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Fluid responsiveness

is defined

as the capacity of the heartas the capacity of the heart

to significantly increase its SV (or its CO) 

in response to a volume challenge
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Why to assess fluid responsiveness?

• Not all patients even in shock are fluid responsive 

• Fluid responsiveness is a dynamic phenomenon• Fluid responsiveness is a dynamic phenomenon

• Fluid infusion in nonresponders is risky

• Fluid overload in general is harmful

• Use of fluid responsiveness tests is associated with improved outcome



Only 52% of patients increase

their cardiac output in response

to fluid administration
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Positive cumulative fluid balance 

is an independent factor associated with mortality



Patients with RRT: higher 90-day mortality

in the fluid overload group



• A retrospective review of the VASST data 

• Use of fluids during the first 4 days 

• 778 patients with septic shock

• Quartiles 1-4: dry to wet

Crit Care Med 2011; 39:259-65

Patients with septic shock: patients with cumulative positive 

fluid balance at H12 and at Day4 had decreased survival



p valueOdds Ratio ( CI 95%)

200 pts200 pts DD2828 mortalitymortality: 54%: 54%

Maximal blood lactate 1.29 (1.14 - 1.46) 0.0001

Mean PEEP 0.78 (0.67 – 0.91) 0.002

Minimal PaO2 / FiO2 0.98 (0.97 - 0.99) 0.006

SAPS II 1.03 (1.01 - 1.05) 0.02

Mean fluid balance 1.0004 (1.0001 – 1.0008) 0.02

p valueOdds Ratio ( CI 95%)

EVLWmax 1.07 (1.02 - 1.12) 0.007
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5. For patients with sepsis-induced hypoperfusion or septic shock, we
suggest that at least 30 mL/kg of intravenous (IV) crystalloid fluid
infusion should be given within the first 3 h of resuscitation

Weak recommendation, low-quality of evidence

 Risk of under-resuscitation in some patients…!! 

 Risk of over-resuscitation in some others…!!

One size does not fit all…!

Re-assessing after 3 hours, it’s too late…!



Pt presenting with septic shock

Increase infusion rate if:
. Fluid losses
. Abdominal sepsis

. Mottling or ↗ CRT

. Low PP

Infuse around 10 mL/kg
crystalloids

within the first hour
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Pt presenting with septic shock

Importance of individualization

of the initial fluid therapy



Decrease infusion rate if:
. Worsening of tachypnea
. Fall in O2 saturation

Pt presenting with septic shock

Increase infusion rate if:
. Fluid losses
. Abdominal sepsis

. Mottling or ↗ CRT

. Low PP

Infuse around 10 mL/kg
crystalloids

within the first hour

If shock persists, 
test preload responsiveness
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We recommend using

dynamic over static variables 
to predict fluid responsiveness, 

when applicable

We suggest that 
dynamic over static variables be used 

to predict fluid responsiveness, to predict fluid responsiveness, 
when available 

We suggest that 
dynamic measures to guide 

fluid resuscitation 
over static parameters
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PLR mimics fluid challenge

The hemodynamic response to PLR

should predict fluid responsiveness



21 995 pts

Changes in CO
AUC: 0.95±0.01 

Threshold: 10%

21
clinical
studies

995 pts



6. For adults with sepsis or septic shock, we suggest using dynamic measures to 6. For adults with sepsis or septic shock, we suggest using dynamic measures to 
guide fluid resuscitation, over physical examination or static parameters alone

Weak recommendation, very low-quality evidence

Remarks

Dynamic parameters include response to passive leg raise or a fluid bolus, using
stroke volume (SV), stroke volume variation (SVV), pulse pressure variation 
(PPV), or echocardiography, where available
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End-expiratory occlusion
for 15 sec

Transient increase in venous return and preload

Fluid responders should be identified

by an increase in their CO 

during the end-expiration occlusion test 



AUROC = 0.91 [0.86-0.94]
Sensitivity = 0.85 [0.77-0.91]

Specificity = 0.88 [0.83-0.91]

Best threshold = 5.1±0.2%

a very precise CO monitor is required



preload responsiveness

Stroke 
volume

Dynamic indices of preload responsiveness

Major limitation

Real-time stroke volume or cardiac output measurements are mandatory
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Stroke 
volume

Dynamic indices of preload responsiveness

The idea behind is that the more the stroke volume
changes during the MV cycle,

the more likely the patient’s heart is preload responsive 

Major advantage

Pulse Pressure Variation does not require CO measurements

volume
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In some of these situations, 

it has been proposed to use the changes of PPV

 during a Tidal Volume Challenge

 during Passive Leg Raising





PPV6



Tidal volume challenge

PPV8 – PPV6 cut-off 3.5Very helpful in the absence of 

cardiac output monitoring
PPV6

PPV8

Tidal volume challenge

Transient (1 min) increase

in tidal volume

from 6 to 8 mL/kgVery helpful in COVID-19 ARDS patients 

(low VT, high sedation)

cardiac output monitoring



Very helpful in the absence of 

cardiac output monitoring

An increase in PPV during TVC is reliable 

to predict fluid responsiveness



AUROC for ΔPPV during TVC = 0.94±0.03 

p = 0.047 

AUROC for PPVbase = 0.85±0.05

p = 0.047 



In some of these situations, 

it has been proposed to use the changes of PPV

 during a Tidal Volume Challenge

 during Passive Leg Raising



Very helpful in the absence of 

cardiac output monitoring

An decrease in PPV during PLR is reliable 

to predict fluid responsiveness



• PLR and EEO tests mimic fluid challenge without the need of infusing any 
drop of fluid 

• The changes in CO in response to PLR or EEO tests were shown to reliably 
predict fluid responsiveness in various situations

Conclusion Conclusion --11--

• PPV has the advantage of not requiring CO monitoring, but it is not 
interpretable as a predictor of fluid responsiveness in several situations

• An increase in PPV during a tidal volume challenge (in supine or prone 
position) or a decrease in PPV during PLR can be helpful to predict fluid 
responsiveness in patients ventilated with low tidal volume 

• The major advantage of these novel tests using dynamics of PPV is to be used
with a simple arterial line



• Even in case of fluid responsiveness, it is important to assess the 
benefit/risk ratio of fluids before any infusion, especially in patients with 
associated ARDS.

 benefit = degree of fluid responsiveness
 risk = indices of lung tolerance (P/F ratio, EVLW, PAOP, B-lines, etc.)

Conclusion Conclusion --22--

 risk = indices of lung tolerance (P/F ratio, EVLW, PAOP, B-lines, etc.)




