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Cardiac output and
PiCCO technology

What is cardiac output
and PiCCO?

Cardiac output (C.0.) is the amount of
blood ejected by the heart every minute
to the peripheral circulation. The C.O. is
the product of the heart rate (HR) times
the stroke volume (SV), whereby the SV
is the amount of blood ejected by the
ventricle with every beat. Normally both
ventricles pump the same amount of
blood in a minute.

The primary function of the heart is to
deliver sufficient oxygen and nutrients

to the tissues. Under normal conditions
C.O.varies in order to comply with the
total tissue needs. These may change
secondary to exercise, infection, heart
disease, trauma, surgery or administration
of drugs. Measured C.O. can be normalized
to a patient’s body surface area (BSA) by
dividing C.O. by the BSA. The resulting
value is called cardiac index (Cl).

PiCCO continuous cardiac output (CCO)
measures cardiac output continuously,
and it does not require right heart
catheterization (pulmonary artery
catheter). The measurement is calibrated
by transpulmonary thermodilution.

see Figure 1.

While the essence of PiCCO monitoring is
around cardiac output, it also measures
parameters related to preload, afterload,
and contractility, and extra vascular

lung water. Therefore, it can provide a
more comprehensive view on a patient’s
hemodynamic status than just blood flow.
Since PiCCO technology does not require
right heart catheterization, it is less
invasive than other technologies.

The use of PiCCO technology requires
a standard central venous catheter for
transpulmonary thermodilution and

a specific PiCCO catheter, inserted in
femoralis, radialis, brachialis, or axillary
artery.

PiCCO has shown to be effective in terms
of cost and information obtained for
clinician’s decision making.!

How PiCCO parameters
are measured

Flow

Transpulmonary thermodilution is utilized
for calibrating the continuous cardiac
output calculation. A known amount of
cold injectate at a known temperature

is injected through the central venous
catheter. After the injection, the change

in blood temperature is measured near
the tip of the PiCCO catheter in the
artery. A curve of the temperature change
over time is displayed in the C.O. View

of the patient monitor. This is called a
thermodilution curve, see Figure 1. C.O.

is calculated by using the formula of
Stewart-Hamilton from the average of the
selected/approved thermodilution curves.
Since the bolus passes through the heart
and the lungs, preload and extra vascular
lung water values can also be determined.
The calibration is recommended once in
eight hours, or after a significant change
in the hemodynamic status (e.g. due to
medication, fluid loading). Intracardiac
shunts and valve insufficiencies may
impact the accuracy of transpulmonary
thermodilution. The same is true for any
thermodilution technology.?

PiCCO continuous cardiac output
monitoring is based on pulse contour
analysis of the invasive arterial blood
pressure curve. Stroke volume is
calculated for each pulse using the pulse
contour analysis. With this and heart rate,
continuous cardiac output can be defined;
see Figure 2. The indexed value is the same
divided by the body surface area.
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« The cold indicator passes through the right heart,
lungs, and left heart

« Theindicator is detected in an artery, typically
femoralis

« Precise cardiac output measurement is based on
Stewart-Hamilton algorithm

« Passage through the heart and lungs allows

L determination of preload volumes and lung water )

Figure 1. Transpulmonary thermodilution
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« Stroke volume is reflected by the area under the
systolic part of the pressure curve (red area) of one
heart beat

« Cardiac output is calculated beat-by-beat: stroke

volume x heart rate
S )

Figure 2. Pulse contour analysis
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Figure 3. Continuous cardiac output
parameter field on a CARESCAPE™ monitor’s
display. User may modify the number of
parameters shown in this field".
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Figure 4. Continuous cardiac output
parameter menu on a CARESCAPE monitor’

" Available in CARESCAPE software v2 or later.

Factors affecting
C.0. determination
and calibration by
transpulmonary
thermodilution

It is important to check ECG, invasive
pressures, and temperature while
evaluating the C.0. Many factors may
influence the C.O. value, for example,
injection technique and time between
measurements. The injection should be
rapid and constant. The curve generated
should have a steep rise and gradual
return to baseline.

