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Monitorizacion en Cirugia Cardiaca

Basiea — FLexf/bte

Slempre
ECG DLuresls /. EcpTE
EtCO2 RBIS

M@dla PAI Sro2

St boniba con buens FE Vigileo

Mueha patologia asoctaca LIPCO vapla

NICO
AVOANZO0a

Mala FE SWAN-GANZ

Tiempo de bonba Lavoo PICCO

Clrugla Aorta Tordcien LIBCO plus

Doble proc@diml@w’co

Sesion SARTD-CHGUV 13-01-09




SVV/AINIGAINZ




BALIS PRIOOT AL
/f/’_%bj?\a
F
¥

CABLE CE WEDCHON
CEL GRETD CARDALOD

CATETER CISTAL

= GEEWA 2 INFLADIDN

Catéter poliuretano 110cm | Luces | DISTAL
PROXIMAL

inflar/desinflar balén

Conexiones Balon de latex

Sesion SARTD-CHGUV 13-01-09




Monitorizacion ECG continua

Asepsia

Yugular dcha o subclavia izq
Introducir 15cm

Avanzar con balon hinchado

Ballioon
wtilateon

Right ventncle Pulmonary artery

\ A

Heght atrium
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ZONE 1
Fﬁ} 'l }PH

Complicaciones

Puncioén arterial, hematoma Perforacion miocardica

Infeccion Daio valvular

V4
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Balloon
miflation

Right ventricle Pulmonary arlery

¢, ¢ PAPO = Precarga??

PAPO =/PTDVI

- Estenosis o insuficiencia mitral

- Insuficiencia aortica severa
- Mixoma Al

- Compliance ventricular o
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Parametros hemodinamicos

PVC, PAP, PAPO
Gasto cardiaco
Volumen sistoélico

Resistencias vasculares

Trabajo de salida ventricular
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Contraindicaciones

- Estenosis valvular tricuspidea o pulmonar
- Protesis tricuspidea
- Masas intracavitarias derechas
- Tetralogia de Fallot

- Alergia al latex
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- Awnalists del contorno de La onda de pulso arterial

variactow de Lla presion avterial — cambio de volumen de sangre

. Prﬁwci}aio de Flek —  Dlluclton de v Lndieador

La aaptmiéw o Ltberacion total de una sustancia (Lndicador) POV
f
un oroano es toual al producto del flijo sanguineo del oroano por 4
Lo O{L{E\/@mcm de concentraclom arteriovenosa de Lo sustancin. =

- Bwquzeda nela eléctyica tovacien

- Doppler transesofaogie
oppler transesoftigico g
Relacton entre Veloctdad de flujo, dvea y gasto cardinco *t
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P1CCO
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Termmadilucién transpulmanar Andlisis del cpntomo del pulso arterial

Calibracion

G = Volumen sistéllcos x frecusncla cardlaca
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Catéter warmoao
anirml
Cusspo ssngor da

S— termperstura e la
i golucion inyectada

Cealede dal gssrisoe
i ternperaturs
ol myectatle

Lable oo pramion ertenal

—
Cable interdaz *
de temperatura arierial ———

e W — - -
Ciatater ce termodilucion FULSION traneductor de prasicn
PLILSIHZATH

F: Arteria fermoral

Al Adteria aodlar

I E: Artera ragquisl

' Fi: Arteria radial e lago
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Parametros continuos
Parametros discontinuo

Caudal/Poscarga

Gestion de volumen

Pulmoén

Contractibilidad

(Gasto cardiaco

Volumen sistolico

Frecuencia cardiaca

Presion arterial

Resistencia Vascular Sistémica
Volumen global al final de la diastole

Volumen de sangre intratoracica

Variacion del volumen sistolico

Variacion de la presion del pulso

Agua pulmonar extravascular

Indice de Permeabilidad Pulmonar Vascular
Fraccion de eyeccion global

Indice de funcion cardiaca

Velocidad de aumento de presion arterial
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"

i G PiCCO-Tecnologia Valores N

Indice Cardiaco Cl 3.0-5.0 IY/min/m?
Volumen Sistélico Indexado SVI 40-60 ml/m?
Volumen Global Diastélico Indexado* GEDI 680-800 mbl/m?®
Volumen de Sangre Intratoracico Indexado ITBI 850-1000 ml/m?®
Agua Extravascular Pulmonar Indexado ELWI 3.0-7.0 ml/kg
Permeabilidad Vascular Pulmonar Indexado* PVPI 1.0-3.0

