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Abstract 

Background The relevance of current consensus threshold to define oliguria has been challenged by small observa-
tional studies. We aimed to determine the optimal threshold to define oliguria in critically-ill patients.

Methods Cohort study including adult patients admitted within a multi-disciplinary intensive care unit between 
January 1st 2010 and June 15th 2020. Patients on chronic dialysis or who declined consent were excluded. We 
extracted hourly urinary output (UO) measurements along with patient’s characteristics from electronic medical 
records and 90-day mortality from the Swiss national death registry. We randomly split our data into a training (80%) 
and a validation (20%) set. In the training set, we developed multivariable models to assess the relationship between 
90-day mortality and the minimum average UO calculated over time windows of 3, 6, 12 and 24 h. Optimal thresholds 
were determined by visually identifying cut-off values for the minimum average UO below which predicted mortality 
increased substantially. We tested models’ discrimination and calibration on the entire validation set as well as on a 
subset of patients with oliguria according to proposed thresholds.

Results Among the 15,500 patients included in this analysis (training set: 12,440, validation set: 3110), 73.0% (95% CI 
[72.3–73.8]) presented an episode of oliguria as defined by consensus criteria (UO < 0.5 ml/kg/h for 6 h). Our models 
had excellent (AUC > 85% for all time windows) discrimination and calibration. The relationship between minimum 
average UO and predicted 90-day mortality was nonlinear with an inflexion point at 0.2 ml/kg/h for 3 and 6 h win-
dows and 0.3 ml/kg/h for 12 and 24 h windows. Considering a threshold of < 0.2 ml/kg/h over 6 h, the proportion 
of patients with an episode of oliguria decreased substantially to 24.7% (95% CI [24.0–25.4]). Contrary to consensus 
definition, this threshold identified a population with a higher predicted 90-day mortality.

Conclusions The widely used cut-off for oliguria of 0.5 ml/kg/h over 6 h may be too conservative. A cut-off of 0.2 ml/
kg/h over 3 or 6 h is supported by the data and should be considered in further definitions of oliguria.
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Background
Urinary output (UO) is the most obvious and accessible 
window to renal function in the intensive care unit (ICU). 
It is a major component of acute kidney injury (AKI) 
diagnosis and staging [1]. Low UO (oliguria) is associated 
with 90-day mortality irrespective of changes in serum 
creatinine (sCr) [2–4]. However, the interpretation of 
oliguria remains a daily challenge for clinicians through-
out the world who struggle to differentiate a physiological 
adaptation to stress from kidney damage. According to 
consensus definition, a urinary output of less than 0.5 ml/
kg/h for a minimal duration of 6 h defines AKI[1]. This 
threshold is based on old physiological data demonstrat-
ing that urine was maximally concentrated when its vol-
ume output fell below 0.35 ml/min (21 ml/h) [5].

The clinical relevance of this definition, however, has 
recently been challenged [6–9]. In a series of > 3500 
patients, intra-operative episodes of oliguria defined 
by a UO between 0.3 and 0.5  ml/kg/h were not associ-
ated with post-operative AKI but only those defined by a 
UO < 0.3 ml/kg/h [10]. In 239 critically ill patients, olig-
uria, defined by a cut-off of 0.5  ml/kg/h for > 4  h, had a 
very low positive predictive value (11%) for AKI (defined 
as an increased serum creatinine) [11]. In 725 critically 
ill patients, a threshold of 0.3  ml/kg/h for 6  h outper-
formed the current definition to predict mortality or the 
need for dialysis [6]. Those findings were confirmed in a 
larger cohort study conducted in Finland, where, com-
pared to standard thresholds, stricter (< 0.3  ml/kg/h for 
6 h or < 0.1 ml/kg/h for 3 h) cut-offs increased the predic-
tive values of oliguria for 90-day mortality [12].

Hence, the current definition of oliguria appears too 
conservative. However, the best cut-off to define oligu-
ria remains to be determined. We aimed to define the 
best time weighted intensity cut-offs for UO to predict 
90-day mortality in critically ill patients. Accordingly, we 
designed a retrospective observational study to assess 
the association between the minimum average UO and 
90-day mortality, to identify potential cut-offs in this 
relationship and to assess their clinical relevance.

