Intensive Care Med (2015) 41:68-76
DOI 10.1007/s00134-014-3566-3

Matthieu Legrand
Aurélien Jacquemod
Etienne Gayat
Corinne Collet
Veronique Giraudeaux
Jean-Marie Launay
Didier Payen

Received: 4 May 2014

Accepted: 12 November 2014

Published online: 3 December 2014

© Springer-Verlag Berlin Heidelberg and
ESICM 2014

Take-home message: Although oliguria is
used to detect acute kidney injury, only a
small proportion of oliguric patients
subsequently show a sustained decrease of
glomerular filtration rate. In this study,
biomarkers of renal function injury and
systemic stress could substantially improve
our ability to detect oliguric patients at risk
of poor renal outcome when compared with
clinical presentation.
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Abstract Purpose: Oliguria is a
common symptom in critically ill
patients and puts patients in a high
risk category for further worsening
renal function (WRF). We performed
this study to explore the predictive
value of biomarkers to predict WRF
in oliguric intensive care unit (ICU)
patients. Patients and meth-

ods: Single-center prospective
observational study. ICU patients
were included when they presented a
first episode of oliguria. Plasma and
urine biomarkers were measured:
plasma and urine neutrophil gelatin-
ase-associated lipocalin (pNGAL and
uNGAL), urine ol-microglobulin,
urine y-glutamyl transferase, urine
indices of tubular function, cysta-

tin C, C terminal fragment of pro-
arginine vasopressin (CT-ProAVP),
and proadrenomedullin (MR-

ProADM). Results: One hundred
eleven patients formed the cohort, of
whom 43 had worsening renal func-
tion. Simplified Acute Physiology
Score (SAPS) II was 41 (31-51).
WRF was associated with increased
mortality (hazard ratio 8.65 [95 %
confidence interval (CI) 3.0-24.9],

p = 0.0002). pPNGAL, MR-ProADM,
and cystatin C had the best odds ratio
and area under the receiver-operating
characteristic curve (AUC-ROC: 0.83
[0.75-0.9], 0.82 [0.71-0.91], and 0.83
[0.74-0.90]), but not different from
serum creatinine (Screat, 0.80
[0.70-0.88]). A clinical model that
included age, sepsis, SAPS II, and
Screat had AUC-ROC of 0.79
[0.69-0.87]; inclusion of pNGAL
increased the AUC-ROC to 0.86

(p = 0.03). The category-free net
reclassification index improved with
pPNGAL (total net reclassification
index for events to higher risk 61 %
and nonevents to lower 82 %). Con-
clusions: All episodes of oliguria do
not carry the same risk. No biomarker
further improved prediction of WRF
compared with Screat in this selected
cohort of patients at increased risk
defined by oliguria.
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Introduction

Urine output is considered as a key marker of kidney
function as well as a therapeutic goal and a trigger for
therapeutic intervention in critically ill patients [1]. Oli-
guria appears to be an early marker of acute kidney injury
(AKI), anticipating the onset of elevation of Screat, which
requires a longer time. While oliguria can be observed
within a few hours, the rise in creatinine requires a longer
time. Current definition of AKI includes both a “creati-
nine” and “urine output” criterion [2]. On the one hand,
many oliguric patients do not develop AKI based on
elevation of Screat [3] and there is accumulating evidence
that oliguria and rise in serum creatinine (Screat) do not
carry the same risk of death in ICU. Transient episode of
oliguria appears to be associated with low risk of dying in
ICU [4, 5]. These episodes of oliguria could therefore
represent a response to systemic stress in critical illness
but not always reflect a decrease of glomerular filtration
rate [6]. Low urine output is therefore both a biomarker of
severity in ICU patients and a trigger for therapeutic
interventions in critically ill patients to prevent occur-
rence or progression of AKI. Because of this,
identification of oliguric patients at risk of further renal
function deterioration and poor outcome is of tremendous
importance [7]. Early detection of patients at risk may
help to decide for adapted therapy to improve their
prognosis and adapt ICU resources, especially renal
replacement therapy [8—10]. On the other hand, bio-
markers of renal injury have failed to accurately identify
those at risk of AKI in several ICU populations. This may
be due to the low pre-test probability of AKI in patients
included. The aim of this study is to assess the diagnostic
performance of a set of plasmatic and urinary biomarkers
in ICU oliguric patients with high pre-test probability of
worsening renal function.

