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Abstract 

Purpose: To evaluate the performance of fractional excretion of urea (FeU) for differentiating 

transient (T–) from persistent (P–) acute kidney injury (AKI) and to assess performance of 

FeU in predicting AKI in patients admitted to the intensive care unit. 

Materials and Methods: We performed a secondary analysis of a multicentre prospective 

observational cohort study on the predictive performance of biological markers for AKI in 

critically ill patients. AKI was diagnosed according to RIFLE (Risk, Injury, Failure, Loss, End–

Stage Kidney Disease) staging.  

Results: Of 151 patients, 52 and 40 patients were classified as having T–AKI and P–AKI, 

respectively. The diagnostic performance for FeU to discriminate T–AKI from P–AKI on the 

day of AKI was poor (area under the receiver operating characteristic curve (AUC–ROC): 

0.62; 95% confidence interval (CI: 0.50- 0.74). The diagnostic performance of FeU to predict 

AKI one and two days prior to AKI was poor as well (AUC–ROC: 0.61; 95%CI: 0.47- 0.74 and 

0.57; 95%CI: 0.43-0.72, respectively).  

Conclusion: FeU does not seem to be helpful in differentiating T– from P–AKI in critically ill 

patients and it is a poor predictor of AKI. 
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Introduction 

Acute kidney injury (AKI) remains associated with high morbidity and mortality, 

despite progress in medical care 1, 2. The incidence among critically ill patients reaches 35%, 

with an in–hospital mortality rate of more than 50% when AKI develops as a part of the 

multiple organ dysfunction syndrome 3. Early recognition of AKI and identification of those at 

high risk for worsening of kidney injury may ultimately improve outcomes 4, 5.   

The RIFLE (Risk, Injury, Failure, Loss, End–Stage Kidney Disease) and AKIN 

(Acute Kidney Injury Network criteria) staging methods for AKI in critically ill patients, based 

on changes in serum creatinine (SCr) and urine output (UO) were a step forward in AKI 

diagnosing. However, both methods have a limited predictive power for outcomes at the 

initial moment of AKI diagnosis 6, 7. From a clinical point of view discriminating transient (T–) 

from persistent (P–) AKI could have advantages 8, 9. Predicting which patients will have P–

AKI may help to optimize treatment, such as limiting fluids or starting RRT 10.  

The fractional urea excretion (FeU) is suggested to have discriminative power with 

respect to T–AKI and P–AKI 11. Unlike the fractional excretion of sodium, the FeU is not 

affected by concomitant diuretic use. There is however little known about its utility in critically 

ill patients 12, 13. We hypothesized that (a) FeU differentiates T– from P–AKI, and (b) FeU can 

predict AKI in the days preceding AKI. 

 

Methods 

Study design and setting 

The present study was conducted as part of a wider multicentre prospective observational 

cohort study on cystatin C as a predictor for AKI in an unselected group of severely ill ICU–

patients 14. The institutional review board of all participating hospitals approved the protocol 

of the original study, and all patients or their authorized representatives gave written informed 

consent. Detailed methods are described before 14. Briefly, the study included adult patients 

who were expected to need mechanical ventilation for at least 48 hours and/or had an 

expected length of ICU stay of at least 72 hours. Demographic and clinical data were 

documented upon ICU–admittance and routine laboratory data were measured daily. Blood 

and urine sampling for cystatin C, urea and creatinin (Cr) were performed on day of 

admission, next day and alternate days until RRT was started, or ICU discharge. The urine 

output was measured hourly. During the first week patients were scored daily for the 

presence of AKI based on the RIFLE classification system using the sCr– and UO–criteria 6. 

Baseline sCr was defined as the lower of premorbid (within 1 year prior to hospital 

admission) and ICU–admission sCr. The premorbid sCr was estimated using the Modification 

of Diet in Renal Disease (MDRD) equation if a recent premorbid value was unknown. 
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Outcome definitions 

The day of the first RIFLE–event was termed ‘day 0’. The two days prior to this day were 

termed ’day –2’ and ‘day –1’ respectively. When AKI sustained for more than 3 days patients 

were classified as having P–AKI 11, 15. Patients dying with AKI within 3 days were also 

classified as having P-AKI. When AKI resolved within 3 days patients were classified as 

having T–AKI. Recovery from AKI was defined as no-AKI according to RIFLE criteria. 