Methods
Design, setting, participants, data sources and statistics
For this observational study, we have used a high-reso-
lution cohort described in details elsewhere [2]. Briefly, 
we collected data from all adult (> 18 years old) patients 
admitted to our tertiary ICU between January 1st 2010 
and June 15th 2020. We excluded patients with docu-
mented or expressed wishes of non-participation to 
clinical research, those with end-stage renal disease 
(ESRD), whose stay lasted for less than 6 h or with miss-
ing outcome or AKI defining data. For each patient, 

we considered only the first eligible ICU admission. 
Data were extracted from electronic medical records 
[Metavision®(IMD Soft, Tel Aviv, Israel) and Soarian® 
(Cerner, North Kansas City, USA)]. In particular, we 
collected baseline characteristics, comorbidities, pre-
admission weight, illness severity scores and hourly UO 
measurements. The primary outcome was 90-day mortal-
ity. This outcome was assessed by cross-referencing our 
dataset with the Swiss national death registry.

Continuous data are reported as mean (standard devia-
tion, SD) or median (interquartile range, IQR) according 
to underlying data distribution. Categorical variables are 
expressed as number (percentage). All statistical analyses 
and modeling were carried out in R version 4.1.2 [13]. 
The level of statistical significance was set at 5%.

Average standardized urinary output calculation
We standardized hourly UO (ml/h) ( vis ) by pre-admission 
body weight ( wi ) when available (missing values were 
imputed using multiple imputations see below). We then 
used a sliding window to calculate the average standard-
ized urinary output ( vit ) of a patient i over d hours pre-
ceding time t, such that

For convenience, we restricted the analysis to slid-
ing windows of width d = {3, 6, 12, 24} hours. Note that 
vit(d) cannot be calculated when t < d . We then calcu-
lated the minimum value among all moving averages of 
width d that can be computed over the whole ICU stay of 
each patient, that is

Hence, ui(d) corresponds to the minimal average UO 
that patient i experienced over a period of d hours during 
his ICU stay.

Of note, we considered pre-admission body weight 
when available.

Modeling 90‑day mortality
Logistic regression was used to predict 90-day mortal-
ity as a function of the minimum average urine output of 
patients, separately for medical, scheduled surgical and 
unscheduled surgical admissions. Within each admis-
sion type, control variables included patient’s age at ICU 
admission, SAPS II score (corrected to not account for 
daily UO) and Charlson comorbidities index. All predic-
tors were continuous and flexibly modeled using penal-
ized thin plate regression splines within the framework 
of generalized additive models [14, 15]. Alternative 
candidate models also included smooth terms for the 
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t
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interaction between minimal average UO and other con-
tinuous predictors. A model which did not include mini-
mum average UO as predictor (“base model”) was also 
fitted for comparative purposes. The model featuring the 
highest overall calibration performance (i.e., lowest mean 
squared error of prediction) across all time windows was 
selected using tenfold cross-validation. For each value of 
d, predicted 90-day mortality was plotted as a function 
of the minimal average UO for fixed covariate patterns 
(e.g., corresponding to median values of control vari-
ables). This allowed visual identification of suitable oligu-
ria thresholds, i.e., UO thresholds below which mortality 
increases substantially, and compare these with thresh-
olds used in current practice.

Data were randomly split into a training (80%) and a 
validation set (20%). Training data were used to develop 
and fit prognostic models (including selection of the best 
model using tenfold cross-validation). Validation data 
were exclusively used to evaluate the final models’ dis-
crimination and calibration properties. Discrimination 
was assessed using the area under the receiver operator 
characteristic curve (AU-ROC). Calibration was assessed 
using Hosmer–Lemeshow test [16] and calibration belt 
[17]. Discrimination and calibration performances were 
assessed on all validation data as well as on subsets of 
patients whose minimum average urine output fell below 
proposed thresholds for oliguria.

Finally, we performed sensitivity analyses on the train-
ing set, to assess the influence of body weight, gender, ill-
ness severity and time periods on our results.

Handling missing covariate data
Missing covariate values were imputed using multiple 
imputations [18] with a total of 50 complete datasets 
being reconstructed. Multiple imputations were car-
ried out separately within training and validation sets. 
Additional variables such as gender, body weight, base-
line creatinine, need for noradrenaline were used in the 
imputation process. Note that when body weight wi was 
missing, imputed weights were used to calculate imputed 
values for vit(d) and thus ui(d) as well. Rubin rules [18] 
were used to pool predicted mortalities, AU-ROC esti-
mates and/or calibration results obtained within each 
complete dataset.

Urinary output is collected manually on an hourly basis 
by ICU nurses. The management of missing UO values is 
described in details in the Additional file 1.