Patients and methods

Patient selection

This study was approved by Institutional Review Board of
Paris North Hospitals, Paris 7 University, deciding to
waive written informed consent (N 12,000). Data from
patients admitted in a mixed ICU of a university hospital,
with oliguria were collected. According to the kidney
disease: improving global outcomes (KDIGO) definition,
oliguria was defined by diuresis less than 0.5 ml/h/kg for
more than six consecutive hours. Patients were then
screened for oliguria by 2-h blocks. Blood and urine
samples were collected at time of oliguria diagnosis
together with demographic data, Simplified Acute Phys-
iology Score (SAPS) II, clinical characteristics at ICU
admission, and vital parameters as routine laboratory

measurements at inclusion. The study period covered the
time between the first sample and ICU discharge. After
inclusion, the therapeutic decision when oliguria was
present (crystalloid or colloid administration, diuretic,
vasopressor infusion, transfusion) was at the discretion of
the physician in charge.

Definitions

Baseline Screat level was determined from blood samples
before hospital admission when available or on admission
when estimated glomerular filtration rate was >90 ml/
min. In cases where baseline creatinine level or glomer-
ular filtration rate (GFR) was not available, the baseline
creatinine level was estimated by using the Modification
of Diet in Renal Disease equation with a normal GFR
value of 75 ml/min/1.73 m? [n = 11 (10 %)]. The pri-
mary endpoint was development of new AKI or persistent
AKI during the 7 days following inclusion. New AKI was
defined as (1) an increase in Screat level 26.5 mol/l within
48 h, or increase in Screat to 1.5 times baseline
>26 pmol/l or >50 % compared with baseline value, or
(2) need for renal replacement therapy (RRT) in patients
who had no AKI upon inclusion. Worsening or persistent
AKI was defined as development of AKI or steady or
increase in KDIGO classification stage (based on Screat
and urine output criteria) between the first 24 h fol-
lowing admission and day 7 in patients with AKI stage
>1 at time of inclusion in the study (worsening renal
function group). Patients with downstaging of AKI
between the first 24 h following admission and day 7
[for example, from KDIGO stage 1 to stage 0] and
patients without AKI during the study period were
classified into the no-worsening renal function group.
Patients who died during the first 24 h after admission
were excluded.

Urine analysis

Urine samples collected from urinary catheter were stored
at —80 °C until performing dosages. The following bio-
markers were measured: urine neutrophil gelatinase-
associated lipocalin (uNGAL) and urine vy-glutamyl
transferase (uGgt). uNGAL samples were measured with
a chemiluminescent microparticle immunoassay using an
automatic 12000 Architect (Abbott Diagnostics, Rungis,
France). Ual-pg (colorimetry), uGgt (immunoturbidime-
try) and urine urea, Na®, K, and creatinine were
measured using an automatic C8000 Architect (Abbott
Diagnostics, Rungis, France) from a single urine sample
at inclusion. The assays were performed as recommended
by the manufacturers. Intra-assay variability was <5 %
for each test. Urine urea, Na™, K, and creatinine were
also measured, allowing calculation of excretion fraction
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of sodium, excretion fraction of urea, urine/plasma cre-
atinine, urine Na/K, and plasma urea/creatinine.

Plasma analysis

Plasma levels of NGAL (pNGAL, Bioporto) and cysta-
tin C were obtained with immunoturbidimetry assays
using an automatic C8000 Architect (Abbott Diagnostics,
Rungis, France). C terminal fragment of pro-arginine
vasopressin (CT-ProAVP) and proadrenomedullin (MR-
ProADM) were evaluated by fluorescence polarization
immunoassay (FPIA) using an automatic Kryptor com-
pact (Thermo Fisher Scientific, Courtaboeuf, France).

Statistical analysis

Values are expressed as number and percentage or median
and first to third quartile. Using worsening renal function
(WRF) as the main outcome measure, the cohort size
calculation was based on comparison of the area under the
ROC curve for pNGAL and the AUC for a clinical model
associated with pNGAL to predict WRF. With an
expected incidence of WRF of 0.30, 106 subjects were
needed to show a difference of AUC at 0.15 with an
expected AUC of pNGAL at 0.70. Comparison between
groups was performed using x> test or Wilcoxon test as
appropriate. Assessment of biomarkers was performed as
follows (Fig. S1, supplementary file).