Variacién del Volumen Sistélico sVv =10 %
Variacion de la Presion de Pulso* PPV =10 %
Fraccién de Eyeccion Global* GEF 25-35 %
Indice de Funcién Cardiaca CFI 4.5-6.5 1/min
Presion Arterial Media PAM 70-90 mmHg
Resistencias Vasculares Sistémicas Indexado SVRI 1700-2400 dyn*s*cm™m?®

*Bélo PICCO plus

PULSIOMN Madical Syetama as un fabricants de dispositivos médicos y no aplica medicing. PULSION no recomenda estos valorss normalas para usar &noun pacients
concrato, A todos los sfectos el médico a cargo del pacients es reaponsabls para determinar y utilizar las meadidas adecuadas en cuarto & diagndatico y tratamiento
an cada pacients de modo indiviclual.

PULSIOMN Meadical Systema |bérica 5.1, = Pol. Ind. Las Miswes « G Pusrto Canencia 21 » E-28835 Mdatolea, Madrid
Tal. +34-(181- 665 7312 « Fax +34-10091- 616 94 27 » infolpulsioniberica.com

P et e PULSION

PULSION Medical Syaterns AG » Stahlgnabsring 26 « D-81623 Munich, Germeany
Tel. +40-(0)B0-45 08 14-0 » Fax +49-(0}89-45 00 14-18 » infodpulsion.com = wwaw PULSION. com Medical Systems

Sesion SARTD-CHGUV 13-01-09




l8.82 12:34 TEW .0

GEF dPmx  SW
40 ¢ 000 30 ¢

Pl L

40D

18,82 12:34 TEBN .0
Postoarico

Output
cI Sl HAP  SUR]
. L 168+ 5000

i i 13w A4 @il
SE Iadn
L Ja9a

1z lana

« @+ L 0
- Morsale — Rilevar enl2:3]

w 9/
. 32

{EUF?
]1"?5

c|350

5UI

SLRJ BI

dPax 1540
(GEDI) 682

"
18.82 12133 TEN . i:
volealc]

Indici
GEDI  ITEI S\ PPU

120 1.0 30 3 L
(L0 151 + i+

ngw g L1 + 8

“0B rae T
400 J0b i
20w 1540

I & | & | #3500 |

SET | wa

_18.82 12137 TBYT.0

--- Hormale -Jﬂllﬂlltln]if3J

ELMI  PUPI
Ier 3.0

24 4

I

--:Hhrulhl--luumuu:mnll : 31

Sesion SARTD- CHGUV 13-01-09

w 9/
%

(CUP} 10

i 3.46

S E;H




FICCO plus
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PICCO mide
Volumenes

Llenado ventricular
Agua extravascular pulmonar

Aire intrapulmonar

Variacion del Volumen Sistolico
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Gasto Cardiaco

Resistencias Vasculares Sistemicas

Eraceion deEyeccion) Gloehal

Sesion SARTD-CHGUV 13-01-09
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Permeabilidad vascular pulmonar

ELWI/RPBY.

Unica monitorizacion que lo calcula
"a pie de cama"

LIMITACION: Resecciones pulmonares
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S PULEICN ov0ds PCaisehid 113

PiICCO-Technology Modelo de decision”

Este diagrarma de decision no es orientativo y no sustituye la toma de decisiones terapéuticas del madico responsable.

