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Abstract

Introduction: The pathophysiology of acute kidney injury (AK) in sepsis is ill defined. We investigated parameters
associated with low glomerular filtration, and their predictive value to discriminate transient from intrinsic septic AKI.

Methods: In 107 sepsis patients, AKl was defined by the Risk, Injury, Failure, Loss of Kidney Function, End-stage renal
disease (RIFLE) urinary output or serum creatinine criterion, or both. Transient AKI (TAKI) versus intrinsic AKl was defined
as RIFLE R, I, or F on the first day evolving to no AKI or not, respectively, over the following 5 days. Fractional excretion
of sodium (FENa), urea (FEUrea), and NGAL (FENGAL) at admission (d0t0), 4 (d0t4), and 24 hours (d1) was determined.

Results: Including versus not including the urinary-output criterion of RIFLE increased AKI from 43% to 64.5%.
Median uNGAL levels and FENGAL were lower in no AKI versus transient AKI when AKI was defined based on
creatinine (P = 0.002 and P = 0.04, respectively), but not when based on urinary output (P = 0.9 and P = 049,
respectively). FENa < 1% and FEUrea <35% was present in 77.3% and 63.2% of patients. Urinary NGAL was higher

(P < 0.001) in those with high versus low fractional sodium excretion, but this was only in patients with transient or
intrinsic AKI (P < 0.007 in subgroups), and not in patients without AKI. The negative predictive value for either intrinsic
AKl or not restoring diuresis in patients with FENa > 0.36% and FEUrea > 31.5% was 92% and 94.5% respectively.

Conclusions: A low FENa and FEUrea is highly prevalent in the first hours of sepsis. In sepsis, oliguria is an earlier sign
of impending AKI than increase in serum creatinine. A combination of a high FENa and a low FEUrea is associated with
intrinsic AKI, whereas a combined high FENa and FEUrea is strongly predictive of transient AKI.

Introduction

Controversy exists about the role of low glomerular
filtration pressure in the pathogenesis of septic acute kid-
ney injury (AKI) [1-3]. Tubular damage due to inflamma-
tory cascades is also proposed as a potential underlying
pathophysiological mechanism [4-7]. Recently, it was
demonstrated that transient azotemia can be more than a
physiologic response to low glomerular filtration pressure,
as it can also be associated with transient low-grade
tubular injury, as defined by the presence of neutrophil
gelatinase-associated lipocalin (NGAL) [8] or liver fatty
acid binding protein (LFABP) [9]. Whereas these findings
enhance our understanding of the pathophysiology of
AKI, they are not always very helpful in clinical practice,
in which the most important dilemma is to differentiate
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those cases in which restoration of glomerular filtration
pressure can potentially still reverse AKI from those in
which it will lead only to fluid overload. This is important,
as increasing evidence links blind fluid loading to higher
mortality [10,11].

Although most definitions of AKI are based on both
an increase in serum creatinine and a decrease in uri-
nary output, the latter criterion has been neglected in
many studies [12-15]. Recent work has demonstrated
that urinary output is important, as it is associated with
morbidity and mortality [16]. A low urinary output can
be used as an early-warning parameter of developing
AKI, maybe even before tubular damage arises.

We hypothesized that the combined interpretation of
a reduced urinary output, and a low fractional excretion
of sodium and urea, and especially the evolution of these
parameters, is an early indicator of incipient AKI in
sepsis patients, when it is still reversible if glomerular
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filtration pressure is restored. We also hypothesized that
a high fractional sodium excretion can be an indicator of
active sodium secretion by damaged tubular cells and
reduced proximal tubular reabsorption, whereby extent of
tubular damage was assessed by (fractional excretion of)
urinary neutrophil gelatinase-associated lipocalin (NGAL).

Materials and methods

The study was approved by the ethical committee of the
Ghent University Hospital. Written informed consent
was obtained from the patients or their next of kin.

