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Abstract

Background: Oliguria is often viewed as a sign of renal hypoperfusion and an indicator for volume expansion during

surgery. However, the prognostic association and the predictive utility of intraoperative oliguria for postoperative acute

kidney injury (AKI) are unclear.

Methods: We conducted a retrospective cohort study on patients undergoing major thoracic surgery in an academic

hospital to assess the association of intraoperative oliguria with postoperative AKI and its predictive value. To con-

textualise our findings, we included our results in a meta-analysis of observational studies on the importance of oliguria

during noncardiac surgery.

Results: In our cohort study, 3862 patients were included; 205 (5.3%) developed AKI after surgery. Intraoperative urine

output of 0.3 ml kg�1 h�1 was the optimal threshold for oliguria in multivariable analysis. Patients with oliguria had an

increased risk of AKI (adjusted odds ratio: 2.60; 95% confidence interval: 1.24e5.05). However, intraoperative oliguria had

a sensitivity of 5.9%, specificity of 98%, positive likelihood ratio of 2.74, and negative likelihood ratio of 0.96, suggesting

poor predictive ability. Moreover, it did not improve upon the predictive performance of a multivariable model, based on

discrimination and reclassification indices. Our findings were generally consistent with the results of a systematic review

and meta-analysis, including six additional studies.

Conclusions: Intraoperative oliguria has moderate association with, but poor predictive ability for, postoperative AKI. It

remains of clinical interest as a risk factor potentially modifiable to interventions.

Keywords: acute kidney injury; anaesthesia; oliguria; postoperative outcome; risk prediction; thoracic surgery; system-

atic review and meta-analysis
Editor’s key points

� The importance of oliguria during surgery and its

relationship with postoperative acute kidney injury are

unclear.

� Efforts to promote urine flowmay not reduce the risk of

acute kidney injury.

� The authors identified a weak relationship between

oliguria and acute kidney injury, but the occurrence of

oliguria did not meaningfully add to its likelihood.
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� These findings suggest against using oliguria as an

isolated predictor for the development of postoperative

acute kidney injury.
Acute kidney injury (AKI) occurs in 13% of patients undergoing

major surgery and is associated with increased hospital length

of stay, cost, and mortality.1,2 No robust risk prediction model

for AKI is widely used in noncardiac surgical practice, and

there is an interest in identifying reliable early markers of
rved.
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renal injury,3 with the hope of initiating interventions to pre-

vent postoperative AKI.

The kidneys are particularly susceptible to changes in vol-

ume status. Inadequate intravascular volumemay cause renal

hypoperfusion and increase the risk of postoperative AKI.4

Oliguria is a protective compensatory response to acute

hypovolaemia, and thus, it is traditionally viewed as a sign of

potentially inadequate fluid volume. Despite that the proposed

link between intraoperative urine output and postoperative

renal failure is not supported by earlier observational and trial

data,5e8 urine output is still one of the most frequently used

indicators for volume expansion amongst anaesthesiologists

around the world.9e11 Recently, several studies using

contemporary consensus definition for AKI found significant

associations between intraoperative oliguria and AKI after

noncardiac surgery.12e14 However, these studies conflict on

the optimal urine output threshold for oliguria and onwhether

intraoperative oliguria is a useful predictor for postoperative

AKI.

Hypovolaemic state and AKI occur frequently in patients

undergoing major thoracic surgery because of the practice of

perioperative fluid restriction.15 These surgeries are under-

represented in recent studies on the importance of intra-

operative oliguria. Knowing the relationship between oliguria

and AKI is of particular interest for patients undergoing

thoracic surgery, because volume expansion targeting a higher

urine output may lead to fluid overload, which markedly in-

creases the risk of postoperative pulmonary complications.16

We hypothesised that intraoperative oliguria would be

associated with AKI after major thoracic surgery. We con-

ducted a retrospective cohort study to test this hypothesis and

to evaluate the predictive utility of intraoperative oliguria for

postoperative AKI. To place our results in context, we con-

ducted a systematic review and meta-analysis of studies

reporting on the prognostic association and predictive per-

formance of intraoperative oliguria for AKI after a broader

range of noncardiac surgery.
Methods

The retrospective cohort study was conducted in Southern

Medical University Nanfang Hospital, a tertiary academic

hospital in southern China. The institutional review board

approved the study and waived the informed consent. The

reporting of the cohort study adheres to the Strengthening the

Reporting of Observational Studies in Epidemiology guidelines

(checklist in Supplementary Table S1).17 The systematic re-

view and meta-analysis was conducted according to the

Checklist for Critical Appraisal and Data Extraction for Sys-

tematic Reviews of Prediction Modelling Studies for reviews of

prognostic factors guidelines,18 and reported in accordance

with the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses statement (checklist in Supplementary