' )
Cl {Umlnfm*] |7 <3.0 —I |7 _ T
GEDI (ml/mé) <700 =700 <700 =700
ELWI (ml/kg) <10 =10 <10 =10 <10 =10 <10 =10
e : 7 \’ N N2 N J \J J
V+7? V47 Cat? Cat? V+7? V+7? V-7
Cat? V-?
/_Ea[nr:ﬁﬁ_abiﬂmo.a_ ¥ 2 4 5 2 \? N
1.GEDI (ml/m?) =700 700-800 =700 7O00-800 =700 700-800 700-800
o ITBI (ml/m?) =850 B850-1000 =850 850-1000 > 850 850-1000 J 850-1000
2.Optimizar SVV (%)** <10 <10 <10 <10 <10 <10 <10 <10
GEF (%) >25 >30 >25 >30 J
o CFl (1/min) >4.5 >55 >45 =>5.5 OK!
ELWI (ml/kg) <10 <10 <10 <10
A\ (Respuesta lenta)
b 4
* Framenius M, Heak M (2008), chapter "Meritaring” in “Flepstitorium Intsnsivmedizin®, Springer Medizin Visdag Heidelberg, 44-48
Kirow BT, Kuzkow WV, Biatnass L), "Extavascular ung water in aepsis” in Vinosnt JL (=d] Yearbeck of Irfesnsie Care and Emergency Madicine 2005, Springar-Vadog Badin Heidelberg Mew York, 448 460
W+ = volduman V- = restriccion de volumsn  Gat = catecolaminas / agentss cardiovascularss
BV solamente es aplicable a pacientes con ventilacidn mecinica totalments controlada y sin aritmias cardiacas., C E oad
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LIDCO
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Contraindicaciones

Cardiac
Sensor
Systems - <40 Kg

- Tratamiento con litio

- Embarazadas o lactancia

- RNM (atracuro y rocuronio)
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NICO
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ECOIE
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Monitor (latin): esclavo que acompaiaba a
su sefior para informarle / recordarle
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+ Monitorizacion regional
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CAP /
PicCO /
LiDCO /
Vigileo

+/-

Eco

Cardio
ETT
/ ETE




A day in the life of Uluru La situacién

hemodinamica
(precarga, poscarga,
IC)

bam

del paciente de
Cirugia cardiaca

Cambia
frecuentemente

a lo largo del
tiempo
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Precarga / Poscarga / Contractilidad

U
VS x FC

U

RVS x GC x Ca0O2(Hb, CaD2)
U U

PA DO2 / VOZ2
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*Volumen — Precarga optima (¢, ... ?).
Evitar = edemas (pulmonar), hemodilucién, T
poscarga.

* Inotréopicos — IC > ¢4 2,2 - 4,5 L/min/m2 ? .

5
Peligro = 1 FC, arritmias, | CMO2, isquemia
miocardica, M. hipertrofica obstructiva /[SAM.

* Vaso dilatadores = { RVS y/o RVP.
Problema = ¢ PAM

* Vaso presores —» T PAM 60-90 mm Hg..
Peligro = { GC, isquemia: miocardica, renal,

InteStl nal - Sesion SARTD-CHGUV 13-01-09
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*Volumen — Precarga optima ( ¢ ... ?2).
Evitar = edemas (pulmonar), hemodllucmn
T poscarga.

* Inotropicos — IC > ¢4 2,5 -4,5 L/min/m2 ? .

Peligro = T FC, arrltmlas TCMOZ isquemia
miocardica, M. hlpertroflca obstructlva OTSVI.

* Vaso dilatadores = { RVS y/o RVP.
Problema = ¥ PAM

* Vaso presores — T PAM 60-90 mm Hg..
Peligro = J GC, isquemia miocardica, isquemia

intestinal (1 pHi/PCO2:9.L8hQ2),
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- | volumen intravascular.

! tono vascular.
T presién intra-toracica.

v retorno venoso al VI.
v tiempo llenado ventricular.

Vv distensibilidad cardiaca.
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PERMEABILIDAD |
5 - ALMENTADA

~ PESD
HUMEDO'SECO

‘ Ji"..-'
" -5 O +£5 10

Agua extravascular pulmonar (ELW) | iPc - Poomm Hgi
Permeabilidad capilar pulmonar (PCP)

Fie. 23-1. Relacidn entre 2] agua polmonar ¥ 1o diferencia entee 10 presion hactremslitica capilar palmao-
nar 4 Py v ba presidn oncotica (PO del saerm.
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Cirugia | -
Cavidades | B
derechas &

i.i
.
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PATIENT IN VARIABLE
DEGREES OF SHOCK
OR IN EXTREMIS

