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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 not 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 h 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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 Abstract 
 Oliguria is a common 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 oliguria 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-
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recent guidelines, there is little justification for equality 
between these very different measures of renal function, 
neither in terms of the underlying physiology nor in the 
observed associations with clinical outcomes such as di-
alysis or death  [8–10] . Whereas creatinine may roughly 
represent the glomerular filtration rate (GFR) in stable 
patients, urinary output changes may occur as a physio-
logical response, as an indicator of stress, and as an indi-
cator of failing glomerular filtration ( fig. 1 ). Oliguria as a 
physiological response reflects conditions associated with 
antidiuresis due to hypovolemia. Triggered by the antid-
iuretic hormone (ADH), the release of which is regulated 
by serum osmolarity, urinary osmolarity may reach val-
ues up to 1,400 mOsmol/l associated with respective re-
duction in urinary output in healthy humans. Hypothet-
ically, if we assume a daily solute load of 700 mOsmol, 
then daily urinary output may be as low as 500 ml (i.e. 
0.28 ml/kg/h in a 70 kg person). Earlier studies showed 
that 30–60 h of food and water fasting resulted in a max-
imally concentrated urine of less than 20 ml/h  [11] . 
Therefore, AKI stage 1 criteria maybe be reached through 
normal physiological mechanisms, which has been dem-
onstrated in a study investigating the urinary output of 
junior physicians while on call  [12] . Therefore, the pres-
ence of oliguria may be misleading in that it may reflect a 
normal physiological response or may be indicative of a 
transient haemodynamic disturbance and not necessarily 
indicative of significant tubular injury. Indeed, severe tu-

bular injury may not be apparent initially as oliguria giv-
en that concentrating ability is disturbed. Under such cir-
cumstances, urine flow reflects GFR and oliguria will not 
be apparent until GFR has fallen significantly. ADH re-
lease, however, may also occur by several nonosmotic 
stimuli including hypovolemia, pain, stress, surgery and 
trauma, where antidiuresis may be enhanced by the stim-
ulation of the sympathetic nerve system and the renin-
angiotensin-aldosterone system.

  In hospitalized patients, especially in those admitted to 
the intensive care unit (ICU), overt dehydration is un-
likely. However, other nonosmotic triggers of ADH re-
lease and oliguria commonly occur including biological 
stress (e.g. surgery), nausea, pain and new acute haemo-
dynamic instability. Some, but not all of these conditions, 
may be risk factors for the development of biochemical 
AKI, so while the presence of early oliguria should prompt 
evaluation of AKI risk, it does not necessarily imply that 
renal parenchymal injury has occurred. Based on these 
considerations, it is easy to understand why an increasing 
severity of oliguria (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 associated with hos-
pital mortality  [8, 13]  rather than with, for example, the 
need for dialysis. An analysis of 14,536 critically ill pa-
tients from the Simplified Acute Physiology Score (SAPS) 
3 cohort demonstrated that mortality in less severe AKI 
as defined by urinary output is generally lower than when 
solely defined by a rise in creatinine  [8] . The highest mor-
tality in each stage of AKI, however, is observed in those 
patients who fulfill both criteria simultaneously ( table 1 ). 
The same relationship was reported in a large single-cen-
tre cohort of around 32,000 patients, where the presence 
of both oliguria and rise in serum creatinine was associ-
ated with worse outcomes than the same stage of AKI de-
fined by either criteria alone  [9] . Macedo et al.  [13]  dem-
onstrated a mortality of nearly 9% in patients whose AKI 
was represented only by oliguria, whereas dialysis re-
quirement was low around 2%. This was completely dif-
ferent in patients with AKI based on rises in serum cre-
atinine, which showed about the same rates in mortality 
and the need of dialysis of around 15%. A few studies have 
investigated the question as to whether duration of oligu-
ria may be more predictive for the development of AKI in 
critically ill patients. Prowle et al.  [14]  found that only 
oliguria lasting for more than 12 h provides significant 
prediction of the development of AKI stage 2. However, 
creatinine-defined AKI stage 2 frequently occurred with-
out oliguria of this duration, while shorter duration of 
oliguria was common and often did not lead to the devel-