 

Measurement of fractional urea excretion 

Based on the urea and creatinine values we calculated the FeU percentage as follow: 

[urinary urea/serum urea]/[urinary creatinine/serum creatinine] ×100.  

 

Statistical Analysis 

Data of patients’ baseline characteristics were presented as number and percentage, mean ± 

standard deviations (SD), or median and interquartile range (IQR). Data were compared 

using the t–test or the Mann–Whitney U test, where appropriate. Categorical variables were 

compared using Chi–square or Fisher exact test. Kruskal–Wallis test was used to compare 

continuous variables across the three groups. A logistic regression analysis was performed 

to investigate the association with mortality. 

Receiver operating characteristic (ROC) curves was created to determine the 

diagnostic performance of FeU to distinguish T–AKI from P–AKI. Test characteristics were 

calculated. Optimal cut-off point of the ROC curve was defined as value that maximized the 

sum of sensitivity and specificity. ROC curve was plotted to determine the predictive value of 

FeU in the days before AKI was diagnosed. 

All statistical analyses were performed in the statistical environment R version 

2.15.1 16. A p–value <0.05 was considered to be significant. 

 

Results 

All 151 patients of the original study were included in the present analysis. Fifty-nine patients 

did never meet the criteria for AKI, 57 patients presented with AKI on ICU–admission, and 35 

patients developed AKI after ICU–admission. In these latter patients, AKI was diagnosed 

after median 1 [IQR 1-2] day. Patient characteristics are summarised in Table 1. 

 



 

 - 177 - 
 

 

Table 1 Baseline characteristics  
 No AKI 

(N=59) 
P-AKI  
(N=40) 

T-AKI  
(N=52)  p-value 

Age (years) 59.3±16 73.9±9 70.5±14 <0.0001 
Men, n (%) 38 (64) 25 (62.5) 34 (65) 0.96 
BMI (kg/m2)  25±4 27±7 26±5 0.03 
APACHE II 18.6±9 26.2±13 19.2±9 0.002 
SAPS II 37.4±13 52.5±17 40.4±12 <0.0001 
Admission type, n (%)    0.53 

Surgical 23 (39) 20 (50) 21 (40)  
Medical 36 (61) 20 (50) 31 (60)  

Comorbidity, n (%)     
Hypertension  15 (25) 21 (52.5) 17 (33) 0.03  
Diabetes mellitus 6 (10) 8 (20) 6 (12) 0.44 
Chronic renal failure1 2 (3) 7 (17.5) 0 0.001 

Primary diagnosis, n (%)    0.31 
Cardiovascular failure 2 (3) 4 (10) 4 (8)  
Cerebrovascular event 2 (3) 0  0  
Hemorrhagic shock 7 (12) 5 (12.5) 3 (6)  
Multiple trauma   4 (7) 1 (2.5) 2 (4)  
Peripheral vascular surgery 1 (2) 3 (7.5) 3 (6)  
Cardiopulmonary surgery 1 (2) 1 (2.5) 1 (2)  
Respiratory failure 23 (39) 6 (15) 19 (36)  
Septic shock 19 (32) 20 (50) 20 (38)  

Renal function at admission      
Urine output  2408±1580 1397±974 2211±1059 0.003 
Serum creatinine (μmol/L) 75.2±21 178.3±95 97.1±42 <0.0001 
Serum urea (mmol/L) 8.0±4 15.6±10 9.7±5 <0.0001 

ICU stay (days)  5 (3-8) 6.5 (4-12.5) 6 (4-10.25) 0.06 
Outcome     

RRT, n (%) 1 12 (30) 2 (4) <0.0001 
ICU mortality, n (%)  0 13 (32.5) 2 (4) <0.0001 
Hospital mortality, n (%) 4 (7) 18 (45) 6 (12) <0.0001 

p-values represent comparisons across the three patient groups 
1GFR<45ml/min 
AKI acute kidney injury; P-AKI persistent AKI; T-AKI transient AKI  
APACHE Acute Physiology and Chronic Health Evaluation; BMI body mass index; ICU intensive care 
unit; RRT renal replacement therapy; SAPS Simplified Acute Physiology Score 
 

Transient AKI and persistent AKI 

Fifty-two out of 92 (57%) AKI patients were classified as having T–AKI and 40 (43%) were 

classified as having P–AKI (Table 2). Patients with P–AKI had more severe AKI on day 0 

compared with T–AKI (p < 0.0001). In T–AKI patients AKI diagnosis was based on UO–

criteria only in 46% of the patients, compared to 15% P–AKI patients (p = 0.0001). Type of 

