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Despite improvements Iin resuscitation and supportive
care, progressive organ dysfunction occurs in a large
proportion of patients with acute, life-threatening
liInesses and those undergoing major surgery.

Sakr Y et al. Crit Care Med 32:1825-1831, 2004

Early aggressive resuscitation of critically ill patients
may limit and/or reverse tissue hypoxia and progression
to organ failure and improve outcome.

Shapire NI et al. Crit Care Med 34:1025-1032, 2006
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BACKGROUND
Goalk

Rivers E a. N Engl J Med
345:1368-1377, 2001

Optimization of cardiac output (CO) In patients
undergoing major surgery has been shown to reduce
postoperative complications and the length of stay.

Hamilton MA, Cecconi M, Rhodes A:
Anesth Analg 112:1392-1402, 2011



Excessive fluid resuscitation has been associated with
Increased complications, increased lengths of intensive
care unit and hospital stay, and increased mortality.

...only about 50% of hemodynamically unstable
patients are volume responsive.

Boyd JH et al. Crit Care Med
39:259-265, 2011




BbiBOObI

If the fluid challenge does not increase the SV, volume
loading serves the patient no useful benefit and is
likely to be harmful.

The measurements of SV and CO are fundamental to
the hemodynamic management of critically il and
Injured patients and unstable patients in the operating
room.

Both fluid challenges and the use of inotropic
agents/vasopressors should be based on the
response of the SV to either of these challenges.



. Adolph Fick described the first method
ﬁ@ . of CO estimation in 1870
. B |

o the reference standard of determining

_ CO until the introduction of the PAC in
Adolf Eugen Fick  the 1970s

(1829-1901)

Ay, o e
¥R o

PAC In the 1970s

Swan-Ganz Catheter {

gold standard for the measurement of o,
CO and Is the reference standard used S

10 compare noninvasive technoelegies = \



CO AS MEASURED BY CARBON DIOXIDE REBREATHING

the modified Fick equation
NICO (Respironics, Murraysville, PA)

A limitation of the rebreathing CO2
CO method Is that it only measures
pulmonary capillary blood flow (ie,
the nonshunted portion of the CO)

hyperventilation

low minute ventilation,
high shunt fraction
high CO

“ 2 mmHg Typical




Considering the limitations of this technology
and the potential inaccuracies, the routine use
of the CO2 rebreathing technique to guide
fluid and vasopressor therapy cannot be
recommended.

Paul E. Marik. Journal of Cardiothoracic and
\/ascular. Anesthesia, Vol 27, No 1 (February), 201.3:
pp 121-134



ESOPHAGEAL DOPPLER

the resulting waveform is highly The clinician must adjust the depth,
dependent on correct positioning rotate the probe, and adjust the gain to
obtain an optimal signal.
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A major limitation of esophageal ..In hemodynamically unstable patients
Doppler monitoring is the assumption the increase in blood flow velocity: in
that a fixed percentage of the CO is  the descending aorta may not

directed to the head and descending correlate well'with the increase in the
aorta. SV.



completely noninvasive Doppler
technology, the ultrasound CO
monitor (USCOM, Sydney,
Australia)

utpu!
Cl (I/minvm?®) Cardiac Index
SV (em?) Stroke Volume
SVI (mi/mv) Stroke Volume Index
HR (bpm) Heart Rate
SVR (d.s.cm™) Systemic Vascular Resistance
VK SR oo (RS

limitation of this technigue Is that It IS not
conducive te continuous monitering



PULSE CONTOUR ANALYSIS

relation among:

* plood pressure

« SV

» arterial compliance

» systemic vascular resistance (SVR)

3 categories:

(1) pulse contour analysis requiring an indicator dilution CO
measurement to calibrate the pulse contour (LIDCO System:;
LIDCO, Cambridge, UK; and PICCO System; Pulsion, Munich,
Germany)

(2) pulse contour analysis requiring patient demographic and physical
characteristics for arterial iImpedance estimation (ie, FloTrac
System; Edwards Lifesciences, Irvine, CA)

(3) pulse contour analysis that dees not require calibration or
preloaded data (ie, MostCare System; Vyetech Health, Padua,

italy).