Ethics
This study was approved by the Ethics Committee Vaud 
(CER-VD 2017-00008, Lausanne, Switzerland). In accord-
ance with the Swiss Federal Act on Research involving 
Human Beings (article 34) [19], retrospective utilization 

of non-genetic health-related personal data was permit-
ted, provided that the patient (or its legal representative) 
had not expressed wishes of non-participating to clini-
cal research. This study followed “The Strengthening the 
Reporting of Observational Studies in Epidemiology” 
(STROBE) guidelines for reporting observational studies.

Results
Population
Among the 18,314 patients admitted to our ICU dur-
ing the study period. 2584 were excluded: 1116 declined 
consent for data utilization for research, 84 were under 
18 years old, 747 had an ICU stay of less than 6 h, 217 had 
ESRD, 45 had no administrative data available, 305 had 
incomplete UO or sCr data and 70 had unknown 90-day 
mortality status. Therefore, our main analysis included 
15,550 patients (Table  1). Patients were predominantly 
male (10,283, 66.1%) with a median (IQR) age of 65 
(53.0–75.0) years, a median body weight of 75.0 (65.0–
87.0) kg, a median Charlson score of 4 (2.0–6.0) and a 
median corrected SAPS II score of 37 (28–48). Among 
those, 73.0% (95% CI [72.3–73.8]) presented a minimal 
average UO below 0.5 ml/kg/h for 6 h and therefore ful-
filled criteria for oliguria according to consensus defini-
tion. Clinical outcomes and missing values are reported 
in the Additional file 1 (Additional file 1: Tables S1 and 
S2). Pre-admission body weight was not available and 
had to be imputed in 3188 (20.5%) patients (Cf. multiple 
imputations above).

Relationship between UO and 90‑day mortality
The training and validation sets included data from 
12,440 and 3110 patients, respectively (Table 1).

Figure 1 illustrates the dependence between the mini-
mum average UO (computed over time windows of 3, 6, 
12 or 24 h) and 90-day predicted mortality in the differ-
ent categories of admissions. Predicted mortality is esti-
mated for median values of age, corrected SAPS II score 
and Charlson index. This figure suggests that adjusted 
90-day mortality increases substantially in all categories 
of admission when the minimum average urine output 
is below 0.2 ml/kg/h over 3 or 6 h, or below 0.3 ml/kg/h 
over 12 or 24 h. Unadjusted data are presented in Addi-
tional file 1: Figure S1.

Similar associations and thresholds between minimum 
average UO and mortality were observed when using the 
same model to predict 30-day mortality (Additional file 1: 
Figure S2). Similarly, in sensitivity analyses, extreme 
patients’ weights (< 43  kg or > 130  kg; Additional file  1: 
Figure S3), gender (Additional file 1: Figures S4 and S5), 
SAPS II scores (Additional file 1: Figures S6 and S7) and 
time periods (Additional file  1: Figures  S8, S9 and S10) 
did not appear to influence these results.
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Proposal for a new definition of oliguria
Based on these findings, we propose to consider a mini-
mum average UO of < 0.2  ml/kg/h for 6  h as the new 
threshold to define oliguria. In our cohort, 24.7% [95% CI 
24.0–25.4] of the patients fulfilled these revised criteria 
for oliguria (vs 73.0% [95% CI 72.3–73.8]) for consensus 
criteria). Unlike consensus criteria, this stricter definition 

is significantly associated with a higher 90-day adjusted 
mortality (OR 1.98 [95% CI 1.57–2.49] vs 1.27 [95% CI 
0.95–1.70]). As shown in Fig. 2, patients with a minimum 
average UO of < 0.2 ml/kg/h for 6 h had a lower 3-month 
survival compared to other groups of patients through-
out categories of illness severity and age, and this per-
sisted at 12 months, (Additional file 1: Figure S11).