In the PiCCO algorithm, the injection

is accepted only if the injection time is
short enough. Otherwise the injection is
automatically rejected and not considered
in C.O. determination.

Prolonged injections or excess handling
of the syringe can reduce the accuracy of
the measurement. An inaccurate injectate
volume can cause erroneus calculations.
In most cases 10 ml of injectate is
enough for a patient weighing 50-99 kg.
The default injectate volume with GE
PICCO measurement is 15ml. There are
recommended injectate volumes based
on patient body weight and injectate
temperature, see Table 1.

Rapid changes in heart rate, blood
pressure, or pulmonary artery blood
temperature may cause irregular
curves. Measurements too closely
together can also cause errors. Thus, it
is recommended to wait five minutes
between measurements with iced
injectate and one minute between
measurements with room temperature
injectate.

It is generally recommended to make
three to five consecutive determinations
with less than 10% variation between

the measurements and take the average
result. All determinations used for
averaging are recommended to be taken
within 15 minutes. Irregular curves can be
discarded in the Edit Average View of the
GE patient monitor before confirming the
average result, see Figure 5.
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[Edit Average C.0.,C.1.,
GEDI and ELWI by Including

Confirm C.0. &
and excluding trials. Calibrate

Figure 5. Transpulmonary thermodilution
curves in the Edit Average view of GE
CARESCAPE monitor’

Additional measurements
captured

Preload and volume responsiveness

Global end diastolic volume (GEDV)
represents the preload volume from
all four chambers of the heart, i.e., the
volume available to be ejected. GEDV
is defined through transpulmonary
thermodilution.

Dynamic parameters have been shown
to be better tools to assess volume
responsiveness than filling pressures.’
Stroke volume variation (SVV) and pulse
pressure variation (PPV) are percentage
values predicting fluid responsiveness.
SVV and PPV are continuously calculated.
The higher the value, the higher the
probability that fluid loading increases
cardiac output. A threshold between 11%
to 13% has been reported as predictive of
fluid responsiveness.*

Global end diastolic volume (GEDV)
represents the preload volume, i.e., the
volume available to be ejected. In the
PiCCO measurement, GEDV actually takes
into account the volume of all chambers
of the heart. GEDV is defined through
transpulmonary thermodilution, whereas
stroke volume variation (SVV) and pulse
pressure variation (PPV) are continuously
calculated.



Afterload

Afterload is assessed with systemic
vascular resistance SVR=((MAP-CVP)/
CO)*80. It indicates the resistance the
heart needs to overcome in order to
eject blood to the circulation. Cardiac
output is inversely related to systemic
vascular resistance (SVR). For instance,
vasoconstriction increases resistance,
and if there are no changes in other
parameters, it leads to decreased cardiac
output. It is a continuous measurement
with PiCCO technology.

Contractility

Contractility indicates the condition

of the cardiac muscle. With PiCCO
technology, contractility is defined with
cardiac function index (CFl). The formula
is C.0. divided by global end diastolic
volume. Also dPmx can be used to assess
contractility. It represents the maximum
pressure increase in the aorta. The third
value used to assess cardiac function is
global ejection fraction (GEF), which is 4 x
SV/GEDV.

When preload and afterload have been
optimized, the only way to increase C.0O. is
to increase contractility by administrating
inotropes. GEF and CFl are defined by
transpulmonary thermodilution, while
dPmx is calculated continuously.

Extra vascular lung water

When there is an abnormal accumulation
of fluid in the extravascular space in

the lung, it is called pulmonary oedema.
Detection of pulmonary oedema may
lead to negative fluid balance. Extra
vascular lung water (EVLW) measurement
reflects the pulmonary oedema and is

an important piece of information when
fluid therapy is discussed in hypoxemic
patients during mechanical ventilation.
EVLW is measured during transpulmonary
thermodilution.

Pulmonary vascular permeability

index (PVPI) is a relation of extra- and
intravascular fluid, and can help to
differentiate the origin of pulmonary
oedema, whether that is inflammatory or
cardiogenic.