First, the marginal association of each biomarker of
interest with WRF was studied by Wilcoxon test. The area
under the receiver-operating characteristic curve (AUC-ROC)
to predict WRF was determined, and the optimal threshold
value was estimated using the “closest top-left” method.

Second, we estimated the association of each bio-
marker with the outcome with adjustment of previously
described predictive factors using logistic regression. We
considered the biomarkers either continuously or dichot-
omized according to the threshold obtained from the ROC
curves. The prognostic variables included in the multi-
variable model were age, creatinine at admission,
SAPS 11, and presence of sepsis, as described previously
[11]. We selected biomarkers remaining significantly
associated with WREF after adjustment in both continuous
and dichotomized analyses.

For those selected biomarkers, we compared AUC-
ROC curves versus Screat, considered as the current gold-
standard biomarker. Then, the selected biomarkers were
added to this clinical model and the change in AUC with
and without the biomarker was compared using the De-
Long test. Last, a reclassification analysis including both
the net reclassification improvement (NRI) and the inte-
grated discrimination index (IDI) was then performed to
evaluate the benefit of addition of these biomarkers to the
clinical model. A two-sided p value of 0.05 was

considered significant. All analyses were performed using
R 2.10.1 statistical software (The R Foundation for Sta-
tistical Computing, Vienna, Austria). ROC curve analyses
were performed using the package “pROC” and reclas-
sification analyses using the “PredictABEL” package.

Results

Patient selection

Characteristics of the patients are presented in Table 1;
111 patients were included (63 male, 48 female) with
median age of 60 (45-73) years. The main reasons for
ICU admission were presence of sepsis (15 %), neuro-
logical disorder (34 %), acute respiratory insufficiency
(17 %), and hemorrhage/trauma (17 %), with an averaged
SAPS II score of 41 (31-51). At inclusion, 34 % of
patients received norepinephrine, 3 % epinephrine, and
2 % dobutamine, and 77 % of patients were mechanically
ventilated; 43 patients (40 %) had ongoing treatment of
infection at inclusion.

Therapeutic interventions

Of patients, 41/111 (37 %) developed WREF. Therapeutic
interventions in presence of oliguria were more frequent
when WRF occurred (83 versus 47 %, respectively,
p = 0.0003). These interventions included fluid admin-
istration with crystalloid (63 % in WRF versus 34 %
without, p = 0.003) or with colloid (29 % with WRF
versus 9 % without, p = 0.004), introduction of vaso-
pressors (15 % with WRF versus 3 % without, p = 0.02)
or diuretic administration (22 % with WRF versus 7 %
without, p = 0.02).

At day 1, patients with WRF had a more positive fluid
balance (1,298.5 [640-2,574.8] ml) than those without WRF
(556.5 [46.8-1,230.8] ml, p = 0.0002). The 6-h urine out-
put at inclusion was not significantly different in patients
with WRF compared with without WRF (0.3 [0.1-0.3] ml/
kg/h versus 0.3 [0.2-0.4] ml/kg/h, respectively, p = 0.05).
However, after inclusion, the 6-h urine output was lower in
the WREF group versus no-WRF group (0.3 [0.1-0.4] ml/kg/
h versus 0.4 [0.3-0.6] ml/kg/h, p = 0.005), a difference
which was more pronounced at 24 h (0.3 [0.1-0.5] ml/kg/h
versus 0.4 [0.3-0.5] ml/kg/h, p = 0.05).

Outcome

At inclusion, 35/111 patients (32 %) met AKI criteria.
Among 41 patients developing WRF, 14/41 had new AKI
and 29/41 patients already had AKI at admission. RRT
was indicated for 9 (21 %) patients with WRF (Fig. S2,
supplementary file). Among patients with WREF, 12
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Table 1 Patient characteristics; results expressed as median [interquartile range] or count (percentage)

