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Various and intricate mechanisms responsible for 
hemodynamic failure during sepsis

hypovolemia vascular tone
depression

myocardial
depression

vasopressors inotropesfluids

Ø Important to assess the degree of each component
to select the most appropriate therapeutic option

Ø Important to assess the response to treatment

presence of associated ARDS







intermittent 
measurements of 

several cardiac  
function variables





Central venous catheter

CVP     ScvO2 PcvCO2



Take home messages

Central venous pressure is a pivotal hemodynamic variable, since

it provides important information on the RV function and on the 

mean organ perfusion pressure
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Mean perfusion pressure (MPP = MAP-CVP) but not MAP
was an independent factor associated with AKI progression.

A value of MPP of 60 mmHg was found as a cutoff. 



Take home messages

Central venous pressure is a pivotal hemodynamic variable, since

it provides important information on the RV function and on the 

mean organ perfusion pressure. CVP cannot be used to predict

fluid responsiveness



Central venous catheter

CVP     ScvO2 PcvCO2



SvO2 = SaO2    -
VO2

CO  x Hb  x 13.4





Central venous catheter

CVP     ScvO2 PcvCO2

simplified Fick equation

VCO2
PcvCO2 - PaCO2 =    k .    

Cardiac Output

PcvCO2 - PaCO2 marker of  the "adequacy" of the venous blood flow 
to clear the CO2 produced in the peripheral tissues



/



• A high PCO2 gap suggests that elevation of CO
can be a good therapeutic option

• A normal PCO2 gap suggests that elevation of CO
cannot be a priority in the therapeutic strategy
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DAP: reflection of vasomotor tone
a low DAP is mainly due to a depressed arterial tone

MAP

Arterial pressure (mmHg)



20

40

60

80

100

120

140

Time
0

PP

SAP

A low PP (30 mmHg) 
suggests that the stroke volume is low

especially in cases of stiff arteries

DAP

Arterial pressure (mmHg)

PP depends on stroke volume and arterial stiffness
PP is high in cases of stiff arteries (for a normal SV)

MAP
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Tidal volume challenge

Transient (1 min) increase

in tidal volume

from 6 to 8 mL/kg

PPV6
PPV8

PPV8 – PPV6 cut-off 3.5

Very helpful in the absence of 
cardiac output monitoring



AUROC for ΔPPV during TVC = 0.94±0.03 

AUROC for PPVbase = 0.85±0.05

p = 0.047 



A decrease in PPV during PLR is reliable 

to predict fluid responsiveness

Very helpful in the absence of 
cardiac output monitoring



This basic monitoring should be enough for the simplest cases

Advanced monitoring is indicated in complex cases



We suggest the use of transpulmonary thermodilution or PAC 
in patients with severe shock especially in the case of associated ARDS

Level 2; QoE low (C)







Intermittent and semi-continuous CO
+ 

Continuous SvO2 monitoring
+

PvCO2
+

Intermittent measurements of    
RAP  PAP PAOP  





Central Venous Catheter (cold bolus injection)

Thermodilution 
femoral artery 

catheter

Transpulmonary thermodilution (TPTD)
Intermittent cardiac output

Pulse contour analysis
(calibrated using TPTD)

Continuous cardiac output



RA LARV LV

Central venous access
cold bolus injection

Femoral arterial line
Temperature detection

PulmonarPulmonary 
blood volume

EVLW

Temperature

injection

time

Transpulmonary thermodilution





What is the precision

of the transpulmonary 

thermodilution method?



For assessing a 15% change in CO
one needs averaging 
three measurements

What are the number of cold bolus injections 
that are necessary for achieving an acceptable level

of precision for measuring cardiac output ?

Number of measurements

CO



Transpulmonary thermodilution

systems are not just

CO monitoring systems



GEDV

a measure of global 
cardiac preload



Is Global End-Diastolic Volume

really a marker of preload?



fluid loading

%

dobutamine
-2

2

6

10

14

Changes in CO
Changes in GEDV

Changes in CO
Changes in GEDV

GEDV behaves as a marker of preload



CFI and GEF

markers of 

global systolic function
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CFI behaves as a marker of systolic function
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A low CFI should incite the clinician 
to perform an echo



Extravascular lung water

a quantitative measure of lung edema





Pulmonary vascular permeability index 

(PVPI)

measure of lung capillary leak
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Maximal blood lactate 1.27 (1.12 - 1.45) 0.0002

Mean PEEP 0.78 (0.67 – 0.91) 0.002

Minimal PaO2 / FiO2 0.98 (0.97 - 0.99) 0.0009

SAPS II 1.03 (1.01 - 1.05) 0.008

Mean fluid balance 1.0004 (1.0000 – 1.0007) 0.03

p valueOdds Ratio ( CI 95%)

PVPImax 1.07 (1.02 - 1.12) 0.03

200 pts D28 mortality: 54%

PVPI is an independent predictor of mortality in ARDS patients



SVV and PPV

for guiding
fluid administration



Continuous cardiac output



PCCO = cal . HR . ò (P(t)/SVR  + C(p) . dP/dt) dt
systole

Patient-specific
calibration factor
(determined with
thermodilution)

compliance shape of 
pressure 

curve

area of 
pressure 

curve

P (mmHg)

t (s)



One frequently asked question 

How often do we need to recalibrate?



We recommend to recalibrate 
if the preceding calibration

was performed more than one hour before   



Another advantage of transpulmonary thermodilution devices
is the calibrated estimation of CO with pulse contour analysis
which is perfect for performing tests of fluid responsiveness, like
the passive leg raising (PLR) or the end-expiratory occlusion test 



Changes in CO
AUC: 0.95±0.01 

Threshold: 10%

21
clinical
studies

995 pts



Another advantage of transpulmonary thermodilution devices
is the calibrated estimation of CO with pulse contour analysis
which is perfect for performing tests of fluid responsiveness, like
the passive leg raising (PLR) or the end-expiratory 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 real-time and precise CO monitoring device is required



• to start

• to continue

• to stop

• PPV and SVV

• EVLW and PVPI for assessing lung tolerance to fluid infusion

Transpulmonary thermodilution systems

Useful for guiding fluid management

especially in patients with shock and ARDS

fluid infusiondecision

Fluid infusion benefit/risk ratio 

• Pulse contour CO response to PLR or EEO 
prediction of fluid responsiveness



EVLW
lowest P/F
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Fluid infusion can be attempted

in cases of 
shock and preload responsiveness

Fluid infusion is risky

even in cases of 
shock and preload responsiveness

n = 35 n = 19 n = 4



• Echocardiography should be performed asap in shock states 
as it is the best tool to assess cardiac function and it is non invasive

• It should be performed in combination with other hemodynamic
measurements, especially in complex shock states or in cases of 
associated severe ARDS, where more invasive technologies are
often necessary to better assess hemodynamics and monitor 
the response to therapy

• But it is not a monitoring technique

Conclusions
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