Table S2).19
Cohort study: study population

All adult (age �18 yr) patients admitted to the hospital and

undergoing elective lung resection or oesophagectomy be-

tween February 2008 and May 2018 were identified. The In-

ternational Classification of Diseases, Ninth Revision, Clinical
Modification procedure codes used for identification of surgi-

cal types are described in Supplementary Table S3. Patients

were excluded if they (i) did not have serum creatinine mea-

surements before and after surgery; (ii) underwent surgery

involving any concurrent cardiovascular, abdominal, or uro-

logical procedures; (iii) had end-stage renal disease (defined as

having a history of renal replacement therapy or kidney

transplantation, or an estimated glomerular filtration rate <15
ml min�1 [1.73 m]�2 based on the Chinese Modification of Diet

in Renal Disease equation20) or evidence of AKI before surgery;

(iv) received diuretic medications (furosemide, mannitol, etc.)

during surgery; or (v) did not have intraoperative urine output

recordings. For patients who had more than one thoracic

surgery during the study period, only the first surgery was

included.
Cohort study: variables and outcomes

Variables thatmay have an associationwith postoperative AKI

were selected based on literature review. These included pa-

tient characteristics (age, sex, and BMI), ASA physical status,

medical history (hypertension, diabetes mellitus, cardiovas-

cular diseases, chronic use of renineangiotensinealdosterone

system inhibitors, and perioperative use of NSAIDs and ami-

noglycosides), preoperative laboratory tests (haemoglobin,

serum albumin, and serum creatinine), and surgical charac-

teristics (type and duration of surgery, intraoperative lowest

MAP, i.v. fluid, blood loss, and urine output). For each patient,

the average intraoperative urine output was calculated by

dividing the total intraoperative urine volume by the duration

of surgery (from anaesthesia induction to the end of wound

closure) and by the most recent body weight measured before

surgery.

The primary outcome was postoperative AKI, defined ac-

cording to the creatinine criteria of the Kidney Disease:

Improving Global Outcomes (KDIGO) 2012 guidelines,21

namely, an increase in serum creatinine of �26.5 mmol L�1

within 48 h after surgery or �1.5 times baseline within 7

postoperative days. The most recent serum creatinine avail-

able before surgery was used as the baseline value.
Cohort study: statistical analyses

A statistical analysis plan was prespecified and published

before analyses were done (http://www.nfyy.com/ks/zk/

mzttk/lcsy). Continuous variables are presented as median

and inter-quartile range, and were compared using

ManneWhitney U-test. Categorical variables are presented as

count and percentage of the total, and were compared using c2

or Fisher’s exact test, as appropriate. We assessed the asso-

ciation between intraoperative oliguria and postoperative AKI

on the basis of categorising intraoperative urine output at

iterative thresholds to objectively identify an optimal cut-off

to define oliguria. First, we used univariable logistic regres-

sion with restricted cubic splines to examine the potential

non-linear association between intraoperative urine output

and odds of postoperative AKI. Then, we applied the approach

proposed by Mazumdar and colleagues22 to identify a single

statistically optimal threshold of intraoperative urine output

to define oliguria. This is an iterative process that evaluates

every possible threshold of urine output at intervals of 0.1 ml

http://www.nfyy.com/ks/zk/mzttk/lcsy
http://www.nfyy.com/ks/zk/mzttk/lcsy


Patients undergoing elective lung or oesophageal
surgery at SMUNH in 2008–2018 identified with
ICD-9-CM procedure codes (n=4722)

No preoperative or postoperative serum creatinine test (n=462)

Included a cardiovascular, abdominal, or urological procedure (n=38)

Not the first surgery in the study period (n=17)

Had end-stage renal disease before surgery (n=35)

Had evidence of acute kidney injury before surgery (n=23)

Patients included in the study (n=3862)

Received diuretic medication during surgery (n=31)

No urinary catheter or urine output not recorded (n=254)

Fig 1. Flow chart for patient selection for the cohort study. ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical

Modification; SMUNH, Southern Medical University Nanfang Hospital.
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kg�1 h�1 in a multivariable logistic regression model, and the

urine output that yields the smallest statistically significant P-

value from a c2 test based on the log-likelihood of the multi-

variable model with and without intraoperative oliguria was

selected as the optimal threshold. In the multivariable anal-

ysis, we adjusted all aforementioned a priori selected variables.

