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Introduction:
Increased venous pressure is one of the mechanism leading to acute kidney injury (AKI) after cardiac surgery. 
Portal flow pulsatility and discontinuous intra-renal venous flow are potential ultrasound markers of the impact 
of venous hypertension on organs. The main objective of this study was to describe these signs after cardiac 
surgery and to determine if they are associated with AKI. 
Methods:
This single center prospective cohort study (NCT02831907) recruited adult patients able to give consent. 
Ultrasound studies were performed before cardiac surgery and repeated on post-operative day (POD) 0, 1, 2 and 
3. Abnormal portal and renal venous flow patterns are defined in Figure 1. The association between the studied 
markers and the risk of new onset of AKI in the following 24 hours period following an assessment was tested 
using logistic regression with a 95% confidence interval. Clinical variables associated with the detection of the 
signs were tested using generalized estimating equation models. This study was approved by the local ethics 
committee. 
Results:
During the study period, 145 patients were included. The presence of the studied ultrasound signs is presented 
in Figure 2. During the week following cardiac surgery, 49 patients (33.8%) developed AKI, most often on POD 1 
(71.4%). The detection of portal flow pulsatility and severe alterations in renal venous flow (Pattern 3) at ICU 
admission (POD 0) were associated with AKI in the subsequent 24 hours period and was independently 
associated with AKI in multivariable models including EUROSCORE II and baseline creatinine (Table 1). The 
variables associated with the detection of abnormal portal and renal patterns were associated with lower 
perfusion pressure, higher NT-pro-BNP and inferior vena cava measurements. (Table 2) 
Conclusion:
Abnormal portal and intra-renal venous patterns are associated with early AKI after cardiac surgery. These 
Doppler features must be further studied as potential treatment targets to personalize management. 

Table 1 : 

Echographic markers N (%) of AKI OR (CI) p-value Adjusted OR* (CI) p-value 

Normal portal flow (PF<50%) 23/122 (18.9%) 1.0 1.0 

Portal pulsatility ( PF≥50%) 12/21 (57.1%) 5.7 (2.2-15.2)<0.01 3.7 (1.3-10.5) 0.02 

Renal pattern 1 17/97 (17.5%) 1.0 1.0 

Renal pattern 2 6/23 (26.1%) 1.7 (0.6-4.8) 0.35 1.4 (0.5-4.3) 0.54 

Renal pattern 3 11/18 (61.1%) 7.4 (2.5-21.8)<0.01 4.8 (1.5-15.8) 0.01 
Assessment of echographic parameters on post-operative day 0 and the risk of AKI in the subsequent 24 hours period. *Multivariable model 

included baseline creatinine and EUROSCORE II.



Table 2 : 

Portal flow pulsatility 
(PF≥50%) 

Renal pattern 2 Renal pattern 3 

OR (CI) p OR (CI) p OR (CI) p 

NT-pro-BNP (per 1 log increase) 10.7 (4.1-27.4) <0.01 6.9 (2.8-17.1)
<0.01 

10.4 (3.9-27.9) 
<0.01 

Inferior vena cava diameter (per cm 
increase) 

1.8 (1.1-2.9) 0.02 2.1 (1.4-3.2)<0.01 2.0 (1.4-2.9) <0.01 

Perfusion pressure (DBP-CVP) (per 10 
mmHg) 

0.6 (0.4-0.9) 0.01 0.7 (0.5-1.0) 0.02 0.5 (0.3-0.8) <0.01 

Cumulative fluid balance (per 1L increase) 1.3 (1.1-1.5) <0.01 1.1 (0.9-1.2) 0.34 1.1 (0.9-1.3) 0.34 
Association between the studied echographic markers and clinical parameters after surgery.

Image 1 : 

 
Portal vein and intra-renal venous Doppler assessment using trans-thoracic ultrasound. Probe 

position in showed using the Vimedix simulator (CAE Healthcare, St-Laurent, Canada). 
Abnormal pattern of intra-renal venous flow can be separated into a) Pattern 2 defined as 

discontinuous with flow in both systole and diastole and b) Pattern 3 defined as discontinuous 
with flow only in diastole.
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Portal and intra-renal venous flow patterns during the peri-operative period. (PF: pulsatility fraction, POD: post-

operative day)