Table 1 Patients and ICU stay characteristics

Presented percentage exclude missing values. P value provided is for comparison between patients in the training set and the validation set. Number of missing 
values are reported in Additional file 1

ICU, intensive care unit; sCr, serum creatinine; SAPS, simplified acute physiology score
a Modified SAPS II does not include points (0 to + 11) for urine output

All patients
(n = 15,550)

Training set
(n = 12,440)

Validation set
(n = 3110)

P value

Demographics

Male, n (%) 10,283 (66.1) 8221 (66.1) 2062 (66.3) 0.84

Female, n (%)

Age at ICU admission, median (IQR), years 65.0 (53.0, 75.0) 65.0 (53.0, 75.0) 65.0 (53.0, 75.0) 0.50

Pre-admission body weight, median (IQR), kg 75.0 (65.0, 87.0) 75.0 (65.0, 87.0) 75.0 (65.0, 87.0) 0.37

Retrieved from medical records 12,362 (79.5) 9897 (79.6) 2465 (79.3) 0.84

Imputed (multiple imputations) 3188 (20.5) 2543 (20.4) 645 (20.7)

Baseline creatinine, median (IQR), μmol/L 69.0 (54.0, 90.0) 69.0 (53.0, 90.0) 70.0 (54.0, 91.0) 0.07

Comorbidities

Charlson score, median (IQR) 4.0 (2.0, 6.0) 4.0 (2.0, 6.0) 4.0 (2.0, 6.0) 0.19

Chronic kidney disease, n (%) 1610 (10.4) 1255 (10.1) 355 (11.5) 0.03

Hypertension, n (%) 7286 (47.0) 5804 (46.8) 1482 (47.8) 0.33

Diabetes, n (%) 2926 (18.9) 2307 (18.6) 619 (20.0) 0.09

Heart failure, n (%) 3454 (22.3) 2747 (22.2) 707 (22.8) 0.45

Chronic obstructive pulmonary disease, n (%) 1806 (11.7) 1455 (11.7) 351 (11.3) 0.54

Myocardial infarction, n (%) 5430 (35.0) 4357 (35.1) 1073 (34.6) 0.60

Chronic liver disease, n (%) 1188 (7.7) 957 (7.7) 231 (7.5) 0.65

Cancer, n (%) 2900 (18.7) 2312 (18.6) 588 (19.0) 0.70

ICU admission characteristics

Type of admission 0.63

 Medical 6534 (42.8) 5248 (43.0) 1286 (42.1)

 Surgical scheduled 4374 (28.7) 3487 (28.6) 887 (29.0)

 Surgical unscheduled 4345 (28.5) 3461 (28.4) 884 (28.9)

Main ICU diagnosis 0.08

 Cardiovascular surgery 3505 (23.1) 2812 (23.1) 693 (22.7)

 Other heart disease 1963 (12.9) 1602 (13.2) 361 (11.8)

 Septic shock 1762 (11.6) 1387 (11.4) 375 (12.3)

 Neurologic 1614 (10.6) 1293 (10.6) 321 (10.5)

 Trauma 1236 (8.1) 958 (7.9) 278 (9.1)

 Acute respiratory insufficiency 1313 (8.6) 1061 (8.7) 252 (8.3)

 Cardiopulmonary arrest 897 (5.9) 731 (6.0) 166 (5.4)

 Other 2908 (19.1) 2306 (19.0) 602 (19.8)

sCr at ICU admission, median (IQR), μmol/L 83.0 (65.0, 112.0) 83.0 (65.0, 112.0) 83.0 (65.0, 114.0) 0.32

Mechanical ventilation within 24 h of ICU admission 9152 (58.9) 7346 (59.1) 1806 (58.1) 0.33

Noradrenaline within 24 h of ICU admission 10,702 (68.8) 8547 (68.7) 2155 (69.3) 0.54

Modified SAPS II  scorea, median (IQR) 37.0 (28.0, 48.0) 37.0 (28.0, 48.0) 37.0 (28.0, 48.0) 0.97
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Confirmatory analyses
Our prognostic models achieved good discrimination 
on validation data, with AU-ROC exceeding 85% for all 
time windows (Table 2). However, prior univariate analy-
ses identified the corrected SAPS II score as the strong-
est predictor of 90-day mortality, with AU-ROC already 
reaching 82%. As a consequence, only minor improve-
ments in discrimination were observed when accounting 
for the minimal average urine output in prognostic mod-
els over the base model (Table 2).

When considering all validation data, calibration per-
formance was very good (Additional file  1: Figure S12) 
both for the base model and the model including mini-
mal average UO as a predictor of mortality. On the other 
hand, calibration belts presented in Fig.  3 suggest that, 
when restricting the attention to patients complying 
with the proposed oliguria definitions, the calibration 

of predicted mortalities improved substantially when 
accounting for the minimal average urine output. 
This was further supported by statistically significant 
(p < 0.001) results returned by Hosmer–Lemeshow tests 
on validation data for all models that omitted urine out-
put from the list of predictors of mortality, suggesting 
that predicted probabilities of death derived from such 
models were miscalibrated in patients with oliguria. On 
the other hand, models which included UO as a predic-
tor of mortality showed no evidence of miscalibration in 
these patients, with p values > 0.05 for 3, 6, 12 and 24 h 
time windows.