In total, 107 consecutive patients with sepsis admitted
to the intensive care unit (ICU) of a tertiary university
hospital were included between 12/01/2010 and 5/09/
2010. Sepsis, severe sepsis, and septic shock were
defined according to the American College of Chest
Physicians/Society of Critical Care Medicine Consensus
Conference guidelines [17]. Exclusion criteria were (a) a
history of liver and/or kidney transplantation, (b) ICU
stay less than 24 hours, (c) patients treated with chronic
hemodialysis, and (d) age younger than 17 years.

Acute kidney injury (AKI) was defined according to
RIFLE classification (Risk, Injury, Failure, Loss of kidney
function, and End-stage renal disease) [13]. Baseline
creatinine was based on the most recent value before
admission or was calculated if the latter was not available
[13]. The urinary-output criterion was based on 6-hour
blocks, as described by Macedo et al. [16]. As we wanted
to assess the impact of the creatinine and the urine output
criteria separately, we defined AKI based on both criteria
(AKIboth) together, versus on the urinary output criterion
only (AKluo), or the serum creatinine criterion alone
(AKIc). Transient AKI (TAKI) was defined as RIFLE R, I,
or F on day 1 that improved to “no AKI” in the following
5 days, whereas “intrinsic AKI” was defined as patients
with RIFLE R, I, or F who did not evolve to “no AKI” in
the following 5 days.

Urine and blood samples were collected at the
moment of admission (time point d0t0), and also 4 hours
later (time point d0t4) and 24 hours later (time point d1),
to assess the evolution of the parameters. Blood samples
were centrifuged within 20 minutes after collection at
1,500 g for 10 minutes, and serum was aliquoted and
stored at —80°C for later batch analysis. Urine was collected
in a sterile way and centrifuged at 500 g for 10 minutes;
urine samples were aliquoted and stored at —80°C for later
batch analysis.

Serum and urinary neutrophil gelatinase-associated
lipocalin (NGAL) were measured by using an ELISA kit
(Gentofte (Denmark) *Bioporto Diagnostics).

Fractional excretion of sodium, urea, and NGAL
was calculated according to the formula (U, x Screa)/
(Ucrea x Sy) x 100 with x = either sodium, urea, or
NGAL. Patients were classified according to FEUrea
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and FENa quartiles. We also defined FENA and FEUrea
dichotomously as “high” (two upper quartiles) and “low”
(two lower quartiles).

Statistical analysis

Results are reported as medians and interquartile ranges
(IQRs) for continuous variables, unless otherwise speci-
fied. Discrete variables are reported as numbers and/
or percentages. All statistical analyses were performed
by using SPSS 19. All consecutive patients were in-
cluded, irrespective of their course or duration of stay
at the ICU.

Continuous variables were compared between groups
by using the Mann—Whitney U test (two groups) or the
Kruskal-Wallis (more than two groups), as appropriate,
by using the nonparametric section of SPSS 19. When
the overall P value was <0.05, post hoc analysis between
different pairs was performed by using Mann—Whitney
U tests, taking into account correction for multiple
testing.

Dichotomous variables in groups were compared by
using x> analysis. Positive and negative predictive values
were calculated for high and low fractional excretion of
sodium and urea, whereby “high” and “low” where based
on the median value. We performed Receiver Operating
Characteristic (RoC) curves to assess the performance of
fractional excretion of sodium and urea to predict transi-
ent or intrinsic AKI.

Performance of the combined interpretation of frac-
tional excretion of sodium and urea was evaluated by
calculating positive and negative predictive power of the
different combinations for restoration of diuresis and for
development of intrinsic AKIL

Results
In total, 107 consecutive patients were included. Demo-
graphic and clinical data are shown separately for AKI
versus no-AKI patients, as defined by RIFLE on the first
day of admission (Table 1). Demographic and clinical
data for no-AKI versus transient AKI versus intrinsic
AKI are shown in Table 2. Based on both RIFLE criteria
combined (AKIboth), 35.5% of patients had no AKI, and
20.6%, 31.8%, and 12.1% had RIFLE R, I, and F. When
AKI was defined based on urinary output alone (AKIuo),
58.9% of patients were classified as having no AKI, and
10.3%, 27.1%, and 3.7% had RIFLE-R, I, or F, respect-
ively. When defining AKI based on the creatinine criter-
ion alone (AKIc), 57% had no AKI, and 17.8%, 15%, and
10.3% were classified as RIFLE R, I, and F (Figure 1), so
omitting the urinary-output criterion leads to underdiag-
nosis of AKIL.

