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Abstract
Oliguria isacommon phenomenon that is found in hospital-
ized patients . Although a rapid reduction in urine excretion
rate may reflect a precipitous fall in the glomerular filtration
rate, in many cases it may not. Given the common physiolog-
ical finding of oliguria, we explore the relationship between
the functional biomarker of renal injury (oliguria) with the
increasing number of markers of renal injury to see if this
combination may aid in risk stratification.

©2016 S. Karger AG, Basel

Introduction

Oliguria is one of the oldest ‘biomarkers’ of renal in-
jury [1, 2]. However, the utility of pliguria as a predictor
of acute kidney injury (AKI) in hospitalized patients is
limited by its relative sensitivity but poor specificity [2, 3].
To improve both the prediction of, and diagnosis of AKI,
several biomarkers have been described over the last 2 de-
cades reflecting functional impairment or tubular dam-
age [4-6]. One would assume that any observed biomark-

er signal and the urinary output are intimately linked and
this review is intended to elucidate the relationship be-
tween the two.

Oliguria as Biomarker

The definition of oliguria associated with acute renal
failure appeared more than 200 years ago as described by
the English physician Heberden [1]. However, the sys-
tematic inclusion in the definition of AKI did pet occur
until the description of the risk, injury, failure, loss, end-
stage renal disease criteria, where a urinary output of less
than 0.5 ml/kg/h for more than 6 i was introduced as an
alternative criterion to a rise in serum creatinine [2]. This
definition has remained consistent in the latest Kidney
Disease Improving Global Outcomes (KDIGO) guide-
lines defining AKI [7]. Although the descriptions of uri-
nary output and elevations in serum creatinine have been
considered of equal importance as indicators of AKI in
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Fig. 1. mechanisms causing - ADH =

Antidiuretic hormone; RAAS = renin angiotensin aldosterone sys-
tem; SNS = sympathetic nerve system; AKI = acute kidney injury.

recent guidelines, there is

neither in terms of the underlying physiology nor in the
observed associations with clinical outcomes such as di-
alysis or death [8-10]. Whereas may
glomerular filtration rate ( ) in stable

asa
with
. Triggered by the antid-
), the release of which is regulated
may reach val-

onstrated in a
]. Therefore, the pres-
in that it may reflect a

disturbance and .

indicative of significant injury. Indeed, severe tu-
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cumstances,
be apparent

, however, may occur by several
stimuli including hypovolemia, ‘, -,
, where antidiuresis may be enhanced by the stim-
and the

In hospitalized patients, especially in those admitted to

the intensive care unit (ICU), overt dehydration is un-
likely. However, of ADH re-

lease and ohgurla commonl occur including bloloimal

. surge and new acute
ma be

but not all of these conditions,
for the development of

so while the presence of earl should prompt
evaluation of AKI risk, it does imply that
has occurred. Based on these
considerations, it is easy to understand why an
(as defined by an increased period of
oliguria for stage 2 AKI and a lower threshold of 0.3 ml/
kg/h for stage 3 AKI) is more clearly’
8, 13] - than with, for example, the
. An analysis of critically ill pa-

tients from the Simplified Acute Phisiolo
by arisein

3 cohort demonstrated that
as defined b

in each stage of AKI, however, is observed in those
patients who fulfill simultaneously (table 1).
The same relationship was reported in a large single-cen-
tre cohort of around patients, where the presence
in serum was associ-
than the of AKI de-
[9]. Macedo et al. [13] dem-

than when

which showed about the rates in
and the need of of around . A few studies have

investigated the question as to whether - of --
. -_ for the development of AKI in
itically ill patients. Prowle et al. [14] foundtha-
rovides significant

stage 2. However,
occurred
duration o

lead to the devel-

of this duration, while
and often did
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Table 1. _ - according to AKIN criteria

AKIN Creatinine l urinary - output criterion Creatinine . urinary
output criterion criterion , % (n) output criterion,
(SD), % (n) only, % (n) % (n)

Normal 15.9 (10,263) 17.9 (10,816) 18.1 (11,623) 16.0 (9,178)

Stage 1 34.5 (1,077) n.a. 40.3 (1,463) n.a.