Discussion
Summary of key findings
We conducted a large observational study including more 
than 15,000 patients admitted to a tertiary ICU during 

Fig. 1 Adjusted* 90-day mortality as a function of the minimum average urine output for time windows of 3 h (a), 6 h (b), 12 h (c) and 24 h (d). 
Data is stratified by type of admission (medical and scheduled/unscheduled surgical admissions). Colored areas refer to 95% confidence intervals 
around the regression lines. Vertical dashed lines refer to thresholds below which the adjusted mortality increases substantially. *Predictions are 
carried out for a fictive patient with continuous predictors fixed at their median value (i.e., 65 years old at ICU admission, corrected SAPS II score of 
37 and Charlson index of 4)
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Fig. 2 Kaplan–Meier 3-month survival curves according to minimum average urinary output (6 h windows). Data is stratified by tertiles of age and 
corrected SAPS score. Analyses are restricted to patients with available body weight (no imputation) n = 12,658. *Urine output corresponds to the 
minimum average urinary output over a period of 6 h

Table 2 Area under the receiver operating characteristic curve (AU-ROC) for all patients in the validation set as well as for validation 
patients complying with suggest oliguria thresholds

Compared with base model that does not include minimum average urine output as predictor, the full model demonstrates only minimal increase in prediction as 
illustrated by minor improvement in AU-ROC across all time windows

Time window Suggested oliguria 
threshold (ml/kg/h)

All validation patients Validation patients with oliguria

Base model Full model Base model Full model

3 h < 0.2 85.3 86.1 82.1 83.0

6 h < 0.2 85.3 85.9 80.0 81.5

12 h < 0.3 85.3 86.1 82.5 83.7

24 h < 0.3 85.3 86.1 79.8 82.0
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a 10-year period. We assessed the association between 
minimum average UO (calculated over time windows of 
3, 6, 12 and 24 h) and 90-day mortality after controlling 
for age on admission, comorbidities and illness severity. 
When assessed on validation data, prognostic models 
including minimum average UO as a predictor of 90-day 
mortality resulted in good calibration and discrimina-
tion. We observed a nonlinear relationship between 
minimum average UO and 90-day mortality. Our results 
suggest that the widely used cut-off for oliguria of 0.5 ml/
kg/h over 6 or 12 h may be too conservative. We found 
that values of 0.2  ml/kg/h (3 and 6  h time-windows) 
and 0.3 ml/kg/h (12 and 24 h time-windows) had higher 
prognostic implications. These values were similar for 
patients admitted for medical or surgical reasons.

Comparisons with previous studies
Only a handful of studies have evaluated the relation-
ship between oliguria and clinical outcomes. Two have 

considered the occurrence of AKI (defined as a sCr rise) 
as an outcome [10, 11]. In those studies, oliguria, defined 
as a UO < 0.5  ml/kg/h for 6  h, only had a weak associa-
tion with AKI and very limited positive predictive value. 
Intrinsically, however, this design implies that only a rise 
in sCr could define true AKI while UO only represents 
either an associated finding or a biomarker. This is in 
contradiction with recent data which suggest that oligu-
ria might be associated with mortality irrespective of sCr 
rise [2, 3]. Therefore, patients’ centered outcomes such as 
mortality or need for renal replacement therapy (RRT) 
appear more suitable to assess the relevance of oliguria.

Our data are in agreement with other smaller observa-
tional studies conducted in other health systems such as 
New Zealand or Finland [6, 12]. Ralib et  al. have deter-
mined optimal UO thresholds for prediction of mortality 
or the need for RRT for time windows of 1 to 12 h. These 
cut-offs were derived from AUC-ROC curves at a univar-
iate level. For the 3- 6- and 12-h time windows, identified 