Upper cut-off values for the FENa quartiles based on
the values of dOt0 were 0.15%, 0.36%, and 0.95%. At time
points dOt0, dOt4, and d1, 77.3%, 74.5%, and 71.1% of
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Table 1 Clinical and demographic characteristics of the study cohort comparing patients without versus those with

AKI, as defined by RIFLE on the first day of admission

No AKI (n = 38) AKI (n = 69) P value
Gender male (%) 579 55.1 0.78
Age (years, mean/SD) 575 (16.0) 62.7 (14.2) 0.09
CKD on admission (MDRD <60 ml/min/1.73 m?) (%) 10.5 8.7 0.76
APACHE Il score on the first day of admission 21 (10) 23 (9) 0.19
Positive fluid balance first 24 hours (mean/SD) 25 (2.1) 40 (2.3) 0.002
Use of diuretics on the first day of admission (%) 184 174 0.89
RRT need during ICU stay (%) 53 174 0.08
Vasopressor use (%) 42.1 68.1 0.009
Total dose of noradrenaline first 24 hours (ug/kg/min) 0.15 (0.25) 0.13 (0.20) 083
Maximum dose of noradrenaline during first 24 hours (ug/kg/min) 032 (0.44) 0.34 (0.51) 0.83
Need for ventilation during ICU stay (%) 474 504 023
LOS (days) 509 6 (12) 0.82
ICU mortality (%) 21.1 275 046
Mortality at 90 days (%) 263 36.2 030

patients had a fractional excretion of sodium (FENa) <1%,
the currently used cut-off value.

Upper cut-off values for the FEUrea quartiles were
21%, 31.5%, and 42.0%. At time points d0t0, dOt4, and
dl1, 63.2%, 50.9%, and 41.3% of patients had a fractional
excretion of urea (FEUrea) <35%.

There was a stepwise increase in prevalence of AKI based
on urinary output, with quartiles of decreasing FENa and
FEUrea at dOtO (P = 0.05 and P = 0.01) and dOt4 (P < 0.001
for both), but not at d1 for FENa (P = 0.18). No such asso-
ciation was noted for AKI based on creatinine (Table 3).

The values for FENa and FEUrea in the different AKI
stages based on urinary output are illustrated in
Figure 2A and B, respectively. FENa was <1% in the
majority of patients at all time points, except in patients
classified as F at timepoint d1, where the median was
2.16%. A U-shaped pattern of FENa was seen over the
different AKI stages based on urinary output (P = 0.07,
0.016, and 0.01 at dOt0, dOt4, and dl, respectively)
(Figure 2A). There was a decreasing trend in FEUrea at
dot0,d0t4, and d1 across different AKI stages based on
urinary output (Figure 2B). Patients with stage F AKIuo

Table 2 Clinical and demographic characteristics of the study cohort comparing patients with no AKI versus transient