Surgical insult, pain, trauma,
haemodynamic instability

ADH RAAS SNS

Oliguria

Physiological Pathological

Reversible Irreversible

AKI

  Fig. 1.   Pathophysiological mechanisms causing oliguria. ADH = 
Antidiuretic hormone; RAAS = renin angiotensin aldosterone sys-
tem; SNS = sympathetic nerve system; AKI = acute kidney injury. 
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opment of biochemical AKI. 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 septic shock, a duration of at least 5 h, how-
ever, appears to be a good predictor of AKI  [15] . Finally, 
Md Ralib et al.  [16]  found a correlation between the vol-
ume of urinary output and duration of oliguria which 
suggested that a lower threshold of 0.3 ml/kg/h should be 
used, if 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 
AKI, it is easy to understand why those patients who ful-
fill both urine output and serum creatinine criteria for 
higher AKI stages do worse, which probably represents 
stress and impairment of renal function coupled with a 
significant fall in GFR manifesting as oligoanuria  [9] .

  Urinary Chemistry and the Assessment of Oliguria 

 The main chemical tests that may be performed on the 
urine of a patient with AKI include the fractional excretion 
of sodium (FENa) and urea as well as urinary estimation of 
creatinine. Although measures such as the urine:plasma 
creatinine ratio 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 in-
consistent  [18] . The urinary sodium has been used as an 
indicator of a ‘pre-renal’ aetiology for renal dysfunction, 
given the avid sodium reabsorption by the renal tubules in 
volume deplete states with a urinary sodium value of 10–20 

mmol/l suggestive of a haemodynamically reversible cause 
of renal dysfunction. A value of >40 mmol/l, however, is 
classically referred to as being indicative of established, not 
rapidly reversible, tubular injury. However, there is little to 
substantiate this in the literature particularly within the 
critical care environment. Indeed, the currently available 
data suggest that measurement of the urinary sodium has 
little or no diagnostic or prognostic utility within this pop-
ulation  [19] . The FENa, which measures the percentage of 
filtered sodium that is excreted in the urine, has also been 
touted as a test to differentiate between acute tubular ne-
crosis (ATN) and other causes of AKI with an FENa >1% 
observed in ATN. However, the measurement of the FENa 
is also subject to error particularly in the critically ill where 
loop diuretics, for example, are often used and are, unsur-
prisingly, associated with an FENa in excess of 1% regard-
less of volume state. Also values of <1% 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 of little use 
in isolation and results should be viewed with caution. Cal-
culated in a similar fashion, the fractional excretion of urea 
(FEUrea) has been proposed as a superior test given the 
lack of a significant effect of diuretics that may have been 
administered, with an FEUrea <35% indicative of a pre-
renal cause. However, interpretation remains difficult in 
the critically ill  [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, all septic pa-
tients who were classified as AKI stage 3 by oliguria pre-
sented with an FEUrea <20%   (table 2) [20] .

Table 1.  Hospital mortality of AKI stage according to AKIN criteria

AKIN Creatinine or urinary 
output criterion 
(SD), % (n)

Urinary output 
criterion 
only, % (n)

Creatinine criterion
only, % (n)

Creatinine and urinary 
output criterion, 
% (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 14,536 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.
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  Furosemide Stress Test 

 In attempting to further define the diagnostic proper-
ties of oliguria, the furosemide stress test (FST) as de-
scribed by Chawla et al.  [22]  may be seen as a functional 
test. A urine volume of <200 ml in the first 2 h after 1.0–
1.5 mg/kg furosemide was demonstrated as an ideal cut-
off for predicting progressive AKI with a sensitivity of 
87.1% and a specificity of 84.1%. They demonstrated that 
volume-replete patients responding to a dose of furose-
mide with increased urine output were at lower risk of 
progression to higher stages of AKI  [22] . Many of these 
patients were oliguric. Thus, the response to the FST in 
oliguria may be able to discriminate between a systemic 
stress response resulting in antidiuresis and truly im-
paired renal function, that is, AKI. Since loop diuretics 
have to be actively secreted into the proximal tubule by 
organic anion transporters to block sodium potassium 
chloride co-transporters, a positive response implies in-
tegrity of the renal tubule. The FST also demonstrated a 
significantly better performance than several urinary 
biomarkers tested to predict the progression of early AKI 
(table 2), need for renal replacement therapy (RRT) and 
inpatient death  [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 FST did show a higher AUC in terms of sev-
eral outcome measures in patients with high biomarker 
levels (i.e. urine neutrophil gelatinase-associated lipocal-
in (NGAL) and urine tissue inhibitor of metalloprotein-
ases 2 (TIMP-2) × insulin-like growth factor-binding 
protein-7 (IGFBP-7)), that is, high-risk patients  [17] . 
Thus, the combination of functional biomarkers or tests 
and structural biomarkers might allow improved risk 
stratification.