" Available in CARESCAPE software v2 or later.

Displaying the
information

GE’'s CARESCAPE monitors take all of

the information the PiCCO technology
provides and display it in a graphical view,
enabling the clinician to get an overview of
the patient's hemodynamic status at one
glancet. Parameters shown can be defined
by the user, and the coloring of this view is
based on the target zone values set by the
clinician. see Figure 6.

Cardiac Output / CCO

Art Mean 96 mmHg

HR 100 /min

SvI 40 mV/m2

PPV 1%

CVP Mean 13 mmHg

SVRI 2285 dyne*s*m2/cm5
CCl 3.15 Vmin/m2

Figure 6. PiCCO graphical view on a
CARESCAPE monitor”

Body ELWI ELWI ELWI <10
weight/ | <10 210
kg
iced iced room
injectate | injectate | temperature
injectate
<3 2ml 2ml 3ml
<10 2ml 3ml 3ml
<25 3ml 5ml 5ml
<50 5ml 10 ml 10ml
<100 10ml 15ml 15ml
2100 15ml 20ml 20 ml

Table 1. Recommended injectate volume

Conclusions

Cardiac output is a vital parameter when
assessing cardiac function and when
making therapy decisions for critically

ill patients.>® C.0. is also routinely
measured during and after major surgical
procedures.

In addition to continuous cardiac

output, PiCCO technology enables

other parameters for a comprehensive
evaluation of the hemodynamic status of
the patient. Using the PiCCO technology
is well suited in situations where the
hemodynamics are unstable and/or when
mechanical ventilation is needed for
severe hypoxemia, such as:

« Septic shock

- Cardiogenic shock

« Burns

+ Trauma/hypovolemic shock
- ARDS

« Pancreatitis

+ Pediatrics

+ Perioperative care
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Additional resources

Arterial Pressure Variation quick guide
(DOC0524295) for more information
regarding these principles.

For white papers, guides and other
instructive materials about our clinical
measurements, technologies and
applications, please visit
http://clinicalview.gehealthcare.com/
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Srdcovy vydaj a
PiCCO technolégia

Co je srdcovy vdaj a PiCCO?

Srdcovy vyda;j (C.0.) je mnoZstvo
krvi vypudenej srdcom kazdu
minUtu do periférneho obehu.
Srdcovy vydaj ziskame
vyndsobenim srdcovej frekvencie
(HR) a pulzového objemu (SV), kde
SV je mnozstvo krvi vypudenej
komorou pri kazdom Gdere.
Normdlne obe komory vytlacia
rovnaké mnoZzstvo krvi za minGtu.

Primdrna funkcia srdca je dodat
dostatocné mnozstvo kyslika

a zivin do tkaniv. Pri bezngch
podmienkach sa C.0. meni tak, aby
boli uspokojené poziadavky tkaniv.
Tieto sa sekunddarne mdzu menit pri
cviceni, infekcii, srdcovych
ochoreniach, traume, chirurgickom
zdkroku, alebo podanim liekov.
Merané C.0. mdze byt
normalizované k velkosti povrchu
tela pacienta (BSA) tgm, ze
vydelime C.0. hodnotou BSA.
V(slednda hodnota je nazgvand
Srdcovy index (Cl)

PiCCO kontinudlny srdcovy vydaj
(CCO) meria srdcovy v(daj
kontinudlne, a nevyzaduje
katétrizaciu pravého srdca (katéter
v pulmonalnej artérii). Meranie je
kalibrované pomocou
transpulmondlnej termodillcie vid
Obr. 1.

Aj ked podstata PICCO
monitorovania je sustredend na
srdcovy vydaj, dokdze merat qj
parametre spojené s preload-om,
afterload-om, kontraktilitou a extra
vaskularnou pldcnou vodou. Preto
moZe poskytnut ucelenejsi pohlad
na hemodynamicky stav pacienta
v porovnani s bezngm prietokom.
KedZe PICCO technolégia
nevyzaduje katétrizdciu pravého
srdca, je menej invazivna ako iné
technolégie.