DECREASED ARTERIAL
AND PULSE PRESSURES
OFTEN EXIST BUT

NOT PATHOGNOMONIC

NECK VEINS DISTENDED

HEART SOUNDS DISTANT

VENOUS PRESSURE ELEVATED
(PATHOGNOMONIC) %
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IMFERIOR THYROID VEIM
THYMUS GLAND
BRACHIOCEPHALIC TRUNK (INNOMINATE ARTERY)
R, BRACHIOCEPHALIC (INNOMIMATE) VEIN
R. PHRENIC NERVE
R. ANTERIOR SCALENE MUSCLE
R. BRACHIAL PLEXUS
R, EXTERNAL JUGULAR VEIN

R. SUBCLAVIAN
ARTERY AND VEIN

R. Tst RIB,

SUPERIOR
VEM /\
EMA CAV A\

R. PHREMIC M.
AND PERI-
CARDIACO-
PHREMNIC

A, AND V.

R. LUNG.

DIAPHRAGM

LINE OF
FUSION OF

PERICARDIAL

RACHEA
L. COMMON CAROTID ARTERY
. BRACHIOCEPHALIC (INMOMINATE} VEIN
L. INTERMNAL JUGULAR VEIN
L. VAGUS NERVE

L. RECURRENT MNERVE AMD
ARCH OF AORTA

. INTERNAL THORACIC
(INTERMAL MAMMARY] ARTERY

L. PHREMIC MERVE AND
PERICARDIACOPHREMNIC
ARTERY AND VEIN

MEDIASTINAL PLEURA

PERICARDIUM L. INTERMAL

THORACIC
(INTERMAL
MAMMARY)
ARTERY

PERICARDIUM

DIAPHRAGMATIC LEURA

COSTAL

TO DIAPHRAGM

L. SUPERIOR
EPIGASTRIC L. MUSCULOPHRENIC
ARTERY ARTERY
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Connors AF y col. JAMA 1996: 889-97.

Rhodes Ay col. ICM 2002: 256-64.
Richard C y col. JAMA 2003: 2732-4.
Sandham JD y col. NEJM 2003: 5-14.

Harvey S y col. Lancet 2005: 472-7.
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Precocidad
En el
Diagnostico
Y

fratamiento
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Introductor del CAP.

YID.
Indicaciones del
CAP:
+/- ETT o ETE

>, !
»

‘1) Valoracion HT ) Mala funcion
ventricular.3) Cirugia mixta / compleja.4) Aorta
TD.5) Pacientes inestables hemodinamicamente.

- Valorando: riesgo (vélvulas y cavidades derechas,
complicaciones) / coste / beneficios y alternativas.
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* Practice guidelines for PAC: an update report
by the ASA Task Force on Pulmonary Artery
Catheterization. Anesthesiology 2003: 988.

* Pinsky MR, Vincent JL. Let us use the PAC
correctly and only when we need it. CCM
2005:119.

+ Alfernativas: , LiDCO, Flotrack.
+ Complementario:
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Figure 1. Frank-Starling curves . Figure 1a( left panel) In one patient, at low end-diastolic ventrico-
lar volume (EDV) the increase in preload (AEDV1) causes an important increase in stroke volume
(ASV1) but after volume expansion, at higher volU mesmeesmmae crease in preload (AEDV2)
causes a smaller increase in stroke volume (ASV2).

Figure 1b (right panel). In two different patients, the same increase in preload (AEDV1) causes
different increases in stroke volume (ASV1 and ASV2) because of difference in the steepness of

the Frank-Starlingcyrye which reflacts differences in myocardial contractile state.
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Variacion de la presion sistolica con la VM

L i ol

5P rax

i .8
L]
mriris|

Airway pressure
{E m HED}

P Prmin

A Systolic Pressure (SP) = A Pulse Pressure (PP] =
SPI'I'I.EI.:I{ i SFIr‘|"|'ir'| Ppmax ¥ F'Ipll‘nit'l.
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blood pulmanary

transit time

( transpulmenary

pressure

\ L J

Systolic pressure Systolic pressure
Pulse pressure Pulse pressure
Aortic blood velocity Aartic blood velocity
maximum at the end of the minimum during the

inspiratory period exglraw Eriui
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-Catéter arterial
especifico: 1.

-Calibracion: 1 y 2.

