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Introduction:
Body position changes such as leg raising are used to determine fluid responsiveness. We hypothesized that 
the Trendelenburg position increases resistance to venous return. Together with abolishment of the hepatic 
vascular waterfall, this may limit the increase in regional blood flow. 
Methods:
Inferior vena cava (IVC), portal vein (PV), hepatic, superior mesenteric (SMA) and carotid artery blood flows and 
arterial, right atrial (RA) and hepatic (HV) and portal venous blood pressures were measured in anesthetized and 
mechanically ventilated pigs in supine and 30° Trendelenburg positions. All hemodynamic parameters were 
measured during end-expiration at 5 cmH2O PEEP, and at inspiratory hold with increasing airway pressures 
(AWP) of 15, 20, 25 and 30 cmH2O, respectively. Paired t test was used to compare pressures and flows in 
different positions during end-expiration. Repeated measures ANOVA was performed to evaluate the effects of 
AWP on hemodynamic parameters. 
Results:
Trendelenburg position significantly increased RA, HV and PV blood pressures at end-expiration, while Qpv and 
Qsma remained unchanged, Qha increased and Qivc showed a trend to decrease (Table 1). In both positions, all 
blood flows decreased with increasing AWP, and the difference between Ppv and Qsma became smaller, 
indicating splanchnic blood pooling (Table 2). In the Trendelenburg position, splanchnic blood pooling was less 
severe compared to supine position.
Conclusion:
Trendelenburg position tended to decrease venous return from inferior vena cava. Further increases in RAP by 
augmenting AWP led to a decrease in all flows and signs of abolished hepatic vascular waterfall. Passive 
manoeuvers to assess fluid responsiveness evoke complex hemodynamic reactions which are not fully 
understood. 

Table 1 : 

Parameters Supine (n=13) Trendelenburg (n=13) P value (Paired t test) 

RAP mmHg 7.8 ± 2.5 10.4 ± 3.3 <0.001 

HVP mmHg 9.0 ± 2.2 11.4 ± 3.2 <0.001 

PVP mmHg 10.3 ± 1.8 12.8 ± 2.7 <0.002 

Qpv L/min 1.14 ± 0.17 1.12 ± 0.24 0.661 

Qha L/min 0.13 ± 0.07 0.16 ± 0.08 0.007 

Qivc L/min 1.91 ± 0.43 1.75 ± 0.54 0.055 



Qsma L/min 0.83 ± 0.25 0.81 ± 0.22 0.636 
Paired t test was used to evaluate the differences between groups. One pig was excluded because no Trendelenburg was performed. All 

pressures and hepatic arterial flow increased in the Trendelenburg position. Values presented as Mean ± SD. RAP: right atrial pressure; HVP: 
hepatic venous pressure; PVP: portal venous pressure; Qpv: portal venous flow; Qha: hepatic arterial flow; Qivc: inferior vena cava flow; 

Qsma: superior mensenteric arterial flow.

Table 2 : 

Parameters Body position Expiration Inspiration 30 AWP effect / Interaction of 
AWP and group 

Qpv Supine (n=12) / 
Trendelenburg (n=12) 

1.19 ± 0.13 / 1.14 
± 0.24 

0.75 ± 0.11 / 0.89 ± 
0.19 

0.000 / 0.002 

Qsma Supine (n=12) / 
Trendelenburg (n=12) 

0.83 ± 0.25 / 0.81 
± 0.23 

0.56 ± 0.16 / 0.65 ± 
0.20 

0.000 / 0.203 

Qha Supine (n=12) / 
Trendelenburg (n=12) 

0.13 ± 0.07 / 0.15 
± 0.09 

0.07 ± 0.03 / 0.09 ± 
0.04 

0.001 / 0.849 

Qivc Supine (n=12) / 
Trendelenburg (n=12) 

2.01 ± 0.38 / 1.78 
± 0.56 

1.22 ± 0.25 / 1.33 ± 
0.38 

0.000 / 0.414 

Qca Supine (n=12) / 
Trendelenburg (n=12) 

0.22 ± 0.07 / 0.25 
± 0.09 

0.14 ± 0.04 / 0.17 ± 
0.06 

0.000 / 0.362 

Qpv-Qsma Supine (n=12) / 
Trendelenburg (n=12) 

0.36 ± 0.33 / 0.31 
± 0.35 

0.18 ± 0.23 / 0.23 ± 
0.29 

0.000 / 0.043 

Repeated measures ANOVA was used to assess the effects of AWP and body position. Two pigs were excluded from each group due to 
incomplete inspiratory hold maneuvers. AWP significantly affected all flows. Interactions with groups were found in Qpv and Qpv-Qsma. 