Odds ratios (ORs) with 95% confidence intervals (CIs) were

calculated for the association between intraoperative oliguria

and postoperative AKI. Sensitivity, specificity, and positive

and negative likelihood ratios were calculated for predictive

ability. In addition, discrimination of the prediction models

with and without intraoperative oliguria was assessed by the

area under the receiver operating characteristic curve

(AUROC). Calibration of the models was assessed using cali-

bration curves and the HosmereLemeshow goodness-of-fit

test. The category-free net reclassification improvement

(NRI), representing the ability of intraoperative oliguria to

correctly reclassify patients at certain predicted risks based on

a previous model, was calculated for AKI and no AKI cases,

respectively.

Formal sample size calculation was not conducted; we

planned to include all eligible patients from our database to

maximise the statistical power, and caution was taken that

more than 10 events per variable in the multivariable model

are required to avoid overfitting. In the multivariable logistic

regression analysis, missing data were handled via multiple

imputation with chained equations. Pre-planned sensitivity

analyses were performed by conducting a complete case
analysis (excluding patients with missing data) and by using

the traditional threshold for oliguria (urine output <0.5 ml

kg�1 h�1). Analyses were performed using R version 3.5.2 (R

Foundation for Statistical Computing, Vienna, Austria). All

statistical tests were two-tailed.
Systematic review and meta-analysis

We conducted a systematic review and meta-analysis of the

current evidence on the predictive value of intraoperative

oliguria for postoperative AKI, to contextualise the results of

our cohort study. The protocol was not prospectively regis-

tered. We searched the electronic databases PubMed,

Embase, and Web of Science using text keywords (urine OR

oliguria) AND (acute kidney injury OR AKI) AND (surgery OR

intraoperative OR postoperative) for the years 2004e2020.

The references of relevant studies were screened for addi-

tional suitable publications. We included observational

studies that reported the association of intraoperative oli-

guria with postoperative AKI in adult patients undergoing

noncardiac surgery. Studies on transplant surgery or ne-

phrectomy and studies that did not use the consensus

definition for AKI were excluded. We assessed risk of bias of

included studies using the Quality in Prognosis Studies

tool.23 The assessment for study eligibility, data extraction,

and risk-of-bias assessment were performed by two re-

searchers independently and in duplicate, with any



Table 1 Patient characteristics according to the occurrence of postoperative AKI. Values are count (percentage) or median (inter-
quartile range). ACEI, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker; ASA,
American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease. *A total of 229 (5.9%) patients had missing data
for one or more variables. yHistory of coronary heart disease, stroke, or congestive heart failure. zFrom anaesthesia induction to the
end of wound closure. ¶Interval between surgery and discharge or death.

Characteristics Overall,
n¼3862

No AKI,
n¼3657

AKI (any stage),
n¼205

P-value Missing
data (%)*

Age (yr) 59 (51; 65) 58 (51; 65) 63 (56; 69) <0.001 0
Sex (male) 2624 (68) 2463 (67) 161 (79) 0.001 0
BMI (kg m�2) 22.0 (19.9; 24.2) 22.0 (20.0; 24.2) 21.8 (19.5; 24.4) 0.56 3.2
ASA physical status <0.001 1.9
1 577 (15) 558 (15) 19 (10)
2 2929 (76) 2782 (76) 147 (72)
3 280 (7) 247 (7) 33 (16)
4 4 (<1) 3 (<1) 1 (<1)

Hypertension 920 (24) 826 (23) 94 (46) <0.001 0
Diabetes mellitus 434 (11) 387 (11) 47 (23) <0.001 0
Cardiovascular diseasesy 198 (5) 171 (5) 27 (13) <0.001 0
COPD 332 (9) 317 (9) 15 (7) 0.587 0
Chronic use of ACEI/ARB 233 (6) 197 (5) 36 (18) <0.001 0
Perioperative use of NSAIDs 1329 (34) 1267 (35) 62 (30) 0.22 0
Perioperative use of aminoglycosides 97 (3) 88 (2) 9 (4) 0.12 0
Preoperative haemoglobin (g L�1) 132 (121; 143) 133 (122; 143) 128 (115; 140) <0.001 0.1
Preoperative serum albumin (g L�1) 39.5 (36.9; 42.2) 39.6 (37.0; 42.3) 37.7 (34.8; 40.7) <0.001 0.2
Preoperative serum creatinine (mmol L�1) 70 (60; 82) 70 (60; 82) 75 (62; 90) 0.001 0
Type of surgery <0.001 0
Wedge resection/segmentectomy 748 (19) 722 (20) 26 (13)
Lobectomy 1691 (44) 1629 (45) 62 (30)
Pneumonectomy 75 (2) 68 (2) 7 (3)
Oesophagectomy 1348 (35) 1238 (34) 110 (51)

