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Introduction:
Venous return (VR) is driven by the difference between mean systemic filling pressure (MSFP) and right atrial 
pressure (RAP) and determines the maximum ECMO flow. MSFP depends on stressed volume and vascular 
compliance. It can be modified by absolute blood volume changes and shifts between stressed and unstressed 
volume. Norepinephrine (NE) may increase stressed volume by constriction of venous capacitance and at the 
same time increase the resistance to systemic flow. We therefore studied the effects of NE on MSFP, maximum 
ECMO flow and the ECMO pressure head (MAP-RAP). 
Methods:
MSFP was measured with blood volume at Euvolemia and NE 1 to 3 (0.05, 0.125 and 0.2µg/kg/h) in a closed-chest 
porcine VA-ECMO model (n=9, central cannulation with left atrial vent and av-shunt) in ventricular fibrillation. 
The responses of RAP and VR (measured as ECMO flow, QECMO) were studied at variable pump speeds 
including maximum possible speed without clinically apparent vessel collapse at constant airway pressure. 
Results:
The ECMO pump speed and QECMO showed a strictly linear relationship (r2 0.95 to 0.995, range over all 
conditions) despite increased pressure head, indicating that the maximum QECMO was determined by VR alone. 
NE led to both increases in MSFP and QECMO in a dose dependent way, indicating a rightward shift in the VR 
plot (Figure 1) via recruitment of stressed from unstressed volume (Table 1, Figure 2). This resulted in an 
increased MSFP during NE despite decreased absolute blood volume (3.9±0.4 L vs. 3.3±0.3L, p=0.009). The 
reduced blood volume was associated with hemoconcentration suggesting plasma leakage. 
Conclusion:
NE shifts the VR curve to the right, allowing a higher maximum ECMO flow. The NE induced increase in MSFP 
results from recruitment of unstressed volume to stressed volume, which may be modified by changes in 
vascular compliance. The effects on pump afterload were not limiting. 

Table 1 : 

MSFP; mmHg Max. QECMO; mL/min Max. pressure head; mmHg Hemoglobin; g/L 

Euvolemia 7.1 ± 1.1 4376 ± 887 93 ± 27 94 ± 6 

NE 1 6.7 ± 0.6 4369 ± 802 102 ± 21 100 ± 7 

NE 2 7.4 ± 1.0 4670 ± 746 114 ± 36 106 ± 7 

NE 3 7.9 ± 0.6 4967 ± 977 107 ± 37 108 ± 7 

p value (RM ANOVA) 0.021 0.012 0.056 <0.001 
Effects of NE on MSFP, QECMO, pressure head and hemoglobin as compared to euvolemia
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Effect of NE on VR curve as compared to euvolemia

Image 2 : 

 
Effects of NE on blood volume, MSFP and vascular elastance