Pouzitie PiCCO technolégie
vyzaduje Standardny centrdlny
Zilng katéter pre transpulmondlnu
termodildciu a Specifickg PICCO
katéter zavedeny v a. femoradlis,
radialis, brachialis alebo axilédrne;
artérii.

PiCCO sa ukdzala ako efektivna
technoldgia, ¢o sa tgka nédkladov
a ziskangch informdcii pre Kklinické
rozhodovanie.!

Ako st merané PiCCO
parametre

Prietok

Transpulmonalna termodillcia je
pouzitd na kalibréciu vgpoctov
kontinudlneho srdcového vydaja.
Zn&dme mnozstvo chladného
injektatu pri zndme;j teplote je
podané cez centrdalny vendzny
katéter. Po vstreknuti, je merand
zmena teploty krvi v blizkosti Spicky
PiCCO katétra v artérii. Krivka
zmeny teploty za Cas je zobrazend
v C.0. pohlade na pacientskom
monitore. Toto nazgvame
termodilu¢na krivka, vid Obr.1. C.0.
je vypocitané pouzitim Stewart-
Hamilton-ovho vzorca z priemeru
vybranygch/schvdlengch
termodiluénych kriviek. KedZe bolus
prechddza srdcom a pldcami,
mozu byt tieZ stanovené hodnoty
preload a extravaskuldrnej pldcnej
vody. Kalibrécia sa odporica raz za
8 hodin, alebo po vgraznej zmene
hemodynamického stavu (napr. pre
medikdciu, podanie tekutin).
Srdcové skraty a nedomykavost
chlopni mdze ovplyvnit presnost
transpulmondlnej termodillcie. To
isté ale plati pre kazdu
termodiluéni technolégiu.?

Monitorovanie srdcového vydaja
pomocou PiCCO je zaloZzené na
analgze pulzovej viny (pulse
contour analysis) z krivky invazivne
meraného arteridineho krvného
tlaku. Pulzovy objem je vypocitany
pre kazdy pulz pouzitim pulse
contour analgzy. S tgmto

a srdcovou frekvenciou mozeme
zadefinovat kontinudlny srdcovy
v(daj, vid Obr.2. Hodnota indexu je
vypocitand vydelenim hodnotou
povrchu tela (BSA).

Bolus injection ’
/.

Y 4

&

Bolus detection

Bolus

temperature -

»
=

time t(n)

e Chladny indikator prejde pravé
srdce, plica a [avé srdce

e Indikdtor je detegovany v artérii,
typicky femordinej

e Presné meranie srdcového
vydaja je zaloZzené na Stewart-
Hamiltonovom algoritme

e Prechod cez srdce a pluca
dovoluje urcit objem Preload
a plticnu vodu

Obr. 1 Transpulnomdlna termodillcia



e Pulzovy objem je zobrozeﬁ?%ko
oblast pod systolickou ¢astou
tlakovej krivky (Cervend oblast)
jedného Uderu srdca

e Srdcovy vydaj je pocitany uder
za Gderom: pulzovy objem x
srdcovdé frekvencia

Obr.2 Analgza pulse contour

cco CC03.0r8.0

cco 4-73 I/min

SwW 2 %
SVR 1 530 dyne*s/cm5

Obr. 3 Pole parametra Kontinudlny
srdcovy v(daj na displeji monitora
CARESCAPE™. UZivatel mdze zmenit
pocet parametrov zobrazengch

v tomto polil.
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Obr. 4 Menu parametra Kontinudiny
srdcovy vydaj na monitore
CARESCAPE™.

1Dostupné vo verzii softvéru
CARESCAPE v2 a novsich.

Faktory ovplyviujice urcenie
a kalibraciu srdcového
vydaja pri transpulmondlinej
termodildcii

Je ddlezité skontrolovat EKG,
invazivne tlaky a teplotu, ked
vyhodnocujete srdcovy vyda.
Mnohé faktory mdézu ovplyvnit
hodnotu srdcového vydaja,
napriklad: spésob podania injekcie
a ¢as medzi meraniami. Injekcia by
mala byt podand svizne a stdlou
rychlostou. Generovand krivka by
mala mat strmy ndrast a postupny
ndvrat do zakladnej polohy.