Fig. 3 Calibration belts for patients in the validation set complying with the proposed oliguria definitions (UO < 0.2 ml/kg/h) for time windows of 
3 h (a), 6 h (b), 12 h (c) and 24 h (d). Blue: base model (unadjusted for minimum average UO); red final model (adjusted for minimum average UO). 
Colored areas refer to 95% pointwise confidence intervals for observed mortality
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cut-offs were, respectively, 0.2, 0.3 and 0.5 ml/kg/h. Our 
analyses, based on a much larger dataset and modeling 
UO as a continuous predictor with smooth functional 
forms while accounting for age, comorbidities and sever-
ity score, lead to slightly different values particularly at 
12 h. However, we confirm the authors’ impression that 
current definition of oliguria is too liberal. In an analy-
sis of the FINNAKI cohort, episodes of severe (< 0.1 ml/
kg/h) oliguria lasting more than 3 consecutive hours were 
independently associated with the development of sCr-
AKI or RRT. In this analysis, consistent with our data, 
oliguria defined as a UO between 0.3 and 0.5 ml/kg/h for 
6 h, was not significantly associated with adjusted 90-day 
mortality (OR 1.65 [95% CI 1.0–2.72]). The shortest peri-
ods of consecutive oliguria associated with an increased 
risk for 90-day mortality on multivariate analyses were 
6 h (for 0.1 to 0.3 ml/kg/h) and 3 h (for < 0.1 ml/kg/h).

In contrast, an analysis from the MIMIC-2 cohort 
suggested that mortality increased rapidly as UO 
decreased < 0.5  ml/kg/h [20]. These analyses used mul-
tivariate logistic regression analysis and contour plots. 
The difference in appreciation with our study is most 
likely explained by different modeling strategies for UO. 
Indeed, the authors have dichotomized UO whereas 
it was treated as a continuous predictor in the present 
study. Due to the nonlinear effect of UO on 90-day mor-
tality (observed in our data), a dichotomous treatment of 
UO would likely lead to an overestimation of the optimal 
oliguria threshold. Indeed, a dichotomous threshold of 
0.5 ml/kg/h to define oliguria would already lead to a dif-
ference in estimated mortality between oliguric and non-
oliguric patients while this mortality signal is only driven 
by the fraction of patients with UO < 0.2 ml/kg/h. Hence, 
we argue that treating the minimal average UO as a con-
tinuous predictor is a preferable strategy to define mean-
ingful oliguria thresholds.

Strengths and limitations
This study is the largest (> 15,000 patients) attempt-
ing to assess the relationship between minimal average 
UO and mortality. The sample includes the vast major-
ity of patients admitted to a large multidisciplinary ICU. 
Hence, we were able to assess the influence of the type 
of admission (medical vs surgical) on the described rela-
tionship. In addition, the large sample size enabled to 
separate our cohort into a derivation and validation sub-
cohorts and test the discrimination and calibration of 
our models. We used all UO data points across the entire 
patient stay. Hence, our data is representative of the 
entire patients’ admission. The inclusion of illness sever-
ity and comorbidity scores as well as age in our models 
enabled to control for the effect of important confound-
ers on the relationship between UO and 90-day mortality. 

Finally, in contrast to previous studies of comparable size 
[12, 20], we have flexibly modeled UO as a continuous 
predictor of 90-day mortality.

Our study, however, has limitations. As a single center 
study, the external validity of our findings may be chal-
lenged. However, although relying on different types of 
statistical modeling, our findings are in line with previ-
ous smaller or un-adjusted studies and can be viewed as 
confirmatory. We have elected to restrict our analyses to 
convenience time windows of 3, 6, 12 and 24 h. Perhaps 
different time windows would have provided different 
results. However, due to the similarity of data obtained 
across all reported time windows, this appears unlikely. 
In addition, proposed time windows are similar to those 
currently utilized (except for the 3 h window) and appear 
clinically relevant and applicable. We have not consid-
ered other outcomes of potential importance such as 
increased sCr or need for RRT. Indeed, previous analyses 
have demonstrated that severe (stage 2 or 3) oliguria was 
an independent risk factor for mortality irrespective of 
sCr [2]. We believe that the demonstration of an impact 
on 90-day mortality is the most meaningful way to define 
oliguria. In addition, KDIGO criteria and the sCr crite-
ria in particular were validated through their relevance 
on mortality. As this is a real-life study, we have not used 
an automated urimeter which might have improved the 
accuracy of the data collection. However, the low rate of 
missing values for UO suggests a high level of validity in 
our data. Lastly, UO was normalized to patients’ body 
weight, a parameter known to be highly inaccurate in 
critical illness. This was minimized by the primary con-
sideration of pre-admission weight which was available 
in 79.5% of the patients and imputed for the remaining 
20.5% of patients. In addition, sensitivity analyses sug-
gested that extreme weights did not impact our results 
[21].