Minimally invasive surgery 2228 (58) 2146 (59) 82 (40) <0.001 0
Duration of surgeryz (h) 3.50 (2.75; 4.33) 3.48 (2.73; 4.30) 3.96 (3.20; 5.07) <0.001 0
Fluid administrationz (ml kg�1) 31.9 (22.7; 44.0) 31.3 (22.5; 43.3) 40.3 (28.0; 52.5) <0.001 0.8
Blood lossz (ml kg�1) 1.82 (0.94; 3.36) 1.82 (0.91; 3.33) 2.94 (1.69; 4.47) <0.001 0.8
Urine outputz (ml kg�1 h�1) 1.42 (0.88; 2.25) 1.42 (0.89; 2.25) 1.35 (0.76; 2.23) 0.44 0
Lowest MAPz (mm Hg) 69 (62; 76) 69 (62; 76) 65 (58; 74) <0.001 0
Hospital stay¶ (days) 10.8 (8.7; 13.8) 10.7 (8.7; 13.7) 13.2 (10.9; 20.7) <0.001 0
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discrepancy resolved by consensus or through discussion

with a third author.

We planned to perform meta-analysis when three or more

studies reported on the association of intraoperative oliguria

(any definition) with postoperative AKI. The strength of associ-

ationwas estimated primarily by pooling unadjusted data using

an inverse-variance weighted random-effects model, and re-

ported as OR with 95% CI. Potential publication bias was

assessed by the funnel plot and, when �10 studies were

included, by Egger’s test. Between-study heterogeneity was

assessed using the I2 statistic, with I2 �50% representing sub-

stantial heterogeneity. In a sensitivity analysis, we pooled the

most fully adjusted estimates for the association between

intraoperative oliguria and AKI in each study. As there is a

concern thatpoolingpost hoc identified study-specificprognostic

marker thresholds tends tooverestimate thepredictivepowerof

the marker,24 another sensitivity analysis was performed by

onlypooling the results of studies thatusedurineoutput<0.5ml

kg�1 h�1 as the threshold for oliguria. The discriminatory per-

formance was summarised using hierarchical summary

receiver operating characteristic (HSROC) curve.25 The predic-

tive utility was also evaluated by the sensitivity, specificity, and

likelihood ratios of the HSROC-derived hypothetical summary

point. Statistical analyses were performed using Stata® version

12.0 (StataCorp, College Station, TX, USA).
Results

Of 4722 patients undergoing major thoracic surgery identified

in our database, 3862 were eligible (Fig. 1). The included pa-

tients had amedian age of 59 yr and 68% were men. Some 65%

patients underwent lung resection and 35% oesophagectomy.

Acute kidney injury occurred in 205 (5.3%) patients within 7

days after surgery, including 172 (4.5%) KDIGO Stage 1, 21

(0.5%) Stage 2, and 12 (0.3%) Stage 3 AKI. No patient required

renal replacement therapy. The characteristics of patients

with and without AKI are presented in Table 1.
Prognostic association of intraoperative oliguria

A univariable restricted cubic spine regression plot suggested

a non-linear relationship between intraoperative urine output

and postoperative AKI (Supplementary Fig. S1). Odds for AKI

increased for decreasing urine output at low levels, but no

association between urine output and AKI was observed at

high urine output levels. Using a minimum P-value approach,

the multivariable analysis demonstrated that urine output of

0.3 ml kg�1 h�1 was the optimal threshold. Intraoperative oli-

guria, defined by urine output <0.3 ml kg�1 h�1, occurred in

2.3% (n¼90) of patients. The incidence of AKI was 13.3% and

5.1% for patients with andwithout oliguria, respectively. In the

multivariable analysis, intraoperative oliguria was a



Table 2Multivariable logistic regressionmodels for postoperative acute kidney injury. ACEI, angiotensin-converting enzyme inhibitor;
aOR, adjusted odds ratio; ARB, angiotensin receptor blocker; ASA, American society of Anesthesiologists; AUROC, area under the
receiver operating characteristic curve; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HL, Hos-
mereLemeshow. *History of coronary heart disease, stroke, or congestive heart failure. yFrom anaesthesia induction to the end of
wound closure. zNatural logarithmic transformation.