AKI versus intrinsic AKI

No AKI (n = 28) Transient AKI (n = 57) Intrinsic AKI (n = 22) P value

Gender male (%) 51.7 544 59.1 093
Age (years, mean/SD) 554 (17.3) 62.6 (13.3) 63.1 (14.9) 0.08
CKD on admission (MDRD <60 ml/min/1.73 m?) (%) 10.7 88 9.1 0.96
APACHE Il score on the first day of admission 21 (10) 22 (8) 245 (9) 0.08
Positive fluid balance first 24 hours (mean/SD) 22 (1.8) 33 (1.9 54 (2.7) <0.001
Use of diuretics on the first day of admission (%) 7.1 193 273 0.16
RRT need during ICU stay (%) 0 1.8 59.1 <0.001
Vasopressor use (%) 321 614 86.4 <0.001
Total dose of noradrenaline first 24 hours (ug/kg/min) 0.13(0.22) 0.12 (0.19) 0.16 (0.28) 0.65
Maximum dose of noradrenaline during first 24 hours (ug/kg/min)  0.28 (0.34) 0.32 (047) 049 (0.68) 0.66
Need for ventilation during ICU stay (%) 393 509 86.4 0.003
LOS (days) 5(6) 5(10) 38 (32) 0.014
ICU mortality (%) 214 158 542 0.002
Mortality at 90 days (%) 286 246 59.1 0.012
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Figure 1 Distribution of RIFLE class based on a single or both criteria. Based on the urinary and the creatinine criteria together (AKlboth),
35.5% of patients had no AKI, versus 20.6%, 31.8%, and 12.1% with RIFLE R, |, and F. Based on the urinary output criterion only (AKluo), 58.9%
patients were classified as having no-AKI, versus 10.3%, 27.1%, and 3.7% as RIFLE-R, |, or F, respectively. Based on the creatinine criterion only
(AKlc), 57% had no AKI, versus 17.8%, 15%, and 10.3% classified as RIFLE R, I, and F (P < 0.03).

had a persistent FEUrea <20% at the three time points
(Figure 2B).

To analyze the discriminative power of fractional
excretion of sodium and urea and of urinary NGAL to
discriminate transient and intrinsic AKI, we performed
receiver operating characteristic curves, yielding areas

under the curves of 0.59, 0.36, and 0.67, respectively,
pointing out that none of these parameters had sufficient
power to discriminate intrinsic from transient AKIL

We wanted to assess the predictive value of a com-
bined interpretation of fractional excretion of sodium
and urea for the evolution of diuresis and AKIL

Table 3 Prevalence of AKluo and AKlc (percentage of all patients classified in that category) in different FENa and

FEUrea quartiles

FENa quartiles

AKluo dot0 P = 0.05

<0.15 57.7

0.15-0.36 48.1

0.36-0.95 333

>0.95 231

FEUrea quartiles AKluo dOt0 P = 0.01
<21 593

21-315 48.1

31.5-42 375

>42 179

FENa quartiles AKlc dOt0 P = 0.76
<0.15 346

0.15-0.36 40.7

0.36-0.95 48.1

>0.95 46.2

FEUrea quartiles AKlc dot0 P = 0.06
<21 556

21-315 519

31.5-42 20.8

>42 393

AKluo d0t4 P < 0.001

AKluo d1 P=10.18

724 533

346 46.7

391 333

143 28.1

AKluo d0t4 P < 0,001 AKluo d1 P = 001
7738 833

55.5 38.1

222 30

235 34.1

AKic dot4 P = 066 AKlc d1 P =009
379 333

462 40

348 296

50 594

AKlc dot4 P = 0.17 AKlc d1 P =072
61.1 333

444 333

444 467

294 439

P values represent x° over the quartiles.
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Figure 2 FENa(%) and FEUrea(%) at the different time points in AKluo. (A) U-shaped form of FENa over the different AKluo classes (N, no
AKI; R, Risk; |, Injury; and F, Failure; (P = 0.07, 0.016, and 0.01 at d0t0, dOt4, and d1, respectively). (B) Decreasing trend in FEUrea(%) across AKluo
classes at the different time points with persistently low FEUrea(%) in RIFLE F class at the three time points (P = 0.029; P = 0.001; and P = 0.098).
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Therefore, a categoric representation of percentages of
patients with no AKI, transient AKI, and intrinsic AKI
in different subgroups of high and low fractional excre-
tion of sodium and urea at 4 hours is cross-tabulated in
Table 4 (A, based on urinary output: P < 0.001; B, based
on creatinine: p = 0.01; C, based on both urinary output
and creatinine: P < 0.001). The negative predictive value
for intrinsic AKI for patients with both high fractional
excretion of sodium and urea was 92.0%; the negative
predictive value that urinary output would not restore in
patients with this combination was 94.9%. In contrast,
the positive predictive value of a high fractional sodium
excretion in combination with a low fractional urea
excretion for persisting oliguria was 54%. Thus, a high
fractional sodium and a urea excretion are nearly always

associated with transient AKI and restoration of diuresis,
whereas in patients with a high fractional sodium excre-
tion in combination with a low fractional urea excretion,
there is substantial risk for persisting oliguria. The same
evaluation for the same parameters at admission showed
the same trend (data not shown).