Implications for clinicians and policy makers
Our data provide an explanation for the perceived lack 
of relevance of oliguria as defined by a minimum aver-
age UO of less than 0.5  ml/kg/h for 6  h. Indeed, this 
definition appears to be too liberal and to include many 
patients for which oliguria has no prognostic implication. 
By considering UO as a continuous predictor of 90-day 
mortality, we propose to revise the current definition of 
oliguria and use 0.2 ml/kg/h for 6 h as a cut-off. Our data 
further suggests that such cut-off might be applied indif-
ferently to patients with medical and surgical (emergent 
and elective) admissions despite the fact that these pop-
ulations have very different baseline adjusted mortality 
rates.

Furthermore, we show that an increased mortality can 
already be identified when averaging UO over 3 h while 
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using the same cut-off for oliguria (< 0.2 ml/kg/h). Using 
a time window of three hours to monitor urine output 
may thus allow early identification of patients at risk of 
excess mortality.

Conclusions
In this large observational study, we confirmed that the 
current consensus threshold of 0.5  ml/kg/h over 6  h to 
define oliguria may be too conservative. A cut-off of 
0.2  ml/kg/h over 3 or 6  h is supported by the data and 
should be considered in further definitions of oliguria.

Abbreviations
AKI  Acute kidney injury
AU-ROC  Area under the receiver operator characteristic curve
ESRD  End-stage renal disease
ICU  Intensive care unit
IQR  Interquartile range
SAPS  Simplified acute physiology score
sCr  Serum creatinine
SD  Standard deviation
STROBE  Strengthening the reporting of observational studies in 

epidemiology
RRT   Renal replacement therapy
UO  Urinary output UO

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13054- 023- 04505-7.

Additional file 1. Supplementary Table 1 and 2 and Figures S1–S12.

Acknowledgements
The authors want to thank Isabelle Cristiani and the Laus’ I Care Research Team 
for her precious support in all regulatory aspects of this work.

Author contributions
NAB: participated in study design, acquired study data, analyzed the study 
results and wrote the first draft of the manuscript. MA: helped acquiring 
and managing study data and critically reviewed the manuscript. TK: helped 
acquiring and managing study data and critically reviewed the manuscript. 
AC: performed statistical analyses and critically reviewed the manuscript. AGS: 
participated in study design, supervised data collection, participated in data 
interpretation and analyses and critically reviewed the manuscript. All authors 
read and approved the final manuscript and agree to be personally account-
able for their contribution.

Funding
Open access funding provided by University of Lausanne The study was 
funded by the intensive care unit research fund.

Availability of data and materials
The datasets used and/or analyzed as well as R code used in the current study 
are available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of Vaud, Switzer-
land (CER-VD 2017-00008).

Consent for publication
Not applicable.

Competing interests
CM received a grant from the Societé Francaise d’Anesthésie-Réanimation 
(SFAR) and speaker’s fees from Fresenius Medical Care outside the submit-
ted work. AGS received grants from the Leenaards Foundation and B Braun 
Avitum during the conduct of the study and speaking honorarium from Frese-
nius Medical Care, CytoSorbents Corporation and Jafron. No other disclosures 
were reported.

Author details
1 Adult Intensive Care Unit, Centre Hospitalier Universitaire Vaudois (CHUV), 
46, Avenue du Bugnon, 1011 Lausanne, Switzerland. 2 Faculty of Biology 
and Medicine, University of Lausanne, Lausanne, Switzerland. 3 Department 
of Epidemiology and Health Systems, Center for Primary Care and Public 
Health (Unisanté), University of Lausanne, Lausanne, Switzerland. 

Received: 31 March 2023   Accepted: 23 May 2023

References
 1. Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury 

Work Group. KDIGO clinical practice guideline for acute kidney injury. 
Kidney Int Suppl. 2012;2:1–138.

 2. Bianchi NA, Stavart LL, Altarelli M, Kelevina T, Faouzi M, Schneider AG. 
Association of oliguria with acute kidney injury diagnosis, severity assess-
ment, and mortality among patients with critical illness. JAMA Netw 
Open. 2021;4:e2133094.

 3. Qin J-P, Yu X-Y, Qian C-Y, Li S-S, Qin T-H, Chen E-Z, et al. Value of kidney 
disease improving global outcomes urine output criteria in critically ill 
patients: a secondary analysis of a multicenter prospective cohort study. 
Chin Med J (Engl). 2016;129:2050–7.

