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From minimal monitoring  

to Airbus cockpit? 









		hypovolemia		
	

	vascular	tone		
	depression			

myocardial	
	depression		

	

Importance	of	assessing		

		the	degree	of	each	component	

	to	select	and	apply	the	best	therapeu9c	op9on			

vasopressors	 inotropes	

Hemodynamic	failure	in	cri9cally	ill	pa9ents:		3	components	

fluids	

presence	of	associated	lung	injury	



	Basic	monitoring			

Central	venous	catheter	 Arterial	catheter	

• 	CVP	

• 	ScvO2	

• 	SAP	

• 	DAP	

• 	MAP	

• 	PP	

• 	PPV	

+	Echocardiography	



Central	venous	catheter	

CVP	and	SvcO2	



CVP	cannot	predict	preload	/	fluid	responsiveness	

CVP	provides	two	other	important	pieces	of	informa9on	



• 	As	a	measure	of	RV	filling	pressure,		

																									 	→	CVP	helps	to	diagnose	RV	dysfunc9on	
	 						and	its	response	to	treatment	

CVP	can	provide	two	important	pieces	of	informa9on	

• 	As	a	measure	of	the	back	pressure	to	the	venous	circula;on	

	 	→	CVP	helps	to	choose	the	MAP	target	in	shock	

	 	→	a	high	CVP	associated	with	organ	dysfunc;on		

																																		

CVP	cannot	predict	preload	/	fluid	responsiveness	



.	

normal	heart			

	failing	heart		

preload	responsiveness	

			preload	unresponsiveness	

	Stroke		
volume	

Ventricular	preload	
	

«	sta9c	»	measures	of	preload		

such	as	CVP	cannot	reliably	predict		

preload	responsiveness	



Crit	Care	Med	2013;	41:1774-1781	

1802	pts	Summary	

AUC	0.56	

Crit	Care	Med	2013;	41:1774-81	



Central	venous	catheter	

CVP	and	SvcO2	
(with or without fiberoptic probe) 



SvO2	=		SaO2						-		
			VO2	

CO	x		Hb		x		13.4	

			Fick	equa9on:			VO2		=		CO	.	(CaO2	-	CvO2)	.	10				

								SvO2	indicator	of	the	VO2	/	DO2	balance	





	Percentage	error	=	2	SD/mean	reference	value	=	11%			



SvcO2		

is	an	acceptable	reflec;on		

of	SvO2		



	Basic	monitoring			

Central	venous	catheter	 Arterial	catheter	

• 	CVP	

• 	ScvO2	

• 	SAP	

• 	DAP	

• 	MAP	

• 	PP	

• 	PPV	



radial	arterial	catheter	

AP	monitoring	

femoral	arterial	catheter	
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Monitoring	blood	pressure….	

…	is	not	only	monitoring		

systolic	blood	presssure		

		A	lot	of	useful	pieces	of	informa;on	can	be	drawn			

from	MAP,	DAP,	PP		
and	from	analysis	of	the	AP	waveform		
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MAP:	driving	pressure	for	perfusion		
of	important	organs	(e.g.	brain,	kidney)	

Arterial	Pressure	(mmHg)	



20	

40	

60	

80	

100	

120	

140	

Time	
0	

MAP:	important	hemodynamic	target		
								of	resuscita;on	of	shock	states	

MAP	

Arterial	Pressure	(mmHg)	
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DAP:	reflec;on	of	vasomotor	tone	

DAP	

A	depressed	arterial	tone		

should	result	in	low	DAP	

Know	that	DAP	can	also	be	low:	

• 	in	case	of	s9ff	arteries	
• 	in	case	of	low	heart	rate	

Arterial	Pressure	(mmHg)	
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DAP:	reflec;on	of	vasomotor	tone	

DAP:	driving	pressure		
																														for	lef	coronary	circula9on	

DAP	

Arterial	Pressure	(mmHg)	
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PPmax 

PPmin 

∆PP 
Michard et al.  
Am J Respir Crit Care Med 
2000 

Pulse Pressure Variations 



A B Ventricular	preload	

Stroke	volume	

preload	responsiveness	

preload		
unresponsiveness	
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PPV	

CVP	

PAOP	

1	-	Specificity	



HJC Swan W Ganz 





Transpulmonary	thermodilu9on		

monitors	allow	measurements		

of	cardiac	output		
	



PiCCO 

Central	Venous	Catheter	(cold	bolus	injec2on)	

Thermodilu9on	femoral	arterial	catheter	

PiCCO VolumeView 



PiCCO Plus 



SCHEMA D’INSTALLATION du PiCCO 
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12 
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Pièce en T réf : P 4046 
détecteur de bolus T°c ambiante 
se trouvant dans le set de                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
Pression PV 8015. 

robinet 3 voies 
standard 

injection du bolus 

Moniteur 
de 

surveillance 
CVC 

standard 

Cathéter Artériel 
de 

Thermodilution  

Câble auxiliaire de 
renvoi de courbe de P.A. 

