous-to- - microcirculation

arterial CO, difference as complementary tools Elevated APCO, = defect in CO, clearance
for goal-directed therapy during high-risk surgery Threshold of 6 mmHg

mmanuel Futier”, Emmanue! Robin’, Matthieu Jabaudon', Renaud Guerin', Antoine Petit!, Jean-Etienne Bazin | . . . .
et Co vt e, fone el e Biomarker of hypoperfusion and tissue hypoxia

Jean-Michel Constantin', Benoit Vallet?

RESEARCH Open Access

T F

7.8\ Vor allem Gesundheit AMEOS Gruppe | 13

""\-;___J_,‘;?"' Oliver Herden-Kirchhof. 11-i BputaHo-YkpaiHcbkuin Cumnosiym. Kuis, 2019



Central venous-to-arterial PCO, difference, arteriovenous
oxygen content and outcome after adult cardiac surgery
with cardiopulmonary bypass

101 3.0
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Vor allem Gesundheit Eur J Anaesthesiol 2019; 36:279-289 AMEOS Gruppe | 14
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Bedside Echocardiography

See what’s going on:

Chamber dimensions
Ventricular function (RV / LV)
Valvular pathologies

Pericardial / pleural effusion

Original Article

Transthoracic echocardiography for cardiopulmonary
monitoring in intensive care

M. B. Jensen, E. Sloth, K. M. Larsen, M. B. Schmidt

Aarhus University Hospital, Department of Anaesthesiology and Intensive Care, Skejby Sygehus, Denmark

European Journal of Anaesthesiology 21: 700-707

" Oliver Herden-Kirchhof. 11-i BpuTtaHo-YkpaiHcbkunn Cumnosiym. Kuis, 2019

Normal basic FATE views Normal basic FATE views Examples of important pathology

Normal basic FATE view Normal basic FATE view Pericardial effusion

Pos 1: Subcostal 4-chamber

Lv

';% |

Normal basic FATE view

Pos 2: Apical 4-chamber

L= )~

Normal basic FATE view

Pos 3: Parasternal long axis

v

Pos 3: Parasternal short axis

Normal basic FATE view

Pos 4: Pleural scanning




Which monitoring? There is no magic bullet!

Table 2. The key properties of an ‘ideal’ hemodynamic
monitoring system

Provides measurement of relevant variables
Provides accurate and reproducible measurements
Provides interpretable data

Is easy to use

Is readily available

|s operator-independent

Has a rapid response-time

(Causes no harm

|s cost-effective

Should provide information that is able to quide therapy

) Vor allem Gesundheit
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ACCURACY

The best The PA catheter

INVASIVENESS

Other CO

monitoring systems The worst

Figure 1 The compromise between accuracy and invasiveness of
monitoring systems. CO, cardiac output; PA, pulmonary artery.

* The more invasive the more accurate !

 Continuous or intermittent ?
e Calibrated or uncalibrated ?
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Look at your patient — choose a risk adjusted approach!

|. Basic monitoring

RISK
LOW w3 MEDIUM =====3 HIGH

—

Pulse oximeter / capnometry S

<€
iEIethysmography variabi@

Arterial catheter / PPV

Transesophageal Doppler

Pulse contour CO
Indicator dilution CO

Scv02

€ >

PAC

<>

Figure 2 Possible choice of monitoring system in relation to a
patient's degree of perioperative risk. CO, cardiac output; PAC,
pulmonary artery catheter; PPV, pulse pressure variation; ScvO-,
central venous oxygen saturation.

Patient-specific risk
low

AND
Procedure-related
risk

low or moderate

HR: RR: SaOz;
Evaluation of peripheral
perfusionj

Consider = extended monitoring (I} if:

— prolonged duration of the surgery

— excessive blood loss

—development of evidence of hypoperfusion (e.g., metabolic acidosis,
increased lactate level)

Il Extended monitoring

Patient-specific risk
high

Procedure-related
risk high

OR -

Evaluation of response to
fluids "

SVV/PPV or ASV
protocols (Fig. 7)

Consider + advanced monitoring (1ll) if:
— no response to fluid therapy

— worsening evidence of hypoperfusion
— persisting hypotension

'Identification of fluid responsiveness by itself is not an indication for fluid therapy if there is no evidence of a decreased cardiac output and hypoperfusion.
If the patient requires increasing stroke volume (improving perfusion):

— administer fluids if the patient is a fluid responder
— consider an inotropic agent if the patient does not respond to fluid therapy

lll. Advanced monitoring

Patient-specific risk
high

AND
Procedure-related
risk

high

Vor allem Gesundheit
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Comprehensive evaluation
of hemodynamic
parameters:

CO/Cl; SVR/PVR; PCWP;
MAP; CVP

Perfusion parameters:
Sv0,/5cv0,; pCO, gap,
serum lactate

Consider - transfer to ICU/PACU after the procedure
Need for central venous line and peripheral arterial cannula placement

PACU — post-anaesthesia care unit; other abbreviations are explainedin the text
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A practical approach to monitoring:

CONSENSUS STATEMENT

Hemodynamic monitoring in the critically patient.
Recommendations of the Cardiological Intensive Care
and CPR Working Group of the Spanish Society

of Intensive Care and Coronary Units”