No WRF (n = 70) WRF (n = 41) p-Value
Age (years) 55 (41-70) 55 (41.2-70) 0.009
Male gender 36 (51.4) 27 (65.9) 0.14
Comorbidities
COPD 6 (8.6) 7 (17.1) 0.18
Diabetes mellitus 13 (18.6) 10 (24.4) 0.47
Hypertension 31 (44.3) 26 (63.4) 0.052
Heart failure 5(7.1) 8 (19.5) 0.05
CAD 9 (12.9) 8 (19.5) 0.35
Liver disease 1(1.4) 2 (4.9 0.28
Cancer 7 (10) 8 (19.5) 0.16
Medication before admission
NSAID 2 (2.9) 2 (4.9) 0.58
ACE inhibitors 23 (32.9) 18 (43.9) 0.24
Diuretic 18 (25.7) 16 (39) 0.14
Statin 16 (22.9) 11 (26.8) 0.64
Steroid 7 (10) 2 (4.9) 0.34
Beta blocker 18 (25.7) 12 (29.3) 0.68
Antiplatelet therapy 11 (15.7) 11 (26.8) 0.16
Organ failure
Mechanical ventilation 53 (75.7) 32 (78) 0.78
SAPS 11 37.5 (29-46) 47 (41-56) 0.0003
Norepinephrine* 0.16 (0.23) 0.22 (0.54) 0.0009
Epinephrine* 0 (0) 3(7.3) 0.022
Dobutamine* 1 (1.4) 1(2.4) 0.7
Lactate (mmol/l) 1.1 (0.8-1.5) 1.6 (1.2-3.4) <0.001
Serum creatinine (pmol/l) 68 (55-85) 142 (98-225) <0.001
Bilirubin (mg/ml) 11.5 (7-20) 23 (10-32) 0.0026
Platelet count (G/ml) 187 (137-257) 170 (106-248) 0.24
Hemoglobin (g/dl) 10.6 (9.4-12.3) 11.3 (10-12.9) 0.097
Fluid balance (ml) 1,160 (—67.8 to 2,172.5) 2,091 (1,094-3,128.5) 0.016
Reason for ICU admission
Sepsis 10 (14.3) 7 (17.1) 0.69
Neuro-ICU 29 (41.4) 9 (22) 0.037
Respiratory failure 10 (14.3) 9 (22) 0.3
Trauma/hemorrhage 13 (18.6) 6 (14.6) 0.6
Cardiogenic shock 4 (5.7) 4 (9.8) 0.43
Other 5(7.1) 6 (14.6) 0.2
Hemodynamic status
SAP (mmHg) 125 (110.2-141.8) 112 (104-135) 0.1
DAP (mmHg) 64 (56.2-71.5) 58 (52-69) 0.045
CO (L/min) 5.3 (4.3-5.6) 4 (3.1-6) 0.44
ScvO, (%) 77 (70.5-81.8) 73 (68.2-81.9) 0.46
CVP (mmHg) 78.5 (68-86.5) 70 (64-78) 0.35
Nephrotoxic agents
Contrast media 6 (8.6) 12 (29.3) 0.0043
Colloid 41 (58.6) 26 (63.4) 0.61

COPD chronic obstructive pulmonary disease, CAD coronary artery disease, NSAID nonsteroidal anti-inflammatory drugs, SAPS Sim-
plified Acute Physiology Score, ACE angiotensin-converting enzyme, SAP systolic arterial pressure, DAP diastolic arterial pressure, CO

cardiac output, ScvO, central venous oxygen saturation, CVP central venous pressure

* ng/kg/min, among patients receiving the drug

reached KDIGO 1, 7 KDIGO 2, and 22 KDIGO 3. predictive values of these biomarkers are detailed in
Mortality in ICU was significantly higher in the WRF Table 3. pNGAL and biomarkers of “systemic stress”
group compared with the no-WRF group (hazard ratio, (CT-ProAVP and MR-ProADM) had the highest odd

HR [95 % CI] at 8.65 [3.0-24.9], p = 0.002; Fig. 1).

Comparison of biomarkers

ratios for WRF. The AUC-ROC values of pNGAL, MR-

ProADM, and cystatin C were not statistically different
from Screat (0.835 [0.748-0.916], 0.816 [0.711-0.907],

and 0.829 [0.740-0.909],

[0.70-0.88] for Screat).

Biomarker concentrations at inclusion according to the

development of WRF or not are detailed in Table 2. The

respectively,

versus .80

The c-statistic of the clinical model that included age,
creatinine at admission, SAPS II, and presence of sepsis
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Fig. 1 Survival of patients according to occurrence of worsening
renal function (WRF). HR hazard ratio, CI confidence interval

was 0.786 ([0.688-0.872], not significantly different
versus Screat; supplementary file).