PAS  

Capteur de pression Pulsion 
set réf : PV 8015 

Prise 
auxiliair 





• 	SVV	and	PPV	to	predict	fluid	responsiveness	

• 	GEDV	to	check	that	preload	actually	increases	with	fluid	loading	

• 	EVLW	and	PVPI	to	assess	lung	tolerance	to	fluid	infusion	

• 	CO	to	assess	the	real	hemodynamic	response	to	fluid	infusion	

• 	SVV/PPV			
• 	GEDV	
• 	CO	
• 	EVLW			

To	start	fluid	infusion	

to	help	to	decide	 To	con9nue	fluid	infusion	

To	stop	fluid	infusion	

…	especially	if	associated	respiratory	and	circulatory	failures			
		
	

						PiCCO	or	VolumeView	monitoring	

							useful	tools	to	deal	with	fluid	loading	and/or	deple9on	

• 	PLR	and	EOT	to	predict	fluid	responsiveness	

• 	PLR/EOT		
• 	GEDV	
• 	CO	
• 	EVLW			



Pulse Contour Method 



Flo Trac 

radial	arterial	catheter	

Flo Trac Vigileo 



radial	arterial	catheter	

ProAQT  PulsioFlex 



• 	Real-9me	CO	monitoring	from	AP	waveform	

• 	Complex	algorithm	based	on	sta9s9cal	analysis	of	the	AP	signal	

• 	No	need	for	calibra9on	
• 	Any	type	of	arterial	catheter	and	any	site	including	the	radial	site	

• 	Valida9on	studies?	

	FloTrac/VigileoTM	Technology			



• 	Valida9on	studies	

• 70	valida9on	studies	

• Systema9c	review	:	BJA	2014	112	626-637	
	 	ERROR		25	–	30%	in	normo	and	hypovolemia	
	 	ERROR	51%	in	hyperdynamic	citcula9on	

	
	 	New	algo9thm	4.0	,	concordance	90%	

	FloTrac/VigileoTM	Technology			



ProAQT	/	PulsioFlex	
Pulsion	/	MAQUET	

•  In	the	ICU	contradic9ng	results	

• ERROR		31	–	59	%	

• Trend	ability	72	-89	%	

	Monnet	BJA	2015	114	235	-243	



	3rd	genera9on		

	Percentage	Error	=	54%	



Changes	in	CI	(%)		
induced	by	norepinephrine	

	3rd	genera9on		



• 	Real-9me	CO	monitoring	from	AP	waveform	

• 	Complex	algorithm	based	on	sta9s9cal	analysis	of	the	AP	signal	

• 	No	need	of	calibra9on	

• 	Any	type	of	arterial	catheter	and	any	site	including	the	radial	site	

• 	Valida9on	studies?	

•  seems valid in the absence of changes in vascular tone   

•  serious doubts on its validity in cases of changes in vascular tone  
  (sepsis, vasopressor use)  

	FloTrac/VigileoTM	Technology			



Most Care Vytech 





MostCare		
Vygon,	Vytech	in	the	OR	

•  Alonso	Inigo	Pediat	Anaesth	2016																																						
	/Fick	error	17%	r(2)	0.87		Catheterism	

	
•  Favia	Interact	Cardiovasc	Thor	Surg	2016	

	predic9on	of	various	complica9ons	
	
•  Romagnoli	J	Card	Vasc	Anesth	2013	

	/echo	error	22%			r(2)	0.76		vascular	surgery	
	
	
	
	

	
	 	 	 		



MostCare		
Vygon,	Vytech	in	the	ICU	

•  Scolleoa	CCM	2016	
	/Döppler		error	27%		r(2)	O.85				

•  Franchi	Minerca	Anaesth	2013	
	/echo		error	18%		r(2)	0.94	

•  Scolleoa	Anesth	Analg	2011	
	/PAC	error	24%		r(2)	O.90	

•  Franchi		BJA	2011 		
	/PAC		error	25%		r(2)	O.93	

	



MostCare		
Vygon,	Vytech	in	the	ICU	

Gopal	Minerva	Anaesth	2014	
	/PAC		error	62.5%			Sepsis	



Now ClearSight 
 ( Edwards Life-Sciences) 



Nexfin	15	studies	2012	-	2017	

				Intensive	care																											Aneshesia	
							5	studies																																	10	studies	
	
						Evaluated	:	AP	and/or	CO	
	
						Comparators	:	invasive	AP	

	 	 			PiCCO		PAC	



Nexfin	in	the	ICU	

Globaly	not	or	poorly	reliable	for	CO	varia9ons	
	
Taton	Anaesthesia	2013:													sensi9vity	47	%	
Amelook	Scien	World	J	2013:						error	37	%	
Amelook	Minerv	Anesth	2014:			r(2)	0.88	
Hohn	BJA	2013:																														r(2)	0.28	
																																																										norepinephrine	
Monnet	Crit	Care	2012:																error	57%	

	
	



Nexfin	in	the	OR	
Arterial	pressure	+/-	YES	

Amelook	Minerv	Anesth	2014:							r(2)	0.88	
Balzer	J	Int	Med	Res	2014:														r(2)	O.75	
De	Wilde	Anasthesia	2016:													r(2)	0.84	
Mar9na	Anesthesiology	2012:									r(2)	0.96	
	
Fisher	BJA	2012:																																	error	50%	
Pouwels	J	Clin	Anesth	2016:								Difference	7.8+/-6.9	



Nexfin	in	the	OR	
Cardiac	Output	????	