Stage 2 29.0 (1,033) 29.0 (941) 50.0 (202) 57.1(21)

Stage 3 41.2 (1,983) 41.0 (1,837) 52.7 (262) 63.8 (116)

Hospital mortality rates were calculated separately for - patients from the SAPS 3 cohort according to
their urinary output or their serum creatinine changes alone and the combination of both criteria (number of
patients in each category given in brackets). Detailed methods are reported in Joannidis et al. [8]. Data for the
combination of creatinine and urinary output criteria were not included in the original publication [8]. SD =

Standard definition; n.a. = not available.

opment of _ Moreover, the prediction of

AKI by urinary output varied by the patient cohort with
the performance being better in medical than in surgical
patients. In , how-
ever, appears to be a [15]. Finally,
Md Ralib et al. [16] found a correlation between the vol-
ume of urinary output and duration of oliguria which
ﬁif the 6-hour observation interval is used as a mini-
mum for the definition of stage of AKI. Also in the study
from Koyner et al. [17] patients with progressing AKI

were mostly oliguric.
Given the increased risk for mortality associated with

AK]J, it is easy to understand why those patients who ful-
fill - i - and serum ﬁ criteria for
n

hiiher AKI stages do worse, which irobably -

and of - coupled with a

significant fall i manifesting as oligoanuria [9].

Urinary Chemistry and the Assessment of Oliguria

The main that may be performed on the
of a patient with AKI include the fractional excretion
of sodium ( ) and urea as well as estimation of
Although measures such as the
and the serum urea:creatinine ratio have
been used to try to differentiate between AKI secondary to
volume deplete states and intrinsic disease, results are
[18]. The has been used as an
indicator of a | for renal dysfunction,

by the renal in
h value of

states with a

Oliguria and Biomarkers

-suggestive ofa

of renal dysfunction. A value o

of
, has also been
touted as a test to differentiate between acute tubular ne-
crosis (ATN) and other causes of AKI with an
observed in . However, the measurement of the FENa
is also subject to error particularly in the critically ill where
loop , for example, are often used and are, unsur-
prisingly, associated with an in regard-
less of volume state. Also values of have been observed
in many conditions associated with parenchymal renal dis-
ease as well as in sepsis [20] and the FENa may be >1%
when pre-renal disease is present in sodium-wasting states
such as in chronic kidney disease. As such, it is o

culated in a similar fashion, the fractional excretion of urea
has been proposed as a superior test given the
that may have been
administered, with an FEUrea <35% indicative of a pre-
renal cause. However,

-21], especially in sepsis where a FEUrea

<35% was found in 63% of patients and discrimination be-

tween transitory and intrinsic AKI was negligible (area un-
der the curve (AUC) 0.36) [20]. However,
-Who were classified as by oliguria pre-

sented with an (table 2) [20].
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In attempting to further define the diagnostic proper-
ties of oliguria, the

ribed by Chawla et al. |22 may be seen as a

was demonstrated as an ideal cut-
rogressive with a of
of -%. They demonstrated that

i h increased urine output were at*
o higher stages of AKI [22]. Many of these

. Thus, the

have to be

hlori -tran

e FST also demonstrated a
erformance than several urina
predict th progressionofcorly AKI
(table 2), for renal replacement therapy ( ) and
inpatient [17]. Interestingly, in the study from
Koyner et al. [17] the combination of FST and biomark-
ers does not significantly improve risk stratification with
regard to AKI progression, need for RRT or mortality in
patients with AKI network (AKIN) stage 1 or 2 compared
to FST alone. However, this finding might be influenced
by the limited sample size, late timing of biomarker mea-
surement and a potential source of confounding due to
inclusion of patients with established AKI [17]. Con-
versely, the did show a in terms of sev-
eral outcome measures in patients with high biomarker
levels (i.e. urine neutrophil gelatinase-associated lipocal-
and urine tissue inhibitor of metalloprotein-
x insulin-like growth factor-binding
-7)), that is, high-risk patients [17].
Thus, the combination of functional biomarkers or tests
and structural biomarkers might allow improved risk

stratification.