Algoritmus PiCCO akceptuje
injektdz iba, ak je Cas podania
dostatocne krdtky. Inak je injekcia
automaticky odmietnutd

a nepouzije sa na urcenie
srdcového vydaja.

Zbytocne dlhé poddvanie injekcie,
alebo zaobchdadzanie so
striekackou, méZe znizit presnost
merania. Nepresng objem injektdtu
moZze spdsobit chybu vgpoctu. Vo
vacsine pripadov je 10 ml injektdtu
dostatok pre pacienta véziaceho
50-99 kg. Zakladny objem injektdtu
pri merani GE PiCCO je 15 ml.
Existuju odpordcané objemy
injektdtu v zavislosti na

vahe pacienta a teplote injektatu,
vid tabulku 1.

Rychle zmeny v srdcovej frekvencii,
krvnom tlaku, teplote krvi

v pulmonalnej artérii mézu mat za
ndsledok nepravidelné krivky.
Merania prilis Casto po sebe mozu
tieZ spdsobit chyby. Preto je
odporicané cakat medzi
meraniami 5 mindt (ladovy injektdt)
alebo 1 minutu (injektat izbovej
teploty).

Vo vSeobecnosti sa odporica
urobit 3 az 5 po sebe idUcich
stanoveni s odchylkou medzi
meraniami pod 10%, a vziat
priemerny vysledok. V3etky
stanovenia pouZzité na
priemerovanie odpordcame
vykonat pocas 15 minut.
Nepravidelné krivky mozu byt
zahodené v Edit Average View GE
pacientskeho monitora, predtgm
ako potvrdite priemerny vysledok,
vid Obr. 5.

Edit Average C.O., C1.,
GEDI and ELWI by Including —_—Jﬁ.‘“ __Jg-.
and excluding trials. Calibrate

Obr.5 Transpulmondlne termodilucné
krivky v Edit average view na GE
CARESCAPE monitore!?

Zaznamenané dodatkové
merania

Preload a objemova reaktivita

Globdlny end diastolicky objem
(GEDV) reprezentuje preload objem
zo vSetk(ch 4 Casti srdca, teda
objem dostupnyg na vypudenie.
GEDV je definované pomocou
transpulmondlnej termodillcie.

Dynamické parametre sa ukazali
ako lepsi ndstroj na postdenie
objemovej reaktivity, ako plniace
tlaky.3

Zmeny pulzového objemu (SVV)

a zmeny pulzového tlaku (PPV) st
percentudlne hodnoty
predpovedajlce tekutinovu
reaktivitu. SV a PPV su kontinudlne
prepocitavané. Vyssia hodnota
znamend vyssiu pravdepodobnost,
ze plnenie tekutinami zvysuje
srdcovy vydaj. Hodnota medzi 11%
0z 13% sa ukdzala ako prediktivna
pre tekutinovl reaktivitu 4

Globdlny end-diastolicky objem
(GEDV) reprezentuje preload objem
tj. objem dostupny na vypudenie.
Pri PiCCO merani, GEDV berie do
Uvahy objem vsetkych &4 casti
srdca. GEDV je definované
pomocou transpulmonalnej
termodillcie kde SVV a PPV su
nepretrzite prepocitavané.



Afterload

Afterload je uréeny

pouzitim systémového cievneho
odporu SVR=((MAP-CVP)/CO)*80.
Vyjadruje odpor, ktory musi srdce
prekonat, ked chce vypudit krv do
cirkuldcie. Srdcov( vidaj je
nepriamo zdvisly na systémovom
cievnom odpore (SVR). Napriklad
vazokonstrikcia zvysuje odpor, a ak
nie st zmeny v injch parametroch,
vedie to k znizenému srdcovému
v(daju. S PiCCO technoldgiou je to
kontinudlne meranie.