Urinary NGAL values at 4 hours in patients with no
AKI, transient AKI, and intrinsic AKI are represented in
Figure 3, and this separately for AKI defined on urinary
output (Figure 3A), on creatinine (Figure 3B), or both
criteria (Figure 3C) (P value overall < 0.001). In post hoc
analysis, a difference in median NGAL levels occurred
between no AKI and transient AKI when AKI was
defined based on creatinine (P = 0.002) whereas there
was no difference when it was based on urinary output

Table 4 Cross-tabulation of FENa <0.36%/FEurea <31.5% versus FENa >0.36%/FEurea <31.5% versus FENa <0 36%/
FEurea >31.5% versus FENa >0.36%/FEurea >31.5% in AKluo (A), AKlc (B), and AKlboth (C)

A. AKluo (% within FENa/FEUrea category)

FENa < 0.36% FENa > 0.36% FENa < 0.36% FENa > 0.36% Total
FEUrea < 31.5% FEUrea < 31.5% FEUrea > 31.5% FEUrea > 31.5%
No AKI 188 7.7 435 71.8 42.1
Transient AKI 62.5 385 522 23.1 43.0
Intrinsic AKI 18.8 538 43 5.1 15.0
B. AKlc (% within FENa/FEUrea category)
No AKI 469 308 65.2 564 523
Transient AKI 344 154 21.7 359 299
Intrinsic AKI 188 538 13.0 7.7 178
C. AKlboth (% within FENa/FEUrea category)
No AKI 94 0.0 304 46.2 26.2
Transient AKI 68.8 385 522 46.2 533
Intrinsic AKI 219 61.5 174 7.7 20.6

AKluo, AKIc, AKIboth: Acute kidney injury based on urinary output (uo), serum creatinine (c), or both criteria (both).

A: P <0.001, B: P=0.01 and C: P < 0.001.
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Figure 3 uNGAL in no-AKiI, transient AKI, and intrinsic AKI based on either one or both RIFLE criteria. (A) AKl based on the urinary output
criterion (AKluo). No significant difference (P = 0.9) occurred in uNGAL levels between transient AKl and no-AKI. (B) AKI based on the serum
creatinine criterion (AKIc). There is a significant difference (P = 0.002) in uNGAL levels between transient AKl and no-AKI. (C) AKI based on both
criteria (AKlboth). As in A, there is no significant difference between transient AKl and no-AKI (P = 0.29).

(P = 09). A similar gradual increase occurred in the
fractional excretion of NGAL in no-AKI versus transient
AKI (P = 0.04) versus intrinsic AKI when AKI was
defined based on the creatinine criterion but again, there
was no significant difference between no-AKI and transi-
ent AKI (P = 0.49) when AKI was defined according to
the diuresis criterion only (graphic illustration similar to
Figure 3; not shown).