 4. Vincent J-L, Ferguson A, Pickkers P, Jakob SM, Jaschinski U, Almekhlafi GA, 
et al. The clinical relevance of oliguria in the critically ill patient: analysis of 
a large observational database. Crit Care. 2020;24:171.

 5. Chesley LC. Renal excretion at low urine volumes and the mechanism of 
oliguria. J Clin Investig. 1938;17:591–7.

 6. Md Ralib A, Pickering JW, Shaw GM, Endre ZH. The urine output definition 
of acute kidney injury is too liberal. Crit Care. 2013;17:R112.

 7. Klein SJ, Lehner GF, Forni LG, Joannidis M. Oliguria in critically ill patients: 
a narrative review. J Nephrol. 2018;31:855–62.

 8. Koeze J, Keus F, Dieperink W, van der Horst ICC, Zijlstra JG, van Meurs 
M. Incidence, timing and outcome of AKI in critically ill patients varies 
with the definition used and the addition of urine output criteria. BMC 
Nephrol. 2017;18:70.

 9. Allen JC, Gardner DS, Skinner H, Harvey D, Sharman A, Devonald MAJ. 
Definition of hourly urine output influences reported incidence and stag-
ing of acute kidney injury. BMC Nephrol. 2020;21:19.

 10. Mizota T, Yamamoto Y, Hamada M, Matsukawa S, Shimizu S, Kai S. Intra-
operative oliguria predicts acute kidney injury after major abdominal 
surgery. Br J Anaesth. 2017;119:1127–34.

 11. Prowle JR, Liu Y-L, Licari E, Bagshaw SM, Egi M, Haase M, et al. Oliguria as 
predictive biomarker of acute kidney injury in critically ill patients. Crit 
Care. 2011;15:R172.

 12. Vaara ST, Parviainen I, Pettilä V, Nisula S, Inkinen O, Uusaro A, et al. Asso-
ciation of oliguria with the development of acute kidney injury in the 
critically ill. Kidney Int. 2016;89:200–8.

 13. R Core Team. R: a language and environment for statistical computing. 
Vienna, Austria: R Foundation for Statistical Computing; 2020.

 14. Hastie T, Tibshirani R. Generalized additive models. Stat Sci. 1986. https:// 
doi. org/ 10. 1214/ ss/ 11770 13604. full.

 15. Wood SN. Generalized additive models: an introduction with R. 2nd ed. 
Boca Raton: Chapman and Hall; 2017.

 16. Hosmer DW, Lemeshow S, Sturdivant RX. Applied logistic regression. 3rd 
ed. Hoboken: Wiley; 2013.

 17. Finazzi S, Poole D, Luciani D, Cogo PE, Bertolini G. Calibration belt for 
quality-of-care assessment based on dichotomous outcomes. PLoS ONE. 
2011;6:e16110.

https://doi.org/10.1186/s13054-023-04505-7
https://doi.org/10.1186/s13054-023-04505-7
https://doi.org/10.1214/ss/1177013604.full
https://doi.org/10.1214/ss/1177013604.full


Page 10 of 10Bianchi et al. Critical Care          (2023) 27:207 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 18. Rubin DB. Multiple imputation for nonresponse in surveys. New York: 
Wiley; 1987.

 19. Swiss Federal Act on Research involving Human Beings, HRA. 2011 Jan 
30th. (810.30.4.34).

 20. Mandelbaum T, Lee J, Scott DJ, Mark RG, Malhotra A, Howell MD, 
et al. Empirical relationships among oliguria, creatinine, mortality, 
and renal replacement therapy in the critically ill. Intensive Care Med. 
2013;39:414–9.

 21. Katayama S, Koyama K, Goto Y, Koinuma T, Tonai K, Shima J, et al. Body 
weight definitions for evaluating a urinary diagnosis of acute kidney 
injury in patients with sepsis. BMC Nephrol. 2018;19:101.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Identification of an optimal threshold to define oliguria in critically ill patients: an observational study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Design, setting, participants, data sources and statistics
	Average standardized urinary output calculation
	Modeling 90-day mortality
	Handling missing covariate data

	Ethics

	Results
	Population
	Relationship between UO and 90-day mortality
	Proposal for a new definition of oliguria
	Confirmatory analyses

	Discussion
	Summary of key findings
	Comparisons with previous studies
	Strengths and limitations
	Implications for clinicians and policy makers

	Conclusions
	Anchor 25
	Acknowledgements
	References


