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Abstract 
 

Introduction: Early and aggressive volume resuscitation is fundamental in the treatment of 

hemodynamic instability in critically ill patients and improves patient survival. However, one 

important consequence of fluid administration is the risk of developing fluid overload (FO), 

which is associated with increased mortality in patients with acute kidney injury (AKI). We 

evaluated the impact of fluid balance on mortality in intensive care unit (ICU) patients with 

AKI. 

 

Methods: The data were extracted from the Beijing Acute Kidney Injury Trial. This trial was 

a prospective, observational, multicenter study conducted in 30 ICUs among 28 tertiary 

hospitals in Beijing, China, from 1 March to 31 August 2012. In total, 3107 patients were 

admitted consecutively, and 2526 patients were included in this study. The data from the first 3 

sequential days were analyzed. The AKI severity was classified according to the Kidney 

Disease: Improving Global Outcomes guidelines. The daily fluid balance was recorded, and 

the cumulative fluid balance was registered at 24, 48, and 72 h. A multivariate analysis was 

performed with Cox regression to determine the impact of fluid balance on mortality in 

patients with AKI. 



Abstract 
 

Results: Among the 2526 patients included, 1172 developed AKI during the first 3 days. The 

mortality was 25.7 % in the AKI group and 10.1 % in the non-AKI group (P < 0.001). The 

daily fluid balance was higher, and the cumulative fluid balance was significantly greater, in 

the AKI group than in the non-AKI group. FO was an independent risk factor for the incidence 

of AKI (odds ratio 4.508, 95 % confidence interval 2.900 to 7.008, P < 0.001) and increased 

the severity of AKI. Non-surviving patients with AKI had higher cumulative fluid balance 

during the first 3 days (2.77 [0.86–5.01] L versus 0.93 [−0.80 to 2.93] L, P < 0.001) than 

survivors did. Multivariate analysis revealed that the cumulative fluid balance during the first 

3 days was an independent risk factor for 28-day mortality. 

 

Conclusions: In this multicenter ICU study, the fluid balance was greater in patients with AKI 

than in patients without AKI. FO was an independent risk factor for the incidence of AKI and 

increased the severity of AKI. A higher cumulative fluid balance was an important factor 

associated with 28-day mortality following AKI. 



Introduction 

 
Early fluid resuscitation                   expand intravascular volume 

                                                          maintain organ perfusion  

 

Fluid administration                           increases the risk of  fluid overload (FO). 
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Introduction 

 
•  Patients with FO: adjusted odds ratio (OR) for mortality was 2.07 

•  Survivors: less FO 

•  A negative mean daily fluid balance decreased risk of death and with more ICU-   

free and hospital-free days 

 

To date, there has been no multicenter study conducted on patients with AKI of 

Chinese descent. 

Thus… 
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Study flowchart 
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Study design: prospective, multicenter, observational study 

 

Data collection: demographics, anthropometrics, admission diagnosis, 

comorbidities, daily vital signs, and laboratory values, APACHE II, SAPS II, SOFA, 

RRT, mortality, hourly urine output, fluid balance( the difference between fluid 

intake and fluid output ), use of diuretics.  

Fluid output included all body fluids, including urine, excrement, and, if applicable, 

dialysis ultrafiltrate.  

The patients were followed until death, hospital discharge, or for 28 days. 
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Definitions 

AKI cohort: patients who developed AKI within the first 72 h  

AKI severity: KDIGO 

AKI stage: the worst stage during the first 3 days 

Baseline creatinine: the lowest known SCr value during the previous 3 months 
For patients without these values or without renal failure,baseline SCr was estimated by using the 

Modification of Diet in Renal Disease equation, assuming a GFR of 75 ml/min/1.73 m2.  

For patients with chronic renal failure but not receiving dialysis, the initial SCr value upon admission was 

used as the baseline value 

Oliguria: urine output <500 ml/day 

Daily fluid balance: daily AKI numbers 

Cumulative fluid balance at 24, 48, and 72 h: all patients with AKI in the first 3 

days 

Adjusted for body weight: percentage of fluid accumulation 

sum of daily (fluid intake [liters] − total output [liters])/body weight (kilograms) 

FO: fluid accumulation greater than 10 % of the baseline weight 
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Statistical analysis 

Mann–Whitney U test 

Mantel–Haenszel χ2 test 

Logistic regression model 

Multivariate Cox regression analysis  

Kaplan–Meier product limit survival plot 

P value less than 0.05 
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Study population 
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Characteristics of patients with AKI 
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Characteristics of patients with AKI 
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Fluid balance and the incidence of AKI 

Fig. 2 Daily fluid balance in AKI and non-AKI in the first 3 days of 

ICU stay (mean ± SE of the mean). *P = 0.007; **P < 0.001. n1 

represents patients with AKI; n2 represents patients without AKI 

Fig. 3 Cumulative fluid balance in AKI and non-AKI at 24, 48, and 72 

h of ICU stay (mean ± SE of the mean). **P < 0.001 
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Fluid balance and the incidence of AKI 

TableS1  Logistic regression analysis of AKI incidence in critically ill patients 

Characteristic OR 95%CI P 

APACHEII 1.019 1.001--1.039 0.043 

SAPS II 1.010 1.001--1.019 0.035 

SOFA 1.168 1.133--1.204 0.000 

Sepsis 1.324 1.082-1.620 0.006 

FO 4.508 2.900-7.008 0.000 
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Fluid balance and the incidence of AKI 

Figure S1 Percentage of AKI stages by fluid accumulation in 3 days relative to baseline weight in AKI patients. 