Base model Base model plus intraoperative
oliguria

aOR (95% CI) P-value aOR (95% CI) P-value

Variables in the model
Age (yr) 1.02 (1.00; 1.04) 0.014 1.02 (1.00; 1.04) 0.011
Sex (male) 1.31 (0.89; 1.95) 0.181 1.35 (0.91; 2.02) 0.14
BMI (kg m�2) 1.02 (0.97; 1.07) 0.508 1.01 (0.96; 1.07) 0.64
ASA physical status
1e2 1 (reference) 1 (reference)
3e4 1.15 (0.72; 1.77) 0.546 1.14 (0.72; 1.76) 0.574

Hypertension 2.07 (1.43; 2.96) <0.001 2.10 (1.45; 3.00) <0.001
Diabetes mellitus 1.72 (1.17; 2.50) 0.005 1.69 (1.14; 2.46) 0.007
Cardiovascular diseases* 1.67 (1.00; 2.69) 0.042 1.67 (1.00; 2.69) 0.042
COPD 0.70 (0.38; 1.21) 0.230 0.68 (0.37; 1.18) 0.20
Chronic use of ACEI/ARB 1.80 (1.09; 2.91) 0.019 1.75 (1.07; 2.85) 0.025
Perioperative use of NSAIDs 1.04 (0.75; 1.43) 0.797 1.06 (0.76; 1.45) 0.74
Perioperative use of aminoglycosides 1.04 (0.45; 2.12) 0.928 1.07 (0.46; 2.19) 0.87
Preoperative haemoglobin (g L�1) 1.00 (0.99; 1.01) 0.728 1.00 (0.99; 1.01) 0.71
Preoperative serum albumin (g L�1) 0.93 (0.89; 0.97) <0.001 0.93 (0.89; 0.97) <0.001
Preoperative serum creatinine (mmol L�1) 1.01 (1.01; 1.02) <0.001 1.01 (1.01; 1.02) <0.001
Type of surgery
Wedge resection/segmentectomy/lobectomy 1 (reference) 1 (reference)
Pneumonectomy/oesophagectomy 1.37 (0.91; 2.10) 0.137 1.38 (0.91; 2.10) 0.14

Minimally invasive surgery 0.75 (0.50; 1.13) 0.167 0.76 (0.51; 1.14) 0.19
Duration of surgeryy (h) 1.12 (0.99; 1.26) 0.058 1.12 (0.99; 1.26) 0.059
Fluid administrationy (ml kg�1) 1.01 (0.99; 1.02) 0.322 1.01 (0.99; 1.02) 0.30
Blood lossyz (ml kg�1) 1.25 (1.03; 1.52) 0.027 1.24 (1.02; 1.51) 0.031
Lowest MAPy (mm Hg) 0.99 (0.97; 1.00) 0.052 0.99 (0.97; 1.00) 0.070
Urine outputy (ml kg�1 h�1)
>0.3 1 (reference)
<0.3 2.60 (1.24; 5.05) 0.007

Performance of the model
Discrimination (AUROC) 0.770 (0.737; 0.802) 0.772 (0.739; 0.805)
Calibration (HL test c2) 10.81 0.213 8.61 0.38
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significant risk factor for postoperative AKI (adjusted OR: 2.60;

95% CI: 1.24e5.05; Table 2).

To supplement the aforementioned analyses, we under-

took tests of interaction to determine if intraoperative fluid

administration and blood pressure modified the association

between oliguria and AKI. The interaction terms between i.v.

fluid and oliguria and between lowest MAP and oliguria were

not significant (P¼0.73 and 0.45, respectively), suggesting no

effect modifications by these factors. In a sensitivity analysis

that excluded patients with missing data, intraoperative

urine output <0.3 ml kg�1 h�1 was again identified as the

optimal threshold for oliguria and was significantly associ-

ated with postoperative AKI (Supplementary Table S4). In

another sensitivity analysis, oliguria defined as urine output

<0.5 ml kg�1 h�1 occurred in 7.9% (n¼304) of patients. Acute

kidney injury occurred in 7.9% and 5.1% of patients with

urine output <0.5 and �0.5 ml kg�1 h�1, respectively. Intra-

operative urine output <0.5 ml kg�1 h�1 was not associated

with postoperative AKI (adjusted OR: 1.48; 95% CI: 0.89e2.35).
Predictive ability of intraoperative oliguria

Applying intraoperative oliguria <0.3 ml kg�1 h�1 to predict

postoperative AKI revealed a low sensitivity of 5.9% and a
specificity of 98%. The positive and negative likelihood ratios

were 2.74 and 0.96, respectively (Table 3). The AUROC was 0.52

(95% CI: 0.50e0.54). Multivariable models with and without

intraoperative oliguria were similar in discriminative ability,

and both had good calibration (Table 2; Supplementary Fig. S2).

