
BACKGROUND
Cardiac surgery patients are frequently exposed to fluid 
overload, which is closely related to development and 
prognosis of acute kidney injury. Dilution effect of fluid 
overload may influence accurate assessment of renal 
function. The aim of study is to investigate the influence of 
fluid corrected serum creatinine on the prognosis of cardiac 
surgery patients. Furthermore, to explore the risk factors 
related to the serum creatinine underestimation.

METHODS
• Prospective analysis was conducted in the 1334 patients 

consecutively underwent elective cardiac surgery from 
January 1 to December 31, 2015. 

• Total Fluid input and output were recorded during the 
intensive care unit (ICU) stay to estimate cumulative 
fluid balance. Serum creatinine was measured at least 
once and adjusted for weight-corrected cumulative fluid 
balance.

• Changes in serum creatinine at 48h postoperatively was 
defined as ∆Crea, calculated by the difference between 
volume adjusted serum creatinine and initial daily 
measurement of serum creatinine. 

• Based on the normal distribution of new set variable 
∆Crea, all of the patients were divided into three groups: 
underestimation group (∆Crea > P75), normal group (P25 

< ∆Crea < P75) and overestimation groups (∆Crea < P25).
• Patients in the different groups were analyzed regarding 

prognostic parameters. Subsequently, Risk factors 
associated with underestimation of serum creatinine were 
further evaluated.

RESULTS
• After adjusting for fluid balance, incidence of CSA-AKI 

increased from 29.5% (394/1334) to 31.8% (424/1334) 
(P = 0.208). 

• Patients in the underestimation group showed prolonged 
ICU period (3.2[1.0-3.0] d) compared with normal group 
(2.1[1.0-3.0] d) and overestimation group (2.3 [1.0-3.0] 
d) (both of P < 0.001, respectively). Both of hospital 
stay and mechanical ventilation time in the 
underestimation group were statistically higher than 
normal group (13.8 [10.0-15.0] vs 12.6 [10.0-14.0] d, P
< 0.05; 1.7 [1.0-1.5] vs 1.2 [0.5-1.5] d, P < 0.001, 
respectively). 

• Factors independently associated with underestimation 
of serum creatinine due to volume status were older age, 
high baseline serum creatinine, low baseline left 
ventricular ejection fraction and extent of volume 
balance in the 48h after cardiac surgery.

CONCLUSION
Dilution effect of fluid balance in the patients with cardiac 
surgery influences serum creatinine concentration. Patients 
with underestimation of postoperative serum creatinine 
were associated with a substantial grim prognosis than 
other patients.
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Variable
Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value
Risk factors

sex, man 1.44 (1.12-1.85) 0.004 NS
weight NS NS
age 1.05 (1.04-1.60) <0.0001 1.05 (1.01-1.10) 0.035
hypertension 1.81 (1.41-2.33) <0.0001 NS
diabetes 2.71 (1.93-3.81) <0.0001 NS
CKD NS NS
NYHA III-IV 2.02 (1.56-2.61) <0.0001 NS
BL SCr 1.01 (1.00-1.01) <0.001 1.05 (1.03-1.08) 0.000
LVEF ↓ 1.02 (1.01-1.04) 0.01 1.10 (1.04-1.17) 0.001

Perioperative data
off-pump 5.35 (4.03-7.09) <0.0001 NS
CPB (min) NS NS
cross-clamp(min) 1.01 (1.00-1.01) 0.014 NS
oliguria NS NS

cumulative FB48h(L) 1.00(1.00-1.01) <0.001 1.007(1.005-1.009) 0.000
CI: confidence interval; CKD: chronic kidney disease; NYHA: New York Heart Association; BL: 
baseline; LVEF: left ventricular ejection fraction; CPB: cardiopulmonary bypass; FB: fluid balance. 

Table 1 Multivariate analysis of creatinine underestimation as outcome variable

Fig.1 Comparison of VDD, ICU LOS and hospital LOS


