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Starling’s hypothesis states that the fluid movement due to filtration across a capillary wall is 
dependent on the balance between the hydrostatic pressure gradient and the oncotic pressure 
gradient across the capillary. During and after Cardio-pulmonary bypass (CPB) this balance 
is disrupted and there is a net 'capillary leak' into the interstitial space. In this simulation 
study, a compartmental model was modified to describe macro-movement of fluid between 
the capillaries and the interstitial compartment according to the Starling Equation. 
 
In this model, capacitors represent the veins and arteries, a steady flow pump represents the 
left and right ventricles and variable resistors represent the systemic and pulmonary vascular 
resistance. The oncotic pressures were continuously updated with regard to the flow of fluid 
and plasma in and out of each compartment. Model development combined ideas and 
equations from two previous models by Randall(1) and Xie et al(2). 

 
Figure: Schematic diagram of the cardiovascular model 

 
Hamada et al(3) have published data from patients before and after CPB who have suffered 
capillary leak. Clinical HR, MAP, CO, fluid balance and change in circulating volume data in 
the time period following CPB were used to identify the best-fit contractility, systemic 
vascular resistance and reflection coefficient parameters in the model over the same period 
using a least-squares method. It was assumed that all variations in haemodynamic parameters 
were caused by changes in systemic resistance, contractility and the reflection coefficient. 
 
The normalised reflection coefficient estimate increased from 0.32 ± 0.03 to 0.89 ± 0.08 in 
the time period following CPB, nominal value equals 0.99(2). This is as expected as Grocott 
and Mythen(4) state that during sepsis-induced capillary leak, the reflection coefficient 
decreases, due to damage to the capillary endothelial structure through the inflammatory 
process, therefore an increase is expected during the recovery period. The simulation study 
suggests that this modelling method is suitable for describing and investigating situations 
involving volumic flux such as CPB and septic shock. 
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