Reclassification analysis showed that overall NRI was 0.12

(95% CI: 0.02e0.23), event NRI was �0.65 (95% CI: �0.75

to �0.55), and non-event NRI was 0.77 (95% CI: 0.75e0.79)

(Supplementary Table S5). This indicates improved overall risk

classification, but decreased correct risk classification for pa-

tients who developed postoperative AKI.
Systematic review and meta-analysis

A total of 1832 unique records were identified by the literature

search, and seven studies (including the current one) were

selected for inclusion (Supplementary Fig. S3).12e14,26e28 A

summary of the study characteristics is provided in Table 4,

and the assessment for risk of bias is detailed in

Supplementary Table S6. According to the definitions of

intraoperative oliguria used by the individual studies, some

469/2465 (19.0%) of patients who experienced oliguria devel-

oped postoperative AKI compared with 1029/14 157 (7.3%) of

patients who did not. Meta-analysis of unadjusted data



Table 3 Contingency table of intraoperative oliguria and postoperative AKI. AKI, acute kidney injury; LRe, negative likelihood ratio;
LRþ, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

AKI No AKI Total

Oliguria 12 78 90 PPV¼13%
No oliguria 193 3579 3772 NPV¼95%
Total 205 3657 3862 LRþ¼2.74

Sensitivity¼5.9% Specificity¼98% Incidence of AKI¼5.3% LRe¼0.96
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showed significant association between intraoperative oli-

guria and AKI (OR: 2.20; 95% CI: 1.63e2.96; I2¼72.5%; Fig. 2a).

The funnel plot did not suggest publication bias

(Supplementary Fig. S4); the Egger test was not performed

because of the small number of studies. The association

remained significant in sensitivity analyses pooling adjusted

data (adjusted OR: 2.05; 95% CI: 1.63e2.59; Supplementary

Fig. S5) and when only studies using urine output <0.5 ml

kg�1 h�1 as threshold for oliguria were pooled (unadjusted OR:

2.08; 95% CI: 1.38e3.13; and adjusted OR: 1.75; 95% CI 1.48e2.07;

Supplementary Fig. S6).

With regard to predictive ability, the criteria for oliguria

used by the included studies had acceptable specificity but low

sensitivity (<0.5) for AKI prediction, with a higher sensitivity

generally associated with a lower specificity (Fig. 2b). The

summary sensitivity was 0.21 (95% CI: 0.11e0.56) and speci-

ficity was 0.90 (95% CI: 0.79e0.96). The summary positive

likelihood ratio was 2.04 (95% CI: 1.51e2.77) and negative

likelihood ratio was 0.88 (95% CI: 0.82e0.95). Hierarchical

analysis resulted in an area under the HSROC curve of 0.58

(95% CI: 0.54e0.62).
Table 4 Main characteristics of studies included in the systematic r
Kidney Injury Network; KDIGO, Kidney Disease: Improving Global Ou
UO, urine output.

Study Country Study
design

Patients

No. Ma
(%)

Slankamenac
and
colleagues26

(2013)

Switzerland Single centre,
retrospective cohort

549 55

Goren and
colleagues27

(2017)

Israel Single centre,
retrospective cohort

153 47

Mizota and
colleagues12

(2017)

Japan Single centre,
retrospective cohort

3560 61

Shiba and
colleagues13

(2018)

Japan Single centre,
retrospective cohort

5894 48

Myles and
colleagues14

(2019)

International
(seven
countries)

Secondary analysis of a
multicentre RCT

2444 53

Shim and
colleagues28

(2020)

Korea Single centre,
retrospective
matched cohort

453 52

Present study
(2020)

China Single centre,
retrospective cohort

3862 68
Only one study besides ours explored the incremental

predictive value of oliguria beyond a base model for post-

operative AKI.12 Similar to our result, no clinically significant

increase in AUROC was found (from 0.782 to 0.791) and the

overall risk classification was better (overall NRI: 0.16; 95% CI:

0.05e0.27), but the classification for patients who developed

AKI was significantly worse (event NRI: �0.56; 95% CI: �0.62

to �0.49).12
Discussion

We conducted a retrospective cohort study to assess the

prognostic association and predictive utility of intraoperative

oliguria for postoperative AKI in patients undergoing major

thoracic surgery, and complemented this with a systematic

review and meta-analysis of studies on variable types of

noncardiac surgery. We report two main findings.