Urinary NGAL levels and fractional excretion of urea
in patients with no AKI versus transient versus intrinsic
AKI, and separately for those with a fractional sodium
excretion below or above 0.36% are depicted in Figure 4A
and B, respectively. Median urinary NGAL was higher in
the overall group in those with high (>0.36%) versus low
(<0.36%) fractional sodium excretion (median, 1,005 ver-
sus 314 pg/g creatinine, respectively; P 0.025). In those

with high fractional sodium excretion (>0.36%), urinary
NGAL was higher in those with intrinsic AKI versus in
those with transient AKI (median, 4,146 versus 1,544
ug/g creatinine; P = 0.001). In those with a low fractional
sodium excretion <0.36%, the difference was not sig-
nificant (917 versus 286 pg/g creatinine; P = 0.29)
(Figure 4A). Median fractional excretion of urea was
higher (39.6% versus 28.6%; P = 0.02) in the overall group
in those with high (>0.36%) versus low (<0.36%) fractional
sodium excretion. In those with high fractional sodium
excretion (>0.36%), fractional urea excretion was lower in
those with intrinsic AKI versus those with transient AKI
(28.8% versus 38,7%; P = 0.04). An RoC analysis of frac-
tional urea excretion in patients with a fractional sodium
excretion >0.36% yielded an AUC of 0.76 for discrimi-
nation between transient and intrinsic AKIL In those with
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Figure 4 uNGAL (ug/g creatinine) and FEUrea (%) according to FENa (either <0.36% or >0.36%) in patients with noAKiI, transient AKI,
and intrinsic AKI. (A) For patients with FENa <0.36%, uNGAL(ug/g creatinine) levels were not significantly different between no-AK|, transient
AKI, and intrinsic AKI. For patients with FENa >0.36%, uNGAL levels were significantly different between transient AKI and intrinsic AKI (P = 0.001).
(B) For patients with FENa <0.36%, there was no significant difference in fractional excretion of urea between no-AKI, transient AKI, and intrinsic
AKI. For patients with FENa >0.36%, there was a significant difference between patients with transient AKl and intrinsic AKI (P = 0.04).

a low fractional sodium excretion <0.36%, the difference
was not significant (21.6% versus 27.6%; P = 0.49)
(Figure 4B).

The median volume of HES administered in no-AKI
versus transient AKI based on urinary output was 0.5 L
versus 0.53 L (P = 0.15). Based on the creatinine crite-
rion, this was 0.5 L and 0.5 L in no-AKI versus transient
AKI (P = 0.64).

Discussion

When urinary output was used on top of serum creatin-
ine in this cohort of sepsis patients to define AKI, more
cases of AKI were detected as compared with when AKI
was based on only the creatinine criterion. More import-
ant, transient AKI based on the RIFLE urinary output
criterion was not associated with tubular damage as
assessed by urinary NGAL, whereas tubular damage was
found when diagnosis of transient AKI was based on the
RIFLE creatinine criterion. Our data indicate that in
patients with incipient sepsis, FENa is far below the
proposed cut-off of 1%, which might explain the poor
performance of the FENa < 1% criterion. Unexpectedly,
a persisting very low fractional urea excretion <31.5%
was associated with intrinsic rather than transient AKI.
A combined interpretation of high fractional sodium
and urea excretion yielded a high negative predictive
value for intrinsic AKI (92%) and persisting oliguria
(95%), whereas a high fractional sodium and low frac-
tional urea excretion had a 54% positive predictive
value for patients remaining oliguric or developing
intrinsic AKI.

Progress in the field of acute kidney injury has been
hampered by lack of a uniform definition. In the last
decade, several recommendations for a consensus defin-
ition have been proposed [13-15]. However, although all
these definitions are based on both serum creatinine and
urinary output criteria together, the latter parameter has
been neglected in many studies. This is mainly because
urinary output is mostly not available in administrative
databases, or because people believe it is difficult to
register urinary output. As a consequence, ongoing de-
bate exists on the value of urinary output for defining
AKI [18-23].