Med Intensiva. 2014;38(3):154-169

Vor allem Gesundheit
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Initial basic monitoring

(Physical exam, pulsioxymetry, ECG, RF)

Target variables:
* MAP (NIP vs invasive)
» Tissue perfusion: lactate and/or SvcO2

“Goal-directed”
basic echocardiography

Assessment of preload—dependency <4+—
* CVP/PPV

v

Insufficient response to treatment and/or
need for further insight to physiopathology

bﬁ Advanced echocardiography

Continuous advanced monitoring

Target variables: ¢ MAP (invasive BP)
* Tissue perfusion: lactate and/or SvcO2

Advanced hemodynamic monitoring systems
* Noninvasive
(very limited utility in critical patients)
* Semi-invasive
Pulse wave analysis without calibration
(not recommended in case of altered vascular tone)
Esophageal Doppler
Pulse wave analysis with calibration
(transpulmonary thermodilution, lithium dilution)
— Invasive
PAC

AMEOS Gruppe | 18




A fool with a tool is still a fool!

Most importantly, one must never
forget that it is not the monitoring itself
that can improve outcomes, but the
changes in therapy guided by the data
obtained.

e
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Ewa Kucewicz-Czech et al.,, Optimisation of perioperative cardiovascular function

utane
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Define goals and follow an algorithm !

Most common haemodynamic disturbances

Heart

Vasodilation .
failure

Hypovolaemia

! ! !

Evaluation of condition severity

Catecholamines

Vasoconstrictors

Evaluation of short-term treatment effects

Figure 3. Basic principles of goal-oriented therapy

Anaesthesiol Intensive Ther 2017, vol. 49, no 1, 16-27
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SVV/PPV
protocol:
Patients with
sinus rhythm,
ventilated
at constant
tidal volume
v, min.8 mL kg

Evaluation of fluid responsiveness

—

oy

. ASV protocol:
Assessment of PPV/SVV parameters Assessment of stroke volume (ASV) Patients who
PPV/SVV measurement are not
Cl measurement candidates
PRV/SVV >10% SVl <40 mLm” for SVV/PPV
Yes No

o

Fluid challenge

250 mL of fluid
(over 5-10 min)

)

Fluid-
-responders -
[ Fluid therapy J
|s cardiac
Fluid non- output optimal?
-responders €525 min” m°
MAP > 65 mm Hg

'

Cl measurement

SWlincrease =10%

Fluid non-
-responders

Therapeutic goal reached

Periodic re-evaluation

F 3

|n advanced monitoring
additional assessment of:
Scv0,/5v0,
pCO, gap
serum lactate

Figure 7. Algorithm describing perioperative haemodynamic optimisation in patients undergoing non-cardiac surgery




PiCCO l PAC S(cvo,
/ \

normal low
(z70%) (<70%)
. , . . do nothing Sa0,
Decision tree for hemodynamic / volumetric monitoring / \
Cl (/min/m?) <3.0 >3.0 low normal (> 95 %)
— "o e . e (hypoxemia) (increased O2ER)
E GEDI (ml/m2) <700 >700 <700 >700 {
3 or ITBI (ml/m?) jaso\ jaso\ jsso\ jsso\
L
; ELWI* (ml/kg) <10 >10 <10 >10 <10 >10 <10 >10 C}K:cgrzgsteheFEEI;y’ cardiac ﬂl.ltpl.lt
— | ! } | | | } |
Vs Vel Cat Cat v+ V4l V- | |
A | hgh o
- (> 2.5 L/min.M?) (<2.5 L/min.M?)
H I_1 GEDI (ml/m2) >700  700-800 >700 700-800 700  700-800 700-800
gl 'orITBI(m/m?)  >850  850-1000 >850  850-1000 >850  850-1000 850-1000 I I
RT 2. Optimise to SVV** (%10 <10 <10 <10 <10 <10 <10 <10
AA
PR l hemoglobin PAOP[SWV
YE  cFI(1/min) >4.5 >55  >4.5 >5.5
T or GEF (%) >25 >30 >25 >30 OK! <12 % >12%
J_ ELWI* (ml/kg) <10 <10 <10 <10
(slowly responding)
>8g/dL <8gfdL >18 mmHg <18 mmHg
V+ = volume loading (! = cautiously) V- =volume contraction  Cat = catecholamine / cardiovascular agents stress, anxiety, pain anemia myocardial hypo\folemia
** SVV only applicable in ventilated patients without cardiac arrhythmia high VO d f di
(highVOo,) ysfunction
analgesia blood dobutamine fluid
sedation transfusion challenge

Nach: Pinsky M, Vincent |-L: Let us use the pulmonary artery catheter correctly and only

Vor allem Gesundheit when we need it. Crit Care Med 2005;33 1119-1122 [6).
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Take home messages

Know your physiology

Look at your patient — assess morbidity and risk

Get the picture — combine and integrate variables from multiple sources

Choose wisely - monitoring requirements depend on the invidual patient

Have a plan — monitoring is not an end in itself - it guides treatment

There are no magic bullets ...

o F
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Vielen Dank fur lhre Aufmerksamkeit

Ihr Ansprechpartner:
https://youtu.be/ctS _bEfWAWS

Vorname Name
Tel. +49 (0)1234 5678-10
v.name@ameos.de
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