First, in our cohort study of patients undergoing thoracic

surgery, intraoperative oliguria <0.3 ml kg�1 h�1 was associ-

ated with postoperative AKI. This finding is different from

those of older studies showing no relationship between
eview and meta-analysis. AKI, acute kidney injury; AKIN, Acute
tcomes; RIFLE, risk, injury, failure, loss, end-stage kidney disease;

Types of
surgery

Criteria for
oliguria

Criteria
for AKI

Overall
incidence
of AKI (%)le Age

(yr)

59 Hepatectomy Average UO <400
ml (24 h)�1

RIFLE
Stages
R, I, F

14.9

64 Pancreatic
surgery

Average UO <0.5
ml kg�1 h�1

AKIN
Stages
1e3

9.8

66 Major
abdominal
surgery

Average UO <0.3
ml kg�1 h�1

KDIGO
Stages
1e3

6.3

62 Noncardiac
surgery

UO <0.5 ml kg�1

h�1 for �120
min

RIFLE
Stages
R, I, F

7.3

67 Major
abdominal
surgery

UO <0.5 ml kg�1

h�1 for �60 min
KDIGO
Stages
1e3

21.0

64 Colorectal
surgery

Average UO <0.5
ml kg�1 h�1

KDIGO
Stages
1e3

17.4

59 Major
thoracic
surgery

Average UO <0.3
ml kg�1 h�1

KDIGO
Stages
1e3

5.3
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Fig 2. Prognostic association and predictive performance of

intraoperative oliguria for postoperative acute kidney injury. (a)

Forest plot representing the summary odds ratios (ORs) with

95% confidence interval (CI) for the unadjusted association be-

tween intraoperative oliguria (as defined in each study) and

postoperative acute kidney injury. (b) The blue square repre-

sents the summary operating point of the hierarchical summary

receiver operating characteristic (HSROC) curve, a hypothetical

point that summarises the predictive value of oliguria as

defined in each study (sensitivity: 0.21, 95% CI: 0.11e0.56;

specificity: 0.90, 95% CI: 0.79e0.96; positive likelihood ratio: 2.04,

95% CI: 1.51e2.77; negative likelihood ratio: 0.88, 95% CI:

0.82e0.95). The area under the HSROC curve was 0.58 (95% CI:

0.54e0.62).
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intraoperative oliguria and postoperative renal failure.5e7

Most of those studies had a small sample size and consid-

ered only advanced and severe renal dysfunction. Thus, they

could have missed the association of intraoperative oliguria

with mild postoperative renal injury, which accounts for the

vast majority of AKI after noncardiac surgery and is predictive

of perioperative and long-term adverse outcomes.1,2,29 On the

contrary, our result is generally consistent with recent studies

in noncardiac surgeries that used a consensus definition for
AKI.12e14 Our meta-analysis confirmed the prognostic associ-

ation of intraoperative oliguria with AKI. However, the OR re-

ported in individual studies and the pooled OR suggested that

the strength of this association is, at best, moderate.

Second, we showed that intraoperative oliguria does not

appear to be able to accurately predict postoperative AKI for

individual patients, either by itself or as an additive factor to a

multivariable prediction model. Despite the significant asso-

ciation with postoperative AKI, the predictive ability of intra-

operative oliguria was poor with very low sensitivity,

acceptable specificity, modest positive likelihood ratio, and

negative likelihood ratio close to 1. This can be interpreted as a

modest increase in risk (odds) of AKI for those with intra-

operative oliguria, but for those without oliguria, there is

minimal change in predicted risk. Using only intraoperative

oliguria to predict risk would miss the majority of post-

operative AKI events. The discriminative ability of intra-

operative oliguria was low, as shown by the small AUROC of

oliguria as a single predictor and the unchanged AUROC when

oliguria was added to a multivariable prediction model.

Moreover, when incorporated into a multivariable model, the

presence or absence of intraoperative oliguria improved risk

reclassification overall, but worsened the prediction of pa-

tients who developed postoperative AKI by assigning many of

them a lower risk. This would have negative clinical impact

and suggests that the absence of oliguria should not be viewed

as a sign for low AKI risk.