AKI was significantly associated with mortality: patients with P–AKI had 12.04 (95% 

confidence interval (CI): 2.53-57.32) times the odds to die than those with T–AKI. After 

adjusting for age, gender, BMI, admission type, Acute Physiology and Chronic Health 

Evaluation (APACHE) II score, Simplified Acute Physiology Score (SAPS), hypertension, 

diabetes, chronic renal failure only APACHE II and SAPS were confounders. After 

adjustment for APACHE II, the odds ratio (OR) reduced to 7.74 (95%CI: 1.55-38.77) 

(p=0.01). After adjustment for SAPS, the OR reduced to 6.32 (95%CI: 1.22-32.81) (p=0.03). 
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Table 2 Characteristics on first day of AKI diagnosis 
 P-AKI 

(n=40) 
T-AKI 
(n=52) p-value 

Renal function    
Urine output (mL/24h) 1630±1761 2335±1516 0.004 
Serum creatinine (µmol/L) 186.3±92 107.6±43 <0.0001 
Serum urea (mmol/L) 16.0±10 11.6±7 <0.0001 
FeU (%) 31.0±14 38.0±17 0.07 

AKI severity using RIFLE classification, n (%)   <0.0001 
Risk  14 (35) 47 (90)  
Injury 14 (35) 4 (8)  
Failure 12 (30) 1 (2)  

RIFLE criteria, n (%)   0.0001 
Serum creatinine  21 (52.5) 26 (50)  
Urine output 6 (15) 24 (46)  
Both 13 (32.5) 2 (4)  

AKI acute kidney injury; P-AKI persistent AKI; T-AKI transient AKI; FeU fractional excretion of urea 
 

 

The diagnostic performance of FeU 

The diagnostic performance of FeU to discriminate T–AKI from P–AKI was poor (AUC 0.62; 

95% CI 0.5-0.74) (Figure 1). Test characteristics of FeU at various cut–off levels are shown 

in Table 3. The optimal cut-off point of the ROC curve corresponded to 38%.  

 
Figure 1. Receiver operating 
characteristic curve for FeU to 
distinguish P–AKI patients from 
T–AKI. Area under the curve 
(AUC) is depicted. 

 

 

Figure 2 compares the trend of FeU starting from two days prior to AKI for the 

patients developing AKI after entry (group 1) with the non AKI trend (group 0). FeU levels did 

not differ significantly between groups on day –2, –1 and 0.  
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Table 3 Performance of FeU for detecting patients with persistent acute kidney injury (P-AKI) 
among patients with AKI 

 FeU <38% FeU <35% FeU <40% 
Sensitivity (%) 0.35 

(0.20-0.53) 
0.41 

(0.25-0.58) 
0.24 

(0.12-0.41) 
Specificity (%) 0.57 

(0.41-0.72) 
0.48 

(0.32-0.63) 
0.57 

(0.41-0.72) 
Positive predictive value 0.41 

(0.24-0.59) 
0.39 

(0.24-0.57) 
0.32 

(0.16-0.52) 
Negative predictive value 0.51 

(0.36-0.66) 
0.49 

(0.33-0.65) 
0.47 

(0.33-0.61) 
Positive likelihood ratio 0.81 

(0.47-1.42) 
0.78 

(0.48-1.26) 
0.56 

(0.29-1.09) 
Negative likelihood ratio 1.14 

(0.80-1.62) 
1.25 

(0.83-1.87) 
1.33 

(0.97-1.83) 
AUC 0.62 (0.50-0.74) 

FeU fractional excretion of urea; AUC area under the ROC curve, 95% CI in parenthesis 

 

Figure 2. Time course of 
FeU from two days prior to 
acute kidney injury (AKI) for 
the patients developing AKI 
after entry (group 1), and 
from entry for the non-AKI 
group (group 0). Values are 
mean and the standard 
error of the means. 

 

 

 
The diagnostic performance of FeU to predict AKI on the two days preceding AKI 

was poor (AUROC 0.57; 95% CI: 0.43-0.72, and 0.61; 95% CI: 0.47-0.74 at day –2 and day –

1, respectively) (Figure 3). 