However, oliguria is also associated with hard out-
comes, such as mortality [24], so it is now stressed that
urinary output also should be taken into account when
classifying AKI [15]. In our cohort, prevalence of the
diagnosis of AKI decreased from 64.5% to 43% when
urinary output was not taken into account. Whereas
patients with transient AKI based on urinary output had
similar levels of urinary NGAL production as did
patients without AKI, patients with transient AKI based
on creatinine had levels of urinary NGAL production
intermediate between no AKI and intrinsic AKI (Figure 3),
in line with the findings of Nejat et al. [8], where only the
creatinine criterion was used. These results were con-
firmed when the fractional excretion of NGAL was used
instead of urinary NGAL alone. These findings underline
the concept that an increase in creatinine lags behind for
early diagnosis of AKI, and that making a diagnosis based
on urinary output might increase the potential for inter-
vention at a stage when no tubular damage yet exists.
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Recently it was demonstrated in a post hoc analysis of the
Chest study that fluid resuscitation with HES versus saline
was more favorable when AKI was defined according to
the diuresis criterion only, whereas saline was more favor-
able than HES when AKI was defined according to the
creatinine criterion only [25]. In our cohort, the volume of
HES administered was not different between no AKI and
transient AKI and between transient AKI based on the
diuresis criterion versus transient AKI based on the crea-
tinine criterion.

Recently, it was demonstrated that assessment of
urinary output can be easily and accurately achieved by
registering it in 6- to 8-hour blocks [16]. This approach
would make it possible even to monitor urinary output
in patients without an indwelling bladder catheter, and
maybe even outside the intensive care unit, at the
hospital ward. This would be of importance, as it has
been demonstrated that the majority of (fatal) cases of
AKI develop unnoticed on the ward and are diagnosed
with much delay [26].

There is discussion on the discriminatory value of frac-
tional sodium excretion for the diagnosis of transient
AKI. Usually, a cutoff of <1% is suggested as a diagnostic
discriminant [27-29]. Our data indicate that this cutoff
might be far too high, at least in sepsis, as 75% of the
patients in our cohort had FENa <1%, and 50% even had
a value <0.36%. Bagshaw et al. [30] recently reported an
admission FENa below 1% in 57% of sepsis patients,
being not different from nonsepsis patients. Darmon
et al. [31] reported a median FENa on admission of
0.50%. Using RoC curve analysis, the same authors also
found that a fractional excretion of 0.58% had the best
discriminative power, resulting in a positive and negative
predictive power for persistent AKI of 0.71 and 0.47,
respectively [31]. In our cohort, we used the median,
being 0.36%.

Our data highlight some other pitfalls for the inter-
pretation of a high fractional sodium excretion. First, a
high fractional excretion of sodium can also be a marker
of tubular damage, due to active tubular secretion and
reduced proximal tubular reabsorption. In our cohort,
potentially in line with presumed tubular damage, we
indeed found higher urinary NGAL levels in patients
with a high versus low fractional sodium excretion, and
this was most expressed in those who develop intrinsic
AKI. Interestingly, in our cohort, patients with transient
AKI had only higher urinary NGAL levels when they
also had high fractional excretion of sodium >0.36%
(Figure 4A), suggesting that some patients with transient
AKI indeed develop some (minor) degree of tubular
damage, whereas others do not. This also underpins that
an increase in fractional sodium excretion is not
always a positive sign, but can also be an indicator of
subclinical tubular damage, which further adds to the
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low discriminative power of fractional sodium excre-
tion, even when assessed in consecutive samples.

Second, a high fractional excretion of sodium might be
caused by interference with use of diuretics. In our
cohort, only a minority of patients were treated with
diuretics, and those were equally distributed between AKI
and no AKIL De Witte et al [32] found much higher
values of fractional sodium excretion in their cohort,
but only a minority of their patients had sepsis, whereas
60% were treated with diuretics. Because of these two
reasons, a high FENa can thus not be interpreted by
itself.

Third, although the fractional excretion of sodium
mainly decreases because of reduced urinary output and
stimulation of sodium reabsorption, it can be speculated
that fractional excretion of sodium also decreases when
glomerular filtration decreases (for example, because of
tubular obstruction). Therefore, although in our cohort,
a very low fractional sodium excretion below <0.36%
yielded a negative predictive value for intrinsic AKI of
87.3%, it is probably not a strong discriminative para-
meter, as was also suggested by Darmon et al. [31].