Kontraktilita

Kontraktilita poukazuje na stav
srdcového svalu. S PiCCO
technoldgiou je kontraktilita
definovand Indexom srdcovej
funkcie (CFl). Vzorec je C.O. delené
GEDV. Na posudenie kontraktility
moZe byt pouZité aj dPmx.
Predstavuje maximdlny ndrast
tlaku v aorte. Treti Gdaj pouzivany
na posudenie funkcie srdca je
globdina ejekénd frakcia (GEF), o je
4x SV/GEDV

Ked boli preload qj afterload
optimalizované, jediné cesta ako
2vysit srdcovy vydaj, je podanim
inotropnych létok. GEF a CFI su
urcené transpulmondlnou
termodiltciou, kgm dPmx je
neustdle prepocitavané.

Extravaskuldrna pldcna voda

Ked sa vyskytne abnormdlne
nahromadenie tekutin

v extravaskularnom priestore pltc
hovorime o plicnom edéme.
Objavenie plicneho edému moze
viest k negativnej rovnovdhe
tekutin. Meranie extravaskuldrnej
plicnej vody (EVLW) odrdza plicny
edém a je dblezitou informdciou pri
diskusii o podavani tekutin

u hypoxickych pacientov pocas
mechanickej plicnej ventildcie.
EVLW je merané pocas
transpulmondlnej termodillcie.
Index pllcnej cievnej priepustnosti
(PVPI) je vztah medzi extra-

a intravaskuldrnou tekutinou

a méze pomdct rozlisit pévod
plicneho edému, ¢i je zdpalovy
alebo kardiogénny.

1Dostupné vo verzii softvéru
CARESCAPE v2 a novsich.

Zobrazenie informdcii

Monitory GE CARESCAPE vyuzivaju
vSetky informacie, ktoré PICCO
technoldgia poskytuje a zobrazia
ich v grafickom zobrazeni, ¢im
umoznuju zdravotnikovi ziskat
prehlad o pacientovom
hemodynamickom stave na prvy
pohlad. Zobrazené parametre
mozu byt vybrané uZivatelom

a zafarbenie tohto zobrazenia je
zaloZené na hodnotdch cielovych
zén nastaven(ch zdravotnikom. Vid
Obr.6.

Cardiac Output / CCO

CvP
Mean o
Art Mean 96 mmHg

HR 100 /min

Svi 40 mV/m2

PPV 1%

CVP Mean 13 mmHg

SVRI 2285 dyne*s*m2/cm5
CCl 3.15 Vmin/m2

Obr. 6 PICCO grafické zobrazenie na
monitore CARESCAPE!?

Vdha ELWI ELWI ELWI
(ka) <10 210 <10
l[adovy | ladovy Inj.
injektdat | injektat Izbovej
teploty
<3 2ml 2ml 3ml

<10 2ml 3ml 3ml
<25 | 3ml 5ml 5ml
<50 | 5ml 10 ml 10 ml
<100  10ml | 15ml 15 ml
2100 15ml  20ml | 20ml
Tabulka 1 Odporicany objem injektatu

Zhrnutie

Srdcovy vydaqj je rozhodujlci
ukazovatel pri posudzovani
srdcovej funkcie a pri rozhodovani
pri kriticky chorgch pacientoch.56
C.0. je tiez rutinne vyuZivany pocas
a po velkych chirurgickych
v(konoch.

Okrem merania kontinudlneho
srdcového vidaja, PiICCO
technolégia spristupriuje iné
parametre na prehladné
zhodnotenie hemodynamického
stavu pacienta. Pouzitie PICCO
technolégie je vhodné v situdcidch
kedy je hemodynamika nestabilnd
o/alebo ked je potrebnd
mechanickd ventildcia kvoli véznej
hypoxémii, ako napriklad:

e Septicky Sok

e Kardiogénny sok

e Popdleniny

e Trauma/hypovolemicky Sok
e ARDS

e Pankreatitida

e Pediatria

e Perioperacnd starostlivost
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