When pNGAL was added to the clinical model, the
AUC-ROC curve slightly increased compared with the
clinical model alone (0.86 [0.77-0.93], p = 0.03;
Table S3, supplementary file and Fig. 1) but was not
different for MR-ProADM and cystatin C (supplementary
file). Reclassification with both NRI and IDI resulted in
significant reclassification (p < 0.001) of a substantial
number of patients with the three selected biomarkers
(PNGAL, MR-ProADM, and cystatin C; Table S5).
PNGAL had excellent predictive value for RRT (AUC-
ROC 0.93 [0.87-0.97], supplementary file; Fig. 2).

Discussion

Key findings

The key findings of our study are that, in a population of
oliguric patients with a priori high pre-test probability of
worsening renal function, biomarkers of renal injury and
systemic stress did not significantly outperform Screat in
predicting worsening renal function. We also confirmed
that many episodes of oliguria do not translate into sus-
tained decrease in GFR. Although pNGAL may reclassify
patients, underlying its potential additional value com-
pared with Screat, these results remain to be confirmed.
None of the biomarkers appear accurate enough to predict
poor renal outcome in this population.

Relationship with previous literature

In this study, we hypothesized that all episodes of oliguria
would not carry the same risk of worsening renal function
and poor outcome. In this line, the risk, injury, failure,
loss of kidney function, and end-stage kidney disease
(RIFLE) definition appropriately identifies patients with
transient (short-term) oliguria as the “risk” category of
AKI. The study was designed to address the question of
identification of high-risk oliguric patients integrating the
clinical context and a set of biomarkers.

Low urinary output is often interpreted as an early
bedside warning parameter of developing AKI and/or
triggering therapeutic interventions (e.g., fluid loading)
[12]. However, oliguria may also be secondary to renal
function adaptation to frequent situations observed in ICU
[8], such as mechanical ventilation with positive pressure
breathing [13] or neurohormonal activation in response to
systemic stress [14]. As a consequence, a substantial
proportion of oliguric patients do not develop AKI based
on the Screat criteria [15]. Recently, 80 % of ICU patients
meeting the oliguria criteria in a prospective observa-
tional cohort study did not increase their Screat level [15].
In another observational study, most episodes of AKI
were diagnosed on only urine output criteria [16]. The
authors found modest accuracy of oliguria to predict AKI
based on the Screat criteria with an AUC of 0.75 (95 %
CI 0.64-0.85), and a sensitivity of only 0.21 and a posi-
tive predictive value of 0.09 for an episode of oliguria
>6 h. Oliguria has also been described as a factor of poor
outcome in critically ill patients [3, 5]. The prognostic
burden of oliguria varies according to the duration and the
association with elevated Screat. Worse outcome with
higher mortality rate has been observed mainly with
prolonged episodes of oliguria and/or with elevated Screat
[5]. In our cohort, WRF after an episode of oliguria was
strongly associated with poor outcome.

Biomarkers of renal injury have previously been pro-
posed to identify episodes of prerenal AKI or transient
AKI. NGAL, a member of the lipocalin superfamily of
proteins, has yielded conflicting results regarding its
accuracy in predicting AKI [17, 18]. Nejat et al. [19]
found that even patients with transient AKI showed ele-
vated biomarkers of kidney injury, which increased when
AKI occurred. Interestingly, in our study, the accuracy of
pNGAL was found to be good, but it did not improve the
predictive performance of Screat. The predictive perfor-
mance of pPNGAL for RRT appears promising, but should
be interpreted very cautiously with respect to the very low
incidence of RRT in our cohort [20, 21]. Data regarding
reclassification improvement using pNGAL should be
regarded as hypothesis-generating in this small cohort.

In this study we also explored other potential bio-
markers. Arginine vasopressin (AVP), a stress hormone
having arteriolar vasoconstrictive effect and antidiuretic
effect, is a potential biomarker for renal dysfunction in
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3.95 (1.0-15.59)
2.33 (0.82-6.6)
1.58 (0.6-4.19)
0.51 (0.18-1.42)
0.39 (0.16-0.95)
0.2 (0.06-0.69)
6.87 (1.87-25.28)
0.31 (0.08-1.23)

Adjusted OR (95 % CI)
2.38 (0.8-7.13)

(dichotomized value)
11.91 (3.74-37.93)
14.38 (3.54-58.37)
10.93 (3.17-37.64)
13.66 (3.63-51.37)

Adjusted OR (95 % CI)
(continuous value)
1.00 (1.00-1.01)
1.00 (0.99-1.00)
1.00 (0.99-1.00)
1.00 (0.99-1.00)
1.44 (0.75-2.79)
1.25 (0.89-1.77)
0.99 (0.98-1.00)
0.98 (0.95-1.02)
0.99 (0.99-1.00)
4.07 (1.17-14.14)
1.59 (1.10-2.31)
1.00 (0.99-1.01)

