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“The pattern of many important but stalled 

ideas is that they attack problems that are 

big but, to most people, invisible.”



One big problem that has been invisible 
to most people for a long time

“IV fluids, the most commonly used drug in 

the hospital, are a double-edged sword.”

 Fluids are a drug



A positive fluid balance was independently associated 
with an increase in the risk of death. 

Fluid overload was an independent risk factor for the 
incidence of AKI and increased the severity of AKI. 
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 Fluids are a drug

 It is not easy to correctly determine fluid 
needs

Another big problem that has been invisible to 
most people for a long time



The left ventricular function                           

(Frank-Starling) curve

?



A “perfectly-measured” preload



“Non-Responder”

Fluid Responsiveness is the degree by which   
the CO responds to a modification of preload 



The majority of the 
parameters that are used to 
guide fluid administration are 
poor predictors of FR.
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 Preload measurement alone should not be used 
to predict fluid responsiveness.

 We recommend a fluid challenge to predict fluid 
responsiveness.



Volume expansion-induced changes in arterial pressure 
have low discriminative power of to detect an increase 
of > 15% of cardiac output after volume expansion.



Changes in mean arterial pressure or in pulse pressure 

do not reliably track changes in cardiac index after 

fluid challenge in patients with septic shock.



More than 50% of patients in which fluid loading is considered 
to be “clinically indicated” are ‘non-responders’ and 

are being loaded with fluids unnecessarily!



 60 patients who required fluid challenge due to suspicion of 
hypovolemia on the basis of tachycardia, hypotension, oliguria 
or cutaneous vasoconstriction.

 Fluid challenge was performed over 30 min with 1,000 ml 
crystalloids or 500 ml of hydroxyethylstarch.

 There were 33 (55%) fluid responders and 27 (45%) non-
responders.



Of the 402 patients included in the study, volume 
expansion (500 ml of colloid solution given over 
10-20 min) increased CO by more than 15% in 205 
patients (51%). 



 A fluid challenge identifies and simultaneously treats 

volume depletion, whilst avoiding deleterious 

consequences of fluid overload through its small 

volume and targeted administration.

 Continuous cardiac output monitoring is the gold 

standard to monitor the response to a fluid challenge. 



 Hypotension is still the main indication for a FC.

 Practice of FC is highly variable. 

 No monitoring (to assess indication or impact). 

 Information from previous failed FCs is not always 
taken into account.

Cecconi M, et al
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Many of the most recent perioperative GDT 
studies have failed to improve outcome because 
they were based on CO/SV maximization without 
taking into account fluid responsiveness.







OPTIMIZE

JAMA. Published on line May 19, 2014.



 Sub-study of the OPTIMISE trial including 100 of the 
original 368 patients enrolled in the intervention group. 

 Intervention included 3 fluid challenges (250 ml colloid) 
during surgery and 3 after surgery.

 556 fluid challenges were administered and 159 (28.6%) 
were associated with increased stroke volume.

28.6%!



et al

 The hemodynamic protocol was based on SV optimization 
alone (250 ml boluses for any > 10 % decrease in SV) 
following the protocol recommended by UK’s NHS. 

 However, the feedback from anesthesiology providers was 
that this protocol was forcing them to administer more 
fluids than they would feel comfortable administering and 
the team leaders decided to include stroke volume variation 
(SVV) as the trigger for fluid administration in order to 
increase the buy-in from clinicians.



Fluid responsiveness can be 
assessed by the response of 

the SV to the transient 
decrease in the venous 

return with every 
mechanical breath
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Fluid responsiveness can be 
assessed by the response of 

the SV to the transient 
decrease in the venous 

return with every 
mechanical breath
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A decrease in PPV of ≥3% 

following VE allowed 

detecting an increase (>15%)  

in CO with a sensitivity of 90% 

and a specificity of 77%. 



The PPV serves not only to predict fluid-

responsiveness but also to assess the response 

of the CO to a fluid challenge.







SVC collapsibility index                                           
Vieillard-Baron A et al, Anesthesiology 2001; 95:1083-8        

Vieillard-Baron A et al, AJRCCM 2003; 168: 671-6

Respiratory variations in IVC diameter
Feissel M et al, Int Care Med 2004; 30: 1834-7

Respiratory variations in aortic blood flow velocity
Feissel M et al, Chest 2001; 119: 867-873

Respiratory variations in aortic velocity-time integral
Slama M et al, Am J Physiol 2002; 283: H 1729-33

Respiratory variations in mitral Doppler indices
Lattik R et al, Anesth Analg 2002; 94: 1092-9

The respiratory change in preejection period 
Bendjelid K et al, J Appl Physiol 2004; 96: 337-42 



Arterial waveform

Pleth waveform

PVI = [(PImax - PImin) / PImax] 

PIMAX PIMIN

PVI = Pleth Variation Index



A higher PVI = More 

likely to respond to 

fluid administration



CO

PVI

CVP

SVV

PVI

PPV

ΔPP

ΔPPLET



A higher PVI is 

correlated with a 

greater response                          

of the CI to 

volume expansion



The use of PVI-based protocols led to a significantly 
decreased intraoperative net fluid balance



PVI-based protocol decreased intra-operative net 
fluid balance from 2733 to 848 mL (p < 0.0001).



Feissel M, et al.  ICM 2007 Loupec T, et al.  CCM 2011

The “Gray Zone” of the PVI



SVV > 10%



1. Spontaneous breathing

2. Non-sinus rhythm

3. Tidal volume / airway pressure

4. Right heart failure

5. Inherent inaccuracies

6. Different proprietary algorithms

Limitations and confounding factors of 
functional hemodynamic parameters



Excessive respiratory variation in the Pleth signal is the most 
sensitive sign of upper airway obstruction in  spontaneously 

breathing patients



The post ectopic beat 
reflects the response of the 
LV to increased preload (due 
to a longer filling time) 
offering a ”free” prediction 
of fluid responsiveness.



PVI was less reliable 
than PPV and SVV 
for predicting fluid 
responsiveness in
critically ill patients 
receiving 
norepinephrine. 



Cannesson M, Le Manach Y.  Anesthesiology 2012; 117:937–9

“… choosing the 

most appropriate 

hemodynamic monitor 

is context dependent.”







The PLR effects must be assessed by a direct and continuous 
measurement of cardiac output and not by the simple 
measurement of blood pressure.



Intensive Care Med. 2013 Jan;39(1):93-100 



Intensive Care Med. 2013 Jan;39(1):93-100 



Intensive Care Med. 2013 Jan;39(1):93-100 



 the PLR effects must be assessed by a direct and 
continuous measurement of cardiac output and not by 
the simple measurement of blood pressure.

 Pain, cough, discomfort, and awakening could provoke 
adrenergic stimulation, resulting in mistaken 
interpretation of cardiac output changes.



An end-expiratory 
15 sec occlusion
prevents the cyclic 
impediment in left 
cardiac preload
and may act like a 
fluid challenge.



“Non-Responder”

?
!

Preload



“The presence of fluid-responsiveness is not an 

absolute indication to give fluids, and the final 

decision has to take into account the apparent 

need for hemodynamic improvement and the 

associated risk.”



 The assessment of fluid responsiveness (FR) is crucial for 
effective and safe fluid management. 

 In mechanically ventilated patients, FR can be assessed 
by functional hemodynamic parameters, but only when 
appropriate. 

 Other preload-modifying maneuvers, including a small 
and fast fluid challenge or passive leg raising, are useful 
especially when combined with a continuous 
measurement of CO. 

 The presence of FR is not an absolute indication to 
administer fluids. 

Conclusions:

Thank you for your attention! 