  Biomarkers in Urine and Blood 

 Biomarkers investigated in AKI can be stratified into 
markers primarily reflecting glomerular filtration (i.e. se-
rum creatinine, serum cystatin C), glomerular integrity 
(i.e. albuminuria and proteinuria) or tubular stress, dys-
function or damage (e.g. NGAL, kidney injury mole-

cule-1 (KIM-1), N-acetyl-β- D -glucosaminidase (NAG), 
liver fatty acid-binding protein (L-FABP), urinary cys-
tatin C, TIMP-2, IGFBP-7)  [23–25] .

  However, levels of several biomarkers are determined 
by more than one distinct factor, such as the rise of serum 
creatinine in AKI, which is not only caused by a drop in 
GFR but also by an altered secretion or backleak via tu-
bular cells  [23, 24] . Also, microalbuminuria occurs due to 
an increased filtration of albumin caused by glomerular 
alterations as well as from decreased reabsorption result-
ing from tubular damage  [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, the combina-
tion of the 2 cell-cycle arrest markers TIMP-2 and 
IGFBP-7, currently the only FDA-approved diagnostic 
for AKI, was found to predict the development of AKI 
with an AUC of at least 0.8 when combined both in criti-
cally ill 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] .

  Performance of Urinary Biomarkers with Respect to 
Urinary Output 

 Whereas biomarkers of glomerular function (creati-
nine, cystatin C) and renal damage (NGAL) measured in 
serum are usually not influenced by physiologically re-
duced urinary output without AKI, the situation may be 
different for urinary biomarkers. As the concentration of 
biomarkers in urine is co-determined by the concentra-
tion or amount of urine itself, it seems reasonable to relate 
urinary biomarkers to urinary output, especially in a set-
ting of rapidly changing GFR such as AKI. Several ap-
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proaches have been tried including the normalization of 
biomarkers to urinary creatinine  [37] , calculation of an 
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 
Westhuyzen et al.  [26],  the normalization of urinary en-
zymes to urinary creatinine appears to improve the util-
ity of tubular markers. Similar findings were reported by 
Prowle et al.  [40]  in a cohort of surgical patients for pre-
diction of AKI when combining biomarkers of tubular 
injury (NGAL, π-GST) and glomerular filtration (cystatin 
C, hepcidin). Whereas the time-profile of the point esti-
mates for (TIMP-2) ×   (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 
over 24 h. They found that normalized concentrations 
performed best for the prediction of death, dialysis and 
the subsequent development of AKI, whereas absolute 
concentrations of injury biomarkers performed best in 
the diagnosis of AKI  [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 stages or long-term 
mortality detected  [38] . However, since urinary creati-
nine concentration is not only determined by the urinary 
flow rate but also by the creatinine excretion rate, which 

changes over time 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. Consequently, 
the authors propose timed urine specimens as the most 
accurate method to estimate actual urinary creatinine ex-
cretion rate and to quantitate biomarkers  [39] . In conclu-
sion, relating urinary biomarkers to urinary output pro-
vides only limited benefit for current poorly performing 
biomarkers.

  Biomarkers of AKI in Oliguric Patients 

 Does the combination of oliguria and biomarker mea-
surement improve prediction 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 × 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 
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biomarkers show higher negative predictive values 
(NPVs) than positive predictive values for AKI, suggests 
that they might especially be useful to rule out AKI in 
oliguria  [44] .

  Conclusion 

 In conclusion, oliguria and biomarker signals are 
clearly confounded due to several mechanisms, which are 
relevant in both pathological as well as physiological 
states. Antidiuresis or oliguria can influence concentra-
tions of particular AKI biomarkers. 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 starting 
serial monitoring of serum creatinine. Ensuring strict eu-
volemia, a FST may be considered to discriminate func-
tional oliguria and reversible AKI from severe AKI. Bio-
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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