0.04 (0-2.34)

1.375

0.35
80

Threshold
0.13
2.24

242

p-Value
<0.0001
<0.0001
0.19
0.17
0.0041
0.86
0.024
0.29
<0.0001
<0.0001
<0.0001
0.048
<0.0001
<0.0001

550 (270-883)

364.1 (57.3-1,946.5)
207 (86-376.5)
69.8 (25.6-199.9)

0.4 (0.1-1.2)

0.5 (0.2-1)

73 (55.9-97.6)
22.3 (15.4-31.7)
67.7 (29.2-119.3)

1.9 (1.1-2.4)

131 (84-187)

0.3 (0.1-0.3)

3.9 (2.3-7.1)

86.5 (54.5-176.1)

WRF

122 (77.5-197.8)
62.4 (28.7-126.1)

141 (89.5-220.8)
48.8 (25-89)

0.1 (0.1-0.3)

0.5 (0.2-1)

93.8 (68.7-123.4)
25.7 (19.9-30.1)
163.3 (110.4-268.7)

0.8 (0.7-1.2)

64 (51-84)
0.3 (0.2-0.4)
1.4 (1-2)

25.9 (13.9-44.1)

No WRF

pNGAL (pg/ml)

uNGAL (pg/ml)

GGT urine (UI/1)
o1-Microglobulin (mg/l)
Tubular function biomarkers
FEUrea (%)

Cystatin C (mg/l)

Screat (pmol/l)

Urine output (ml/kg/h)
Systemic stress biomarkers
MR-ProADM (pg/ml)
CT-ProAVP (pg/ml)

U/PCreat
Glomerular function biomarkers

pUrea/pcreat

FENa (%)
uNa/K

Table 2 Median [interquartile range] of biomarkers at inclusion in patients who later developed worsening renal function (WRF) compared with patients with no WRF

The threshold was determined as the point in the upper-left corner of the ROC curve

OR odds ratio, CI confidence interval

Tubular injury biomarkers

critically ill patients [22]. High CT-ProAVP, the C-ter-
minal part of pro-AVP, was shown to be predictive of
renal dysfunction after renal transplantation and in
patients with autosomal dominant polycystic kidney dis-
ease [23-25]. In the present study, CT-ProAVP did not
significantly improve the diagnostic accuracy of WRF
when compared with Screat but was found to have a good
AUC-ROC curve. Proadrenomedullin peptide (PAMP), a
surrogate for the ubiquitous angiogenic and vasodilator
peptide adrenomedullin, has been proposed as a systemic
stress biomarker targeting the kidney [26]. In a recent
paper, Wagner et al. [27] observed renal protective effects
after blocking adrenomedullin in a septic animal model.
MR-ProADM was found to be a good predictor of WRF
in our study but did not outperform Screat or pNGAL.

The nonsuperiority of biomarkers of AKI over Screat
calls for several hypothesis. First, the accuracy of bio-
markers of AKI was found to be good (i.e., pPNGAL) and
in accordance with most previously published studies in
adult critically ill patients. However, the performance of
Screat appeared to be improved in this group of high-risk
patients. Altogether, these data reinforce the view that,
although tightly associated, renal injury and renal func-
tion should be regarded as separate entities. Another
hypothesis is that biomarkers were measured too early.
However, this appears unlikely, since pPNGAL was found
high in the group with WREF. Finally, alternative bio-
markers of renal injury (i.e., insulin-like growth factor-
binding protein 7, metallopeptidase inhibitor 2, liver-type
fatty acid-binding protein, etc.) warrant further investi-
gation in this group of patients.

Study implications

The clinical perspective of this study was to identify
patients with high risk of poor renal outcome and there-
fore to better target patients at need for ICU resources
such as renal replacement therapy. Accuracy of bio-
markers did not outperform Screat. These results
underline that not all episodes of oliguria carry the same
risk. In this line, elevated Screat with low urine output
carries high risk of worsening renal function and in-hos-
pital death. Under the careful application of a protocol for
management of oliguric patients [8], outcomes appeared
good before rise of Screat occurred.