 P value is the comparing result of the neighboring  groups.*P >0.05; **P <0.001. 

** ** 
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Fluid balance and the mortality of patients with AKI 

Fig. 4 Cumulative fluid balance in AKI survivors and 

non-survivors in the first 3 days of their ICU stay 

(mean ± SE of the mean). **P < 0.001 



Results 
 

Fluid balance and the mortality of patients with AKI 

Fig. 5 Mortality rate by fluid accumulation in 3 days relative to baseline weight in patients with AKI. P value 

is the result of comparing the neighboring groups. *P < 0.05; **P < 0.001 
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Fluid balance and the mortality of patients with AKI 
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Fluid balance and the mortality of patients with AKI 

Fig. 6 Survival curve of 28-day mortality by the presence or 

absence of FO in the patients with AKI in the ICU 
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Fluid balance and the mortality of patients with AKI 

Figure S2 Mortality of FO/Non-FO by the presence or absence of AKI in the  overall patients in the ICU. 

*P =0.001; **P <0.001. 

* 

** 
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… 

However, we could not determine the relationship between a positive fluid balance 

and the incidence of AKI, because we failed to determine the fluid balance before 

ICU admission, which might have influenced the incidence of AKI and outcomes. 

 

Fluid therapy, rather than preserving renal function, actually precipitates or worsens 

AKI by causing FO. Positive fluid balance triggers AKI after cardiac surgery. 

On the contrary, the use of goal-directed therapy (GDT) strategies for perioperative 

hemodynamic optimization have been associated with decreased surgical 

complications and reduced risk of postoperative AKI. 
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In our study, FO affected the incidence of AKI and the severity of AKI. AKI 

severity increased significantly when the fluid volume was more than 10 %.  

Fluid accumulation was associated with adverse outcomes in patients with AKI, 

and this finding is consistent with those of prior studies. 

•  Teixeira et al. 10 Italian ICUs, mean fluid balance (MFB) was higher (P = 0.008) 

in patients with AKI. 28-day mortality, non-survivor patients with AKI had 

significantly higher MFB than survivors. 

•  Vaara et al. 17 ICUs, FO in renal support therapy (RST) was associated with a 

higher risk of death at 90 days (OR 2.6) after adjustment for severity of illness, 

RST onset time, RST modality, and sepsis. 

•  FO in septic patients with AKI was associated with higher mortality at 60 days. 

•  Several other studies: positive fluid balance increased mortality among ICU 

patients.  
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The relationship of fluid accumulation and mortality associated with AKI is 

complex.  

The cause or the result? 

There are many factors that affect the prognosis of patients with AKI, and we 

needed to further explore this issue. 

Greater fluid accumulation increased mortality among patients with AKI. In 

contrast, the mortality of patients with a negative fluid balance was the lowest.  

 

 



Discussion 
RRT might be effective in reducing FO and increasing survival. However, in our 

study, RRT was an independent risk factor for 28-day mortality(HR 3.166). The 

mortality of patients treated with RRT was higher. This finding may be explained 

partly by increased illness severity upon ICU admission.  

 
Table S2  Characteristics of patients with AKI, stratified by treatment with or without RRT 

RRT 

(n=222) 

Median(IQR) 

Number (%) 

Non－RRT 

(n=950) 

Median(IQR) 

Number (%) 

P 

value 

Age(years) 66（52-79） 67（54-78） 0.64 

Male gender 148(66.7) 594(62.5) 0.28 

APACHEII 23(17 to 29) 16(11to 22) <0.001 

SAPSII 48(38 to 62) 38(29 to 50) <0.001 

SOFA 10(7-13) 7(5-9) <0.001 

Vasoactive therapy 121(54.5) 455(47.9) 0.086 

Sepsis 512（43.7） 296（21.9） <0.001 

28-day mortality 97（43.7） 204（21.5） <0.001 

Length of ICU stay (days) 11(7-19) 7(4-12) <0.001 
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Merits 

Detailed insights into fluid balance and mortality in critically ill patients with AKI 

in Beijing, China.  

KDIGO criteria, reducing underestimation or late recognition of AKI.  

3-day sequential data included, decrease selection bias, more credible results.  

Insight into the significance of fluid accumulation in terms of degree and duration. 

 



Discussion 

 
Limitations  

Fluid balance before ICU admission was not measured. 

Fluid gain could be the result of either overzealous fluid therapy or poor urine 

output; we could not differentiate between the two components.  

There are many factors that affect the prognosis of patients with AKI. Fluid balance 

is one of these factors, and we need to further explore this issue.  

We failed to determine the type of fluid given (i.e., colloid versus crystalloid, 

parenteral versus enteral), which may have influenced outcomes.  

We also excluded patients who had been in the ICU for fewer than 3 days but had 

more severe illness, and our results could have been a little more meaningful if we 

had included such patients. 

 