The limited predictive ability of intraoperative oliguria

might be explained by the complex physiology of urine pro-

duction during surgery and the multifaceted aetiology of

surgery-associated AKI. Besides volume status, intraoperative

urine output is also subject to sympathetic tone and neuro-

hormonal regulation. Several perioperative factors, such as

pain, surgical stress, and some medications, can increase the

secretion of stress hormones, such as antidiuretic hormone,

and cause oliguria.30,31 Thus, oliguria does not necessarily

reflect renal hypoperfusion. However, hypoperfusion-induced

renal injury is just one of many causes of surgery-associated

AKI. Other factors, such as systematic inflammation, conges-

tive heart failure, hyperglycaemia, and nephrotoxins, are also

common and important causes of postoperative AKI.7

Although not accurate for individual risk prediction,

intraoperative oliguria remains of clinical interest as a

potentially preventable and modifiable risk factor for post-

operative AKI. Traditionally, for patients undergoing thoracic

surgery, a restrictive i.v. fluid regimen of 1e2 ml kg�1 h�1

during and up to 24 h after surgery, with a positive fluid

balance of <1500 ml, has been recommended.15,32 However,

these recommendations were based mainly on observational

studies showing associations between excessive fluid

administration and postoperative pulmonary complications

(Level III evidence). No high-quality randomised trial has

been conducted to support the benefit of a very restrictive

fluid regimen in terms of reduced overall morbidity or

improved patient-centred outcomes after thoracic surgery.

Recent studies have suggested that very restrictive fluid

regimens may result in oliguria, which is associated with an

increased risk of postoperative AKI.8,33 Thus, further studies

need to explore the optimal amount of fluid that is enough

to avoid renal hypoperfusion and injury, and not too much

to increase the risk of pulmonary complications after gen-

eral thoracic surgery.

When oliguria occurs, whether interventions, such as fluid

expansion and vasopressor infusion, could restore urine
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output and avoid kidney injury is unclear. No randomised trial

has directly compared intraoperative fluid protocols with and

without oliguria reversal as a target for preventing post-

operative AKI.8 Considering that oliguria does not always point

to hypovolaemia and renal hypoperfusion, it should not be

used in isolation to trigger specific haemodynamic in-

terventions. A careful integration of the patient’s information

on antecedent fluid infusions and losses, signs of hypo-

volaemia or fluid overload, systemic haemodynamics, fluid

responsiveness, and duration of oliguria may help in deciding

the appropriate renal protection strategies.34,35 Finally,

whether close monitoring of intraoperative urine output

(hourly or real-time measurement) and personalised haemo-

dynamic interventions targeting oliguria reversal are effective

in decreasing the incidence of postoperative AKI should be

tested by randomised trials.

This work has several limitations. First, we used a

retrospective cohort of patients undergoing general

thoracic surgery in a single centre. Although the results

are similar with previous studies on abdominal surgery,

more external data on thoracic surgery are needed to

confirm our findings because different sites of operation

and body positioning may impact urine output dynamics.36

Second, in our study, oliguria was defined as urine output

averaged over the entire length of surgery below the

threshold. Because we do not have hour-by-hour or more

granular data on intraoperative urine output, we could not

assess the effects of duration of oliguria on AKI. Third,

more than one threshold might exist in the relationship

between intraoperative urine output and postoperative

AKI. Some studies have shown an already increased risk of

AKI at intraoperative urine output levels much higher than

the traditional criteria for oliguria.37,38 We did not inves-

tigate other possible thresholds in this study with rela-

tively small sample size and low event incidence. The

systematic review and meta-analysis also have limitations.

It was undertaken in a short time frame to contextualise

the results of our cohort study; thus, we did not register

the review in the International Prospective Register of

Systematic Reviews or publish the protocol before conduct.

The included studies are heterogeneous in surgery types,

baseline risk of AKI, and definitions and criteria for intra-

operative oliguria. Because of the small number of studies

included, we could not perform statistical analysis to

explore the sources of heterogeneity and to test for po-

tential publication bias.

In summary, there is moderate association between intra-

operative oliguria and postoperative AKI. However, the pre-

dictive ability of intraoperative oliguria for AKI is poor.

Intraoperative oliguria remains interesting as a potentially

modifiable risk factor. Further studies need to examine

whether close monitoring of intraoperative urine output and

appropriate use of fluid, vasopressor, or other interventions in

patients who experience oliguria could reduce the risk of

postoperative AKI.
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