	
Schraverus	Anasthesia	2016:									error	46%	O	

	 	 	 	 	 	 	Obese	
	
Chen	J	Clin	Anesth	2012:																r(2)	0.82	
Bubenek	Anesth	Analg	2013:									r(2)	O.71	
	
Fisher	Acta	Anesth	Scand	2013:					error	55-58%	















		First,	try	to	perform	echocardiography	to	assess	cardiac	func9on	

Lung	injury	?	
ABG,	Chest	X-ray	

no	

CVC	
CVP	
	SvcO2	

Art	cath	

AP		
PPV	

Basic		
monitoring	

+	

yes	

considered	valid?	

only	

		Pa9ent	with	circulatory	failure				



		hypovolemia		
	

	vascular	tone		
	depression			

myocardial	
	depression		

	

vasopressors	 inotropes	

Hemodynamic	failure	in	cri9cally	ill	pa9ents:		3	components	

fluids	

		Echocardiography	DAP		PPV		

Minimal	monitoring	could	be	sufficient	



		First,	try	to	perform	echocardiography	to	assess	cardiac	func9on	

Lung	injury	?	
ABG,	Chest	X-ray	

no	

CVC	
CVP	
	SvcO2	

Art	cath	

AP		
PPV	

Basic		
monitoring	

+	

yes	

considered	valid?	

only	

		Pa9ent	with	circulatory	failure				

If	no	response		
to	ini;al	therapy	

no	

CO	monitoring	
recommended	



		First,	try	to	perform	echocardiography	to	assess	cardiac	func9on	

Lung	injury	?	
ABG,	Chest	X-ray	

no	

CVC	
CVP	
	SvcO2	

Art	cath	

AP		
PPV	

Basic		
monitoring	

+	

yes	

considered	valid?	

only	

		Pa9ent	with	circulatory	failure				

no	

yes	

PiCCO	

CO	
GEDV,	EVLW,	CFI	

PPV,	SVV	
ScvO2	

advanced	
monitoring	

VolumeView	PAC	

CO	
PAOP	

RAP,	PAP	
SvO2	

If	no	response		
to	ini;al	therapy	









Transpulmonar
y									dilu9on	

Non	calibrated	
Pulse	contour	

Pulse	contour	
Non	invasive	

Oesophageal	
				Doppler	

							Bio	
				reactance	

















		hypovolemia		
	

	vascular	tone		
	depression			

myocardial	
	depression		

	

vasopressors	 inotropes	

		Hemodynamic	failure	in	cri9cally	ill	pa9ents:		3	components	

fluids	

		Echocardiography	
DAP		

		Fluid	responsiveness	
							PPV,	PLR,	EEOT		

Advanced	monitoring	could	be	necessary	

		CFI	Lung	tolerance		
		EVLW,	PAOP	

presence	of	associated	lung	injury	



Check	if	MAP	adequate	 Check	if	DO2	adequate	to	VO2	

1)	Detect	the	presence	of	shock/;ssue	hypoxia	

2)	If	yes,	try	to	op9mize	the	macrocircula9on	

yes	 no	
DAP	

lactate	

MAP	–	CVP	adequate	



Check	if	MAP	adequate	 Check	if	DO2	adequate	to	VO2	

1)	Detect	the	presence	of	shock/;ssue	hypoxia	

2)	If	yes,	try	to	op9mize	the	macrocircula9on	

yes	 no	
DAP	

low	 not	low	

ScvO2	

lactate	

Vasopressors	

MAP	–	CVP	adequate	

Insufficient		
CO	

low	 intermediate	 high	
check	Hb	

low	 not	low	

RBC	 Insufficient	CO	

Insufficient		
preload?	

Insufficient		
contrac9lity?	

low	LVEF	

Inotropes?	

not	low	LVEF	

PPV	(if	interpretable)		

check	PCO2	gap	 nothing		
to	do	

in	terms	of	
macrocircula9on	

≤	6	>	6	

Fluids?	



surgical	pts	



Transpulmonary	thermodilu9on	

2-	Global	end-diastolic	volume	(GEDV)	 		

4-	Extravascular	lung	water	(EVLW)	
	

1-	Cardiac	output	

3-	Cardiac	func9on	index	(CFI)	
Marker	of	global	preload	

Index	of	systolic	func9on	

Quan;ta;ve	measure	of	pulmonary	edema	
5-	Pulmonary	vascular	permeability	index		(PVPI)	
	

Quan;ta;ve	measure	of	lung	permability	Pulse	contour	analysis	

1-	Con9nuous	cardiac	output	(CCO)	

2-	Stroke	volume	varia9on	(SVV)	

3-	Pulse	pressure	varia9on	(PPV)	

ScvO2	

	Transpulmonary	

thermodilu9on				

systems	are	not	

	CO	monitoring	devices	only				

Complete	picture				

of	the	pa9ent’s		

hemodynamic	status			

	