 
Discussion  

In this secondary analysis of a multicenter prospective observational cohort study in a mixed 

ICU population FeU measured on the first day of AKI diagnosis performed poorly in 

discriminating transient from persistent AKI. In addition, FeU was a poor biomarker for 

prediction of AKI. 
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Figure 3. Receiver operating 
curves demonstrating the 
performance of FeU for the 
prediction of acute kidney injury 
(AKI) on Day –2 and Day –1 day 
prior to AKI. Area under the 
curve (AUC) is depicted. 

 

Two our knowledge two other studies investigated the performance of FeU in 

distinguishing persistent from transient AKI in ICU patients 11, 15. Our results are concordant 

to a recent multicenter study in a heterogeneous ICU population by Darmon et al. concluding 

that FeU is not helpful in differentiating transient from persistent AKI 15. In contrast, Dewitte et 

al. concluded in a single center study that a FeU of less than 40% was a sensitive and 

specific index in differentiating T–AKI from P–AKI 11. Most likely the different findings among 

studies are caused by differences in study design, AKI definition and case mix: a) Darmon et 

al. only included the patients with AKI on the day of ICU admission, while Dewitte et al. and 

the present study also included patients developing AKI after ICU admission, b) in the 

present study the definition of recovery of oliguria (>0.5 ml/kg per hour) was independent of 

the use of diuretics, while in the other two studies urine output normalization had to be in the 

absence of diuretics, c) all three studies used a SCr of ≥ 150% from baseline in their AKI 

definition, however, Dewitte et al. used the admission SCr as baseline while the other two 

studies used the MDRD based baseline when premorbid SCr was unavailable 17. 

Our findings also support the findings of the study by Pepin et al. in 99 patients with 

AKI and concluding that FeU cannot be used as tool to differentiate between T–AKI and P–

AKI 18. That study was somewhat different than our study and the studies by Darmon et al. 

and Dewitte et al. because AKI was not defined according to the RIFLE criteria and included 

both ICU and none-ICU patients.  

A relatively high percentage of our patients (39%) had sepsis. The FeU has been 

reported to be less effective in patients with infection, as cytokines interfere with the urea 
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transporters in the kidney and colon 19. We did not perform a subanalysis of the FeU 

performance in patients without sepsis because of small patient numbers. Notably, Darmon 

et al. did perform a subgroup analysis of the sepsis patients and showed no difference 

compared with the results of the whole study group 15. Moreover, in a very recent study 

comparing the urine biochemistry in septic and non-septic AKI, the FeU was not significantly 

different between groups 20.   

In the present study the P–AKI -type was associated with mortality even after 

adjusting for severity of illness. This is not surprising as patients with P–AKI had a higher 

degree of AKI according to RIFLE and large epidemiologic studies have shown an 

independent and stepwise increase in mortality as AKI severity increased 3, 21. In addition, 

patients with T–AKI more frequently had AKI based on RIFLE urine criteria only compared 

with P–AKI (46% versus 15%, p <0.003). This finding supports the findings of a previous 

study showing that the use of RIFLE without the urine output criteria was associated with less 

AKI and a higher mortality in comparison with the use of RIFLE with both SCr and urine 

criteria 22, 23.   

Our study has several limitations. First, the study protocol was designed to evaluate 

the performance of urinary and systemic cystatin C to predict AKI, and in this secondary 

analysis we retrospectively assessed the performance of FeU to distinguish between 

transient and persistent AKI. In the original protocol, specimens were collected on alternate 

days after the first two days. As a result FeU on Day 0 was not always available (28%) in 

patients who developed AKI after ICU admission. The poor performance of FeU to predict 

AKI in this subgroup may therefore be related to low statistical power. Second, patients were 

assigned retrospectively to a diagnosis of transient or persistent AKI based on renal function 

evolution. This evolution however may have been caused by factors occurring after day 0. 

Third, the daily fluid balance was not recorded in the original study and thus we could not 

analyse the association of fluid balance on AKI-type and/or mortality. Fourth, we did not 

record whether our patients had received diuretics before sampling and therefore we could 

not study the effects of diuretics. In previous studies, however, the exclusion of patients with 

diuretic use did not improve FeU performance in distinguishing T–AKI from P–AKI 15, 18.  

In summary, FeU is not helpful in differentiating T–AKI from P–AKI in a 

heterogeneous ICU population. In addition, FeU has no predictive value for AKI in the two 

days preceding AKI. 
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