*Otros datos: VSIT,
ELW, permeabilidad
capilar pulmonar: 1.
‘Facilidad: 3 y 4.
‘Fiabilidad: 1,2,3,4.
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PERMEABILIDAD
ALUMENTADA

_PESD
HUMEDCHSECO

":.-" I |
-5 0 +5

Agua extravascular pulmonar (ELW)
Permeabilidad capilar pulmonar (PCP)

iPg - Poo mm Hg)

Fig. 23-1. Relacidn entre el agua polmonar ¥ 1a.diferencia entee 12 presioaa hactrostitica capilar pulmae-
nar i Pohov by presicn oncotica (PCH del suern.
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Precarga / Poscarga /
U
VS x FC (ECG)
U

RVS x 6€C x CaO2(Hb, S alp 02)
U U

PA DO2 / VO2 / SvO2
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Contractilidad clevada

:&r;‘

Contractilidad
deprimida

Trabajo

el N

Wolumen Volumen

Figura 10. A. La Emax se obtiene uniendo todos los puntos telesistilicos medidos durante una disminu-
cion rdpida de la precarga. B. La pendiente de esta recta es proporcional a la contractilidad,

J. Cortes y col. La funcién ventricular: precarga, poscarga. En Fisiologia aplicada a la Anestesiologia. FEEA
2005.:51-74
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*Volumen — Precarga optima (¢, ... 7). Evitar =
edemas (pulmonar), hemodilucién, T poscarga.

*

Peligro = 1 FC, arritmias, T CMO2, isquemia

miocardica, hipertrofica obstructiva.

* Vaso dilatadores = { RVS y/o RVP.
Problema = | PAM

* Vaso presores — T PAM 60-90 mm Hg..
Peligro = J GC, isquemia miocardica, isquemia
intestinal ( | pHi/ PCO2-g / ShO2)
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coO

Por
Pulse
Contour
Analysis

Vs

coO

Por
CAP
En:

* BCIA
* TAO

Time [s]

Fig. 3. Principle of cardiac output (CO) assessment by pulse contour analysis using the PiCCOplus system. Cal:
specific calibration factor determined by transpulmonary thermodilution; C(p): aortic Compliance; P(t)/SVR:
area under the pressure wave curve; dP/dt: shape of the pressure wave curve; SVR: systemic vascular resis-

tance
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PIiCCO: mas datos, calibracion por termo dilucién, catéter arterial central.

LiDCO: calibracion con litio, catéter periférico

Flo Track: sin calibracion, catéter periférico, menos fiable
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FLO-IIKACK =SILIDCO rapid
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Table 1. Recent study results comparing less invasive cardiac output (CO) measurements with the intermittent thermodilution technique by the pulmonary artery

catheter (PAC)

g
S

T

Leather et al. [19]
Hullatt e‘f al. [16]
Kim et al. (18}
Jaeggi et al. £1?I
‘Moxon et al. [21]

§ Pulse contour analﬁis _

Rodig et al. [27]
Goedje et al. [24]
Della Rocca et al. f?,ﬁ]

: Felblger et al [28]
Y&mashit_a etal. [30]
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~ offline ?W-anpiﬂr ﬁght wentncula: autﬁaw *eract
~ automated CO assessment: mitral valve

atﬁomated C{I assessn‘eent IE‘R vemncular m&ﬂnw tracz-

ODM iI: befqreiafter !umhar sympathem bk)ckade

CardioQ
CardioQ

HemoSonic 100 .
Hemuﬁonic 100

PiCCO: old algor“tthm befomfafter phenysephrm

PiCCO: old/new algorithm

-~ PiCCO: CQ <8 l/min/8 |/min,"total

PiCCO: new alganthm during rapid pfetﬁad ':hanges
PulseCO: before/after s stemotamy '

 PulseC0: end of surgery

Sesion SARTD-CHGUV 13-01-09




Hofer C.K, Zollinger A. Less Invasive Cardiac Output Monitoring:
CharaCteriStiCS al'ld Limitations. En: 2006 yearbook of intensive care. J.L. Vincent

Table 1 (continuec|

1 Pulsed dye dilution
Bremer =t al. [33] s
Hofer et al, [36]

Sakka et &L (37} Hu

I Partial carbon dioxide re-breathing
ensten] ¢ ; 005192 :