LIMITS

The differences In blood pressure among different sites may be
large, and in conditions of intense vasoconstriction, the radial
blood pressure may underestimate the true aortic blood pressure,
giving a falsely low CO value.

Furthermore, It has been shown that in volume-responsive
patients there Is selective redistribution of blood flow to the
cerebral circulation with a significantly smaller percentage
increase in blood flow in the brachial artery.

This may lead to a significant error when the radial pulse is used
for pulse contour analysis.

Marik PE et al. Ann Crit Care 2012



Lithium Dilution and Pulse Contour Analysis

The LIDCO .... to be at least as reliable as other thermodilution
methods over a broad range of CO In a variety of patients.

Bein B et al. J Cardiothorac Vasc Anesth 18:185-189, 2004
Mora B et al. J Anesth 66:675-681, 2011

Garcia-Rodriguez C et al. Crit Care Med 30:2199-2204, 2002
Linton R et al. Crit Care Med 25:1796-1800, 1997

Cardiac Output = (Lithium Dose x 60)/(Area x (1-PCV))

Recalibration sheuld be performed after; acute:hemodynamic
changes and after any. intervention that alters vascular Impedance.




Transpulmonary Thermodilution and Pulse
Contour Analysis

PICCO

via continuous pulse contour analysis

» Continuous pulse contour cardiac analysis
(PCCO)

Arterial blood pressure (AP)

Heart rate (HR)

Stroke volume (SV)

Stroke volume variation (SVV)
Systemic vascular resistance (SVR)

>
>
>
>
>
> Index of left ventricular contractility


http://www.medical.philips.com/main/products/patient_monitoring/assets/images/redesign/thermodilution_product.gif

Transpulmonary Thermodilution and Pulse
Contour Analysis

PICCO

via intermittent transpulmonary thermodilution

> Transpulmonary cardiac output (C.O.)
> Intrathoracic blood volume (ITBV)

> Extravascular lung water (EVLW)

» Cardiac function index (CFl)

In a randomized controlled trial, Mutoh et al. showed an improved clinical
outcome for patients with subarachnoeid hemorrhage randomized to a
PICCO-based hemodynamic algorithm as compared with the “standard of;
care,  which used a PAC algorithm.

Muteh T. Stroke 40:2368-2374, 2009


http://www.medical.philips.com/main/products/patient_monitoring/assets/images/redesign/thermodilution_product.gif

Pulse Contour Reqguiring Patient Demographic
and Physical Characteristics and No Calibration

FloTrac sensor Vigileo monitor

The basic principle of the system Is the linear relation between the
pulse pressure and the SV.

SV = SDxp X X

The factor X represents the conversion factor that depends on:
e arterial compliance
* the mean arterial pressure
 \Waveform characteristics
the system does not track changes in the SV
Limit  accurately after a volume challenge or; after
the use of vasopressors



Pulse Contour Requiring No Patient Data and No Calibration

The area under the curve of
the arterial waveform

The MostCare system

the pressure recording analytic
method (PRAM)

The accuracy of this system:

» the patent holder’s group showing
good results

* Independent studies have shown
mixed results




Table 1. Overview of the Pulse Contour-Based Hemodynamic Monitoring Devices®®

Systam Charactaristic

FloTrac Systam

PICCO Systam

LiDCO Systam

PRAM

Arterial waveform
gnalysis
Reguirements

Calibration
Recalibration
Indicator

Additional parameters
Advantages

Disedvantages

S0 of 2000 arterial
waveform points
Peripheral or central
grterial catheter
Uncalibrated/internal

Automatically
Mone

Minimally invasive
Operator independent
Easy to use

Inaccurate especially in
vasoplegic patients

Does not accurately
track changes in 8V

Area under the systolic portion of

the arterial waveform
Central arterial catheter and
subclavian or |J CVC

Transpulmonary thermaodilution

Saline

sV

Broad range of hemodynamic
parameters

More robust during hemodynamic

instabil ity
Mare invasive

RME method applied to the
srterial pressure signal
Peripheral or central arterial

catheter
Lithium indicator dilution
Manual
Manual
Lithium
SVV, PPV, GEDV, EVLW, S8VR
Minimally invasive
More robust during
hemodynamic instability

Requires lithium

Area under curve

Peripheral or central
erterial catheter
Uncalibrated/internal

Automatic

Mone
SVV, FPV
Minimally invasive

Few validation
studies

Adapted with permission.=
Abbreviations: CVC, central venous catheter; GEDV, global end-diastolic volume; EVLW, extravascular lung water; |J, internal jugular; RMS,

root mean square.

