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Acute kidney injury (AKI) is a severe complication after 
cardiac surgery. The rarity of sensitive biomarkers has 
impeded the timely therapy of AKI. Emerging evidence 
has suggested that ion homeostasis may play pertinent 
roles in AKI. This study aims to screen out 
representative urinary ions in AKI patients and build a 
cardiac surgery associated AKI prediction model. 

Our data demonstrated the dynamic alterations in urinary ionomic profiles in patients undergoing cardiac surgery. 
Urinary ionome-based UII appears to be a novel and valid biomarker of cardiac surgery associated AKI and improves the 
prediction of the need for RRT and long-term survival.

Adult patients (n=261) were prospectively enrolled at 
Zhongshan hospital in Shanghai, China.  Urine samples 
for measurement of ICP-MS were collected prior to 
surgery, 2h,12h, 24h and 48h after ICU admission. The 
definition of AKI was according to the KDIGO. By 
bioinformatics analysis, we built a well-performed AKI 
early prediction model and followed-up.
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Among 261 patients enrolled, 92 developed AKI. Most of urinary ions 
dynamically changed compared with baseline, regardless of whether or 
not the patient developed AKI. By bioinformatics analysis, we identified all 
differentially changed elements between AKI and non-AKI groups, 
especially at 2 hours after surgery. We built the elemental correlation 
network for each time point. Furthermore, using feature selection 
methods, we generated a prediction model named urinary ion index (UII) 
based on the levels of several elements examined at 2 hours after 
surgery, with the area under the curve (AUC) of 0.815±0.006 and a cut-
off value of 1.24, while the sensitivity, specificity were 0.70±0.14 and 
0.93±0.05 respectively. The prediction performance of UII on the need of 
renal replacement therapy (RRT) achieved an AUC of 0.83 (95% 
confidence interval (CI) 0.706-0.955, p-value=0.0015) at a cut-off value of 
1.62 (sensitivity 0.75, specificity 0.81). At a median follow-up for 2.7 years 
(mean, 2.4; range 0.005 to 2.9), the UII>1.24 group showed significantly 
higher risk of mortality in the lone-term (hazard ratio 4.68, 95% CI 1.92-
19.93, p-value=0.0023) than the UII≤1.24 group.

Fig.1  ROC curve analysis of the urinary ion index (UII) 
model for AKI prediction at 2h after ICU admission

Fig.2 The elemental correlation network in patients with and without AKI at each time point throughout  cardiac surgery.
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