Hotake <t al. {41] (S OR ~0.5821.50 064 PAC mtermitens vs. continuous: bias =250 = Q38+ 234

Mielck et al [42] 5 KU ~0H4£ LT =

Tachibana et 2l [44] Gy D09+ 200 o lile tidal volume: 12mikg, AR ¥Vmin
: el - DET21461-1732254 o 060032 tidal volume: 6mikg RR 20min/BR10/min
(LS PA R elie SNV : :

Bocoetd (43 K 12 -00120BV-230224 e 090038  low shunt [Os0t < 20%N hgh shust {Qsr > 35%)
Sageman o1 al. [46] e 007 2080" 08 TER: Bl

Spessetd W K ozl o TR Bz

Wened by 0 oW aslz1a’ = TEE Cadiosoreen

Comeretal 491 20 med 1@ 00MEI® 0 ow - WHED: RiGsS

whoSleralinl @0 W Z 16224464 . om WHED: NitaS

Bl b O5: cardian surgery; UW: continuous wawe; IL: intensive care unit; Ui fiver transplamtation; OR: aperating room; PSY = pressure support ventilation; PW: pulsed
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Precarga /_Poscarga / Contractilidad

U
VS x FC
U

RVS x 6C x CaO2 (Hb, Ca02)
U U

PA DO2 / VO2
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INDUCTION OF ANAESTHESIA
MUSCLE RELAXANT

- AWAKENING
HYPO AND HYPERTHERMIA
MALIGNANT HYPERTHERMIA

\

Ei'ﬂ'g = Sﬂﬂ;-

VENOUS ADMIXTURE
PNEUMOTHORAX

ATELECTASIA

DISCONNECTION FROM RESPIRATOR

Cardiac output ¥ Hb X 1.34 x 10

PRELOCAD HAEMORRHAGE
INOTROPISM HAEMODILUTION

AFTERLOAD ABNORMAL HAEMOGLOBIN
HEART RATE

AHYTHM

Determinants of mixed venous oxygen saturation (SvO,) and its major
causes of variation intra- and post-operatively. 5a0, = arterial oxygen saturation;
VO, = oxygen consumption; Hb = concentration of haemoglobin (g dl™).
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e SvO2/ Svc0O2: 70-75 %.

e DO2: 520-570 ml/min.m2
e VO2: 110-160 ml/min.m2
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PreSep Central Venous Oximetry Catheter

An Integral Part of Early
Goal-Directed Therapy for Sepsi
* Continuous central venous oxygen

saturation monitoring (ScvO;)
* P@ssure monitoring

* HEgh flow rates for rapid fluid
inistration

» C8nvenient administration of
therapeutic solutions

Soft Tip. Helps reduce the
likelihood of complications
resulting from vessel perforation.
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Hay que saber que:

1) Depende de DO?2
(Hb, SaHb, 6C)

y VO2.

1) Valoracion Global

coninuas2s
pPrecocidad
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Precarga / P 0sSCarga / Contractilidad

U
VS x FC

U

RVS x 6C x Ca0O2(Hb, CaD2)
U U

PA DO2 / VO2
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* Volumen — Precarga optima ( ¢, ... ?).
Evitar = edema pulmonar, T poscarga.

* Inotropicos —» IC > 4 2,5 -4,5 L/Imin/m? ?.
Peligro = T FC, arritmias, T CMO2, isquemia
miocardica, hipertrofica obstructiva.

* Vaso dilatadores = | RVS y/o RVP.
Problema = ¥ PAM

* Vaso presores —» T PAM 60-90 mm Hg..
Peligro = { GC, isquemia miocardica, isquemia
intestinal (4 pHi / PCO2-g / ShO2)
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Curva
de Starling

Fuerza
contractil

: P e I’iOd 0 ——
de eyeccién Poscarga

~ T

de distensibilidad

\?—/
3 ~=— Precarga
Periodo de llenado

Volumen (ml)

Curvas de presién volumen para el ventriculo intacto.
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Elastancia arterial efectiva
Ea= 11KMai= 1,6 mmHg/mL

Volumen sistolico 6lmlL

Volumen VTS YTD
&0 mL 140 mL
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L 2
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