Strengths and limitations

One of the main contributions of our study is its focus on
oliguric patients. Indeed, the rather modest predictive
performance of renal injury biomarkers may partially rely
on the low pre-test probability in unselected ICU patients.
We therefore designed this study to compare the value of
biomarkers to identify high-risk oliguric patients for poor
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Table 3 Predictive characteristics of biomarkers for worsening renal function

AUC Threshold Specificity Sensitivity Accuracy NPV PPV
Tubular injury biomarkers
pNGAL (pg/ml) 0.83 (0.75-0.92) 242 0.81 0.80 0.81 0.88 0.72
uNGAL (pg/ml) 0.75 (0.64-0.85) - - - - - -
GGT urine (UI/) 0.55 (0.43-0.68) - - - - - -
al-mG (mg/l) 0.58 (0.47-0.69) - - - - - -
Tubular function biomarkers
FENa (%) 0.66 (0.55-0.76) 0.35 0.80 0.51 0.69 0.74 0.60
uNa/K 0.51 (0.40-0.62) - - - - - -
pUrea/pcreat 0.63 (0.52-0.73) - - - - - -
FEUrea (%) 0.57 (0.46-0.69) - - - - - -
U/PCreat 0.78 (0.68-0.87) - - - - - -
Glomerular function biomarkers
Cystatin C (mg/1) 0.83 (0.74-0.91) 1.375 0.82 0.73 0.79 0.84 0.71
Screat (pmol/l) 0.80 (0.70-0.88) 80 0.76 0.66 0.76 0.85 0.64
Urine output (ml/kg/h) 0.62 (0.50-0.74) 0.13 0.90 0.31 0.69 0.76 0.46
Systemic stress biomarkers
MR-ProADM (pg/ml) 0.81 (0.71-0.91) 2.24 0.82 0.78 0.85 0.85 0.74

CT-ProAVP (pg/ml) 0.82 (0.73-0.90) -

AUC area under the curve, NPV negative predictive value, PPV positive predictive value, «/-mG ol-microglobulin. Threshold is provided
only for biomarkers significantly associated with WRF in both continuous and dichotomized analyses
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Fig. 2 Graphical representation of area under receiver-operating
characteristic curve of the clinical model, plasma neutrophil
gelatinase-associated lipocalin  (pNGAL), proadrenomedullin
(MR-ProADM), cystatin C, excretion fraction of Na® (FENa™),
Screat (Screat), and urine output

renal outcome. This is also the first study exploring
systemic stress biomarkers (MR-ProADM and CT-Pro-
AVP) and showing good predictive values. In addition,
oliguria persisted despite application of preestablished
hemodynamic protocol for optimization. As a conse-
quence, development of WRF was unlikely to be related
to hemodynamic alterations, although we acknowledge
that not all patients responded favorably to the
treatment.

The present study has several limitations. First, the
sample size was relatively small, so the observed sig-
nificant results and reclassification can be seen as
preliminary results. Second, the single-center nature of
the study may limit its generalization. The relatively
small number of events in our population preclude
inclusion of too many variables in the model, such as
therapeutic decisions. However, the results highlight the
complex question of oliguria as a diagnostic biomarker
of AKI and the multiple faces of oliguria in critically ill
patients. We acknowledge that our results are pre-
liminary and should be validated in a large multicenter
study. Also, multiple biomarkers were tested, introduc-
ing the risk of typeI error. NRI results should be
considered with caution and as hypothesis-generating, as
very small increases in probability are given equal
weighting to very large ones as long as they are in the
right direction. The 6 h of oliguria could have been too
short to detect patients at highest risk. Indeed, Prowle
et al. [16] observed that oliguria persisting longer than
12 h has high predictive value in terms of outcome
prediction (AKI defined by increased serum creatinine).
However, we chose a 6-h period to detect a potential
early therapeutic window for AKI. Finally, we
acknowledge the limits of the gold standard we use for
renal function (i.e., serum creatinine), which can
underestimate decline in GFR. However, it is very
unlikely that sustained worsening renal function was
missed using the KDIGO definition because of the
7 days of follow-up [28]. This point is further underlined
by the worse outcome we observed in patients with
WREF.
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Conclusions

The present study including critically ill patients with
new-onset oliguria strongly suggests that not all episodes
of oliguria carry the same risk. Oliguria with elevated
Screat carries high risk of poor outcome. pNGAL, MR-
ProADM, and cystatin C had good performance but did
not significantly outperform Screat to identify oliguric
patients with poor renal outcome. The search for new
biomarkers should continue.
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