Montenij LJ; de Waal EE, Buhre WE: Arterial waveform
analysis in anesthesia and critical care. Curr Opin
Anaesthesiol 24:651-656, 2011




THORACIC BIOIMPEDANCE

The ideal complement to
conventional vital sign monitors

SV Is proportional to the product of
maximal rate of the change of Zo
(dZo/dtmax) and ventricular ejection
time (VET).




THORACIC BIOIMPEDANCE

PARAMETERS

O row Bioimpedance has been found to be
T I i S S S R Inaccurate in the intensive care unit

8P 00 SSE g = 0'00d on anenal wa's

ol i and other settings in which significant

0 Goxtms A electric noise and body motion exist
- o and in patients with increased lung

&l water.

Vi

T Raue W et al. Eur J Anaesthesiol 26:1067-
i 1071, 2009

PEP

STR Spstoic Time Satio o of geqricsl sysioe (o medha Je
n ...this technique Is sensitive to:

TFC

POt Fi
TRC1  T“Cndz:x

VASCULAR

* the placement of the electrodes
e Variations in patient body. size
» the skin temperature and humidity.

Wang DJ; Gottlieb SS. Curr: Cardiol Rep
8:180-186, 2006




BIOREACTANCE

NICOM device (Cheetah Medical,
Portland, OR)

bioreactance - the phase shift in
voltage across the thorax

NMAPAMETPbI
Ooanavenme HaumeHoBaKHWe napamerpa TPAMUBI €A MIM.
cO CepaesHein esibpec 0-990 niMes
cl Cepaeqii usperc 0990  niwmuin’ i 1456 e » -
= i e gl Additional studies are required
el T R - -} o confirm the accuracy,
Wspexc ygapHoro obnama 33-47 mnin’iynap TeMOIMHAMMYSCKIIA JKPAN A GG ags .
e | —— reliability, and versatility with
T TR i <2 this device and to show
Obuee nepudepuyecros CoNPoTHENEHHE AN e . .
oo maonzme O e Improved patient outcomes.

BHYTPHIPYAHOS CONEPRAHNE XMAKOCTH 1000/Om

BpemA MarHaHKA NeBoro KanyaoHKE MNCBK 3KpaH Tpengos
nporpammes 06paboTkn passmIx

* |0 ventilated and nenventilated patients
* |n patients with atrial'and ventricular arrhythmias
* [N the emergency room, intensive care unit, and oeperating reom



Estimated Continuous Cardiac Output
esCCO

Peripheral
Pulse Wave




Recogmize severe sepds, mamlain dirway
and estabish IV accoss
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Attach neninvasive
cardiac output device

Clinical examination and
hemodynamic variables

Hypotension, oliguria,
high lactic acid

S00mL
SOOmLfNinC>10% r’ Crystalloid

challenge

SVinc < 10%

MAP < 65 mmHg

l

Cl<25, SVi<3Sor
poor LV function*

SO00OmLColloid

Norepinephrine 0.01 ug/
kg/min and titrate

Dobutamine @ 2.5 ug/kg/
min and titrate to CI

The protocol for
hemodynamic optimization
In the operating room.
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In conclusion

HenHBasnBHoe namepenmne CB - elle oanH
MOHUTOPUPYEMbIV MapaMeTp, 0OECHEYNBAIOLLINI
6e30MacHOCTb MALUWEHTOB, MYTEM PaLNOHANBHOIO
ICMOMb30BaHUSA XVUAKOCTN, MHOTPOMNOB 1 BA30AKTUBHbIX
npenapaTos.
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