significantly better
biomarkers tested to

Biomarkers in Urine and Blood

_ 1nvest1gated in AKI can be

1nto

filtration i i.e. se-

stress, dys-
function or damage (e.g. -

Oliguria and Biomarkers

[23-25].
However, levels of several biomarkers are
, such as the rise of serum
caused by a drop in
via tu-
occurs due to

cule-1 (-) N-acetyl-p-D- glucosammldase
liver fati acid- blndlni iroteln (

in AKI, which is
but also by an altered

bular cells [23, 24]. Also,
an increased of

as well as from

result-
ing from [23]. Besides these basically
functional markers, several tubular specific enzymes and
proteins considered to reflect ATN have been investigat-
ed as potential biomarkers for AKI, such as urinary NAG
reflecting loss of tubular cell integrity [26] or KIM-1,
which is upregulated in tubular epithelial cells as well as
in immune cells [27-30]. In addition, NGAL, a protein
expressed in neutrophils and renal tubular cells as well as
in organs other than the kidney [31], has been investi-
gated as biomarker in urine and plasma for prediction
and prognosis of AKI [32]. Other biomarkers found to be
useful for predicting AKI in various clinical settings like

cardiac surgery or intensive care units include urinary In-
terleukin-18 [33] and L-FABP [34]. Finally, th
o1 he 2 el el amet markers TIPS, an
, currently the only FDA-approved diagnostic
for AKI, was found to the development of -
with an when combined both in criti-

callyill patients [25] and in patients following cardiac sur-
gery [35]. A recent study, however, reported that urine
levels of the latter markers may also be influenced by fac-
tors other than AKI [36].

The performance of the various biomarkers for pre-
diction of AKI and outcome are outside of the scope of
this review and are in detail summarized elsewhere [4,
5].

—

Whereas (creati-

nine, cystatin C) and renal damage (NGAL) measured in
i by h re-

without AKI, the situation may be

biomarkers. As the concentration of

is by the -
itself, it seems to

to urinary , especially in a set-

ting of rapidly changing GFR such as AKI. Several ap-
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roaches have been tried including the”
biomarkers o urnary creatining (37, clclaton ofan

average biomarker excretion rate or estimation of total
biomarker excretion over a certain time period [38]. Nor-
malization of a biomarker to urinary creatinine combines
signals from cellular or structural injury with information
about functional capacity (i.e. concentrating capacity and
GFR) and thus might amplify the signal of a biomarker
[38, 39]. Moreover, the estimation of total biomarker ex-
cretion over a certain time period may reflect severity as
well as the duration of injury.

Few studies reported absolute as well as creatinine-
normalized values of biomarkers in urine. According to

Prowle et al. [40] in a cohort of surgical patients for pre-
diction of AKI when combining biomarkers of tubular
injury (NGAL, n-GST) and glomerular filtration (cystatin
C, hepcidin). Whereas the time-profile of the point esti-
mates for (TIMP-2) x (IGFBP-7) values shifted slightly
when normalizing to urine creatinine, no relevant differ-
ence for diagnosing early AKI was detected in cardiac sur-
gery patients [35]. Similarly, the overall pattern of the
NGAL signal in children with AKI after cardiac surgery
was unchanged when normalized to creatinine [41]. In
contrast, Delanaye et al. [42] report that normalization of
NGAL to creatinine improves intraindividual variations
in healthy volunteers. Bojan et al. [43] compared absolute
urinary NGAL concentrations, creatinine-normalized
concentrations and absolute excretion rates in neonates
and infants after cardiac surgery and found best perfor-
mance for the prediction of severe AKI when NGAL was
normalized to urinary creatinine. This is basically in ac-
cordance with the study from Ralib et al. [38] who com-
pared the performance of absolute biomarker concentra-
tions, normalization of biomarker concentrations to uri-
nary creatinine concentration and biomarker excretion
rate as well as estimated total biomarker excretion rate