Surprisingly, and against our initial hypothesis, a low
(<31.5%) fractional urea excretion at 4 hours was asso-
ciated with intrinsic rather than with transient AKI,
especially when it was persistent over time, whereas a
value higher than 31.5% had a very high negative predic-
tive value for intrinsic AKI In patients with a fractional
sodium excretion above 0.36%, the discriminatory value of
fractional urea excretion was even more pronounced
(Figure 4B).

Darmon et al. [31] reported an FEUrea of 39% in the
no-AKI versus 41% in the transient AKI versus 32% in
the intrinsic AKI group, and concluded that FEUrea had
a low value for discriminating intrinsic AKI. They based
their analysis on admission FEUrea, whereas we used the
value 4 hours after admission, when some attempts to
restore low glomerular filtration pressure (for example, by
a fluid challenge or start of vasopressors) have already
been installed. However, data based on FEUrea and FENa
at admission showed comparable results, although less
impressive (data not shown). Our findings are in line with
those of De Witte et al., who also found a reasonable
value of FEurea <40% as a parameter to discriminate tran-
sient from intrinsic AKI [32]. As a low fractional excretion
of urea apparently represents a low glomerular filtration,
we hypothesized that a combination of fractional sodium
and urea excretion would yield the optimal prediction of
patients with a substantial chance to respond positively to
attempts to restore glomerular filtration. Indeed, in our
cohort, a combination of a high fractional sodium and
urea excretion yielded a 95% probability of restoring diur-
esis, and the AKI being transient rather than intrinsic,
whereas a persistently low fractional urea excretion in
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combination with a high fractional sodium excretion was
suggestive for intrinsic AKI.

Debate exists on the discriminatory value of NGAL to
predict or diagnose AKI in clinical conditions, as much
overlap in NGAL levels is seen between patients with
versus without AKI [33]. NGAL is a 25-kDa molecule
that is filtered into the primary urine at the glomerular
level. In sepsis, serum levels of NGAL increase exponen-
tially [34,35], even in the absence of AKI [36], which can
result in increased urinary levels as well [37]. Once
filtered, NGAL is reabsorbed by the tubular epithelium
through the megalin receptor, and this through competi-
tive binding [38].

Although a recent study indicated that urinary NGAL
stems from local production in the thick ascending limb
of the loop of Henle when stress factors are applied,
evidence suggests that urinary NGAL can derive from the
systemic circulation [37,39]. This indicates that the pres-
ence of NGAL in the urine in sepsis patients cannot auto-
matically be considered as a marker of tubular damage per
se. In addition, some patients with transient AKI might
have some degree of tubular damage, which might explain
the relatively low value of NGAL to discriminate transient
from intrinsic AKI in this cohort of sepsis patients.

A strength of this study is that it describes one of the
largest cohorts of sepsis patients in detail for different
patho-physiologic aspects of AKI, such as urinary and
serum biomarkers, and urinary output. A limitation on
the other hand is that it is observational and hence no
causal assumptions can be made.

Conclusion

Urinary output is an early and sensitive marker of AKI,
which might incite intervention before tubular damage
has occurred. Low fractional excretion of sodium (<1%)
and urea (<35%) is very frequent in sepsis patients, and
it might be necessary to define lower discriminatory cut-
off values as an indication of maximal tubular reabsorp-
tion and thus intact tubular function as the ones used at
present. A combination of high fractional excretion of
sodium and urea has a high negative predictive value for
intrinsic AKI, whereas a high fractional sodium excre-
tion and a low fractional urea excretion are associated
with intrinsic AKI in 54% of cases.

Key messages

e A low FENa and FEUrea is highly prevalent in the
first hours of sepsis.

e Neither FENa, FEUrea, nor NGAL alone has
sufficient power to discriminate intrinsic from
transient AKI.

e The combination of a high FENa and a low FEUrea
is associated with intrinsic AKI, whereas a high
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FENa and a high FEUrea are predictive of
transient AKL

e Omitting the urinary output criterion leads to
underdiagnosis of AKL

e Oliguria is an earlier sign of impending AKI
than increase in serum creatinine.
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