concentrations of injury biomarkers performed
the of [38]. No benefit was shown when
using excretion rate alone. Only for NGAL was an asso-
ciation between total estimated biomarker excretion over
24 h and different successive AKIN stag

es or long-term
mortality detected [38]. However, since#
is determine the urinary
but also by the i rate, which
6 Nephron
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during AKI, normalized biomarker
levels are influenced by the urinary creatinine excretion
[39]. As Ralib et al. [38] illustrate, the kinetics of creati-
nine excretion after AKI, determined by an abrupt GFR
reduction and subsequent rise of plasma creatinine, might
explain why normalization to urine creatinine improves
performance of induced or preformed biomarkers most-
ly during incipient AKI, thus immediately after GFR re-
duction. Waikar et al. [39] also found that the variations
in urinary creatinine excretion rates substantially affect
normalized values of urinary biomarkers. They showed
this potentially misleading effect of normalizing urinary
biomarker levels to urinary creatinine in a simulation as
well as in 2 groups of patients, that is, patients with AKI
and patients after kidney transplantation. Consequentl

[39]. In conclu-

for current

Biomarkers of AKl in - Patients

Does the of and mea-
surement of AKI? Generally, one
would assume that in a cohort of oliguric patients predic-
tion of AKI by biomarkers is significantly improved.
Very few studies addressed this question by analyzing
explicitly oliguric patients. The study by Meersch et al.
[35] included only 20% of oliguric patients in AKI stage
1 and could demonstrate a very high prediction of AKI
by urinary TIMP2 x IGFBP-7. In the above-mentioned
study by Koyner et al. [17], 76% of progressors to AKI
stage 3 were oliguric. Despite that, prediction of AKI
progression or RRT by several urinary biomarkers was
substantially lower than by serum NGAL (table 2). Fi-
nally, Legrand et al. [44] exclusively included oliguric pa-
tients in their study. Despite a high pre-test probability
of worsening renal function in this subgroup of patients,
no biomarker performed better than serum creatinine to
predict worsening of renal function. Nevertheless, plas-
ma NGAL, Proadrenomedullin (MR-ProADM) and cys-
tatin C had good performance (table 2) [44]. Although
this study illustrates that not all episodes of oliguria re-
sult in a sustained decrease in GFR or AKI, the compar-
ison of biomarkers to serum creatinine, a parameter that
also substantially defines the outcome, limits the rele-
vance of these findings. Interestingly, the finding that all

Lehner/Forni/Joannidis

176.24.9.141 - 10/25/2016 8:09:12 AM

Downloaded by:



























































biomarkers show
(NPVs) than positive predictive values for AKI, suggests

Conclusion

In conclusion, and signals are
clearly confounded due to several mechanisms, which are

relevant in both pathological as well as physiological

tions of particular s. Moreover, a signifi-
cant confounding factor in studies is the ‘gold-standard’
problem of oliguria being both an inclusion criteria and
end point. Currently, clinicians are left with an approach
that includes searching for and, if necessary and possible,

treating physiological causes oliguria as well as startin
serial monitoring of serum creatinine.

a may be considered to
nd reversible AKI fronn

markers of function and damage may be helpful if avail-
able. A future area of research might be to evaluate the
NPV of biomarkers for AKI, which may prove especially
useful in triaging patients at risk of AKI and not exposing
patients who are ‘physiologically oliguric’ to an array of
further investigation and potential unnecessary treat-
ments.
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